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ISMAR-AMPERE Conference, Delft, 1980

PREFACE

The Joint ISMAR-AMPERE International Confer-
ence on Magnetic Resonance—as the 7th Internation-
al Symposium on Magnetic Resonance and the 21st
AMPERE Congress—was held under the auspices of
the "International Society of Magnetic Resonance IS-
MAR" and the "Groupement AMPERE". The confer-
ence took place at the University of Technology of
Delft, The Netherlands, 25-29 August, 1980. There
were 603 scientific participants and 62 non-scientific
participants from 35 countries. The conference ses-
sions were held in the Main Auditorium of the
University.

The scientific programme covered the full range of
magnetic resonance and radiospectroscopy and its ap-
plications in physics, chemistry, chemical physics and
biochemistry. Except lectures by invited speakers
there were short communications and poster sessions.
Also there were some special ISMAR and AMPERE
sponsored lectures.

At the Opening Ceremony the Chairman of the Organ-
izing Committee, Prof. J. Smidt, welcomed the par-
ticipants. The conference was then opened by the Rec-
tor Magnificus of the University of Technology of
Delft, Prof. F.J. Kievits, after which the President of
the Groupement AMPERE, Prof. E.R. Andrew, and
the President of ISMAR, Prof. D. Fiat, addressed the
conference.

After that Prof. Fiat took temporarily over the chair-
manship and enabled Prof. K.H. Hausser, Heidelberg,
to present the ISMAR prize 1980 to Prof. H. Dehmelt,
Seattle, for his discovery of Nuclear Quadrupolar
Resonance (with Kruger) and for the extremely
precise measurement of the electron g-factor. Prof. R.
Blinc, Ljubljana, was enabled to present an Industrial
ISMAR prize to Prof. G.R. Laukien, Karlsruhe, for his
contribution to the industrial development of magne-
tic resonance instrumentation. Prof. Dehmelt and
Prof. Laukien gave an explanation about their work.

During the conference a reception was held in the Rid-
derzaal in The Hague where the participants were the
guests of the Minister of Higher Education. During
the Dutch Evening in the Hilton Hotel in Rotterdam,
Prof. A. Abragam, Paris, addressed Prof. B. Bleaney,
Oxford, on the occasion of his recent 65th birthday. At
the Closing Session Prof. Andrew outlined the future
programme of the Groupement AMPERE and
thanked the local Organizing Committee of the
conference and the persons who assisted them, for all
their work. Prof. Andrew further announced that
Prof. K.H. Hausser will succeed him as Chairman of
the Groupement AMPERE.

Nine exhibitors took part in the Instrument and Book
Exhibition held during the conference in the Main
Auditorium and in the adjacent Applied Physics
Laboratory.

The research laboratories of the Departments of Ap-
plied Physics and of Applied Chemistry were open to
visitors during the conference.

A day-time social programme for non-scientific par-
ticipants included visits to the town of Delft, the Del-
taworks in Zeeland, Gouda and Honselersdijk.
Furtheron, for all participants there was an afternoon
excursion to Amsterdam.

On behalf of the Organizing Committee we wish to
express to many persons who helped in the successful
organization of the conference our most cordial thanks
for their hard work, enthusiasm and friendly coopera-
tion. Finally we wish to thank the chairmen and their
assistants, the lecturers and all the participants who
made the conference a stimulating scientific event.

J. Smidt
Chairman

W. Wisman
Secretary

ISMAR-AMPERE Conference, Delft
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7.3 EPR of Radicals in Gases, Liquids and Solids; EPR in Biology. ENDOR, ELDOR and Acoustic Resonance
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7.4 NMR and EPR in Ferromagnetic and Antiferromagnetic, Ferroelectric Dielectric systems. Phase-transitions. Also
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6. J. Burg, P. Grobet*: The Dimensionality of the Magnetic Structure of Solvent-Free DPPH
7. E. Bruzo: Resonance Study of Gadolinium-3d Transition Metal Compounds
8. E. Burzo, I. Ursu: Ferromagnetic Resonance Studies on U(FejtCo1.j)2 Compounds
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13. S. Jurga, K. Jurga, Z. Pajak: NMR Studies of Molecular Motion and Phase Transitions in Solid Multimeth-

ylammonium Perchlorates
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7.5. NMR and EPR in Metals, Semiconductors and Superionic Conductors. One-dimensional Structures. Novel Relax-
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7.5.1 Short Communications

1. H. Arribart: NMR Study of the Protonic Conductor H2Sb40u, 3 H2O
2. Horst Ernst, Dieter Fenzke, Harry Pfeifer: Heteronuclear Spin Decoupling in the Presence of Thermal Motion
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Li-NMR
8. D. Brinkmann, M. Mali, J. Roos: Diffusion Processes in the Superionic Conductor Li3N Studied by 6Li and 'Li
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9. D. Brinkmann, H. Looser, M. Mali, J. Roos: I09Ag and 87Rb NMR Study of the Superionic Conductor RbAg4I5

10. S. Clement, Tran Van Hiep, J.-P. Renard, G. Ablard, D. Bourdel, J. Pescia: N.M.R. and E.S.R. in Diamagne-
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Anisotropies of Some Methylmercury Compounds
16. Alan J. Jones, G.A. Jenkins, M.L. Heffernan: Non-First-Order Effects in Fully Coupled "(VH Spectra
17. Liudvikas L. Kimtys, Dagfin W. Aksnes: The Specificity of High Resolution >H, 2H and 13C NMR Spectra at the

Phase Transition Liquid-Molecular Crystal
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5. Bahattin M. Baysal, Kudrettin C. Erson: Electron Spin Resonance Studies on Normal and Tumorous Human

Whole Blood, Plasma and Cellular Blood
6. Barbara Blicharska: Investigation of Protein Solutions by NMR Relaxation Method
7. C.A. Boicelli: NMR Studies on the Electron Transport Chain: The Coenzyme Q in Membrane Models and in

Membranes of Photosynthetic Bacteria
8. C.A. Boicelli, F. Conti, M. Giomini, D. Gattegno, A.M. Giuliani: NMR Studies of Heterogeneous Systems: Inter-

actions of Phospholipids With Small Molecules in Inside—Up Vesicles
9. C. Chachaty, B. Perly, A. Forchioni, G. Langlet: Syn-Anti Equilibrium of Purine Bases in Dinucleoside Mono-

phosphates as Studies by Proton Relaxation
10. Anthony D. Clark: Electron Spin Resonance Studies of the Purple Membrane From Halobacterium Halobium
11. Robert J. Cushley, Tenkesi S. Viswanathan, Heiner Gorrissen, Stephen R. Wassail: Deuterium NMR Studies of

Biological Interest
12. Lauraine A. Dalton, Diane Bentley, Glauco Radoslovich, Hans Thomann, Sanford R. Simon, Larry R. Dalton,

S.E. Harms, K.D. Straub: Saturation Transfer EPR Studies of Membrane Protein Dynamics: Na,K-ATPase

XIX



13. M. Delfini, M. Cifani, F. Conti, T. Parasassi, E. Camovale, P. Ibba, G. Zaza: :H and 13C NMR Spectroscopy of
Naturally Occurring Nucleosides: Vicine and Convicine

14. Betty Jean Gaffney, James P.A. Scibilia, Celia Elbrecht: Conventional EPR of I6N-Nitroxides is Sensitive to
Correlation Times as Long as lCM Sec

15. J.P. Gayda, P. Bertrand, C. More: Comparison of the Electronic Spin-Lattice Relaxation Properties of the
|2Fe-2S|.and |4Fe-4S| Ferredoxins

16. John D. Graham, Ralph H. Hannon, Lowell J. Burnett, Randall W. Simpson: Nuclear Magnetic Resonance In-
vestigation of Molecular Dynamics in the Crystalline State of the Nerve Transmitter Acetylcholine

17. J.N. Herak, Greta Pifat, Jasminka Brnjas-Kraljevic, G. Jiirgens, A. Holasek: Proton Relaxation and ESR
Studies of Molecular Organization and Molecular Motions in LDL

18. M. J.R. Hoch: Amino Group Reorientation in the Nucleic Acid Bases
19. R.V. Hosur, G. Govil, M.V. Hosur, M.A. Viswamitra: Sequence Effects in the Structures of Dinucleotides d-

pTpA and d-pApT
20. Victor J. Hruby, V. Viswanatha, Michael Blumenstein: 13C NMR Investigations of Neurohypophysial Hormone

Conformational Changes and Differential Dynamics on Interaction With Neurophysins Using Specifically 13C-
Labeled Hormones

21. G.K. Jarori, S.R. Kasturi, U.W. Kenkare: Nuclear Magnetic Resonance Study of Bovine Brain Hexokinase-
Ligand Interactions

22. H.R. Kalbitzer, W. Hengstenberg: 'H-NMR Studies on the Structure of Phosphocarrier Protein HPr
23. Mrs. P. J. King, C.P. Richards : 31P NMR Studies of Synthetic Phosphates in Chicken Muscle
24. P. Koole, A.J. Dammers, C. Dijkema, G. Casteleijn, M.A. Hemminga: ST-ESR Measurements on Oriented Mul-

tilayers of Dimyristoyl Lecithin and Cholesterol Below the Main Phase Transition
25. R.P.H. Kooyman*, T.J. Schaafsma: Proton Spin Relaxation, Chemical Shift, and Molecular Structure of Solu-

tion Dimers of Chlorophyll A,
26. G. Lahajnar, I. Zupancic, A. Rupprecht: NMR Relaxation and Diffusion Study in Oriented DNA
27. M. Levij, J. de Bleijser, J.C. Leyte: 23Na Relaxation and Slow Processes in Charged Polymer Solutions
28. A.I. Mahdi, W. Derbyshire, P. J. Lillford: The Hydration Properties of Gels and Sols of Soya Protein
29. R. Mathur-De Vre, R. Grimee-Declerck: The State of Water and Isotope Distribution in the Hydration Layer of

DNA:1H,2Hand3HNMR
30. S.G. Modak, C.A. Chaudhary, S.R. Kasturi, S.S. Ranade and S.S. Shah: Proton Spin-Lattice Relaxation in Nu-

clear Fractions of Tissues From Normal and Tumour-Bearing Animals
31. Chrit Moonen, Cees G. van Schagen, Franz Miiller: 13C NMR Study on Free and Protein-Bound Flavins
32. Isao Morishima, Satoshi Ogawa: High Pressure NMR Studies of Hemoproteins
33. Otto B. Nagy, Bhukandas Parbhoo: Molecular Dynamics of an Anti-Parkinsonian Drug by Proton and Carbon

13 Nuclear Magnetic Relaxation
34. Raymond S. Norton: Natural-Abundance 13C NMR Study of Cardiotonic Polypeptides From Sea Anemones
35. Ray L. Nunnally: 31P NMR Studies of Cardiac Energy Transport: Probable Compartmentation of ATP Within

Cardiac Cells
36. J. Boiden Pedersen: On the Interpretation of Transient ESR Signals From the Primary Reactions of

Photosynthesis
37. A. Peters, R. Kimmich, K.-H. Spohn, Sektion Kernresonanzspektroskopie: Investigation of the Solubility

Profile of Small Non-Electrolyte Molecules in Lecithin Bilayers
38. W. Plachy, J. Frank, C. Morse, G. Krowech: Cholesterol—Lecithin Interactions—A High

Resolution Spin Probe Study
39. V. Rutar: Nondestructive Protein Content Determination in Single Viable Seeds by 13C NMR
40. Einar Sagstuen: Radiation Damage to Uracil Nucleosides and Nucleosides: An Electron Spin Resonance Study
41. V.N. Shcherbakov, S.P. Habuda, U.P. Meshalkin, N.N. Zharova: NMR-Investigation of Structure and Interac-

tions in Collagen—Water System
42. Shigezo Shimokawa: NMR Studies of Whole Biological Bodies by the Temperature Gradient Mehtod
43. C. Simaroj, P.S. Allen, W. Derbyshire: A Pulsed NMR Investigation of the Constituents of the Avian Egg
44. Gerrit Vriend, Marcus A. Hemminga, Jan de Wit, Tjeerd Schaafsma, Dick Verduin: NMR of Cowpea Chlorotic

Mottle Virus
45. S. Wynne-Jones, D.V. Jones, W. Derbyshire, P.J. Lillford, G. Rodgers, C.A. Miles: Water Proton Spin-Spin

Relaxation in Muscle Tissue

7.9. New Techniques; Spin-Imaging

7.9.1 Short Communications

1. B. Alefeld1, G. Badurek2, H. Rauch1+: Energy Splitting of a Neutron Beam by Neutron Magnetic Resonance
2. Wolfgang Bremser: Automatic Estimation of CNMR Spectra
3. D.P. Burum, M. Linder, R.R. Ernst: Windowless Multipulse Sequences
4. Shizuo Fujiwara, Tokuko Watanabe: Digital EPR Spectrometer: A New Method of Accurate Phase Adjustment

For Saturation Transfer EPR

XX



5. M. J.R. Hoch: ESR Imaging of Paramagnetic Centres in Solids
6. R. Kaiser: The Edge Echo
7. Colin Mailer: Saturation Transfer EPR Spectroscopy: Progress Report on Instrumentation and Methodology

Developments

7.9.2 Posters

1. V. Bangert, P. Mansfield, R.E. Coupland: Whole Body Medical Imaging By NMR
2. A. Bax, R. Freeman, A.F. Mehlkopf, J. Smidt: Detection of Zero-Quantum Coherence With a Single Train of

Small Radiofrequency Pulses
3. R. de Beer, H. Barkhuijsen, E.L. de Wild, R.P.J. Merks: Fourier Transformation of Two-Dimensional Spin-

Echo Endor
4. C. Bock, M. Mehring, H. Seidel, H. Weber: Electron and Nuclear Spin Echoes of Inhomogeneously Broadened

Lines During and After RF-Excitation
5. Paul A. Bottomley: Localized 31P NMR Studies of the Metabolism of Perfused Hearts: New Methods For As-

sessing Drug Therapy
6. S. Brown, A. Mehlkopf, D. Leniart: Design Considerations For An EPR Spectrometer/Data System
7. I.D. Cresshull, R.E. Gordon, P.E. Hanley, D. Shaw, D.G. Gadian, G.K. Radda, P. Styles: Localisation of Me-

tabolites in Animal and Human Tissues Using 31P Topical Magnetic Resonance
8. Jean L. Delayre: Sodium NMR Images of a Perfused Rat Heart
9. Yu.V. Gorelkinskii, V.O. Sigle, A.A. Kim, N.N. Nevinnyi, V.A. Botvin: ESR-Introscopy Method for Study of

Radiation Effects in Semiconductors and Dielectrics
10. Jasper A. Jackson, Richard K. Cooper, Lowell J. Burnett, J. Frank Harmon: External NMR in a Remotely

Produced Region of Homogeneous Magnetic Field with Possible Applications to Medicine, Chemistry and
Geophysics

11. D.C. Laine, G. Yassin: Magneto-Microwave Effects in a Molecular Beam Maser Operated With a Disc
Resonator

12. R. J. Ordidge, R.R. Rzedzian, P. Mansfield: High Speed Imaging By NMR
13. J.A. Overweg, J. Flokstra, G.J. Gerritsma: A Squid-Based Frequency-Sweeping System For A.C. Susceptibility

Measurements
14. J.U. von Schiitz, W. Giickel, W. Steudle, H.C. Wolf: Zero-Field Magnetic Resonance of Triplet Excitons in

A/TCNB and Anthracene Detected by Delayed Fluorescence
15. A. Schweiger, J. Forrer, Hs.H. Gunthard: Endor With Circularly Polarized Radio Frequency Fields
16. Robert C. Sneed, Jr.: The Induction EPR Spectrometer
17. Joachim Steffen, Klaus Mobius: A Double-Resonance Spectrometer For Low-Temperature NQR With

Level-Crossing
18. R.A. Wind, J. Trommel, J. Smidt: C Spectroscopy in Coal Using Proton Dynamic Polarization and Proton-

Carbon Cross Polarization

XXI



XXII



Invited Talks



RESONANCE IN DISORDERED SPIN SYSTEMS (SPIN GLASSES)

Henri Alloul

I. INTRODUCTION : SPIN DISORDER

Great efforts are presently devoted
to the study of properties associated
with disorder in condensed matter. It is
for instance well established that amor-
phous materials exhibit low T properties
which are explained coherently within a
model which applies equally well to vi-
treous insulators, metal and polymers(l).
These amorphous materials are not equili-
brium states of matter, and although their
evolution in time might be extremely slow,
the transition from liquid to amorphous
state is not a phase transition in the
thermodynamic sense. It appears interes-
ting to understand whether disorder in
magnetism, yields similar properties. By
disordered magnetic state,we mean a system
for which the interactions between spins
are such that the spins freeze in random
orientations at low temperature. How can
such a state be generated ? It is easy
to realize that disorder of spins is not
necessarily a consequence of disorder of
atomic positions. Indeed, let be conside-
red an ensemble of spins j interacting
with exchange coupling Jjk, the Hamilto-
rn" an of the total system being

= - E J,vt..t. [1]
jk JK J K

If Jjk > 0 for any jk pair, the total
energy of the system will be minimum when
all spins are parallel to each other,
which generates a stable ferromagnetic
state. This happens in some amorphous com-
pounds such as CoP, NiP and YNi (2) for
which disorder of atomic positions induces
a disorder in interaction strengths but
not in spin alignment, although some re-
markable properties such as a weak magne-
tic anisotropy are associated with the
site disorder. Therefore negative Jjk
bonds are required to generate a disorde-
red spin state as they induce some misa-
lignment of the spins. Let be considered
for instance an ensemble of spins with a
statistical distribution of Jjk symmetric
with respect to zero, and randomly distri-
buted. As T -»- 0 the system will freeze in
a state without long range correlations in

the orientations of the spins and with
zero macroscopic magnetization, which ap-
pears as a random antiferromagnet or spin
glass.

The purpose of this lecture is to re-
call some experimental properties of such
real systems, together with some questions
which are great challenges for physicists
(sec II). Then, in sec III, the original
aspects of NMR data in such materials will
be described. The interpretation of the
detected NMR enhancement will then allow
to give a simple physical description of
some microscopic behaviours of spin glas-
ses (sec IV).

II. MAGNETISM OF SPIN GLASSES :
SOME QUESTIONS

In the real world a spin glass sta-
te is for instance observed in dilute al-
loys of 3d elements bearing an electronic
magnetic moment (such as Mn) in crystal-
line noble matrices (such as copper). In
this case the major interaction between
the moments is an exchange interaction
mediated by the conduction electrons of
the host metal, and is given by

Jjk =
v-3 cos2kFRjk t2]

where a is a constant for a given solid
solution, kp is the Fermi wave vector of
the host metal, and Rjk the distance bet-
ween spins j and k. The oscillatory de-
pendence of Jjk with distance, with a pe-
riod comparable to the lattice constant
a % iT/kp therefore yields an equal proba-
bility to find > 0 and < 0 bonds in dilute
enough samples. It must be noticed that
although one deals with a crystalline ma-
terial, the disorder of sites for the ma-
gnetic moments associated with alloying
induces the disorder of bonds which is
essential to generate the spin glass state.

The susceptibility of such alloys is
found to follow a paramagnetic Curie law
X"1 <* T + 9 at high T, and a singularity
is detected at a temperature given by

the mean interactionkB



strength (fig 1). The fact that e « Tg
confirms that positive and negative bonds
have the same statistical weight (1). For
T « Tg the spin system appears to be fro-
zen in random directions, as suggested by
the host NMR (3) or impurity Mossbauer
spectra, and no macroscopic magnetization
can be detected in the absence of an ex-
ternal field. In view of the sharpness of
the x anomaly at Tg can we consider that
the spin system undergoes a phase transi-
tion at Tg ? Or is the spin glass state
a metastaBle state similar to the amor-
phous one ?

For long the remanent properties of
spin glasses have been considered as the
most serious evidence against a phase
transition. Indeed, if a sample is cooled
through Tg, in the presence of a magnetic
field HQ, which is then reduced to zero,
a small but finite magnetization a per-
sists in zero field, and decays logarith-
mically with time. This metastable rema-
nence is found quite similar to that ob-
served for a collection of ferromagnetic
isolated particles, such as the magnetite
particles embedded in rocks, this remar-
kable after effect being extensively used
for datation of potteries and for the de-
termination of the geological reversals
of the earth magnetic field (4).

Therefore, it has been thought by
analogy that a spin glass is an inhomoge-
neous medium which is spontaneously sub-
divided in independent ensembles E-j of
spins which bear magnetizationsai aligned
along individual anisotropy axes zi dis-
tributed randomly in orientation (5)
(fig 2). It will be shown here that NMR
experiments, being local probes, do allow
to differentiate inhomogeneous from col-
lective responses of the electron spin
system, and shed some light on the rema-
nent properties of spin glasses.

III. ZERO FIELD NMR : ENHANCEMENT FACTOR

In usual ordered magnetic materials
NMR can be detected in the internal field
H|_ induced on the nuclei by the magnetic
ions, and NMR signals are observed in zero
external field at frequencies

= A<S> [3]

where A is the coupling between .£he_ elec-
tronic and nuclear spins Q6= A I.S) and
g V B < S > is t n e local magnetization of the
electron spins. Such NMR signals, asso-
ciated with the 63Cu near neighbours of
Mn in the CuMn classical alloy system,
have been cietected well below TG. As in
ordered magnets the r.f. field Hi seen by

0
0«Tg Tg

Fig 1 : Inverse ac susceptibility of classical
spin glasses such as CuMn.

Fig 2 : Model description of a spin glass as an ensemble of independent
groups Ei of spins bearing individual magnetizations^' aligned
along randomly distributed anisotropy axes z i . In this model
the remanent magnetization a is build up by individual reversals
of the oi on their anisotropy axis zi in the direction of the
cooling f i e ld H~.

the nuclei is enhanced through the respon-
se of the electronic magnetization, which
has a component o\ = x x Hj at r.f. fre-
quency. This oscillatory magnetization crj.
on turn induces an r.f. local field
Hj = T) H-L on the nuclear spins which
adds to the external Hj. This response a ±
of the electron spin system is usually
well known from magnetic studies in orde-
red magnetic systems and therefore n is
easily deduced. In rare earth paramagnets
the large hyperfine fields of the ions
yield large enhancements n = K (the fre-
quency shift of the resonance), which
are mainly detected in Van Vleck parama-
gnets (6). In ferromagnets ax is associa-
ted with the displacement of domain walls
in polydomain samples, and NMR of nuclei
in the walls is selectively enhanced,
while in monodomains samples a± is due to
coherent rotation of the magnetization(7).



Conversely, in spin glasses, a good know-
ledge of v\ will give a direct insight on
the microscopic origins of the suscepti-
bility. Therefore n has been directly
measured in spin glass £u_Mn from the r.f.
pulse width tw necessary to achieve a
TT/2 rotation of the nuclear magnetization.
The data allow to demonstrate that n has
a well defined value for all detected
63Cu nuclear spins on a given shell of ,
neighbours of the Mn atoms. Moreover n
varies linearly versus H , the external
field applied along the direction of the
remanent magnetization (fig 3). The effec-
tive r.f. field (nHi) being in all cases
much smaller than the signal width, the
number of nuclei participating in the
spin echo signal increases like n- There-
fore, as seen in fig 3, the signal inten-
sity scales as n2, the second n factor
being associated, as usual, with the elec-
tronic magnetization driven by the rota-
ting nuclear magnetization at resonance.

15
CuMrU35% foils

Hc =13 kG

Fig 3 Variation of the optimum spin echo signal intensity I obtained
for the same H. value, and of the enhancement factor n versus
the applied field Hn. A unique value for H. (eq. 6} is deduced
from these data. "

Although the behaviour described here
above is quite similar to that observed in
monodomain ferromagnets, a characteristic
of the spin glass state is that n strongly
depends of the magnetic history of the
sample, and is negligible after zero field
cooling through Tg. These results will
allow us to give a new viewpoint on the
magnetostatic properties of the remanence
in the spin glass state.

IV. MAGNETOSTATICS OF THE
REMANENT MAGNETIZATION

Let be assumed, as in ferromagnets,
that all spins which contribute to the
magnetization a//z arê  rigidly bound toge-
ther. The r.f. field IV/y forces a to os-
cillate of an angle \p around x, this angle

being restricted by the anisotropy energy
which stabilizes a in the z direction. The
simplest expression for this energy is
EAsin

2ifj and the total energy of the system
in the presence of a field H0//z is given
by

E = -aHQcosijj - aH! si mp +

and is minimum for

[4]

4, = Hi/(H0 + HA)

where HA = E/\/2a is the anisotropy field.
Then

x ± = a/(H0 + HA) [5]

and the local fields H|_ on the nuclear
spins in the vicinity of the electron
spins which participate to the collective
rotation, undergo the same rotation of an
angle ty, the corresponding enhancement
factor being

n = H L/(H 0+ HA) [6]

The agreement found between equations
(5) and (6) and independent measurements
of n and x_i on the same samples confirm
the validity of the model (8). Furthermore
NMR signal intensity analyses not only
confirm that all the remanence participa-
tes in the rotation, but that most, if not
all, Mn spins are involved in the collec-
tive motion.

Fig 4 - Rotation of the remanent magnetization induced by the r.f. field-

Although these data show that a has a
magnetostatic behaviour quite similar to
that of a ferromagnet, the main difference
resides in the origin of a and H^ .While
in ferromagnets a is spontaneous and E^ is
characteristic of the material (either
crystalline or single ion anisotropy), in
spin glasses both a and EA are induced by



the field BQ applied during or after coo-
ling through Tg. They critically depend
of the magnetothermal history of the sam-
ple and cannot be defined for a zero field
cooled sample, which explains the absence
of detectable NMR enhancement in this
case.

V. CONCLUSION

The processes which yield the build
up of the metastable remanence, being
irreversible, are inhomogeneous in nature.
However, for short times, the electronic
spin system is in a quasi equilibrium
state in which all spins are rigidly bound
to each other, and respond collectively to
small applied external fields. This fea-
ture contradicts the purely inhomogeneous
picture of fig 2. Indeed for a collection
of ferromagnetic-like independent parti-
cles, both Xj_ and r\ should not vary with
o , the individual o\ and Ĥ 1 being intrin-
sic quantities independent of the macros-
copic remanence.

The NMR determination of r\ therefore
provides an original way to clarify the
microscopic origin of the susceptibility
in magnetic materials. Similar studies

should allow to differentiate the proper-
ties of various novel spin systems which
have been recently promoted as spin
glasses. Finally the thermodynamic nature
of the zero field cooled state of a spin
glass being still controversial, further
NMR data (i.e. Tj. measurements) should
help to determine some of its basic pro-
perties, such as the nature of the elemen-
tary excitations.
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THE DETERMINATION OF ROTATIONAL DIFFUSION TENSORS AND

INTERNCULEAR DISTANCES IN SOME RIGID UNSYMMETRICAL MOLECULES

FRANK A.L. ANET AND ARMENAG DEKMEZIAN

Unlike the situation in the gas phase,
the principal axes of the rotational
diffusion tensor in solution are not
necessarily parallel with the principal
axes of the inertial tensor. In connection
with steric intrinsic effects,(1) we have
been interested in the H -H, distance in
some "half-cage" compounas \I and II ).
These molecules are extremely rigid
(except for the unimportant'OR group) so
that internal motion is not a complicating
factor as it is in many other complex
molecules. However,I and II are unsymme-
trical and quite polar. Thus, the deter-
mination of the diffusion tensor requires
6 parameters , e.g. 3 rotational diffusion
coefficients (R., R~ and R, ) and 3 angles
defining the principal diffusion axes
with respect to arbitrary axes . The
highly compressed protons H and H, lead

3 D

to a marked shortening of the Cg-H, and

C--H bonds, and these distances also
have to be determined; the other C-H bond
distances are assumed to be equal to
1.093 R. I and II in their molecular
framework contain 8 carbons each bearing
at least one hydrogen, and none of the
CH vectors is parallel to any other CH
vector.

Since T. relaxation in C-H groups in
these compounds should occur virtually
entirely by dipole-dipole relaxation ,
the application of Woessner's equations
(2,3) lead to an exactly determined
solution of the diffusion tensor, provid-
ed that the geometry of the molecular
framework (i.e. excluding the OR group)
is known.

A good approximation to the geometry
can be obtained from empirical force-
field calculations. Furthermore, the
rotational diffusion in I and II are dif-
ferent and not very anisotropic, whereas
the geometry of the molecular framework
should be virtually identical. The data
for I is currently more accurate than
that for II and gives the parameters shown
in Table 1.

Table 1 . Bond distances in I.

Bond Distance (A)

VHa 1.046

1.073

1.56

The rotational diffusion coefficients
are: R = 9.03 x 10 , R, = 1.45 x 10 ,

R3 = 1.01 x 10
10 s"1 .

The principal axes of the rotational dif-
fusion tensor of I are close to, but not
coincident, with those of the inertial
tensor.

The H -H, distance in I appears to be
the shortest known distance between two
protons in any organic molecule.
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ENHANCED NUCLEAR MAGNETIC RESONANCE IN RARE EARTHS

B. Bleaney

In a paramagnetic compound, the low-
est levels of the magnetic ion may be split
by interaction with the "crystal electric
field" set up by the ligand ions. In ions
with an odd number of electrons, a two-
fold degeneracy (Kramers degeneracy) must
remain, which can only be raised by a ma-
gnetic field. In contrast, for ions with
an even number of electrons ("non-Kramers
ions") all the degeneracy may be removed
by the crystal field. If the ground state
of the ion is a singlet state, the suscept-
ibility reaches a constant value at suffic-
iently low temperatures where only this
singlet is occupied ("Van Vleck paramag-
netism"). If there are other low lying le-
vels (at say 1 0 to 20 K), as may occur in
ions of the 4f group, a substantial magne-
tic moment of the order of a Bohr magneton
can be induced in the singlet by the appli-
cation of a field of 1 tesla.

Through the magnetic hyperfine inter-
action, a magnetic field exists at the nu-
cleus of the ion, proportional to the elec-
tronic magnetic moment; for 4f ions, this
field approaches 1 0 tesla for a moment of
1 y . For a nucleus with a spin 1^0 , the
nuclear levels are split through the action
of this field by an amount much larger than
that produced by the external field. If the
induced electronic moment is proportional
to the external field, the splittings of the
nuclear levels are also proportional to this
field, and the nucleus behaves as if it had
"enhanced" nuclear magnetic moment.
Al'tschuler (1) has suggested the use of
such compounds for enhanced nuclear coo-
ling and a number of rare earth intermetal-
lic compounds have been investigated (2).
The magnitude of the enhancement can be
measured by NMR; a number of results
are given in a review by Teplov (3). When
axial symmetry is present, the nuclear
spin Hamiltonian becomes

-v,hB I -7 .h(B I +B I )+P [i2 - k ( I + l j] 0)' " z z ' L x x y y L z 3 'Jz z
)

x x y y

and some recent measurements of -y ( / , y±

are given in Table 1 . The enhancement
is generally large, and anisotropic beca-
use the induced electronic moment is str-
ongly dependent on the direction of the
applied field. The table contains one
cubic compound, Cs NaHoCl , which is
unusual in that the ground state of the
Ho^+ ion is a "non-magnetic" Tg doublet,
whose properties have been investigated
both by ESR and by NMR (7).

TABLE 1

Values of (v,/2ir), (Yll /2it) and (Yj./2ir) in MHz T~'

PrVO,,

PrNlr

(Y,Ho)VO.

Cs.NaHoCl,
I b

LiTmF,

TmPO,

Isotope

141 rPr

1 4 1 Pr

I

5/2 12.5

5/2 12.5

(V|,/2ir) (YJ./2IT) Reference

1 6 5

1 6 5

1 6 9

'Ho 7/2

'Ho 7/2

9Tm 1/2

Tm 1/2

9.0

9.0 1980

9.7

11 .3

24.5

82 164

"20 1526

77.6 (4)

(5)

(6)

3.5

3.5

1980

245

276

(7)

(8)

(9)

Within a manifold J, the most impor-
tant interactions after the crystal field
are given by the terms

J - +AJ(F. I). (2)

In a singlet state, the electronic and en-
hanced nuclear Zeeman interactions arise
from off-diagonal matrix elements of J ,
J , J with other states. They are there-
fore simply related; the induced magnetic
moment m per ion is

m/B = (3)

and m can be calculated directly from the
enhanced value of y. If the compound
contains another nucleus N, the paramag-
netic shift in y depends on the value of
m/B for the lanthanide ion, and the local
field at N can be determined from y and
y using equation (3) without the need for



a separate measurement of the magnetic
moment m. A plot of y against -y over
a range of temperature gives a straight
line whose slope is proportional to the lo
cal field at N; see references (7), (9).

Second order effects of A (J.I) in (2)f
produce terms in J , J

f
J w

(J.I)
nich are equ-produce terms in J , J , J wnich are equ

ivalent to a quadrupolar interaction. In
axial symmetry this contributes a term P
to P in equation (1), where

(4)

From this relation P can in general be
calculated more accurately than the true
nuclear electric quadrupole interactions
from the 4f electrons and the lattice. Both
equations (3) and (4) are utilized in the
work on HoVO summarized below.

At low temperatures, HoVO is highly
anisotropic in its magnetic properties be-
cause the ground state is a singlet, a l -
most entirely ] J = 0 > , with a doublet,
mostly |j = + 1Z> , at 21 cm"1 . Matrix
elements of J , J between these two lev-
els give a large value of -yj_, while y u is
enhanced very little; (Y(J/2TT) 20 MHz
T - l f o r 1 65 H o (T = 7//2) _ values of
(Yj_/2ir) range from 1 260 to 1 625 MHz T"1,
depending on sample shape because of
the demagnetising field. The latter is
consistent with the value of m/B = 2. 32
per tesla, calculated using equation (3)
from the value of 1526(3) MHz T"1 meas-
ured in (Y,Ho)VO at dilutions of 2 and
0.1 %. This value is assumed to be the
correct value also for HoVO4, the justifi-
cation being as follows. The value of
|P/hl = 25.9(3) MHz is within experim-

ental error the same as in the dilute com-
pound, and since P ? /h =+ 35.9 MHz,
equation (4) shows that any significant
variation in Yj_ would be reflected in the
value of P2 and hence also of P (see ref-
erence (6)f.

Comparison of the measured with the
calculated shift of Yx >-n HoVO. shows
that the local field at the Ho3"1" site is
mainly dipolar, with a small amount of
antiferromagnetic exchange. This field
arises from the induced electronic mom-
ents on the other Ho^+ ions, but the int-
eractions between the enhanced nuclear
moments can be deduced (1 0) using equa-
tion (3). The nature of the nuclear order-
ed state is predicted on the assumption
that exchange interaction is the same for

the four nearest (equivalent) neighbours,
and negligible for the rest. The dominant
dipolar interactions give an antiferromag-
netic state, with a whole range of novel
spin configurations. Assuming P to be
positive, T is predicted to be 4.8 mK.

Adiabatic demagnetization experiments
(11) have confirmed that P is positive, and
that T is close to the value above. Nuc-
lear orientation in fields ~ 2 tesla at about
5 0 mK gives (1 2) an improved value of (+)
3 . 60(6)^-. for the nuclear moment of the
isomer ! 6 6 mHo (1 = 7). The gamma-
ray anisotropy is consistent with the pre-
dicted ordering of the nuclear spins, and
confirms that temperatures /"I mK are rea-
ched after demagnetization, in agreement
with entropy calculations. A "spin-flop"
configuration occurs when the applied
field is greater than about 10" tesla.
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NMR STUDIES USING PARAMAGNETIC BROADENING PROBES

IN BIOCHEMISTRY

J.H. Bradbury, J.G. Collins, S. Divakar, J.R. Poster,
G.J. Galloway, B. Hammer and V. Ramesh

Paramagnetic broadening or
relaxation probes are complexes of
transition metals or lanthanides in
which the unpaired electrons of the
paramagnetic centre have a long
electronic relaxation time and an
isotropic value of the magnetic
susceptibility. The anisotropy of
the magnetic susceptibility for or-
ganic nitroxides (spin labels) is
small and hence they may be inclu-
ded as broadening probes. Examples
are given in Table 1 with appro-
priate diamagnetic control com-
pounds .

Table 1
Probes for Broadening Studies

Class Broadening Non-broadening
Probe "Control"

Cationic Gd(III) La(III),Lu(III)
Mn(II) Zn(II),Ca(II)

[Cr(NH3)6]
3t" [Co(NH3) 6]

 3 +

A n i o n i c [ C r ( C N ) d 3~ [ C o ( C N ) 6 ] 3 ~

Neutral Spin Reduced
label,probe spin label

Various organic soluble reagents
such as Tris(acetylacetonato)
chromium(III) [Cr(acac)3] are
used in organic chemistry (1).

The relaxation behaviour of
nuclei in the presence of paramag-
netic ions is described by the
Solomon-Bloembergen equations (2).
The spin-lattice Ti and spin-spin
relaxation time T2 are each related
by an equation with two terms, one
of which describes a dipolar
(through space) interaction and the
other a contact (through bond)
interaction. The contact interac-
tion is important for nuclei close
to the paramagnetic centre but may
be neglected for nuclei at a
greater distance. The dipolar
interaction is isotropic with a

distance dependence of the form
1/Ti a 1/r6, where i = 1 or 2 and
r is the distance between the para-
magnetic and the nucleus (2).

I. DETERMINATION OP DISTANCES
BETWEEN PARAMAGNETICS AND NUCLEI

The proportionality between
Ti and distance or between T2 =
1/irAVp (where Avp is the increase
in line width due to the presence
of the paramagnetic) and distance
provides a basis for the determin-
ation of distances in molecular
systems. The constant of propor-
tionality contains, in addition to
known constants, a correlation
time Tc and a knowledge of the
fraction of the broadening probe
bound at the site (2). Ratios of
relaxation times may be used in
order to avoid the direct deter-
mination of these quantities. By
this means it has been possible to
compare relative distances from a
binding site of Gd3+ in lysozyme
to protons of various residues in
the protein (3), with the corres-
ponding distances obtained from a
crystallographic study. With man-
ganese containing enzymes metal to
substrate distances were determined
which in many cases agreed with
those obtained by X-ray studies (4).
Alternatively, the broadening probe
may be incorporated into the small
molecule substrate as with Cr(III)
ATP, used to determine inter-
substrate distances (5). Spin
probes were used, non-covalently
bound and also covalently attached
at histidine-15 of lysozyme, to
determine distances in the protein
(6).

For proteins that have no
metal binding site it would be
useful to introduce one. The iso-
thiocyanates shown in Figure 1
have been synthesised and shown to
react specifically at the N-
terminus of peptides and ribo-
nuclease-A (7,8) .
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Figure 1. Isothiocyanates for bind-
ing lanthanides.

II. STRUCTURES OP OLIGOSACCHARIDES

Since the relaxation effect of
broadening probes on nuclei falls
off progressively with distance it
was possible to determine the
sequence of amino acid residues in
short peptides (9,10). For oligo-
saccharides a binding site for Gd3+

was introduced by reaction with
NaCN and hydrolysis to produce a
carboxyl group. The *H NMR reson-
ances of the glycosidic protons of
the residues were broadened sequen-
tially by addition of Gd3+ to
determine the sequence of residues
along the chain (11). The type of
link (a or 3) and its position
(l-»-2, l-»-3, etc.) was evaluated by
13C NMR for a series of oligo-
saccharides of structure [|3-Gal-
Q-»-3)]n-e-Gal-(l-*-4)-Glc, where n
equals 1 to 5, (12,13). Branched
oligosaccharides are also being
studied.

III. ASSIGNMENT OF RESONANCES

The broadening of resonances
from nuclei near broadening probes
has been used extensively for
assignments of resonances (3,14).
We have recently used Mn 2 + to
assign the H-2 resonance of His
B-10 in bovine insulin (Figure 2).
In the 2-Zn insulin hexamer the Zn
atoms are liganded to the B-10

Figure 2. JH NMR spectra at 270MHz
of Zn-insulin in D2O at pH 9-8 on
addition of Mn. Downfield reson-
ance is selectively broadened.

His residues (15) and progressive
replacement of Zn by Mn causes the
H-2 resonance of B-10 to be selec-
tively broadened (16).

For enzymes such as ribo-
nuclease which has a positively
charged active site an anion
(chromicyanide) broadens the H-2
resonances of His 12 and 119 and
an E-CH2 lysine resonance; an inhi-
bition prevents this broadening
(S. Divakar, unpublished results).

IV. PROTON RELAXATION ENHANCEMENT

The binding of a broadening
probe to a protein, causes an en-
hancement of the relaxation rate
(I/Tip) of the water protons over
that obtained in the absence of
binding. This "proton relaxation
enhancement" has been used exten-
sively with Mn 2 + and Gd3+ to deter-
mine the type of binding of enzyme-
metal-substrate complexes and bind-
ing constants (2,17).

V. HEAT RESISTANCE OF
BACTERIAL SPORES

Bacterial spores are resis-
tant to temperatures about 45°
higher than their respective vege-
tative cells (18). One theory is
that the core of the spore, which
contains the enzymes and nucleic
acids essential for viability, is
partially dehydrated. We have
studied the NMR water signal from
intact spores and spore components
(coat and coat + cortex) at dif-
ferent relative humidities. Spores
contain Ca(II), Mn(II) and other
metals. Using wool keratin as a
model substrate we measured the
effect of Mn(II) on the relaxation
rate and interpreted our results
for spores (19). This study did
not support the theory of a par-
tially dehydrated core. It is pro-
posed that the vital material in
the core is stabilised by calcium
dipicolinatej which acts as a
solid support for the enzymes and
nucleic acids (20).
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NQR SPECTROSCOPY IN AN OPTICALLY

ALIGNED NUCLEAR SPIN SYSTEM

K.P. Dinse, M. Deimling, and G. Wackerle

I. INTRODUCTION

Probing of the spin density distribution in the
triplet state of organic molecules by measuring
dipolar hyperfine interaction with protons has
been developed to a standard method. Usually
reasonable agreement between experimentally
determined splittings and theoretical values deri-
ved from the spin density matrix can be obtain-
ed. Far less experimental data are available
about the total electronic charge distribution in
a molecule, a property described by the electron
density matrix.

Quadrupole nuclei are suitable to probe this
density distribution via the electric field gradi-
ent at the nuclear site. In this contribution new
experimental methods are discussed facilitating
the simultaneous high sensitivity detection of
halogen NQR in the excited triplet and singlet
ground states of organic molecules (1). The
detection method relies on a steady state
nuclear alignment which is produced by coupling
the nuclear spin reservoir to the optically pump-
ed triplet spin reservoir. The subsequent resonant
deaiignment by a coherent rf field can be
monitored optically thus enabling the detection
of low concentration mixed single crystals. The
method has been used to measure chlorine and
bromine NQR in p-dichlorobenzene (p-DCB), p-
dibromobenzophenone (p-DBBPh), p-dichloroben-
zophenone (p-DCBPh) and sym-tetrabromobenze-
ne (s-TBB). Besides the shift of the NQR transi-
tion frequencies under electronic excitation also
components of the dipolar interaction can be
determined from second-order line shifts in zero
magnetic-field. The experiments can also be
performed in an external magnetic field allowing
for a determination of the orientation of the
field gradient axes relative to the spin-spin fine
structure axes (2).

II. THE SPECTROMETER

The NQR experiments utilizing the optically
pumped nuclear spin system can be performed
with any standard ODMR spectrometer, if the
sample can be irradiated with an additional rf
field in the NQR range. The NQR irradiation
channel actually used consisted of a programm-
able quartz oszillator (Wavetek 3000) in com-
bination with a broad band amplifier (ENI 510 L).
The rf field at the sample is produced with a 2 x

4 turn Helmholtz coil which is terminated outsi-
de of the cryostat with 50 A . This combination
can be used with VSWRO up to 40 MHz. In the
case of higher NQR frequencies (e.g. bromine
resonances) the high impedance of the coil can
be compensated using standard coaxial line
matching techniques. Other details of the ODMR
spectrometer were given in ref. 1.

III. THE RF-OPTICAL PUMPING SCHEME

The experiment performed on p-DCB was the
first to demonstrate the possibility of a simul-
taneous detection of NQR transitions in the
ground- and excited states of a molecule (1). Its
success relies essentially on the fact that first, a
highly optically aligned electronic triplet spin
reservoir is allowed to cross relax in the rotating
frame to a nuclear quadrupole spin reservoir, and
second that the net cross relaxation (CR) rate
between the two spin systems can be detected
optically using the well-known ODMR effect.
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Figure 1 shows the various sublevel popula-
tions in a fictitious 5 = 1,1 = 3/2 system. The
broadband optical excitation S —•- S, is

assumed to result in different steady-state
populations of the triplet subievels T., as

indicated in fig. 1. Irradiation of the sample
with a coherent microwave field of frequency
"> = w(X-Z) +u>n leads to effective CR be

tween the electronic and nuclear spin systems
each characterized by level splittings of w(Z-X)
and

n
in the laboratory frame. Neglecting

relaxation effects, the equilibrium state will be
characterized by a vanishing induced net transi-
tion rate. Because of electron spin sublevei-
dependent phosphorescence quantum yields, this
net transition rate can be monitored optically.
As indicated in fig. 1, the resulting nuclear
alignment is not only present in the two triplet
subievels connected by the coupling field, but
also can be found in the singlet ground state and
in the "isolated" tripiet sublevel. Any change of
this alignment, either by nuclear relaxation or
induced by resonant rf fields, will finally lead to
a change of the net absorption from the
coupling microwave field and therefore to a
change of the ODMR signal.

ODMR signal

X —Z

transition

p-DCB in p-DBB single crystal

JWJ

35,'Cl- transitions

355 3.60 365

Fig. 2
Fig. 2 shows the ODMR spectrum of p-DCB

in the frequency range of the X-Z transition.
Besides the strong purely electronic transition
at o>=w(X-Z) several satellites can be detected.

Those leading to a coupling to the Cl nuclear
reservoir are separately indicated. In contrast
to the central line, these quadrupole satellites
show a time dependence of their intensity,
which can be interpreted as the time constant
of the alignment in the electronic ground
state. This time dependence is depicted in fig. 3.

In this experiment nuclear alignment first is
destroyed by irradiating the sample with an rf
field resonant with V (S ) for t < 0. At t = 0

the microwave field at u)= u>(X-Z) +U) is sud-
denly switched on. "

The intensity difference of the satellite
ODMR signals assigned to the aligned and non-
aligned nuclear spin system (see fig. 3) can be
utilized for a detection of NQR transitions in the
various meta-stable electronic states at the
molecule.

CI-ODMR Satellite Intensity

ODMR signal la.u.

^ - -signal of a non-aligned quadrupole system

— I —
200 300

mw pump time /s

Fig. 3

The conditions for successful experiments of
this type can be summed up as follows:

a) Nuclear quadrupole satellites in the
ODMR spectrum must be observable

b) the nuclear spin relaxation rate in the
ground state must be small compared to the
individual electronic excitation rate
c) the nuclear spin orientation in the various
electronic states must be similar (viz. the
electric field gradient axes including the
pseudo nuclear quadrupole interaction (3)
must be similar).

The last condition ensures that the nuclear
alignment which is actually created in the
electronic triplet state is preserved during the
decay to the ground state. These conditions are
ideally met for halogen-substituted organic
molecules.

IV. RESULTS

Fig. U shows the optically detected NQR
transitions in the excited triplet state and singlet
ground state of p-DCB.

-c

3-

A(vq(S)-vq(T))

33

Fig.fr

35 rf/MHz

The narrow resonance line at appr. 35 MHz
unambigously can be assigned to the NQR reson-
ance of the chlorine nuclei, when the p-DCB is in
its electronic ground state. This discrimination
can be done by switching off the pumping optical

13



field and irradiating the sample at 35 MHz only
after a delay time of several triplet state life
times. The remaining transitions centered at
appr. 32 MHz can be ascribed to NMR transitions
in the three triplet state sublevels. The observed
lines are split by second order hyperfine interac-
tion and an analysis of the spectrum has been
given elsewhere (1).

Apparently NQR transitions in the singlet and
triplet state can be observed under identical
conditions for the dealigning rf field amplitude.
In the case of p-DCB this is due to the fact, that
the applied rf field is hyperfine-enhanced by the
large out-of-plane hyperfine component A (Cl)

=22.45 MHz. The effective rf field at the Cl
nucleus is enhanced by several orders of magni-
tude, thus compensating for the small steady
state concentration of p-DCB triplet states

(N(T1)»10"3N(SQ)). Because of the quadratic de-
pendence of the energy shifts in the triplet state
on the hyperfine tensor elements, usually only
the dominant element leads to resolved line
splittings. The residual width of the lines can be
attributed to unresolved chlorine hyperfine split-
tings.

In the Table recently determined n.q. transi-
tion frequencies v? = (e2qQ/h)(l +ij2/3)1/'2 of
the I = 3/2 nuclei 35C1, 79Br are compiled.

p-DCB
p-DCBPh
p-DBBPh
s-TBB

S = 0

34.878(2)
35.545(5)

279.012(2)
290.6(1)

S = 1

32.35(3)
35.12(5)

274.37(5)
270.2(5)

All values are given in MHz and refer to a
sample temperature 1.2K. The shift in the
quadrupoie splittings under electronic excitation
into the lowest triplet state varies from appr.
1 % for p-DCBPh and p-DBBPh to appr. 7 % for
the single aromatic ring molecules p-DCB and s-
TBB. The C ^ C ^ X ) - ^ fragment in the substi-
tuted benzophenones is not expected to deviate
from planarity in both electronic states in
accordance with the nearly constant n.q. fre-
quencies. In p-DCB a deviation from planarity
has been measured and we tentatively ascribe
the observed large quadrupoie shift in p-DCB
and s-TBB to an out-of-plane distortion of the
C-X bond.

Singlet state NQR transitions are characteri-
sed by the typical high spectral resolution of
NQR in zero external field (linewidth appr.
8 KHz). It is thus possible to directly probe the
site symmetry of the guest molecules in the
chemically mixed single crystals. In the systems

p-DCB in p-dibromobenzene, p-DCBPh in dibro-
modiphenylether (DDE), and p-DBBPh in DDE,
the halogen positions were all found to be
equivalent as expected from the unperturbed
host crystal structure.

This behaviour of "guest" halogens is differ-
ent from that of host halogen nuclei, where
recent experiments (using the same approach of
an optically pumped nuclear spin system) have
revealed, that the incorporation of guest molecu-
les can lead to a noticable change of the
quadrupoie splittings of bromine nuclei in the
nearest neighbour host molecules (4).

V. CONCLUSIONS

NQR spectroscopy using an optically aligned
nuclear spin system is proven to be sensitive
enough to detect NQR transitions of chlorine and
and bromine nuclei with a cocentration as low as
100 ppm. Because of hyperfine enhancement of
the applied rf field, transitions between the
various hyperfine levels of the triplet state
sublevels can also be measured, even when the
steady state triplet concentration is only in the
order of 1 ppm.

The resulting spectra allow the direct deter-
mination of a change of the molecular electric
field gradient at the probing nuclear site, when
exciting the molecule from its singlet ground to
the lowest triplet state.

The high spectral resolution observed for
NQR transitions in the singlet ground state
enables the determination of possible symmetry
disortions of the guest molecules upon incorpora-
tion in a chemically mixed single crystal.

The molecules investigated are typical ex-
amples of halogen-substituted organic molecules.
For such molecules one expects hyperfine coup-
ling constants in the range from 20 to 50 MHz.
Experimental evidence and theoretical calcula-
tions show, that microwave fields of appr.
100 mG are sufficient to induce CR rates in the
rotating frame between the integer S = 1 and
half-integer I = 3/2 spin systems, which are
comparable to typical decay rates from excited
triplet states.
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RELAXATION PARAMETERS AND MOTIONAL PROPERTIES IN BIOLOGICAL

MACROMOLECULES

"Special ISMAR-sponsored Lecture"

W. Egan

J. A. Ferretti

G. R. Marshall

I. INTRODUCTION

Magnetic resonance spectroscopy
is a useful technique for obtaining
dynamic information on molecules of
widely varying sizes and shapes (1-3).
This information is frequently in the
form of rotational reorientation correla-
tion time and is obtained from T, and T ?

values as well as the nuclear Overhauser
enhancement factor (NOE). In the case
of biological macromolecules one often
wishes information regarding the physical
chemical properties of shape, fleixbility,
and degree of association and in this
context the NMR method has the potential
of providing useful information.

In order to obtain the desired
rotational correlation times from the
measured relaxation parameters, one
must appeal to a model description. We
restrict ourselves here to studies of
carbon-13 relaxation parameters where

C- H dipolar interactions dominate.
Various models are available to inter-
pret C relaxation times and the pur-
pose of this investigation is to initi-
ate an evaluation of these models and
to formulate some rules in the choice
of model. Because of the complex nature
of the motions of biological macro-
molecules, it is necessary to obtain
relaxation measurements at various
magnetic field strengths (4). We present
detailed results on the cyclic peptide
Gramicidin S, the linear peptide hormone
Bradykinin, and two structurally similar
bacterial capsular polysaccharides.

II. THEORY

We consider two basic types
of motion. In the first each C-H
vector investigated is considered
to be undergoing internal reorientation
and to be attached to a body whose
overall rotation is isotropic(5). The
second type of motion is that of
an ellipsoid of revolution (6). The

expression for the relevant spectral
density functions are formally similar
for both types of motion. For
we have

For a rotating group attached to
a spherically tumbling body here the
index i refers to the i'th C-H vector
and is 0, 1, or 2 corresponding to Jo(

The coefficientsor J2(w).

A. B.p and C^ are given by

^ - 3

The nature of the motion is contained
in the theory through the expressions

r,,TD., andT... If the internal

i-l

motion is stochastic diffusion we
have ^ -\ ~>-x

'C\

where I g. is the correlation time

for the internal motion of the i'th
C-H vector and T n is the overall

reorientational correlation time.
For a rigid ellipsoid of revolution
there are no indices on'"Yg and
TV and thus we have

-i
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III. RESULTS

Relaxation data were obtained
for the Neisseria meningitidis group
B and group C capsular polysaccharides
at 25 MHz and 67.9MHz. The T, values

together with the best fit rotational
correlation are summarized below

C-3
C-4
C-5
C-6
C-7
C-8
C-9

Group B
25 MHz 67.9 MHz

.220

.203

Group C

.063

.064

.067

.064

.064

.070

.097

.203

.201

.203

.191

.192

25 MHz
.078
.072
.068
.070
.072
.072
.080

67.9 MHz
'.170
.164
.156
.149
.164
.159
.176

Using a model of isotropic reorientation
with internal motion, we were able
to account for the field dependence
of the T-, values for the group C

polymer (TR - 10"
8 sec T ^ . ^

10 sec). Employing the same model
with the group B polymer led to a
poorer but nevertheless acceptable (within

experimental error) fit IfK ̂  5 x 10 , T -
11 G-c

Gi 4 x 10 sec). Analysis for both
polymers in terms of using a rigid
ellipsoid of revolution as a model
for anisotropic reorientation also
yielded a good fit to the experimental

T, values.Ti - 10"8 T,, ̂  1 x 10" 1 1

- •*• A - fi
for the group B and l fix 10 " sec,

^-10- 2 x 10" ' sec for the group

C polysacchride).
The carbon-13 T values for

the backbones -carbon atoms of Gramicidin
S in CH-OD are given at 30 C along

with the best f i t values ^
' f g . and the angle©: R'

T^sec) I Gi x 10iU(sec10,

PRO
VAL
ORN
LEU
PHE

15.1MHz

.155

.147

.138

.149

.140

67.9MHz

.204

.210

.180

.197

.201 .
= 7.1 x 10 10

1.7
1.7
2.4
1.9
2.0

e = 76°
Similar to the results for the

polysaccharides, it was not possible
to distinguish between models which
consider either internal motion or
anisotropic reorientation in the

case of Gramicidin S. However, in
the case of 8-p-N0,,-Phe-Bradykinin, it

was not possible to fit the T, data

to a model of rigid anisotropic motion.

The Tj data at 38°C and 14°C and the

best fit correlation times are given
below.

T = 38°C
T^sec) <•

15.1MHz 67.9MHz

Arg
Pro
Pro
Gly
Phe
Ser
Pro
pNO,-

Arg

.255

.199

.203

.254

.185

.190

.203

.180

.210

.344

.301

.283

.340

.250

.249

.255

.242

.327

.46

.69

.76,

.47

.0

.98

.89

1.0
.58

T R = 7.5 x 10"10 sec

' 6 = 75°

T = 14UC
T^sec) 1010sec

Arg
Pro
Pro
Gly
Phe
Ser
Pro .082
pNO2-

15.1MHz 67.9MHz

.102 .212

.095 .183

.082

.106

.080

.084

1
.195
.214
.167
.176
.173

94
1

1.2
1.0
1.4
1.4
1.4

Phe^
Arg

.078

.083
.169
.207

1.4
1.0

TV* x 10"°sec

6 = 74°
One of the most interesting

aspects of the data on the various
molecules investigated is the large
dependence of the T, values on the

magnetic field strength. For those
cases where the T, value varies approxi-
mately linearly with magnetic field
strength, at least one rather long cor-
relation time must be present. We
consider first the case of the group B and
group C capsular polysaccharides.
Inspection of the T, values for the

group B indicates that they are identical
except for C-9 where some internal
motion would be expected. Since
we are dealing with a homopolymer,
we are observing T, values which
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are averaged over the length of
the polymer chain. Furthermore,
it is not possible to distinguish
between internal motion and rigid
anisotropic reorientation from measure-
ments of the T-, values. Since it is not

possible to distinguish individual
monomeric units in the chain, one
cannot determine from these NMR experi-
ments whether or not internal motion is
present. A similar problem exists
for the case of Gramicidin S where
the T^ values in this cyclic peptide

are all quite similar at any one
magnetic field strength. However,
in the case of the linear peptide
Bradykinin, we measure individual
T, values at the different position

of the variousot-carbon atoms along
the length of the molecular chain.
We observe in the Bradykinin data
a gradation of the T, values as one

proceeds from the ends toward the
interior of the chain. Such a gradation
would be expected as a result of
a decrease in the rate of internal
molecular reorientation of the interior
peptide residues relative to the
residues near the ends of the chain.
Then results provide strong evidence
that internal motion is important
in Bradykinin. Furthermore, we observe
that t>p irternal reorientational
correlation terms change by about
a factor of two over the temperature

range between 14°C and 38°C whereas
the overran rotational correlation
time changes by two orders of magnitude
over the same temperature range.
This large change in R is interpreted

in terms of changes in the degree
of aggregation (7).
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170 NUCLEAR MAGNETIC RESONANCE

AND ITS BIOLOGICAL APPLICATIONS

"Special ISMAR-sponsored Lecture"

D. Fiat, T.E. St. Amour, M.I. Burgar
A. Steinschneider, B. Valentine and D. Dhawan

I. INTRODUCTION

An understanding of the coup-
ling between molecular structure
and dynamics and physiological
function is essential to an apprec-
iation of the transmission of
biological information. Hydrogen
bonding (H-bonding) and other weak
interactions play a vital role in
(a) determining molecular struc-
ture, (b) restricting or facili-
tating certain molecular modes of
motion and (c) serving as recog-
nition forces between a molecular
transmitter and receptor molecule.

The folding of polypeptide
and protein chains is partially
determined by interpeptide H-bonds
(-C=0- • -H-N-) , side chain H-bonds
(- COO" • • • H- 0- <f>) and ionic bonds
(- COO" • • •"'l̂ N- ) and in most cases
the oxygen atom is involved in the
interactions that are responsible
for the maintenance of the
secondary and tertiary structure.
One of the most important examples
of H-bonding in biology is in the
case of the H-bond stabilized
double-helix configuration of
nucleic acids. These inter-chain
H-bonds involve the carbonyl group
of the nitrogenous bases. In
addition, polar groups of peptides
and nucleotides often interact
strongly with the solvent. The
solution state structure of the
biomolecule is the result of var-
ious stabilizing forces that
include strong intramolecular
H-bonds and hydrophobic (apolar)
forces and interactions between
residues at the surface of the
molecule and the solvent.

The fact that the oxygen
atom plays a central role as a
direct participant in the H-bond
suggests that the study of bio-
molecular structure, molecular
motions and intermolecular time
modulated interactions might be
approached successfully by employ-
ing oxygen as the spectroscopic
probe. Elucidation of the

structure-function relationship
involving polypeptides is contin-
gent upon an understanding of
solution state conformation. It
was therefore necessary to estab-
lish an interpretative framework
based on the effects of varying pH,
temperature and solvent concentra-
tion On the 170 parameters in
peptides, nucleotides and model
systems.

II. pH EFFECTS ON l70 PARAMETERS:
AMINO ACIDS AND PEPTIDES

Initial :70 NMR studies of
amino acids at natural abundance
indicated that routine determin-
ations of relaxation rates and
chemical shifts are difficult due
to the low inherent sensitivity of
the 170 nucleus (1,2). NML studies
of the amino acids glycine and
alanine enriched in the 170
isotope demonstrated that the nuc-
lear screening and relaxation
rates are sensitive to pH (3).
Msre recent work on glycine has
shown that T2<T^ in the high pH
region, thus implicating the
onset of an exchange process in an
alkaline solution (4). The chemi-
cal shift of the peptide oxygen in
glycylglycine (5) and glycylala-
nine, glycylglutamic acid and
glycylleucine (6) is significantly
influenced by the ionic state of
the terminal amino and carboxyl
groups. T]_ and T 2 (T2=OAv]_/2)" )
of the peptide oxygen in glcyl-
alanine are not as strongly affect-
ed by pH as the relaxation rates
of the amino acids.

III. HYDROGEN BONDING EFFECTS
ON !70 PARAMETERS

A. Amides

The 170 chemical shift
ranges of amides and peptides (270
ppm-^340 ppm to low field relative
to external water) are approximate-
ly equal implying that, in terms
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of electronic structure, the amides
are fairly good models of the pep-
tide bond.

1. Solvent and Concentration
Dependence Studies.

The chemical shift depend-
ence of formamide (FOR), N-methyl-
formamide (NMF) and N,N-dimethyl-
formamide (DMF) as a function of
mole fraction in water and acetone
is given in Figure 1 (7). The
effect of H-bonding on the l70
carbonyl resonance is to induce
a chemical shift to higher field
strengths. The diamagnetic shift
is due, in part, to a stabiliza-
tion gf the n orbital relative to
the TT", thereby increasing the
average excitation energy (AE
factor in the paramagnetic term
of the nuclear screening constant)
(1). Water induces diamagnetic
shifts due to its strong H-bond
donating ability and the magni-
tude of the shift at infinite
dilution in water is dependent
on the extent of interamide H-bond-
ing that exists in the neat liquid.
Dilution of the amide in acetone
ruptures interamide H-bonds where,
again, the magnitude of the para-
magnetic shift is dependent upon
the H-bonded amide network that is
present in the neat fluid. Note
that the position of the resonance
from DW, where no H-bonding
occurs in the neat liquid, remains
unchanged upon dilution in acetone.
It is also possible to monitor
the effects of the amide on the
170 resonance of the acetone or
water solvent (7,8).

2. Temperature Dependence Study.

Temperature dependence
studies are valuable in disting-
uishing b etween peptide oxygens
in contact with or obstructed
from the solvent. The temperature
dependence of DlXF at. X=0.32 in
water is illustrated in Figure 2.
Increasing temperature results in
a deshielding of the amide oxygen
implying rupture of HOH---O=C-
H-b onds.

B. Peptides

Solvent and temperature
dependence studies of l70 enriched
di- and tripeptides have confirmed
the validity of the amides as
model peptide systems. Glycyl-

alanine shifts 25 ppm to high field
in a neutral, aqueous solution
relative to its position in
dimethylsulfoxide (DlySO) (6) .
The concentration dependence of
glycylleucine as a function of
composition in a mixed DMSO/^O
solvent is illustrated in Figure
3 (6). The shift to high field
with increasing H2O concentration
is evident.

Glycylalanine in an aqueous
solution undergoes a paramagnetic
shift of approximately 4 ppm
over the temperature range between
301 K and 330 K due to the rupture
of H-bonds.

C. Nucleotides

Studies of l70 enriched
thymine and uracil have demon-
strated that H-bonding induces
diamagnetic chemical shifts (9).
0-4 of uracil changes from 336 ppm
to 319 ppm and 0-2 changes from
256 ppm to 244 ppm in DM30 and
D^SO/H20(257o) , V/V, respectively.
Figure 4 shows the spectra of
thymine in DM50 and in the DMSO/
H2O mixed solvent.

IV. CONCLUSION

The implications of the
studies reported here are straight-
forward. 0 N'Mlwill play a
fundamental role in unravelling
certain very important aspects of
the physiological structure-
function relationship. In partic-
ular, the high degree of sensitiv-
ity of the 0 parameters to the
hydrogen bonding force, as
demonstrated in these studies,
is convincing evidence that this
spectroscopic tool should lead
to significant advances in the
study of biomolecular systems.
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Figure 1. Relative chemical shifts of formamide (FOR), N-methylformamide
(NMF), and N,N-dimethylformamide (DMF) as a function of mole fraction,
X, in acetone and water.

Figure 2. Temperature dependent l70 chemical shift of
N,N-dimethylformamide at X=0.32 in water. Direction of increasing
field is indicated by the arrow direction.

Figure 3. 170 chemical shift of the peptide oxygen in glycylleucine
as a function of solution composition. X is the mole fraction of
water in dimethylsulfoxide.

Figure 4. 170 chemical shift of thymine in (a) dimethylsulfoxide (DMSO)
and (b) DMSO/H2O(25%), V/V. The stippled line is positioned at the
resonance of the peptide in DMSO.
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SOME DEVELOPMENTS IN TWO-DIMENSIONAL FOURIER TRANSFORM NMR

Ray Freeman

INTRODUCTION

Revolutionary ideas occur only
rarely in scientific research.
High resolution NMR spectroscopy
has benefitted from at least two
such concepts which have had a major
impact on the technique - double
irradiation, which may be used
either to increase the information
available or to simplify complicated
spectra - and Fourier transformation,
which provides improved sensitivity
and much easier access to relaxation
times and similar time-dependent
phenomena.

The purpose of the present
article is to describe a third new
concept which combines aspects of
both of the aforementioned
techniques. First suggested by
Jeener (1) and developed into a
general method by Ernst (2), it is
the technique of two-dimensional
Fourier transformation. Jeener
proposed the extension of the NMR
experiment into another time
dimension, now known as the
evolution period t... No NMR
response is observed during t^, but
this is followed by a second time
interval, the acquisition period
t2, during which the spectrometer
receiver is active, and because the
nuclear spins remember their recent
history, their behaviour during ti
may be mapped out indirectly by the
effect on the detected signal S(t2).
Suppose that the molecule under
investigation has several character-
istic nuclear resonance frequencies.
Each individual frequency of
precession during the evolution
period can pass on information to
its corresponding frequency
component observed during the
acquisition period. In practice it
is often the phase or the amplitude
of the signal component which is
affected. The analogy is with two

electronic black boxes connected
together not by a single wire but by
a cable of many strands, carefully
colour-coded.

The evolution period is varied
in a systematic way in a series of
experiments, building up a data
matrix S(ti,t2), and two-dimensional
Fourier transformation generates a
spectrum in two orthogonal frequency
dimensions, S(Fi,F2), displaying NMR
signal intensity as a function of F^
and F2. Various devices have been
used to display this surface in a
way which conveys its essentially
three-dimensional character, the
simplest being the stacking
together of many one-dimensional
traces. Clearly there is more
information in S(Fi,F2) than in the
corresponding one-dimensional
spectra S(Fi) and S(F2) because
there is the crucial element of
correlation involved. Herein lies
the analogy with double irradiation
experiments; certain two-dimension-
al Fourier transform methods
provide information very similar to
that which could be obtained from an
array of double-resonance experiments.

No attempt is made here to
cover the entire field of two-
dimensional spectroscopy, since
recent reviews are available (2-4).
Instead, the principle is
illustrated by highlighting
particular applications, chosen
principally because they appear to
be of some immediate utility to NMR
spectroscopists using high resolut-
ion spectra to solve chemical or
biochemical problems. One
important category of these
experiments uses the concepts of
two-dimensional Fourier transform-
ation directly in conventional one-
dimensional spectroscopy.
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PROTON-CARBON SHIFT
CORRELATION

PROTON-PROTON SHIFT
CORRELATION

When there is scalar spin-spin
coupling between two nuclear
species, for example protons and
carbon-13, a perturbation of the
proton spin populations will in
general also affect the carbon-13
intensities. It is therefore
possible to devise an experiment
where during t^ precession occurs
at frequencies determined by the
proton parameters, while the
precession during t2 takes place at
frequencies appropriate to carbon-
13 (5). The extent of the magnet-
ization transfer depends on the
coupling constant JQJJ and it can be
arranged to be significant only for
directly bound protons and carbon.
It therefore identifies which proton
resonance is coupled to which carbon
resonance with a one-bond coupling.
If the J-multiplet structure is
removed from both frequency
dimensions, the resulting two-
dimensional spectrum S(F^,F2) is
particularly simple - each peak has
coordinates determined simply by the
proton and carbon chemical shifts.
It may be thought of as a shift
oowelation map.

This increase in the information
content over that available from the
conventional proton and carbon-13
spectra can be invaluable for
assignment purposes. Morris and
Hall (6) have used this technique to
assign the proton spectrum of the
trisaccharide maltotriose, exploiting
the fact that in the two-dimensional
spectrum, substituent effects are
vector quantities composed of both
a proton shift and a carbon shift.

The original experiment
performed by Jeener (1) produced a
homonuclear shift correlation map
analogous to the heteronuclear
shift correlation maps described in
the previous section. In any
reasonably complex molecule, the
proton-proton coupling network can
be quite intricate and any detailed
information about it can be an
important assignment aid. The
alternative approach necessitates
an entire series of selective proton
decoupling experiments, often on a
trial-and-error basis, in many cases
yielding confusing or ambiguous
results. The Jeener experiment is
much clearer. It has been used,with
minor modifications, for assigning
the proton spectrum of the cyclic
peptide antibiotic viomycin (7).
In this method, the conventional
proton NMR spectrum appears on the
principal diagonal of the two-
dimensional spectrum S(F^,F2), with
off-diagonal peaks indicating which
protons are coupled together (2).
This promises to be a powerful tool
for attacking the problems posed by
the proton spectra of large
molecules. A closely related
technique has been used very
successfully by Nagayama et al.(8).

DOUBLE-QUANTUM COHERENCE

Ernst (2) has demonstrated how
two-dimensional Fourier transforma-
tion can be used to detect
forbidden transitions, for example
the multiple-quantum jumps which
violate the selection rule Am = ±1.
The idea is to excite multiple-
quantum coherence, which is not
directly observable in the
spectrometer, allowing it to
oscillate during the evolution
period and to convert it back into
detectable nuclear magnetization
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just before the acquisition period
t2 (9).

As an example of the applica-
tion of two-dimensional concepts
to a strictly one-dimensional
experiment, a technique is
described which uses double-quantum
coherence only momentarily, with no
provision for following its time
evolution. Double-quantum
coherence can occur only in a
coupled spin system, so this
provides a method for discriminating
signals of coupled spins from those
of isolated nuclei. An important
application arises in the study of
carbon-carbon couplings in molecules
with the natural abundance of the
carbon-13 isotope, because the
interesting satellite lines are
often obscured by the 200 times
stronger resonances from isolated
carbon-13 spins. By making use of
the characteristic phase properties
of double-quantum coherence (2,11)
it is possible to distinguish it
from the strong unwanted signal.
The result is a clean spectrum
showing both direct and long-range
carbon-carbon couplings.

REFERENCES

1. J. Jeener, Ampere International
Summer School, Basko Polje,
Yugoslavia, 1971.
2. W.P. Aue, E. Bartholdi and R.R.
Ernst, J. Chem. Phys. 64, 2229
(1976).
3. R. Freeman and G.A. Morris, Bu]i.
Magn. Reson. 1, 5 (1979).
4. R. Freeman, Phil. Trans. R. Soc.
London, in press.
5. A.A. Maudsley and R.R. Ernst,
Chem. Phys. Lett. 50, 368 (1977).
6. G.A. Morris and L.D. Hall, Can.
J. Chem. in press.
7. A. Bax, G.A. Morris and R.
Freeman, J. Magn. Reson. to be
published.
8. K. Nagayama, K. Wiithrich and
R.R. Ernst, Biochem. Biophys. Res.
Commun. 90, 305 (1979).
9. A. Wokaun and R.R. Ernst, Chem.
Phys. Lett. 52, 407 (1977).
10. A. Bax, R. Freeman and S.P.
Kempsell, J. Am. Chem. Soc. in
press.
11. S. Vega and A. Pines, J. Chem.
Phys. 66, 5624 (1977).

24



H NMR INVESTIGATION OF HUMAN HEMOGLOBINS II

SOLUTION AND INSIDE ERYTHROCYTES

"Special ISMAR-sponsored Lecture"

Chien Ho

During the past several years,
we have used proton nuclear magne-
tic resonance (NMR) spectroscopy
to investigate the hemoglobin (Hb)
molecule. By comparing the spec-
tra of appropriate mutant and
chemically modified hemoglobins
with those of normal human adult
hemoglobin (Hb A ) , we have been
able to assign several proton
resonances to specific amino acid
residues in the Hb molecule. By
monitoring the variation of some
of these resonances as a function
of experimental conditions, lH NMR
spectroscopy has been found to be
a very valuable and perhaps unique
method to correlate the structure-
function relationship in Hb. For
recent discussions on H NMR stu-
dies of hemoglobins, refer to
references (1-12). In this pre-
sentation, we wish to make a brief
summary on two aspects of our
recent research.

I. 2H NMR INVESTIGATION OF
COOPERATIVE OXYGENATION OF Hb A

By comparing the hyperfine
shifted proton resonance of natur-
ally occurring valency hybrid hemo-
globins, Hb M Boston (a58E7 His ->
Tyr) and Hb M Milwaukee U 6 7 E 1 1
Val ->• G l u ) , with those of deoxy Hb
A, we have been able to assign the
ferrous hyperfine shifted proton
resonances over the spectral region
from 6 to 20 ppm downfield from HDO
to the protons from the a and g
chains of Hb A. For details, refer
to Takahashi et al. (13). By moni-
toring the intensities of these
resonances (especially the ones at
12, 16.9 i and 18 ppm) as a function
of oxygenation, we can determine
the amount of 62 bound to the a
and g chains of Hb A and investi-
gate the structural changes of the
Hb molecule under a given set of
experimental conditions. In addi-
tion, a computer program for the

least-squares estimation of non-
linear parameters has been used for
our spectral analysis. The follow-
ing conclusions can be drawn from
our recent lH NMR studies of Hb A:
(i) there is no preferential 0 2
binding to the a and g chains of Hb
A in the absence of organic phos-
phates; (ii) in the presence of
organic phosphates, the a chains
have a higher affinity for 0 2 than
the 3 chains of Hb A; and (iii) the
ligand-induced structural changes
in the Hb molecule are not concert-
ed. From the variation of the in-
tensities of the ferrous hyperfine
shifted proton resonances as a
function of 0 2 saturation, we can
calculate the fractions of various
oxygenated species present and thus
determine the four Adair constants
for the oxygenation process. Our
results show that two-state allo-
steric models are not adequate to
describe the cooperative oxygena-
tion of Hb A. For details, refer
to Viggiano and Ho ( 1 0 ) , Viggiano
et al. (11), and Ho et al. (14).

An important question in bio-
logy is whether or not molecular
properties of purified proteins or
enzymes obtained from physical-
chemical studies in solution are
indeed relevant to those of pro-
teins or enzymes under in vivo con-
ditions. The answer to this ques-
tion is of enormous value because
it has important implications to
research in biochemistry and bio-
physics. The inability to give a
definitive answer to this question
is, in general, due to a lack of
suitable techniques that can be
applied to provide direct, unambig-
uous results. In the case of Hb,
the answer to this question has be-
come urgent. Recent results from
different sources have shown that
certain properties of Hb are
affected by various experimental
conditions (2,10,11,and 1 2 ) .
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With recent advances in NMR
instrumentation and techniques, we
can now investigate the molecular
properties of Hb inside intact
erythrocytes by NMR spectroscopy.
By means of NMR correlation spec-
troscopy, we have obtained the
ferrous hyperfine shifted proton
resonances (K. J. Wiechelman, S.
Takahashi, and C. Ho, unpublished
results) and the NH exchangeable
proton resonances of proximal
histidines (S. Takahashi and C. Ho,
unpublished results) of deoxy Hb A
inside intact erythrocytes. For
deoxy Hb A in H2O, two resonances
occur at 58.5 and 71.0 ppm down-
field from H2O. Again, by compar-
ing the spectra of Hb M Boston and
Hb M Milwaukee with that of Hb A,
all in the deoxy state in H2O, the
resonances at 58.5 and 71.0 ppm
have been assigned to the proximal
histidine NH resonances of the a
and 3 chains of Hb A, respectively.
For details, refer to Takahashi et
at. (13). We are currently investi-
gating the molecular mechanism for
the cooperative oxygenation of Hb
A inside intact erythrocytes using
both ferrous hyperfine shifted and
proximal histidine NH exchangeable
resonances.

II. lW NMR LONGITUDINAL
RELAXATION INVESTIGATION OF Hb S

H NMR longitudinal relaxation
rate (Tj1) measurements have been
used to investigate (i) the surface
conformational differences between
Hb A and sickle cell hemoglobin (Hb
S) and (ii) the molecular events
that occur during the early stages
of the polymerization process of
deoxy Hb S. The Ti 1 values of the
C2 protons of eleven observable
surface histidyl-residues in both
Hb A and Hb S in the deoxy state
have been measured in 0.1 M Bis-
Tris buffer at pH 6.8 in D 20. These
proton resonances in Hb occur from

1.5 to15.0 ppm downfield from HDO.
The Ti values for the C2 protons
of several surface hi sti dyl resi-
dues in deoxy Hb S are found to be
very sensitive to the temperature
and to the concentration of Hb,
factors known to have a profound
effect on the polymerization pro-
cess of Hb S. For Hb concentra-
tions of 13.5% or less and for tem-
peratures of 25°C or higher., the
Ti values in Hb S solutions are
the same as the corresponding ones
in Hb A, except for the C2 proton
of B2 histidine (a residue close to
the mutation site at 36), whose Ti
value is larger in Hb S than in Hb
A. When the temperature and/or the
Hb concentration are further in-
creased, we have found that (i)
several additional histidyl reson-
ances in Hb S solutions have larger
Ti values than the corresponding
ones in Hb A,
ences between
Ti values of
ances as wel1
histidine are
when Hb S approaches
Based on our results

and (i i) the di ffer-
Hb S and Hb A in the
these histidyl reson-
as that of the &Z
gradually increased

gelation,
we can make

the following conclusions. First,
there are surface conformational
differences between deoxy Hb A and
deoxy Hb S. Second, there are
small aggregates in the deoxy Hb S
solution prior to gelation. Third,
this magnetic resonance technique
can be used to investigate and
identify the intermolecular con-
tacts in the polymerization of Hb
S. For details, refer to Ho and
Russu (9) and Russu and Ho (15).
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HIGH-FIELD AND PHOTO-CIDNP STUDIES OF BIOLOGICAL MOLECULES

R.Kaptein, S.Stob, R.M.Scheek, K.Dijkstra and
T.W.Schleich

I. INTRODUCTION

High resolution NMR is capable of
providing information on the structure and
the dynamical state of biological macro-
molecules with atomic resolution. However,
in spite of modern instrumental advances
the analysis is hampered by the enormous
complexity of the spectra. This has led to
the development of various difference
methods, in which the effect of specific
perturbations shows up as simplified
difference spectra. A recent development
is the photo-CIDNP difference method, (2)
which has the additional advantage of
greatly increased sensitivity.

Here we shall briefly review the
photo-CIDNP method as applied to biologi-
cal molecules. Examples will be discussed
of proteins that interact with nucleic
acids. Recently the method has been
extended to nucleotides as well. Results
will be presented on adenine nucleotides,
which show some complexities not en-
countered in the case of amino acids.

II. THE PHOTO-CIDNP METHOD

In order to generate CIDNP in biolo-
gical molecules we have searched for pos-
sible cyclic reaction schemes, in which
polarization is induced in the biomolecules
in their native state, but which would
entail no net chemical change. We have
accomplished this by employing reversible
electron and H-atom transfer reactions
between photo-excited dyes and the biolo-
gical substrates. By using a flavin as the
dye we found that a variety of amino acid
residues (tyrosine, histidine and trypto-
phan) and nucleic acid bases (the purines)
can be spin polarized. In the case of elec-
tron transfer the following reactions
between flavin (F) and substrate (SH)
pertain:

F + SH

F- + SH'

F- + SH-

F + SH*

(0

(2)

(3)

radical pair (indicated by the bar) is
formed from the triplet flavin (^F).
Polarized substrate (SH*) arises then from
back electron transfer, which is thought to
occur for tryptophan and for the purine
bases. Alternatively, the primary step may
involve H-atom abstraction, which probably
occurs in the case of tyrosine and histi-
dine:

F + SH

followed by

FH- + S-

FH- + S-

F + SH*

(A)

(5)

In reaction (2) a spin-correlated

Experimentally light excitation is
carried out by irradiation of the sample
with an Argon laser in the probe of the
Bruker HX-360 spectrometer prior to data
acquisition. Alternating "light" and "dark"
free induction decays are taken. Sub-
traction and Fourier transformation then
leads to photo-CIDNP difference spectra
that contain only the polarized lines.
Intensity enhancements of one to two orders
of magnitude may occur, which mean
important time savings.

Ill. PROTEINS

Photo-CIDNP spectra of proteins are
often greatly simplified with respect to
their normal NMR spectra so that individual
residues can be identified. The polariza-
tion characteristics, viz. emission for Tyr
and absorption for His and Trp, make first
order assignments (as to type of residue)
an easy matter. The primary photoreaction
requires contact with the photo-excited dye.
Thus, the method tests for accessibility of
amino acid side chains. Compared to other
surface probes it has the high intrinsic
resolution of high-field NMR. Surface
accessibility may be modified by inter-
action with ligands, which may be small
molecules or macromolecules. Therefore the
photo-CIDNP spectra are often useful in
identifying residues involved in ligand
binding.

Here we shall limit the discussion to
proteins that are involved in binding
nucleic acids. Table I summarizes CIDNP
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Table I

Fhoto-CIDNP of nucleic acid binding proteins

Protein

Lac repressor headpiece

Lac repressor headpiece-poly d(AT)
complex

Ribonuclease A

Ribonuclease S

Ribonuclease A • 2f-CMP complex

Gene-5 protein

Gene-5 • d(CGCG)complex

EF-Tu-GDP

EF-Tu-GTP

MW

6600

13700

19000b

42000

CIDNP observed

tyrosine
3

1

2

3

2

3

-

2

2

(4)

(4)

(6)

(6)

(6)

(5)

(5)

(10)

(10)

{total pres<

histidine
1 (O
- (0

1 (4)

1 (4)

- (4)

- (1)

- (0
1 (12)

1 (10)

jnt)

Tyr 7,

Tyr 47

Tyr 76,

Tyr 25,

Tyr 76,

Tyr 26,

-

guanine

-

Assignments

17, 47; His 29a

115; His 119

76, 115; His 119

115

41, 56C

H(8) also observed

ref.

2

2

3

3

3

4

4

5

5

a) Tentative assignments (O.Jardetzky, personal communication to R.K.)

b) Dimer

c) Tentative assignments.

results on some proteins and their nucleic
acid complexes. It can be seen that in
several cases polarized Tyr and His resi-
dues are part of the nucleotide binding
sites.

Ribonuclease (RNase) A for which the
3-D structure is known served as a model
nucleic acid binding protein. Surface
accessibility of Tyr 76, Tyr 115 and His
119 is in good agreement with the X-ray
data. Subtilisin cleaved ribonuclease
(RNase S) showed an extra polarized tyro-
sine, that could be assigned to Tyr 25.
Polarization of the active site His 119 is
suppressed upon binding the ligand 2'-CMP
(3).

The'lac repressor is an important
regulatory protein of E.coli that recogni-
zes a particular nucleotide sequence (lac
operator) on the bacterial DNA. The DNA
recognition is located in the N-terminal
headpiece (residues 1-59) of the lac
repressor. Photo-CIDNP results clearly
showed that Tyr 7, Tyr 17 and His 29 of the
headpiece are directly involved in DNA
binding whereas Tyr 47 is not (2).

Binding of the gene-5 protein to
oligonucleotides also leads to a suppres-
sion of the tyrosine polarizations. In
contrast to the lac repressor, however,
these Tyr residues also show an upfield
shift upon complexation, which points to
stacking interactions with the nucleotide
bases (4). This difference is probably due
to the fact that the gene-5 protein, being
a DNA melting protein, preferentially binds
to single stranded DNA, whereas the lac
repressor interacts with DNA duplexes.

Recent photo-CIDNP experiments on the
elongation factor EF-Tu from E.coli (5)
yielded the result that in the EF-TU GDP
complex the ligand itself is polarized,
whereas this is not the case in the
EF-Tu-GTP complex. Apparently a conforma-

tional change occurs upon converting
EF-Tu-GDP into the GTP complex such that
the guanine base is shielded in the latter
complex, but is freely accessible at the
protein surface in the GDP form.

IV. NUCLEOTIDES

When the flavin dye is used CIDNP can
be observed for the purine but not for the
pyrimidine nucleotides (6). For instance,
at neutral pH 5'-AMP shows enhanced absorp-
tion effects for both the C-2 and C-8
protons of the adenine ring (see figure 1).

H(8)
CIDNP of 5-AMP

5 mM,pH 6.2
NH,

(21H'
118)

H(2)

F difference

L-i -L.

dark

6 (ppm)

Figure 1. 360 MHz photo-CIDNP difference spectrum (top) of

5 mM 5'-AMP at pH 6.2 in D?0; bottom: dark

spectrum. Lines indicated by F belong to the flavin.
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However, unlike the amino acids and,
indeed, the other purine nucleotides, the
polarization for AMP shows a very pro-
nounced dependence upon pH, concentration
and added buffer. The remarkable effect of
added phosphate buffer at constant pH is
shown in figure 2. The C-8 proton polari-
zation changes to emission at high phos-
phate concentration, while that of the C-2
proton just decreases. This is not an
ionic strength effect, since added NaCl has
no effect at all. The behaviour of the C-8
proton polarization in the presence of some
buffers is shown in figure 3. Acetate
(pKa= 4.75) and formate (pKa= 3.75) are
less effective in inducing the emission
effect than phosphate (pK = 7.2). The pH
dependence of the C-8 proton polarization
shows absorption at low pH and emission at
high pH. The pH at which the sign change
occurs shifts to lower values for buffers
with lower pK.

CIDNP of 5-AMP

dependence on phosphate cone.

I pH 7.0

0.0 41 125

phosphate (mM)

Figure 2. Photo-CIDNP spectra of 2 mM 5'-AMP with various

concentrations of phosphate.

While puzzling at first we were able
to account satisfactorily for these obser-
vations . The limiting spectra of figure 2
(no phosphate and high phosphate) suggest
that we are dealing with two radical
species with different hyperfine coupling
constants and g-values. We propose that
the process giving rise to the observed
polarization changes is the deprotonation
of the AMP cation radical (AH') to the
neutral radical (A-) taking place on the
CIDNP time scale. Thus, we envisage the
following reactions:

3 F

FT

F -

F~

+ AH —

+ AH' -

+ AH* -

+ A- —

> F

—»

H+

. +

¥•

• F

AH+

+ A-

+ AH(T)

+ AH( i )

(6)

(7)

( 8 )

( 9 )

AMP (AH) formed from the cation radical
would then show positive polarization for
the C-8 proton (T), while formed from the
neutral radical it would be negative(i).

This pair substitution sequence would
explain both the effects of buffer (B)
concentration and pH. The latter (pH)
merely changes the concentration of the
active (basic) form of the buffer present
in solution. The structure of the radicals
involved is shown in Scheme I,

BH

Scheme I
The theory of pair substitution

effects in CIDNP has been worked out by
den Hollander (7). Simulations of the
spectra based on his theory yield a value
k (P)= 2xl09sec M~' for the second order
rate constant for the reaction of phos-
phate ion with the AMP cation radical
(reaction 7). This is close to the dif-
fusion controlled limit. The decrease in
deprotonation rates for the other buffers
then follows from the equation (8):

k=k(P)l0APK(l0ApK
+ I)-I (10)

where ApK is the difference in pKa's of
AH' and buffer. From this analysis a value
of pKa= 4.5 is derived for the pK of the
AMP cation radical (see Scheme I).

A very interesting example of the
deprotonation effects discussed above was
observed in the case of the dinucleotides
deoxy-ApA and deoxy-pApA. Here both
adenine rings of the dinucleotides show
CIDNP. The opposite polarizations observed
in high phosphate allows easy assignment of
the C-8 versus the C-2 protons. However,
in d(pApA), but not in d(ApA), the C-8
proton of the pA ring shows already strong
emission in the absence of buffer. This
indicates that in d(pApA) the 5'terminal
phosphate is able to catalyse proton ex-
change internally. Interestingly this
occurs for the pA ring but not for the pAp
ring, which at first sight might be
thought of as being closer to the terminal
phosphate. Apparently the right conforma-
tion for internal proton exchange can be
attained for the NH2 group at the pA ring
but not for the pAp ring. This is
consistent with the fact that 5'-AMP does
npt show the internal exchange effect.
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Netherlands Foundation for Chemical
Research (SON) with financial aid from the
Netherlands Organisation for the Advance-
ment of Pure Research (ZWO), and in part
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acknowledges support from ZWO in the form
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ORGANISMS AND COMPOUNDS OF UNNATURAL ISOTOPIC COMPOSITION IN NMR

Joseph J. Katz and Henry L. Crespi

It is now entirely practical
to grow living organisms in which
the 1H, 1 2C, 14N and ol6 normally
present can be almost entirely
replaced, singly or in combination
by the heavy stable isotopes 2 H
(99.7%), 13C (99%), 15N (95%) and
(in principle) 17O. Such organisms
of "unnatural" isotopic composition
serve as a source of ribosomes,
membrane preparations, biopolymers
and other systems and compounds of
biological interest whose unusual
isotopic compositions may greatly
facilitate the application of
magnetic resonance techniques.

II. ISOTOPICALLY ALTERED ORGANISMS

A. Algae

Following the successful
cultivation of the unicellular green
algae Chlorella vulgaris and
Scenedesmus obliquus in nutrient
media containing 99.7% 2H with C02
as the sole carbon source, numerous
algae have been adapted to growth
in heavy water. These include the
green algae (Chlorophycae) C^
ellipsoidea, C. pyrenoidosa, and
Chlorella sp.K. as well as the
cyanobacteria (blue-green algae)
Fremyella diplosiphon, Nostoc
commune, Phormidium luridum,
Plectonema calothricoides, Cyanidium
calderum, Synechococcus lividus,
and Anacystis nidulans. Recently,
the yellow-green (Xanthophyceae)
algae Tribonema aequale, has been
grown in 98.2%, 2B.2O containing
small amounts of soil extract and
lH-glucose. This organism, as are
other yellow-green algae, is well
suited to the preparation of chloro-
plasts.

At the Argonne National
Laboratory a 160 liter tank is used
for the routine growth of fully
deuterated cyanobacteria (1). The
organisms are harvested periodically
by centrifugation when the cell

density reaches lg/liter and the
recovered culture medium is re-
fortified as necessary and reused.
Production is of the order of 0.1
to 0.2g (dry wt) per day per liter.

B. Bacteria, Yeasts and Molds

A deuterium food chain for
nutritionally fastidious organisms
can be prepared from fully deuterated
algae. Pure fully deuterated
carbohydrates and amino acids are
available but are not required, and
most organisms can be grown on
various extracts prepared from
deuterated algae. Most useful have
been (a) an extract of S. obliquus
obtained by autoclaving whole cells
in ^H20 and (b) an acid hydrolyzate
of algal cells (2,3) .

Bacillus tiberius, B. subtilis,
B. cereus, Hemophilus influenzae,
Serratia marcescens, Micrococcus
lysodeikticus, Acetobacter xylinum
(2,4,5) and Lactobacillus casei
(J. Aull, Auburn University, un-
published) have been cultured on
these extracts. It is probable that
for only the most fastidious of
microorganisms may there be intrac-
table problems in producing the
organism in a fully deuterated form.

Photosynthetic bacteria are
very important in photosynthesis
research. Rhodospirillum rubrum
(4), Chromatium vinosum, Rhodo-
pseudomonas spheroides, Rh. viridis
and the carotenoid-less mutant Rh.
spheroides R26, which is in use for
preparing bacterial photo-reaction
centers, were adapted by serial
subculture at 0, 85,95 and 99+%
2H2O with fully deuterated succinic
acid as the required hydrogen donor.
Photosynthetic bacteria enriched to
^20% l^C have been grown on algal
extracts from 13

Algae and higher green plants
enriched in 13c are easily obtained
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by feeding 13CC>2 at the desired
level of enrichment. Such organ-
isms were the source of the ̂ 20%
13c-chlorophyll a and b (6) and
the tobacco mosaic virus (7) used in
1 3C NMR studies.

The yeasts Torulopsis utilis
and Saccharomyces cerevisiae have
been grown in fully deuterated form
in 99.6% 2H2O on on

 2H-glucose and
algal extract as the carbon source
and Blake and co-workers (8) have
adapted the molds Claviceps purpurea
(strain 47A-Tyler), Penicillium
janczewski, P. Crysogenum, and
Eremothecium ashbyii for the pro-
duction of highly deuterated anti-
biotics, alkaloids, and vitamins.

III. ISOTOPICALLY ADJUSTED SYSTEMS
IN NMR

There are several ways in
which isotopically adjusted compounds
or more complex systems derivable
from organisms of unnatural compo-
sition can be used to facilitate
NMR investigations. (i) Fully
deuterated lipids have been used
to make chemical assignments not
accessible by 3-H NMR (9). (ii) The
smaller hyperfine interactions of
H (relative to XH) make it possible
in many circumstances to determine
chemical shifts in 2H-paramagnetic
species when line broadening and
shifts prevent observation in the
XH species. (iii) Systems can be
set up for studying molecular
interactions by -"-H NMR in which
some of the components are present
in deuterated form, thereby sim-
plifying the spectra. Examples are
the ^E NMR of J-H-chlorophyll a/2H-
carotenoid systems (10) , and ^H-
small molecule substrate/2H-enzyme
interactions. (iv) Perhaps the
greatest potential utility of
deuterated compounds is XH NMR at
unnatural abundance (11) .

A. 2H-Compounds in NMR

Fully deuterated photosynthetic
pigments are available in large
amounts from 2H-green algae, cyano-
bacteria, and other photosynthetic
bacteria, and have been used to
study exchangeable hydrogen, keto-
enol tautomerism, hyperfine coupling
constants in chlorophyll cations
and chlorophyll triplet states,
chlorophyll-chlorophyll and chloro-
phyll-nucleophile coordination
interactions, chlorophyll reaction
center models and in biosynthesis
studies (12) .

Fully deuterated cytochrome f,
ferredoxin, and flavodoxin have
been isolated from 2H-S. lividus (3)
and have been used to study the
exchange of amide hydrogen. The
accessory photosynthetic pigment
phycocyanin has been used in an ^H
NMR study of the interaction of
sodium dodecyl sulfate with protein
(13). Fully deuterated algal
nucleic acids have provided the
starting material for the synthesis
of specifically deuterium labelled
dinucleoside monophosphates for ^H
NMR conformational studies (14).

B. Isotope Hybrid Proteins

Cyannobacteria growing in heavy
water containing amino acids of
normal isotopic composition form
deuterated proteins that contain
H side-chains, thereby making
possible unambiguous chemical shift
assignments. 2H amino acids con-
taining ^H in exchangeable positions
were used to grow Staphylococcus
aureus, from which selectively
protonated Staphylococcal nuclease
could be isolated (15). Conforma-
tional changes in the isotope hybrid
electron transport proteins cyto-
chrome f, ferredoxin, and flavodoxin
on change in oxidation state (3)
have been studied as have confor-
mational changes caused by substrate
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binding in staphylococcal nuclease
(16) and tetrahydrofolate reductase
(17) .

Bacteriorhodopsin is a protein-
lipid complex, which functions as a
light-driven proton pump and is
present in the plasma membrane of
Halobacterium halobium. The pros-
thetic group in bacteriorhodopsin
is a retinal molecule that forms a
Schiff base with the e-amino group
of a lysine side-chain. When H.
halobium is cultured in heavy water
with deuterated algal hydrolyzate
and •'-H-lysine as the carbon source,
2H-bacteriorhodopsin (^H-lysine) is
produced. Similar results have
been obtained with lH-leucine.

IV. FUTURE PROSPECTS

It seems likely that isotope
adjustment may become important in
the NMR spectroscopy of immobilized
systems. Thus, deuterated systems
of biological interest containing
1-5% ^H may be of particular value
in proton magic angle spinning
experiments under deuterium de-
coupling on membranes, photo-reaction
centers, and the like. Such systems
should be readily available by bio-
synthesis in heavy water, and the
preparation of suitable NMR systems
can be expected to become the goal
of much future research.
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ODMR STUDIES OF PROTEINS

AND CARCIN06EN-DNA ADDUCTS

"Special ISMAR-sponsored Lecture"

Alvin L. Kwiram

INTRODUCTION

ODMR studies of proteins and
nucleic acids show that the local
environment surrounding the active
chromophore can be characterized by
monitoring the shifts in the zero
field splittings(zfs) ( 1 - 6 ) .
Equally important, the sensitivity
of this method makes it possible to
study triplet states present in
very dilute solutions (to avoid ag-
gregation) or those of inherently
low concentrations such as carcino-
gens bound to DNA. The major limi-
tation in such studies is the width
of the ODMR line in the highly
polar environment commonly en-
countered in such systems. Each of
these issues is addressed below.

DISCUSSION

Poiypeptides and Proteins:
The aromatic amino acid residues
tyrosine (Tyr) and tryptophan (Trp)
are the only useful (amino acid)
triplet state probes for the study
of polypeptides ( 6 ) . (In addition,
coenzymes such as N A D + (7) and sub-
strates can be m o n i t o r e d ) . The Trp
residue has been investigated most
extensively. Glucagon, a 29 resi-
due hormone, has a dramatically
different structure in the crystal
(80% helical) than it does in solu-
tion (20% h e l i c a l ) . NMR methods
are not feasible for studying glu-
cagon due to aggregation at concen-
trations much above 10" M. ODMR
studies of Trp-25 in glucagon (8)
provides strong evidence that the
20% helical section present in sol-
ution encompasses the Trp 25 resi-
due . This is in contrast to the
environment found for Trp in somat-
ostatin and ACTH. Moreover s frag-
ments of glucagon of increasing
length (number of amino acid resi-
dues) but including Trp-25 show a
distinct change in the frequency of
the ODMR transition. Glucagon 1-26,

which has had three residues re-
moved at the carboxylic terminus,
behaves essentially like free Trp
as observed in the tripeptide Gly-
Trp-Gly, the model compound chosen
to represent random coil character-
istics. On the other hand, glu-
cagon 20-29 behaves like native
glucagon as far as the environment
of Trp-25 is concerned. A plot of
the D-E transition frequency versus
n, the number of residues has a
sigmoidal form and reveals that
about 8 residues are necessary to
form the a-helix. Even 4-5 resi-
dues, however, show incipient
structure. This is consistent with
the results of NMR experiments (10).
A systematic study of appropriately
selected sequences would provide
considerable insight into the helix
forming or breaking potential of
various amino acid residues.

The effect of various perturba-
tions on the local environment of
the chromophore is also readily
monitored using ODMR ( 1 ) . Thus the
addition of a denaturant, such as
urea, to the solvent changes the
glucagon ODMR frequencies and line-
width because of denaturation,to
that of the model compound Gly-Trp-
Gly in which the Trp is fully ex-
posed to the solvent. On the other
hand, even severe treatment of ly-
sozyme shows that the local struc-
ture is not fully lost. Only
breaking the disulfide bridges
(reduction and alkylation) leads to
a condition where Trp behaves like
a fully exposed residue ( 1 1 ) . In

+ 2azurin, the Cu must be complexed
with EDTA in order to achieve full
denaturation. Other proteins de-
nature under much milder conditions
and these changes can be effective-
ly monitored.

A recent study (1) of c-subunit
of protein kinase revealed an un-
usual Trp residue with the lowest
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value for the zfs parameter,E,ob-
served so far for proteins. Based
on the nature of the shifts,we pos-
tulated that one of the two bound
phosphate groups must be in close
proximity to the affected Trp resi-
due. Indeed, the sequence Gly-Arg-
Thr-Trp-Thr(P)-Leu-Cys has been
found (12) by an analysis of a
fragment which contained one of the
bound phosphate groups.

The ODMR linewidth in these
systems provides a sensitive meas-
ure of the local environment.
Limited solvent access to the
chromophore is a necessary but not
sufficient condition for narrow
lines. Even in the absence of
strong solvent interaction, the
chromophore may experience a range
of environments due to conforma-
tional heterogeneity of the protein.
Especially if charged orpolar resi-
dues are nearby this can lead to
broadened lines. The narrowest
lines observed to date are some 40
MHz wide (in azurin (1,13) and a -
chymotrypsin (14)). In all cases
the narrowest hole which can be
burned in the ODMR line is about
10 MHz wide (11 915) and comparable
to the linewidth observed for in-
dole in suitable single crystal
hosts (16).

Carcinogen Binding to Nucleic
Acids: The frequency of carcinogen
binding to DNA varies from one per

10 to one per 10 base pairs.
Hence, highly sensitive methods
must be employed to investigate
carcinogens bound to intact DNA.
Radioactive tracers have been used
but are limited in terms of the
structural information available.
ODMR has the necessary sensitivity
to detect bound carcinogens and
this has been demonstrated in sev-
eral systems (3,17,18). In the
case of aflatoxin, both in vitro

and in vivo (in the rat) experi-
ments have shown (3) that aflatoxin
is covalently bound at the ethyl-
enic region of the furan ring. In
the case of aceto-amidophenanthrene
( A A P ) , the AAP-DNA adduct was again
detected ( 1 9 ) . Moreover, ODMR was
able to reveal that what appeared
to be a single chromatographic peak
was in fact a mixture of adducts.
The identity of these remains to be
established. Preliminary results
in the case of the AAP-DNA adducts
suggest that intermolecu!ar energy
transfer is occurring. T h u s , as
the DNA concentration is lowered,
phosphorescence from thymine in DNA
increases whereas that of the AAP
moiety decreases. In related
studies ODMR signals have been ob-
served from the adenine moiety in
DNA ( 2 0 ) . This may arise from
locally denatured regions or from
single-stranded ends. The nature
and origin of these signals is
under investigation.

ODMR Linewi dths: In all of the
ODMR 1inewidths

50-250 MHz
above studies, the
in zero-field are often
( 6 - 2 1 ) , and seriously limit the in-
formation that can be extracted
from the system. To this end we
have investigated (22,23) the na-
ture of the line broadening pro-
cesses in phosphorescence and ODMR
spectra ( 2 4 ) .

It is wel1
narrow band S,

known (25,26) that
-S n laser excitation

in condensed phases, where broad
spectral lines are the norm, can
give rise to extremely sharp fluo-
rescence lines (fluorescence line
narrowing or F L N ) . The phosphores-
cence lines under those conditions
of "site selection" remain broad
because there is little correlation
between the spectral shifts for
S, and T., (they have different di-
'1 1
pole moments, different
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polarizabi1ity, etc.)- However, it
has been shown (26) that direct
T, •*-$,. excitation leads to corres-
pondingly narrowed phosphorescence
lines (PLN), even for polar mole-
cules in polar solvents (23).
Nevertheless, even under these con-
ditions the ODMR line is not sub-
stantially narrowed. The distri-
bution of local (electric) fields
due to the "solvent" environment
creates a distribution in the en-
ergy of the electronic states.
Excitation in a narrow band, nec-
essarily excites molecules of dif-
ferent absolute energy. Various
perturbations (spin-orbit coupling
for example) couple the individual
sublevels of the triplet state to
excited states. Because of the
distribution in energy and the
differences in the shifts for a
given site within T . and S (the

coupled state ) ,
ergy shift in T

U
the resulting en-

(to second-order
lj

in perturbation theory)
broadened ODMR line.

1eads to a

It can readily be shown that if
spin-orbit coupling to a single
level is assumed, the ODMR line-
width (24,27) is of order

h W A where W
the width of the

is a measure of
(optical) T.->-So

0-0 band, h is the matrix element
between j and S , the two states

X il

involved in spin-orbit coupling and
A is the corresponding energy dif-
ference. However, using site sel-
ection in this ODMR transition
would then lead to a narrowing of
other ODMR transition and high
resolution ODMR spectroscopy. If
the coupling is substantial to all
three sublevels, (the normal situ-
ation) then even site selection in
the ODMR (microwave) domain for the

D-E transition say, still leaves
the 2E transition broad. Thus the
possibility of 1 inen arrowing in the
ODMR domain will require special
characteristics of the chromophore.

Experiments that involve direct
T,-«-So pumping should however lead

to greatly enhanced resolution in
the phosphorescence spectrum. Such
experiments are currently underway
in our continuing ODMR investiga-
tion of proteins and nucleic acids.
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NON-PROTON ENDOR AND TRIPLE RESONANCE

OF RADICALS IN SOLUTION

Wolfgang Lubitz

Klaus Mobius and Martin Plato

I. INTRODUCTION

Since Hyde and Maki (1) per-
formed their first ENDOR-in-solu-
tion experiments, this technique
has proven to be a very powerful
spectroscopic tool for the investi-
gation of complex paramagnetic
systems (ENDOR stands for Electron
Nuclear-Double-Resonance). An ex-
cellent review of this area has
been recently presented by Ather-
ton (2). An ENDOR experiment in-
volves two saturating radiation
fields which are simultaneously
applied to the sample, one to
drive ESR transitions in the micro-
wave region, the other to drive
NMR transitions in the radiofre-
quency region. In essence, this
double resonance method results in
an increase of spectral resolution
as compared with ESR. However,
normally ENDOR only reaches some
percent of the ESR signal inten-
sity. To be able to observe an
ENDOR effect at all, two main re-
quirements have to be fulfilled
(3):(i) the electron and nuclear
spin-lattice relaxation rates (W ,

W ) have to be matched and (ii)
tRe induced ESR and NMR transition
rates have to be comparable with
the electron and nuclear relaxa-
tion rates. For ENDOR-in-solution
the first requirement can often be
met by properly chosing tempera-
ture and viscosity of the solvent;
the second requirement particular-
ly results in large NMR rf powers
which have to be pumped into the
ESR cavity. Experimental details
have been described recently (4).
For protons, ENDOR-in-solution can
be detected quite easily, since
their gyromagnetic ratio vTJ is

n
largest. Non-proton nuclei, on the
other hand, are often only detec-
table under conditions very diffe-
rent from those for protons. It
was the purpose of the present in-

vestigation to find the optimum con-
ditions for detecting ENDOR signals
of various nuclei, such as the best
solvent properties, the optimum
temperature, and the required rf
and microwave field strengths. A
systematic study was performed by
calculating the ENDOR amplitudes
for various nuclei in typical mole-
cular environments. By extending
ENDOR to an electron-nuclear-TRIPLE
resonance (4), additional informa-
tion like relative signs of hyper-
fine couplings, even of different
types of nuclei in one molecule,
could be obtained.

II. THEORETICAL AND EXPERI-
MENTAL RESULTS

On the basis of Freed's relax-
ation theory (3) a computational
procedure was developed which -
although including all kinds of
coherence effects (5), hyperfine
enhancement (3) of applied rf
fields, and Heisenberg spin exchan-
ge (6) - introduces as many simpli-
fying assumptions as possible (7)
in order to get a quick though
sufficiently realistic method for
calculating ENDOR spectra. Figure
1 shows schematically the main in-
put and output features of the
computer program.

For organic radicals in solu-
tion the dominant nuclear indepen-
dent electron spin relaxation is
caused by spin-rotational interac-
tion - modulated by the Brownian
rotational tumbling. This interac-
tion can be parametrised by the

constant B = W x T D ,where T Den n

is the rotational correlation
time (3).

For most nuclei the electron-
nuclear dipole interaction - also
modulated by the molecular rotati-
on - is the dominant nuclear relax-
ation mechanism (3)- Therefore the
various nuclei in their molecular
environments are suitably charac-
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terised by Tr A , the trace of the
squared dipolar interaction tensor
which is a measure of the dipolar
anisotropy. As an example, in Fi-
gure 2 the calculated ENDOR ampli-

2
tude is plotted versus T R, Tr A

being the parameter.Values of Tr A2

can be obtained either from solid
state ESR data, MO calculations or
from structurally similar radicals.

ISO

General
Computer
Program
for
Multires.
Experim.

'ENDOR

-Avn

-He
opt

FIGURE I. Computational procedure for ENDOR-in-solution.

Symbols not explained in the text are:

N: = number of nuclei; a ^ i s o t r o p i c h y p e r f i n e

coupling; Tr G = trace of squared second rank

g-tensor; oe,o microwave and rf saturating parameters

YENDORC7); =ENDOR signal amplitude.

= 1000MHz'
100MHz2

lOMHz

TR(ns)

FIGURE 2. Calculated ENDOR amplitudes as function of the

rotational correlation time. (N = 1, I = 1/2,

T r G2 = l o ~ 6 , B = l o - 5 , w = o, 0 = 3 , 0 = l )
Ma e n

For radicals studied so far in our
o

laboratory, values of Tr A cover
the following ranges (7) (in MHz2):

1H: lo-2oo; ?
D: o.2

: 2o -2o ,ooo ; N:loo - 5_,ooo;

: 5o -l,ooo; 3 1P: 2o -

alkali metals: 0.5 - loo.

1 9 F : 5o - l , o o o ; 3 1 P : 2o -2o ,ooo ;

Figure 2 shows that well pro-
nounced maxima of the ENDOR ampli-
tudes occur at optimum correlation

times T opt
R

which can be related

to an optimum temperature T O p by
means of the Einstein-Debye rela-

tion Tnn
z Veff n / k T ^eff e f f e c t i v e

moleteulare volume, n viscosity of
the solvent, k Boltzmann constant).
The evaluation of the computer re-
sults gives the following approxi-
mate relations for the optimum cor-
relation times and radiation field

? 2
strengths (Tr A < l,ooo MHz ):

lR
ENDOR

x H

- 2oo (B/Tr

O p t = loo(B x Tr A 2 ) 0 " 5

O"0t
= 0.3 (B x Tr A 2 ) 0 ' 5

2 2
where Tr A is measured in MHz .

in nanoseconds, H ^ in
J i e , n

gauss in the rotation frame. The

ENDOR ,factor TT takes account of

the different y values and the
hyperfine enhancement factors for

the various nuclei (7), (v is

the frequency of an actual ENDOR
line of nucleus n, v is the free

proton Larmor frequency). The ENDOR
linewidths Av under optimum con-
ditions also follow roughly a de-
pendence of the type (B x Tr A )°.
Therefore, a maximum S/N ratio re-
quires a similar dependence for the
rf modulation depth S\> .The de-
pendencies of the ENDOR amplitude
on other relevant parameters like
Heisenberg spin exchange rate Uj, >

nuclear quadrupole coupling tensor

2
e qQ/h, influence of a second nu-
cleus, and of the nuclear spin
quantum number I , exist in graphi-
cal form (7).

For some radicals studied in
this laboratory, Table 1 contains
all the interesting spectroscopic
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data and a comparison of theoreti-
cally predicted and experimentally
determined optimum correlation
times and rf field strengths.

Taking into account the com-
plexity of the problem with respect
to both theory and experiment the
overall agreement is very satisfac-
tory. We therefore feel encouraged
in predicting optimum ENDOR condi-
tions also for nuclei other than
so far studied (7).

ACKNOWLEDGEMENTS

The authors are indebted to
Friedhelm Lendzian for his contri-

1 14
butions to this work ( H and N
ENDOR on nitrobenzene anion radi-
cals in solution). This work was
supported by the Deutsche Forsch^
ungsgemeinschaft (Sfb 161).

TABLE 1. Comparison between Theoretical and Experimental Optimum ENDOR Conditions

n

D

13C

13C

Radical

(Solvent)

DFK*"
(DME)

BBP
(Toluene)

TPM
(Toluene)

NB"
(DME)

PBP"
(DME)

iso
CL

(MHz)

-1.4

-17.1

66.9

26.8

4.9

TrA2

(MHz2)

2

14

22000

2247

40

Veff

(83)

310

500

315

170

400

T0Pt
exp
(K)

<190

l80

325

260

195

opi
TR

exp

>-5

2,

.03

.033

.4

'(ns)

theor

1.1

1,2

.025

.032

• 35

«r
exp

9

5

>35

10

1

(G)

theor

6

3

51

15

2

DFK = Deuterofluorenone ketyl; BBP = 2,3-di-tert-butyl-4-benzoylphenoxyl;

TPM = Triphenylmethyl; NB = Nitrobenzene; PBP = 3,31difluoro-benzophenone.

DME = Dimethoxyethane

For details of the calculations, see ref. (7)
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SPIN IMAGING

W. S. Moore, R. C. Hawkes and G. N. Holland

I. INTRODUCTION

Following Damadian's (1) observation
that diseased biological tissue has NMR
relaxation properties which differed from
healthy tissue and suggestion that NMR im-
aging could be useful for cancer diagnosis,
Lauterbur (2) in 1973 first clearly stated
the principle on which most subsequent NMR
imaging methods that have been devised are
based. The problem that must be solved
in order to provide spatial NMR data from
an extended object within the receiving
coil of an NMR apparatus is simply one of
coding the NMR response of the object by
amplitude, frequency and phase so that the
coil becomes spatially sensitive.

I I. METHODS

If an NMR object is characterized as
an n^ set of data-producing points in an
n x n x n cubical array then the NMR imag-
ing methods that have been proposed divide
themselves into three main categories det-
ermined by the degree of multiplexing:

1. Those which collect data from single
selectable points in the object (3,4),
theoretical bandwidth required "u 1/T?.

2. Those which collect data simultaneous-
ly from selectable one-dimensional sets of
points, rows or planes in the object (2,5-
14), theoretical bandwidth required 'v. n/Tj.

3. Those which collect data simultaneous-
ly from selectable two-dimensional sets of
points, or the whole three-dimensional ob-
ject (15), theoretical bandwidth ^ n2/T2

or n3/T2.

All methods use modification of the appli-
ed magnetic fields, both steady and/or RF,
usually in the form of linear gradients, to
encode the NMR signal with spatial inform-
ation or to localize in space the volume
from which the NMR signal is received,
coupled with a variety of RF pulse envelo-
pe modulation schemes. Within each of
these categories, the methods of selection
of the points examined divide into those
which require periodic renewal and those
which select continuously. There is also

an overal difference in the way the NMR
signals are detected, which can be either
continuously, at maximum theoretical sens-
itivity with the system in a steady-state
quasi-equilibrium, or pulsed with reduced
sensitivity due to the necessary wait time
of about Ti between RF pulses. The relat-
ive theoretical merit (imaging time) of the
various methods has been compared by sever-
al authors although in reality the compari-
son is almost impossible because of detail-
ed technological considerations and overall
practicability. This is particularly true
for those methods in Category (3) for when
n is large (> 64), very large signal band-
widths are required in order to character-
ize each point uniquely, even though theo-
retically they are potentially the fastest.
Practically, for medical use a defined
plane with resolution comparable to X-ray
computerized tomography (say an n^ array
where n = 128) will be preferred. With
all the different methods the image cont-
rast can in principle be varied since in
many cases the spatial selection procedure
is itself affected by the NMR parameters.
In proton NMR imaging, the signal response
(and hence image contrast) is not only af-
fected by hydrogen density, but also by T]_,
T2 and macroscopic motion of the sample.
In our current method, image contrast can
easily be altered by variations of the NMR
excitation conditions which change the deg-
ree to which the signal response is affect-
ed by the different NMR parameters. This
facility has been made use of in our clini-
cal NMR imaging studies to determine the
best parameters to visualize any given
pathological state.

III. IMPLEMENTATION

Whole-body NMR imaging magnets must
produce a field uniform to at least 1 part
in 1CP (and up to 1 part in 10^ for some
NMR imaging techniques) over a disc of dia-
meter approximately 40 cm. However, the
maximum magnetic field that can be used for
medical NMR imaging is much lower than that
for conventional NMR spectroscopy because
of the limitations imposed by the RF skin
depth in the conducting human body. For
proton NMR imaging, therefore, an upper
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field limit of 0.23 T (10 MHz) for the body
and 0.46 T (20 MHz) for the head can realist-
ically be placed. Most research groups
have adopted the air-cored complex Helm-
holtz magnet consisting of two large co-
axial central coils with two smaller diam-
eter coils placed coaxially outside them
(Figure 1). This open form of construct-
ion with no iron present has three import-
ant consequences. First, the gap between
the large central coils allows good access
for subsidiary gradient and RF coil syst-
ems and the patient support system. Sec-
ond, the lack of iron (a high flux return
path) means that the design is inefficient
and a large amount of power is required to
produce a modest field. Typical field
generated is 0.1 T with 15 kw electrical
power. Third, iron objects nearby such
as structural steelwork, become magnetized
and their magnetization in turn affects the
homogeneity of the central magnetic field.

Figure 1: The NMR Head and Body Soannev.

In practical medical systems it is diffi-
cult to envisage these magnets being used
where greater than 1 in 10^ homogeneity is
necessary over the imaging area. In our
system, which uses just such an air-cored
magnet system, we have adopted NMR techni-
ques which are particularly insensitive to
field gradient inhomogeneity (16). This
is because the gradient field used to form
a projection is strong (0.06 mT cm~l) com-
pared to the main field non-uniformity.
This has allowed our system to be used in
a normal laboratory without any need for
complex shimming procedures. The princi-
pal penalty paid for using a method which
can tolerate a low magnetic field homogen-
eity is the high RF power requirements

(short high power pulses are needed to ex-
cite the wide signal bandwidth), and alth-
ough these pulses lead to RF exposures well
below recommended safety limits, their pro-
duction is technically difficult. We use
an 8 kW solid-state pulse transmitter (17),
and the method of reconstruction from pro-
jections for our most recent images (9,10),
using 128 projections, and isolating the
plane to be studied by means of oscillat-
ing gradients. In these experiments,
steady-state plane selection and NMR excit-
ation is employed, and the data are valid
on a 128 x 128 array (Figures 2 and 3).

Figure 2: Transverse Head Scan about 7 mm
Thick Through the Eyes.

Figure 3: Sagittal Head Sean.

Selection of the position and orientation
of the imaged plane is accomplished by swap-
ping the function of x-, y- and z-gradient
coils, with the subject in a fixed posit-
ion. We have conducted a limited study of
pathology in the head, and the results (18)
have encouraged us to proceed with a full-
scale clinical trial in the University
Hospital, Queen's Medical Centre, Notting-
ham. In the course of these studies en-
hanced relaxation time contrast has proved
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useful, as has the sensitivity of our part-
icular technique to the motional effects
due to blood flow.

Many hours of exposure of a large num-
ber of individuals have been accumulated,
and so far there has been no evidence of
interaction of the experimental conditions
with the subjects, as judged by perceived
sensations, and measured parameters.

IV. FUTURE DEVELOPMENTS

At the moment it appears that NMR
imaging has a place in medical diagnostic
procedure, and that the NMR contrast will
be quantifiable and variable to provide
useful information by a technique which
seems to be inherently safe and non-invas-
ive. The ability to provide thin-section
scans in any plane without patient movement
represents a considerable improvement over
current computerized X-ray techniques.
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PROTON AND CARBON-13 NMR STUDIES ON NAPHTHA AND

LIGHT DISTILLATE HYDRCARBON FRACTIONS

OBTAINED FROM IN SITU SHALE OIL
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D.A. Netzel ,
F.D. Guffey

D.R. McKay , R.A. Heppner
, S.D. Cooke , D.L. Varie
and D.E. Linn.

I. INTRODUCTION

A complete chemical char-
acterization of oil shales re-
quires both inorganic and organic
analysis, since the material is
composed typically of 86% mineral
matter and lk% organic matter.
X-ray diffraction is commonly used
to determine the constituents of
the mineral matrix1'2'3. The
organic matter in oil shale is
composed of benzene soluble and,
thus, extractable organic mole-
cules called bitumens (3%) and an
insoluble macromolecu Iar organic
material called kerogen (11%).
Together these latter two ma-
terials yield crude shale oil when
subjected to either surface or in
situ retorting.

Crude shale oil obtained from
a retorting process is an extreme-
ly complex mixture of organic
molecules. It was recognized very
early that shale oil is more com-
plex than petroleum4 and differs
basically from petroleum in that
it contains a high percentage of
alkenes as well as large percent-
ages of organic nitrogen, sulfur
and oxygen compounds.

Numerous research and tech-
nological programs are being con-
ducted by both governmental and
industrial laboratories to recover
oil economically from the large
deposits of oil shale in the West-
ern states of Colorado, Utah, and
Wyoming. Thus, there is an in-
creasing need to characterize
shale oil and to explore new
methods which would enable one to
confirm or complement information
obtained from existing methods,
provide additional information,
and provide a more rapid means for
accessing the properties of shale
oil. To aid in monitoring and

assessing the various recovery
processes being used, it is nec-
esssary that new analytical meth-
ods be developed which can rapidly
characterize oil shale and various
shale oil fractions both quali-
tatively and quantitatively.
Miknis5 recently reviewed some of
the methods of analysis of oil
shales that are currently used and
described new developments in
magnetic resonance for the an-
alysis of oil shales. A brief
discussion of shale oil analysis
by spectroscopic methods was
recently reported by Netzel 6

At present little work using
NMR has been published on the
chemical composition and charac-
terization of shale oils.7"16 To
characterize shale oil by NMR it
is generally necessary to employ
separation techniques, such as,
fractional distillation of the
shale oil into naphtha, light
distillate, heavy distillate and
residue, and then silica gel
chromatography to subdivide fur-
ther each fraction into saturate,
olefin and aromatic carbon types.
Fig. 1 shows the high resolution
carbon-13 spectra for the naphtha,
light distillate, heavy distillate
and residue fractions.

I I . SATURATES

A. Proton NMR

The proton spectra of the
saturates from the naphtha and
light distillate fractions of
shale oil are shown in Figs. 2A
and 2B, respectively. The res-
onance signals observed in the
spectra are due to normal, branch-
ed and cyclic alkanes. Peak
assignments of the alkane hydro-
gens and the quantitative infor-

45



SEPARATION SCHEME FOR SHALE OIL

NAPHTHA LIGHT HEAVY RESIDUE
DISTILLATE DISTILLATE

NAPHTHA FRACTION

HEAVY DISTILLATE FRACTION
fa - 25.7%

LIGHT DISTILLATE FRACTION
f a =23.4%

RESIDUE FRACTION
f a -19.8%

F i g . 1 *C NMR S p e c t r a o f F r a c t i o n s O b t a i n e d f r o m S h a l e O i '

mat ion which can be obtained from
these types of spectra have been
discussed by WiI Iiams17, Linde-
man18, and Bartz and Chamber-
lain.19

B. Carbon-13 NMR

Fig. 3B show the carbon-13
spectrum for the, saturate cut from
the light distillate fraction.
The naphtha fraction gives a simi-
lar spectrum. Under the experi-
mental conditions used, no evi-
dence for aromatic or olefinic
carbons was found in either frac-
tion. The relatively few reson-
ances shown in the a Ikane region
suggests that the major a Ikane
carbon types can be identified and
quanti f i ed.

The five intense lines shown
in the NMR Spectra (Figs. 3A and
3B) correspond to Cx, C2, C3, C4

and C5, respectively, of long
chain n-alkanes. Neither the
chemical shifts nor intensities of
the shale oil hydrocarbon peaks
necessarily correspond to any one
n-alkane, since the spectrum for
each fraction is a composite of
several long chain n-alkanes. The
remaining resonances of medium
intensity in the 13C spectra

'H Chemical Shift (ppm)

Fig. 2 H NMR Spectra of the Saturates from the Naphtha (A) and Light
Distillate (B) Fractions.
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predominately are due to branched
hydrocarbons.

Farnesane is used only as a
model for the interpreation of the
spectra since it is composed of
subunits which represent the
majority of methyl and dimethyl
substituted alkanes that would be
expected to be found in the naph-
tha and light distillate fractions
of shale oil. As in the case of
n-alkanes, neither the chemical
shifts nor the intensities of the
resonances correspond to any
specific branched alkanes. That
is, the resonances are a composite
of saturated isoprenoid-Iike
structures from many different
molecular species.

C. Spin-Lattice Relaxation

Table 1 lists the chemical
shifts, carbon types and relaxa-
tion times for the major resonance
signals identified in the spectra
of the saturate cuts from the
naphtha and light distillate frac-
tions. A survey of the data in
Table 1 shows that (1) the relaxa-
tion times for the two shale oil

fractions are shorter than those
measured for neat linear or branch-
ed alkanes, and (2) the 13C re-
laxation times measured for the
naphtha fraction are longer than
the corresponding 13C relaxation
times measured for the light dis-
tiI late fraction.

The motional properties of
molecules are related to viscos-
ity, density, temperature and
molecular size and shape which in
turn effect the measure relaxation
time. Within a homologous series,
the dipolar spin-lattice relaxa-
tion time for a given carbon atom
is indirectly related to the
molecular weight of the molecule.

It was shown by both NMR and
MS that the normal alkanes (ac-
counting for 76% of the molecular
types) in the light distillate
fraction have an average carbon
chain-length of ^C 1 5 and, thus, a
higher average molecular weight
than the normal alkanes in the
naphtha fraction (average carbon
chain-length of ^ n ) . Table 1
also lists the relaxation time
ratios for each carbon common to

Farnesane

C , - C 2 - C 3 - c.,-c5-c6-c7-ca

n-Decane

' j ' 2 TMS

TMS

45 40 35 30 25 20 15 1Q 0 ppm

Fig. 3 C NMR Spectrum of (A) a Mixture of n-Dacane and Farnesane and (B)
an Expansion of the Aliphatic CarbonRegion of the Light Distillate Saturates.
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TABLE 1

1 3C Spin-Lattice Relaxation Times for Shale Oil Saturate Cuts

Chemical
Shift
(ppm) Ass ignment

Spin-lattice relaxation time (sec)
Naphtha Light distillate
Fraction Fraction
N LD

Ti(ave) Tx(ave)

LD N
Tx(ave) MWCn

N LD
Tj(ave) MWC 1 5

14.2 CH3 n-alkane ( C ^ " h *+.O3 + 0.09
19.8 CH3 isoprenoid (C 1 3 ) D 2.77 + 0.21
20.4 CH2 branched a Ikane (C2) 3.88 + 0.13
22.9 CH2 n-alkane (C2) 4.22 + 0.10
24.7 CH2 isoprenoid (Cg)
25.1 CH2 isoprenoid (C4) 3.07 + 0.21
28.2 CH isoprenoid (C2) 4.69 + 0.38
29.7 CH2 n-alkane (C4) 3.50 + 0.07
30.0 CH2 n-alkane (C5) 3.27 + 0.08
32.2 CH2 n-alkane (C3) 3.79 + 0.11
32.8 CH branched a Ikane (C4) 3.74 + 0.18
33.1 CH isoprenoid (C6) '-
37.6 CH2 isoprenoid (C5,C7) 2.82 + 0.31
39.7 CH2 isoprenoid (C3) 3.00 + 0.21

3.81
2.22

3.65
1.85
2.24
3.58
2.52
2.11
3.22

2.69
1.77
2.34

+ 0.10
+ 0.09

+ 0.10
+ 0.07
+ 0.12
+ 0.11
+ 0.05
+ 0.04
+ 0.10

+ 0.10
+ 0.06
+ 0.13

0.945
0.801

0.865

0.730
0.7 63
0.720
0.645
0.850

0.628
0.780

Overall Average 3.57 2.67

? N-alkane carbon designation based on n-decane
Isoprenoid carbon designation based on farnesane
Branched a Ikane carbon designation based on 4-methyIdecane

0.748 0.736

both the naphtha and light distil-
late fraction as well as the over-
all relaxation time ratio (0.7^8)
based upon the average of the
relaxation times measured for each
fraction.

The
average
upon the
Cn for
Cis for
tion is
between
and the
good.

caIcuIated
molecular we
average cha

the naphtha
the Iight di
0.736. Thus
the relaxati
molecular we

ratio of the
ights based
i n-Iength of
fraction and
still ate frac-

agreement
on time ratio
ight ratio is

III. OLEFINS

The proton spectra of the
olefins obtained from the naphtha
and light distillate saturate
fractions (Fig. *t) show the pres-
ence of olefinic hydrogens at
about 5.38 ppm relative to TMS.
The aliphatic region shows large
amounts of methyl and methylene
hydrogens. The carbon-13 spectra
(Fig. 5) shows well-defined olef-
inic carbons in the region of llA
to 138 ppm. Table 2 lists the
normal alkanes identified in the
olefin subfractions isolated from
the naphtha and light distillate
fractions. Also included in the
table are the observed chemical
shifts of the a Ikane carbons and
the relative percent for each of

the alkenes identified. The
alkene double bond positions were

CH 2

CH 3

Alkene Hydrogens
/ h

CH2

Alkene Hydrogens CH-,

i
5.40

TMS

1.27 0.88

1 O g 8 7 6 5 4 3 2 1 O

1.
'H Chemical Shift (ppm)

F i g . 4 H NMR S p e c t r a o f t h e O l e f i n Cuts
f r o m t h e Naphtha (A) and L i g h t D i s t i l l a t e
(B) F r a c t i o n s .
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TABLE 2

1 3C NMR Chemical Shifts and Relative Percent of Oilefins in
Naphtha and Light Distillate Fractions Obtained from Shale Oil

Designa-
tion in
spectra
(Fig.lOA,

A

B

C

D

E

Doub1e
bond

B) Position
(n-ene)

1-ene

2-ene

3-ene

4-ene

5-ene

Naphtha fraction

Chemical
Cn

11^.3**

124.44

131.92

130.16

130.40

shift (ppm^
Cn+i

138.67

131.68

129.44

130.69

130.40

Rela-
tive

percent

36

11

11

42

Light disti1 late

Chemical
Cn

114.21

124.46

131.91

130.12

130.41

shift (ppm)
Cn+i

138.95

131-73

129.42

130.66

130.41

fraction
Rela-
tive

percent

21

18

--

61

TABLE 3

POSSIBLE BRANCHED OLEFINS FROM NMR DATA

Alkene carbons,
chemical shifts (ppm)

3-C4-C5-C7 a131.29
(131.68)1"

124.96
(124.44)

C1"Cg—C3"C^

c
C1-C2-C3^C4

c

c

c2 3~Cg

-c5-c6
c

-Cs-Ce

C
-Cj-Ce-C7

C

124.41
(124.44)

139.21
(138.67)

138.86
(138.67)

129.67
(129.49)

130.73
(130.69)

131.79
(131.68)

.Chemical shift values from Reference 20.
Observed chemical shift values.

identified by comparing the ob-
served chemical shifts with those
reported by Couperus, et al.20 Of
the 70 compounds investigated by
Couperus, et a I., only k of the
branched olefins listed have
chemical shifts which correspond
to the observed shifts measured

with +0.6 ppm. These branched
olefins are shown in Table 3. The
data in Table 2 indicates that the
light distillate fraction contains
more symmetrical alkenes relative
to 1-alkene than found in the
naphtha fraction.
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2
13C Chemical Shift (ppm)

29.96 22.90 14.16

Fig. 5 C NMR Spectra of the Olefin Cuts
from the Naphtha (A) and Light Distillate
(B) Fractions.
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ELECTRON SPIN-ECHO ON THE PRIMARY REACTANTS

AND EVENTS OF PHOTOSYNTHESIS

J.R. Norris, L. Shipman, M. Thurnauer and M. Bowman

The time dependences of typi-
cal paramagnetic systems range from
subpicoseconds to many tens of
seconds. Such a range is difficult
to study with conventional electron
paramagnetic resonance (EPR) and
electron nuclear double resonance
(ENDOR). Even though spanning more
than fifteen orders of magnitude,
the total temporal range of typical
chemical problems can be routinely
studied by time domain EPR known
as electron spin echo spectroscopy
(ESE) (1) . Contained in the
time space is general information
relevant to normal magnetic field
swept spectroscopy. Of importance
is that much information is unob-
tainable when EPR or ENDOR spectro-
scopy is performed directly in the
frequency domain. Thus, ESE
frequently has advantages in
comparison to regular EPR and
ENDOR. To illustrate some of the
overall utility of ESE, we have
chosen a few examples associated
with photosynthesis that cannot
be conveniently studied by regular
EPR or ENDOR.

I. REVERSIBLE RATE PROCESSES

has

n

Of interest for many years
been the nature of the unpaired
electron delocalization process
the cation form of the primary
donor of bacterial photosynthesis,
a dimeric form of bacteriochloro-
phyll (2). EPR and ENDOR experi-
ments (3,4) have shown that a
ditner free radical is demanded
only on a ten nanosecond time
scale. Since this primary donor
free radical is formed within
three picoseconds after light
excitation of the bacterial photo-
reaction center, the question
arises as to whether the donor is
a dimer on a picosecond time
scale, i.e., during the primary act
of photosynthesis. ESE is
designed to study inhomogenous
magnetic resonance lineshapes and

to recover parameters related to
the "homogenous" lineshape and spin-
spin relaxation time (namely the
phase memory decay function some-
times characterized by x m, the
phase memory time). Reversible rate
equations of spectroscopy employ
parameters of homogenous lineshapes
and can easily provide information
on the subpicosecond time scale.
Much too frequently the necessary
homogenous parameters are obscured
and lost within the intrinsic
inhomogenous lineshape, preventing
application of the powerful rate
equations in general and in the
subpicosecond regime in particular.
However, the ESE method is not
handicapped by the inhomogenous
nature of the resonances and thus
in principle can easily investi-
gate the subpicosecond time domain.

The dimeric delocalization
can be viewed as a reversible
incoherent chemical reaction:

(Bchl
A

BchlB) ( B c h l A B c h l B t )

forwhere the correlation time x c
incoherent "hole jumping" is 1/k.
Using the fast motional rate
equation for reversible incoherent
processes and the isotopes hydrogen
(H) and deuterium (D), we can show
that:

£ 8 Akm/(AW^ - = 37 psec

where Ak
m = T

-1
mD

(for fully deuter-

-1ated system) - T ~ H (for fully

protonated system) and AW^ and

AWp represent the first derivative

peak-to-peak linewidth in radians/
sec for the corresponding isotopes
( 2 ) . Very likely, the inequality
holds such that the cation will
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appear dimeric when using a
technique with an inherent
resolving time of a few picoseconds
or longer. Thus, the ESE experi-
ment involves the picosecond time
scale whereas the EPR experiment
involves the nanosecond time scale.
This example illustrates the
general result that reversible
rate processes studied by ESE can
be more than 1000 times faster
than those studied by EPR.

II. DIRECT TIME DOMAIN ESE

Direct time domain studies on
systems which exhibit chemically
induced dynamic electron polariza-
tion (CIDEP) or transient magneti-
zation have been performed
using photochemistry occurring in
algae (5). Using ESE, the tran-
sient magnetization M z ( t ) , produced
by a laser pulse (width of ^ 10 nsec
at t = 0, is monitored directly by
the standard TT/2 - TT two pulse
sequence. The TT/2 pulse occurs
at time t = t'. Simple considera-
tions predict that the echo signal
E(t = t e = t1 + 2x) reflects the
magnetization at time t 1, ie.:

E(te) = <T m)M z(t«)

even though the two microwave pulses
are separated by x and the echo
occurs at t e (6,7,8). (C'(-rm)
is a term depending on the phase
memory function). However, many
transient EPR phenomena exhibit
CIDEP. In general, CIDEP occurs
both before and after the TT/2
pulse. Incoherent processes are
included in the phase memory func-
tion. CIDEP involves both coherent
and incoherent processes. Because
of the coherent aspects of CIDEP
and since CIDEP occurs between the
TT/2 microwave pulse and the echo,
the consequences of CIDEP on E(t e)
must be considered in greater
detail than possible with a simple
"Bloch-type" description. We

treat a spatially fixed pair of
doublet radicals, A and B, whose
resonances are well separated by
Q but are weakly interacting via
J S] • S£ such that Q >> J. In
such a solid state case, four EPR
transitions occur, two for A at
+ J/2 and two for B at Q+.J/2 (in
relative energy units). We assume
that the ESE pulses can affect
only one radical at a time (two
EPR transitions) and that the life
time of the radical pair is
t' + a, i.e. , J(t' + a) = 0.
Using the density matrix Liouville
equations of CIDEP (S T Q radical
pair mixing) specifically for the
ESE experiment one derives:

E(tfi) = i C(x m) X ( t
1 ) ,

a < 0 or a > 2 T

E(te) i C(xJ

and

D(x m) sin((J/2)y)

x ( f ) cos((J/2) Y),

0 < a < 2 t

where y = -|a - x| + x and D( T
m)

and C(x m) are constants that
depend in part on the phase memory
function. The imaginary terms
represent the normal echc signal
expected for non-transient radi-
cals, i.e.the microwave pulses are
polarized along the real axis.
The real component of E(te) repre-
sents an unusual phase shift not
present in the ESE study of
typical non-transient radicals or
liquid solution CIDEP. x(t' )
represents the standard CIDEP
polarization at time t', ie., the
echo reflects the CIDEP at the
time of the TT/2 "probing" pulse.
Thus, as was predicted by simple
Bloch considerations, the CIDEP
that occurs between the TT/2 pulse
and the echo does not enter
directly in E ( t e ) . These equa-
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tions predict that the ESE
observable E(t e) always monitors
the x(t') of CIDEP regardless of
the lifetime of the radical pair
with the qualification th?t the
x(t') is modulated at frequency J/2
if the radical pair disappears
between the fi"/2 pulse and the echo.
The modulation of X(t') is not
predicted by the simple "Bloch"
treatment. Thus, two new aspects
arise in comparison to normal EPR
studies of CIDEP: (1) E(t e) con-
tains the phase shifted signal; (2)
the x(t') of CIDEP is observed even
if the radical pair does not decay
into two non-interacting radicals.
The phase shifted signal (the real
component) occurs only if the radi-
cal pair disappears between the TT/2
pulse and the echo. Assuming
first order kinetics with rate
constant k c for the lifetime of
the radical pair and
J > kc >> 1/T the J/2 modulation
averages out and only the net
CIDEP which reflects the first or-
der kinetics remains.

A phase shifted signal, which
may have this type origin, has been
observed in green plants where
transient radical pairs are expec-
ted in the primary photochemistry,
Although this example of photosyn-
thesis and our specific theoretical
model is for a sclid state system
with a special Hamiltonian, gener-
alization to liquid solutions and
a more general Hamiltonian is
straight forward but tedious. Our
example demonstrates that short-
lived radicals as well as radical
pairs are well suited for study
by ESE and that CIDEP can affect
the ESE observable.

III. STRUCTURAL STUDIES

Finally, we illustrate the
probing of structure where ESE
spin lattice relaxation time
measurements are employed. A key

to the better understanding of
primary photosynthesis would be
provided by structural measure-
ments. Thus, we have made
measurements of the distance
between P865t and the Fe(high
spin ferrous). The Fe-P865 magne-
tic dipole-dipole interaction has
significant effects on the electron
spin relaxation of P865 + as deter-
mined by ESE experiments. These
relaxation measurements determine
distance since the spatial depen-
dence of the magnetic dipole-
dipole interaction has been known
for many years. Standard consider-
ations predict the centers of P865
and Fe are about 12 to 17 Angstroms
apart (8). The short distance
determined by our work indicates
that the mechanism of photosynthe-
sis occurs in a spatially very
compact system. (These distance
measurements were made in collabor-
ation with Prof. C. Wraight of
The University of Illinois of
Urbana) .
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MAGNETIC STRUCTURE OP THE ORDERED

PHASES OP HELIUM THREE

D.D. Osheroff

I. INTRODUCTION

Within the past eight years
low temperature physicists have
discovered the existence of three
anisotropic superfiuid phases (1)
and two nuclear spin ordered solid
phases (2) of 3He at temperatures
within three thousandths of a
degree (3mK) of absolute zero.
Despite the difficulties of attain-
ing such low temperatures and
despite the highly complex and
unusual nature of these phases,
today we have a firm microscopic
picture of all but one of them.
This rapid progress in our under-
standing has resulted largely from
nuclear magnetic resonance studies
which have probed the nuclear
dipole energy under uniform spin
rotations. In the four of these
phases that are understood, the
dipole energy depends upon the
orientations of the nuclear spins,
and gives rise to nmr frequency
shifts and additional resonance
modes which have allowed us to
characterize the magnetic struc-
tures. In this paper I will
outline the process by which this
information has led to an under-
standing of all these phases, but
will focus mainly on the low field
antiferromagnetic solid phase, the
most recent to be understood. (3)

II. SPIN INTERACTIONS IN SOLID 3He

A. Atom-Atom Exchange

The fact that 3He will not
solidify at arbitrarily low temper-
atures under less than 3^
atmospheres pressure bears witness
to the importance of the zero point
energy In ^He at low temperatures.
This is the energy which results
when 3He atoms are localized about
lattice sites. The resulting zero
point motion in the solid near
melting pressures is so large that
3He atoms are able to exchange

lattice sites with their neighbors
tens of millions of times each
second. Because ^Ue atoms are
Fermions this atom-atom exchange
process favors an antiparallel
alignment of the nuclear spins of
exchanging atoms. This results in
a spin exchange energy Jex/kB %
lmK, as compared with the usual
dipole-dipole energy, Jp/kg ^ 100
nK. It is this atom-atom exchange
process that leads to nuclear spin
order in the solid at lmK. The
nature of the exchange interaction
is quite complex, however, and can-
not be determined from microscopic
theory. The complexity is mani-
fested in a variety of experimental
results which have been very diffi-
cult to understand, and is the
reason that knowing the magnetic
structure of the ordered state is
so important.

B. The Dipole Energy

The nuclear dipole energy in
both solid and liquid 3He is given
by the dipole Hamiltonian:

+f 1 2 2
= — Y n

D 2 ' n
a 3

3

- > • - > - • > - >

a- r nO'nr na a3 3 a3
(1)

where aa is the spin at the a-th
site, and ?ag is the vector between
spins a and 3. In general, there
is no correlation between the spins
at various sites, and to lowest
order the dipole energy vanishes.
For the superfluids and for the low
field solid phase, however, this is
not true. In the superfluids, a
spin density correlation exists
because of the structure of the
Cooper pairs. The complexity of
the dipole energy for the super-
fluids depends upon the nature of
the superfiuid order parameter, but
it is possible to calculate the
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dipole energy to within an overall
constant for the known phases. (4)
For the solid, the spin correla-
tions are due to the formation of
magnetization sublattices, and
although generally a difficult
task, the dipole energy can be
calculated more or less exactly for
any given sublattice structure.

C. Magnetic Resonance

The motion of the spin system
is given by a pair of coupled dif-
ferential equations:

3 = Y(3xit) + affD/3"§" (2)

e = Y C S - Y X " 1 ^ ) (3)
The first of these equations is
obtained by commuting the total
spin 3 with the Hamiltonian. It
shows that the rate of change of
magnetization with time is just the
ordinary Larmor precessional term
plus the derivative of the dipole
energy with respect to rotations of
the spin system about an axis t.
The second equation results from
the fact that the disequilibrium of
the magnetization is the generator
of rotations in spin space.

For general dipole energies it
is quite difficult to solve eqs. 2
and 3 for the resonance modes. To
obtain solutions in closed form, we
restrict ourselves to structures
described by a single anisotropy
axis in spin space, d, and a single
anisotropy axis in real space, I.
Fortunately, this does not exclude
the major superfluid or solid
phases. If In addition we assume
3 S 2 and 3

o -

cos

Here «L = Y H J a n d &*H = cos 9. The
fact that such resonances (+ and -)
are actually found in spectra of
solid 3He severely limits the
possible sublattice structures
which can describe the solid.

In Fig. 1 is shown a typical
nmr spectrum that my colleagues and
I at Bell Laboratories have mea-
sured from a single crystal of 3He
at about O.SmK; the resonant fre-
quency being plotted against magne-
tic field (Larmor frequency).
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Three resonances above YH (the
dashed line) and two below were
observed. By comparing intensities
and lineshapes, a relationship
could be drawn between two sets of
the resonances, each set
being denoted by a separate symbol.
The solid lines are solutions of eq.
4 using the measured value of fi0 at
H=0, and values of cos2 0 obtained
by fitting the three high frequency
resonances. The lines below YH are
from the minus solutions to eq. 4
using the same angles. The reader
will note how well these solutions
fit the data.

OBSERVED RESONANCE FREQUENCY [kHz]

Figure 1. Typical nmr spectrum for a single crystal of solid 3He at
~0.5mK. Resonances for the high and low frequency modes from each
domain are designated with a single symbol. The dashed line is yR,

The fact that we always obser-
ved three resonances above YH for
each crystal formed was crucial in
understanding our results. It in-
dicated that there must be precise-
ly three allowed orientations, or
domains, of the sublattice struct-
ure in our bcc crystals. This
would require that the sublattice
structure must have a [100] sym-
metry. If so, then Xcos26a for
each crystal should always be very
close to unity. This was indeed
the case, with the sum being 1.007
for the data shown in Fig. 1.

Knowing the symmetry of the
sublattice and the orientations of
d and I, we could easily guess the
sublattice structure. The simplest
such structure is shown in Fig. 2.
It consists of [100] planes
of parallel spins, alternating up
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and down every second plane. Prior
to our work, no one had ever con-
sidered such a sublattice for solid
3He.

The structure shown in Pig. 2
is probably not the only one which
can explain the data, although to
date no significantly different
types of structures have been pro-
posed. The same is true for the
superfluids: Uniform spin dynamics
alone cannot determine the micro-
scopic spin structure unambiguously.
Other tests are possible, however,
such as the calculation of flQ in

Figure 2. The simplest sublattice structure consistent with the
nmr spectra of antiferromagnetic solid 3ne. Every second [100]
plane has been cross-hatched, and the spins on ei'.ch [100] plane
point in a single direction, alternating up-up-down-down.

the solid, and a measurement of the
ratio of fl0 i-

n the two low field
superfluid phases. Pulsed nmr and
susceptibility measurements yield
additional information. By com-
bining all this data and comparing
the various superfluid and solid
phases, a very reliable picture of
the ordered states of ^->Ee has
evolved.
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REPORT ON THE COLLOQUIA OF THE AMPERE SUBGROUP

HERTZIAN OPTICS AND DIELECTRICS

"Special ISMAR-sponsored Lecture"

Gaston RAOULT

HEKTZIAN OPTICS AND DIELECTRICS

The Ampere Subgroup "Hertzian
Optics and Dielectrics" has been
created in order to unite people
interestd either in optical methods
in microwave experiments, and micro
wave methods in optics. The study
of dielectrics has been introduced,
since light waveguides are highly
interested in dielectrics.

The Col 1 rviii * Mrn ^s holH AVPT~V
odd year: in 1977 i* w a s in Cler-
-mont-Fd, in 79 '* was in Lille,in
81 it will be in Toulouse.

The principal communications
can be divided in three great parts.

1. ELECTROMAGNETIC PROPAGATION

A. Free Space

The " Lab, d'Optique Electro-
magnetique"in Marseille has been
one of the first to study diffrac-
tion problems: given an incident
wave and an obstacle, determine
the repartition of the resulting
field. Integral and differential
methods have been developped. The
inverse problem: given an incident
wave and the repartition of the
field, determine the form of the
obstacle, is a very delicate one.

If it is the result of an ex-
periment, the existence of a solu-
tion is evidence, but nothing can
be said about its unicity.

A method (l) has been developp
ped which can lead to computer cal-
culation of one solution.

The " Radioelectricity Lab1.1 of
Clermont-Fd has developped (2) a
very powerful method for the direct
problem. The profile of the obstacle
is taken as coordinate line, and
the Maxwell equations, written in
covariant form, can be solved by de-
velopment methods.

They lead in some cases to sim-
ple and litteral formulas.

In the case of gratings,(j)it
has been shown that the " Wood ano-
malies " can be used to capture
solar energy. Different types of
captors have been experienced (k)in
microwaves with subsequent enlarge-
ment .

A detailled study of diffrac-
tion by a moveing target has been
made (5) in Gand ( Belgium ).

We can include original stidies
on queer types of antennas in (6)
Rennes and (7) Toulouse.

B. Waveguides

Most of the studies have been
on discontinuities and deformations
of dielectric waveguides. The theory
is quite general, the experimental
tion is either in optics or in mi-
crowaves .

We can cite (H) a study of
the " C.N.E.T. " on thicioiess chan-
ges; one of the Lille " Centre Hy-
perfrequence et Semiconducteurs"on
changes of section and interruption
of the guide (9)

From the Marseille and Cler-
mont-Fd Labs, theoretical studies on
guides and Brewster absorption.(10)
(11) (12).

In Toulouse " Lab. de Micro-
ondes " elliptical dielectric wave-
guides are submitted to theoretical
and experimental treatment in optic
and microwave. (lj) and (ik).

Studies of guided propagation
in isotropic and anisotropic media:
crystals or gyromagnetic substances
have been reported by the Clermont
Group (l5) and the Grenoble " Lab.
d1Electromagnetisme " (l6)

II. LASERS

In analogy with the optical re-
gion, studies of far infrared laser
have been the subject of many commu-
nications .
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In the " Institut d1Electronic
que fondamentale " in Orsay, analy-
sis and optimisation of raoleculir
laser optically pumped has made a
developped subject (17).

In the " Lab. de Resonance Ma-
gnetique " Paris VI, they have iden-
tified new far infrared emission in
an ammonia laser pumped by a CO^ la-
ser (18) and a CFjBr laser also pum-
ped by C0 2 ( 19)»

In the department of Physics
in Keele University ( U.i<L.)they have
studied open or disk resonators for
millimeter wave lasers (20)o

The structure of coupling has
been studied by a group of laborato
ries in Paris (21) and a summary of
a big report has been made, with
two more communication on more pre-
cise subjects (22), (23).

The measurement of the frequen
cies of infrared lasers, using
point diodes, has been reported(24).

More original work has been
heard, with microwave hoiography(25)
and a most uncommon microwave am-
plifier using laser techniques,
with three photons. Unhappily, the
manuscript has not been given to
the organiser, so, if interested,
one must apply to Pisa ( Italy ).26

The techniques of far infra-
red or submillimeter waves, will
develop, and the applications too.

The Parris VI "Lab. de Resonan-
ce Magnetique"has realized Schottky
diodes with good efficiencies,
either in detection or multiplica-
tion, for more than 0,9 THz (j30yun)
(2?)and in Orsay, they have built
a receiver in the band 300-1 OOOGHz
( 1 000 - 300^im) with a noise tempe
rature between 2 000K° and 15 000K°
(28)

This has led us to very inte-
resting lectures on RadioAstronomy.
(29 «Jnd 30). A collaboration between
E.N.S. and the Bordeaux University,
has given a radiotelescope in the
region 75 - 115 GHz (4 - 2,6 mm ).

Measurements of dielectrics in
this domain have given two interes-
ting communications from Lille (31)
and Paris VI (32).

This leads us to the third
section .

III. DIELECTRICS

We shall cite first a very nice
realization of the " Lab. de Spec-
troscopie Hertzienne " of Lille (jj)

In orddr to study paramagnetic
gases at low pressure, they use the
birefringence induced by a sweeping
field. The gas is pfeced between cro
ssed polarizers

The working frequency is 100
GHz ( 3mn) ) • They have measured the
birefringence of 0^ at 59, 2653 GHz
( transition 6,7-7»7 ) the absorp-
tion being 10~8 per cm. Also that
of SO at 99,29986 GHz.

A Time domain method has been
used ( 'Jk) in Bordeaux Univ. and
has made the subject of many commu-
nications .

With a fixed frequency appara-
tus, one must make many measurement
to know the variation of the dielec
trie constant. In this case a step
impulse is sent in the guide and
the reflected wave is analysed.
With a Fourier transform, the con-
volution product of the reflected
voltage by the instrument functionr
is transformed in ah ordinary pro4u
duct, A complementary experiment
must be done to determine this fun-
ction, with, for instance, a short
circuit in place of the sample.
Then, with only two measurements,
and convenient computer work, one
can find the variations of the di-
electric constant.

By this method, alcohols, mi-
croemulsions, etc.. have been stu-
died ( 35 ) and(36).

But more conventionnal methods
have been reported, which are still
of major interest.
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The Bordeaux "LAb. de Physique
Experimentale" has given resmlts con
cerning KDP at 35 GHz (37), and the
" Groupe des Liquides et Electrochl-
mie " in Paris VI Univ.concerning
electrolytic solutions. (38)

In order to show the complete-
ness of Hertzian Optics methods, we
shall end in citing (39) the use of
Perot-Fabry resonators in the sihudy
of dielectrics,- and the great homog-
geneity of the methods, for instance
in the first and third section, the
use of Fourier transforms and compu
ter work on them is very analogous.
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NMR IN WHOLE BIOLOGICAL TISSUE

R.E. Richards

A piece of biological tissue is a
complex organisation of chemical
substances, with a tremendous range of
molecular weights. Molecules with low
molecular weights and sometimes the more
flexible parts of macromolecules often
have short enough molecular correlation
times to allow sharp nuclear resonances
to be observed. Proton and carbon-13
resonances are often very complex,
because of the very large number of
chemically distinguishable nuclei present.
However, most biological tissue contains
some phosphorylated organic compounds
and 3̂ P resonances can readily be
observed and assigned to specific
chemical substances. In this lecture I
shall illustrate how nmr, particularly of
31p can be used to study live animal
tissue.

Most processes in biology require
energy, whether it is to produce motion
as in the case of muscle, or to pump
molecules or ions across membranes
against a concentration gradient, as in
the kidney, or to synthesise the complex
molecules required, as in the liver. The
immediate source of this energy is
usually the hydrolysis of adenosine tri-.
phosphate (ATP) to adenosine diphosphate
(ADP) and phosphate ion.

oj|C$oj|o + PO4 + energy]

ATP ADP + energy)

The energy is applied to the processes
required through the intermediary of
enzyme catalysts.

In some cases such as muscle,
particularly where energy demands can
vary greatly, the tissue is provided with
means to buffer the ATP concentration
through the enzyme mediated reaction

H + + ADP + CrP ATP + Cr

where CrP is creatine phosphate and Cr
represents creatine. Reaction (2) is
relatively fast and serves to regenerate

ATP from ADP as it is consumed by
reaction (V>. At the same time a system
of enzyme reactions incorporating a quite
elaborate control system cause the degra-
dation of sugar or glycogen by processes
kntirwn as glycolysis and oxidatiwe
phosphorylation and some of the energy
released in these processes is used to
regenerate ATP and CrP.

Dawson, Gadian and Wilkie (1) have
described how four ftog sartorius muscles
can be maintained in a superconducting
nmr spectrometer, kept alive by super-
fusion with suitable solutions, their
tensions monitored by strain gauges and
supplied with leads for electrical
stimulation. The -* P resonances show
peaks attributable to ATP, CrP, Pi and
sugar phosphates; the concentrations
can be obtained from the peak intensities
and the pH from the chemical shift of P^.
When the muscles are at rest, the con-
centration of P± is very small, but when
they are stimulated, the concentration of
Pi grows and of P Cr falls, in accordance
with equations (_l) and (2) . In a series
of careful studies of muscle fatigue by
these methods, Dawson, Gadian and Wilkie
(1, 2) were able to measure the free
energy of hydrolysis of ATP, the rate of
lactic acid production and the rate of
phosphate utilisation in these muscles
and showed that force development is
closely correlated with metabolite levels
rather than changes in excitatory con-
duction and fatigue was proportional to
the decrease in the rate of phosphate
utilisation.

In the case of reaction (2J it is
possible to measure independently in a
piece of tissue the forward and backward
rates by the technigue of saturation
transfer. If the J P resonance of PCr
is saturated and provided the nuclear T-̂
is long enough, the transfer of the P of
Cr P to ADP to form ATP causes some of
the saturation of the Cr P to be trans-
ferred to the P resonance of the
V-phosphate of ATP, which becomes less
intense. An analysis of this effect
allows one to calculate the rate of the
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forward step of reaction (2). Similarly
saturation of the ̂ -phosphate resonance
of ATP and observation of the decrease in
intensity of the CrP resonance allows
calculation of the rate of the backward
reaction.

In frog muscle at rest, these rates
are both about 1.6mM/sec. (3). During
contraction the forward reaction must
clearly become greater than the backward
reaction; in fact it turns out that the
forward rate remains at about 1.6mM/sec.
and the reverse rate falls to about
0.8mM/sec. This behaviour can be
explained in terms of the formation of
an abortive complex of enzyme,ADPf and
creatine (4) though more work needs to
be done to elucidate these reactions
fully.

Similar studies of metabolism in
perfused heart (5), kidney (6), liver (7)
and brain (8) have been made at Oxford.
Some measurements using metabolites
enriched with -"C and using proton
resonances have also been made.

Measurements in perfused organs are
not only difficult to make, but are also
open to the objection that the true
physiological conditions may not be
attained. An improvement can be obtained
by placing the entire anaesthetised
animal inside the magnet, and then with
appropriate surgical procedures to slip
the nmr coil inside the animal and round
the organ concerned. For example, a rat
heart has been studied in this way and
the consequences of respiratory arrest on
the heart metabolism analysed (9).

It would be far more satisfactory
if one could collect nmr spectra from
defined regions inside an animal without
surgical intervention, and this has now
been shown to be possible.

One method uses suitably designed
flat coils (10) which can be placed on
the surface of an animal and so designed
as to collect signals from a small volume
of sample within a few centimetres of the
surface. Measurements on muscle, kidney
and brain can be made in this way. A
second method (7) uses a suitable
combination of gradient coils to make the
Bo field homogenous over only a small
defined volume and very inhomogenous
elsewhere. The animal can then be so
positioned as to place the region to be
studied in the homogenous region of the
field. Preliminary work on liver has
been done at Oxford using this method.
Finally, one can use an imaging method
suggested by Hoult (11), in which the
sample volume is labelled by a B]̂  field
with a known gradient. This method has

been shown to work by Cox and Styles
(12) but so far has been used only with
phantoms.

Measurements of P, C and H
resonances in whole animals will surely
provide a great deal of biochemical data
which is hard to discover by any other
methods; its use on man may well provide
a diagnostic tool to immense benefit.
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NUCLEAR MAGNETIC ORDERING IN Li H

Y. Roinel

I. PRODUCTION OF THE ORDERED STATE

The nuclear spins of a crystal can
undergo a transition to a long-range orde-
red state (antiferromagnetic, ferromagne-
tic, e t c . ) , under the influence of their
mutual dipolar interactions. For that pur-
pose, these interactions must be cooled
below a critical temperature T such that :

kBTc ~ ^ n H L

where yn is the nuclear gyromagnetic ratio,
and H|_ the "local field" seen by a spin
and due to its neighbors. Typical figures
for protons in solids are :

and T.

10 Gauss (as given by the NMR
, linewidth) ,

10"° Kelvin .

In insulators doDed with a small
amount of paramagnetic impurities, this
temperature can be achieved by a two-step
process :

1) Dynamic nuclear polarization in a
high external field Ho , which brings the
spin temperature into the millikelvin
range.

2) Adiabatic demagnetization, which eli-
minates the Zeeman order, and reduces the
dipolar temperature by a factor H 0/HL ,
below the transition temperature. This de-
magnetization is produced in the same
field Ho , by means of a usual "fast pas-
sage" stopped exactly at the center of the
resonance (ADRF). Some essential features
of this technique are :

- The dipolar spin-lattice relaxation
time (thus the lifetime of the ordered
state) turns out to be much longer in high
field than in zero field.

- With a given Zeeman polarization, the
sign of the final spin temperature can be
chosen at will, simply by starting the
ADRF from above or below the resonance.

- The Hamiltonian describing the system
in high field is the orientation dependent,
truncated dipolar Hamiltonian. This allows

one to investigate a wide variety of orde-
red structures in the same crystal by va-
rying the orientation of the magnetic
field and the sign of the temperature.

- The ordered state produced can be stu-
died with the usual techniques of nuclear
magnetic resonance in high field.

II. LOW TEMPERATURE NMR

A number of parameters characterizing
the ordered state can be measured by ma-
gnetic resonance. The hypothesis of "spin-
temperature", which is well established in
the paramagnetic state, has been extended
to the ordered state : the density matrix
of the system is assumed to be of the form:

a = exp(-aZ-6Hj) x const. ,

where Z and Hj are respectively the Zeeman
and truncated dipolar Hamiltonian, and a
and 3 their inverse temperatures. The
usual high-temperature treatment, consis-
ting in a first-order expansion of the
density matrix, does not apply here.
Instead, one can use a few general theo-
rems that remain valid at all temperatures.
Following the usual notations, let
H, =(i),/Y be the rotating RF field of

frequency to, and v(A) = <I (A)> the absorp-

tion signal as a function of the effective
frequency A = u-yH
that :

It is already known

v(A) dA = ™ , [1]

(The area of the absorption signal is pro-
portional to the polarization), and that :

( A ) > = T P ( v(A') dA'
7 J A - A'

[2]
IT J A - A '

(the dispersion signal is the Kramers-
Kronig transform of the absorption signal).

When there is only one nuclear spin
species present in the sample, it has been
shown(l) that :

M, A v(A) dA = [3]
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(the first moment of the absorption signal
is proportional to the dipolar energy).

One can also show(2) that

v(A) cotanh(3A/2) dA = mo y
[4]

(this formula allows one to derive the
temperature from the absorption signal).

Finally, during a slightly saturating
single shot passage, one has(2) :

= e M1 [5]

(the variation of dipolar energy is pro-
portional to the first moment of the ab-
sorption signal of the species saturated).
Unlike [3], this formula is valid also
with several spin species present in the
sample, and allows by integration a deter-
mination of the dipolar energy. The propor-
tionality coefficient must be calibrated
in a separate experiment, with a Zeeman
signal (e = 6<I >/<I > ), using the same
RF field. z

The entropy is deduced from the pola-
rization of the spins before the ADRF.

Equations [1] to [5] have been utili-
zed to measure the dipolar temperature,
the dipolar energy, and the transverse
susceptibility of the spins, in the orde-
red state and in the paramagnetic state.

III. NEUTRON DIFFRACTION

Beams of thermal neutrons in nuclear
reactors have wavelike properties which
allow them to be diffracted by the atoms
of crystals and give rise to "Bragg peaks",
as in the case of X-rays. In addition, and
unlike X-rays, neutrons carry a spin and
are thus sensitive to the orientation of
the magnetic moments of the atoms : the
appearance of a long-range magnetic order
is accompanied by that of extra diffrac-
tion peaks (superstructure peaks), which
are characteristic of the magnetic struc-
ture, and permit a precise study of the
ordered state. In the case of nuclei, the

interaction is due to a nuclear (instead
of magnetic) coupling between the spin of
the neutron and the spin of the nucleus.
This "pseudomagnetic" interaction can be
conveniently described by a nuclear pseudo-
magnetic moment y*, much larger than its
true magnetic moment y, and strongly depen-
dent on the nuclear species studied.
Lithium hydride (LiH) was chosen for a
first study, because protons have the lar-
gest of all nuclear y* (+5.4 Bohr magne-
tons).

Three types of information can be de-
rived from the neutron superstructure
lines which appear after the ADRF :

1) The angular position of these lines
gives a direct confirmation of the magne-
tic structure.

2) From the integrated intensity of the
"rocking curve" (intensity detected by the
neutron counter as a function of the angu-
lar position of the crystal), one can de-
duce the order parameter of the system of
spins (proton sublattice polarization).

3) The width of the rocking curve and
the angular spread of the diffracted beam
are inversely proportional to the size of
the magnetic domains(3). The latter type
of experiment was greatly facilitated by
the use of a bi-dimensional counter of a
new type, recently developed by the LETI
of Grenoble.

In total, four different structures
have been observed :

I)

II)
III)

IV)

H //

H //

H //
and

H //

[100]
[100]

[110]

[110]

T
T

T

T

<0
>0

<0

>0

: antiferromagnetic
: antiferromagnetic

: ferrosandwich

: antiferromagnetic

Figure 1 shows the proton sublattice
polorization as a function of temperature
for structure I).

Structure III) is composed of flat
ferromagnetic domains alternatively paral-
lel and antiparallel to the magnetic field.
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Figure 1 - Proton sublattice polarization for H II [100]
and T < 0 . The temperature scale has been adjusted to
fit the Weiss approximation.

In this case the ADRF does not cause the
appearance of a superstructure line, but a
broadening of the normal crystalline lines
in the direction of the magnetic field, as
revealed by the bi-dimensional counter
(Figure 2). The thickness of the domains
is of the order of 20 A in the direction
of the field.

The information provided by the neu-
tron diffraction experiments would be dif-
ficult to obtain by another technique.
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Figure 2 - Diffracted intensity in the 220 selective reflection for
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b) after demagnetization.
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NOVEL ASPECTS OP CIDNP

R.Z.Sagdeev, Yu.N.Molin, K.M.Salikhov, Yu.A.Grishin,
A.V.Dushkin and A.Z.Gogolev

The discovery of the chemi-
cally induced dynamic nuclear po-
larization (CIDNP) is rightfully
regarded to be a most outstanding
achievement in the field of che-
mical radiospectroscopy for the
past 10-20 years. Shortly, the
CIDNP method has become extremely
effective as applied to study ele-
mentary mechanisms of chemical re-
actions and the dynamics of free
radical motion in solutions. The
present report considers some new
aspects of CIDNP which offer inte-
resting possibilities of technical,
mechanistical and spectroscopic
applications of this phenomenon.

I. ANOMALOUSLY HIGH CIDNP
ENHANCEMENT FACTORS IN BIRADICALS

Biradicals are a special case
of RPs with the partneis connected
by a chain of chemical bonds. The
characteristic features of bira-
dicals, compared to common RPs, are
twofold. First, substantial ex-
change interactions which result
in the fact that singlet-triplet
transitions in biradicals are effec-
tive only in the magnetic fields
when the Zeeman splitting of the
triplet terms is comparable with
the S-T splitting. As a result,
the CIDNP effects must be maximum
in fields H~2J. The other pecu-
liarity of biradicals is that the
radical centers are permanently
coupled. This increase in the life-
time of the "radical pair" can es-
sentially affect the CIDNP enhance-
ment factor.

A classical example of the
reaction involving biradicals is
the photochemical decomposition of
saturated cyclic ketones:

o "IT1?

In chloroform the reaction is al-
most completely reversible: after
the T-S conversion, the biradical
recombines and gives the initial
compound.

Absolute measurements of the
NTviR signal intensities me.de in the
cyclic ketone photolysis showed an
anomalously high CIDNP enhancement
factor (up to 106-107). The expe-
rimental values of the CIDNP quan-
tum yield 0 (the probability of a
nuclear spin flip per photon ab-.
sorbed) are listed in Table 1 (1-3),

TABLE 1

Experimental Values of the Polarization Quantum
Yield in the Photolysis of some Cyclic

Aliphatic Ketones

n

6

9

10

11

12

Hmax- Oe

19000

1000

250

160

100

1 + 0.5

23 + 5

66 + 12

25 + 5

3 + 0.6

Extremely high nuclear polari-
zations in biradical reactions
open up vast vistas for their prac-
tical applications. The utilization
of biradical CIDHP can increase
the sensitivity of nuclear preces-
sion magnetometers and hence give
the possibility to use them in
nonhomogeneous magnetic fields,
targets with the polarization de-
gree of 10f3 being of practical
interest. The conventional methods
of inducing such polarizations are
based on the use of extremely low
temperatures and high polarizing
magnetic fields. As shown in Table
1, the CIDNP method can in fact
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ensure some 70% degree of polari-
zation at room temperature in low
magnetic fields, which seems pro-
mising as applied to nuclear phy-
sics (3).

II. CIDNP II GAS PHASE

As is well-known, CIDNP arises
in liquid-phase radical processes,
appreciable cage effects being a
necessary condition to observe it.
Cage effects (the probability of
back radical center reactions) are
conventionally thought to be neg-
ligible in gas-phase radical reac-
tions at not very high gas den-
sities and hence, until recently,
no attempts to observe the CIDNP
in such reactions have been made.

There are however at least
two types of gas-phase radical pro-
cesses where the cage effects can
be appreciable. Firstly, the re-
actions involving short-lived bi-
radicals.The characteristic featu-
re of biradical reactions is that
the radical centers cannot diffuse
far apart and thus the probability
of biradical recombination and
disproportionation is almost hund-
red percent. Natural is to expect
that the liquid-gas transition
affects negligibly the biradical
recombination probability.

Secondly, gas-phase photo-
and radiation-induced radical-
ion reactions. Indeed, even at 1-
-10atm the primary ion recombina-
tion probability becomes rather
high and can reach some 10$. Hence,
in this case we see a certain ana-
logy with the cage effect in li-
quid-phase radical recombination.

At last, it is necessary to
note that gas-phase CIDNP can
arise by the so-called "triplet"
mechanism when the nonequilibrium
populations of nuclear-spin levels
result from selective intersystem
transitions in excited molecules
and demand no cage effect. In this
case, nuclear polarizations in
gases can be observed in the ab-
sence of radical processes.

The first two suppositions
have been verified experimentally.
The CIDNP effects in biradical re-
actions (photolysis of cyclohep-
tanone)(4) and radical-ion reac-
tions (5) (triethylamine photo-
oxidation by naphthalene) have

been observed in gas phase. These
results allow one to expect ap-
preciable magnetic field and mag-
netic isotopic effects in gas-
phase radical reactions.

III. NEW METHODS TO DETECT
THE MAGNETIC RESONANCE SPECTRA

PROM SHORT-LIVED RADICALS
IN SOLUTIONS

A basic problem of chemical
radiospectroscopy is to detect
magnetic resonance spectra (ESR
and NMR) of short-lived interme-
diate particles (free radicals in-
cluded; directly during chemical
reactions. The main difficulty en-
counted when solving this problem
is a relatively low sensitivity of
the ESR and NMR methods. Below we
consider some new methods to de-
tect the magnetic resonance spect-
ra of short-lived radicals which
allow one to essentially increase
the sensitivity of the convention-
al methods.

A. CIDNP-Detected Magnetic
Resonance

Available experimental CIDNP
date, demonstrate that this method
is highly sensitive to interme-
diate particles in the system stu-
died. Let us estimate this sensiti-
vity quantitatively. To this end,
note first of all that the life-
time of a radical pair (RP) T is
sufficiently short for the polari-
zation arising in it to be "trans-
ferred" to the diamagnetic recom-
bination product M. In the diamag-
netic molecule H, this nonequilib-
rium polarization would be con-
served for rather a long time
(T-i ~10s). Thus, this time is
quite enough for a stationary con-
centration of the polarized mo-
lecules to be "accumulated",

{j.i*js |/RP/ , where [RV] is the RP
stationary concentration. The ex-
treme value £RPj . can be estima-
ted by the simple relation

mxn

Here [llj . is a minimum concent-
ration of diamagnetic nonpolarized
molecules which can be detected by
conventional IKR-spectrometers, P

67



is the CIDHP enhancement coeffici-

ent. Using T.p10s, r=10~9s, P=
have3 ]

=10 particle/cm . This estimate
demonstrates an extremely high
sensitivity of the CIDJIP method
which is several orders higher
than that of the ESR method. Un-
fortunately, the conventional CID1JP
method affords only indirect in-
formation on magnetic-resonance
parameters of RPs. Below we discuss
some new aspects of CID1IP as ap-
plied to d.irect detection of ESR
and iffilR spectra from RPs and free
radicals in solutions. The CID1TP
detection of radical ESR spectra
in short-lived. RPs is quite ana-
logous to the method of optical
detection of the ESR spectra for
short-lived RPs. The microwave
pumping affects the singlet-trip-
let RP evolution.in a resonance
manner. The microwave field effect
must be high at the frequencies
coinciding with those of the ESR
transitions in the radicals of a
RP. As an example, consider the
simplest case, that is a one-nuc-
lear RP with a 1/2 spin. Assume
that the radical g-values are
equal. In high magnetic fields no
CIDiJP effect arises in such a pair
according to theory. The situation
changes however when a microwave
field is applied. Let the RP be
singlet-born and find the singlet
RP term population at any time.
For the RP subensemble with nega-
tive nuclear polarizations (m. =

=-1/2), we have

flfttJfc83!^ COS

and for that with positive nuclear
polarizations

These formulas employ the svmbols

n.. are unit vectors with the com-

ponents

and the vector n? has the compo-
nents:

,0,
The value&U) = ̂ llo-uJ sets the fre-
quency difference of the micro-
wave field from the resonance fre-
quency of the ESR transition for
the radical marked by "2"; the
quantity CL sets the hyperfine split-
ting of the ESR spectrum for the
radical marked by "1"; H-] is the
microwave field amplitude. The nu-
clear polarization in the. recombi-
nation product is determined by
the difference in the values of pg
and p ,

Ps(t)=p
4
s(t)-P;(t) .

),0e

-3 -

Fi9.

Nuclear spin polarization in a
subensemble of singlet RPs vs. the
microwave pumping frequency

Pig.1 gives the nuclear spin
polarization in the subensemble of
singlet RPs calculated by these
formulas. The nuclear polarization
is seen to arise at microwave pum-
ping. The polarization sign depends
upon that of the frequency diffe-
rence of the microwave pumping
from the center of the radical ESR
spectrum. Thus, the microwave pum-
ping .influences the CID1IP effects
which can be used to detect ESR
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spectra of short-lived RPs, S2 - OUJIJ + A iilt y A > o ,

Some intermediate values of H-|
field are optimal for successful
C1DIP detection of the ESR spectra.
At H-| 4S. 1 G, the microwave field
has no time at all to manifest it-
self in the RP spin dynamics. At
H-j > CL , the RP spins in fact pro-
cess about the field H-j , the depen-
dence of the singlet-triplet tran-
sitions upon the nuclear spin con-
figurations and hence the CIDl'TP
effects reduce. The optimum values
of H-] must lie in the range of
H-| ~ a/2, a notable change in the
CID1TP at microwave pumping being
observed only for relatively long-
lived RPs (f~10-7 s).

An interesting method to de-
tect 1-U.IR spectra of the interme-
diate radicals has been proposed
recently (6), the idea being as
follows. Pree radicals are generated.
in a system, then the CID1IP effects
of the escape product are observed.
The latter means that the radicals
polarized in RPs possess the life-
time VK short enough for the nuc-
lear polarization to be conserved
by the moment of diamagnetic pro-
duct generation (e.g. of PX type).
If in the time T^ the resonance
transitions in the HEJR spectrum of
the intermediate radicals R become
saturated, the intensity of the
corresponding polarized 1EIR signals
from the final reaction products
will change. Tims, the radical JTT.IR
spectrum is, in this case, a depen-
dence of the CIDJTP intensity on the
frequency of the saturating field.

Hote a certain analogy between
the technique proposed and the con-
ventional E1JDOR method: in both the
nuclear resonance transitions in
free radicals are saturated. How-
ever, unlike the E1TOOR method, in
the former case one detects not
radical ESR signal intensity but
CID2IP effects in the ffivIR spectrum of
the diamagnetic reaction products.
The last circumstance provides the
possibility to take the MER spect-
ra of short-lived free radicals.
Estimations have shown that this
method can be employed to detect
stationary radical concentrations

up to 10-10 radicals in cm .

'PRODUCT

RADICAL

Fig. 2.

Scheme of levels for a one-nuclear
radical (1-1/2).

Consider the scheme of levels
for the simplest radical with one
nucleus (1=1/2) (fig.2). The ESR
and HT-IR spectra are hfi-induced
doublets (X-i and X2 transitions
pertain to l-UuR, Yi and Y2 ones to
ESR). If one of the transitions,
either X-] or X2, is saturated by a
radio-frequency field H2, the po-
larised signal intensity of the pro-
duct will change. Thus, the depen-
dence of the CID1TP intensity on the
saturating RF-field frequency is
the MER spectrum of the interme-
diate radicals. The observations
of the nuclear polarisation in the
escape product and the saturation
of the nuclear transitions in ra-
dicals during their lifetime
evidently leads to the inequality
( V H 2 T 1 < ' C R < Tn, where T n is the
radical nuclear spin-lattice re-
laxation time. The known values of
T n in radicals indicate that H 2 ^
^10-100 Oe suffices to make expe-
riments. The manifestation of the
RF-pump ing in the CIDin? of the ra-
dical reaction products can be
varied. One of the most interest-
ing is the possibility to detect
CTDEP effects. To illustrate it,
assume a radical R to carry mul-
tiplet CIDEP (fig.2, the popula-
tions n-j =n^ > n2=n3). Then the tran-
sitions X-j and X2 also show multip-
let effects. The multiplet effect
of this type cannot be observed



in usual CIHNP effects arising in
radical reaction products (due to
a full compensation of the emis-
sion and absorption). However,
with RP-pumped Xi and Z2 transi-
tions, the total polarization in
the reaction product "becomes other
than zero. In this case, the pro-
duct M R signal intensity can in-
crease by thousand times (compared
to the equilibrium one). Thus, the
possibility to study CIDEP effects
by the UMR method is a very impor-
tant merit of the CDMR technique.
At present, the idea of the CD13R
method (with RP-pumping) has been
verified experimentally and the MIR
spectra for a number of short-lived
radicals in solutions have been
taken (6,7). The CDMR method holds
the greatest promise when used with
modern MIR Pourier-spectrometers
which, allow detuning the frequen-
cies of the receiver and spin-de-
coupling over rather a wide range
without additional modification. In
this case, it is not necessary to
achieve a full saturation of the
radical M R line at the frequency
UJz' T o remove the longitudinal

component, sufficient is to apply
a 90°-pulse with duration of 10 ms.
Naturally, it is most convenient to
employ the pulse method of radical
generation, e.g. by a pulse laser.

Light

DECOUPLER

OBSERVATION
CM>

Fig. 3.

Pulse succession for CIDHP-detected
magnetic resonance of short-lived
radicals with_ the longitudinal
magnetization detected

The above technique is presented
schematically in fig.3. By varying
%\ and Ta one can obtain informa-
tion on the evolution of the nuc-
lear and electron polarizations in
radicals and also their lifetimes.
As a variant, the longitudinal nuc-
lear polarizations transferred to
the diamagnetic products from the
radicals can be detected. There is
one more variant - the detection of
the polarization cross-component
which arises in the radical after
a 90°-pulse at a frequencyuJz and
is transferred to the diamagnetic
products (see fig.4). In the latter

DECOUPLER

OBSERVATION

Fig. A.

Pulse succession for CIDHP-cletected
magnetic resonance of short-lived
radicals with the cross-magnetiza-
tion detected.

case, it is necessary that

25T _

Thus, this method might be conve
nient in investigations of small
fhi constants and short radical
lifetimes.

B. DHP-Detected Magnetic Resonance

Dynamic nuclear polarization
(D1IP) is widely used to study the
hyperfine interactions, molecular
motion and collision dynamics of
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stable free radicals in solutions.
Below we propose a new method which
allows one to use DUP to detect
the ESR spectra of short-lived ra-
dicals (8). In this method, the
D1TP is induced by the microwave
pumping in the intermediate radi-
cals during their lifetime. The
polarization is then "transferred"
to the final diamagnetic products
and hence can be detected in their
IJIIIR spectra. Thus, the dependence
of the in.IR signal intensity of the
final product on the microwave
field frequency (or the external
magnetic field strength) must cor-
respond to the ESR spectrum of the
intermediate radicals, For the me-
thod proposed, the following fea-
tures of the intermediate radical
Dl-IP are of importance:

(1). Huclear polarizations can ori-
ginate inside radicals when the
below conditions are met simulta-
neously: (a) the electron transi-
tions are saturated; (b) cross-re-
laxation processes occur within
the radical lifetime £R . The lat-
ter condition means that the free
radical lifetime must exceed the
time of its cross-relaxation^.^ T v

(2). The nuclear polarisations may
be either positive or negative de-
pending on what interaction deter-
mines the radical nuclear relaxa-
tion mechanism (the extreme values
of the polarization efficiency are:
P=+ «s Î=* +660 and P=-1 /2 % , = ̂ 330
for tne scalar and dipole interac-
tions respectively).

(3). The D1TP effect reduces with
growing intensity of the magnetic
field (in accord with the magnetic
noise spectrum induced by the mo-
lecular motion).

Like in the CDIJR method., the
polarisation "transfer" from the
radicals to the diamagnetic mole-
cules ensures accumulation of a
stationary concentration of the
polarized molecules. The estimates
show the sensitivity of this method
to be /Rjmin =106-10 particle /cm3

which exceeds that of the SSR me-
thod.

Pig.5 depicts the experimental
DHP-detected ESR spectrum forpC-
hydroxylbensoyl rad.icals in bensal-
dehyde photolysis. The benzaldehyde
solution was UV-irradiated inside

a resonator (Ho-|2) placed into a
separate magnet, then "transferred"
by a jet system (in 1-3 s) into the
cavity of a MIR-spectrometer. The
microwave field (A =3cm) amplitude
in the sample was 2-3 Oe, The spec-
tra shown in fig.5 are the field
dependences of the benzaldehyde pro-
ton signal intensity (in the sepa-
rate magnet) at the photolysis un-
der microwave pumping. The curve
envelopes (broken lines, fig.5)
fairly well pertain (in the magni-
tude of the g-factor and half-width)
to the unresolved ESR spectrum of
C6H56HOH radicals. The negative
sign of benzaldehyde proton polari-
zation is in full agreement with
the dipole mechanism of nuclear
relaxation in the intermediate eO -
hydroxylbenzoyl radicals.

In conclusion it should be
noted that D1JP detection in final
reaction products can be of great
use in studying radical mechanisms
of chemical processes. In contrast
to the CID1JP method, in one pro-
posed the generation of radical
pairs in solutions is not neces-
sary. And, at last, attention should
be given to the fact that this me-
thod might be especially promis-
ing as applied to study radicals
with very short lifetimes and nuc-

20 Oe
H

Fig. 5.
Experimental DliP-detected SSR
spec t rum for J, - hy dr oxy lb e n z o y 1
radicals in benzaldehydc
photolysis.
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lear cross-relaxation times. In
this case, the sensitivity of the
method is maximum.
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NMR STUDY OF PLATINUM CATALYSTS

"Special ISMAR-sponsored Lecture"

Charles P. Slichter

I. INTRODUCTION

My students, Dr. Howard
Rhodes, Claus Makowka, Serge Rudaz,
Po Kang Wang, and my research asso-
ciate Dr. Harold Stokes have stud-
ied the 195pt NMR of small parti-
cles of Pt supported on alumina
(1,2,3). The samples were prepared
and characterized by Dr. John
Sinfelt of the Exxon Research Lab-
oratory with whom we have had many
helpful discussions.

II. SAMPLES

We have studied 3 samples
which we label 1, 2, and 3. Dr.
Sinfelt measures their dispersions
as 46%, 26%, and 15% respectively.
Electron microscope studies (1)
show that the samples fit a log
normal distribution function peaked
at radii of 9, 27, and 39 A respec-
tively consistent with the disper-
sions. Initially, the samples were
studied without surface characteri-
zation. Later, the surface was
cleaned (using a cycle of oxygen
and hydrogen at 309 C), and either
air or hydrogen gas admitted to the
sample at room temperature. The
samples. 10% Pt by weight, contain
1020 195Pt nuclei.

III. LINE SHAPES

195
The Pt absorption spectra

were measured using spin echoes.
Fig. 1 shows the area under the
spin echo versus applied field, H ,
at 74 MHz and 77 K. The lines are
very broad (4.5 kG). Each point
typically required averaging of
50,000 echoes over a period from 5
minutes tq several hours. A peak
at 84 kG, the location of the Pt
signal in bulk metal, is seen in
sample 3, but is absent in the
smaller particles of sample 1 and
2. A strong, narrow peak at 80.3
kG in sample 1 is progressively
smaller in samples 2 and 3. Rhodes

Sample I

46% dispersion

Sample 2

26% dispersion

Sample 3

15% dispersion

80 82 84

Ho (kG)
195

Fig. 1 Area under the Pt spin echo
versus H lor 3 samoles.

(1) estimates its area to be 46%,
20%, and 12% of the total NMR in-
tensity in samples 1, 2, and 3
respectively. The agreement with
the measured dispersion suggests
this peak arises from the surface
layer of Pt atoms. The fact that
it occurs close to the position of
195pt NMR in diamagnetic materials
(i.e. the Knight shift is zero)
suggests that the electron spins
of the surface Pt atoms are tied
up in chemical bonds. These ideas
are further supported by experi-
ments involving chemical treatment
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of the surface (see Fig. 2 which
shows absorption curves normalized
to constant area). The peak at
80.3 kG of the untreated sample
disappears on cleaning. A peak at
80.7 kG appears on exposure to air.
A narrower peak, slightly displaced,
is produced following cleaning and
exposure to H gas.

100 -

Untreated

• I S M ill

Cleaned

Subsequent

exposure to air

"Cleaned" and

then exposed

to hydrogen

80 82 84

Ho (kG)

Fig. 2 Effect of chemical treatment on
the spectrum (sample 1).

IV. T 1 MEASUREMENTS

Spin-lattice relaxation times,
T^, of the three untreated samples
(at 77K) are shown in Fig. 3. T^
has two components near the surface
peak at 80.3 kG. Note that the
value of Ti depends only on H and
is independent of particle size.
At 84 kG, the position of the metal
peak in sample 3, L is the same
as that in bulk platinum. As one
goes to lower field (towards zero
Knight shift, K) T]_ lengthens, but

O.I
84

^ versus H in all three samplesPig. 3
(untreated) at 74 MHz.
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Fig. 4 Frequency and field dependence of
the slow component of T for three samples
(untreated).
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not as rapidly as given by the
Korringa relation (K2Tn=constant).
Fig. 4 shows the dependence of T̂_
on the frequency, f, of the NMR rig.
For a metal, T]_ is independent of
frequency. Near (H /f)=1.09 (the
position of the surface Pt reso-
nance) only the long component of
T^ is plotted. Note that T-, behaves
like a metal except near the surface
peak where lowering f shortens Ti,
a fact further supporting the idea
that the surface Pt atoms are not
behaving metallically.

V. T 2 MEASUREMENTS

Spin echo measurements of the
spin-spin relaxation time T2 of the
untreated samples (Fig. 5) show
that the ratio of To to T]_ is the
same over most of the line, a fact
we explain as follows. Since Pt
nuclei are exchange coupled to
their neighbors, when a nucleus
flips in a T]_ process, the preces-
sion frequency of the neighbors
changes a To process, making T2
proportional to T-. .
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Fi£. 5 Frequency and field dependence for
T_ for untreated samples. Crosses are for
sample 1 exposed to hydrogen (74 MHz).
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Fig. 5 shows that the Pt
T2 is greatly shortened by putting
H on the surface (T-, is unaffec-
ted). The effect is found not only
at HQ/f=1.09, the position of the
surface Pt peak in hydrogenated
samples, but to a substantial dis-
tance to higher values of H /f.
Experiments at Ho/f=1.09 sh8w that
T2 has a short and a long component,

the latter being the same as in un-
treated samples. The magnitude of
the short component suggests it
arises from coupling to the proton
magnetic moments.
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0 0.5
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Fig. 6 Spin echo amplitude versus time
at the metal peak of sample 3(4.2 K,
74 MHz and 8 MHz).

T2 measurements in Sample 3
near the pure metal peak (84 kG in
Fig. 1) at 4.2 K show an oscilla-
tory decay (Fig. 6). The size and
frequency of the oscillation is the
same at 8 MHz and 74 MHz. It is a
classic "slow beat" arising from
the exchange coupling J t^-I^, be-
tween neighboring 195pt nuclei. A
slow beat arises at angular frequen-
cy J/h when the chemical or Knight
shift between neighbors exceeds J/fi.
We find J/h=4.1 kHz in agreement
with the literature value (4.0±.2
kHz)(4). Our result at 8 MHz dif-
fers from that of Yu, Gibson, Hunt,
and Halperin (5) who found at 8 MHz
and 4.2 K in their 50 A particle Pt
sample a non-exponential decay, but
no beat. The difference could be
explained if their typical parti-
cles are substantially larger than
ours .
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SPIN-LATTICE RELAXATION IN SOLID POLYMERS

W.S. Veeman and E.M. Menger

I. INTRODUCTION

Macroscopic mechanical properties of
solid polymers are related to the micro-
scopic motions of the polymer molecules. A
great deal of knowledge about these moti-
ons has been obtained from mechanical, di-
electric and nuclear magnetic resonance re-
laxation experiments.
In NMR especially proton spin-lattice re-
laxation has been studied extensively. How-
ever in solids the proton spins are usual-
ly so strongly coupled via dipolar inter-
actions that possible differences in spin-
lattice relaxation of protons executing
different motions, are averaged out by spin
diffusion. This spin diffusion in some ca-
ses also prevents the observation of dif-
ferent proton relaxation times in polymers
which are partly amorphous, partly crystal-

In natural abundance 13C NMR 13C-13C
spin diffusion does not occur or only at
an extremely slow rate. Therefore, with
high resolution solid state ^C NMR (pro-
ton enhanced 13C NMR (1) combined with ma-
gic angle spinning (2)) the spin-lattice
relaxation of each carbon can be separate-
ly studied and in principle yields infor-
mation about the motion of each functional
group of the polymer.

In this communication we want to dis-
cuss the value and limitations of 13c Tj
and Tip experiments for the study of poly-
meric motions on the basis of data for po-
lyoxymethylene (POM) and polymethylmetacry-
late (PMMA). Also we want to show for POM
how the proton spin diffusion between amor-
phous and crystalline regions can be slow-
ed down enough to measure separately the
amorphous and crystalline spin-lattice re-
laxation times. These last experiments open
the possibility to measure the proton spin
diffusion rate between the amorphous and
crystalline phase and to estimate the width
of the transition region between two phases.

II. 13,C SPIN-LATTICE RELAXATION IN THE
LABORATORY FRAME

TIP measurements, however, reveal that
this line is composed of two lines with
different relaxation times (Table 1).

TABLE 1. 13C Ti, TIP and NOE of polyoxyme-
thylene at 45 MHz, room tempera-
ture and Hi = 25 kHz.

NOE

amorphous
17.5 ms
75 ms
1.7

crystalline
3 - 0.6 ms a

15 s
1.3

Polyoxymethylene shows one rather nar-
row 13c NMR line under proton decoupled and
magic angle spinning conditions (3). Ti and

3 ms without magic angle spinning, 0.6
ms at 5.6 kHz spinning.

Carbons with short Ti and Tip are found in
amorphous regions of the material, carbons
with long Ti and short Tip in crystalline
regions (3). This difference in 13c Ti and
Tip, strikingly in contrast to the single
value of the proton Ti (5), expresses the
difference in molecular mobility in the
two phases. The motion in the amorphous
phase can be described with a motional cor-
relation time of 10"9 sec (4), in good
agreement with the value derived from
proton studies (5).

Table 2 shows Ti values for the car-
bons in iso- and syndiotactic PMMA and a
1:2 crystalline complex of iso- and syndio-
tactic PMMA (6). There is hardly any dif-
ference between the relaxation times of
corresponding carbons in these materials.
The reason is that Ti relaxation times are
determined by motions with a frequency com-
ponent at the Larmor frequency of the obser-
ved spin. For PMMA the only motion for
which this is apparently true, is the rota-
tion of the C1-CH3 group, as demonstrated
by the short Ti value. Most Ti relaxation
times of Table 2 seem to be caused by the
C1-CH3 rotation and this rotation apparently
is not much dependent on crystal!inity or
tacticity.

From mechanical relaxation experiment
(7)itis known that a high-frequency motion
exists in PMMA and it was assumed to be the
rotation of the OCH3 group. As the OCH3 Ti
is much longer than the 01-CH3 Tj, either the
OCH3 rotation correlation time is much larg-
er or smaller than UL"1- Experiments at a
lower magnetic field show that the latter
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TABLE 2. 13C T1 in seconds of some polymethylmetacrylates at room tempera-
ture and 45 MHz.

a-CH- -C- OCH, C=0

i-PMMA amorphous 0.053
i-PMMA crystalline 0.060
s-PMMA amorphous
i-s PMMA complex 0.053

0.048
0.034

5.3
5.4
3.4
3.6

5.7
5.9
6.0
6.1

i

12.5
14.0

13.3
> 6
7.2

possibility is the case, showing that the
motion at the highest frequency indeed is
the OCH3 rotation.
Although this is an example how high-reso-
lution solid state NMR can contribute to
the study of polymeric motion, it also
shows the limitations of Ti experiments: on-
ly high frequency motions can be studied.
Molecular motions which are more directly
related to mechanical properties of the ma-
terial occur in a frequency range orders of
magnitude lower. Therefore, Tip measure-
ments, which are supposed to depend on mole-
cular motions in the 50 kHz frequency ran-
ge, seem more promising.

III. 13C SPIN-LATTICE RELAXATION IN THE
ROTATING FRAME

13,Table 1 shows C T^p values for the
amorphous and crystalline regions of POM.
The crystalline Tip, in contrast to the amor-
phous T^p, depends on the rate of magic ang-
le spinning, at higher spinning frequency
l\p decreases (3). This shows that the Tip
process in the crystalline phase is special.
VanderHart and Garroway (8) studied i3c Tjp
in a similar system, crystalline polyethyl-
ene, and conclude that at least in crystal-
line polymers the carbon Tip is not a spin-
lattice relaxation time but due to spin-spin
interaction. As Tip describes the loss of
carbon magnetization locked along Hi in the
carbon rotating frame, a fluctuating magne-
tic field is required for this relaxation
process with a frequency YCH1-When the car-
bon spin is dipolar coupled to a proton, the-
se fluctuating fields at the carbon site can
arise in two ways: either molecular motions
modulate the C-H orientation or through pro-
ton spin flips induced by the coupling to
other protons. In the first case, the Tip re-
laxation is a true spin-lattice relaxation
related to molecular motions at a relative
low frequency. In the second case, the fluctu-
ations occur in the proton spin system and
the Tip is caused by spin-spin relaxation
and has nothing to do with molecular mo-
tions.

The frequency range of these proton di-
polar fluctuations is determined by the di-
polar coupling between the protons and ex-
tends not much farther than the flip-flop

frequency vHH of two coupled nearest-neig-
bour proton spins.

For the amorphous phase in POM there
is so much motion that the proton-proton di-
polar interactions are partly averaged out
and VHH ""s smaller than \QH\, the Zeeman
frequency of the carbon spins in the rota-
ting frame. Therefore, the Tip of the amor-
phous spins can be considered to be mainly
caused by molecular motions. For the crys-
talline regions this is certainly not true
and information about motions of the poly-
mer cannot be derived from Tip data.

How can we reduce this spin-spin con-
tribution to the i3C TIP? The most straight
forward solution is to increase Hi so that
YCH1 > VHH- This, however, requires imprac-
tical^ strong rf fields (8). The other pos-
sibility of course is to reduce VHH> for in-
stance by fast magic angle spinning. The on-
set of this effect, we believe, is display-
ed by the spinning dependence of the crys-
talline Tip in POM. At relative slow magic
angle spinning VHH > YC^1> at faster spin-
ning VHH ~ YQ^l anc' T1P decreases. At even
faster spinning TIP should increase again.
The reduction of VHH at faster spinning, al-
so explains the observed increase of the
13C NMR linewidth (3).

Another approach seems to be to reduce
the proton spin flip-flop rate by rf irradi-
ation at the proton spins. When the protons
are irradiated off-resonance during the on-
resonance carbon spin-lock, the proton-pro-
ton (I-I) and proton-carbon (I-S) dipolar
interactions in the double rotating frameare

+ non-secular terms (1)

sin8l(I+iS+k
 + l-iKk)

2 cosej Izi(S+k + S.k) (2)

In both axis systems the z axis are paral-
lel to the effective fields,ei is the angle
between the proton effective field and the
external magnetic field, es = 90°. B-jj and
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C ^ are the usual spatical factors. When
ej = 0, no proton irradiation, the last
term of eq. (2) is responsible for the carbon
T^p. Modulation of C-j|< by molecular motions
causes the spin-lattice relaxation contribu-
tion and modulation of the spin factors by
the proton spin flips, the spin-spin contri-
bution. On-resonance irradiation of the pro-
tons eliminates the last termofeq. (2) but
introduces strong cross-polarization via
the first term of this equation. Proton ir-
radiation far enough off-resonance to slow
down the cross-polarization, indeed increa-
ses the carbon Tip. For PMMA the longestT]p
is found when the protons are irradiated~6O
kHz off-resonance but both the spin-spin and
spin-lattice contribution to Tjp are decrea-
sed in the same amount as shown by eq. (2).
Proton off-resonance irradiation such that
3 cos^ej - 1 = 0 should eliminate the pro-

ton spin slips in first order, but with our
samples and Hi fields the effect is not ob-
servable due to proton-carbon cross-polari-
zation.

IV. 1H SPIN-LATTICE RELAXATION IN THE
ROTATING FRAME

As mentioned in the introduction, pro-
ton spin diffusion in general averages out
local differences of proton relaxation ti-
mes. For POM for instance, the proton T^(5)
and Tip for the amorphous and crystalline
regions are the same. Eq. (1), however,shows
that in first-order spin diffusion can be
eliminated by strong off-resonance irradia-
tion such that 3 cos2ei-l = 0. Fig. 1 shows
that indeed spin-diffusion between the amor-
phous and crystalline phase can be elimina-
ted. With this technique, using the resolu-

o
oo

o -o-

'~O-r

T= 0
CRYSTALLINE

\
\

\
H

\ 13,VJC

H h

AMORPHOUS

T = 15 ms
H 1 1 1 1 1

20 40 60 80 t (ms)
Proton Tjp of the crystalline and amorphous regions of polyoxymethylene
measured via C NMR. Proton spin diffusion is eliminated by off-reso-
nance irradiation at the proton (at the magic angle) during time t.
Using the fact that the crystalline l̂ C Tjp is only a few msec and the
fact that the cross-polarization between the protons and carbons in the
amorphous phase at 5.2 kHz MAS is very weak relative to the crystalline
carbons, the two proton T] p can be separately measured. The crystalline
T]p is ~ 150 msec, the amorphous H Tjp is 30 msec.

»H
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tion of the 13c spectrum, the proton Tip
can be selectively studied. As the proton
Tip is a pure spin-lattice relaxation, this
maybe a better solution to study low-fre-
quency motions in crystalline polymers than
via the 13c T^p. Also spin diffusion rates
between proton spins can be measured.
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ZFS-TENSOR OF THE TRIPLET STATES OF

[2.2]PHANES AS STUDIED BY ESR

M. Bar, K.P. Dinse, W. Goldacker, K.H. Hausser,

D. Schweitzer, H. Zimmermann,

and C. Krieger

In the last ten years considerable
effort and progress has been made
in order to understand the excited
states of charge-transfer (CT) com-
plexes, being predominantly non-io-
nic in their ground state, but expe-
riencing a considerable charge-
transfer when be excited into hi-
gher electronic singlet states. Far
less is known about the lowest ex-
cited triplet states of these com-
plexes.
The complexes we studied were [2.2]
Phanes such as 4,5,7,8-Tetracyano-
[2.2]-Paracyclophane (1) or 4,7-Di-
cyano-12, 15-Dimethoxy-[2.2]Paracy-
clophane. They are models for either
complexes or exciplexes with well
known relative orientations of the
molecular subunits. Because of the
face to face orientation of the con-
jugated rings in the phane molecule,
they are especially suited for a
study of n-electron interaction.
We investigated the lowest excited
triplet states by ESR - and ODI1R
experiments on X-traps in single
crystals at 1.3 K and 4 K.
The complete fine structure (zfs)
tensor and the main axes orienta-
tions with respect to the molecu-
lar frame, were derived for the
first time by the angular depen-
dence of the Am = +1 ESR-transi-
tions. s

The evaluation of the CT character
X was performed up to now by using
zfs constants derived from zero
field experiments.
The use of the relation

_ complex monomer

ion - D
(1)

monomer
implies, that for both, monomer and
phane molecules, D is assigned via

D = ~z to a common fine structure

axis. In addition the model assumes
that the phane triplet state can be
approximated by constructing the
wavefunction from monomer and ionic
CT contributions only.

N

4,5,7,3-Tetracyano[2.2]Paracyclo-
phane; orientation of the main axes
L,M,N of the fine structure tensor
with the corresponding eigenvalues:
L=(+)1129MHz, M=(+)185 MHz and
N=(-) 1314 MHz

The high-field experiments show,
that in the case of appreciable CT
as for 4,7-Dicyano-12,15-Dimethoxy
-[2.2]Paracyclophane in the triplet
state the relative ordering of the
zfs eigenvalues may change. In such
a case relation (1) can no longer
be used.
In addition we found, that a con-
struction of a zfs-tensor for the
complex from monomer and CT terms
alone is no longer possible for a
strongly coupled system.
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OFF-RESONANCE SPIN POLARISATION TORSIONAL SPECTROSCOPY

P. Burns, B.S. Bharaj, I. Cameron and M.M. Pintar

If spin—lock—polarized nuclear spins in the
rotating frame interact strongly with torsional
oscillators in the ground state, a semi—equilibrium
may be established in approx. 100 jus. This leads
to sharing of spin polarization between Zeeman
and torsional reservoirs and is used to measure
the torsional specific heat and torsion—lattice
relaxation time. With such information the true
Zeeman—lattice relaxation in the rotating frame
may be derived. This strong coupling between
Zeeman and torsional states causes the magneti-
zation to oscillate, with the frequencies de-
termined by the matrix elements of the dipolar
interaction Hamiltonian in the rotating frame.
The Fourier transform of this time evolution of
the magnetization yields the torsional spectrum
(spots). If the nuclear magnetization evolves in
the off—resonance rotating frame the coupling
Hamiltonian and the selection rules for spots are
different. Off—resonance rotating frame spectro-
scopy will be illustrated with proton polarization
measurements in CH3CD2I.
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MICROWAVE INDUCED OPTICAL

NUCLEAR POLARIZATION (MI-ONP)

M.Deimling, H.Brunner, J.P.Colpa
K.P.Dinse, and K.H. Hausser

Broadband optical excitation of or-
ganic molecules can lead to elec-
tron spin alignment in the metastab-
le triplet state. Due to the elec-
tronic spin-spin interaction, micro-
wave transitions in an external mag-
netic field are generally not fre-
quency degenerate. Therefore it is
possible to define an electronic
polarization within a specifically
selected two level system. This op-
tical electron polarization can be
transferred to nuclear spin systems
(1) by exciting appropriate "forbid-
den" (A m =+ 1, A m =+ 1) microwave
transitions in analogy to the solid-
state effect (2). The quantitative
treatment of MI-ONP closely follows
the idea of the differential solid-
state effect for a completely inho-
mogeneous EPR line. Dynamic nuclear
polarization of nuclei in solids
using their dipolar coupling with
paramagnetic electrons have revea-
led, that in most cases investiga-
ted the nuclear polarization is not
produced by directly driving forbid-
den transitions, but rather by cool-
ing the electronic dipolar system
by off-resonance irradiation. Under
typical DNP conditions the spectrum
of the electronic spin-spin interac-
tion covers the nuclear Zeeman ener-
gy, and spin diffusion within that
reservoir is fast compared to the
electronic spin-lattice relaxation.
The condition under which we have
observed MI-ONP are completely dif-
ferent with respect to the electron
spin-spin reservoir. First, the
steady-state concentration of para-
magnetic triplet states is only in
the range of 10ppm. Second, nearest
and next nearest neighbour positions
of triplet states are highly unlike-
ly because of the fast triplet-trip-
let annihilation. Under these con-
ditions the role of the electron
spin-spin reservoir can be neglec-
ted, and we are therefore left with
the "classical" solid-state effect
within an inhomogeneously broadened
EPR line.
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The figure shows the ODMR signal of
p-Dichlorobenzene (p-DCB) with B
parallel to the normal of the m8le-
cule. The satellites can be ascrib-
ed to forbidden transitions coup-
ling the host bromine nuclei to the
guest triplet state. The proton po-
larization, measured directly with
a 90° pulse, is depicted in the
same field scale. As expected the
proton polarization is centro-sym-
metric with respect to the peak
position of the allowed ODMR line.
Weak proton polarization can also
be observed at the bromine satelli-
te positions. Sign and magnitude of
the observed steadystate polariza-
tion is in reasonable agreement
with values calculated from proton
and chlorine hfi data and from the
kinetic constants of p-DCB, which
determine the electron spin polari-
sation.
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MULTIPLE QUANTUM SPECTROSCOPY IN SOLIDS

S. Emid and J. Smidt

A. Pines

The basic principles of multiple
quantum spectroscopy of dipolar or
quadrupolar coupled spins in solids is
outlined. A few applications are
discussed.

In the last years there has been a
growing interest in multiple quantum (mq)
NMR spectroscopy, see e.g. (1-3) and
references therein, where the Zeeman
quantum selection rule becomes AM = m,
m is arbitrary, instead of AM = 1 in
ordinary NMR spectroscopy.

The general scheme for mq spectros-
copy consists of preparation, evolution
and detection of mq coherences. A typical
pulse sequence is:

PI P2 P3

.t2
(r,tl,t2)

01-

preparation evolution detection
of multiple quantum coherences

where mq coherences are prepared with two
rf pulses PI and P2 at time interval T.
After an evolution time tl, a detection
pulse P3 is given and the signal S(x, tl ,t2)
is observed as a function of tl.

The evolution of the spin system with
total spin j can be easily understood by
expanding the density matrix into a
complete set of irreducible tensor
operators T of orders I < 2j, -I $ m < I
(4-6) : m

P(t) 1 -
m n

(t) T.
fan,n

where n numbers the occurrence of TSim mq

coherence is present when C. (t) ̂  0.

A pulse P rotates T. 's of given I among
themselves (6): m

P T P~' = T T D
fan m ' V m'm

Between the pulses the system evolves
under the hamiltonian H

= T

Awl
[
z -

 T.o' 20'
f T T
1 10' 20

+ H^ (1-3);

= 0. Tn

is transformed into T
Jo m

£m
of all orders

exp(iHt)T£mexp(-iHt) = J . A ^ . ^ ^

In particular, many techniques to detect
different multiple quantum orders make use
of the property:

10

Lai ) = T. exp(ima)

where a may be a phase shift (5), a freq.
(or field) offset (1-3) or a field gradient
(8). With initial condition p(0) = 1 - aT
(Zeeman order) at least two pulses are
needed to prepare mq coherences. With
p(0) = 1 - 6T20 (dipolar or quadrupolar
order) a single TT/2 pulse selects 2q
coherence (3). The detection pulse rotates
mq coherence into lq coherence for
observation.

Using the three pulse technique we
have observed mq coherences in dipolar
solids, with m = 1 and 2 in gypsum and
m = 1, 2 and 3 in 1-alanine, adamantane
and CaF«. All samples were powders and
the measurements were at room temperature
and at 60 MHz; x and t2 were chosen to be
equal, their values were about 20 ys for
gypsum, 40 ys for 1-alanine, 100 ys for
adamantane and 50 ys for CaF_. Combinations
of three pulse sequences can also be used
to measure short dipolar relaxation times
without the interference of the mq
coherences, present in the usual method (2).

REFERENCES

1. S. Emid, A. Bax, J. Konijnendijk,
J. Smidt and A. Pines, Physica 96B
333 (1979).

2. S. Emid, J. Konijnendijk, J. Smidt
and A. Pines, Physica 100B 215 (1980).

3. S. Emid, J. Smidt and A. Pines, Chem.
Phys. Lett. 73 496 (1980).

4. U. Fano, Rev. Mod. Phys. 29 74 (1957).
5. G. Drobny, A. Pines, S. Sinton, D.

Weitekamp and D. Wemmer, Faraday Symp.
Chem. Soc, No. 13, 49 (1978).

6. M. Tinkham, Group Theory and Quantum
Mech., McGraw-Hill, New York 1964 p.126.

7. A. Messiah, Quantum Mechanics, Vol. 1,
North-Holland, Amsterdam 1964 p. 339.

8. A. Bax, P. G. de Jong, A. F. Mehlkopf
and J. Smidt, Chem. Phys. Lett. 69
567 (1980).

V < 2j with same m (5-7):
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QUANTUM-MECHANICAL DESCRIPTION OF THE INFLUENCE OF THE ROTOR

SYSTEM OF ROTATING METHYL GROUPS IN SOLIDS ON THE PROTON

ZEEMAN RELAXATION BEHAVIOUR

D.J.Ligthelm.R.A.'Wind and J.Smidt

In the case the Zeeman relaxation
time 1. is caused by the hindered
rotations of CH.-groups around their
three-fold axes in solids,it is
experimentally known that in the relation
between T and the temperature T the
quantity <f(T) J(U4(T)+nO>2 , TC_(T)) ,n=l ,2
appears .Here Uf(X) is the effective
tunnelling splitting, TC(T) is the
correlation time and<̂ Vr)is the efficiency
factor .Aspects of this relation have
been derived theoretically by Johnson (1)
and Emid and Wind (2).Haupt (3) has
derived the complete relationbut for low
barriers and low temperatures only.We
derived the relation for higher barriers
(typically above 4 kJ/mol)under the
conditions:l)Mainly states below the
barrier top are populated;2)The non-
magnetic transition probabilities are
much larger than the magnetic ones.
Treating the rotation angle<f> quantum-
mechanically,solving the Mathieu
equation leads to a discrete set of
Mathieu eigen wave-functions ĵ .and eigen
energies E** .Here r is a quantum number
and X denotes one of the symmetry classes
A,Ea and E° of the pointgroup C3.
From li/p| it follows for the barrier range
considered: (i)States if'r well below the
barrier top are torsional states in which
a CHo -group cannot tunnel from one
potential well to another one;(ii)States
y£ near or above the barrier top are
rotor states in which a CH^-group can
tunnel or rotate from one well to another.
Because of condition 2) the motion is
governed only by non-magnetic transitions.
Because they cannot occur between spin
wave-functions of different symmetry and
because of the Pauli-principle they only
occur between states </£ belonging to the
same symmetry leading to a Boltzmann
distribution within each of the symmetry
classes.For the non-magnetic transition
probabilities W.*r' between 1/'̂  and t/^with
energy difference AErr' it is found:
a)Wrr' is proportional to exp(-^Err'/kT) .
b)Wrr' decreases for increasing |r-r'|
For spin-lattice relaxation the following
two processes are important:I)Sufficient
modulation of the dipolar hamilton

operator Hp by motions of the CHg-groups
from one potential well to another one;
II)Thermally activated transitions
between two Mathieu eigenstates $r and i/V ,
belonging to the same symmetry.lt follows
that for spin-lattice relaxation only
transitions between the well populated
ground torsional state^( in which no
rotations or tunnelling is possible)to
the lowest rotor state i/f near the barrier
top (appearing time-scaleT)are important.
For the considered barrier range this
means that the energy of this rotor state
always lies above the first-excited
torsional energy Ej*.Because of a) the
activation energy for these barriers is
always of the order of the energy
difference between barrier top and ground
torsional level E* instead of EpE^ as is
stated sometimes. The tunnelling
splitting/*,-,being the energy difference
EA - E T (E = E

a,Et>) and which is the
frequency with which a CH^-group tunnels
if it is in a state being a_lineair
combination ofy^, i/Ĵ and </;f does not play
a role in the relaxation process because
of II).For the barriers considered </4* and
<̂ xare seperated by other states.Because
of b) there is a second time-scale Tf,
being faster than Ẑ .,on which transitions
between two adjacent states appear.They
cannot modulate Hp sufficiently but
establish a Boltzmann distribution on the
time-scale?J-within each symmetry species.
So H-Q "sees" on the time-scaleTcnot the
individual states but one thermally
averaged wave functions/;* and energy level
^fx?for each symmetry class.Therefore the
already experimentally known relation
between T._ and T is found with only one
"^(T) ,<•">* (T7 and(A'2(T) occurring despite a
large number of states. <$ (T) can be shown
to be identical to the one given by
Johnson(l) . ̂ ( T) >given by Emid and Wind
(2) is the energy difference<^>- <F*7,and
should not be interpreted as representing
a tunnelling motion.For barriers beina
mainly sixfold in shape the A,Ea and E
systems each have to be divided in two
independent subsystems so that the theory
especially is valid for barriers being
mainly three-fold in shape.
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OPTICAL DETECTION OF ESR SPECTRA OF SHORT-LIVED

ION-RADICAL PAIRS IN SOLUTIONS

Yu.N.Molin, O.A.Anisimov, V.M.Grigoryants.
and A.B.Doctorov

A new and very sensitive technique of
optical detection of ESR spectra of short-
lived radical pairs in solution has
recently been developed in our laboratory
[l ,2J . This report describes a further
development of this technique as well as
its theory and applications.

I. METHOD.

The ratio of the singlet to triplet
channels of radical pair recombination can
be varied by Zeeman transitions induced
in the radicals by resonance microwave
radiation in an external magnetic field.
If the singlet (triplet) recombination
product is luminescent, the ESR spectrum
of this pair can be detected optically. A
spectrometer has been constructed to
detect optically the ESR spectra of ion-
radical pairs created in solution by
ionizing radiation.

The spectrometer is a combination of a
Varian E-3 ESR instrument and the
apparatus used for radioluminescence
detection by the single-photon counting
technique.

90
The Sr radioactive source with an
activity of 20 yCi has been used for
sample irradiation. With this technique,
the ESR-spectra of samples with an average
concentration of 10-100 radical-pairs per
sample with a lifetime up to 10 ns can be
detected.

II. THEORY.

A theory has been developed which
gives the dependence of the ESR line width
and intensity on the microwave field
strength and the lifetime of the radical
pair. The theory describes also the
influence of electron transfer reaction on
the shape of the ESR spectra. The theory
has been tested by measuring ESR spectra
at various H -field strengths and electron

acceptor concentrations.
The lineshape transformation in time-
resolved experiments has also been
examined theoretically.

III. ESR SPECTRA.

The ESR spectra with resolved
hyperfine (hf) structure of short-lived
anion-radicals of diphenyl,
hexafluorobenzene and perfluoronaphtalene
in squalane solution as well as cumene
cation-radical in decaline solution have
been detected. The hf coupling constants
in the ESR spectra of diphenyl (2.7G) and
hexafluorobenzene (133.6G) anions and
cumene cations (10.9G) are in accord with
the published data. The second-order
structure was resolved in the
hexafluorobenzene ESR spectrum.
The hf coupling constants for
perfluoronaphthalene (28.5 and 22.1G) are
much smaller than that for
hexafluorobenzene which indicates the
lower contribution of the o-coupling
mechanism to the hf interaction in the
naphthalene case. The electron transfer
rate from the hexafluorobenzene anion to
a hexafluorobenzene molecule has been
determined from the ESR line broadening.
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PROTON SPIN - LATTICE BELAXATION TIME IN Mg9NiI,

Al. Nicula

M. Bogdan, D. Lupu, and Al. Birif

I. INTRODUCTION

The intermetallic compound Mg Ni

reacts readily with hydrogen at about
300°C and moderate pressures to form
Mg NiH ranging up to x = 4. Although this

hydride has been utilized as a hydrogen -
storage unit, many important physical pro-
perties have not been clarified. In this
report, measurements of the spin - lattice
relaxation time T have been used to deter-
mine the diffusion of hydrogen in Mg NiH

The sample was prepared by direct
absorption of the hydrogen gas by the
Mg Ni at 40 atm. and 330'C. The spin -
lattice relaxation time T of the hydrogen
nuclei was measured at 90 MHz between 210
and 380 K using a Bruker SXP pulsed spec -
trometer.

II. RESULTS AND DISCUSSION

For the spin - lattice relaxation
rate 1/T of H in Mg Ni, the contribution

of the dipolar coupling between the H and
the coupling with the conduction electrons
have to be taken into account so that

= 1/Tld + 1/Tle

The T versus 10 /T plot (Fig.l)
shows at high temperature the characteris-
tic decrease of T that is typical of ther-
mally activated motion. At low temperatu-
res T is essentially due to the interac-
tion of protons with conduction electrons
and leads to a temperature dependence

T T = 5434 sK.
le

The full symbols in Fig.l give the T data
corrected for this contribution. By eva -
luating this curve according to the BPP
formula, from the slope of the straight
line for logT versus 1/T, the activation
energy for the diffusion process is deduced
to be E (H) = 0.58 ± O.o5 eV.

d.

This result considerably differs from
those obtained by Yamaguchi et al. (1) by
the analysis of the proton NMR linewidth

narrowing.
Two reasons could be responsible for

this difference: (i) The activation energy
increases with increasing hydrogen content
(ii) It is known that the BPP formula
yields different values of Z. on the
lower temperature side of the T - mini -
mum for data taken at different frequen -
cies. To clarify this discrepancy, NMR
experiments at different frequencies and
hydrogen concentration are now in progress

Fig.l Experimental T, (°l and calculated TMf I versus 1/T for
hydrogen in Mg2NiH3x3
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ROTATIONAL TUNNELING OF TETRAHEDRAL MOLECULES:
RECENT NEUTRON SCATTERING STUDIES.

W. Press and M. Prager

Rotational tunneling displays
the quantum character of the rotati-
onal motion of molecules or molecu-
lar groups in solids. Examples are
molecular crystals containing CH3-
groups, NH3, CH4 and N H 4 + ions, all
molecules with a large rotational
constant 8. Specific heat and NMR
T^-measurements have been sucessful-
ly used for initial information on
the tunneling states, while advanced
NMR techniques and spin-dependent in-
elastic neutron scattering yield de-
tailed spectroscopic information.
High resolution neutron scattering
on this field mainly relies on the
backscattering technique with energy
resolutions as good asAE=o.3/ueV
and the time-of-f1ight method with

In the following a restriction
to the rotational ground state split-
ting of tetrahedral molecules will
be made. For tetrahedral site symme-
try the ground state multiplet con-
sists of 3 states with different sy-
mmetry: 5A, 3*3T and 2E states. First
measurements were performed with so-
lid CbU (1 ) . Two inelastic transiti-
ons observed at 73 and 143/ueV were
attributed E-T and A-T transitions
of orientationally ordered molecules.
The absence of an A-E transition can
be explained in terms of nuclear spin
conservation (1) and also, more ge-
nerally, in terms of the symmetry of
the spin-dependent part of the neu-
tron scattering operator (2,3).

tial
ting

The large effect of the poten-
on the magnitude of the split-
has been demonstrated with

^oSnClf; (4): Transitions are ob-
served at 1.5 and 3.o/ueV due to a
potential which is only about 2 to
2.5 times stronger than in CH4. Re-
duced site symmetry leads to a remo-
val of the T-state degeneracy. Exam-
ples are (a) the level scheme of
NH4C104 which can be fully under-
stood combining NMR (6) and neutron
spectroscopy (7) and (b) CH4 adsor-

bed on g r a f o i l ( 8 ) . R e c e n t l y t he i s o -
tope e f f e c t was f i r s t observed i n
CD4 I I I ( 2 , 9 ) . D e u t e r a t i o n h a l f e n s
the r o t a t i o n a l c o n s t a n t B and thus
leads to a d o u b l i n g o f the sca led
p o t e n t i a l V / B . The spect rum r e v e a l s
an i s o t o p e e f f e c t o f about a f a c t o r
3o . The i s o t o p e e f f e c t has a l s o been
demons t ra ted ( l o ) w i t h p a r t i a l l y
d e u t e r a t e d methane CH4_X D x . There
are p r e l i m i n a r y p r e s s u r e measurements
(11) i n CH4 I I and I I I . The p r e s s u r e
dependence can serve as a s e n s i t i v e
probe o f i n t e r m o l e c u l a r i n t e r a c t i o n s .

A c o n t i n u o u s t r a n s i t i o n f rom
t u n n e l i n g t o d i f f u s i v e r o t a t i o n a l
m o t i o n i s ach ieved mere l y by i n c r e a -
s i n g t e m p e r a t u r e ( 4 ) . The i n t e r p r e -
t a t i o n o f t h i s phenomenon s t i l l i s
c o n t r o v e r s i a l ( 1 2 ) . Ano ther aspec t
which i s no t y e t w e l 1 - u n d e r s t o o d i s
the t e m p e r a t u r e - i n d e p e n d e n t f i n i t e
w i d t h o f the r o t a t i o n a l s t a t e s i n
CH4 I I ( l o , 1 3 ) .
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DOUBLE QUANTUM CROSS-POLARIZATION,

APPLICATION TO 14N SPECTROSCOPY

M. Reinhold, P. Brunner and R.R. Ernst

I. INTRODUCTION

Double quantum transitions of spin 1
nuclei (14N, 2D) are of interest because
they are affected by the quadrupolar in-
teraction in second order only, yielding
narrow spectra. Double quantum Hartmann-
Hahn cross-polarization has recently been
used to excite and indirectly detect doub-
le quantum coherence (1). However, this
method suffers from the high rf field
strengths that are required to match the
double quantum Hartmann-Hahn condition.
Here, an alternative method is described
which uses thermal mixing via a dipolar
ordered state and requires lower rf fields.

II. METHODOLOGY

At first, proton dipolar order is
created by an ADRF cycle (or by a Jeener-
Broekaert sequence) (Fig.l). Thermal mi-
xing via IS dipolar interaction creates
14N double quantum polarization which
freely evolves during a time tx in the
presence of proton decoupling. A second
thermal mixing process transfers one com-
ponent of the double quantum coherence to
the dipolar bath. Finally, dipolar order
is transferred to ̂ H Zeeman order by an
adiabatic remagnetization cycle or by a
45° pulse, and the ^H free induction decay
(after a solid echo) is observed.

III. APPLICATION

14The IHN double quantum spectrum of
(NH4)2SO4 obtained by this technique is
shown in Fig.2 . The same transfer effi-
ciency as that obtained with Hartmann-
Hahn transfer (1) has been achieved with
a 14N rf field reduced by 50%.

IV. CONCLUSIONS

Double quantum coherence transfer by
thermal mixing allows the observation of
l^N double quantum spectra for larger
quadrupole splittings with less rf power
than using Hartmann-Hahn transfer. However,

the transfer efficiency is limited by the
dipolar relaxation time T 1 D instead of the
longer T l p which is relevant for Hartmann-
Hahn transfer.

I4N 2QT SPECTRUM OF(NH4)2SO4
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DEUTERON SPIN-LATTICE RELAXATION STUDY OF THE CRITICAL DYNAMICS
IN FERROELASTIC KD3(Se03)2

J. Slak, B. Lozar, B. Topit, R. Blinc

The deuteron spin-lattice relaxation time
in KD3(Se03)2 has been measured as a function
of temperature at v = 13.7 MHz and v = 41 MHz
in a superconducting magnet. The experiment in
a freshly cut crystal shows a maximum in the
deuteron spin—lattice relaxation time at
T. = 23°C. The observed maximum can be
explained by the presence of a dynamic central
peak in the local 0—D(2)—0 sublattice polari-
zation fluctuation spectrum both above and below
Tc. The data are consistent with A — y = 0.25 and
r0 = 0.6 x 10~6 s, where y is the critical ex-
ponent for the divergence in the static suscepti-
bility, A the exponent for the critical slowing
down and rQ the noninteracting 0—D(2)-0
dipole fluctuation correlation time.

The measurements of proton spin—lattice
relaxation time T1 in KH3(Se03)2 showed a
strong dependence of T1 on the history of the
crystal, which has been observed also for the
deuteron spin—lattice relaxation time in
KD3(Se03)2. In the aged crystal the temperature
dependence of T1 near Tc is drastically changed
and the maximum in T1 at Tc is replaced by a
minimum resulting from the critical slowing
down of the soft relaxational deuteron
pseudo—spin mode the width of which is much
larger than the nuclear Larmor frequency. This
mode-according to neutron scattering d a t a -
couples to the B3 transverse acoustic mode
producing the ferroelastic transition at Tc.
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AN AB INITIO CALCULATION OF THE SPIN LATTICE RELAXATION TIME OF

SOLID CH PHASE II AT LOW TEMPERATURES

M. Sprik and N.J. Trappeniers

On cooling, starting from the ordering
phase transition (20.4- K), the spin-lattice
relaxation time of solid CH shows a rapid
decrease to become temperature independent
below 8 K (1,2). In literature, there is
general agreement that the relaxation is
driven by the direct interaction between
the orientational degrees of freedom (see
e.g. (1,2)). It may, in fact, be expected
that the octupole-octupole interaction es-
tablishing the orientational order (3) is
also responsible for the orientational re-
laxation. The long-range orientational or-
der divides the octupole-octupole inter-
action in two parts. The first term is
frozen in a molecular field modulated by
collective librational excitations. The
remainder, called the non-secular term,
contains the coupling between the octupole
components of lower symmetry than the
ordering mean field potential. At helium
temperatures, the librational excitations
may be excluded as a relaxation mechanism
because of the large excitation energy
(approximately 80 K, see (3)). At low tem-
peratures, however, the nonsecular coupling
is still available as an interaction re-
stricting the lifetime of the states in the
librational groundstate manifold.

The correct set of self-consistent
groundstates is given by the tunnel states.
It turns out that the matrix elements of
the off-diagonal octupole components are
of first order in the overlap. The non-secu-
lar lifetime broadening may be regarded as
the dynamical counterpart of the static
phenomenon of tunnel splitting. This rela-
tion between two quantum effects affords an
estimation of the off-diagonal octupole com-
ponents from the experimental values of the
tunnel energies. In the calculation, this
is performed by means of the variational
wave-functions introduced by Hiiller and
Kroll (4). Supplemented by the coupling-
coefficients derived by Yasuda (see (3)),
an expression for the non-secular octupole
coupling is obtained with an effective
.strength in the order of a millikelvin.

In virtue of this very weak coupling
between the tunnel-states, the dynamics of
the orientational relaxation may be treated
in a high temperature approach in close
analogy with the calculation by Harris (5)

of the T-̂  in disordered solid H?. There, a
system of quantum free rotor states is
weakly interacting through the full quadru-
pole-quadrupole coupling. The similarity
between the dynamics of the two systems
also holds with regard to the spin-isomerism
problem. The 1 = 0 states in H_ are not
sensitive to the quadrupole coupling be-
cause the corresponding orbital wave-func-
tions are too isotropic. Likewise, the 1=0
and 1=2 states in CH phase II, although
contributing to the octupole mean field,
have vanishing off-diagonal octupole moments.
Hence, at helium temperatures, CH may be
considered as a mixture of dynamically
active 1 = 1 molecules diluted by inert
molecules. This picture easily explains
the observed temperature independence of
T-|_ because the dynamical system is effec-
tively in the infinite temperature limit.

In the actual calculation, one may
proceed in exactly the same way as Harris
(5) in his evaluation of the hydrogen T .
The mathematical details may be found in a
paper submitted to Physica A. The resulting
intramolecular relaxation time is about a
factor 3 too short in comparison to the
experimental data. This disagreement is,
presumably, due to the less realistic
features of the variational wave functions.
The observed T]_ values may be reproduced
by a 20% adaption of the only variational
parameter contained in the wave functions.
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CRITICAL FLUCTUATIONS IN PARAMAGNETIC AMMONIUM

SALTS STUDIED WITH PROTON T.j

I. Svare, A.M. Raaen and M. Fibich

Rapid reorientation and tunnel-
ling of NH4 narrow the proton reso-
nance so that it can be observed
even in some paramagnetic powders
right through the antiferromagnetic
Neel temperature, e.g.in (NH4
with TN=2.15K and in (NH4)2ReCl6
with TN~10K (1).In NH4MnF3 we can
see it down to TN~76K before the
line broadens too much.The proton
T-| shown in Figs.1 and 2 is caused
by the interaction with the para-
magnetic spins, and four regions of
interest can be seen:

For T->-°° we find Ti values in
agreement with the I r ^ and Mn^+

spin flip rates expected from the
known exchange couplings.

For T^TJJ we see reflected in T-]
the critical slowing down of the an-
tiferromagnetic mode towards TN in
these cubic salts.The great differ-
ence between ^ H relaxation in
NH4MnF3 and the

 87Rb relaxation in
the isomorphic salt RbMnF3 (2)
(dashed line in Fig.2) should be
noted. T-j for 87Rb does not change
at TN=82.9K because Rb sits on a
symmetry point in the lattice.The
critical relaxation should go as

T <* (T — T )

with p"1/3 for a three-dimensional
isotropic Heisenberg antiferro-
magnet assuming dynamic scaling (3) .
We find p=0.27±0.07 in (NH4)2IrCl6

from 2.2 to 4.2K and preliminary
P=0.3 in NH4MnF3 from 76 to 85K.

From 2.15 to 2.00K the Ti in
(NH4)2IrCl6 increases by more than
two orders of magnitude.This may re-
flect the rapid increase in sub-
lattice magnetisation below T^ (4).

Well below T^ in the Ir and
more clearly in the Re salt we find
T-|CC1/T indicating a direct one-
phonon relaxation process, made
possible by dipolar mixing of the
tunnel-split NH4 proton states (5).

Other NH4 salts may show criti-
cal relaxation for anisotropic and
low-dimension magnetic systems.
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RECENT ADVANCES IN THE HOMONUCLEAR

DIPOLAR DECOUPLING TECHNIQUE IN SOLIDS

Won-Kyu Rhim, D.~P. Burum, D.D. Elleman

Our effort of achieving higher reso-
lution in the homonuclear dipolar decoup-
ling technique has been quite fruitful.
As a result "of more thorough analysis of
various multiple pulse sequences a number
of high level pulse sequences are propos-
ed and they are demonstrated to produce
better resolved spectra in several proton
containing solids which were seemingly
impossible if those pulse cycles of earl-
ier generation were applied.

MREV-8 pulse cycle (1) was introduc-
ed in order to compensate the effects of
rf-pulse imperfections to which WAHUHA-4
pulse cycle (2) was susceptible. However,
as far as dipolar averaging power is con-
cerned, MREV-8 is identical to WAHUHA-4,
and this posed serious problem for its
applicability to proton containing solids
which display strong dipolar interaction.
Several pulse cycles have been proposed
in the past which removes dipolar inter-
action to the higher order (3), but none
of them remove all of the first order cor-
rection terms which are eliminated by
MREV-8, and so none of them exceed MREV-8
significantly in resolving power.

The pulse cycles we introduce in
this paper remove dipolar interaction to
the third order and also removes first
order cross terms which are removed by
MREV-8. The new pulse cycles are constru-
cted using solid echo pulse groups such as
-C-(?C/2) -Z-<&/2)_--C . For simplicity, they
will be expressed according to the rf pha-
ses as (XY). For versions of WAHUHA, which
we will call la, lb, 2a, and 2b can be
expressed as follows:

la= CXY) (YX),
lb=(XY)(YX),
2a=(YX)(XY),
2b=(YX)(XY).

Of course, lalb and 2a2b form two versions
of MREV-8. Using this notation the 24-pu-
lse cycle can be expressed by

*la*lb*2a*CYX)2a2b(XY),

and the 52-pulse cycle by

*la*2aXlalbX2b*lb*la*2aXlalbXlb*2b.

We studied the signal decay time
of CaF crystal as function of crystal
orientation, pulse spacing (f) and reson-
ance off-set. We noticed here
that even at (100) direction the decay
time is as long as 40 msec which corres-
ponds to less than 10 Hz line width.
Readers who are interested in detailed
discussion of these pulse sequences are
asked to refer (4).

One looks at the chemical shift spectra
of polycrystal ice and a single crystalof
ice both at liquid nitrogen temperature.
In the single crystaline lice study we
could identify all seven proton lines as
crystal orientation was varied. The chem-
ical shift tensors are the same for all
protons and they are axially symmetric
around 0-H...0 direction. The tensor
components with respect to water are 16+
0.5 ppm along the symmetry axis and -12.5
±0.5 ppm perpendicular to this axis.There
was -3 ppm isotropic shift with respect
to water and examination of spectral int-
ensity confirms that there is only one
hydrogen atom between all neighboring
oxygen atoms.

Present study for improved resolution
is by no means complete and further analy-
sis may be needed to advance one step fur-
ther in this ever challenging field.
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ABOUT THE ANTIFERROROTATIONAL LATTICE DISORDERING

INDUCED BY SPIN CONVERSION IN PHASE II OF SOLID CH,

P. Calvani, C. Casieri, F. De Luca, and B. Maraviglia

Solid methane at T<20.4 K and
p=0 has an f.c.c. structure made up
of two disordered sublattices (free
rotors, FR) and 6 antiferrorotatio-
nally ordered sublattices (oriented
molecules, OM) (1). Both the FR and
OM exhibit pronounced effects due
to spin conversion, with a quite
different time dependence (2). FR
have a conversion time from E and T
states to the A ground state which
is of the order of one hour, where-
as the OM conversion time is of the
order of a few days. Spin conver-
sion of OM is expected to cause a
decrease of the ordering molecular
field, which might produce a col-
lapse of the long range antiferro-
rotational order with a phase tran-
sition at Tj£1 K if some CH. mole-
cules are replaced by Kr (1;. In
fact the reduction of the molecular
field would not be sufficient to
produce a phase transition, but the
substitution of CH. with Kr would
leave the crystalline field almost
unaffected while reducing the anis-
otropic molecular field.

To detect this eventual phase
transition we measured the spin-
lattice relaxation time T. as a
function of time in several CH.-Kr
solutions at temperatures down to
0.5 K. As the disordering phase
transition should correspond to a
dramatic change in the energy level
system and also in their population,
we regarded T. as a sensitive probe
to detect it (3). Measurements with
Kr concentration up to 15% and with
an estimated degree of conversion
of about 50% did not show any evi-
dence of drastic variations in T\ .
As an example T. as a function of
time at three different temperatures
and 15% Kr is shown in Fig. 1.

There are two relevant new as-
pects which arise from these exper-
imental results:
1. The OM conversion time in CH.-Kr
solutions is shorter than in pure
CH. . It is worth noting that the

oxygen content of Kr (< 3 ppm) is
below that one of the high purity
CH. we used, thus excluding any
possible contamination.
2. The temperature dependence of
the conversion rate in CH^-Kr is
opposite to the one found in pure
methane by Higinbotham et al. (4),
at higher temperatures.

The time dependence of T. and
the fraction of converted molecules
were calculated by assuming that
the relative increase of T. is com-
pletely due to the increase of the
A molecules concentration. These in
fact relax through the T molecules
and thus they are a time dependent
load.

It seems likely to us that the
spin conversion, rather than produ-
cing a phase transition , might
result in a gradually increasing
short range disordering.

t(mm|

Fig. 1. T, vs. time in a

CH4 - 15
?
0 Kr mixture at three

different temperatures.
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NMR AND HEAT CAPACITY MEASUREMENTS ON 4-CH2D-PYRIDINE

H. den Adel and H.B. Bran

R.A. Wind and D.J. Ligthelm

I. INTRODUCTION

In 1972 Haupt (1) published the re-
sults on dipolar polarization in 4-methyl-
pyridine. This phenomenon appeared to be
strongly rooted in the symmetry rules
existing for nuclear relaxation, caused
by rotating or tunnelling molecules. To
investigate the role of symmetry further,
we have lowered the symmetry of the
methyl rotor by replacing one of its hydro-
gen atoms by deuterium.

II. EXPERIMENT

The NMR-data were obtained by the
90 - T - 90 pulse programme; specific
heat was measured from 0.2 K to 100 K in
an adiabatic set-up via the heat pulse
method.

III. RESULTS AND DISCUSSION

The recovery of the proton Zeeman
signal could within experimental error be
described by two exponents:

/ M o =

In table 1 the results with the a and X
coefficients are given for temperatures
between 12.8 K and 5.5 K at v = 25.6 MHz.

Table 1. NMR results

T(K)
5.5

6.6
7.2
8.0
9.2
10.2
10.8
12.8

1/T(K
0.182
0.172
0.164
0.152
0.139
0.125
0.109
0.098
0.093
0.078

-1 ) a
0.26
0.34
0.47
0.40
0.44
0.42
0.42
0.42
0.44
0.46

Xi(s
0.83
0.57
0.31
0.49
0.56
0.63
0.61
0.54
0.45
0.35

- 1 ,
Ms
0.091
0.048
0.027
0.032
0.031
0.031
0.026
0.022
0.018
0.013

-1,

As can be seen an anomaly in the nuclear
relaxation time is observed at 6 K. Further
measurements at v=10 MHz and an extended
temperature range are in progress.

In the heat capacity measurements a
peak is seen at 5.4 K of about 7.1 J/mol K.
Conversion times were short, in sharp
contrast to our results in non-deuterated
y-picoline. In Fig.l the data below 3 K
are shown. A good fit to these data below
1 K is possible, assuming a splitting
between ground state and first excited
level of 2.1 K and ground state and second
level of 4.2 K. The degeneracies are 3
(ground state), 1 and 1. These degenera-
cies are in principle simple consequences
of the possible combinations of the two
proton spins. However, there are strong
arguments to combine both nuclear states
with equal weight to the various rotational
states.

J
molK

0 — T— 1

Specific V« •* J ata •

2 K

The presence of non-exponential Zeeman
relaxation and the optimal fit obtained by
the presented level scheme suggest an
important role of the permutation symmetry
of the nuclear spins, even in this less
symmetric rotor case.
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THE NMR SPECTRUM FROM A PAIR OF COAXIAL PROTON TRIANGLES

P. S. Allen and D. B. Singh Ajmani

A system of 6 spins, I in the
form of a pair of coaxial triangles,
occurs in a number of molecular solids.
Two examples are cyclopropane and
lithium acetate. The dipolar spectrum
of such a configuration depends not only
on the equilibrium internuclear separa-
tions, but also on the motional proper-
ties of the triangular groups themselves.
These properties can be analysed in terms
of two interactions. The first is that
of an individual triangle with the
potential hindering its own C3 reorient-
ation and the second, is that of the
inter-triangle motional coupling. We
shall only consider here the case where
the first of these interactions is very
weak, i.e. nearly free rotors, and that
it is of 3-fold symmetry. In so far as
the second interaction is concerned, we
shall consider the two limiting cases of
(a) a rigidly fixed coupling and (b) two
completely uncoupled triangles. The
former limiting case can be realized in
cyclopropane and the latter is expected
to approximate to the situation in
lithium acetate.

Rigid Coupling:- Under a weak
trigonal barrier the motional eigen-
states will tend to free rotor functions
which can be classified under the
symmetry group C3. For a free cyclo-
propane rotor the first excited E state
is about 0.5K above the ground A state.
Because of the Pauli Principle, the
Rotor-Spin product wave functions
transform according to the A represent-
ation and as a result the 64 nuclear
spin functions are regrouped to give a
24-fold degenerate ground A state and a
pair of 20-fold degenerate E states,
'•/hen compared with the 3-line spectrum
of isolated triangles, the effect of the
inter-triangle dipolar coupling is to
split and shift outwards all 3 of the
lines giving rise to a 76-line spectrum
which generates a 4 peak profile when
broadened by inter-molecular fields.
The important feature of this spectrum
is the relative intensity of the inner
and outer peaks, since this depends on

the relative populations of the A and E
states and hence on the temperature and
the hindering barrier.

Uncoupled Triangles:- A weak tri-
gonal ~envTronment~wTTT~give rise to 9
symmetry elements which constitute a
symmetry group which is isomorphous with
the group C3 x C3*. The energies of the
system are now the sum of the rotational
energies of two independent triangles.
For methyl triangles, the first two
excited levels, each 4-fold degenerate,
would be respectively 7.5K and 15K above
the singlet ground state. The rotational
eigenfunctions of these 9 states trans-
form as one of the 9 irreducible
representations T\ •* Tq of the product
group. The 64 spin states are now
distributed to give a 16-fold spin
degenerate Fi ground state, four 8-fold
spin-degenerate states Y2 to ^ and four
4-fold spin-degenerate states Fg ->• Fg.
The resulting spectrum though similar
to that for rigidly coupled groups
differs in relative peak intensities,
because certain transitions present in
the ground state of the rigid system
have their analogues, not in the ground
state of the uncoupled system, but in
the much higher Fg to Fg states.

The common feature of the spectra
from the two limiting cases of coupling,
is their 4 peak appearance. The spacing
of these peaks is determined by the
geometry of the system. However, the
relative intensities is governed not
only by the temperature and the hinder-
ing barrier, but also by the degree of
coupling between the two groups. The
uncoupled groups have a significant part
of the inner peak intensity moved to
higher rotational energies and hence
made easier to discriminate against by
working at low temperatures. As a result
the spectrum temperature dependence, in
the region where kT a, rotational
energies, is capable of yielding
information on inter-group coupling as
well as on hindering barrier magnitudes.
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RADIO FREQUENCY INDUCED OPTICAL NUCLEAR POLARIZATION

IN ANTHRACENE-TCNB CHARGE TRANSFER CRYSTALS

J. Allgeier, V. Macho, D. Stehlik, H.M. Vieth

Photoexcited anthracene-TCNB
charge transfer crystals show high
optical nuclear polarization (ONP)
depending on strength and orienta-
tion of the external magnetic
field with a sharp peak in the ONP
amplitude at the level crossing
fields of the excited triplet state
(1) .

To obtain detailed information
on the ONP mechanism we started
additional ONP studies including
rf-saturation spectroscopy (rf-ONP)
(2). In the high temperature phase
(T> 206 K) we attribute the ONP-
peakwidth to transversal Zeeman
terms. The rf-ONP-spectra show
single homogeneous lines correspon-
ding to electronic spin flips.
Their widths are less than 2 MHz,
in agreement with earlier esr-ob-
servations (3).

Below the structural phase
transition a significant frequency
shift and broadening of rf-ONP
lines occurs. Since the position
of the rf-ONP-lines is very sensi-
tive to the molecular orientation
the angle between the magnetic in-
equivalent molecular stacks can be
determined.

From the analysis of rf-ONP
data we can conclude that static
hyperfine interaction is not re-
sponsible for ONP. Our results can
be explained, however, by a relaxa-
tion process induced by fluctuating
hyperfine interaction as proposed
by Schwarzer (4).
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ENHANCED NUCLEAR MAGNETISM IN HoVO

A. All sop , B. Bleaney, N . Nambudripad and N . J . Stone

G . J. Bowden

H.Suzuk i

HoVO. forms tetragonal crystals with
the zircon structure in which the Ho° ion
4f , I has a singlet ground state, pri-
marily |j = 0^ , with a doublet, mainly
| j = +l^>at21 cm"1 (optical measure-

ments (1)). Thus HoVO is a Van Vleck
paramagnet with large anisotropy, 5(j.̂ >>
%„. Enhanced NMR of ] 65Ho (I = 7/2)

has been observed at 500 MHz (2) and
fitted to the spin Hamiltonian

z z
+B Ix x y y 3

For Ho in YVO , (YX/2TT) = 1 5 26(3)MHz T"
|P/hJ 253(2)MH d { / 2 )

ForHoVO4, |P/hl =25 .9(3)
but the measured value of y de-

YX

|P/hJ = 25.3(2)MHz, and
20 MHz T"1

MHz,
pends on sample shape because of the
large internal field. Line widths are
close to those calculated from Van Vleck
(3) using the enhanced moments.

The shift in y with sample shape is
consistent with the induced electronic
moment of 2 . 3 2 * L per tes la , calculated
from the relation

VI' o:
The shift is mainly dipolar, with a small
amount of antiferromagnetic exchange.

The close relation between m and y
(equation 1) is used (4) to calculate the
interactions between the enhanced nuc-
lear moments. These are mainly dipolar,
with a small antiferromagnetic exchange
term, assumed to be equal for each of the
four nearest neighbours, and negligible
for other neighbours. On this basis an
antiferromagnetic nuclear ordered state is
predicted. A range of "puckered" four
sub-lattice arrangements has the same
energy as a pair of two sub-lattice arran-
gements with spin along [] 00] or [01 0] .
The Neel temperature is calculated to be
4.8 mK, assuming P to be positive.

R.F. measurements of the adiabatic
susceptibility (5) down to 0.1 K give a
value of magnetic specific heat in agree-
ment with that calculated from the NMR
results. Following adiabatic demagneti-
zation down to 2 mK, measurements of the
r.f. susceptibility (6) confirm the exist-
ence of an A.F. transition with T close
to the calculated value.

The Y~ray anisotropy from the long
lived isomer ] 6 6 mHo(I = 7) is studied by
nuclear orientation (7). From measure-
ments in fields up to 2 T at 45 to 65 mK,
the nuclear magnetic moment is determin-
ed as 3.60(5) n.m. Temperatures of
1 mK are reached after adiabatic demag-
netization. Studies of the nuclear order-
ed state confirm that it is anti-ferromag-
netic, with a spin arrangement consist-
ent with that predicted. The spin-flop
phase has been identified in fields of
order 1 0~2 T.
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MAGNETIC SHIELDING AND DIRECT AND INDIRECT SPIN-SPIN-COUPLING

IN SOLID CHALCOGENIDES STUDIES BY 3 3 S , 6?Zn, 77Se, AND 125Te

NMR

R. Balz, M. Haller, W.E. Hertler, W. Koch, 0. Lutz
A. Nolle, and R. Schafitel

In solid samples of ZnS,
ZnSe, ZnTe, CdSe, CdTe, HgSe, HgTe,
PbSe, and PbTe NMR investigations
with the nuclei 3 3 S , 67Zn, 77Se,
and ^25ipe have been performed. Care-
ful studies of line positions and
line shapes yield nuclear magnetic
shielding constants, anisotropies
of nuclear magnetic shielding, di-
rect and indirect isotropic and an-
isotropic spin-spin-couplings.

The shielding constants
show a characteristic behaviour
with atomic number (1,2). The in-
direct dipole-dipole-coupling is in
some cases much larger than the di-
rect coupling. An anisotropy of the
indirect spin-spin-coupling could
be resolved in powdered samples of
CdTe, HgTe, and PbTe. For this a
procedure has been developed which
has been confirmed by results from
single crystal spectra (3) .
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NMR OF 27A1 IN PARAMAGNETIC DyAl, AND GdAI,*

Y.B. Barash and J. Barak

N. Kaplan

The NMR properties of 27A1 were

measured in powder samples of DyA12 and

GdAl2 in the paramagnetic state and com-

pared with 27A1 NMR properties of these

materials in the ferromagnetic state.

The spectra were measured in the range

96K:?T$340K for DyAl2 and 200KsTsc350K for

GdAl2. At room temperature and above,

the spectra exhibited a well resolved

quadrupole structure. By fitting computed

spectra to these results, we could extract

the following parameters: the isotropic

paramagnetic shift K , the anisotropic

shift K , the quadrupole splitting vn and
ail y

the linewidth. Upon cooling the samples

towards the Curie temperature 0 ,the lines

broaden due to the distribution of the

demagnetization fields of particles of

different shapes in the powder samples.

This causes the quadrupole structure to

disappear at low temperatures.

K in DyAl2 follows a Curie-Weiss

law K = q(T-ec)-
1 with ec = 65K and

q = -8.57K. Using the measured suscepti-

bility x of DyAl2 (1), we obtained for the

hyperfine field in the paramagnetic state
Hhf = (3Kp/

8x)NwB = -3.3±0.1 kOe per Bohr

magneton yg. N is the Avogadro number.

This is in good agreement with zero field
27A1 NMR at 4.2K, which was observed at

29.8 MHz (2), and from which we calculated

the hyperfine field in the ferromagnetic

state H^f = -3.16 kOe/yB>

Our measured K values in GdAl2,

combined with those of Ref. 3, follow a

Curie-Weiss law with e = 170K and
c

q = -10.3K. For y = 7yg per Gd ion, one

obtains H^f = -7.3 kOe/yB which is in

excellent agreement with the ferromag-

netic H^f = -7.3 kOe/yB (4). The quadru-

pole splitting at 340K gives vg=557±2kHz

for DyAl2 and vQ=591±2 kHz for GdAl2. The

latter value is close to the quadrupole

splitting of 27A1 in ferromagnetic GdAl2

which when extrapolated to zero magneti-

zation gives vQ = 625 kHz (5).

The anisotropic shift K could not
all

be measured accurately. However, it

roughly corresponds, for both DyAl2

and GdAl2, to the calculated values for

the dipolar fields in these materials (2).

The spin-lattice relaxation time Ti

of 27A1 in GdAl2 is constant in the range

22OK<cT<:325K with ll = 110±8ysec. This

time is unexpectingly long since exchange

narrowing calculations yield Tj = 5ysec.
*This research was partially supported by
the U.S.-Israel Binational Science Foun-
dation, Jerusalem, Israel.
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NMR OBSERVATIONS OF DIFFUSION OF ATOMS OF LOW ABUNDANCE*

James R. Beckett, Jean Pourquie", and David C. Ailion

I. VERIFICATION OF STOKES-
AILION METHOD IN A POWDER

The rotating frame dipolar
relaxatin time T ^ D '» as introduced
by Stokes and Ailion 1, is expected
to show a striking dependence on
the effective field angle Q\ in the
rotating frame if dipolar relaxa-
tion is due to strong collision
diffusion of weak spins or atoms of
low abundance,
earlier found*
crystal doped
with CaF2,
has now been
observed in
a similarly
constituted
powder sam-
ple (Fig. 1 ) .
The relax-
ation is
due to K +

vacancy
di ffusion
and the
solid curve
is ca1cu-
1ated using
the theory
in Ref. 1.

Such a dependence,
in a KF single

Fig.

(^(degrees)

T1 D , vs . 6j 1n KF:0.1%

(powder) a t T = 495°K.

II. Ag + DIFFUSION IN AgF

We have also measured J-\ Q and
close to the "magic" angle in

an AgF sample over a temperature
range which includes the T I D mini-
mum due to Ag + diffusion as expected
from the ionic conductivity data

al Neither the T IDof Raaen et
minimum nor the similar strong
dependence of T-j p' was present (see
Fig. 2 ) . Thus the Ag + conductivity
contribution must be due to diffu-
sion mechanisms not strongly con-
tributing to NMR relaxation (e.g.,
interstitial Ag + diffusion or grain
boundary diffusion).

10

•D

ou

o

o
H

m - i

•
•

•
•. .•

T10,(e,a5l%) (Typical error borsj

T |0 (Typieol error ban)

AgF (powder)

i i i i i i i i r i

4 6 8 10 12 14
IO3/T (IC1)

Fig. 2: T,n,(51*) and T,n vs. 10
3/T In AgF (powder).

III. IMPURITY DIFFUSION

The T I D 1 technique has been
extended to Al-impurity diffusion
in Cu. Strong collision calcula-
tions of T I D ' ( O I ) are shown in Fig.
3 for Al direct interstitial jumps,
for Cu-Al substitutional diffusion
via direct interchange, and for lo-
calized jumps of Al-vacancy pairs,

of the temperatureMeasurements
dependence of
TID and TID'
performed in
Cu ribbons
doped with
2.8% Al show
only relax-
ation by el-
ectrons over
the tempera-
ture range
43-294K.

1.0

0.5,

Cu>S%AI
- Al interstitial

Al-Cu substitutional _
Al- voconcy pairs

v./
flj( degrees)

90

Fig. 3: T1D,(e,)/T1D1(O') for various
Al Jump mechanisms 1n Cu:3» Al.
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1 fiS 2^ 1 *3 ^

ENHANCED NMR OF Ho; NMR OF Na, Cs

AND ESR OF Ho3 + IN CsoNaHoClc
2 D

B. Bleaney, A.G. Stephen, P.J. Walker and M. R. Wells

Sung Ho Choh

In CsoNaHoClc the Ho3 + ion, 4f] ° ,
4 boccupies a site of octahedral symme-

try. The ground state is a doublet
cm
"1

and
The

3'with a triplet P. at 10.1
singlet P. at about 35 cm . J.,.^ , _
doublet is "non-magnetic" in zero field,
but is split in second order by the Zeeman
interaction. The unusual properties of
such a doublet have been explored theo-
retically, by ESR and by NMR.

From second order perturbation theory
the two energy levels are given by

(2a+ Kb)

where 9 4 4 4
K = 6(1 + m + n ) - 2

for a field B along (1, m, n). When B is in
a (110) plane at an angle 9 to fOOl] ,
K = 3 cos2 9 - 1 .

In Cs NaHoCl the splitting arises
almost wholly from matrix elements with
the low-lying triplet, and b = a within 1%.
ESR transitions between the two levels of
the doublet require a quantum

v2

and are allowed with an intensity which
O J 9

increases with B and varies as sin 9.
At 9.64 GHz a single broad line is obser-
ved, with line width parameter Av ^1 0
GHz. The ions Gd3 + , Ey 3 + , Er3 + , Yb3+

present as impurities give narrow lines
whose spectra confirm the cubic symmetry.

The enhanced NMR spectrum of
(I = 7/2) has been measured from 20 K
down to 0. 6 K at frequencies up to 750
MHz. A single line is observed; along
[ i l l ] , (v/2tr) rises from 0.7GHz T"1 at
20 K to 1 .98 GHz T"1 at 2 K. The varia-
tion is accurately proportional to the e le-
ctronic susceptibility calculated for x =
0.72, W = - 0.784 cm"1 , but the calcu-
lation is not sensitive to the exact values
of the Lea, Leask and Wolf parameters.

23The paramagnetic shifts of Na(I = 3/2)
and ] 33Cs(I = 7/2), which also lie on
sites of cubic symmetry, are accurately
proportional to (y - ^T)/2TT for ] 65Ho; i . e .
to the electronic susceptibility.

A special feature of a P_ doublet is
that the electronic susceptibility becomes
anisotropic at temperatures where the
splitting of the doublet is of order kT.
The thermally averaged magnetic moment
M per ion is

M = 2(g u ) 2 B [ 2a + Kb tanh (6/kT)]

B)' The presence ofwhere 6 = Kb(g M
such anisotropy, Increasing as T falls, is
confirmed by the paramagnetic shift of the
23Na resonance measured at B<vl .1 Tat
temperatures down to 0.6 K. It is obser-
ved also in the enhanced ^ ^ H o NMR, to
a lesser degree since B = 0.3 - 0 .4T ,
and 6 is smaller. The experimental fit to
the calculated curve, based on

= (Aj/g /*B)(M/B)

9 ̂
is less good than for Na , but consider-
able motional averaging over the two
electronic states must be present to acc-
ount for the observation of only a single
enhanced NMR line.
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ENHANCED NMR OF 69Tm AND NMR OF 3 1 P IN TmPO,

B. Bleaney, J . H . T . Pasman, S .H. Smith and M . R . W e i l s

TmPO is a tetragonal paramagnet in
which the Tm3+ ion, 4f] 2 , 3H f i has a s in-
glet ground s t a t e . Other low-lying levels
are shown in Table 1 .

TABLE 1

Energy levels of TmVO in degrees K

doublet

singlet

doublet

a

A3

A2

A i

(a)

208

110

44.2

(b)

-

1 22

40 .4

(c)

201

-

42

optical data for (Y,Tm)PO : Knoll (1)
•I T

raman data : Harley (unpublished)

far infra-red data : Holden (unpublished)

Using a variable temperature cryostat
enhanced NMR of ] 69Tm (I = 1/2) has
been observed from 4 to 30 K. The values
of (-y - y )/2ir are fitted to formulae

A+(BT~] +C)exp(-A]/kT) + D exp( - A2/kT)

1 + 2 exp (-A^kT) + exp (-A2/kT)

Computer fits using levels (a) or (b) yield
the parameters shown in Table 2, assum-
ing (-y /2-IT) =3 .52 MHz T"1 .

TABLE 2

The parameters A,B,C ,D in MHz T
-1

A
B
C
D

parallel
(a)
7.81

1660
-10
210

(b)
5 7.815

905
24

126

perpendicular
(a)

272.4
0

- 1 24
-1300

(b)
271 .

0
-20

- 2000

The fit to (Y/2TT) for the perpendicular di-
rection using (a) is marginally better than
with (b): for the parallel direction there
is little difference between the two. Cle-
arly the parameters A,B ,C ,D vary widely

with the values chosen for A , A9 .
31

NMR of P(I = 1/2) has been observed
from 5 to 40 K along foOlj and from 1 0 to
60 K normal to this axis . The paramag-
netic shift of the P resonance and the
enhancement of the 169 Tm resonance are
both determined by the susceptibility of
the Tm ion. Omitting a small correct-
ion for the local field at the Tm ion, the
relation between the measured values of
Y for the two nuclei becomes

[(YAI)-
1lp=Ap(gJVAJ)(Y- Vim •

Here A is the internal field at a P site
set up oy a moment of lyu on each Tm ion.
Values of the parameters Tor ] 6 9 Tm 3 + are
g = 1 .164 , A / h = (-) 393.5 MHz.

Plots of (Y/2TT) for 3 1 P against (Y /2IT)

for Tm, measured at the same temper-
a tu re , give straight l ines from whose s lo -
pes va lues of A_ for the cylindrical sam-
ple can be deduced. Table 3 l i s t s the
corresponding values D_ corrected to a
sphere .

TABLE 3

Values of D for 3 1 P in TmPO.

measured dipolar difference

parallel +0.1030 +0.0847 +0.0183
perpendicular -0 .0359 -0 .0424 +0.0065

The last column leads to a contribution
from transferred hyperfine interaction of
+ 0.010 (isotropic), plus an anisotropic
term about 1 0% of the dipolar term.
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RADIO-FREQUENCY STUDIES IN TmVO/

B. Bleaney and M.R. Wells

TmVO is a tetragonal paramagnet in
which the ground state of the Tm3 , 4f ,
^H ion is a non-Kramers doublet. For
(Y,Tm)VO an optical measurement (1)
gives g = 9 . 9 6 , while ESR (2) gives g =
1 0- 22(2^, A = (-)3.45(10) GHz for Z

169Tm (I=l?2).

Below the critical temperature T_ , the
doublet is split by a co-operative Jann-
Teller distortion, which reduces the sym-
metry (3,4). The two energy levels of
the doublet are then given by

W =+ | [ (g yU B ) + (elastic terms) J 2

Minimizing the free energy shows that

W = + i A = + i A _ tanh ( A/2kT)

whereprovided that B < B
Below T_,
dent of temperature with the value (BCB

, where g UJ^c = A •
the susceptibility fs indepen-

From the r.f. susceptibility at ~1 2
MHz, an improved value T = 2.15 6(5) K
is obtained. Below T the r.f. suscepti-
bility drops sharply at B=B ; this gives
an accurate determination of B , which is
found to follow a molecular field curve
very precisely. Above T the variation
of the adiabatic susceptibility provides a
measure of the magnetic specific heat,
which arises mainly from small random
splittings of the non-Kramers doublet.

Along foOlJ the paramagnetic shift
of the 51V (I = 7/2) NMR spectrum has
been measured as a function of T(T>T ).
The local field at both V and Tm sites is
deduced and shown to be mainly dipolar
in origin. Below T a small rhombic com-
ponent appears in the quadrupole splitting,
which confirms that the principal distor-
tion axes are [110] , [ i i o j .

The enhanced NMR spectrum of Tm
is observed only below T-ps and in the

(001) plane. It is strongly anisotropic,
again with principal axes [l 1 o] , [l 10"] .
The extreme values of (7.1./2ir) approach
95 and 25 MHz T"1 at T = 1 .5 K.

The splitting of the doublet at T = 0
is calculated to be A = 2kT = 2.997cm"1

Below T_ the lower singlet state is es t i -
mated to have (-y /2ir) = 2.75 GHz T"1

along [OOIJ , in good agreement with the
enhanced nuclear susceptibility (5) meas-
ured down to 25 mK. The nuclear mom-
ents are predicted (6) to order alongfoOl"],
either ferromagnetically at T = 0. 25 mK
for purely dipolar interaction, or ant i-
ferromagnetically at T = 0 . 28 mK if a
small amount of A.F. exchange is present.
However, no sign of nuclear order is ob-
served (5) down to 0 .1 mK.
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NUCLEAR MAGNETIC RESONANCE IN GdVO,

B. Bleaney, A.C. de Oliveira and M.R. Wells

At T = 2.495 K, GdVO undergoes a
phase transition to an antiferromagnetic
state containing two sub-lattices with
the Gd3+ spins (S = 7/2) aligned along
the tetragonal axis (1). At each ^ V
nucleus there is an internal field B. ar is-
ing from dipole and transferred hyperfine
interactions; below T , B. is proportion-
al to the sub-lattice magnetization of the
Cd3+ ions.

When a field B is applied along [00l]
the net field at a V nucleus is B+B. in
one sub-lattice and B-B. in the other at
T < T . The 51V (I = 7^2) NMR spect-
rum thus shows two sets of lines, each
with a quadrupole splitting into seven
lines. For B < B (the field at which
spin re-orientation occurs), the lines
move linearly with B, one set to higher,
the other to lower frequency, at rates of
10.921 (12) MHz T""1 . This is close to
the free nuclear value of 11 .1 93 MHz T"1.

When the output is taken from a phase
sensitive detector, the two sets of line
differentials have opposite phase and
cancel when they coalesce at B = 0 .
However, the absorption lines (width 0.8
mT) are directly visible on an oscillo-
scope with the same phase, and the fre-
quency v at B = 0 can be accurately deter-
mined to about 5 kHz.

In the fully ordered state (T « T ),
this frequency extrapolates to v =
13.06(3) MHz, corresponding to°B. =
1 .1 67(3) tesla. The difference between
this and the dipolar value of 0.77 tesla is
attribuated to transferred hyperfine inter-
action. Measurement of v as a function
of T (0.5 to 2.1 K) provides a direct and
accurate determination of the variation of
the sub-lattice magnetization, which can
be compared with theoretical predictions.

The reduced Brillouin curve derived
from molecular field theory falls appre-

ciably below the experimental curve.
Cook and Cashion (2) fitted their hyper-
fine field data (Mossbauer results) to a
T3 dependence. A curve of the form
v/v = 1 - 0.0442 T2 - 0.00492 T4 gives
a better fit to our more precise NMR data
up to T = 0.75 T .

The technique of Hornreich and Shtrik-
man (3) can be used to relate the varia-
tion of the sub-lattice magnetization to
the measurements (1) of the parallel sus-
ceptibility, and excellent agreement is
obtained over the whole range of the NMR
measurements.
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OPTICALLY DETECTED MAGNETIC RESONANCE IN MOLECULES IN

ARGON MATRICES

C. von Borczyskowski, A.J. van Strien, J. Schmidt,
and J.H. van der Waals

Optical spectroscopy of organic mol-
ecules solvated in rare gas matri-
ces has been reported some time ago
(1). But up to now Optically Detec-
ted Magnetic Resonance (ODMR) of
the lowest excited triplet state of
these phosphorescent molecules has
not been applied. For the first
time we observed ODMR for guinoxa-
line (Q) and naphthalene (N) depo-
sited in argon matrices at tempera-
tures of 5 K. Similar to the opti-
cal spectra, the ODMR spectra re-
veal distinct transition frequen-
cies which can be related to well
defined sites. The relative, inten-
sities of these sites depend strong-
ly on depositing rates and annealing
processes.

Recently some models have been
suggested to relate optical energy
distributions with microwave tran-
sition frequencies (2). With some
extensions these models can be
applied also to organic molecules
solvated in rare gas matrices.

As can be seen from fig. 1, the
correlation between relative opti-
cal energies and microwave transi-
tion frequencies is nearly the same
for N and Q for some of the sites,
whereas it is completely different
for some other sites.

A careful investigation re-
lates that part of the correlation
which is similar for both molecules
to intermolecular interactions
(crystal field effects) depending
on the size of the hole in the ar-
gon matrix into which the guest
molecules are substituted. That
part of the correlation which is
different for N and Q can be de-
scribed by intramolecular interac-
tions which are spin orbit coupling
to the nearby3 mi" state for Q and
-most probably- vibronic coupling
to higher excited triplet states
for N.

Assuming a spin orbit coupling
element of 10 cm~^ for Q (3), the in-
terpretation of the intramolecular
correlation part reveals that the
two coupled triplet states are
5000 cm"1 apart.

3-62

3.64
-200 -100 100 AE/cm"' 200

Fig. 1 Microwave transition frequencies

as a function of the phosphorescence

wavelength for naphthalene and

quinoxaline in argon at 5 K. The

optical energy is given relative

to the most intense s i te .

REFERENCES

1. J . L . M e t z g e r , B . E . Smi th and B.
Meyer , S p e c t r o c h i m . A c t . 25A, 1177
(1969)
2. J.c. Lemaistre and A.H. Zewail,
Chem. Phys. Lett. 68, 302 (1979)
3. W.S. Veeman and J.H. van der
Waals, Mol. Phys. 18, 63 (1970)

108



SPIN-LATTICE RELAXATION AND RESONANT

SPIN CONVERSION IN CH.

Brigitte Bouchet and Hans Glattli

The partially ordered low temperature
phase of CH4 contains two kind of sites.
Below IK, all the molecules on the desorde-
red sites (0n) are in their ground state
(meta or A, 1=2), since their first exci-
ted level is at 12K and transitions (spin
conversion) are fast. On the ordered sites,
spin conversion is very slow (1) and the
high temperature distribution of the spin
species (meta or A, 1=2 ; ortho or T, 1=1 ;
para or E, 1=0) remains frozen in on the
three levels of the ground torsional mani-
fold. Resonant conversion with CH3 radi-
cals, created by y irradiation at 4K, has
been used to convert CH4 down to 0.2K.
Conversion has been followed by relaxation
measurements.

In fact, of the two symmetry species
with a nuclear spin, the T species relax
fast due to modulation of the dipolar in-
teraction by molecular reorientation, while
the A-species can only relax through spin-
diffusion to T-species. In this case the
spin-lattice relaxation time can be writ-
ten^)

'l - 'l l-̂ A + VV ' KT

where T is the relaxation time of the T
and PT are the populationsspecies and P. ana ry are trie populations

of the A and T species respectively. Ti is
thus a sensitive measure of the T-species
concentration, especially for small Pj.

We report measurements of Ti at cons-
tant PT as a function of temperature be-
tween 0.5 and 0.08K. In the range investi-
gated (.05%<Pj<2%), theseTmeasurements
indicate a dependence of T[ on T and Pj.
The temperature dependence is the stronger
the smaller Py and in any case TJ is mono-
tonically decreasing with increasing T and
Pj. The time evolution of Tj at 0.2K as a
function of magnetic field gave the follo-
wing results. The field, at which the re-
sonant conversion A+T is fastest (dTj/dT =
max) increases during conversion, indica-
ting an increase in the A->T leyel split-
ting (AAy) at small Pj, as predicted by
molecular field calculations^). The in-
crease is 6%[AAT/k=1.73K for Tj= 1 sec

(PT
(PT

« 10"1) and 1.85K for
« 5 10-4)].

= 500 sec

Resonant E->T conversion has been
observed in the following way : through
resonant A->T conversipn, a sample can be
prepared with very low Py(long Tj) but
with a frozen in high temperature concen-
tration of E species. The resonant E->T
conversion can then be seen by a decrease
in T]_ as soon as the field is switched
from the resonant value of the A->T split-
ting (13 KG) to the resonant value of the
E->T splitting. From the maximum in
-(dTj/dT) as a function of field, we find
for .the E+T level splitting AET=0.95±0.1K,
close to the value obtained by inelastic
neutron scattering(4).
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OPTICALLY DETECTED NOR ROTARY

ECHOS IN ZERO FIELD

H. Brunner and K.P. Dinse

The availability of single-mode la-
sers with a linewidth of less than
1 MHz opens new possibilities of
high-resolution spectroscopy in the
solid phase. For instance it is pos-
sible to align a nuclear spin sy-
stem by irradiating the sample with
an optical field within the inhomo-
geneously broadened transition. At
a temperature of appr. 1 K, the horn,
linewidth T ?(opt.) can be much
smaller than typical hfi splittings
(1) thus allowing for nuclear spin
selective optical excitation. The
electronic excited state can decay
via various radiative and non-ra-
diative channels back to the ground
state. Different hfi in the electro-
nic states usually lead to apparent
T relaxation rates although the
electronic transitions can be con-
sidered as nuclear spin indepen-
dent. As was first shown by Erick-
son (1), optically aligned guadru-
pole spins can be produced using
the idea of a generalized Overhau-
ser effect, and later Shelby et al.
(2) detected nuclear spin transients
monitoring the absorption from the
pumping optical field. Due to the
effective optical hole-burning me-
chanism, absorption changes £ a of
up to 5% can be obtained for a Pr ;
LaF.. sample. Defining a pseudo-mag-
netization M proportional to the
population difference t N of ground-
state nuclear spin levels, a rela-
tion a~ h N can be derived. The app-
lication of a resonant nmr field _̂
leads to a transient nutation of M,
however, because of nmr field inho-
mogeneities the_jdetermination of T-o
was prevented. "FT can be refocussed
in the fictitions x,z plane by chan-
ging the phase of the driving nmr
field by n at t= (nr+1/2) leading

to the observation of rotary echo
trains (3). This refocussing leads
to an increase of the coherence de-
cay time T 2 S by a factor of appr.
20, the main effect being due to
the removal of the B. field inhomo-
geneity. Varying tr from 400 to 4ns,

T 2 5 increases from 300(50) to _.
1000(50) M-S. Taking T~'= ^(T1 +T~ )
(all T being defined for the 15.68
MHz transition), T 2 § is clearly
determined by T, at 1.2 K. T, was
measured as 17 us (2) and interpre-
ted as arising from Pr/F dipolar
interactions. Due to spin decoup-
ling in the rotary echo experiment,
this interaction would be removed
ideally, leaving only the homonuc-
lear Pr/Pr coupling. The observed
f-dependence of T ? 5 reflects the
spin diffusion dynamics within the
fluorine system not being complete-
ly decoupled from Pr even under
high nmr power (N = 1 •4 kW, u> =
300 kHz, Inhom. wiSth = 180 kHzY.

transient nutation

00 t//<s

Optic, detected transient nutation

3"and rotary echo train of Pr~"' :LaF
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AT LOW T AS A PROBE TO DETECT THE SITE SYMMETRY

IN PHASE II OF SOLID CH4

P. Calvani and F. De Luca

According to EJK model (l),the
symmetry of the orienting field in
phase II of solid CH. is dihedral
(D-,), and the librational ground
state of the oriented molecules T,
(1 = 1) - degenerate in a T, field-
is split by AE=fLu)-,=O .01 K. Such a
splitting was not detected by IR
(2) and INS (3) experiments, but
the sensitivity of these methods is
probably too low. Then, presently
no unambiguous experimental deter-
mination of the symmetry of phase
II is available.

Here, we suggest that the pro-
blem might be solved by an NMR le-
vel crossing experiment, in which

(1)

2T, " ) T = (27/320) (d/-nr(0.6){J(u)) +
d

4J(2 %)} . (2)

In Fig. 1, Eq. (1) (solid line) and
Eq. (2) (dash-dotted) are compared
with the existing data. An exponen-
tial correlation function is assum-
ed, with a single T associated to
twofold reorientations; the faster
threefold reorientations are assum-
ed to give a negligible contribu-
tion to the relaxation at low T.
The only parameter employed in the
plot is T, which in case of 'Eq.(l)
turns out to be 3.6x10 s. This

value is in agreement with theory
(5) and permits to explain the ob-
served T. vs. T behavior. In Fig. 1
is also shown (dashed line) the
curve obtained by Nijman (4) under
the assumption of identical reor-
ientation rates about twofold and
threefold axes in a T, field.

As one can see, the EJK theory
is in good agreement with experim-
ent, even if only measurements at
higher NMR frequencies might detect
unambiguously the symmetry of phase
II in solid methane.

at high Larmor T"to measure T, vs. co
frequencies and low°T. In fact, at
liquid helium temperature, T, is
determined by magnetic transitions
within the T,ground level of the
oriented molecules, namely the sta-
te under investigation. If the EJK
model predictions are correct, then
a first, sharp peak in T-, is ex-
pected to occur at oi = u,/2, about
100 MHz. Basing upon Nijman's cal-
culations (4), one shows (5) that
for the two symmetries one has:

T " X ) n = (27/32O)(d/fi)2(O.2){J(Un)1 U2d °

20

-1F i g . 1 . T, v s . NMR f requency fo r
d T ( d h d d d h d d )

50 100
i{(MHz)
(solid line)Fig. 1. T, vs. NMR frequency for D^A (solid line)

and T , ( dashed and dash-dotted), as compared with
the existing data: square (6), triangles (7), cir-
cles (8), star (4).
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NMR-STUDY OF HfV,.H

Ding Datung ' ) , T.O. Klaassen, N.J. Poulis, D.Davidov " ) ,

The intermetallic compound HfV2 ab-
sorbs large quantities of hydrogen (up to
x >, 4) and exhibits the laves phase struc-
ture (C 15) whiah does not change on hy-
drogenation. The influence of hydrogen ab-
sorption on the electric properties is
studied through C.W. and pulsed N.M.R. ex-
periments on the Sly nuclei from ambient
down to helium temperatures. At room tem-
perature fast hydrogen diffusion occurs
which leads to a well resolved quadrupole
spectrum of -*'V in the non stoichiometric
system HfV2.Hx O . Below T * 150 K the
diffusion vanishes gradually as a result
of which the quadrupole spectrum broadens
considerably. The value of the electric
field gradient at low temperatures had to
be obtained from the analysis of the cen-
tral transition (Amj=+j->-|) lineshape *•'.
Only for x=4 quadrupolar satelites could
be detected clearly, from which it is con-
cluded that only for that compound all of
the vanadium nuclei experience equal qua-
drupolar interactions. For that same com-
pound it was deduced from the complicated
shape of the central transition that the
quadrupole asymmetry parameter rî O. The
contribution to the EFG tensor from fully
(proton) occupied e-sites ') should have
axial symmetry (ri=0). Therefore for x=4
the protons have to be situated orderly in
the tetrahedral g-positions only. This
conclusion is in agreement with neutron
diffraction results on the analogous sys-
tem ZrV2-Hx -') and confirms earlier ten-
tative results from proton relaxation data
on HfV2.Hx ' ) .

The positive 5'v Knightshift increases
continuously with increasing x, both at
high and low temperature. This reflects a
decrease of the negative d-electron core
polarization to the total shift, indica-
ting a decrease of the d-electron density
of states at the Fermi energy N^(EF). The
nuclear spin lattice relaxation rate T7'
consists of two parts: TJo due to the
fluctuating part of the quadrupole inter-
action and Tyl resulting from the usual
electronic contributions ^'• A preliminary
analysis of Tj as a function of x and
temperature shows that at roomtemperature
TJQ increases and TJg decreases with in-

creasing x. The latter is most probably
due to a decrease of N^Ej,). For x=4 at
roomtemperature T]"^ = 480 s~' .

The observation of a decrease of
Nj(Ep) is consistent with the sharp de-
crease of the superconducting transition
temperature upon hydrogenation.

A pulsed N.M.R 300 K
• C.W N.M.R 300 K
• C.W N.M.R 4.2 K

Vq

" v Knightshift and electric quadrupole

interactions as a function of hydrgen content x.
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TEMPERATURE DEPENDENCE AND ANISOTROPY OF

TRIPLET SPIN-LATTICE RELAXATION IN

ACRIDINE DOPED FLUORENE SINGLE CRYSTALS

F. Fujara, R. Morehouse, W. Vollmann,
and C. Winscom

Spin-lattice relaxation rates
of photoexcited triplet states are
measured using the technique of de-
layed ESR spin nutation (1). A la-
ser pulse at t = 0 creates a magne-
tization Mz (t = 0), which decays
in the course of time. After a time
t a strong microwave is switched
on. The initial value of the resul-
ting ESR nutation signal is propor-
tional to M z(t). In high magnetic
fields (K-band) Mz(t) decays expo-
nentially with a time constant 3W,
where W is the relaxation rate be-
tween two neighbouring Zeeman lev-
els.

W has been measured for acri-
dine dg doped in a fluorene h-|g
single crystal in the temperature
region from 20 K to 300 K. Fig. 1
shows the temperature dependence
of W for the magnetic field paral-

Fig. 1 Temperature dependence of W

lei to the long and to the short
in-plane molecular axis (x and y,
resp.). The dominating relaxation
process can be described as an Or-
bach process with intermediate
states separated from the lowest

triplet state by about 60 cm and
250 cm"1.

The orientation dependence of
W with B within the molecular x y-
plane at T = 300 K is shown in
Fig. 2.

w/rj

S-40

Fig. 2 Orientation dependence of W

The concept that the orienta-
tion of the fine-structure tensor
in an intermediate state is differ-
ent from the one in the lowest tri-
plet state has been successful for
naphthalene in durene at low tempe-
ratures (2). An analysis of Fig. 2
yields that the orientation depen-
dence can be explained only if the
mentioned concept is completed by
allowing also the fine-structure
parameter D to be different in an
intermediate state. Indeed, a
change in D can be derived from the
experimentally determined tempera-
ture dependence of D.
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ANALYSIS OF ESR TRANSIENT NUTATION IN MOLECULAR CRYSTALS

R. Furrer, F. Fujara, C. Lange, D. Stehlik,
H.M. Vieth and W. Vollmann

This contribution presents the
observation and analysis of the
transient ESR nutation signal of
the photoexcited state of acridine
doped in a fluorene crystal matrix.

The experimental method is si-
milar to the one used by Kim and
Weissman (1). A high electronic po-
larization is created by pulsed N2-
laser excitation. The corresponding
moment vector precesses around the
applied cw rf-field B-| in the rota-
ting frame. The experiments are
performed in the K-band region with
maximum B-| amplitudes of about
0.25 G (180 mW). The ESR spin nuta-
tion signal S(t) is shown in Fig. 1.

ESR - Signal

0

2-10" 6 s

Fig. 1 ESR transient nutation sig-
nal of acridine dg in
fluorene dgh2, T = 220 K

S(t) can be described as a
superposition of transients corres-
ponding to all spin packets within
the inhomogeneous line profile f (ou)

and can be approximated for very
broad inhomogeneous lines by

S(t)~M z(t) f(u») e"t/2T2

being an exponentially damped Bes-
sel function of zeroth order. For
a line with a finite inhomogeneous
width Q > (ju-j the theoretical rise
time of the signal is of the order
Q~1. In the case of fully deutera-
ted acridine an Q of 5 G yields a
rise time of less than 10~7 Sm A
fit of the equation above to the
experimental curve (see Fig. 1)
yields for the present case a near-
ly temperature independent (10 K
... 300 K) T 2 value of about 1.3 •
10-6 s.

Applications of the spin nuta-
tion method to the study of spin-
lattice relaxation and the kinetics
of photochemical processes are pre-
sented in separate contributions.
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RADICAL PAIR FORMATION AND DECAY AS STUDIED BY

ESR TRANSIENT NUTATION

R. Furrer, F. Fujara, C. Lange,
D. Stehlik, and W. Vollmann

The separately presented ESR
nutation technique is applied to
the study of a photochemical radi-
cal pair formation in an acridine
doped fluorene single crystal. This
radical pair had been observed ear-
lier by ESR and ONP (1), it is
formed by hydrogen transfer from a
neighbouring fluorene host molecule
to the guest molecule. By the pre-
sent spin nutation experiments we
investigate the kinetics of forma-
tion and decay of the radical pair.

Fig. 1 shows the spin nutation
signal as it has been measured at
T = 300 K, the magnetic field being
oriented along the crystalline c-
axis.

Fig. 1

t/KPs

Spin nutation signal of the
radical pair triplet state.

This radical pair signal dif-
fers from the guest monomer signal
(2) within several features:

- The amplitude of the radical pair
signal is several hundred times
smaller.

- The radical pair signal extends
to a much longer time scale.

- No oscillatory behaviour is found
in the radical pair signal.

- The signal inverts sign after a
few microseconds.

All characteristics of the
signal can be well understood with-

in the following model which may be
proposed for the kinetics of the
radical pair.

The population of the radical
pair triplet sublevels is non-se-
lective whereas its decay is selec-
tive. The experiment sets an upper
limit of 10~° s for the rise time
of the signal. The decay time of
roughly 3 • 10~4 s represents the
life time of the radical pair
state.

Two mechanisms for the crea-
tion of the radical pair are dis-
cussed:

- The radical pair is created fast
(< 10~6 s) after the laser pulse.

- The radical pair is formed by
conversion from the monomer tri-
plet state during its lifetime.

The analysis of these two pos-
sibilities shows that the first
mechanism is the more probable one.
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DYNAMICS OF HYDROGEN BONDS IN MOLECULAR SOLIDS

F. Graf, B.H. Meier and R.R. Ernst

I. INTRODUCTION

It is known from x-ray and neutron
diffraction data that many carboxylic
acids crystallize in structures built up
from dimeric units hold together by a pair
of hydrogen bonds. However, diffraction
methods do not allow one to decide whether
the often observed disorder associated
with the carboxylic dimer is dynamical or
static (1). We have investigated the prob-
lem of the hydrogen dynamics in hydrogen
bond systems by solid state NMR as well as
by ab initio calculations of the molecular
potential and of the tunnelling frequen-
cies.

II. MEASUREMENTS ON POWDERS
AND SINGLE CRYSTALS

Thermally activated proton exchange
processes have been found by means of pro-
ton relaxation measurements in carboxylic
acid dimers (benzoic acid, p-toluic acid,
terephthalic acid and tetrafluoro-tereph-
thalic acid). At very low temperatures,
however, quantum mechanical tunnelling is
dominating. This is demonstrated by Fig.1.
The relaxation time J1 (A) of p-toluic
acid, deuterated in ring positions and
methyl group, shows two minima, the one
at T = 100K being due to double proton ex-
change, the one at T=35 K due to the CD3
rotation. Both processes evidently are
thermally activated. The proton dipolar
spectra (B), on the other hand, show that
even at 6 K the double proton exchange is
still fast,indicating a tunnelling pro-
cess.

III. CALCULATION OF INTRAMOLECULAR
POTENTIAL FOR DOUBLE PROTON TRANSFER

Existing calculations on the proto-
type formic acid dimer imply an excessive-
ly high potential barrier of 50 kcal/mole
(2). We have performed an extensive geo-
metry optimization of the transition state
of the formic acid dimer with two diffe-
rent basis sets (ST0-3G and 4-21G) and

obtained more realistic values of 15 and
12 kcal/mole, respectively.

IV. CALCULATION OF TUNNELLING FREQUENCIES

Semiclassical treatments have so far
led to unreliable predictions of the tun-
nelling rates for hydrogen bond dimers. A
numerical ab initio method, recently deve-
lopped by Meyer (3), has been used to es-
timate the vibrational ground state split-
ting. It is found that structural relaxa-
tion along the reaction coordinate lowers
the tunnelling rates from 108 sec"1 for
the rigid case to approximately 103 sec"1

for the situation with structure relaxa-
tion.

50.-

40.

30.

20.

10/

A. Spin lattice proton relaxation tin»
of p-tcluic acid-d, as a function
of the inverse temperature.

ingle crystal at three

<CD3C6D4C°2H)2

10J/T[K"

24 kHZ
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DOPED ICE AND NATURAL SNOW - A 'H-NMR STUDY

Hans C. Gran , Eddy W. Hansen , Bjorn Pedersen ,
Hans M. Seip + and Dag Slotfeldt-Ellingsen"1"

It has previously been shown that an
acid or salt doped in pure ice has a marked
effect on T^ of the ice protons (1,2). In
this work further measurements on doped ice
have been carried out in order to utilize
T] to detect impurities in natural snow
crystals.

Acids and salts dissolved in destil-
led, ionexchanged water (10"3 - 10"° mole-
cular ratio) were rapidly frozen by quench-
ing in liquid nitrogen (some samples were
also frozen at higher temperatures). Tn was
measured at 10 MHz between -2°C and -65°C.
Some results are shown below:

500
(s)
100 -

10

ea
s

0.1

= r = : : ~ ; »HCI (Frozen at - 5°C)

llFrozenat-195°C)

HBr(Frozenat-l95°C)

10" 0~5 10 10"J

Concentration (Molecular Ratio)

These results show that the number of
lattice defects created by the dopant
strongly depends on the freezing rate. By
slow freezing, few impurities are trapped
in the lattice. Relatively large molecules
or ions may be rejected from the ice lattice
during freezing. It is reasonable that this
explains the long T] for Na2S04. It is also
possible that different dopants may create
lattice defects which interact differently
with the ice protons. This is believed to
explain the difference between HBr and HC1
doped ice. The relationships between T-j and
temperature and concentration in HBr doped
ice indicates that the dopant creates a
thermally activated defect which does not
interact with the intrinsic defect in ice.
This conclusion is based on defect models
proposed by Barnaal et al. (1). In the case
of HC1 doped ice, interacting defects seem
to exist. These complicated relationships

will be discussed in more detail elsewhere.

Compared to pure ice, T] for newly
fallen snow is relatively short, decreas-
ing with air impurity level. The Ti data
on doped ice show that this can only be
caused by impurities in the snow crystal
lattice. Quantitative conclusions are dif-
ficult due to the complicated relationships
between T-j and impurity type, concentration,
freezing rate, etc. Thermal annealing under
natural conditions (spring) leads to a
gradual increase in T-| in all snow layers.
Again, this can only be explained by a
general purification of the snow crystals.
(A typical estimate is a decrease in impu-
rity concentration by a factor of 100 to
1000 during the annealing period.) Measure-
ments by other techniques heve shown that
the impurities rejected from the lattice
dissolves in the first meltwater, giving
rise to a much higher concentration in the
first runoff water than originally in the
snowpack. This process seems to have im-
portant ecological consequences (3).

Kvlividze et al. have previously ob-
served a liquid-like phase in ice, attri-
buted to surface effects (4). Of special
novelty is the observation of a similar
liquid-like phase in doped ice caused by
the dopant. The amount of this phase in-
creases with increasing impurity concen-
tration and temperature and is observable
far below the ice melting point (at least
down to -35°C). Further investigations
are in progress.

REFERENCES
1. D.E. Barnaal, M. Kopp and I.J. Lowe,

J. Chem. Phys. 65, 5495 (1976).
2. D.E. Barnaal, Private communications.
3. M. Johannessen and A. Henriksen, Water

Resour. Res. 14, 615 (1978).
4. U.I. Kvli.vidze, V.F. Kiselev,

A.B. Kurzaev and L.A. Ushakova,
Surface Sci. 44, 60 (1974).

117



THE EFFECT OF THE MOLECULAR MOTIONS ON THE CROSS RELAXATION
RATE IN NMR - DOUBLE RESONANCE

R. Grosescu

The theory of the cross relaxa-
tion in the double resonances has
been developed in the case of an
ideal rigid lat t ice. The influence
of the molecular motions on the
cross relaxation rate was not ta-
ken into account /l,2//>i,a number of
papers /3,4/ in which the cross
relaxation rate was determined ex-
perimentally and compared to that
predicted by theory, the molecular
motion was not taken into account
only qualitatively (e.g. the fast
hindered rotation leads to an
averaged dipolar interaction which
in turn is used within the frame
of the rigid lattice theory). This
note presents an extension of the
rigid lattice theory for the case
when I , S spins belongs to moving
molecules.

We shall consider a system of
two different spin species I and S
the first beeing in a state of di-
polar order at low temperature and
the second is irradiated by an in-
tense r.f. field H, near resonance
frequency <A/S = t"s//„ ini t ial ly
beeing at high temperature. The
two reservoires are coupled by the
dipolar term. The rate of the flow
of energy between them is given by,

where Qc*) are the usual lattice
terms in Zfrs . The molecular mo-
tion renders these terms time de-
pendent which may be considered
stochastic and stationary. If the
functions /̂«V fluctuate around a
mean value A" and can be described
by a correlation time ^ the ?& f

can be splitted in two terms,

second moment, which now is calcu-
lated with the mean values ^ . One
can see that the second term is due
to the motion and can not be ne-
glected apriori; i t is important
whenever the r a t i o ^<£3C'((>'>/'2- Q%

is large (NĤ  , CH3 rotations). This
term is essentially a spin lattice
relaxation: the two reservoirs ex-
change energy via the lattice. The
above expressions are valid as long

~&c <:<: To . If i o « Zc_ the f i r s t
term i s not changed and the second
term becomes

In th i s case (fc< Jg~ contains
no more d e t a i l s about motion but
nevertheless can bring contr ibu-
t ions to "ZsZ* .

The first term coincide with the
rigid lattice case (1) except the
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MAGNETIC RESONANCE SATURATION IN SOLIDS AT FINITE TEMPERATURES

a theoretical description

L.J. de Haas and W.Th. Wenckebach

In this paper we will outline the ex-
tension of the magnetic resonance satura-
tion theory of Provotorov [ 1 ] to finite
temperatures. A more detailed discussion
will be given in future publications [2],

A magnetic resonance saturation expe-
riment can be described by the Hamiltonian
[1]:

3€(t)=col ) cos utl +X (1)

where tô  = yHo represents the static field
HQ, and uj is the amplitude of the hf field.
JĈ  represents the pair interactions and can
be thought to be of dipolar magnetic ori-
gin. The effects of prolonged irradiation
with the hf field oi] are observed by deter-
mining the response of the magnetization to
an hf field of relatively short duration as
a function of its frequency u. We will as-
sume that this response is equal to the li-
near response to this hf field obtained by
starting from an initial density operator
determined by two parameters, "spin-tempe-
ratures", a and 0 [ 1 ], [3]

p(a,g) = (2)

(Z is determined by Tr p(a,3) = 1). From li-
near response theory [ 4] it follows that
our assumption implies that the expecta-
tion value of Ix: IxCt) = Tr p (t)Ix where
p(t) is the true density operator of the
system equals

Ix(t) = Re[ X(u|a,6)exp(iiot) (3)

By means of a scalar product for operators
[4]:

(A,B) = dXTr p(a,g)A+exp(XL , )B (4)
a,p j err

where Leff B =[C«OLIZ
 + 3̂ f<j»̂  1 > w e c a n ex~

press x in the Laplace transform &(u|a,g)
of C(t) = (ix,exp(iLot)Ix) g(L0AE
[K(t)| A]):

a and 3 will be determined by the condition
that the expectation values of I z and 3Cj
calculated with the^ "true" density opera-
tor: Iz(t) = Tr p(t)Iz etc. are equal to the
"averages" <iz>a g calculated with p(a,6)
which means that a and 8 must depend on
time. By taking the time derivatives of the
two conditions the time derivatives of a
and 3 can be expressed in those of Iz(t)
and Jf,j(t). These in turn can be expressed
in Ix(t) and Iy(t) [5] for which we can
use (3) and its equivalent for Iy, closing
the equations for a and 3. The final equa-
tions become

AI > oa+z z a,3 a,3

Re C to | (a, 3) [ aa^-3 (a)L-a)) ]

AJf,> o a
z d a , 3

<AJf,AJC,> -B ]/(OO-<DTd d a , 3 L
(6)

<AIzAIz>a

3 < I ]
a g is the^partial derivative

3/3a<Iz>a]g with AIZ = i?-<Iz>a,3^
In the

high temperature approximation <AIzAJQj> = 0
and C is independent of a and 3: equation
(6) reduces to the Provotorov equations.
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HIGH RESOLUTION 1 3C NMR IN SOLIDS AT HIGH MAGNETIC FIELD:

EXPERIMENTAL ASPECTS AND CHEMICAL APPLICATIONS

G.R. Hays, R. Huis and A.D.H. Clague

Cross-polarization/magic angle
spinning 13c NMR has been carried
out at a field of 7.05 T on a CXP-
300 spectrometer.

Although a higher magnetic
field usually means greater
sensitivity and a better spread of
chemical shifts, it also results in
a greater chemical shift anisotropy
and hence requires faster sample
spinning. Spinning speed, stability
of both spinning speed and angle
and spinner materials are therefore
important considerations and will
be discussed. Details of our magic
angle adjustment will be presented
together with information regarding
our sample rotors. These are now
fashioned from boron nitride, which
circumvents problems concerning
rotor background signals and the
use of soft materials not suitable
in our spinning configuration.
Although boron nitride is a soft
material itself, wear is minimised
by the use of a methacrylate glue
coating. This coating allows rela-
tively fast spinning (>4.5kHz) and
if wear should occur the rotor can
be recoated.

Chemical applications to be
discussed include the elucidation
of conformational information in
crystalline organic compounds such
as substituted dihydropyridines and
the parent pyridinium ions. Work on
rubbers will also be presented,
where competing effects sometimes
result in a straightforward FT
experiment with MAS being prefer-
able to the use of cross-polariza-
tion.
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HH/HD/DD-KINETIC ISOTOPE EFFECTS AND VIBRATIONAL HYDROGEN

TUNNELLING IN MESOTETRAPHENYLPORPHINE

JLirgen Hennig and Hans-Heinrich Limbach

We have recently studied the
kinetics of the HH and the DD migra-
tion in meso-tetraphenylporphineTPP
(fig.1) by dynamic NMR-spectroscopy
(1). The anomalous Arrhenius curves
were explained by a vibrational mo-
del of tunnelling between quantised
NH (ND) stretching states. At low
temperatures the HH-migration pro-
ceeds by gound state tunnelling, at
high temperatures by tunnelling from
the level VNH=1 (2). The DD-migra -
tion proceeds from the level V|\JQ=2.
The experimental tunnel rates pro -
vide the hydrogen transport distan-
ces (3) which are in good agreement
with the crystallographic data for
the case of a synchronous motion.

Though no influence of the sol-
vent polarity on the rate constants
was observed nothing is known at
present about the influence of spe-
cific solute - solvent interactions

3.00 4 .00

103/T

5.00

Fig.1 Arrhenius diagram of the
hydrogen migration in TPP.
middle: experimental and calcula-
ted curve of TPP-HD in CDC1-. and
tetrahydrofuran-dgj upper and
lower curve: TPP- HH and TPP-DD
token from ref.(i).

on the tunnel rates. There are in-
dications^) that the rate constants
are lowered below 200 K on the addi-
tion of CHC12F.

In fig.1 and 2 we present now
rate constants of the migration in
TPP-HD. We obtain very unusual iso-
tope effects. At high temperatures
k (HD) s* k(DD) , whereas at low tempe-
ratures k(HD)> k(DD). These results
can only be explained by the propo-
sed model of tunnelling. At high
temperatures the migration proceeds
from the level vND=2, at low tempe-
ratures from VND =1 . This last term
is not observed for the DD-reaction
because of the higher mass and the
lower tunnelling pobability.

240

-2.0 - 3.0 6/ppm

Fig.2 Superposed experimental and
calculated NMR-signals of the
residual inner protons of 95%
deuterated TPP-1 5 N 4 at 9O MHz.
Between 1 and 4 % of the signal
intensity arises from TPP-HH.
k : rate constant.
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PHOTOCHEMICAL HYDROGEN-TRANSFER REACTION IN ANTHRACENE

DOPED FLUORENE CRYSTALS; ONP DETECTED RF-SATURATION

SPECTROSCOPY

D. Hoffmann, V. Macho, D. Stehlik, H.M. Vieth

After photoexcitation in doped
fluorene crystals radical pair tri-
plet states have been observed re-
sulting from a hydrogen-transfer
reaction (1). The analysis of this
elementary solid state reaction has
been complemented by radio frequen-
cy induced Optical Nuclear Polari-
zation (rf-ONP) studies for differ-
ent guest molecules. Here we report
results for partially deuterated
anthracene guests.

Saturation of forbidden ESR-
transitions generates population
differences between the nuclear
Zeeman levels which can be de-
stroyed by irradiating a second
frequency v2 . By monitoring the ONP
amplitude as a function of v2 one
obtains the NMR spectrum in the ex-
cited triplet state (fig. 1).

2

ONP

From the angular depencence of
these NMR transitions (fig. 2) we
obtained hfs-tensor elements for
three of the relevant protons:
a) For the hfs tensor of the fluo-

renyl proton we found

A* =-29 MHz, A* =-0.9 MHz, A* =x.x yy z z
-18.5 MHz

in accordance to EPR measure-
ments (2) .

b) The two anthracenyl protons con-
forming the CH2-group are slight-
ly different; the isotropic part
of the hfs tensor is

f

These data strongly support
the following conclusions:

a) The abstracted hydrogen atom
leaves a planar CH-fragment in
sp2-configuration, and

b) generates a CH2-group in sp3-
configuration.

norf

double rf ONP

v, s 240 MHz Bp = 80 G
P, .0.6W »,,.77grod
PI.6.0W

Fig. 1 Double rf-ONP.
The doublet at 26 MHz and
30 MHz indicates the non-
equivalence of the anthra-
cenyl CH2~protons.

=-29 MHz, the maximum anisotro- i g'
py is only ± 3 MHz.

NMR rotation pattern in
the crystalline ab-plane.
Open symbols represent
data for fluorenyl, full
symbols for anthracenyl
protons.
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ORIENTATION DEPENDENCE OF THE DIPOLAR THIRD MOMENT OF THE

2 3Na SATELLITES IN NaN03.

D. G. Hughes

I. INTRODUCTION

In quadrupole-split NMR spectra, the
magnetic dipole coupling between like
nuclei causes an asymmetry of the satel-
lites (1) from which the sign of the quad-
rupole coupling constant (qaa) can be
determined. The method has not been fully
exploited because of the lack of a general
method for analysing resonance asymmetry.
In an attempt to remedy the situation, we
have derived an expression for the dipolar
third moment of satellites. The orienta-
tion dependence of the third moment of the
23Na satellites in NaN03 has been measured
and compared with theory.

II. THEORY

For the high-field case, we find that
the dipolar third moment is given by

where

w o )3f(oj)da)//cof(oj)dco)

)Tr{[W° [H° I_]][I+, I }
[1]

[2]

[3]

For a system of I = 3/2 nuclei
situated at identical sites in a single
crystal, it can be shown from Eq. [1] that

M3 = + [4]

The upper and lower signs refer to the
3/2^1/2 and -1/2^-3/2 satel l i tes
respectively and the summation is over al l
l ike nuclei. Summing out to 40°A,we find
that M3 for the 23Na satel l i tes in NaN03

is given in gauss?* by

M3=±{14.09+6.10cos29-13.87cos229-6.36cos329

+sin29cos3<J)(15.95+0.63cos2er16.58cos22e)

+0.02(l-cos26)3cos6(()}xl0"3 [5]

where 6 and <j> are the polar angles of the
magnetic f ie ld relative to the crystal (2).

I I I . EXPERIMENTAL

The third moment of the 23Na
satel l i tes in NaN03 in a f ie ld of 10"G
is shown in Fig. 1, toqether with the
theoretical behaviour of the 3/2+-H/2
sate l l i te . The low and high frequency
satel l i tes are evidently associated with
the -1/2^-3/2 and l/2«-»-3/2 transitions
respectively. I t can be shown from this
that the cpc of 23Na in NaN03 must be
negative instead of positive as deduced
by Bersohn (3). We conclude that third
moment measurements enable the sign of
the cpa to be unambiguously determined.

8 (degrees)

Fig. 1. The solid and open circles show
M3 for the high frequency satellite and
-M3 for the low frequency satellite as a
function of 9 with 4> = 60°. The curve
shows the theoretical dipolar third
moment of the 3/2++1/2 satellite.
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NMR STUDY OF THE DYNAMIC PROPERTIES OF

OFF-CENTER DEFECTS IN ALKALIHALIDES

0. Kanert, R. Kiichler

INTRODUCTION
The technique of nuclear spin relaxation
measurements has been applied in the
study of the dynamic behaviour of dilute
off-center Ag defects in RbCl single
crystals as a function of temperature /I/.
The spin-lattice relaxation rate of the
nuclei in the crystal is strongly influ-
enced by the rotational motion of the Ag+-
dipoles via quadrupole interaction. The
additional relaxation rate caused by the
motion can be written as /2/

represents the strength of the quadrupole
interaction, JQ'-1-'' * are the Fourier
transforms of Che corresponding quadrupo-
lar correlation functions /2/ of the mo-
tion of the Ag -centers, and g(x) des-
cribes the distribution of the correlation
times T of the defect motion due to inter-
nal elastic strains.
By means of Eq.(l), the correlation time
T Q of the rotational jumps of Ag -dipoles
in RbCl was determined in the temperature
range between 4K and 5oK.

EXPERIMENTAL RESULTS
Nuclear spin-lattice relaxation measure-
ments have been performed on RbCl single
crystals doped with two different amounts
of Ag (80 ppm and 35o ppm, respectively)
at magnetic fields between o.46 T and 6.3
T in the temperature region from AK to
3oo K, using 35C1, 85Rb,and 87Rb nuclei
as probes. In order to obtain the phonon-
quadrupole "background" relaxation, paral-
lel measurements have been done on ultra-
pure RbCl single crystals.
An evaluation of the data by means of the
equation given above leads to the correla-
tion time T Q of |he hindered rotational
motion of the Ag -dipoles as a function of
temperature, as shown in Fig. 1. For
5oK>T>9K, the data show a quasi-Arrhenius
behaviour with a rate

T Q =3.1o
losec~' *exp[-51K/T]

whereas below 9K the deviation of the
Arrhenius behaviour indicates phonon-
assisted tunneling effects. The results

are in reasonable agreement with a tunne-
ling mocjel for the off-center system
RbCl:Ag presented by Tonks and Dick /3/:
The model leads to a quasi-Arrhenius
behaviour of th| 9o° reorientation jump
rates of the Ag -dipoles in the tempera-
ture range from 16K to 5oK with an
"effective" activation energy between 46K
and 55K depending on the strength of the
phonon perturbation.

sec

FIG.I ARRHENIUS PLOT OF THE CORRELATION TIME ^a OF THE ROTATIONAL
MOTION OF AG

+-DIPOLES IN RBCL DETERMINED FROM NKR RELAXATION

DATA
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BIRADICAL CIDNP: MATCHING OF SINGLET-TRIPLET SPLITTING AND

ZEEMAN ENERGY BY ADDITION OF BIRADICAL TO VINYL COMPOUND.

R. Kirchmayr, G.H. Rist

The mechanisms leading to nuclear
spin polarization during reactions
of small biradicals have been dis-
cussed extensively in Refs. 1. The
nuclear spin polarization is built
up most effectively when the aver-
age singlet-triplet splitting match-
es the Zeeman energy. At a magnetic
field strength of approximately 25
kg this condition is most closely
met by 1,7 biradicals. For 1,4 and
1,5 biradicals polarization is us-
ually small and often cannot be ob-
served because the singlet triplet
splitting is too large. Addition of
these biradicals to vinyl compounds
reduces the singlet-triplet split-
ting., leading to strong polariza-
tion in the new products. In favor-
able cases this reduction in sing-
let-triplet splitting may give proof
of 1,4 and 1,5 biradical interme-
diates. An example of a biradical
addition is the photoreaction bet-
ween cyclopentanone and acrylic
acid methyl ester:

A
C|H2 C,H

CH2 CH22 2 ~"2 ""2
Biradical I is formed from a triplet
precursor. Addition of I to acrylic
acid methyl ester leads to II:

C> _y* CH—(

c
CH

2

\2
CH—CH 2

Addition is fast compared with T-S
mixing of I.
By internal hydrogen abstraction we
get: o

C yE

H XC-OCH

0

III

Part of a H-CIDNP spectrum of a
solution of cyclopentanone and
acrylic acid methyl ester in per-
deuterated cyclohexane is repro-
duced in Fig. 1. It shows emission
type resonances from the olefinic
protons in trans structure III.
Emission is expected for the pro-
duct of a 1.7 biradical with tri-
plet precursor.

The cis isomer is also formed (cf.
emission at 5.9ppm), but at a lower
rate than the trans isomer. The
chemically induced nuclear spin po-
larization is much larger in III
than for the aldehyde obtained di-
rectly from I by internal hydrogen
abstraction. We have observed simi-
lar addition processes during the
Norrish type II cleavage of/'-chloro-
butyrophenone. &

References

la. F.J.J. de Kanter et al., Mol.
Phys. 34, 857 (1977)

lb. G.L. Closs, J.Amer.Chem.Soc.93,
1546 (1971).

125



TRANSPORT OF EXCITATION ENERGY IN MOLECULAR CRYSTALS WITH

DEEP AND SHALLOW TRAPS AS STUDIED BY ODMR AND OPTICAL

SPECTROSCOPY

H. Klocker, S. Bergmeister, F. Seiff, D. Stehlik

Excitation energy transfer
from a local molecular excitation
center to'another distant triplet
trap in a doped molecular crystal
has been a subject of interest for
some years (1,2,3). We want to pre-
sent experimental results and a
model for excitation energy trans-
fer from a deep triplet trap to a
shallow triplet trap (AE between
traps ~ 10 000 cm"1) at 1.6 K.

The system we studied was di-
benzofuran (dbf) as host crystal.
Phenazine (1000 ppm) was chosen as
guest. Another unavoidable guest
(~ 10 ppm) was anthracene. Fig. 1
shows the energy level diagram.

k»Xph = 407.3 nm

Ji> X,, =409.2 nm

Xph=63S.6nm

670 6J0
V™ / Ml iz

Laser excitation has been below the
dbf-absorption band. The main emis-
sion centers are: deep trap phena-
zine phosphorescence (639 nm),
shallow trap dbf-X-trap phosphores-
cence (407 nm), and anthracene
fluorescence (409 nm).

An ODMR experiment with satu-
ration of the phenazine 2|E| tran-
sition causes a change of intensity
for dbf-X-trap emission and even
for the fluorescence of anthracene
as shown in fig. 2.

coo
phenazine dibenzofuran anthracene

eV

:h/y///// dit>enzofuran -absorption -band/

30-
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15-

'//A \aser-e-AcAa\\or\y/7///////7//,

-3
S,P-

- 2 T 1 P . 1 5 6 " - -
15ms '

: T 24 552 . -™ / T
MX—f—i , v / *

407nm \ " i J!!L /

T K M ' . J y - - ^ >
i IA—T V'\ "8 0

The partly resolved hfs- and
quadrupole splittings of phenazine
observed for all emission lines re-
quire that the energy transfer
couples the overall concentrations
of the detected states. The expe-
rimental data lead to the following
model: The dbf-triplet-exciton
band is populated constantly by the
optical excitation. All trap popu-
lations depend on the population
density of the dbf-triplet-exciton
band. A 2|E| transition in the phe-
nazine trap changes the actual phe-
nazine triplet concentration and
causes a change in feeding the
other traps from the exciton band.

An important open question is
the population mechanism of the
dbf-triplet-exciton band. Relevant
information can be drawn from opti-
cal excitation spectroscopy.
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DETERMINATION OF THE HEIGHT AND SHAPE OF THE POTENTIAL BARRIERS

OF METHYL GROUPS IN SOLIDS

D.J.Ligthelm.R.A.Wind and J.Smidt

By determining the NMR-Zeeman
relaxation time T,caused by the
hindered rotations of CH3-groups around
their three-fold axes in solids,as a
function of temperature at a fixed
frequency ̂ o,the activation energy E a can
be derived.By interpreting E as the
energy difference between the top of the
barrier hindering the CH^-groups in their
motions and the ground state torsional
level(1) and assuming some barrier shape,
the barrier height can be deduced.In some
cases,besides E&,additional quantities
can be determined as well.For tunnelling
methyl groups this is the effective
tunnelling frequency 6J,(TO),which is
related to the barrier quantities as
described by Emid and Wind(2).For non-
tunnelling methyl groups (̂ .=0) this is the
effective efficiency factor <52(TO) ,which J5
related to the barrier quantities as
described by Johnson(3).By combining E a

and <52(To) or E a and <<4(TO) by means of
NMR alone both height and shape of the
potential barriercan be deduced.We shall
illustrate this for two samples:(i)non-
tunnelling methyl groups in CH_CN diluted
in CD3CN in the ratio 1 :4; (ii) fcH-^Ge,
where tunnelling effects become important
at low temperatures.We assume the
possible shapes of the potential barriers
to be described by the following two
formula:
type I:V(f)=5V3{(l+cos3^)+(V6/V3)(l+cos6f

)}
typeII:V(f)=|V3{(l-cos3f)+(V6/V3)(l-cos6f

)}

jp is the rotation angle.We limit
ourselves to the case of mainly three-
fold symmetry(Vg/Vg ^l).For increasing
Vg/V3 the potential wells of type I will
grow broader,while those of type II will
grow narrower.lt now follows:(i)For the
non-tunnelling CHo-groups in CH3CN Ea is
8.8kJ/mol and 6Z{1(H/T=9-5K"1)=0.75(at
this temperature !.„ is minimal and
can be derived without knowledge about
the correlation time Zc).By first
calculating the assembly of barriers (V~,
V6/V3)for both types for which E =8.8
kJ/mol,and then by calculating for this
assembly &\ 103/T=9 .5K'"1) ,the barrier
corresponding to 6 =0.75 can graphically
be found .The result is a potential

barrier of type I,with V3=9.2kJ/mol and
V6/V3=0.30;(ii)For the tunnelling CH3~
groups in (CH3)4Ge,Ea=5.2kJ/mol and ut(T=
42K)=76.4MHz(4). ^. is derived from minima
in Tj where <^=tJ

o or U)t = 2&c. J2cannot
be determined with any certainty from the
experiments and is not considered.Two
assemblies of barriers are calculatedrone
for which E =5.2kJ/mol and one for which
'4(T=42K)=76.4MHz.The barrier looked for
is the one which both assemblies have in
common(fig./).The result is a potential
barrier of type I,with V3=6.0kJ/mol and
Vg/V3=0.05.From inelastic neutron
scattering measurements the torsional
split t ing E,-Eo between the first excited
and ground torsional state was found to
be 1.685kJ/mol(5).By calculating the
assembly of barriers belonging to this
value of E.-E i t appears that crossings
of the three assemblies are close to one
another(fig.;),so that NMR and neutron-
scattering results are in agreement.We
remark that if one expects the barrier to
be mainly six-fold in shape the same
procedure can be followed with Vg/V3 >1.
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Fig.- | . :Determination of

the b a r r i e r for (CH.).Ge.
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ORIENTATION OF TENSORIAL INTERACTIONS

DETERMINED FROM TWO-DIMENSIONAL NMR POWDER SPECTRA

M. Under and R.R. Ernst

I. INTRODUCTION

It is well-known that for detailed
solid state studies normally single crys-
tals are necessary. In particular, powder
spectra are often insensitive to the mu-
tual orientation of second rank interac-
tion tensors. By means of two-dimensional
(2D) spectroscopy (1,2), however, such in-
formation can well be obtained from pow-
ders.

II. 2D CORRELATION OF TENSOR INTERACTIONS

Possible correlations of tensorial
interactions by 2D spectroscopy include
chemical shielding, dipolar coupling and
quadrupolar coupling tensors. Two average
Hamiltonians W(1)and H ( 2 ) are artificially
created with transition frequencies mi1'1

and Uj( ' respectively, which separately
contain the two interactions to be corre-
lated. The 2D powder spectrum, resulting
from evolution under H*1' and detection in
the presence of H(2), contains the correla-
tion information whenever the two Hamil-
tonian terms involve nuclei which are con-
nected by a network of scalar or dipolar
couplings. In this case it is possible to
effect a coherence transfer to establish
a connection between the two interactions.

III. 2D 1 3C POWDER SPECTRA

Chemical shift resolved 2D 13C dipo-
lar powder spectra allow the orientation
of l^C chemical shielding tensors in the
molecular frame using the well-known ori-
entation of the dipolar coupling tensors.
A suitable technique to record such spec-
tra has first been described by Waugh (3).
A particularly simple example, the 2D 13Q
powder spectrum of ferrocene is shown in
Fig.l . It clearly demonstrates the coaxi-
al ity of 13C chemical shielding and dipo-
lar I3c-H coupling tensors.

IV. COMPUTATION OF 2D POWDER SPECTRA

The quantitative analysis of such

spectra normally requires computer simu-
lations and iterative fitting. Two approa-
ches have been found suitable (4):
a) Computer calculation of the 2D intensi-

ty function S(to1,o)2) for the entire 2D
spectrum;

b) Determination of the dominant ridges in
the 2D spectrum, leading to so-called
"ridge-plots".

Although 2D powder spectroscopy is limited
to simple molecules or to isotope-enriched
molecules, it offers new attractive possi-
bilities to obtain information on molecu-
les which do not produce single crystals
of the required quality.

Fig. 1 2D C powder spectrum of ferrocene. Horrizontal axis: chemical shift.

Vertical axis: dipolar splitting and chamical shift.

Fe(C5H5)2

25CTJ. 50 75 100
« 2 [ppm]
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2O7
HIGH RESOLUTION NMR EXPERIMENTS OF Pb IN A Pb(NO3)2 SINGLE

CRYSTAL

O. Lutz, and A. Nolle

NMR signals of 2O7pb2+
have been measured in a single
crystal of Pb(NO-,)2. The linewidths
of these signals vary with the
orientation of the crystal in the
magnetic field due to the14N-2°7pb
direct dipole-dipole coupling and
the line positions because of an
anisotropy of the nuclear magnetic
shielding. The dependence of the
linewidths on the orientation of
the crystal could be used to assign
the 2O7pb2+ signals to the four
different Pb 2 + sites in the cubic
unit cell. The four axially sym-
metric shielding tensors have
equal principal values but differ-
ent characteristic vectors. It can
be shown that intermolecular con-
tributions cannot account for the
anisotropy of the nuclear magnetic
shielding.
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OPTICAL DETECTION OF MAGNETIC

RESONANCE (ODMR) OF TRIPLE-LAYERED PHANES

G.Melzer, D.Schweitzer, K.H.Hausser,
H.A.Staab, U. Zapf

The extension of [2.2]phanes into
the z-direction (out of plane) by
further subunits (triple-, quadrup-
le-, etc. layered phanes) permits
to study n-electron interactions
through space in stack-like arran-
gements. The understanding of the
n-electron interaction for instan-
ce in quasi one dimensional organic
semiconductors or metals with alter-
nating or segregated stacks is im-
portant, because it contains infor-
mation about the energy and width
of the substantial bands.
The emission spectra and the zero
field splitting parameters of the
excited triplet state !DI and |E|

(table 1) of some triple-layered
cyclophanes (2-6_, fig. 1) [l] with
subunits of similar electron affini-
ties were investigated at 1.3 K and
compared with those of the monomer
1,4-dimethyl 2,5-dimethoxybenzene
(V) and the pseudo-ortho (7) - and
pseudo-geminal 4,7,12,15 tetrametho-
xy [2.2]paracyclophan (8_) [2].

Fig. 1

Table 1; Zero Field Splitting

R2=R4=OCH3,

R5=R7=OCH3, R6=H;

2

3

4_

§_

1_

8

Parameters :

D| [cm ]

0.1143

0.0991

0.0999

0.1118

0.0973

0.1117

0.0983

0.0901

E [cm 1J

0.0351

0.0218

0.0256

0.0286

0.0301

0.0289

0.0281

0.0226

The extension of the [2.2] phanes
1_ and Q_ in z-direction by another
aromatic subunit leads to a further
lowering of the first excited sin-
gulet- and triplet state due to the
additional transanular interaction.
This can be seen from the observed
redshifts of the emission spectra.
The dependence of the emission spec-
tra of 2:-6 on the relative orienta-
tions of the OCH ..-groups is reduced
with respect to 1_ and 8_. Although
the D-parameters of 2_-6_ a r e r e~
duced with respect to the monomer 1_
the reduction is smaller than for
the [2. 2]-phanes 1_ and 8_ [ 2 ] , while
the dependence on the relative ori-
entation of the OCH-.-groups is com-
parable.
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PMR LINE BROADENING IN PARAMAGNETIC FLUOROPEROVSKITE

STRUCTURES OF ^Gox
MS^_^3

Z. Paj^k, J. Kapturczak and H.J. Oaten

NMR investigations of ABF, pa-
ramagnetic fluoroperovskite type
structures show that there are hy-
perfine interactions between nucle-
ar A and electron B spin systems
/ 1 2 3 /

Experimentally determined NMR
second moment for protons of the
polycrystalline NH.CoF^ in the tem-
perature range from 133 K to 443 K
shows however a strong temperature

para m-2dependence, Mr T"2 /Fig.1/,
expected for the case of dipolar
interactions between nuclear and
electron spins /4,5/.

Such character of the eviden-
ced interactions in the investiga-
ted system is confirmed by the

Co++ concentration dependence of
the second moment for paramagnetic
solid solutions of NH.CoF- and

NHJtgF., /Fig.2/. This dependence

is in good agreement with the re-

lation predicted by Kroon for di-
polar interactions /4/«

The paramagnetic line broade-
ning found recently for ammonium
ions in langbeinite structures /5/
due to the dipolar fields charac-
terized by paramagnetic ions is
evidenced to exist here too.

16

I 12

T-300K

- x -• 1,0

Fig. 2. Proton second moment of the para-
magnetiQ solid solution

I 40

20

O't

NH4CoF3

200 300 400 -

Fig. 1. Temperature dependence of the proton
second moment of NH .CoF« . Neel temperature
TN= 124.5 K / 6 / .
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Rotational tunneling in CD4: Isotope effect and
structural information about Phase III

M. Prager, W. Press

A. Heidemann

Solid CD4 undergoes two phase
transitions at temperatures T^=27K
and T2=22K. While the structures of
phase I (T>27K) and 11 (22K^T^27K) ere
well known (1-4) this is not the ca-
se for phase III (T<22K). Phase III
is tetragonal with either 16 or 32
sublattices with up to 4 inequiva-
lent sites of ordered CD4 molecules.

Rotational tunneling in CD4 III
has been observed by high resolution
neutron spectroscopy. Spectra have
been taken at a momentum transfer
Q=1.8$~l with an energy resolution
&E = o.28/ueV. The spectrum in Fig.l
shows at least 8 inelastic lines at

0 2 6 6 8
EMEBG/ TRANSFER^**/]

Fig. 1 Neutron tunneling spectrum
of CD4 III. The transitions are at
energies 1.21, 2.15, 2.75, 3.36,
4.58, 5.35, 6.71 and 7.95 /ueV. The
solid line represents a fit with 4
inequivalent sites.

energies 1/ueV ̂  E 4= 8/ueV . In compari-
son with CH4 (5) this means an iso-
tope effect of a factor ~ 3o as ex-
pected from theory (6). No further
lines have been found when extending
the energy range to 36/ueV. - For in-
tensity reasons a high scattering
probability of the sample ( 5o%) was
chosen. Due to the small peak inten-
sities of the inelastic lines (~l/2o
of the elastic peak intensity) and

similar structure factors it can be
assumed that the intensity ratios of
the inelastic lines are not signifi-
cantly changed by multiple scatter-
i ng.

In agreement with experimental
findings (2-4) and theoretical work
(1) a tetragonal structure with 4 or
less inequivalent CD4-sites is used
to interpret our data. The positions
of the inelastic lines are expressed
in terms of 12o° overlap matrix ele-
ments (7), the intensities in terms
of transitions matrix elements (8).
So far, only site symmetries with no
more than two independent overlap
matrix elements h-j are included.
Thus we have two adjustable parame-
ters per site and one parameter for
the relative intensity. The fitting
procedure shows, that the spectrum
can be described almost equally well
by different sets of parameters. For
a reasonable fit at least 3 inequi-
valent sites are required - always
including some with a significant
T-state splitting. For an unambigu-
ous interpretation a better know-
ledge of the structure of phase III
or measurements with CH4 III are
necessary.
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DEUTERON SPIN-LATTICE RELAXATION FROM HINDERED

ROTATIONS IN MOLECULAR CRYSTALS

J.C, Pratt, A, Watton and H.E, Petch

I, INTRODUCTION

2
The D nuclear spin-lattice relax-

ation is calculated for the situation in
which molecular groups containing n
deuterons undergo thermally-activated,
hindered reorientations enabling each of
the spins to sample each of the n avail-
able sites, all of which are assumed to
have quadrupole couplings (e^qQ/h) of
equal magnitude. The rotations of the
molecular group are treated classically
as simultaneous, independent Poisson
processes. The relaxation is then caused
by a fluctuating quadrupolar Hamiltonian.

II. THEORY

All deuterons are assumed to occupy
each_ of the n available sites many times
in a period ^ T,, thus effectively reduc-
ing the calculation to a one-deuteron
problem. The eigenstates used in the
standard BWR theory must be those of
J%Z+PCQ > where the bar denotes an aver-
age over the n sites. For the case where
ffCo = 0, there is a well-defined T^ given
by

V 1 " W + 2J2(2wo)

Detailed expressions for the spectral
densities for the mechanism pC» + qC»
(in which the molecular group is under-
going p C2 and q C3 rotations) have been
adapted from the work of Watton (1). We
have

= _ _L _ [sisal
[ 4h J

na) o

(F1'-1)
T ii

III, RESULTS

Several mechanisms for the ND4 ion were
studied; two of the results obtained were
as follows:

A. 3C2 + 4C~ mechanism

"l
10 [ h j !i+(VT2 _ J "I

1 + 4w 2 T 2

n —'

na)o L 4h J

with T = [4(X2 + X 3)]
T l, A2 and A3 being

the transitional intensities for two- and
threefold rotations.

+ C_ mechanism

ff(0)o) +2f(2coo)

with f(z) = z/(l + z 2), x = (2A2 + 3A3)
 1

and

z+ = 2/[2A2 + 3A3 ±/{4A2
2 ±9A3

2 - I6A2A3}]

These results are for polycrystalline
samples based on the approximation (2)

—t/T -< 1/T > t
< e 1 > as e 1

where the angular brackets denote a poly-
crystalline average.
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EVIDENCE FOR TWO MOTIONS OF NH^ IN (NH4)2SnCl6

M. Punkkinen, E.E. Ylinen ?.nd L.P. Ingman

Previous studies on the pro-
ton Zeeman relaxation in an
(NHj, J^SnCl 6' single crystal as a
function of the resonance frequency
f o at 20 K revealed several minima
in Tj between 12 and ko MHz. The
minima occurred at frequencies
forming two pairs, one with f o
equal to 12.2 MHz and 24.5 MHz and
the other with 18.5 MHz and 37.0
MHz. Besides, an unpaired minimum
was found at f o = 13.0 MHz (1 ) .

We continued these experiments
at lower frequencies and found an-
other Tj minimum at 6.5 MHz (T =
20 K ) . It forms the pair of the
mi nimum at 13.0 MHz.

These minima are probably
related to the splitting of the
three T species librational levels
of the ammonium ion. The separation
between the A, T and E species
levels is larger by nearly two
orders of magnitude (2).

The T1 minimum near 6.5 MHz
begins to broaden and shift above
20 K. Finally it disappears around
27 K, but surprisingly a new mini-
mum developes at the unshifted
frequency (cf. fig. 1.). The data
for the temperature dependence of
the smallest splitting (hf-p) be-
tween the T levels, equal to twice
the frequency of the T^ minimum
near 6.5 MHz, are given in fig. 2.

The disappearance of one mini-
mum and the appearance of the other
can be explained in terms of two mo-
tions of NH£ with different correla-
tion times tj and x 2. The dominant
terms in the relaxation rate are:

A.T.

T1 .=1,2 ] H

One of the motions becomes fast on
the relaxation scale around 20 K
and the other around 35 K, where
the new T 1 minimum begins broad-
ening.

This explanation is supported
by experiments on the spin-lattice

relaxation time of the nuclear
dipolar energy, T -) p . T ̂  D shows
minima around 20 K and 35 K.
A minimum in J]Q generally means
that the corresponding motion oc-
curs at a rate roughly equal to the
width of the NMR absorption curve.

50

T,/ms

50

50

20 K

23 K

26 K

5 6 7 8 9

fo/MHz

Fig. 1. Proton Tj vs fo at three
constant temperatures.

20 30 40 50

T / K

Fig. 2. Smallest tunneling frequen-
cy fj of NHi, vs temperature. The
data correspond to the T^ minima
near 6.5 MHz (o) and 13.0 MHz (•).

REFERENCES

1. M. Punkkinen, E.E. Ylinen and
L.P. Ingman, Proceedings of the
XXth Congress AMPERE, Springer-
Verlag, Berlin, 1979, p. 141.

2. M. Prager, W. Press, B. Alefeld
and A. Hliller, J. Chem. Phys.
67, 5126 (1977).

134



NMR IN SOLID CF, AND C AT HIGH PRESSURES

D. van der Putten and N.J. Trappeniers

I. CF^

Solid CF undergoes a rotational phase
transition at 76.2 K from an ordered to an
orientationally disordered solid phase.
Earlier NMR work has been made at zero pres-
sure (1,2). In this paper, an NMR study at
high pressure is presented. Fluorine T\
values at 24 MHz have been measured at three
values of pressure in the ordered solid
phase from 80 K to the transition points.
T]_ versus temperature at fixed pressure can
be represented by a BPP relation. From the
correlation times, derived from the T-̂  data,
the apparent activation energies E a for the
motion of the CFj, molecules on the high
temperature side of the T.. minimum are ob-
tained (Table 1).

P(bar)

3133,
4433*
6180

T. . (ms)
lmm

24.2
23.8
23.3

TT (K)
lmin

104.4
115.9
130.4

E (kJ/moi;
3.

28.8
31.6
34.2

T ( s )
0

1.6x10""
2.2xlO-_2

3.4 x 10

Table 1

At low temperatures and high pressures,
the line-shape second moment M2 has a value
of approximately 15 G2, which decreases to
about 2 G when the temperature is raised.
The lower value of M2 is due to intermole-
cular dipolar interaction only, and from
its pressure dependence an isothermal com-
pressibility of 3.2 x 10"2 kbar"1 is cal-
culated .

C2H^ has an orientationally disordered
phase only at elevated pressure (triple
point: P = 468 bar; T = 110,36 K) (3). A
similar study of the proton T-, at 24 MHz
in the ordered solid results in the follow-
ing values of the activation energy E a as
a function of pressure (Table 2).

P(bar)

1317
4406
9135

T. . (ms)
lmm

54.5
47.7
45.8

T (K)
1

98.4
121.4
148.9

E (kJ/mol)
3.

11.8
13.4
14.7

T ( S )
O

2 . 3 x 1 0 " 1 5

6.6 x 10 | 5

3.Ox 10 ,

Table 2.

With the jump diffusion model of Torrey,
and the temperature dependence of T and T ,
E a in the plastic phase is calculated
(Table 3).

P(bar)

2281
9135

E (kJ/mol)

15.7
26.9

1 . 1 x l O l ' l
2.4 x 10

Table 3.

III. Phase diagrams up to 10 kbar

Representation of the various phase
lines according to the Simon-Glatzel equa-
tion

P + a = bT°

yields the following results (table 4).

C 2 H 4

CF
4

Transition

solid-plastic
plastic-liquid

solid-plastic
plastic-liquid

a

4959.3
2499.7

4160.4
2647.9

b

1.2390
0.25732

5.0028
1.4719

c

1.7822
1.9892

1.5519
1.6702

Table 4.

The solid-plastic transition of CF has
been measured up to 6 kbar.
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HME AND MAGNETIC SUSCEPTIBILITY STUDY OF WOODS AND CELLULOSE

M.RakoS^J.Murin,!). Kafka, Z.Varga,D. 0156k

Our paper reports on investi-
gations of the termal motion in
cellulose and wood substances of
elder-tree.fix-tree,alder and oak
and also of the motion and shape
of water binding in those substan-
ces.Conclusions are made from the
measured dependences of the magne-
tic susceptibility on percentage
of water content in the samples %~
/fc/p/ and from the temperature de-
pendences of the second moments of
the proton NME line M2=M2/t/»

In the region of maximal devi-
ation of the/£ = ,#/p/function from
linearity is the interaction mini-
mally overloped by the free water
molecules and so besides the natu-
ral and dry samples were by NMR
investigated samples with "p" be-
longing to maximal deviation.

Fig.l shows the temperature
dependence of the second moment
for the cellulose sample /as a mo-
del substance/and Figc2 for one of
the investigated woods/fir-tree/.,
The dependence shows a decreasing
character,since the molecular mo-

CELLULOSE
0 MOISTENED, p-49 '/.
• NATURAL, p = 6 7.
+ QUITE DRY, p - 0 '/.

Fig.l
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Fig. 2

tion intensity increases with ri-
sing temperature.The M^values for
a moist sample in the low-tempe-
rature range are higher as for
the dry one and in the range of
higher temperatures in contrary.
Namely by decreasing temperature
decreases the mobility of the
bount water molecules,checking
the motion of chains and segments
of macromoleculeSoBy higher tem-
peratures there occure breakings
of some bindings and are formed
new ones and so the bount water
by this process acts as an acti-
vating factor of the motion and
so M9 of the moist samples is sma-
ler than of the dry ones.We regis-
trated an analogical phenomenon
for moist polyamide/2/oBy higher
temperattxpes occures also loosing
of mobility of the side groups of
the macromolecular chains.
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NMR STUDY OF PROTON AND BORON DYNAMICS IN KB3H8

E.C. Reynhardt

J.A.J. Lourens

I. INTRODUCTION
:H and n B second moments and spin-

lattice relaxation times were employed in
an investigation of the proton exchange
mechanism in the B3Hi molecule. A detail-
ed U B lineshape study yielded a clear
picture of the dynamics of the B3 triangle.

II. RESULTS

The proton second moment as a func-
tion of temperature shows a transition
from 52 to 45 G2 between 80 and 130 K (1).
A second transition of ~43 G2 was observed
between 135 and 210 K. The proton spin-
lattice relaxation time exhibits minima of
2.9±0.2 and 21±2 uis at 3 = 4.8 K"1 and
3 = 7.6 K"1 respectively at 19 MHz (1).

A n B second moment reduction from
157±12 G2 to 5.2±1.0 G2 coincides with the
second proton second moment reduction. At
the phase transition at 316 K (2), the
boron second moment is reduced to 1.5±0.2
G2. n B Ti minima of 0.4 and 6.5 ms were
observed at B = 4.3 K"1 and 3 = 8.3 K"1
respectively (1) at 19 MHz.

The U B absorption line is asymmetric
below the phase transition and the width
of the line is strongly field dependent.

III. DISCUSSION

The rigid lattice proton second mo-
ment calculated from the stable structure
suggested by Stevenson (3), is in good
agreement with the experimental value
below 80 K. The calculated reductions
associated with the swapping and pivot ro-
tation processes (3) are 8 and 6.9 G2 re-
spectively. On the basis of the closer
agreement with the experimental reduction
and the lower calculated activation energy
(3), it is concluded that the pivot rota-
tion process causes the first proton sec-
ond moment reduction. A combination of
the pivot rotation and the swapping pro-
cesses reduces the intramolecular proton
second moment to almost zero. The second
experimental proton second moment reduc-

tion could therefore be attributed to a
combination of these processes.

The experimental U B second moment
just below the phase transition is approx-
imately half the calculated dipolar ^ B
second moment for a stationary B3 triangle
in the presence of general proton exchange.
The calculated second moment values for
twofold, threefold and isotropic reorien-
tations of the B3 triangle are all com-
parable with the experimental value of
5.2±1.0 G2. However, since an asymmetry
parameter n = 0 is not compatible with the
observed asymmetric n B absorption line
below the phase transition, it is conclud-
ed that the B3 triangle executes a twofold
reorientation. A best fit to the absorp-
tion line yields coupling constants of 0.58
and 0.47 MHz for the two nonequivalent
boron sites. Above the phase transition
the B3 triangle executes an isotropic re-
orientation.

The molecular reorientations cause
fluctuating electric field gradients at
the boron sites, thus providing a strong
relaxation mechanism for the boron spins
which are effectively decoupled from the
protons in the laboratory frame. From the
lxB spin-lattice relaxation results a n B
rigid lattice quadrupole coupling constant
of ~2 MHz is obtained.

REFERENCES

1. E.C. Reynhardt and J.A.J. Lourens, J.
Phys. C: Solid St. Phys. 13, 2765 (1980).
2. E. Fukushima, R.T. Paine and S.B.W.
Roeder, J. Chem. Phys. 67, 1614 (1977).
3. P.E. Stevenson, J. Am. Chem. Soc. 95,
54 (1973).

137



A NEW OBSERVATION OF THERMALLY INDUCED POLARIZATION

IN y-PICOLINE BY NMR DISPERSION

B. Van Riet and L. Van Gerven

I. INTRODUCTION

A rapid change of the samnle
temperature below 50 K induces a
strong dipolar polarization in y-
picoline (4-methylpyridine) [1,2],
Afterwards,decay in time of this
polarization
by: D is wel1 descri bed

P D(*) = P D(0) exp(-at) (1)

onwhere a is the A to E conversi
rate.

In this paper, we report some
measurements of the Zeeman polariza-
tion, after a temperature jump from
77 K to 4.2 K, by'means of NMR
dispersion.

II. EXPERIMENTAL METHOD

Instead of looking at either
the in-phase or out-of-phase voltage
induced accross the oscillator coil,
we measure the eigenfrequenoy of
the tank circuit. This frequency u
changes, as we scan through
resonance, by

where n is
the coil.

the filling factor of

This we call "the peak". We use a
very low level and stable tunnel-
diode oscillator to avoid other
frequency shifts and saturation.

III. RESULTS

At both frequencies (37 and
25 MHz) we observe two peaks:

- the first, at the normal resonan-
ce field, having a line width of
about 5 gauss;

- a second one, having the same
line width, but this peak:

a) is situated at a 6 gauss lower
field and this shift is frequen-
cy independent;

b) shows the time dependence given
in formula (1) (a - 30 m i n ) ;

c) has a sign opposite to formula
(2)-

IV. DISCUSSION

We have performed computer
simulations in order to disentangle
as far as possible the two peaks.
Given the value of our time con-
stant, which is comparable with the
value of 63 min obtained by [3],
we conclude that the second peak is
related to the Haunt effect.

The most peculiar, and in fact
astonishing result is the one noted
sub III.c). It seems to mean in
fact that we observe a negative
absorption. At this moment we have
no satisfying explanation in the
framework of the existing theories.
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129XE RESONANCE OF ENCLATHRATED XENON

J. A. Ripmeester and D. W. Davidson

The nuclear shielding of the
Xe atom is quite sensitive to the
physical environment, as shown by
its strong dependence on tempera-
ture in liquid and solid Xe (1).
This sensitivity has been used to
advantage to study the 129Xe reso-
nance in Xe hydrate, a structure I
clathrate hydrate in which Xe
occupies cages of two kinds, with
the larger cages three times as
numerous as the smaller ones.

Xe in Gas
Phase

The figure shows the spectrum
of Xe deuteriohydrate in equilib-
rium with Xe gas at 275K and 1.5
atm, as recorded at 49.8 MHz with a
Bruker CXP-180 spectrometer after
accumulation of 24 fid curves at
800 s intervals. The Xe atoms in
the 14-hedral and 12-hedral cages
are clearly distinguished by lines
that occur 152+2 and 242±2 ppm,
respectively, down-field from the
line given by Xe in the dilute gas.
Prom the relative intensities, the
occupancy factor of the small cages
is 0.77 that of the large cages in
the equilibrium hydrate at 275K.
The existing models of the inter-
action potentials between guest and
water molecules (2,3) predict very
nearly equal Xe occupancy factors
for the two cages and clearly must
be modified to account for the
lower occupancy of the small cages.

The shape of the line from Xe
atoms in the large cages is repre-

sentable by an axially symmetric
shielding tensor (an - aj_ = 32±3
ppm) with Gaussian broadening (32 =
0.11±0.02 G 2 ) . At 275K the D20
molecules appear to be reorienting
fast enough (4) to engender the
52m cage symmetry determined by the
positions of the 0 atoms; ĉ  is
parallel to the 5 axis connecting
the centres of the hexagonal faces
of the 14-hedral cage. Above 290K
the Gaussian broadening of both
lines becomes less from the effect
of diffusion of the D20 molecules.

Multiple 129Xe lines have also
been observed in the NMR spectra of
Xe absorbed by zeolites which con-
tain different kinds of cavities.
It is suggested that the large
"physical shift" exhibited by Xe
may be profitably employed in the
study of many kinds of multi-site
absorption and adsorption pro-
cesses .
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MOBILITY OF WATER IN HYDRATED LAYERED CHALCOGENIDES

U. R6der, W. Miiller-Warmuth and R. SchSllhorn

0.5 mT

150K 295K AOOK

FIGURE: Representative H NMR spectra for compounds of
the type A^I^O) yMS2 at various temperatures. Above:
monolayer water rorm, below: bilayer water form

Wideline 1H NMR studies of hy-
drated layered chalcogenides of the
type Ax(H2O)yMS2 (1) have been
extended to further materials with
M = Ta, Nb, V, Ti, and A = Li, Na,
K, NH4, Rb, Cs. The proton spectra
at various temperatures (Figure)
can be explained by the activation
of a two-dimensional diffusion of
water inside the interlayer space
for compounds with a monolayer of

water. The onset of motion depends
in detail upon the type of the
alkali cation. The resulting model
for structure and motion is
supported by an angle-dependent
experiment on a single crystal.

For systems with bilayers of
water, rotation is also activated,
and there is an additional phase
of very mobile water. The 'Li NMR
spectra show well resolved quadru-
pole satellites. The detailed
structure of these spectra changes
upon variation of temperature as
does that of the ^H spectra; this
is explained by a change of the
configuration of the water mole-
cules. Finally, the temperature
dependence of the spin-lattice
relaxation has been studied in
order to obtain the parameters of
the motion. The lg Tf1 vs. T~1
curve has three maxima and is
greatly asymmetric.
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H MAGNETIC RESONANCE STUDY OF fen 1 (dO4)

S. Sagnowski

B. Borzecka and S. Hodorowicz

I. INTRODUCTION

Crystal structure of zinc
perchlorate hexahydrate is pseudo-
hexagonal with an orthorhombic bi-
molecular unit cell, which can be
either of type A or type B (l).
Crystals of the salt grow as
three-component twins along a
threefold axis parallel to c. The
six nearest neighbours of Zn ion
are water molecules forming the
octahedral Zn-(OHp)6 ion.

II. EXPERIMENT

Wide-line proton magnetic re-
sonance techniques has been used.
PMR spectra of the polycrystalline
sample have been recorded in the
temperature range 77K - 360K.

III. RESULTS

The temperature dependence of
the second moment is shown in
Fig.l. Six spectra recorded at
different temperatures are presen-
ted in Fig.2A. Theoretical spectra
(Fig.2B) have been calculated ba-
sing on a dynamical model proposed
for the crystal. The model assumes
an isotropic and anisotropic re-
orientations of water molecules as
wall as a tumbling of octahedral
cations.

IV. CONCLUSIONS

In the crystal lattice of
zinc perchlorate hexahydrate there
are at least 4 nonequivalent octa-
hedral cations. This may be due to
the inequivalence of A and B types
of the unit cell or the structural
differences between three twins of
the crystal. Water molecules in a
single Zn-(OHp)6 octahedron are

nonequivalent. This may be caused
by distortions of octahedral cat-
ions.

10 70 90 110 130 150 170 190 210 230 250 270 290 310 330 T<K)

Fig.l
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NMR STUDY OF DIFFUSION IN I* N BY MEASUREMENTS OF

SPIN-EXCHANGE TRANSITION RATES

L. Schimmele, R. Messer

I INTRODUCTION

The importance of spin-exchange tran-
sitions for the relaxation behaviour of
quadrupole split NMR spectra is shown for
Li N.

The unit cell of Li N contains two Li
sites, Li(l) and Li(2), with different
electric field gradients (1). Below 35OK
these lead in single crystals to a well-
resolved 5 line spectrum of the Li ions
(1=3/2), a central line and two pairs of
satellites. We use narrow-band RF pulses
in order to observe the transfer of magne-
tization between lines and to study the
diffusion in Li N in the temperature range
in which atomic jumps between Li(l) and
Li(2) sites may be neglected.

II THEORY

1. Quadrupolar transitions

Since Li nuclei have spin 1=3/2 we
need 4 transition probabilities to des-
cribe the quadrupolar relaxation at both
sites in terms of rate equations.

2. Dipolar transitions

For our considerations only those di-
polar transitions are important in which
two neighbouring spins make simultaneously
transitions with Am=±l and Am=+1, respec-
tively (spin exchange transitions). The
energy difference A arising in such tran-
sitions is determined by the frequency
difference of the transitions involved due
to the quadrupolar interaction and is, to
first order perturbation theory, indepen-
dent of the static magnetic field B .
A has to be supplied by the diffusive mo-
tion of the Li ions (except transitions
between ±1/2 levels of Li(l) and Li(2) where
A is zero to first order). If we use ex-
ponential correlation functions with a
correlation time T we get for the tran-
sition probabilities

U = C «T (k)/(l+A1
2T2{k)) (1)

K. K. C K. C

where C , A and T (k) depend on the
K. K. C

transitions regarded. A and therefore U
are in opposite to usual spin-lattice re-
laxation independent of B .

Ill COMPARISION WITH THE EXPERIMENT

Fig.l shows the time dependence of
the magnetization M of central line, Li(2)
and Li(l) satellites after narrow-band ex-
citation of the central line. The lines
are calculated with ratios of the Uk cal-
culated for immobile Li(l) ions. We used a
scale where the longest relaxation time is
1. Fig.2 shows for short times the trans-
fer of magnetization between different re-
sonances determined by the Uj,. The tempe-
rature dependence of the measured transfer
rates shows a Bo independent maximum from
which we could determine diffusion data
using Eq.l (3). We found an activation
enthalpy of 0.24 eV for the intra-layer
diffusion process in Li3N and jump fre-
quencies which agree well with ionic con-
ductivity data.

M (normalized)

1.4

1 /

10" 10" 10"' 10" 10' t

Fig.l: Time dependence of the magnetization
of central line 1, Li(2) and Li(l) satel-
lites 2 and 3 after central line excitation
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A HIGH PRESSURE NMR STUDY OF SOLID ETHANE

M.H.M. Schutte, K.O. Prins and N.J. Trappeniers

INTRODUCTION

Ethane (C2Hg) crystallizes in two
ordered solid phases 1^ and Ig and in an
orientationally disordered (plastic) phase
II. At zero pressure, the ordered phase Ig
and the disordered phase exist only between
89.68 and 89.78 K and between 89.78 and
90.32 K respectively (1,2). This paper
deals mainly with a study of the molecular
motion in the three solid phases by measure-
ments of the proton spin relaxation times
T1 and T2 (at 6 and 24- MHz) and of line
shape second moments Mj. These measurements
were performed from 77 to 205 K at a num-
ber of values of the pressure up to 10
kbar; at zero pressure, T^ has been mea-
sured down to 6 K.

RESULTS AND DISCUSSION

Correlation functions of the lattice
part of the intra-• and intermolecular di-
polar interactions between the proton spins
in the system have been calculated for the
ordered IA phase, using a method from group
theory (3). The calculations are based on
the structure of the I. phase, as reported
by Van Nes and Vos (4). Two types of mole-
cular motion are assumed: I. rigid rota-
tional jumps between discrete orientations
about the C2 and C3 axes of the C2Hg mole-
cule in the staggered configuration (point
group Dg^); II. relative rotational jumps
of the CHj-groups in the same molecule
between staggered configurations. In addi-
tion, values of M2 have been derived for
these models.

Type I reorientations about the C2 and
C3 axes cannot be distinguished as to their
effect on T>(intra). The minimum value of
T-^ intra) at 24 MHz due to type I jumps is
11.6 ms. The intramolecular contribution
to M2 in the rigid lattice is 26.52 G2; on
type I motional narrowing, M2(intra) redu-
ces to 7.4-4 G2. The minimum value of
T]_(intra) due to additional type II inter-
nal rotations is 795 ms, the associated
reduction of M is 0.28 G2. The minimum
value of T-|_ due to intermolecular inter-
actions due to C3 jumps only is 53.5 ms
at 24- MHz. The intermolecular contribution
to M_ equals 8.90 G2 in the rigid case;

type I jumps about the Cg-axes only reduce
M2(inter) to 4.60 G

2, while C2- and C3-
jumps result in M2(inter) = 2.80 G

2.
The conclusions from a comparison with

our experimental data are as follows. The
most rapid molecular reorientations are
the jumps about the Cg axis, leading to
the constant value of 7.44 + 4.60 = 12.04
G2 (12.25 G2 experimentally (5)) at,low
temperature and to the experimentally ob-
served T-̂  minimum of 11 ms. The activation
energy for this process varies between
9.5 and 12.0 kJ/mol, depending on the pres-
sure. M~ is reduced by C2~reorientations
to 7.4-4 + 2.80 = 10.24 G2 (10.4 G2 in our
experiment at 6.5 kbar). The contribution
of type II jumps to the relaxation rate is
very small. The C2-jumps are responsible
for the spin-lattice relaxation in the IR-
phase. Our measurements at 6 MHz at P =
2134- bar show a T]_ minimum in the Ig phase
of 35 ms; for this mechanism we calculate
32 ms at 6 MHz.

In the disordered phase II self-diffu-
sion is the dominant relaxation mechanism.
A fit of our T1 and T2 data to the Wolf (6)
model for vacancy diffusion leads to a
value of D = 5.36 x 10~13 m2/s at 120.5 K,
P = 2134 bar on the solid II melting line.
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OPTICAL DETECTION OF MAGNETIC RESONANCE

(ODMR) OF CHARGE-TRANSFER (CT-) PHANES

D.Schweitzer, K.H.Hausser, P.Wahl, H.A.Staab

The fixed geometrical arrangement
of the acceptor and donor with re-
spect to each other in CT-phanes
permits to study the dependence of
the CT-character in the lowest ex-
cited electronic states on the ori-
entations of the characteristic ac-
ceptor- and donor groups in isomer-
ic CT-phanes [1]. In addition the
CT-character in the lowest excited
singulet- and triplet-state of a
CT-complex depends on the relative
positions of the local excited sta-
tes as well as on the ionisation
potential and the electron affinity
of the donor and of the acceptor.
Fig. 1 shows three CT-[2.2 Iphanes

(V-3) together with one [2.2]phane
(4̂ ) ,wich has only very little CT-
character. These phanes are differ-
ent combinations of the monomers
paraxylene (5_) ( D = 0,1413 cm
[2]), 1,4-dimethyl 2.5;_dicyanoben-
zene (6_) ( D = 0,129 cm [1]),1,4-
dimethyl 2,3,5,6 tetracyanobenzene
(7)( D = 0,1194 cm ) and 1,4 di-
methylnaphthalene (8j
( D = 0,0971 cm" ).
Fig. 1

The fluorescence- ( u?1) and phospho-
rescence redshifts ( i_, ) of 1-_4 as
compared to the corre§ponding mono-
mers are compiled in table 1 and
the corresponding zero field split-
ting parameters D and E as measured
in low concentration in methyltetra-
hydrofuran or tetrahydrofuran at
1.3 K in table 2.

The experimental results are in
agreement with the relative posi-
tions of the local excited states
mentioned above.

Table 1

Table 2

-1
cm

4300+500
6500+500
9500+500
1800+200

- 1
|D| [cm
0.1207
0.0749
0.0891
0.0913

-1[cm

3000+500
3800+500
1500+250
1450+100

I El [cm"1]
0.0381
0.0180
0.0148
0.0128

The redshift of the fluorescence
increases from 1_ to 2 because the
latter contains the stronger accep-
tor and from 2 to 3 because 2 con-
tains the stonger donor; it is ra-
ther small in 4_ where we expect
very little CT-character. The be-
haviour of the redshift of the phos-
phorescence is found to be differ-
ent but in agreement with the D-val-
ues in the excited triplet-state.
While we find an increase in the
redshift of the phophorescence and
a stronger D-value reduction in
going from _1_ to 2_ both effects are
much smaller and very similar in 3_
and A_. This indicates a rather low
CT in 2 a s well due to the fact
that the excited triplet state of
the 2,5 dimethylnaphthalene (0)has
a somewhat lower energy than the
one of the 1,4 dimethyl 2,3,5,6-
tetracyanobenzene (2),in contrast to
the corresponding singlet state,
which prevents substantial CT in
the triplet state.

[1]D.Schweitzer, K.H.Hausser, V.
Taglieber, H.A. Staab, Chem.Phys.
14,183 (1976).
T2]Ph.J. Vergragt, J.A. Kooter,
J.H. Van der Waals, Mol.Phys.
33, 1523 (1977) .
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OPTICAL DETECTION OF MAGNETIC

RESONANCE (ODMR) OF NAPHTHALENOPHANES

D.Schweitzer, K.H.Hausser

N.E.Blank, M.W. Haenel

Investigations of the transanular
n-electron interaction in [2.2]-
naphthalenophanes [1] by ODMR in
zero field were extended to a num-
ber of [3.3] naphthalenophanes
(1_-j4, fig 1) • Table 1 shows the
triplet zero field splitting para-
meters D and E for 1_-4_ together
with those of the chiral (_5) - and
achiral [2.2] (2,6) naphthalenopha-
ne (6̂  and the monomer 2.6-dimethyl-
naphthalene (2)• All measurements
weredone in low concentration
(-10 m) in methylcyclohexan at 1.3K.

Fig. 1

Table

1
1
2
3
4
5
6
7

1 ZFS-Parameters

D| [cm ]

0.0854
0.0654
0.0885
0.0824
0.0894
0.0689
0.0970

IE| [cm"

0.O194
0.0168
0.0147
0.0130
0.0154
0.0128
0.0155

From the comparison of the D and E
parameters as well as from the fluo-
rescence- and phosphorescence red-
shifts [2] for \_,'2L and 5_,6_ with res-
pect to the monomer 7_ it can be con-
cluded that for the [3.3]phanes j_
and 2̂  a stronger n-electron inter-
action through space exists. The de-
viation from planarity for the naph-
thalene units observed usually is
smaller in the [3.3]phanes \_ and 2_
than in the [2.2]phanes 5 and 6 [3],

Therefore the transanular distance
at the positions 1,4,5,8 between
the two naphthalene subunits should
be smaller in 1_ and 2̂  than in 5̂  and
j5 [3]. This results in a stronger
n-electron interaction for 1_, 2 as
compared to 5^£ in agreement with
the experimental finding, because
these positions carry the highest
spin densities [4] and hence the
highest bond densities d1? . [ 5 ] . In
contrast the somewhat larger trans-
anular distance in the 2,6 posi-
tions should have a minor effect
due to the small spin densities.
For a geometrical arrangement of
the naphthalene subunits similar as
in 4 a stronger excimertype bond
in the triplet state is predicted
from SCF-LCAO calculations [6] than
in 2. Actually a second maximum in
the strength of the n-electron in-
teraction can be observed for £ as
can be seen from a comparison of
the fluorescence- and phosphores-
cence redshifts as well as of the
reductions of the D parameters of
1,2,3,4 with respect to the mono-
mer T/~t>ut in all phanes studied
the strongest n-electron interaction
was always observed in the mirror
symmetric sandwich arrangement as
in _2. In this orientation the maxi-
mum intersystem bond density d" [5]
is expected as well.

[l]D. Schweitzer, J.P. Colpa, J.
Behnke, K.H. Hausser, M.Haenel,
H.A.Staab, Chem.Phys. 11,373
(1975); J. Lumines.12-13, 363
(1976) .

[2]D. Schweitzer,"Habil.Schrift",
Univ. Heidelberg (1980).

[3]M.W.Haenel,"Habil.Schrift",
Univ. Heidelberg (1978).

[4]C.H.Elschenbroich,F.Gerson,
J.A.Reiss, J.Am.Chem.Soc.99,60,
(1977) .

[5]J.P.Colpa,K.H.Hausser,D.
Schweitzer,Chem.Phys.^9,187(1978)

[6]T. Azumi,H.Azumi,Bull.Chem.
Soc.Japan 39,1829,2317(1966)
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DIELECTRIC AND PROTON RELAXATION

FROM AMMONIUM MOTION IN ALUM

I. Svare

NH4AKSO4) 2-12H2O has a ther-
mally activated dielectric loss
maximum that has been studied for
40 years from audio to microwave
frequencies in the temperature
range 75 to 200K (1,2,3). Proton
T-] due to NH4 reorientation ana-
lysed in the usual way give the
same correlation times

t(1111

T = 1.5 X 10~14exp(1280/T) s

as the dielectric losses to within
the experimental accuracy (4).
This shows that the same motion
must be responsible for both
effects. But pure reorientation
of a symmetric NH4 ion should have
no dipole moment. We therefore
have to assume that the two orien-
tations of the NH| ions found in
the alum structure (5) have
different centres of charge, as in-
dicated in Fig.1, and that the NH|
ions are hopping between these two
orientations. A shift of X = 0 . 1 A
of a unit charge is enough to
account for the magnitude of the
dielectric losses.

This dynamic disorder is pro-
bably important for the ferro-
electric (?) phase transition
around 70K. It should couple
strongly to ultrasonic waves, and
extrapolating the temperature be-
haviour, we may predict far infra-
red absorption around room tem-
perature. We are looking for these
effects, and we believe that simi-
lar mechanisms are responsible for
the dielectric losses in (NH4)2

and other ammonium salts.

Fig.1.
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STRUCTURAL PHASE TRANSITION IN Rb,NaHoF,
L 0

E.J. Veenendaal, H.B. Bran en T. Molenaar

I . INTRODUCTION

The family of A2BLnX6 compounds (A=Rb,
Cs B=Na,K Ln=Lanthanide X=F,C1) has drawn
at tent ion , because i t c rys ta l l izes in the
cubic elpasol i te s t ructure, which f a c i l i t a -
tes determination of the crystal f i e l d and
analysis of the magnetic properties of the
Lanthanide ion (1-4) . Our interest is main-
ly in the enhanced nuclear magnetism, which
can be observed, i f a non-Kramers Lantha-
nide ion has a non-magnetic ground-state.
For th is Tb and Ho compounds are the most
in teres t ing , because a non-magnetic ground-
state of these ions has not been observed
in the numerous metal l ic cubic compounds
because of strong exchange interactions. We
selected Rb2NaHoF6, for which the already
measured Van Vleck-suscept ib i l i ty (1) i n -
dicates a non-magnetic groundstate.

II. EXPERIMENTS

The cubic structure of our spherical
single crystal was confirmed by X-ray at
roomtemperature. NMR measurements on the
f luor ine nuclei were performed with the
f i e l d perpendicular to one of the cubic ax-
es and as a function of the angle with one
of the other cubic axes. With the f i e l d in
an arb i t rary d i rect ion the resonance spec-
trum was measured as a function of tempe-
rature down to 16K, where linebroadening
made the resonance unobservable. Magneti-
zation measurements were performed at 77K
and 4.2K in pulsed f ie lds up to 40T.

I I I . RESULTS AND DISCUSSION

The rotat ional diagram yielded the
three- l ine spectrum expected for an ideal
octahedral coordination of the Ho-ion.From
the amplitude of the l i ne -sh i f t s a magne-
t i c moment of 10.5 Bohr magneton could be
deduced for the Ho-ion in good agreement
with the theoretical high temperature va l -
ue of 10.64 Bohr magneton.

The spectrum as a function of tempera-
ture showed an unexpected s p l i t t i n g of the
three resonance l ines into three pairs at
a temperature of about 120K, indicat ing a
t rans i t ion to a structure of much lower
symmetry.

The magnetization measurements showed
clear anisotropy at 4.2K, again indicating
a non-cubic structure at low temperatures.
Therefore the non-magnetic groundstate has
to be a singulet. Because the transition
temperature is rather high, the transition
is probably not caused by the Jahn-Teller
effect.

I V . CONCLUSION

2 6 shows a transition to a
structure of low symmetry at about 120K,
producing a singulet groundstate. The meas-
ured low-temperature magnetic properties
(1,4) cannot be explained by assuming that
the groundstate is a non-magnetic doublet
since this is incompatible with the non-
cubic symmetry.

MHz
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MAGIC-ANGLE SPINNING VARIABLE-TEMPERATURE 3 1P NMR OF
SOLID CALCIUM PHOSPHATES AND RELATED COMPOUNDS

J. P. Yesinowski

W. P. Rothwell

J. S. Waugh

A variety of solid calcium
phosphates of biological signifi-
cance in mineralized tissue have
been characterized by P-31 proton-
enhanced NMR combined with variable-
temperature magic-angle spinning
(1). The constitution of highly-
nonstoichiometric hydroxyapatites
has also been studied by this
method, as have other solid
phosphates. Different phosphate
groups in the same sample can be
distinguished by either their
isotropic chemical shifts or their
chemical shift anisotropies, as
reflected by sideband intensities
in the magic-angle spectra.
Motions in the solid can be studied
by observing changes with tempera-
ture of the motionally-averaged
chemical shift anisotropy. Proton-
enhancement characteristics and two-
dimensional NMR yield information
about the presence of protons near
the phosphorus atom.

Some general conclusions can
be made:

1. Successive protonation of the
phosphate group tends to shift the
resonance upfield for a given
cation.

2. Chemical shift anisotropies
(and sideband intensities) are
significantly larger for protonated
and condensed phosphates than for
PO,, groups.

3. Atomic or molecular motions
which reduce the observed chemical
shift anisotropy can be seen in
ammonium dihydrogen phosphate,
octacalcium phosphate, and probably
nonstoichiometric hydroxyapatites.

4. Nonstoichiometric hydroxy-
apatites with molar Ca/P ratios as
low as 1.33 (1.67=stoichiometric)
do not contain significant amounts
of acidic calcium phosphate phases,
but instead probably consist of a
defect hydroxyapatite lattice with
some motions involving HPCL
groups.

5. A form of two-dimensional NMR
involving a variable period without
decoupling followed by decoupling
and Fourier-transformation of the
FID (2) is useful in distinguishing
protonated phosphate groups from
non-protonated groups. All of the
spinning sidebands are in phase
with the central peak only when the
first delay is a multiple of the
period of sample rotation; other-
wise, systematic frequency-
dependent phase distortions of the
sidebands result.

6. Transient oscillations (3) in
the non-spinning cross-polarization
spectrum of polycrystalline
MgHPO -6H 0 can be observed as
a function of contact time. Since
the chemical-shift powder pattern
is axially-symmetric (Acr = 122 ppm),
the frequency of these oscillations
at the singularity in the powder
pattern can be used to measure the
H-P bond distance.
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3+EPR IN THE P o GROUND STATE OF Nd : CaF

AND THE EFFECT OF UNIAXIAL STRESS

J.M. Baker and R.L. Wood

Baker and Wood (1) describe the EPR
spectrum of very well annealed samples
of CaF doped with 0.03% Nd3 + . Two
lines of this spectrum were attributed to
the transitions between the time reversed
states of a f~ ground state of a Nd ion
at cubic substitutional sites. A similar
spectrum has been reported by Kask and
Kornienko (2), but the much narrower line
widths reported in (1) have allowed the
g-values to be determined with a ten-fold
increase in accuracy (Table I).

H//(001)

H / / 0 1 0)

TABLE I

g = 3.146(5)

g = 2.877(5)

g = 1 .784(3)

g = 2.192(3)

Difficulties were encountered when
an attempt was made to interpret the cub-
ic crystal field in terms of these g-values.
Calculations reported in (1) showed that
they occurred in a region where the g-
values were extremely sensitive to x, the
parameter measuring the ratio of 4th to
6th order crystal field parameters defined
by Lea, Leask and Wolf (3). Furthermore,
calculations using the I ground manifold
showed that they were extremely sensi-
tive to admixtures of excited J-states in-
to the ground I q / 9 manifold. In the ab-
scence of optical data giving values of
A / r ) andA < r > , it was not possible
to fit unambiguously the g-values to a
value of x and an orbital reduction factor.
Our calculations have shown that the in-
terpretation (2) neglecting J-mixing is in-
correct, and that x probably lies between
- 0.44 and - 0.48, with \A < r 4 > \ <
350 c m 1

"1

The effect of a uniaxial stress on
these transitions has been studied. The
behaviour of Nd3+ was found to be anoma-
lous compared tc studies of similar sys-
tems, the stress shifts of which have
been successfully parameterized by the

spin-Hamiltonian given by Baker et al (4).
This predicts that to an excellent approxi-
mation, the stress induced changes in l i -
ne position are given by a second order
polynomial in stress,P. Further, the mo-
dulus of the coefficient of P in this ex-
pression is the same, for a given orienta-
tion of stress and field, for both of the
transitions between time-reversed states
in the f"̂ . This was not the case for
Nd3+ . With P//(l 00) and H//(001) ,the
behaviour predicted by the spin-Hamilto-
nian for both transitions was observed.
For P//(001) H//(l 1 0), a novel level cro-
ssing effect was observed at stresses of
^.3 Kgmm due to the near equality of
g-values in this orientation, and no addi-
tional information was obtained. For
P//(l 1 0), the transition with higher g-
value showed the predicted behaviour for
both H//(001) and H//(l 1 0). However,
the transition at lower g-value exhibited
highly anomalous behaviour, showing no
shift at all in the former case and only a
very weak (relative to the other transition)
shift in the latter case. We have not
been able to interpret these results, ex-
cept to note that for j ~ " strains, both
transitions behave as expected, but for
f~ strains, it is the transition at lower

g-value which exhibits anomalous be-
haviour.
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UNIAXIAL STRESS EFFECT OF THE EPR SPECTRUM. SrCl2:Mir2+

H.W. den Hartog and K. Post

I. INTRODUCTION

In earlier papers we have shown that
the system SrCl2:Mn2+ is influenced appre-
ciably by the application of an external
electric field. At temperatures of appro-
ximately 70 K the Mn 2 + impurity is shifted
to a 111 off-center position if an elec-
tric field is applied across the sample
along the [ill] crystal axis. This behavi-
or can be studied rather easily by inves-
tigating the EPR signal as a function of
the electric field strength and direction
and the orientation of the sample with
respect to the static magnetic field (1).

In the present paper we report about
uniaxial stress experiments on the same
system. We have observed that also uniax-
ial stress drastically modifies the obser-
ved EPR signal and the effects can be ex-
plained in terms of extra second degree
crystal field terms in the spin Hamiltoni-
an associated with the Mn 2 + 3d^ ground-
state

^stress = B2( s t r e s s)°2 + B?,( stress^2, (1)

The strength of the stress induced parame-
ters have been compared with the theoreti-
cal values obtained from a calculation in
which we have assumed that the lattice
surrounding the Mn 2 + ion is deformed in
accordance with the bulk elastic constants.
This model turns out to be inadequate to
explain the observed crystal field effects.
The situation is improved appreciably if
it is assumed that the first shell of
chloride ions surrounding the impurity is
displaced rather easily as a result of u-
niaxial stress. The temperature dependence
of the stress effect shows a discontinuity
at about 60 K; this discontinuity supports
the model proposed for the origin of the
electric field effect of SrCl2:Mn

2+ (1).

II. RESULTS

In Fig. 1 we show the results of a
uniaxial stress experiment carried out at
70 K. It can be seen that each of the hy-
perfine lines is split as a result of the
stress induced spin Hamiltonian; the vari-
ous fine lines are resolved. Similar ob-

servations have been made for different
stress directions; the corresponding
stress induced parameters have been given
in Table 1 together with the calculated
ones. In these calculations we have assu-
med that the elastic constant C44 associa-
ted with the nearest Cl" ions is reduced
by a factor of 10. Correcting the other

TABLE 1. Stress induced crystal field pa-
rameters

Stress
direction

[100]
[110]
[111]

B§ (G/kBar)
expt
<0.2

±12.3

±13.7

th
0.38

-6.4

-10.1

B^G/kBar)
expt th

0 0

±12.3 -7.

0 0

elastic constants does not lead to better
agreement between theory and experiment.
A remarkable observation made during uni-
axial stress experiments at variable tem-
peratures is that at about 60 K the stress
effect increases rather discontinuously by
about 20% when lowering the temperature.
We have assumed that the Mn 2 + ion in SrClo
is located in an anharmonic potential wel I
(1), which shows "thresholds" at about
0.006-0.010 eV. If the temperature is in-
creased such that kT is equal to the thres-
hold energy, the central Mn 2 + will push
the neighboring Cl" ions in outward direc-
tions, leading to an increased local elas-
tic constant associated with these ions.
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H//E111]

P=500 bar

Magnetic Field

FIG. 1. Result of a uniaxial stress experiment
carried out at T = 70 K, H // |lll| and P //
[HO]; for the upper curve P = 0 and the lower
trace has been taken with P = 500 Bar.
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WEAK EXCHANGE INTERACTIONS IN

Cr3+-DOPED SPINEL ZnGa2C>4

J.C.M. Henning

Knowledge of the distant ex-
change interactions is a prerequi-
site for the understanding of the
complex magnetic properties of
Cr-spinels (1). Direct information
can be obtained from ESR spectra
of moderately (1-5 at%) doped
single crystals. We have chosen
ZnGa2O4 as a host because of its
isomorphy with ZnCr2O/. First neigh-
bours are best studied in the range
20K< T <100K. The coupling between
the ionic spins (So = Si = 3/2) is
described by (2)

H = -J SQ.S1 + j(S Q.S 1)
2 + A

D

where AD is a (pseudo) dipolar term.
The parameters J1 = -22.2 ±0.5
cm"1 and j-^ = -1.7 + 0.3 cm"1 are
deduced from the temperature
dependence of the intensities of
transitions within total-spin mul-
tiplets I = 3,2,1. Their values
are confirmed by optical measu-
rements (3). Second to sixth neigh-
bours are studied at low T :
1.2K<T<4.2K. The interactions
are of the order of 1 cm"1 and can
be accurately determined from line
positions. The results are (4) :

J2 = -0.94, J3 = -1.22, J4 = -0.80,
J5 = -0.45, J6 = -0.55 cm

 1

(± 0.01). Biquadratic exchange is
here negligible. AQ can be fully
accounted for by point dipole in-
teraction for all types of pairs
studied. The identification of
pair lines in the presence of
strong single-ion lines and spu-
rious signals is facilitated by
using the strain-modulation tech-
nique (5) : in general J is more
sensitive to strain than g.

The above-mentioned J-values
lead to an asymptotic Curie tem-
perature of ZnCr2C>4, which is only
10% lower than the experimental
value.

A microscopic analysis of the
J-parameters reveals that the tra-
ditional exchange paths Cr-O-O-Cr
have to be extended with interac-
tions of the type Cr-Ga-Cr, which
may be negative or positive, de-
pending on whether one or two Ga-
orbitals are involved. A further
remarkable point is that inter-
actions via three intermediate
oxygens (J&) are not weaker than
those via two oxygens (J9-J5).
This means that anion-anion inter-
action is comparable in strength
with anion-cation interaction (6).
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DYNAMIC AND COOPERATIVE JAHN-TELLER DISTORTIONS

IN COPPER PYRIDINE N-OXIDE COMPLEXES

C.P. Keijzers and E. de Boer

J.S. Wood

The hexapyridine-N-oxide cuprate ion,

Cu(PyO), doped into the isostructural dia-
o

magnetic zinc complex, and in undiluted form
as its perchlorate, fluoborate and nitrate
salts, has been investigated by EPR, X-ray
diffraction and magnetic susceptibility

measurements. The Cu(PyO),. ion is subject

to Jahn-Teller distortions.
The EPR spectra of the undiluted sys-

tems, measured as function of the tempera-
ture, indicate phase transitions to stati-
cally distorted structures, the nature of
which are dependent on the anion. For the
fluoborate complex, the low temperature
phase is based on a cooperative Jahn-Teller
ordering of elongated octahedral complexes
which is ferrodistortive while two differ-
ent antiferrodistortive orderings are pro-
posed for the perchlorate and nitrate com-
plexes. One of these gives a low symmetry
arrangement of elongated octahedra, (crys-
tal space group PI), while for the second
the trigonal symmetry of the high tempera-
ture phase is retained and a structure of
space group P3] is proposed. These low tem-
perature structures are in accord with the
results of previously published magnetic
specific heat measurements (1). All high
temperature crystalline phases are trigonal
(2, 3), except one modification of the ni-
trate complex, which ismonoclinic and un-
stable relative to the trigonal phase. The
g tensor behaviour for this form is in ac-
cord with an elongated octahedron.

The diluted systems give three-ion-per
cell spectra at low temperature (below 40
K), which are in accord with a tetragonally
elongated geometry for the isolated

Cu(PyO), cluster, while line width measu-
rements give a rough estimate of 40 cm
for the barrier height between the wells in
the warped Mexican Hat potential energy
surface. Analyses of the room temperature
thermal parameters derived from diffraction
measurements for all three copper complexes
are also in accord with the presence of
Jahn-Teller distortions and comparison with

the isostructural zinc complexes gives an
estimate of 0.40 A for the Jahn-Teller rad-
ius. Extended Hiickel calculations predict
the tetragonally elongated geometry to be
marginally more stable than the compressed

geometry and give values of 2350 cm and

0.28 A for the Jahn-Teller energy and rad-
ius, respectively. In addition, they give
g and A tensor magnitudes in reasonable
agreement with experiment.
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INDIRECT SUPERHYPERFINE INTERACTION IN VAN VLECK PARAMAGNETS

F. Mehran , K. W. H. Stevens and T. S. Plaskett

The EPR spectra of S-state impurities in
Van Vleck paramagnetic compounds (i.e. com-
pounds containing ions with singlet ground elec-
tronic states and nearby excited states which can
readily be admixed into the ground state by a
magnetic field) are influenced by the high mag-
netic polarizability of the host ions. In addition to
the g-shifts and pseudo crystal field effects (1),
the spectra are also broadened by the indirect
second order interactions of the impurities with
the host nuclei (2) through the impurity-host ex-
change and magnetic dipolar interactions and the
hyperfine interactions of the host ions (3,4).

We have investigated these effects on Gd3 +

(4f7, 8S 7 / 2 ) impurities in HoV04 and PrVO4 at
low temperatures. In these hosts the indirect
superhyperfine broadenings of the Gd3 + fine
structure spectra are much larger than the ordi-
nary broadenings caused by the hyperfine inter-
actions with the 155Gd and 157Gd nuclei and the
direct superhyperfine interactions with the ligand
nuclei.

The most general (symmetry allowed) form of
the exchange and magnetic dipolar interactions
between the Gd3+ and the rare earth host ions in
these crystals with tetragonal zircon structure
D f̂J, contains five independent parameters (5).
In PrV04 (Gd), the interaction Hamiltonian for a
Gd3+_Jon at the origin (point symmetry D2d) with
spin S and a Pr3+ (4f , 3H4) ion at (x = 3.68, y
= 0, z = 1.62 A) with total angular momentum
JH, is:

K =aSxJx+(3SyJy+rSzJz+c5SxJ2+eSzJx (1)SyJy

The Gd3+ g-shifts depend only on the three
diagonal parameters a, |S and y (1). The pseudo-
axial field and the indirect superhyperfine interac-
tions depend on the off-diagonal parameters 8
and E and the diagonal parameters (5). The
shifts and broadenings of the spectra can be ob-
served for various directions of the external mag-
netic field and the interaction parameters in Eq.
(1) may be determined:

«+l3=-0.110±0.002 cm"1

-0.021 ±0.003 cm" 1

| E | = 0 . 0 1 9 ± 0 . 0 0 2 cm J

The magnetic dipolar contributions to these
parameters can be calculated and are respective-
ly: - 0.006, + 0.006, - 0.012 and
- 0.012 cm : . By subtracting the magnetic dipo-
lar contributions, we thus find that the
Gd 3 + -P r 3 + exchange interaction is highly aniso-
tropic and the magnitude of the non-zero compo-
nent of the antisymmetric exchange interaction
can be estimated to be:

\ps-e)]. 0.09cm - l

In HoVO4(Gd) the indirect superhyperfine
interactions are much larger than in PrV04(Gd)
due to the higher polarizability of the Ho3 +

ground state (3). As a result the fine structure
spectra in HoV04(Gd) can be resolved only for
the external magnetic field parallel to the c-axis
and not all the interaction parameters can be di-
rectly determined.
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ESR OF NEGATIVE IONS IN

LIQUID 3HE-i|HE MIXTURES

Jonathan P. Reichert and Norman C. Jarosik

Electrons field emitted into
liquid helium from sharp metal tips
form a stable configuration consist-
ing of an electron localized inside
a spherical void about 35 angstroms
in diameter. Our laboratory has
previously reported ESR studies of
these negative ions in pure liquid
"He and ^ e . 1 Pig. 1 shows the
first reported data on the peak to
peak signal amplitude as a function
of pressure for two mixtures of 3He-
"*He as well as for pure 3He and "*He.
ions in ''He exhibit a signal inten-
sity which; 1) decreases with pres-
sure, 2) is temperature independent,
and 3) represents a polarization of
1% of the thermal equilibrium value.
The ESR linewidths are temperature
and pressure independent. These
data have been explained by postula-
ting an initial polarization of the
electrons in the discharge region
around the field emission tip, and
no measurable interaction of the
electrons with their surroundings
once they enter the bubble state.

The signal intensity from ions
in 3He; 1) increases with pressure,
and 2) is temperature dependent
(scaling approximately as the ther-
mal equilibrium polarization). 3He
ESR linewidths are broader than "*He
and pressure dependent. The 3He
data was interpreted by assuming
that the hyperfine coupling between
the trapped electron and the nuclear
spins on the surrounding 3He nuclei
was responsible for a pressure de-
pendent spin lattice relaxation (TO
and for a line broadening.

We have so far measured three
different 3He-"*He mixtures. These
data indicate that in the lower
pressure region (<300 psia) Ions in
all three mixtures behave as if they
were in pure 3He. At higher pres-
sures a small deviation from pure
3He behavior is observed. We can
conclude that the electron relaxa-
tion rate is not proportional to the

number of 3He atoms on the surface
of the bubble. The points also con-
sistently show a departure from lin-
ear behavior at high pressures, be-
coming pressure independent. As yet
we cannot account for these effects.

Not shown are points for all
mixtures of 3He at pressures where
the liquid begins to solidify. We
have observed large increases in the
signal amplitude and linewidths as
the mixture changes state. Prelim-
inary data suggests that this in-
crease in signal intensity is asso-
ciated with the long lifetime of
trapped ions.

1. J.F. Reichert et. al. Phys. Rev.
Lett. 4_2, 1359 (1979).
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ANALYSIS OF THE GROUND STATE PROPERTIES OF CHROMIUM-DOPED.

A. S. Abhvani, S. P. Austen, C. A. Bates, J. R. Fletcher and L. W. Parker

The most common charge states of imp-
urity chromium in GaAs are Cr and Cr2 +

(1). With EPR, the Cr2+ ion shows tetra-
gonal symmetry, while Cr3 + ions display
orthorhombic symmetry (2). From APR (3)
and optical measurements (4), Cr^+ in cub-
ic, trigonal and tetragonal sites is obs-
erved. In an earlier paper (5) a dynam-
ic Jahn-Teller (JT) model was developed as
a basis for understanding the Cr2+ APR
spectrum. In this paper we extend the
argument to include also the earlier EPR
data for both Cr2+ and Cr3 + : trigonal Cr2 +

will not be discussed further here.

The APR data for Cr (3) cannot be
explained in terms of the spin-Hamiltonian
Hs used to account for the EPR spectra (2) .
Moreover, many of the observed APR transit-
ions are very strong whilst the APR trans-
itions within the eigenstates of Hg would
be extremely weak. We choose, therefore,
our zeroth-order states to be the five st-
ates of Hg multiplied by three to allow for
the three tetragonal axes along x,y,z. The
six ground states of energy 2D (D = -1.860
cm-1 (2)) comprise Ax + E + Ti; at an ener-
gy of -D the six states are Ti and T\ while
the higher states transform as T|>. (The
superscripts '1' and '2' refer to the low-
er and upper states respectively). The
three distortion axes are equivalent and
spin-orbit coupling and kinetic energy will
cause the system to tunnel between them,
breaking the accidental degeneracies. For
large tunnelling we have a set of seven
J = 3 states (Aj + T} + T J ) , five J = 2
states (E + Ti) and three J = 1 states

The approach we used earlier (5) was
based on the fast tunnelling limit and the
J = 3 states. An alternative approach to
be discussed here is the slow tunnelling
limit. The energies, in units of D are:

E(A1) = 2(1 + x) , E(E) = 2 - x ,

ECI^) = h{X + x ± [(3 - x ) 2 + 8x2]h},

E(T2) = -*s{3 + x ± [(x - I)
2 + 36X2]35}

while the g-values are:

g(T2) = ha + (25x - 1) [(x - I) 2 + 24x2] h

where x = y\/T). Unfortunately second-
order terms are too large to be ignored
and prevent direct analytic solution. It
is therefore necessary to resort again to
computer diagonalization of the 15 x 15
matrix using the above energies and g-val-
ues as a guide. These calculations are
in progress.

To account for the EPR spectrum (2),
we use the theory of Fletcher (6) extended
to triplets. For sites with large tetra-
gonal z-type random strains (:> D) , the tun-
nelling essentially stops, generating a lo-
wer set of five states which correspond to
those described by Hs. x- and y-type ran-
dom strains generate the additional spectra
required.

Exactly parallel calculations for Cr
generate the orthorhombic EPR spectra obs-
erved for Cr3+ (2).

We conclude that all spectra are ex-
plicable in terms of a dynamic and not
static JT model: our slow tunnelling mod-
el corresponds to that described recently
as Intermediate JTE (7).
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EPR OF ELECTRONICALLY LABILE METAL COMPLEXES

John H. Ammeter

Orbitally'(near-) degenerate
complexes tend to be electronically
labile, i.e.their electronic prop-
erties (e.g. EPR observables) ex-
hibit pronounced sensitivity to
(liquid or solid) solvent interac-
tions. Abundant examples are found
in transition metal complexes with
Jahn-Teller labilities, spin-cross-
overs, mixed valence and exchange
couplings. The host lattice depen-
dence of EPR data on approximately
axial d5 and d7 sandwich complexes,
tetrahedral V C K and octahedral
Cu(II) complexes with CuO 6 and
CuN6 chromophores at 4K is deter-
mined for characterizing the nature
of the vibronic ground state.

Strong differences between the
various Exe type Jahn-Teller mole-
cules are found: In asymmetric en-
vironments CuL 6 complexes are invari-
ably frozen out in a statically dis-
torted conformation; V C K always
exhibits a vibronic mixture of the
two degenerate electronic states
with a ratio close to 75:25, independent
of the size of the matrix field; in
contrast for Fe( I) ,Co( II) ,Ni(III) ,
Mn(II) and Fe(III) sandwiches the
vibronic mixing ratio varies con-
tinuously between 50:50 and 100:0
as the asymmetric part of the matrix
field is increased. These differ-
ences are explained in terms of
shapes of potential surfaces deter-
mined by linear and quadratic Jahn-
Teller coupling parameters on one
side and by spin-orbit coupling on
the other side.
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EPR AND CRYSTAL FIELD FOR Gd3+ IN TWO THORIUM COMPOUNDS

G.Amoretti, D.C.Giori and V.Varacca

I. INTRODUCTION

We have studied, by EPR technique, the
crystal field (c.f.) splitting of S-state
ion, namely Gd3+, present as doping at
low concentration (order 10 p.p.m.) in sin
gle crystals of ThOS and ThS2. The parame"
ters of the spin Hamiltonians have been
analyzed, with satisfactory results, by
the superposition model of Newman and Ur-
ban (1).

II. EXPERIMENTAL

The crystals have been grown by chemi-
cal transport reaction using iodine as
transporting agent (2). From the symmetry
of EPR spectra we could deduce that, in
both cases, the Gd ions enter substitutio-
nally without distorsion of the local sjtm-
metries,which are tetragonal C^v and mono-
ii v

clinic Cs respectively. The spectra have
been recorded at room temperature by Va-
rian E-line X-band spectrometer.

III. RESULTS

The spin Hamiltonians, for the magnetic
field along the c.f. z axis, can be writ-
ten

Hp =g 6H S
C^v DZ Z 2

H = g gH S +'
C,, °z p z z •

4 4

even

For ThS2, the large splitting does not al-
low a successful application of the usual
perturbative methods and therefore it has
been necessary to use a numerical fitting
procedure to evaluate the spin Hamiltonian
parameters (3). The results for ThOS are
given in (2). For ThS2 the values of the
reduced c.f. parameters are shown in Tab.3,
while the g-factor results isotropic, na-
mely g=1.994±O.OO2. In both cases the re-
sonance fields are fitted within the expe-
rimental errors.

\n
n \

0

1

2

3
4

5
6

2

708.0+0.6

0±3

-243+1

4

-4.0±0.1

25±2

-4.0±l.5

-125±15

-20+2

6

0.0+0.2

-5+3

-6±3

-10+6

-5+3

0±15

-12+3

Tab. 1 - Reduced c.f. parameters b • lO^cm x

IV. SUPERPOSITION MODEL

Owing to the large spread of the metal-
ligand distances of ThS2 (4), we have used
a Lennard-Jones type function, as proposed
in Ref. (1), that is

MR> = i\fA + i\)H •
The range of the possible solutions has
been explored. For_example, taking for A
and B the values 3b2(R0) and -252(RO) res-
pectively, one obtains a value 52(RO) =
-1161-10"1* cm*1, with tA=7.7 and tB=11.3
and assuming Ro=3-00 %. With this value,
all the second degree parameters can be
fitted within the errors. With the same
value of b2 for the pair Gd-S and taking
from literature (1) the value for the pair
Gd-O, the second degree parameter of ThOS
can be fitted only assuming a small expan-
sion of the ligand cage, which is reasona-
ble taking into account that the site
structure in ThOS is more compact than in
ThS2.
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SPIN HAMILTONIAN FOR S-STATE IONS IN HOST CRYSTALS:

APPLICATION TO THE CASE OP LOW SYMMETRY AND NON

PERTURBATIVE CRYSTAL FIELD

G. Amoretti

The crystal field Hamiltonian
related to EPR experiments, for an
S-state ion in a host matrix can be
written, in the case of monoclinic
or higher symmetry and for f elec-
trons, in terms of the equivalent

operators 0ra as:

H
cf

6 n

I
n=2 m =0

m m
n n n even.

It is possible to write the energy
matrix in a very general form, that
is for the static magnetic field H
along any direction, defined by the
Euler angles (a,g,O). Our principal
interest is in the use of computer
methods to fit the resonance spec-
tra,by means of numerical diagona-
lization of the energy matrix. How-
ever it is convenient to transform
the spin Hamiltonian into the dire-
ction of H, so that perturbation
procedures can be applied in a str-
aightforward way, v:hen possible.
The crystal field Hamiltonian tran-
sforms into itself for a rotation
(a,g,O) of the reference frame,
that is

Hcf=
•jn'

where

2
n=2 m'=0

n<.,.)- z ^ B ( » > ?
C 0 B l l a )
(sin ma) n

are the real and imaginary parts of
m'C (with the usual convention on

the sign), when m'/O, and a similar

expression holds for C° in terms of

D (g) and cos ma. D 7 and D are
om m m om

the coefficients defined by Baker
and Williams (1) and can be calcula.
ted by a subroutine of the computer
programs. The contribution of the
crystal field term to the energy
matrix is then written in terms of
matrix elements like

m1
<p-m'l 0

n =
u>c"Va,g), y>0,n

connecting states with difference
m' in the z components of the spin.
The matrix elements of the equiva-
lent operators are known, so that

the yP , 's can be explicitly writ-

ten as linear combinations of the

Cm 's, which in turn are linear

combinations of the Bm 's. This for

malism is the base for a series of
computer programs, which perform:

- calculation of the eigenvalues
for the ground multiplet as a func-
tion of H and labeling of the le-
vels by means of a criterion, based
on the continuity of the correspon-
ding eigenstates. In this way cros-
sing and non-crossing points may be
selected (2);

- fitting of the angular behaviour
of the resonance fields in the ro-
tation plane of H, by means of a
trial and error procedure, which ta.
kes contemporarily into account all
field directions we need;

- calculation of the resonance fi-
elds corresponding to all the posŝ i
ble transitions between the energy
values and of their probabilities,
for any direction of H, and with a
given set of spin Hamiltonian para-
meters .

These methods have been succesfully

applied to the case of ThS2:Gd
3 + (3).
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RELATIVISTIC CALCULATION OF HYPERFINE INTERACTION
IN GROUND AND EXCITED STATES OF THALLIUM ATOM

J. Andriessen

S.N. Ray, T.P. Das

The reason for the small value of the
hyperfine constant of the 6p3/2 state of
thallium, found experimentally, has been
a mystery for many years. Semi-quantita-
tive arguments (Fermi 1933) about the
effects involved could not be verified by
actual calculations (Sushkov 1978). Recent
experiments on the higher excited p-states
(Flushberg 1976) have caused renewed in-
terest in this problem, because the 7p3/2
state does not seem to show similar
effects.

The complete character of perturb-
ation calculations using many-body tech-
niques should be a quarantee for explain-
ing quantitatively the effects involved.
Because of the strong relativistic modifi-
cations of the orbitals of the heavy atom
thallium, a complete relativistic formul-
ation is necessary.

RESULTS

In the following table a list is
given of the different contributions to
the hyperfine constant of the 6pl/2, the
6p3/2 and the 7p3/2 states of thallium
atom as they were calculated using many-
body techniques.

a. A. Lurio, A.G. Prodell, Phys. Rev. 101,
79 (1956)

b. G. Gould, Phys. Rev. 101, 1828 (1956)
c. A. Flusberg, T. Mossberg and S.R. Hart-

mann, Phys. Rev. Lett. 55A, 403 (1976).

It is important to point out that for
the higher excited states 8p, 9p, lOp the
different contributions were found to be
much like those of the 7p state. Roughly
the contributions are all proportional to
the corresponding HF value, in accord with
experiment. It seems therefore that for
thallium atom mainly the 6p3/2 state is
peculiar by virtue of 6s-6p effects which
take place in the same shell.

Additionally relativistic effects are
responsible for the large values of the
s-type contributions.
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some states

State

HF value
ECP

Correlation

Direct

Exchange

Higher ord.

Total

of "

Type
p
s
p

s
P
s
p
s
p

J3T1,

6pl/2

19300
1940
1300

-1070
450

-2090
870
800
-300
±200

21200
±200

results are

6p3/2

1390.
. -3360.

-60.

1060.
t

2070.

. -700.

. ± 200.

400.
. ±200.

in Mhz

7p3/

182.
-92.

-44.

209.

±20.

255.
±20.

Exper. 21320.a 265.038b 300. c
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JAHN-TELLER EFFECT IN Cu(ll)S,, CHROMOPHORES
4

Mauro Bacci

The importance of the Jahn-Teller (JT)

effect for the interpretation of magnetic

and spectroscopic properties of both octa-

hedral and tetrahedral copper(ll) chromo-

phores is well known. A recent parametri-

zation method I have proposed (l) to eva-

luate the JT coupling constants seems

particularly suitable to treat tetrahedral

complexes of d" metal ions. Indeed, for

such compounds, a simultaneous diagonaliza-

tion of ligand field (LF) and JT effects

on the *D term of the free ion can be

performed using a very limited number of

parameters (2).

Here, firstly we present the results

obtained for Cu(ll) and Ni(l) doped ZnS

crystals, where dynamic JT interactions

occur (3). Afterwards a generic Cu(ll)S4

centre in a 'static' distorted configura-

tion is considered, our main purpose being

the interpretation of the magnetic and

spectroscopic behaviour of the 'blue'

centres in copper-proteins.

Only two parameters (ê j, e ^ are

necessary to take into account both LF and

JT effects, if the following assumptions

are made: only the coupling with the ben-

ding £ is retained; the coordinated li-

gands are considered as linear ligating

atoms; covalency effects are neglected.

Here e Q and e ^ are the energy changes of

a given metal orbital, due to the G or Jl

interactions with a ligand orbital, respec-

tively (1).

Starting from the experimental values

of the gyromagnetic factors in the ground

state Tj (0.71 and 1.40 for ZnS:Cu and

ZnS:Ni, respectively), the results of

TAB.l are obtained for a vibrational quan-

tum of 300 cm assuming the spin orbit

coupling values of the free ions and the

same M-S distance as in pure ZnS. The

symbols A and A' stand for the energy gaps

between the ground F- Kramers doublet and

the two Kramers doublets Fg( E;) and Fg( T )

respectively; E is the JT stabilization

2
energy on the T2 level.

TABLE 1. Parameter values and energy tran-

sitions calculated for ZnS:Cu and ZnS:Ni.

ZnS:Cu ZnS:Ni

calc. exp.(3) calc. deduced(4)

A 7124 cm 6924 cm
A' 14 cm 14 cm
E 685 cm"
eJ

0 8740 cm
2915 cm

-1

1" 3289 cm" 3000 cm"

353 cm" 150 cm"

120 cm"

3658 cm"*

1219 cm"

In spite of its simplicity the model

accounts Very well for the experimental

data of ZnS:Cu and gives reasonable pre-

visions for ZnS:Ni.

The values of ê j and ej£, above repor-

ted for ZnS:Cu, have been used as a star-

ting point to investigate static distorti-

ons in CuS* centres. The treatment was im-

proved including covalency and hybridiza-

tion d-p of the metal orbitals. On these

grounds a good fit of the spectrpscopie

and epr data (5) for the 'blue' centres in

copper-proteins has been obtained.
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IRRADIATION DEFECTS IN CARBONATED APATITES

G. Bacquet, T. Vo Quang

G. Bonel, M. Vignoles and J.C. Trombe

C0_ ions may be introduced into the
apatite lattice at two different sites :

— the anion sites of the channels (A-type)

— the PO^" sites (B-type). In this case
charge compensation is needed and two dif-
ferent mechanisms were proposed :

- the OZ vacancy is associated with an
anion ( A ) vacancy and a Ca2+ vacancy in
and near by the channels (1)

- CO.X3" substitutes for PO3" (2).

I. SAMPLES

Powdered B-CAp with X" =F~ or OH"
were prepared by precipi tat ion at 90°C.

Powdered A-CAp was obtained from hy-
droxyapatite by heating at 900°C in a
COp atmosphere.

We also used powdered tooth enamel
from embryonic calves.

I I . RESULTS

1. With B-CAp annealed at 450°C, X-irradia-
ted and then heated at 150°C (a l l 30 minu-
tes) we recorded in the X-band an ortho-
rhombic spectrum characterized at 110 K
by :

These results show that both types
of charge compensation conjointly take
place.

2. At low temperature and using both weak
f i e ld modulation and microwave power X-
rayed A-CAp and tooth enamel annealed at
450°C prior to i r radiat ion display a X-
band spectrum having an orthorhombic cha-
racter. The g-tensor components at 120 K
are :

ql = 2.0033 - 0.0002

g2 = 2.0019 - 0.0002

g3 = 1.9971 - 0.0002

I t was a t t r i b u t e d to C0? ra ther than
to C02~ (ax ia l spectrum) as previously
reported by Cevc e t al (3 ) .
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gi = 2.0022
g ? = 2.0008
g3 = 1.9971

g1 = 2.0026
g* = 2.0012
qi = 1.9972

X" = F"

X = OH

I ts intensity begins to increase be-
fore to decrease with increasing amount of
carbonate.

This spectrum was attr ibuted to the
F+ center (electron trapped at the 02" va-
cancy associated to C0o~)-
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END OR OF
17
0 in CeO DOPED WITH RARE EARTHS

J.M. Baker and D. Chaplin

Endor has been observed for
'7o in CeO2 containing 0.02% Gd3+
at cubic sites in crystals enriched
to 10% l 70. Although the strongest
endor line has a S/N ratio of 30/1,
many lines were much weaker. Meas-
urements were complicated by "side-
bands" due to 115kHz field modula-
tion which were also observed on
endor of ' 70 in CeO2:Yb (1). Lines
were most easily observed in high
symmetry directions. Measurements
were made for both endor lines in
five of the epr lines for H along
[lOQ] , which gives As. For H along
[lio3 only two of the four endor
lines were observed on three of the
epr lines, which gives |Ad+Ap\.
Rotating H away from flioj in the
(110) plane showed that these two
endor lines split up, and also rev-
ealed the other two unsplit lines,
which establishes the relative sign
of As and (Ad+Ap) below (in MHz):

As .= 0.34(2), (Ad+Ap) = - 0.68(2)

A complete plot of the angular var-
iation of the spectrum in the (110)
plane was difficult to establish
because of the low intensity and
the sidebands, but the observations
were much more consistent with the
above signs than with the opposite
relative signs. As the Gd-0 bond
length in GdjOj, O.234nm, is the
same as the Ce-0 bond length in
CeO^ one can fairly confidently
calculate the dipolar contribution
Ad = - 0.83; hence Ap = 0.15(2).

As and Ap are produced by cov-
alent bonding with s and p electron
respectively on the ligands. The
corresponding numbers for CaFjtGd,
reduced for direct comparison in
the ratio of hyperfine parameters

for unpaired 2s and 2p electrons in
F'and 02",are As = 0.17, Ap = 0.059
deduced for a Gd-F bond length of
O.233nm (2). For ligands at the
equilibrium distance one expects
the numbers to be comparable in
CeO^ and CaF^ . It has been sugges-
ted (2) that the extra charge on
Gd3+ compared with Ca2+ produces a
large reduction in Ai (i is s or p)
due to ligand polarization; if A°i
is the value without polarization,
Ai = A°i(l+pi). In CeO2, Pi has the
opposite sign as Gd3+ replaces Ce4+
so producing a large increase in
Ai. The data for As suggests that
Ps # - 0.33(6). That for Ap suggest
rather larger Pp, which is incon-
sistent with the expectation of
larger polarization contribution
for s electrons (2). This discrep-
ancy could be removed if it were
assumed that the Gd-F bond length
in CaF^ was O.229nm, that for GdFj,
for which the "reduced" Ap = 0.083
and Pp j~ - 0.29(10). These values
of pi are close to those found from
analysis of As and Ap for Eu2+ and
Gd3+ in several alkaline earth flu-
orides (2). The ratios Ai(CeO^) :
Ai(CaF^) are also similar to those
for A(s) and Ap for Yb3+ in CeO z &
CaF^ (1), suggesting the same pol-
arization mechanism. Thus, this new
data for CeO^rGd forms a consistent
pattern with other existing data,
strongly supporting the hypothesis
that ligand polarization produces
large contributions to transferred
hyperfine structure parameters.
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ESR SPECTRA OF HETERODINUCLEAR TRANSITION METAL
COMPLEXES

L. Banci, A. Bencini, C. Benelli, A. Dei, and
D. Gatteschi

The study of heterodinuclear tran
sition metal complexes can in prin
ciple greatly extend our knowledges
on the mechanism of exchange between
neighbouring paramagnetic metal
ions since many new combinations of
magnetic orbitals can be taken into
account.

While the synthesis of discrete
heterodinuclear complexes may be
difficult and limited to cases when
the two different metal ions occupy
inequivalent sites, it is generally
quite easy to obtain detectable amo-
unts of heteronuclear pairs in homo
nuclear complexes by preparing the
compounds using say the metal M in
large excess on M1 . If, as it is of_
ten the case, the homonuclear compl.
exes are antiferromagnetically cou
pled, they provide at low temperatu
re a diamagnetic host lattice to re
cord the ESR spectra of the hetero
dinuclear pairs. In some instances
also the nuclear magnetic resonance
spectra in solution can be used to
show the presence of the heterodinu
clear pairs (1).

We have studied several systems
with this technique, and were able
to relate the spin hamiltonian para
meters of the pairs to those of the
individual ions (2, 3).

In this communication we intend
to report some data relative to tri.
ketonate complexes which contain two
octahedral MO N chromophores shar_
ing one edge. The axial positions of
the octahedra are occupied by two py_
ridine molecules (4).

We obtained the ESR spectra of
the Co-Zn pairs, which yield the co-

balt single ion parameters: g = 6.27
g2= 3.50,_|3=_^.87, A ^ 198, A2= 38,
A = 9 8x10 cm , as well as those
of the Co-Ni pairs, which yielded
g = 2.14, g2= I424,_g3= 0.47, A =
125, A = 87x10 cm , and of the
Zn-Cu pairs. Of all these data perh
aps the most important are those re
lative to the Co-Ni pairs, where the
exchange interaction is operative
between an orbitally degenerate and
a non-degenerate one. In this case
the simple Heisenberg-Dirac-vanVleck
spin hamiltonian formalism does not
apply, but we found it is possible
to describe the interaction through
a simple model (5) which considers
three possible different orbital
pathways. Although the model requir
es a relatively large number of pa
rameters, the wealth of experimental
data we gathered allowed us to ob
tain meaningful values for them. For
all the three pathways the interact
ion is antiferromagnetic, but one is
sensibly smaller than the other two.
This result is discussed in terms
of the magnetic orbitals which are
involved in the exchange.
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A SYSTEMATIC INVESTIGATION OF THE CRYSTAL FIELD SPLITTING

OF Gd3+ IN IONIC HOSTS

E.J. Bijvank and H.W. den Hartog

I. INTRODUCTION

Although a great deal of theoretical
and experimental work pertaining to the
physical origin of the zero-field split-
ting associated with trivalent Gd in crys-
talline hosts has been published in the
literature, one is still faced with a se-
rious lack of agreement between theory and
experiment (1). Recently, we have studied
the zero-field splitting of the Gd3+

groundstate for a series of Gd3+-M+ (M+ =
Li+, Na+,...Cs+) defects in CaF2 by means
of EPR, electric field effect (EFE) in EPR
and ENDOR. It appears that the results of
these experiments lead to a consistent mo-
del: this splitting can be explained on
the basis of a polarizable point charge
model allowing for relaxations of the ions
in the vicinity of the defect. In order to
obtain an independent check on the model,
we have carried out calculations in which
we determine the positions of a large num-
ber of ions in the neighborhood of the de-
fect. The calculated positions are used to
determine the zero-field splitting parame-
ters of the second degree (B2 and B2) and
the odd parameter cj; which does not con-
tribute (in first order) to the 2 n d degree
splitting, but has been deduced from EFE
measurements (2). It is concluded that
there is good agreement between the theo-
retical and experimental parameters. Also
the agreement between the theoretically
calculated ionic positions and those deri-
ved from the various different experiments
(including ENDOR) is encouraging.

II. RESULTS

We have determined the ionic posi-
tions of 44 ions including the Gd^ and
the M+ ion taking into account Coulomb,
polarization and repulsive interactions.
It has been found that this addition has
significant consequences for the minimum
energy positions of the 44 nearest ions
(see Fig. 1).

If the positions of the ions in the
lattice surrounding the Gd^+-ion are
known, we can calculate the second degree
crystal field parameters Bo and B?,. The

resulting crystal field parameters have
been compiled in Table 1 together with the
experimentally observed ones. It can be
seen that the trends for the parameters
B>5 and cj are described rather well. The
parameters B^, however do not agree very
well with experiment. This is probably due
to the fact that the number of ions which
are allowed to relax is too small; similar
calculations as presented here, but with
only 24 relaxing ions give comparable re-
sults for BQ and cf, but the calculated
values for B<? are very much different from
the theoretical ones shown in Table 1.

TABLE 1. Crystal field parameters for or-
thorhombic Gd3+-M+ defects in CaF2.

(G)

Li
Na
K
Rb
Cs

expt
17.7
3.4

83.6
142
221

th

30.2
24.6
70.1
151
184

B2expt

-46
-30
-20
-12
-4

(G)
th

-206
-129
-196
-17
-67

*V/m)
expt th
11.3
10.7
6.3
3.2

13.9
11.0
8.4
2.1
0.3

From these results and the agreement be-
tween the calculated and observed posi-
tions of various ions in the vicinity of
the defect we conclude that the electro-
static model sufficiently explains the
zero field splitting of Gd3+ in ionic ma-
terials.

FIG. 1. Three dimensional schematic represen-
tat ion of a Gd^-M* complex in CaF? together
with a number of relaxing ions in the neigh-
borhood of the defect.
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ESR OF S-STATE IONS: THE CONDITIONS FOR THE

SPIN-HAMU/rONIAN PARAMETERS YIELDING THE ISOTROPIC G-TENSORS

I.V.Chepeleva

In t h i s repor t we continue
the considera t ion of the problem
of f inding out a l l the poss ib le
isotropic g-factors for S-state
ions with S=5/2 and S=7/2. Some
aspects of this problem have been
studied by us earlier ( I ) .

Here we consider the case of
S=7/2. A Kramers doublet with iso-
tropic g-factor can be described
by:

P+ = N~I( A)+5/2> + BJ+I/2> +

C + 3/2> + D|+7/2>) / I /

Taking into account the norma-
lization, the conditions for g-
factor isotropy will be:

p o p

5YT - IT - MT

L +5K2 =0

2M + I0KIi|,

o r

J5 + 5K2 - L 2 - M2 j = U L
M + 5KL = 0

2OKC

73/
where three coefficients K,L,M are

K = 5~I/2B/A , L = 3I/2C/A,

M = 7I/2D/A.

From g-isotropy conditions
two of these three coefficients
can be expressed as some functions
of a third one which represents
a fitting parameter.

It was found from /2/ that the
possible values of K belong to
the interval:

- 0o487 < K ̂  2.119 /4/

or to the corresponding interval
received by change of the sign of
K. Than the curves representing
the possible isotropic g-factors
as functions of K have been re-
ceived. It was found that all the

values of g from 0 to 6.0 are
allowed 0

Hitherto we have used only
the conditions of g-factor iso-
tropy. Now a concrete form of
spin-Hamiltonian must be taken
into account.

The spin-Hamiltonian including
quadratic (orthorhombic) and quar-
tic (cubic) terms in spin operator
(D,E,a-terms) has been considered.
In such a case for doublet /I/

we have the uniform system of
four linear equations for K,L,M
with coefficients depending li-
neary on D,E,a and corresponding
energy level x.

According to /2/ L and M are
functions of K, therefore a set
of K,L,M values will satisfy our
system only when some relations
between D,E,a exist.

After straightforward but
tedious calculations we have de-
fined the values of K from the
interval /4/ which are consistent
with our system and have found
all the possible isotropic g-fac-
tors compatible with the chosen
crystalline field as well as the
relations between D,E,a.

(The case /3/ has been consi-
dered analogously).

E.g., we have obtained that
the isotropic g-factor g~5»0 is
realized for pure orthorhombic
field with E/D=0.II6; the isotro-
pic g=6.0 is allowed for pure
cubic field (a^O, E=D=O) or for
E=0, 2D=5a.
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ELECTRIC FIELD EFFECT AND DOUBLE-QUANTUM

TRANSITIONS IN Ce3+:CaWO

I . C i c c a r e l l o and M. Li Vigni

A two-level spin system in resonance,

or two-photon resonance, with an rf f ield

gives r i se to second harmonic (SH) signals

(1). The process ar ises from magnetic di

pole induced double-quantum transi t ions a t

the fundamental frequency and emission of

quanta of double energy. If the spins be_

long to ions located in s i t e s which lack

inversion symmetry double-quantum transi_

tions may also be induced by e l ec t r i c di

poles associated to magnetic ions, or by

both e lec t r i c and magnetic dipoles (2).

Such an effect was observed in a sin_

gle crystal of CaWO4 + 0.2% of Ce3+. The

sample, 4x4x5 mm3, i s located in a point

of a bimodal cavity, resonating at w and

2co, in which the rf e l ec t r i c field E(to) i s

maximum and H(u)) mimimum but not zero be_

cause of the f in i te dimensions of the sam

pie . The cavity i s fed in the co-mode with

rf pulses of up to 1 kw peak power, 1.2

ysec pulse width and repet i t ion rate of

300 pps. co = 1.8xlO10 rad/sec. The SH pow

er radiated by thg sample i s detected by a

superheterodyne receiver.

Field geometry: c^E (co) ,H(to) ,HO;

citz; E(co)hE(2co) ; H(co)|,H(2co) ; (J) angle

between x and Ho; (J)1 angle between x and

H(co); HQ i s rotated in the (xy)-plane.

The intensi ty of the SH signal, a t

precisely the two-quantum resonance OJ =

C0o/2, as a function of the angle 8 = <(>-<))' •

i s shown in f ig . l for different values of

<J>'. The angle <j>o , of f i g . l , i s not known

since the crystal x-axis i s undetermined.

Continuous l ines are the ones that best

f i t experimental points .

We make use of the perturbation Hamil_

tonian:

i j k

TkijSjEk[Hoi+Hicos(a)t+TT/2)^coswt.

The symmetry of Ce3+ in CaWO4 i s S4 . With

our field geometry only TXyZ E a n d

Txxz E T 15 a r e t o c o n s ; i - d e r e c 3

l a s t term i s retained since i t i s resonant

at 2co. Following the procedure of ref. (2) ,

we solve the equation of motion of the

density matrix and we find that an elec_

t r i e P(2to) and a magnetic M(2CJ) polarisa_

tion vectors are induced in the sample.

M(2co) depends on [E(CO)]2 and [H(CO)]2 while

P(2co) <* E(co)«H(co). By using T^4 and T ^ of

ref.(3) and an adjustable parameter which

accounts for the re la t ive contribution of

M(2co) and P(2co) to the SH signal , we find

that the expected SH signal accounts for

the observed maxima of f ig . l and for thei r

dependence on cj>'-, however i t fa i l s to give

a good quanti tat ive agreement with expert

mental data.Improvement can be achieved by

a bet ter approximation in the solution of

the equation of motion.

X(t) = cos(tot+Tr/2)

180

o = • - • ' | degrees)

Fig. 1 Electric field effect and double-quan-
tum
1. Ciccarello and M. Li Vigni
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HYDROXYL RADICAL IN HYDROXYAPATITE SINGLE CRYSTALS

D.M. Close

M.M. Mengeot

O.R. Gilliam

ESR studies of radiation in-
duced defects have been conducted
on synthetic calcium hydroxyapatite
single crystals. At room tempera-
ture a major defect (labeled A) is
believed to be an 0" ion (1). X^
irradiation at 6 K shows defect A,
trapped atomic hydrogen and a non-?
axial holelike center (labeled I).
These new centers are stable at 6 K
but anneal near 77 K.

ESR observations at 9 and 35
GHz indicate that the I center is a
spin 1/2 defect located in six in-
equivalent sites. In the ab plane
spectra exhibit an isotropic hyper-
fine doublet (̂ 13 G splitting) and
an anisotropic doublet (17-27 G
splitting) in three symmetry relat-
ed sites. For other orientations
additional site splitting and "for-
bidden transitions" make the spec-
tra very complex.

The hyperfine coupling tensor
for the anisotropic doublet has
diagonal elements -29.5, "19.2 and
+3.11 G. The g tensor for this de-
fect has diagonal elements 2.0068,
2.0032 and 2.0148. The direction
cosines associated with the mini-
mum g-value and the intermediate
A-value are nearly coaxial and
point from an OH oxygen to a neighs
boring PO?" oxygen.

The model proposed for the I
center is that of a hole trapped
by-both an OH" and a neighboring
PO^". The anisotropic doublet is
accounted for with 657» of the spin
density on OH". The remaining spin
density is on a phosphate oxygen.
This creates a PO^ defect with
the isotropic coupling arising _..
from hyperfine coupling to the P
nucleus.
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ON THE INTERPRETATION OF THE GROUND STATE SPLITTING OF

S-STATE IONS BY THE SPIN CORRELATED CRYSTAL FIELD

J. M. Dixon

R. Chatterjee

I. INTRODUCTION

The spin correlated crystal field
Vsccf was first proposed by Newman (1)
and is obtained by replacing the crystal
field tensors B^fC^). by

Vsccf = BknJ (Ck) .(S..S.)|
o k|_ o x -x -3

Matrix elements of Vsccf have been cal-
culated (2) (3) in terms of the reduced
matrix elements of the operators wd-^Jk
(4). We use these results to calculate
the zero field splittings (ZFS) for Gd̂ "1"
in Lanthanum Ethyl Sulphates and Mn2 + in
the double nitrates.

II. ESTIMATION OF THE COEFFICIENT n

We denote the projector for the
states |a2s+1LjM> by PQ and that for the
n t n mainfold with n^O, by Pn (5). Treat-
ing B^ (c£) . + JS_i.Sj as a perturbation
we use degenerate perturbation theory to
second order to

- 2J

give

P Bk(Ck).P S..S. P /E -E
o o o x n—x —] o n o

Assuming an "average" energy difference
A may be taken out of the summation and
using closure properties (6) we find

-2J/A % -2 C-IO3™"1)

= -10 cm

0.07

We estimated J = -10 cm from (7) and
A = 3 x 10 can"I. There are two minus
signs: one from exchange itself and one
from second order perturbation theory.
ri2 is therefore positive. We assume that
a similar value for n^ may be taken for
matrix elements of Vsccf between terms.

III. APPLICATIONS

total calculated splitting is thus -0.223
cm"-'-. The experimental value is -0.236
cm~l.

2+6
2. Mn S5/2. Chatterjee et al (4) (10)
calculated ZFS due to other mechanisms and
found Dr = -19O x 1O~4 cm"1. We calcu-
lated second order cbntributions D(2) from
Vsccf alone and third order components
with S.O., D(3). Fourth order terms were
found to be negligible. We find

D(2) = -197 x 1O
-4

cm
-1

and

D(3) = +143 x 10~4 cm 1.

-4 -1
Thus the combined value is -244 x 10 cm .
From experiment D(E) = -188 x 10"^ cm~l.
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1. Gd S7/2. To calculate ZFS we used
the calculated eigenfunctions of Wybourne
(8) incorporating spin-orbit coupling (S.
O.) with B2 = 2OO cm"1 (8). With n2* 0.07
the total ZFS is AEsccf = -0.655 cm"1.
Splittings from all other known mechanisms
(9) is given by AEr = +O.432 cm1,-1. The
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EPR IN THE AG:MN SPIN GLASS SYSTEM

J. Elliott, M. Hardiman, R. Chamberlin R. Orbach

There is much current debate (1) as to
whether spin glasses (SG's) exhibit a new
kind of magnetic phase transition, or whet-
her they are, perhaps more simply, inhomo-
geneous magnetic systems in a metastable
state. Many detailed EPR studies have
been made on canonical SG's, notably that
of Griffiths on Cu:Mn (2), but these have
so far left the basic question unanswered.
Part of the difficulty in the interpreta-
tion of these data undoubtedly lies in the
extreme sensitivity of the SG transition
to even a small magnetic field. The EPR
measurements we report here are an exten-
sion of our previous work (3) on Ag:Mn to
higher Mn concentrations (1, 2.5, 5 and 7

at %) and temperatures (T <T£4T where T
b G

is the SG temperature). We again worked
at 9.5 GHz(HF) and 1.1 GHz(LF). In par-
ticular the 400 G field for resonance at
1.1 GHz has allowed us to extract what we
feel is the intrinsic spin glass behavior
of the EPR linewidth above T .

G
The samples were made by arc melting

5N Ag and 4N Mn, followed by a homogeniz-
ing anneal at 800°G for 8h. The 1% sample
was powdered, the others were rolled to
0.3mm and then given a strain relieving
anneal at 400°C for 3h. The EPR measure-
ments were made with conventional homodyne
spectrometers using gas flow cryostats.
T for each sample was determined from the

low field dc magnetization.

The inset in Fig. 1 shows the measu-
red linewidth versus reduced temperature,
t=(T-TG)/TG, at both frequencies for the

2.5% sample. At high temperatures both
sets of data exhibit the same bottlenecked
Korringa behavior, AH=a+bT. Below t-1,
the linewidths increase together until
t=0.5 when the HF data begins to "roll
over". The LF linewidth, however, con-
tinues to increase to T, The linewidth

behavior for the other concentrations is
qualitatively similar to that shown. We
note the dramatically different (divergent?)
behavior at the lower measuring frequency
(and hence field). We therefore suggest
that caution should be exercised in analys-

ing SG EPR data at only one I Lgh) fre-
quency in terms of a critical axponent
(4). From our data we extrac AH =AH ,

ex obs
- (a+bT). Fig. 1 shows log / a (LF) ver-

.9 for all
:o fit the

sus log t in the range
our samples. The data appeal

form AH = A(c) t
ex

-Y with Y=2. t0.3. TheY
LF data deviate from this bet
t-0.3. We are presently unat
any firm statement concerning
itant shift in the resonance
(2), other than to say that :
it does not appear to be a g-
viously suggested (4).

We feel that the existei
centration independent power
for AH is persuasive evidei

ex
of the phase transition apprc
ever, further work is necessj
mine if y has the same value
systems, and to elucidate th«
AH

ex.
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E3R STUDY Of A PLATINUM PARAMAGNETIC

COMPLEX IN NaCl DOPED WISH Pfc(CN)l2-

Liviu V. Giurgiu

I. Ursu

Max T. Rogers

I. INTRODUCTION

The symmetry and sise of te-
tracyanines are such that these
can be easily incorporated in al-
kali halide crystals. SSR studies
have been carried out on low spin

n-d complexes of type

where M is Rh2+ or Ni 3 + (1,2).

II. EXPERIMENTAL

Good single crystals of NaCl
2—

doped with Pt(CN)^ were grown by
slow crystallisation of a satura-
ted aqueous NaCl solution with
0.1 ̂M of the platinum complex. Ga-
mma irradiation was carried out at
roost temperature and the ESR spec-
tra were recorded at 7?K.

III. RESULTS

The spectra observed reveal
the presence of an axial complex
showing the earaeteristic platinum
hyperfine structure with an addi-
tional superhyperfine splitting
due to two equivalent chlorine nu-
clei, the spin Hamiltonian parame-
ters for this complex are:

A,,(

A,(

= 1

195

195

35,

.9885

Pt) -

Pt) -
37C1)

g

25?

503

- 29

X

X

X

.8

- 2 .

l O " 4

io-*

x 1

2526

em"

cm"

0"4c

The hyperfine splittings ob-
served in both the parallel and
perpendicular features^the obser-
ved axial symmetry,and the MgM va-
lues measured suggest that this

complex i s [Pt(CN)4Cl233"\

IV. DISCUSSION

The "gM values and chlorine
hyperfine interactions determined
for the axial chlorines are con-
sistent with a low spin a? confi-
guration and localization of the

unpaired electron in an 5d 2 orbi-
tal (3). By using an appropriate
sigma antibonding molecular orbi-
tal for the ground state of this
f

5d' complex,the spin densities can
be estimated to : f • 14.7$,
fs '« l.l^with a ligand hybridisa-
tion ratio p/s = 15. The increased
admixture of chlorine "p" and *B"
orbltals in comparison with the
corresponding values for similar
Rh2+ complex in KC1 (l),can be ex*-
plained by the extra charge on the

Pt3+ ion and the smaller metal ion
chlorine distance in NaCl than in
KC1.

From the platinum hyperfine
tensor elements (3),assuming that
A|( and A x are negative,we got for

the isotropio hyperfine field at
the nucleus, " X % a value of -20.6
a.u. This implies that the hyper-
fine field at the Pt nucleus re-
sults mainly from core polarisa-
tion and not from any appreciable
"6s1* involment in the ground state
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ESR STUDY OF Pb+(6p1) DEFECTS IN THE ALKALI CHLORIDES

E. Goovaertsa, S.V. Nistorb, I. Ursub and D. Schoemakera.

Several Pb_ + -type defects are
produced in Pb doped NaCl, KC1
and RbCl crystals by x-irradiation
at temperatures between 100K and
300K. The symmetry of the S=1/2
ESR spectra is axial along a <100>
crystal direction, or very close
to this symmetry.

For some of the centers the
spectra of the Pb isotope with
nuclear mass 207 and spin 1=1/2
could be analyzed. This yields
large and anisotropic hyperfine
constants, analogous to those of
the Sn and Tl° defects, in KC1(1,2)
The g-values of the Pb defects
are qualitatively understood as
resulting from a mixing by an
axial crystal field and by the
spin-orbit interaction of the
6p orbitals of the Tl atom.

The Pb defects can be clas-
sified into three types according
to their production properties,
their g-values, and their ESR
linewidths and lineshapes.

If the x-irradiation is
applied to the crystals at 100K
a broad lined spectrum (AH - 6mT)
is produced in both KC1 and RbCl.
The g-values are very similar
in KC1 (g = 1.333 and g.. = 1.633)
and RbCl (g. = 1.278 ana
g,, = 1.605). Below 25K the axial

symmetry axis of these defects
is tipped in a (110) plane. When
the temperature is increased an
internal motion of the centers is
activated and the tipping is ave-
raged out.

A second group of broad lined
spectra, with approximately
g. = 1 .03 and g.. = 1 .49, is
obtained in the three alkali
chlorides after x-irradiation at
temperatures above 220K. From the
production efficiency as a function
of temperature,evidence is obtained
that a negative ion vacancy in a
nearest neighbour position to a

substitutional Pb ion are involved
in the structure of these defects.
In some of the ESR lines a four
line superhyperfine structure can
be observed. This is explained by
the preferential interaction of the
electron spin with the chlorine
nucleus opposite to the anion +

vacancy, with respect of the Pb ion.

Finally, a Pb -type spectrum
(gx = 1.263 and g.. = 1.691) with
narrow lines (AH= 1.5mT) is produ-
ced at room temperature in RbCl.
The angular variation of the spec-
trum shows that the symmetry axis
is tipped in a (100) plane. The
individual lines show no resolved
superhyperfine splittings. The
proposed model is that of a substi-
tutional Pb ion flanked by a pair
of negative ion vacancies, and
with one charge compensating posi-
tive ion vacancy in a next nearest
neighbour position. The higher
values of g. and g,, compared to the
g-values of the second group defects
is related to the higher crystal
field parameter induced by the two
anion vacancies.
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KINETICS OF THE V 2 + OXIDATION IN MgO POWDERS

W. GunBer and H.-G. Seltmann

I. INTRODUCTION

Divalent vanadium incorporat-
ed in magnesium oxide supplies a
well-resolved EPR spectrum with g =
1.9804 and A = 0.03889 J/mole. Va-
nadium easily changes valence by
glowing in air. We have been study-
ing the kinetics of this oxidation
by means of EPR. Connected with it
are also site changing processes on
account of the charge equalization.

Up to now such investigations

dealing with the oxidation of Fe
were made in a cavity at room temp-
erature. In these cases, it is im-
possible to indicate exact glowing
times and constant reaction tempe-
ratures with regard to the heating-
annealing-cooling-measuring and
heating again. We were able to a-
void this difficulty by using a
high-temperature cavity.

II. MEASUREMENTS AND RESULTS

The sample preparation was
done by solving magnesium nitrate
in nitric acid. The dried mixture
was then decomposed in a hydrogen
flow at 900 degrees C. The anneal-
ing period was 8 hours.

Since we made investigations
in polycrystalline materials, the
particles are covered with an oxy-
gen layer. Then a radial concentra-
tion gradient arises. Between the
chemical diffusion coefficient D
and the diffusion coefficient of
magnesium ions DM , we could derive

the relation D = 2D .

From the experiments one gets

the specific diffusion constant
2

D/a . The diffusion coefficient of
the magnesium ions was found after
determination of the average par-
ticle radius. D represents - as the

experiment showed - no function of
the concentration.

The value of the activation
energy is 157 kJ/mole. As it is not
specific with regard to the doped
ion, we may assume that the magne-
sium ions are compensating the ex-
cess charge by leaving the lattice
sites.

In case of higher vanadium
concentrations one can recognize by
X-rays the formation of MgV-O.

after the oxidation. These samples
show an identical EPR spectrum as
samples with low vanadium concen-
tration. Also with low V-O-. con-
centrations there arise small areas
with spinel structure. In these
cases the magnesium ions occupy
tetrahedral sites. With reference
to MgO, these cation positions re-
present interstitial sites.

For describing the oxidation
of vanadium in MgO, a model is
applied allowing isolated micro-
domains in a homogeneous phase
the structure of which belonging to
another crystal system. This model
can be used particularly in descri-
bing non-stoichiometric phases. Be-
cause of the statistical distribu-
tion the microdomains cause no
additional reflexes in the X-ray
diagram. These are distinguishable
only at higher concentrations.
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•EPR STUDY OF S-STATE RARE EARTH IONS

EXCHANGED INTO ZEOLITES ZSM-5 AND A

Lennox E. I ton

Steven L. Suib

Galen D. Stucky

INTRODUCTION

A previous EPR study was made
of rare earth ion-exchanged Y zeo-
lite, which is used commercially as
a cracking catalyst, to investigate
site distributions, valence states
and electronic interactions, and
chemical reactivities of the cations
( 1 ) . It was found that the EPR
spectra of Gd(III) and Eu( II) are
complicated by the presence of dis-
order which results in random varia-
tions in the crystal field inter-
actions, in addition to the inherent
multiplicity of non-equivalent
sites. Consequently, the spectra
resemble those found for these ions
in glasses. These studies have now
been extended to the zeolites ZSM-5
and A. Zeolite A exhibits long-
range frame-work (Si, Al) order.
ZSM-5 zeolite is remarkable for its
ability to catalyze the conversion
of methanol to gasoline hydro-
carbons, and characteristics of
metal ions in this zeolite have not
been studied previously.

RESULTS

ZSM-5 zeolite was synthesized,
and ion exchange was effected from
aqueous solution. In the hydrated
sample, the Gd{ III) spectrum trans-
forms from solution-like at 295 K to
glass-like at 77 K when the ions are
immobilized and interact with the
framework. After calcining in oxy-
gen at 823 K, the Gd(III) spectrum
resembled that of Eu(II) in dehydra-
ted Y zeolite, being dominated by a
new line at g = 4.85. This is in
contrast to the case of Gd(III) in
Y zeolite, for which the spectra in
dehydrated and frozen hydrated sam-
ples are essentially the same. The
g = 4.85 line is explained in the
context of the random vector model,
and is attributed to ions in channel
wall sites in both straight [010]
and sinusoidal [100] channels.

Occupation of sites inside frame-
work polyhedra is inferred from
other features of the spectrum. De-
hydration in vacuo effected sponta-
neous partial reduction of Eu(III),
but MOssbauer studies (2) indicate
that the extent of conversion is
smal 1 .

Some Eu(II) is directly ex-
changed into A zeolite from Eu(II)
hydroxide solution, although Eu(III]
predominates ( 2 ) . Dehydration at
648 K yields a novel spectrum, the
principal features of which are
attributed to ions located at six-
ring sites experiencing strong
axial crystal fields. Reduction
of Eu(III) by dehydration of this
zeolite is minimal.

Work supported by the U.S.
Department of Energy.
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THE INTERPRETATION OF BROADENED Gd -ESR-SPECTRA OF

POLYCRYSTALLINE CERAMICS

H.J . Koopmans, B. Nieuwenhuijse and P . J . G e l l i n g s

The relation between the microstructure
and the electric properties of ferroelec-
t r ic ceramics such as Pb]_xLaxZrj Ti^C^

(PLZT) has been studied by means of the
ESR-technique. These materials al l belong
to the perovskite family (ABOo) and show a
paraelectrie-ferroelectric phase-transition

0 ) - 3+
In the case of GdJ -doped PbTiO- it was

possible to explain the observed ESR-pow-
derspectrum in terms of zero-field split-
ting parameters (b(n,m)) by the spin-Hamil-
tonian:

+nH = I3HS L a(n)b(nm)O(nm)
m=-n [1]

These parameters could be related succes-
fully with crystalfield parameters as cal-
culated from structure models (2).

The ESR-powderspectra of PLZT-materials
themselves however are quite different.
They show a large linebroadening together
with some sharp lines (fig. 1). The posi-
tion of these sharp lines are independent
of temperature, but at higher temperature
the broad lines collaps and only a nearly
cubic spectrum remains in agreement with
the structural change at the phase transi-
tion.

Because of the random distribution of
Pb^+-, La -ions and vacancies over the
A-positions and Zr^+-and Ti^+-ions over

X-band ESR-powderspectra of Gd3+doped PLZT (x=0.12 and y=0.45]

T= 170K

400

Magnetic Field (mT)

Fig.l.

the B-positions, the Gd-^+-ion must be pre-
sent in a number of different surroundings.
Therefore the observed powderspectrum is
the superposition of a number of spectra,
each of which can be described separately
by eq. 1 with different b(n,m)-parameters.
However to limit the calculations the fol-
lowing procedure was used; For one single
set of parameters all transitions are cal-
culated at several orientations of the
magnetic field. Then a certain spread in the
b(n,m)-parameters Is assumed, especially
for the b(2,0), which is by far the largest
one. However the variation of the position
of each resonance depends on the spread in
b(2,0). This results in different line-
widths for the transitions. Figure 2 shows
that variation for the perpendicular orien-
tation of the magnetic field.

Figure 1 gives the result of the simula-
tion of an ESR-powderspectrum with
b(2,0) = 4.2 x lCT2, b(4,0) = 4 x 10~4 and
b(6,0) = 10"4 cm"1. The linewidths are cal-
culated from a spread in the b(2,0) of 50%
of the central value. The agreement with
the observed powderspectrum is satisfactory,
except that there are some discrepancies in
the calculated transition probabilities.

1. C.G.F. Stenger and A.J. Burggraaf
J. Phys.Chem.Solids, 4J_ (1980) 17,25,31.

2. M.A. Heilbron, Ph.D. Thesis, Enschede,
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DETERMINATION OF CONCENTRATION OF PARAMAGNETIC IONS IN POWDERS FROM

INTEGRATED FINE STRUCTURE EPR SPECTRA

G.A. Korteweg and L.L. van Reijen

I. INTRODUCTION

Integration of fine structure EPR
spectra of paramagnetic ions in powders,
with the purpose of determination of
concentrations, offers several
difficulties. The most important of these
is due to the registration versus field
strength at constant frequency. Increase
of zero field splitting parameters leads
to a substantial loss of integrated
intensity as compared to the unperturbed
spectrum of ions with the same spin
quantum number. By making use of simulated
spectra a method has been designed to
overcome this difficulty.

II. METHOD

The method is based upon a comparison
between the doubly integrated (following
Wyard's method (1)) experimental spectra
of "unknown sample" and reference sample,
recorded under similar circumstances.

The EPR spectrum of the unknown
sample is also simulated from suitable
spin Hamiltonian parameters, by using
Van Veen's EPR powder simulation program
(2), and the simulated spectrum is doubly
integrated.

Now the unknown concentration x. is
determined from the concentration x
present in the reference sample
using the following formula:

as the reference sample.
Due to the formation of exchange

coupled pairs or clusters, the concentra-
tion of isolated Fe3+-ions in the unknown
sample is expected to be less than the
nominal concentration.

For S = 5/2,1 = tr S^ =i(2S+l)S(S+l) =

17.5, in contrast to the value obtained by
integration of the CuGaS~ : Fe spectrum :

I1 = 11.7. The difference between these
values points to a considerable loss of
intensity, due to the fact that magnetic
field strength is swept instead of
frequency. 3+

The concentration of isolated Fe
ions in CuGaS2 : 0.475% Fe was found to be:

xi = 0.00204. The fraction of isolated ions,

x./x = 0.43, is close to the value x./x =

0.49, obtained by measuring the decay of
relative EPR intensities with increase of
concentration (3).

REFERENCES

1. S.J. Wyard, J. Sci. Instrum. 42, 769
(1965).
2. G. van Veen, J. Magn. Res. 30, 91
(1978).
3. G.A. Korteweg, Thesis, Delft, The
Netherlands (1979).

xi / xo ITT
exp VVo

where V., V are the molar volumes in the

two samples, I' and I the experimental

intensities, I1 the intensity obtained by
double integration of the simulated
spectrum and I the intensity of the
reference spectrum as calculated from the
theoretical transition probability.

III. APPLICATION

For testing the method described
above,CuGaS2 : 0.475% Fe

3 + was chosen as

the "unknown sample" and ZnS: 0.0188% Mn2+
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EXCHANGE NARROWING IN FINE STRUCTURE EPR SPECTRA OF PARAMAGNETIC IONS IN

DIAMAGNETIC HOSTS

G.A. Korteweg and L.L. van Reijen

I. INTRODUCTION

At concentrations in the range of 2
to 10% fine structure EPR spectra of
exchange coupled paramagnetic ions,
substituted in a host lattice, turn into a
single broad resonance arising from small
clusters of paramagnetic ions. The line-
width of such a broad resonance is
concentration dependent in contrast to the
predictions about the exchange narrowing
for concentrated paramagnetic compounds as
described in the classical theories of
Van Vleck (1) or Anderson (2). A theore-
tical approach based on the computation of
EPR spectra of small clusters is presented,
leading to a better description of the
phenomenon.

II. METHOD

For a small cluster of paramagnetic
ions the EPR spectrum consists of a number
of spectra from different multiplets, if
the exchange energy J is much greater than
the zero field splitting energy D-̂ . Each

of these spectra is described by a new
spin Hamiltonian containing operators of
the total spin S, with a zero field
splitting energy Ds, which is related to

D, (3,4). For a number of triads, tetrads

and pentads of ions with S = 1, 3/2 and
5/2 the parameters of such spectra have
been calculated.

In the high-temperature approximation
(kT » J) the EPR spectrum of a cluster is
calculated by addition of spectra from all
possible multiplets.

Second and fourth moments have been
derived along the lines of Van Vleck.
Assuming Lorentzian lineshape (which is
observed in C u G a ^ F e ^ (5) and many

other systems), the cut-off energy and the
peak to peak linewidth of the first
derivative cluster spectra then follow from
the second and fourth moments. Some
results for S = 5/2 ions are presented in
Table 1.

TABLE 1. Calculated second moment r ').
fourth moment (y' ' ) , cut-off energy (Ec)

and linewidth

S 1 = 5/2 ions.

and linewidth (E ) in some clusters of

single ion pair triad

6.400

80.64

3.240

41.54

1.866

17.73

6.14

1.90

6.20

0.94

5.43

0.64

III. CONCLUSIONS

Comparison with experimental data on
CuGa, Fe S- (5) shows that the linewidth

calculated along our method has the right
order of magnitude and -in a single
crystal- the right angular dependence.

In agreement with observations in
CuGa, Fe So and other systems, exchange

narrowing is predicted to increase with
increasing x.

Application of the original methods
of Van Vleck and Anderson to diluted
systems with strong exchange coupling leads
to erronous results because second and
fourth moments should be truncated for the
contributions due to transitions between
the various multiplets.
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VARIATION OF HYPERFINE SPLITTINGS FOR d/-IONS WITH

INTERATOMIC DISTANCE

Gerhard Lehmann

I. INTRODUCTION

Possible mechanisms for the

monotonic decrease of the

hyperfine splitting constants A

for the d^-ions of ^^Mn and -^Fe

with increasing covalency were

discussed by several authors

(1 , 2) . In addition to this

variation with the

electronegativity of the ligands a

systematic decrease of A with

diminishing interatomic distance

is also evident from the available

data (3). Evidence supporting this

conclusion is presented in this

contribution.

II. RESULTS AND DISCUSSION

Variation of A with

interatomic distance is evident

from data for Mn and Fe^+ doped

into crystal sites of cations of

different sizes as well as from

the anisotropy of A for Wn + in

noncubic sites. Examples of these

effects are shown in Figure 1 for
57Fe and in Table 1 for 5^Mn.

Despite the scatter of the data

points in Figure 1 a variation of

A of about „ „,- ,,n-4 -1 -
0.06•10 cm /pm

is indisputable. The absolute

variation for -7-?Mn is almost twice

as large, but relative to the free

for 55Mn.

Assuming decreasing admixture

of molecular orbital wavefunctions

with quantum numbers n •£ 4

with increasing bond lengths as a

result of reduced overlap

integrals S (see ref. (2) ) this

variation can be explained in

terms of concomitant changes of

covalency.

These systematic variations

can also serve for site assignment

of Fe^ or Mn as impurity ions

(3), e. g. in the case of the

controversial assignment of Mn

in the mineral diopside

(CaMgSi2O6) (4, S).
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ion values the variation for 57

is about five times larger than
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EPR OF ALKALI COMPENSATED U

FLUORITE

3-f
IN

V. Lupei and C. Stoicescu

As one of the possible ways
to compensate the charge differen-
ce for the substutional trivalent
ions in fluorite, Bleaney / I / pro-
posed the substitution of calcium
by a monovalent alkali ion.

In case of the fluorite doped
with trivalent uranium and a mono-
vale nt M+ ion (M=Li,Na,K or
Ag) two new axial centers are ob-
served. One of these centers has
tetragonal symmetry and the se-
cond is orthorombic with the.ma in
directions along <110> , <110>
and <001> . The BPB g-values

(error - 0.005) at the liquid he-
lium temperature are given in ta-
bles 1 and 2 .

Table 1. The g-vaiues for the
tetragonal center.

Ion M *M(J) g|| Sj,

Li 0.7 2.746 2.022
Na 1.0 2.740 2.030
Z 1.3 2.747 2.013
Jig 1.37 2.742 2.017

The g-values for the t e t r a -
gonal cen te r s sse near ly indepen-
dent on M and can b6 conected
t o the Pn E j * parameters of the

cubic U5* in fluorite / 2 , 3 / if
a weak tetragonal distortion, whi&h
ch leaves the doublet lovest, is
assumed.

Table 2. The g-values for the
orthorombic center

Z^ZZZZZZZZZZZZiZZI
Li 2.438 2.21o 2.119
Ea 2.308 2.126 1.090
K 2.29B 2.112 1.147
Ag 2.137 2.359 1.850

In case of the orthorombic
centres the g-values are strongly

dependent on M and csanot be s i -
mply connected to the lg cubic
parameters.

This shows that the charge
compensating ion is in such 8 l a t -
tice site ss to perturb strongly
the cubic symmetry of the crystal
field at the ursnium s i t e .

The g-valuss, symmetry and
superhyperfine structure shows th-
at the tetragonal canter is ctua
to a charge compensation with

M+ substitutions 1 for- a Ca + ion
at a (2,0,0) lattice sice while
for uhe orthorombic center she
substitution is at (1,1,0) s i t e .

The co-dop«'«fl.?iiith the mono-
vslent ion increases the probabi-
l i ty of appearance of tne cubic
canter / 2 , 3 / and of the monoclmic
(2,2,1) center / 4 / .
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EPR OF TWO NEW TETRAGONAL U 3 + CENTERS

IN SrF2

V. Lupei

Single crystals of SrFp do-

ped with uranium and an alkali ion
!/r(M=I'T3fX) for charge condensation
show, besides the well-known t e t r -
agonal center compensated with an
in te r s t i t i a l F~ ion / I / , two' new

tetragonal u centers wnose
g-values are practically indepen-
dent on the alkali ion. The rela-
tive abundance of the two centers
difera from sarapla to sample.

At liquid Helium uemperavure
the g-values are :

- for the center I,g,,=1.72 ;
@=2.43

- for the center II,g,,=2.824;
5^=1.97

These g-values can be deduced
in a very good approximation from
a unique set of cubic field para-
meters 2P=-2.824 and 2q=1.72
of a \~o qusrues if i t is assumed

that the two tetragonal dis torsi-
ons are weak and of opposite sign
and leave lowest, in the fjr-st ca-
se the cubic doublet |± 1 ^and

in the second case the doublet

The calculated values
=|2Q| = 1.72 and S j= i ( 3 ^

' 8 (for the f i r s t c ln ter ) and
= |2P| =2.824 nd

d t)
g g ( 5 Q ) |
1.996 (for the second center) are
indeed in good agreement with the
experimental values.

The BPR lines of the canter
I are broader chan those of the
center II but "not any superhyper
fine structure has been clear ly-
re solved in our samples.

Since not any cubic IP5"1" ce-
nter has been noticed in these
crystals, i t is sssuraed trhst the
firs t center is a substitutional

tr i°nd!"#^oeT&?3' compensated and
slightly toward one of the cubic
faces (since the n3+ ion is sen-
sibly smaller than Sr + ) . In the
second case, the tetragonal dis»
tortion is due to a substitutional
alkali ion at s (2,0,0) latt ice
s i t e .

The cubic resonance parame-
ters 2P and 2Q deduced as abo-
ve corespond to a composition pa-
rameter / 2 / a =-0.4928 in good
agreement with the value of
-0.4873 obtained from the measu-
rement on the actual TT3+ cubic

center in /3,V.
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OBSERVATION OF A SPECIAL POINT IN CR3+-DOPED

GUANIDINIUM HEXAHYDRATE CRYSTALS

A. Manoog ian

I. INTRODUCTION

Electron spin resonance (ESR)
measurements were obtained for Gr(3+)-
doped guanidinium aluminum sulfate
hexahydrate (GA£.SH) and its isomorphs
which indicate the existence of a special
point in the crystals at a temperature of
280 K. Measurements of the temperature
dependence of the Cr(3+) ESR line
intensities were made in the study and a
plot of the results shows the presence of
an anomalous dip at 280 K. In order to
obtain additional data on the effect
measurements were also made of the
temperature dependence of the Cr(3+)-
doped GA£SH dielectric constant.

The Cr(3+)-doped GA£SH crystal
contains two inequivalent trigonally
distorted Cr(3+)-6H20 magnetic complexes
with z axes directed along the crystal c
axis. In a previous study (1) of the
GA£SH crystal we analyzed the temperature
dependence of the Cr(3+) zero-field
splitting parameter D for the two
complexes, and separated each curve into
its constituent parts due to the effect
of lattice static distortion and
vibration based on a particular model of
behavior postulated for the crystal. It
was found that the separated static
curves for the two complexes crossed at a
temperature of 280 K.

II. EXPERIMENT

The Cr(3+) ESR line intensity study
was done in the temperature range of
300-260 K. Low values of microwave and
magnetic field modulation power were
used in the spectrometer so as not to
saturate the ESR lines. The line
intensity as a function of temperature
for any one of the lines was found to
dip or change its slope in the region of
280 K. The maximum change in line
intensity at 280 K is only about 10% of
the total line intensity. It was found
that the effect could best be observed
in dilutely doped crystals where the ESR
lines are not excessively broadened.

In order to obtain a measure of the
dielectric constant the Cr(3+)-doped
crystal was placed between two parallel
brass plates to form a capacitor, and the
capacitance was measured as a function of
temperature using an impedance bridge.
Since the dielectric constant, or
capacitance, of the sample changes very
little in the range 300-260 K the
capacitance was monitored by the amount of
displacement of the bridge's null-meter
needle as a function of temperature. A
plot of the results shows that the curve
changes its slope quite sharply at 280 K,
after passing through a minimum at about
282 K.

III. DISCUSSION

It appears likely that the observed
anomaly at 280 K is related to the
existence of two inequivalent sites in the
GA£SH crystal. At 280 K the static
distortions of the two Cr(3+)-6H20
magnetic complexes are identical and only
the vibrational effects differ. This
difference is due primarily to the
different amplitudes of vibration of the
two complexes but the vibrational
frequencies may also differ slightly. It
was found previously (1) that the average
vibrational frequency for the chromium
sites in the four GA£SH isomorphs was
510.5 K, and that'the average difference
between the frequencies of the two
inequivalent sites in the isomorphs was
4.5 K, or 93.8 GHz, since 1012 Hz =
47.977 K. It is possible that the two
inequivalent chromium magnetic complexes
act as coupled oscillators connected by
the beat frequency, which is the frequency
difference of the two oscillators. It is
possible that there exists an exchange of
energy between the oscillations of the
two inequivalent sites in the crystal
and that this interaction becomes
important at the point of symmetry of the
static distortions.
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ESR OF Cu(Acac)2 SOLUTIONS ADSORBED ON SILICA GELS

Giacomo Martini and M.Francesca Ottaviani

The electron spin resonance of para-
magnetic probes introduced as a liquid
solution in silica gels was shown to be a
powerful tool in studying the mobility of
both the probe and the solvent molecules
inside the pores (1).

In this work we describe the use of
ESR in the study of the mobility and of
the surface adsorption of copper pentane-
dionate solutions in chloroform, N,N-di-
methylformamide (DMF), and pyridine (PY)
on homoporous silica gels with pore diam-
eter 4 nm (S4), 6 nm (S6), 20 nm (S20),
and 100 nm (S100).

I. RESULTS AND DISCUSSION

Two distinct sets of signals are
identified in the case of CHC13 and PY
Cu(acac)9 solutions adsorbed on silica
gels: L

a) liquid-like signals at 293 K which
convert to axial signals at 77 K. The
ESR parameters of both 293 and 77 K
spectra are the same as in the free
solutions. These absorptions are due
to Cu(acac)? dissolved in the liquid
filling the pores and the species re-
sponsible of them are not influenced
by the surface interactions;

b) solid-like spectra that are present at
room temperature also with fairly well
resolved ESR parameters. The parameters
are different from those in the unadso-
bed solutions. These signals are due
to surface adsorbed species.

The relative intensity of spectra a)
and b) depends on the pore size and on
the Cu(II) concentration. The spectra a)
intensity increases with the increase of
pore diameter and the increase of the
Cu(II) concentration. With DMF solution
adsorbed on all silica gels investigated,
the type b) spectrum is only observed in
the narrow pore (S4 and S6) with low Cu(II)
concentration (^10"3 M).

A linewidth analysis carried out on
the basis of the known relaxation mecha-
nisms of Cu(II) ions in solution, shows

that DMF and PY in large pores (S20) and
S100) have the same viscosity in the range
293-373 K as in the unadsorbed solution.
Such analysis is not possible in the case
of CHC13 solution because of the complex
spectraf pattern.

The ESR parameters and the relative
intensity of the spectra due to surface
adsorbed species allow to suggest that:

i) a silanol group is coordinated to
Cu(acac)2 after replacement of an
apical solvent molecule;

ii) the crystal-field strenght due to the
silanol group is low compared with
CHC13, PY and DMF and the donor number
that is a measure of the basicity is
near to zero;

iii) the DMF molecules are adsorbed on the
surface vj_a hydrogen bond more tightly
than the PY molecules; CHC1, is only
poorly adsorbed.
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MODIFIED SMOKY QUARTZ CENTERS IN NATURAL CITRINE

D. Maschmeyer and G. Lehraann

I. INTRODUCTION

The structure of the smoky

quartz centers as holes on

substitutional AlO^ groups is now

well established (1). Above 77 K

these holes are rapidly exchanged

within the AIO^ groups. In natural

yellow and greenish-yellow quartz

localized hole centers adjacent to

Al impurities were detected (2).

Their properties are reported and

discussed in this contribution.

II. RESULTS AND DISCUSSION

In contrast to those of the

smoky quartz centers the EPR

spectra of the citrine centers do

not broaden appreciably between 77

and 300 K. Three different centers

were observed, and the g-tensors

and principal axes directions for

the two most prominent ones are

shown in Table 1. The g-factor

variations and Al hyperfine

splittings are roughly half as

large as for the smoky quartz

centers. The principal axes

directions of the g-tensors differ

considerably from those for the

smoky quartz centers with g very

nearly pointing into the

directions of O-Si-01bisectors of

the quartz structure.

Exchange of monovalent ions and

various heat treatments show that

additional defects of yet unknown

Table 1

g-tensors and their
for citrine

2.00546

2.00925

2.03408

2.0021

2.0110

2.0382

centers

Jl
21.0°

109.1°
98.4°

77.9°
107.9°
158.2°

orientations
A (above) and B

tf _
112.1°

266.4°

0°

76.0°

162.1°

18.5°
VA and {0 are the tilting angles

from the c- and a-axis resp. in

the ac-plane.

nature must be present in the

neighborhood of the Al impurities.

Their thermal destruction is

irreversible, but requires a high

activation energy. 0o~ molecular

ions adjacent to Al impurities can

explain many (if not all)

properties of these "citrine"

centers.
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EPR STUDY OF KfAMER'S DOUBLETS OF

Ce3+, Nd3+, Er3+, AND Yb3+ IONS DOPING SINGLE

CRYSTALS OF Y(N03)3'6H20 ANB Y2(S0j3-8H20

Sushtl K. Nisra and M. Jaiochowski

I . INTRODUCTION

X-band EPR measurements have been
performed at low temperatures on Kramer's

doublets of Ce3+, Nd3+, Er3 and Yb3+ ions
doping single crystals of YNH
[Y(N03)3-6H20] and YSO [Y2(S0 l t)3-8H20].

I I . DETAILS

The measurements were made in three
mutually perpendicular planes; those de-
termined by the principal-axes x, y , z of

the b2 tensor of the Gd3+ ion doping the
1 2

same c rys ta l s . ' The spin Hamiltonian is

"3£ = g hi. ^ . ? + S. A. I . The g-tensor
components are obtained by f i t t i n g simul-
taneously a l l the observed centra l - l ine
positions in a rigorous least-square f i t -
t ing procedure. I t is then diagonalized
to f ind i t s principal values, as well as
i t s direct ion cosines with respect to the
x, y, z axes.

I I I . RESULTS

The principal values of the g-tensor
for the hosts YNH and YSO are l i s ted as
fol lows:

Ce3+/YNH : 0.975, 1.817, 2.302 (at 5.4K)

Ce3+/YS0 : 0.631, 1.223, 3.241 (at 8.OK)

Nd3+/YNH : 0.208, 1.710, 3.018 (at 4.5K)

Nd3+/YS0 : 0.403, 2.342, 2.773 (at 8 .0K )

Er3+/YNH : 1.272, 3.460, 11.175 (at 6.5K)

Er3+/YS0 : 2.479, 6.180, 9.858 (at 8.OK)

Yb3+/YNH : 0.310, 2.539, 4.893 (at 3.8K)

Yb3+/YS0 : 1.270, 1.757, 5.090 (at 8.OK)

The average values of the hyperfine
tensor A for magnetic isotopes are as
follows ( in GHz).

Nd-143/YNH = 0.79, Nd-143/YSO =0.83(1=7/2)

Nd-145/YNH = 0.52, Nd-145/YSO= 0.52(1=7/2)

Er-167/YNH= 1.21, Er-167/YSO « 0.81(1=7/2)

Yb-1 71/YNH = 3.61, Yb-171/YS0= 3.95(1=1/2)

Yb-173/YNH= 1.04, Yb-173/YS0= 1 .11 ( I =5/2)

For the YNH host, the average A values re-
present the average of the three direc-
tions - x, y, and z as evaluated from av-
erage hyperfine line-spacings. For the
YSO host, the averaging includes the va l -
ues for the two possible sites for rare-
earth ions. The formula used to calcu-
late A is A(GHz)=(klystron frequency in
GHz)X (average hyperfine spacing in
Gauss)*(Central l ine posit ion in Gauss).
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THE LOT-JEST TRIPLET STATE OF ZINC-

PORPHIN IN A N-OCTANE MATRIX, AS

STUDIED BY OPTICALLY DETECTED MAG-

NETIC RESONANCE IN ZERO-FIELD.

H.M.van Noort, B.Wirnitzer,

J.Schmidt and J.H.van der Waals

I. THEORY

The excited states of a porphin
molecule are orbitally degenerate.
According to a theorem of Jahn and Teller
the molecule will then distort and loose
its D,, symmetry. When the molecule is
embedded in a host crystal of lower
symmetry the crystal field will favour
one of the distorted conformations and a
crystal field splitting 6 results. The
value of S varies from 10-50 cm
depending on the type of porphin molecule
and the host.

II.EXPERIMENTAL

Fi r s t we measured the value
of 6 by monitoring the phosphores-
cence spectrum as a function of the
temperature. At 5 K emission only
occurs from the lowest t r i p l e t
s t a t e . At higher temperatures how-
ever the higher component i s also
populated and i t s emission i s ob-
served as a 'hot ' band at the high
energy side of the 0-0 band.

In the second experiment we
have measured the temperature de-
pendence of the zero-field s p l i t -
t ing frequencies of the lowest
triplet state via optical detection
of its magnetic resonance transi-
tions. It appears that their shift
with temperature can de described
with an activation energy which is
very close to the value of 6 , the
separation of the two Jahn-Teller
components. From a simple analysis
we derived the zero-field split-
tings of the higher J-T component
and the way the molecule distorts.
The small difference in the para-
meter D for the two J-T components
can be explained by taking into
account the effect of spin-orbit
coupling.

Finally we have also measured
the spin-lattice relaxation rates
as a function of the temperature.
It appears that SLR occurs via
thermal excitation to a local pho-
non state lying between the two J-T
components.
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FIRST PRINCIPLE THEORY OF ZERO-FIELD SPLITTING OF SPHERICAL

HALF FILLED SHELL RARE EARTH IONS IN IONIC CRYSTALS

K. Raghunathan J . Andriessen D. van Ormondt
S.N. Ray T.P. Das

The numerous approaches for calcul-
ating zero-f ie ld sp l i t t i ng of rare earth
ions in crystals almost always give re-
sults comparing rather badly with experi-
ment.

Because in these calculations mostly
a complete analysis of the mechanisms i n -
volved is missing, this work is an attempt
to correct for t h i s .

The method of a systematic perturbat-
ion analysis using many-body techniques is
used to handle the isolated ion acting on
by a crystal f i e l d as complete as possible.
Subsequent treatment of covalency effects
and charge penetration has not been
finished yet .

RESULTS

There are two major mechanisms of
zero- f ie ld sp l i t t i ng in half f i l l e d shell
systems. The f i r s t one is the so-called
Casimir e f fec t . I t carries one order in
spin-orbi t interact ion in the correspond-
ing perturbation term. The second one
needs three orders of th is interact ion and
i t is usually called BDLSC mechanism.
There are also terms with two orders of
spin-orbi t in teract ion, but they are much
smaller.

The just mentioned major effects are
modified by anti-shielding from other
shel ls . A important result of our calcul-
ation is that the corresponding an t i -
shielding factors come out very d i f ferent
from nonre lat iv is t ic values published
ear l ie r . Further the factor is d i f ferent
for the Casimir effect compared to the
BDLSC ef fec t .

The mechanisms jus t mentioned apply
also to the nuclear quadrupole interact ion
constant B. One needs only to replace the
interact ion with the crystal f i e l d by the
corresponding interact ion with the nucleus.
I t is interest ing to give the results also
for th is constant. From the corresponding
anti-shielding term the Sternheimer para-
meter Ro can be calculated.

The results for Gd3+ as well as for
Eu2+ are l i s ted in table I . The error
estimate in the theoretical results is ta-
ken to be 10% of the leading an t i - sh ie l -
ding contr ibut ion.

TABLE I

List of contributions to B°,(3S2-S(S+l))and
to B(3l2-I(I+l))(3S2-sis+lf)/(2l(2I-l)2S
(2S-1)) of Gd3+ and Eu2+.
BQ is expressed in terms of the field gra-
dient A^(=C^/a3)
The values are in Mhz (A§ in atomic units)

Mecha-
nism
Casimir
BDLSC
shield.

Cas.
BDLSC
others
Total

Exp.

2.09
1.73

-6.42
4.18

-0.63 2.13

-0.62
-0.61
1.96

+0.06

-0.21
-0.10
-0.42
±0.20
-0.786 1)

3.44
1.90

-0.76

-0.61x

0.23x

4.20
±0.07

-10.62
5.71

3.30

O.x

-0 .28 x

-1.89
±0.40.

-2.0292.)
x Preliminary results

,3+For the case of Gd we list in table
II the calculated values of the Sternhei-
mer parameter x0, RQ \$f compared with
nonrelativistic values from the literature.
The indices a,b refer to the Casimir and
BDLSC effects respectively.

TABLE II
List of important Sternheimer

parameters for 3+

this work
-72.0

0.34

0.01

0.30

0.35

reference 3
-60.9

0.12

0.68

For Eu2+ the results are not finished yet,
but from table I we can see the same trend.
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EPR SPECTRA OF TETRAGONAL RHODIUM CENTERS IM CaO

A. Raizaan and J.T. Suss

We report on an electron paramagnetic
resonance (EPR) study of two types of
tetragonal rhodium centers in single crys-
tals of CaO, in the temperature range be-
tween 4.2 and 93K and at X-band frequency.
Rh was incorporated into CaO crystals of
3N purity by diffusion at 1400C. After
diffusion we observed a weak tetragonal Rh
spectrum with g,, <g > in addition to the
previously reported1 spectrum of Rh2+ Jahn-
Teller ions in CaO (1). Irradiation by
X-rays or reduction in hydrogen at 1000C
enhanced the above-mentioned tetragonal Rh
spectrum and produced another, different
tetragonal Rh spectrum, with e >g . On
the other hand, heating the crystals in
oxygen at 1000C after diffusion reduced
the intensity of the first type of tetra-
gonal spectrum below the level of detec-
tion.

Both spectra can be fitted to an axial
spin Hamiltonian

**• V B H A + S.LVH
X

SX + \ y

+ A I S + A. (I S + I S )
II z z J _ x x y y

with S = h and I = h and the resonance
parameters given in TABLE 1.

TABLE 1. Resonance Parameters for Tetra-
gonal Rhz+ Ions in CaO at 77K.

Ground
State

e>
e>

2

2

„

.0155

.4644

2

2

gl

.4505

.1830

All

(10

6.

12.

-4

8

6

Al

cm"1)

6.5

5.4

Note: The experimental accuracy is ±0.0005
and ±0.5 for g and A, respectively.

We attribute these tetragonal centers
to Rh2+. The ground state of the 4d7 Rh2+

ion in a strong octahedral crystal field
is the orbital doublet 2E (t|e). This
doublet is further split by a tetragonal
crystal field into two singlets |9> and
|e>. The nature of the tetragonal dis-
tortion determines which singlet becomes

the ground state; for a d7 configuration
it will be |6> with g^gi for an elonga-
ted octahedron, and |e> with gj(

>gi for a
compressed octahedron. The tetragonal
centers with an |e> ground state could be
associated with a cation vacancy at a next
nearest neighbor (nnn) site to Rh2"*" along
a [l00]-type direction. The presence of
cation vacancies in alkaline earth oxides
is well known and in our case is also
evidenced by the appearance of V~ centers.
A technique with higher resolution, such
as ENDOR, might be useful to verify this
model. The other tetragonal center with
a |e> ground state could be due to dis-
tortion caused by a metal cation with a
valence larger than 2 at a nnn site to a
Rh2+ ion lying along a [l00]-type
direction.

The assignment of these tetragonal
centers to Rh2+ is based on the following:
a) The most stable oxidation state of Rh
is Rh3+. The appearance of V~ centers
after diffusion indicates a charge transfer
mechanism which converts Rh + to Rh .
b) The formation and behavior of the spec-
tra as a result of heat treatment or X-ray
irradiation is characteristic of Rh2+ and
excludes Rh°. c) A comparison of the
variation of the g-factors with that of
Ni3+(3d7) and Ni1+(3d9) in CaO
[g(d7)<g(d9)] (2) supports the designation
of the ]e> type spectrum as Rh2+. d) Co-
existence of Rh2+ centers with |6> and
|e> ground states was also found in other
hosts (3).
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ANALYSIS OF FORBIDDEN HYPERFINE LINES IN THE SINGLE CRYSTAL

BPR SPECTRA OF TRIAZINE-1-OXIDE COMPLEXES OF COBALT(II)

M.V. Rajasekharan and P.T. Manoharan

The EPR parameters of Cobalt-
t r iazine-1-oxide complexes have
been found to be remarkably sens i -
t ive to the nature of surrounding
l a t t i c e or matrix. I t has also
been observed that in these systems
the combined effect of quadrupolar
and nuclear Zeeman in te rac t ions
coupled with the unusually small
magnitude of the cobalt electron-
nuclei hyperfine term has been
responsible for the enhanced inten-
sities of 'forbidden' transitions
(AMj ^ 0). In some cases, these
transitions have intensities com-
parable to or even higher than
those of the 'allowed1 transitions
( A % = 0 ) .

EXPERIMENTAL

The b i s -2-ch loro-6-methy l
phenyl t r i a z i n e - 1 - o x i d e complex of
Nickel ( I I ) grows in two c r y s t a l -
l i n e modif icat ions-monocl inic
(Ni BPT) when grown from acetone
and t r i c l i n i c with a molecule of
solvent Ni BPT.CglL- when grown
from benzene(l) . The single crystal
EPR spectra of the i sos t ruc tu ra l
planar cobalt complex (Co BPT)were
measured at X-and Q-band frequen-
cies at 77K.

RESULTS AND DISCUSSION
The strategy adopted for the

analysis of the single c rys ta l
spectra involves an exact solution
of the appropriate spin Hamiltoni-
an by the complete diagonal isat ion
of the Hamiltonian matrix of size
16 x 16. The pr incipal g-values
obtained by a computer simulation
of the polycrys ta l l ine spectra
were used as s t a r t i ng input para-
meters and the quadrupole coupling
constants as well as the r e l a t i v e
signs of the various hyperfine
in terac t ion constants have been
evaluated by f i t t i n g the field se-
paration between A ^ j = + 1 doub-
l e t s . All tensors have been assu-
med to have coincident pr incipal

ax i s . Spectra at a few selected
or ienta t ions have been simulated
to confirm the va l id i ty of t h i s
assumption as well as the cor rec t -
ness of the various parameters.

It i s apparent from complete
diagonalisat ion and l a t e r spect ra l
simulations at various orientations
tha t at X-band magnetic f ie lds the
forbidden transitions derive their
intensities mainly from quadrupo-
lar coupling. However, at Q-band
the dominating effect is that of
the Zeeman term and the spectrum
consists mainly of 'forbidden'
lines even with the minimal qua-
drupolar interaction. It was also
found possible to derive accurate
values for the quadrupolar coupli-
ng parameters by just fitting the
spacings and intensities of the
£Mj = + 1 transitions especially
those of the outermost ones. The
spacings of the innermost doublet
(--2-^^+i) is almost insensitive to
variations in Q1 as well as Q"
where

Q'=|PZ and Q"=l(Px-Py)

and'P , P and Pz are elements of
the quadrupole coupling tensor P.

Our attempts to relate the
principal directions of the g-
tens or with the molecular coordi-
nate system revealed that the
agreement was excellent in the tr i-
clinic system while a large devia-
tions of upto 15° were noticed in
one of the sites of the monoclinic
system. The later was due to the
systematic misalignment of the
dopant molecule at this s i te .
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FORMATION OF As 4 + CENTERS IN SILICATE GLASSES

J.W.H. Schreurs

Recently Schreurs and Davis
(1) reported on the EPR spectrum of
Sfc>4+ formed in a glass of the com-
position 0.82 Si02-0.18 Me20-0.0020
Ce02-0.0044 Sb203 (Me = K,Na) by UV
irradiation. The Sb 4 + is formed by
electron transfer from Ce3+ to Sb^ .

Since As has only one isotope
with I = 3/2 one expects on replac-
ing Sb by As a simple spectrum with
four hyperfine lines, due to As 4 +.
In order to get reasonably intense
spectra, it was found necessary to
increase the As and Ce level con-
siderably, compared to the corre-
sponding levels in the above-men-
tioned glass.

The figure shows the absorp-
tion spectra resulting from UV ir-
radiation in the three glasses
listed in Table 1. In glass 1 the
spectrum shows the expected four
lines (spectrum I); in glass 2 there
is a second four-line spectrum (II),
while in glass 3 there is a third
four-line spectrum (III). This
analysis has been confirmed by
measurements at 35 GHz.

TABLE 1. Glass Composition (Mole%).

Glass SiO2 Na20 K20 Ce02

1 73.9 24.6 1.0 0.5
2 a 74.4 24.7 0.4 0.5
3 80.8 18.5 0.2 0.5

aMelted under reducing conditions

Using a simple isotropic spin
Hamiltonian (1)

AI.S)

the approximate parameters summar-
ized in Table 2 were calculated.

Spectra I and III are quite
similar to the spectra of the As 4 +

containing centers AsO?" and AsO4*
observed in X-ray irradiated pow-
ders of Na2HAs04.7H20 and KH2As04,
resp. (cf. (2) and (3)), strongly

suggesting these centers occur in
these glasses. No identification
of spectrum II has been made.

TABLE 2. Spin Hamiltonian Parame-
ters .

Spectrum A HQ g

I 610 3381 2.0
II 781 3375 2.0

III 1051 3396 2.0

|4)(O) |2 (cm"3)

1.5 x 10 2 5

1.9 x 10 2 5

2.6 x 10 2 5

The large unpaired electron
density |^(0)|2 excludes the possi-
bility that these centers are due
to As 2 + (4s24p), the only possible
alternative to As 4 + (4s).

Other ions that have been made
by electron transfer are Cd+, Nb 4 +,
VP+, Mo 5 + and Ag°.

FIG. 1 EPR absorption spectra of
the three glasses listed in Table 1.
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SPIN DYNAMICS OF LITHIUM

CATIONS IN HYDRATED ZEOLITES

Tadashi Tokuhiro, Lennox E. Iton,
and E. Mark Peterson

INTRODUCTION

Previous experiments have indi-
cated the existence of solution-like
properties for cations in hydrated
crystalline zeolites. These are
manifested through linewidth and
lineshape effects in cw NMR and EPR
spectra in fluid and frozen states.
Our EXAFS measurements (1) confirmed
retention of the local solution
structure for hydrated Co(11) ions
in large-pore type Y zeolite, though
not in small-pore type A. Pulsed
NMR studies of dynamics of water
in hydrated large-pore X zeolite
indicate that H2O diffusion is very
rapid, although the intracrystal1ine
fluid is much more viscous than pure
water ( 2 ) . We have investigated
nuclear spin dynamics of lithium
ions in hydrated zeolites A, X, and
Y, in order to compare with solu-
tion, and to determine effects of
zeolite crystal structure and frame-
work changes.

RESULTS

Pulsed NMR measurements of
spin-lattice relaxation times were
made at 25 MHz for 7Li in each
zeolite, for both H2O and D2O hydra-
tion, between 140-335 K. Proton re-
laxation data were also obtained.
For Y zeolite, 7Li and ^H data were
also obtained at 16.8 and 7 MHz, and

The quadru-
dipolar contribu-
relaxation were
Data were analyzed
prev i ously applied

2 D data at 7 MHz
polar and proton
tions to the 7 L i
thus determined,
using an approach

r r p
to 7Li in solution ( 3 ) . Correlation
times for quadrupolar relaxation
were 2.3xl0" 8, 3.9X10" 9, and
3.0xl0" 1 0 sec, for the A, X, and Y
zeolites respectively, at 276 K. The
corresponding values for LiCl solu-
tions, 11 molal in glycerol (3) and
11 molar in water ( 4 ) , are 2.7xlO"8
and 3.4xlO" l u sec, respectively.
Activation energies for quadrupolar

relaxation of 7Li and 2 Q in Y zeo-
lite are almost identical (12-13
kcal/mole). These results confirm
that the dominant relaxation mech-
anism in the solutions and the hy-
drated zeolites are the same in
magnitude and kind, fluctuation of
the electric field gradient modula-
ted by rotational motion of mole-
cules in the first solvation shell
of the lithium. 7Li quadrupole
coupling constants determined for A,
X, and Y zeolites are, respectively,
62, 72, and 203 kHz; the value cal-
culated for 11 M aqueous LiCl solu-
tion is 44 kHz. This trend paral-
lels the decreasing framework Al
content, increasing disorder, and
increasing internal electrostatic
fields in the zeolites.

Work supported by the U.S.
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STRUCTURAL INFORMATION ON URANIUM IONS

IN Lif FROM EPR DATA

I. Ursu, A. Lupei and V. Lupei

Single crystals of LiF do-
ped with uranium in different con-
ditions (especially oxidizing con-
ditions) shovi m8ny luminescent
lines assigned to hexav3lent ura-
nium. Though from the luminescence
studies the symmerSy of the cen-
ters has been escsbilished,their
physical na'ture caunot be unam-
bigously determined / I / .

Under X or irradiation pa-

re-magnetic Uy (-5f ) -
obtained. Spectra are observed at
77 K with a X band EPR spectro-
meter. Hyperfine structure is also
resolved in U235(I=7/2) doped
samples / 2 / . 'She g-values are very

small characteristic to a 5f ion
in distorted octahedral symmetry.
Spectra with cubic, tetragonal,
orthorombic, monoclinic and t r i -
clinic symmetry have been analysed.
Measurements in two planes (100)
and (110) on many samples and com-
puter simulation have been neces-
sary to separate different spectra.
A spin Hamiltonian g. . H.. S. ,

with S = 1/2 and presenting in
some cases nondiagonal g.H com-

x j
ponents has been used to describe
these spectra / 4 / . Principal g-
values and directions have been su-
bsequency obtained by computer
diagonalization.

According to the superhyper-
fine splittings and g-values the
ten spectra analysed have been se-
parated in four groups : spectra
with a large two-line split t ing,
spectra with a three line spl i t -
ting and spectra with no superhy-
perfine splitting-anisotropic and
almost cubic.

The symmetry, g-values and
superhyperf ine structure are used
to propose models for> uranium ce-
ntres in LiF. Uranium (U or
U-5*) does not enter in LiF like

an uranyl group, though C. 100>
is the main distortion axis for
almost a l l the spectra. Ho t r i -
gonal censers are observed. Spec-
tra presenting two line splitting
are assigned to uranate complexes
of the type UOt-F .
The three-line structure spectra
could be given by cencrss of the
form Uû Fg or Uu4(0H")2 /3/«

Complexes of the uranate structure
UÔ  can explain the almost cubic

spectra with no superhyperfine sp-

Litting, whereas UOrVp(Vj, - F~

vacancy) can be a model for. aniso-
tropic spectra. Similar structures
are expected for the parents

U + cen-cres.
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STUDIES OF Cr 2 + IN GaAs BY THERMALLY-DETECTED EPR

A. Vasson, A. M. Vasson and M. Rezki

J. P. J. McCann and W. S. Moore

Despite the large amount of published
work on this system (1), the understanding
of the properties of Cr2+ in GaAs is still
unclear. In an attempt to obtain further
information on the ground states, we have
used the technique of thermally-detected
(TD) EPR at liquid helium temperatures.
Two types of semi-insulating crystals (the
same samples as those used in earlier APR
and phonon spectroscopy measurements (2))
have been studied.

The first set of measurements were car-
ried out on Plessey (735) samples with the
crystal axis along <110>. The relative
orientations of the RF electric field (Erf)
and of the RF magnetic field (Brf) used in
the various experiments are given in the
Table. The sample was placed in a wave-
guide in Experiments 1 to 3, but in a cavi-
ty in Experiments 4 and 5. The steady
magnetic field B was varied from <110> to
<001> in all cases, but some additional me-
asurements were obtained with B going from
<110> to <11O>. In Experiments 1 and 2,

EXPERIMENT
DIRECTIONS
Erf Brf

FREQUENCY
(GHz)

1
2
3
k
5

<001>

<no>
<Tio>
<001>

<iio>

<110>
<001>
<110>

<TTo>
<001>

9-3
9.3
9-3
11.24
11.0

the sample was positioned so that Erf was a
maximum while in Experiment 3, Brf was a
maximum. The spectra had a very similar
appearance indicating that the resonances
seen were probably those induced by Brf on-
ly. This is an important result as it shows
that in GaAs the ionic effect (3) is very
weak even though the Cr^+ site symmetry (Tel)
is non centro-symmetric. In Experiments 4
and 5, the sample was again positioned in
the cavity so that Brf was a maximum. Here
the circular mode degeneracy of the cavity
was lifted and two orthogonal non-degenerate
modes were present. The low frequency mode
had Erf along <11O> while in the high freq-
uency mode Erf was perpendicular to <110>
so that by changing the frequency the micro-
wave fields were automatically rotated th-
rough hv. In all experiments the TD-spectra
obtained were relatively weak. Those fea-

tures A' and B1 at 9.3 GHz which had a B-ang-
ular dependence coincided exactly with tho-
se obtained earlier for the 3-4 transitions
by conventional EPR (4). At the higher
frequencies, the same resonances were seen
after the frequencies were scaled. Howev-
er, an isotropic line C'also appeared
at Bo = 3.15 kG and a weaker isotrop-
ic line at B ̂  ^Bo in Experiments 1 to 3.

In the second set of experiments, a
Czechoslovak sample (B) was studied at 9.3
GHz. Lines A',B>Ciand D1 appear in exactly
the same positions as those observed in the
Plessey sample. In addition, other very
small resonances are observed. One line E'
appears in both B planes; it is anisotrop-
ic with B limited to % (1 ± 0.2) kG and ap-
pears to be symmetric about <001> and <110>.
Line E1 appears to coincide with one of the
lines seen in APR although the angular var-
iations of the intensities are not the same.
Some other even weaker lines have also been
observed but further experiments are needed
before positive conclusions can be reached.
Whereas the A1 and B' lines appear to be the
same as those observed in conventional EPR,
the remaining lines have not. However, the
C-line occurs at a field at which TD reson-
ances are seen in other samples and so we
have no reason to suppose that it belongs
to Cr2+ in GaAs. In contrast, the other
lines referred to above would appear to ar-
ise from the GaAs system. One additional
point to note is that the intensity of the
D-line appears to increase when it crosses
the isofrequency curve of the calculated 1-
2 Cr2+ transition (4), even though the 1-2
line is not itself seen.
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RESONANT CROSS-RELAXATION STUDIES BY THERMALLY-DETECTED EPR

A. M. Vasson, A. Gavaix, M. Rezski and A. Vasson

C. A. Bates

A weakly-coupled paramagnetic impurity
ion a often preferentially relaxes to the
lattice through a more-strongly-coupled ion
3 present as an additional impurity. Such
cross-relaxation effects are particularly
significant when an energy level separation
in the Zeeman split levels of 3 exactly eq-
uals that of the monitored transition in a
(Resonant Cross-Relaxation, RCR). A sum-
mary of RCR in Al2O3 is given in (1).

We have recently begun studying RCR
processes by thermally-detected (TD) EPR
techniques. Based on the method of Moore
(2) for T ij 4.2 K, the sample is mounted in
a waveguide. Originally the temperature
rise in the crystal was deduced from the
change in resistance of a carbon film plac-
ed outside the guide, but connected therm-
ally to the sample by an alumina rod.

The TD-EPR technique allows us to see
clearly both magnetic-field- (MF) and elect-
ric-field- (EF) induced transitions simul-
taneously. (The MF-transitions correspond
to those seen in conventional EPR.) In
Kramers ions, MF-EPR dominates while, in
non-Kramers Jahn-Teller ions, EF-EPR trans-
itions dominate (3). As the direction x
of the steady magnetic field B changes, the
TD peaks shift.

onal to Trl,
ation time.

The TD signal strength S is proporti-
l where TIT is the total relax-

Thus if x is varied so that
a TD peak from a coincides with a TD peak
from 3/ a considerably enhanced signal res-
ults as RCR between the corresponding a and
3 transitions is usually possible.

We summarize here recent TD-EPR resul-
ts obtained from ruby crystals (a = Cr3+)
containing also Cr4+, V3 + or Fe2+ as the 3
ion. The experiments were carried out
with a microwave power just sufficient to
saturate the Cr3+ lines; the 3-i°ns/ being
much more strongly coupled to the AI2O3
lattice,were far from saturated.

The variation of S with X n a s been
measured for Cr^+iruby. The curve shows
a pronounced dip, for example, at x = Xm =

62.5° and coincides exactly with a dip in

the T]̂ m-x curve obtained by direct measure-
ments (4) where Tim is the measured Cr3+
relaxation time. This value of Xm corres-
ponds to that when the Cr3+ and Cr4+ line
profile overlap is at a maximum. Xm is
slightly larger K 1°) than the angle xc at
which the two peaks coincide. One of our
aims in our TD relaxation experiments (5)
was to verify that RCR is a maximum when
the overlap is the greatest rather than
when the Cr3+ and Cr^+ peaks coincide. TD
experiments have also been carried out for
other Cr -Cr^+ coincidences and in other
systems (5). For Fe^+:ruby, RCR between
the Cr3+:2-3HF and Fe2+ excited split doub-
let is apparent and it was found that Xm =

l\h° while xc = 7 1 ° - F o r V3+:ruby, a con-
siderable enhancement of each V3+ hyperfine
component occurs in turn with 'v. 2° increases

is lessin x from 56°. We find |xm - Xc,
for V3+ and Fe^+ than for any of the samp-
les containing Cr^+ as the mean random
strain for Cr^+:ruby is greater in all cas-
es than that in the Fe^+ and V3+ rubies.

Finally, in direct T]_m-x measurements
at 9.3 GHz, we have always observed minima
in pure and doped rubies at Xc = 11*5° (for
1-3LF) and Xc - 8 o° (2-3LF). The origin
of these minima and whether or not they are
correlated is unknown. However, recent TD-
EPR experiments have shown that rubies give
an additional isotropic resonance peak at ~
O.85 kG which shortens Tim at the two part-
icular configurations cited above.

TD-EPR thus appears to be of consider-
able assistance in interpreting some puzzl-
ing features of T]_m-x data.
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THE R.F. SUSCEPTIBILITY OF SOM AMORPHOUS COMPOUNDS

N.A.H. Verhaar and J.C. Verstelle

I. COMPOUNDS

We did experiments on a number of com-
pounds of the type MX2.4H2O, whereM=Mn or
Ni, X=C1 of Br and x=4 for the maganese-
and x=6 for the nickel compounds. These com-
pounds are magnetic insulators and behave
antiferromagnetically with Neel tempera-
tures between 1.6 and 20K. They are melting
at temperatures between 50 and 100 °C.
These properties make them expecially suit-
ed for investigation with our equipment.

We reached the amorphous state by mel-
ting the compound and then cooling it ra-
pidly to the temperature of liquid nitro-
gen. Rapid cooling here means a cooling
rate of approximately 50K/s. The experi-
ments were done on the same day on which
the compounds were made amorphous because
after a few days a slow recrystallization
took place.

II. EXPERIMENTS

We measure the susceptibility by ap-
plying a r.f. magnetic field (2-60Mc) and
separately measure the real and imaginary
part of the complex susceptibility. By
changing the frequency we are able to in-
vestigate the dynamic behaviour of the sys-
tem and by extrapolating the results to
zero frequency also the static susceptibi-
lity. For the above mentioned compounds
(relaxationtime « Ins) the relatively low
frequencies used gave results that are es-
pecially interesting as far as it concerns
the static susceptibility.

III. RESULTS

To find out what is specific for the
amorphous state we also did series of meas-
urements on the same (powdered) samples in
the normal crystalline state. The results
of MnBr2-4H20 are presented in f i g . 1. The
other compounds gave simular results with
the exception that only MnB^.^O showed
a high temperature behaviour which is iden-
tical to the crystalline material. All com-
pounds showed the divergence of the sus-
ceptibil i ty at low temperatures.

1.0

3 .75

SUSCEPTIBILITY OF
AMORPHOUS MnBr2-4H2O

DASHED CURVE: POWDERED
CRYSTALINE MATERIAL

5 10

TEMPERATURE

IV. DISCUSSION

The theory developed by Simpson (1)
is capable to explain, at least qualitati-
vely, the divergance at low temperatures.
He assumes that a fraction of the magnetic
ions are isolated so that they behave pure-
ly paramagnetic and follow a Curie law.
The behaviour of the other magnetic ions
are described by a distribution of nega-
tive pair-exchange constants. By assuming
only nearest neighbour interactions and a
Gaussian distribution of the pair-exchange
constants i t is possible to show that the
amorphous structure orders antiferromagne-
t ical ly below a certain temperature. The
contribution of the isolated ions however
then plays a dominant role which forces
the susceptibility to increase.
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ON THE TUNNELING SPIN-LATTICE RELAXATION OF

FA(Li)-CENTRES IN KC1

V.S. Vikhnin

G. Corradi

The low-temperature spin-lat-
tice relaxation (SLR) rate of
F.(Li)-centres in KC1 shows a num-
ber of anomalies which could not
be accounted for by theories up
to now (1,?). In a previous paper
(?) a cross-relaxational SLR me-
chanism was proposed, considering
energy transfer between the sys-
tems electron spin — tunneling
off-centre Li ion — lattice,with
a bottle neck in the first, cross-
relaxational step. For the line
shape function of tunneling states
in (?) the one due to ion-lattice
interaction was xised.

The width of the tunneling
states, however, and consequently
also the width of cross-relaxation,
is determined by inhomogeneous
broadening which is due to inter-
nal defect fields and exceeds ho-
mogeneous ion-lattice broadening.
Therefore the line shape function
for cross-relaxation should be
approximated by the Gaussian

1 -(Et-Et,-gyuBH)
2/?c52

where the parameter of inhomoge-

nous width 6^0.2x10 sec" is in
dependent of temperature, and
E. . , are the energies of tunnel-
ing states.

Taking into account the dy-
namic Zeeman interaction (which
was shown to be the dominant term
in the spin-phonon Hamiltonian)
one obtains for the probability
of cross-relaxational spin tran-
sition in the case of a magnetic
field parallel and perpendicular
to the centre axis respectively:

WHllz = s ( 0 )

Bxz

„W
H||x

where A is the tunneling split-

ting and g. . are values of the

g-tensor components for one off-
centre pocket state.

In order to obtain the iso-
topic effect for unoriented
centres one has to take

A £ J- gjuBH as A(Li6) > A(Li7)

This is in agreement with the re-
sult of Rosenbererer and Liity (3).
Then the temperature independence
is automatically fulfilled due to
A « k T . Isotropy requires

S-v
(o) (o)

depending on the choice of A . As
shown by calculations for weak
external electric field up to e-
nergies of the order of the Zee-
man energy, changes in the tran-
sition probabilities due to such
fields are of the order of expe-
rimental error in agreement with
(2) if equality in the above al-
ternative relations is assumed.In
this case the value of the SLR
rate can be reproduced by taking a

reasonable value g ^ — 0.5x10~4.
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EPR STRONG QUADRUPOLAR INTERACTION IN Ir(CN)4Cl2

COMPLEXES IN ALKALI HALIDE MATRICES

4-

N. V. VUGMAN and N. M. PINHAL

I. THE PARAMAGNETIC SPECIES

Room temperature electron irradiati-
on of the diamagnetic Ir(CN)g 3" ion in
NaCl, KC1 and RbCl host lattices produ-
ces, among others (1), a paramagnetic
species which can be assigned to
Ir(CN)^Cl2 "" of D^ symetry, 5d7 low
spin configuration with the unpaired
electron occupying a d?i antibonding or-
bital, interacting with the iridium nu-
cleus and two equivalent chlorines.

II. EPR SPECTRA

The EPR spectra (Fig.l) present a
strong quadrupolar interaction (1,2). The
iridium quartet, when the magnetic field
is perpendicular to the C4 axis of the
complex, is displayed with the central
lines very close together. This spectrum
is flanked by pairs of satellite lines
which, in the present case are quite
strong (relative intensity 1:2.8). Each
spectral line is further splited in seven
lines of relative intensities
1:2:3:4:3:2:1 due to the interaction with
two equivalent chlorines. In order to
interpret this spectrum we used analytical
formulae for the strong quadrupolar
interaction (3).

TABLE I

\

»Ir a

X

NaCl

2.438

1.925

139

no

71

16

37

KC1

2.558

1.897

137

115

80

12

33

RbCl

2.602

1.914

140

118

94

10

33

The values of A, , A,, and P are i n
lO-Vnr1 x " z
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2400 2600 2800 H (GAUSS)

FIGURE 1 : X-band EPR perpendicular spectrum of Ir(CN).Cl2
4" in a KC1 host l a t t i ce ,

measured at 12 K with a Bruker - Physik B-ER-420 spectrometer.

III. MEASURED PARAMETERS

Table I shows the measured Spin
Hamiltonian parameters for Ir(CN)i+ Cl2 **"
in the three distint host lattices.
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ELECTRICAL FIELD GRADIENT DYNAMIC CHANGES ON Nb INTO

LiNbO3 EXPERIMENTAL DETERMINATION. THE CONNECTION WITH

THE OPTICAL DAMAGE

A.V. Yatsenko, V.N. Shcherbakov, S.P. Habuda

I. INTRODUCTION

Ferroelectric LiNbOg crystals are
widely used in electro- and nonlinear
optics. Their space group has been
determined as R3c by X-rays and neutron
diffraction. It is believed that Nb and Li
ions occupy lattice sites with point
symmetry 3. Some NMR investigations of
this crystal have been taken place earlier
(1), (2) such as quadrupole coupling
constant and asymmetry parameter measure-
ments.

It is investigated NMR of Nb into a
single-domains undoped and optically clear
LiNbO3 samples of about 1.5 cm-*. Measure-
ments have been made for (+5 - +2)
transition in temperature range 293-550K
into 0.75T and LOT external magnetic
field using standard lock-in technique and
FET marginal oscillator.

calculated spectra from our model also for
0=0. Satisfactory conformity with experi-
mental results can be seen in both cases.

— ACCORDING TO (1),(2) DATA
- - ACCORDING TO OUR MODEL

EXPERifTlENTAL DATA / /

-5 -2 -1 0

0° - THE ANGLE BETWEEN- C-AX\S£ Ho

II. RESULTS

The part of the experimentally
determined second order quadrupole shift
of the (+3=+5) 93Nb transition for HQ=IT
is shown in Figure I. The chemical shift
has calculated and eliminated here by
correlation data for different H values.
Signal to noise ratio is better than 10
for any of these angles.

Angular dependence of half-width NMR
spectra for this transition is shown in
Fig.2. 0-is the angle between C-axis and
HQ direction.

Temperature dependence of the half-
width spectra is shown in Fig.3 (here 0=0°),
In Fig.4 is shown 93Nb spectra for T=293K
and T=453K.

III. DISCUSSION

Based on this data it can be supposed
that there are some (probably 8) minima of
the adiabatic potential near of X-ray
given Nb position. Dotted line in Fig.2
shows angular dependence for the (+5 = +3)
transition calculated from one of the such
models. For comparison solid line in Fig.l
represents the angular dependence
calculated according to (1) and (2) data
for H =IT. Dotted line in Fig.4 has been

SECOND ORDER SHIFT OF ( - 1 ^ * 0 TRAN-

OF 9% INTO LiNbO,.

•80 -60 •« -20 0 20 % 60 ^

0 - THE ANGLE BETWEEN OAXJS 8, Ho

Fic.2
ANGULAR DEPENDENCE OF A H .
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From this point of view it is
possible to explain temperature data as
redistribution of Nb ions into their
position. It is interesting to notice that
under the temperatures 443-453K LiNbO-j are
free from optical damage (3). Thus,
optical damage into LiNbO^ can be
conditioned by specific Nb ions displace-
ment.
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SATURATION TRANSFER AND ELECTRON SPIN ECHO
STUDIES OF MOBILITY AND ENVIRONMENT

ON SOLID SURFACES

R. B. Clarkson

I. INTRODUCTION

Electron Paramagnetic Resonance has
proven to be a useful spectroscopic tool
for the study of radical ions and mole-
cules adsorbed on solid surfaces, as a
current review illustrates (1). Among the
most interesting of these properties are
the surface mobility of adsorbed radicals
and their local surface environment. In
this study, we have used Saturation
Transfer EPR (ST-EPR) to observe the
mobility of the radical cation O on ZnO.
Using ESE, we have resolved the p-proton
hyperfine coupling in the perylene ©
cation radical adsorbed on Al O , provid-
ing information on the surface environ-
ment of the ion. Using CW ENDOR, we
have duplicated these measurements for
perylene cation on a variety of metal
oxides.

II. EXPERIMENTAL

Samples of silver and ZnO were ex-
posed to of O at room temperature.
Sample preparation has previously been
reported (2). The ST-EPR spectra were
obtained using a Varian E-150 Induction
Cavity accessory. The ENDOR spectra
were obtained using a Varian E-112
spectrometer with an E-1700 ENDOR
accessory. The pulsed EPR spectrometer
was similar to those described by Norris.

III. RESULTS

ST-EPR studies of O~ on metallic
3

silver particles reveal a surface mobility
with reorientation rates ranging from 10
sec. at 273Kto 5xlO~*sec. at 173K.
Plotting the temperature dependence of
the reorientation rate, we obtain an
Arrhenius activation energy for mobility
of Ea = 2.8 k cal/mole, in good agree-
ment with predictions based on thermal
desorption studies (3). ST-EPR spectra
were best stimulated using a brownian
diffusion model. Similar results were

obtained for Og on ZnO, but at lower
temperatures, suggesting a more weakly
held form of oxygen in the ZnO system.

The hyperfine modulated ESE envelope
of perylene © o n Al O demonstrated the
ability of ESE to resolve the weak, p-pro-
ton coupling, Ag = 2 . 8 MHz. CW ENDOR
studies confirm this observation, and
show that AQ is strongly dependent on the
Lewis acidity of the substrate, ranging
from 2.8 MHz for Al O to 1. 2 MHz for
MoO . 3 3

3
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ELECTRON SPIN LATTICE RELAXATION TIMES OF

TRANSIENT FREE RADICALS (1)

Richard W. Fessenden and Joseph P. Hornak

Balu Venkataraman

The electron spin-lattice and
spin-spin relaxation times of tran-
sient free radicals produced in
aqueous solutions by C.W. radio-
lysis with 2.8 meV electrons have
been measured by the saturation re-
covery technique (2). Using such
T, and T 2 values it is possible to

determine more reliable chemical
rate constants in time resolved EPR
studies following pulsed radiolysis
and flash photolysis.

The spectrometer described by
Fessenden and Verma (3) for time
resolved EPR studies was modified
to enable saturation recovery ex-
periments to be performed with a
0.5 Watt saturating microwave power
pulse and 0.1 to 16 mWatt of obser-
ving power. A procedure for separ-
ating the saturation recovery
signal from the free induction
decay was employed. Signal aver-
aging techniques and computer con-
trolled experiments allowed measure-
ments of T,>0.3 ysec. It was
possible to measure T 's of 10
spins when T,>1 ysec with electron

spin polarization (CIDEP) not being
taken into account.

It has been customary to
assume exponential forms for analy-
sis of saturation recovery traces.
However, for many of the radicals
investigated the traces required
fitting by a numerical integration
of the Bloch equations to obtain 1^
and T2.

Results for the five transient
free radicals studied are reported
in table I.
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TABLE I

Radical

Hydrogen Atom

Deuterium Atom

Ascorbate Ion

Chelidonic Acid Trianion Radical

1,2-Dicarboxylvinyl Radical

n (ysec)
x

13.5

7 . 5

2 . 3

5 . 2

9

Tn(ysec)

10.5

5 . 5

1

4 . 5

7
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MOLECULAR MOTIONS AND MAGNETIC RELAXATION

IN ISOTROPIC AND ANISOTROPIC LIQUIDS

Pier Luigi Nordio and Ulderico Segre

I. THEORY

Analysis of non-linear ESR ex-
periments, as LODESR (1) or Satura-
tion Transfer ESR (2), requires the
simulation of the spectral profiles
which can be accomplished by solv-
ing the Stochastic Liouville Equa-
tion (SLE) for the spin density
matrix cr(fi,t) :

a = -i[H,a]- r^a,(a-aeq)

where the hamiltonian H = H +H-, (t)

includes explicitely the m.w. mag-
netic field(s), and the form of the
diffusion operator To o, depends

upon the specific model adopted for
the molecular reorientation process.

When a random jump model is
adopted, the diffusion operator is
given by:

T^ n, = f1C6(f2,fiI) - P(£2')]

with P(fi) the orientational dis-
tribution function. The SLE can be
solved in a compact form by perform-
ing a Fourier analysis of a - a ,

averaged on the P(f2). Because of
the symmetry of the random jump
model, this solution requires the
same computational effort as the
lineshape computation for a rigid
powder sample.

II. RESULTS

A. LODESR

A LODESR experiment is per-
formed by detecting a longitudinal
signal when two non saturating m.w.
fields with nearby frequency are
present in the cavity. Our computa-
tions show that, in the slow mo-
tional regime, the shape of the
longitudinal signal oscillating
with frequency Jv-, - \>^\ is propor-

tional to the shape of the conven-
tional ESR experiment, with a pro-
portionality factor B,T,- (3).

B. ST-ESR

A Saturation Transfer experi-
ment is performed by detecting the
intensity of the signals out-of-
phase with the modulation field,
tinder partial saturation conditions.
Theoretical spectra calculated with
the random jump model are compared
with those obtained previously
adopting the brownian diffusion
model (2), and it is shown that ST
spectra of a nitroxide probe in
isotropic medium are sensitive to
the model adopted for molecular dif-
fusion in the range of correlation

times 10-l+> T > 10~6.
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AN EPR, ENDOR AND ELDOR STUDY OF X-RAY

IRRADIATED PHENACYL CHLORIDE SINGLE CRYSTALS

J. Hwang, B. Anderson and L. D. Kispert

M. Geoffroy

Single crystals of phenacyl
chloride irradiated at room tem-
perature give rise to an EPR spec-
trum that has been shown by ENDOR
and ELDOR studies to be due to
radical I.

(I)

The EPR spectra are complicated
by the appearance of a large number
of forbidden lines due to the pres-
ence of a chlorine quadrupole in-
teraction similar in magnitude to
the proton hyperfine couplinn.
Spectra assignement was not poss-
ible by considering the EPR spectra
alone. However, it was possible to
obtain an ENDOR spectrum along one
of the monoclinic axis that ident-
ified the EPR spectra as due to
radical I. Furthermore, rather in-
tense and highly resolved ELD<~>R
spectra were obtained at -G0°C as
a function of angle that permitted
the chlorine and proton magnetic
hynerfine tensor components of the
•CHC1 fragment to be determined as
-17.9, -8.4, +47.0 KHz and -25.0,
-54.1, -73.2 MHz respectively.
The P component of the chlorine

zz

quadrupole tensor is approximately
-12 MHz.

The calculated isotrcpic proton
and chlorine hyperfine couplings
of -52.4 and +6.9 MHz were slight
ly smaller than the couplings of
-5'.6 and +10.4 MHz observed for

the •CC1HCOOH radical trapped in
irradiated chloroacetic acid (1).

The lower isotropic couplings were
assumed to be due to the de-locali-
zation of the unpaired spin den -
sity into the aromatic ring.

From the direction cosines of
the hyperfine couplings, the
Cl-C-H bond angle equals 116°. No
resolved aromatic proton couplings
were observed in the EPR spectrum,
however they were resolvable in the
ENDOR spectrum.
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MICROWAVE ACOUSTIC RELAXATION DUE TO CHROMIUM IONS IN GaAs

A. Bankovskis, C. A. Bates, P. J. King and D. J. Monk

There is much current interest in the
valence states of chromium in gallium ars-
enide since chromium is used as a compensat-
ing agent in the production of semi-insulat-
ing substrates for device applications. Des-
pite the application of many techniques such
as photoluminescence, electron spin resonan-
ce, thermal conduction and acoustic para-
magnetic resonance (1-4), a unified picture
of the chromium valence states has not yet
been obtained.

It has previously been suggested that
both Cr2+ and Cr3+ are strong scattering
centres for phonons (1,2) and more recent
thermal conduction work has found phonon
scattering centres with an energy level sep-
aration of ̂  20 cm"! in semi-insulating (SI)
samples where Cr2 + and Cr^+ are expected to
be present and in p-type material where
Cr3+ is expected to be the dominant charge
state.

We have measured the microwave acoust-
ic attenuation in n-type, SI and p-type sam-
ples as a function of temperature using con-
ventional pulse echo techniques with CdS/Au
film transducers, and find two distinct rel-
axation phenomena. One, a peak which oc-
curs at 20 K at 1 GHz has been previously
reported in SI samples (Tokumoto and Ishi-
guro 1979 (3)) and attributed to Cr2+. How-
ever, this attribution is not beyond doubt
since the peak occurs in measurements with
equal strength in similarly grown SI and n-
type samples and is moreover not responsive
to 0.8 eV to 1.2 eV sub band-gap illuminat-
ion. The second peak, newly reported here,
occurs strongly in p-type samples, and more
weakly in SI samples,where Cr^+ is expected
to be present in appreciable concentrations.
We have studied this relaxation peak in det-
ail at 1 GHz and 3 GHz using p-type materi-
al from the Plessey Co. (GA.781) making me-
asurements on the <100> longitudinal acou-
stic mode. As the temperature is lowered
the attenuation rises, passing through a
broad peak at ̂  2 K at 1 GHz. In these p-
type samples there is no appreciable acoust-
ic paramagnetic resonance absorption and the
correlation of the results at the two freq-
uencies shows that the attenuation has the
characteristics expected of acoustic relax-

ation. We have therefore fitted the res-
ults on a simple relaxation model.

Acoustic relaxation occurs due to the
dynamic repopulation of the energy levels
of an ion due to their modulation by the
strain of an applied acoustic wave. This
results in a loss to the wave of the form:

where there are n - 1 terms for an n-level
system. Often, however, one term dominates
and we can analyze the peak in a simple way
to obtain T(T). Assuming a form for T(T)
containing a direct process term and a sin-
gle two-phonon term:

1/T = AT + [B/(e6/kBT - D ] .

T(T) can be fitted to obtain A, B and 6, the
position of the only, or dominant, excited
state. We obtain A = 9.6.108 s"1, B =1.7.
1011 s"1 and 6 = 18.5 ± 3.O cm"1. The res-
ults of fitting the peak using this primit-
ive model thus give an energy level separat-
ion which agrees well with that obtained for
the strong phonon scattering centre, which
influences the thermal conduction in the
same materials, and which has been attribut-
ed to Cr3+. We are currently examining the
models of the Cr^+ ion to see if it is pos-
sible that a single transition dominates the
phonon scattering.
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THE EPR SPECTRUM OF MATRIX-ISOLATED CIO

M. Trainer, M. Helten

CIO was prepared in the gas phase
via the reaction of Cl-atoms with ozone
or alternatively with 0C10 and was frozen
out together with the matrix gas C0? on
a cold finger at T ~ 10 K.

The observed spectrum spreads over
~ 1000 Oe and has the typical features of
the powderspectrum of a radical with a
nearly unquenched orbital angular momen-
tum. Some of the structure discernible on
the spectrum at 10 K can be attributed to
C10 trapped at different trapping sites.

After annealing of the sample at
T = 45 K the radical concentration starts
to diminish. Fig. 1 shows the EPR spec-
trum at T = 10 K after the sample has
been annealed at T = 60 K. The lines near
g are mainly due to 0C10. The features
in the spectrum that we associate with
C10 trapped at site I and site II are
indicated. The structure which is dis-
cernible at the g^peak of trapsite I
and which becomes even more prominent
after further annealing at T = 70 K can
be related to the hyperfine splitting of
C10.

The values of the g and A tensors
extracted from the spectrum will be dis-
cussed.

F=9406MHz

T=10K(60K)

400 G

Fig. 1: EPR-spectrum of C10 isolated in a
C02 matrix measured at 10 K after
the sample has been annealed at
60 K.
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ELECTRON PARAMAGNETIC RESONANCE STUDIES OF LIQUID CRYSTALLINE

PHASES IN SERIES OF BENZYLIDENEANILINES

Ali H. Al-Mowali, M.M.R. Al-Milli and B.A. Timimi

The EPR spectra of nitroxide Spin
probe, dissolved in the mesophases of
N-(P-alkoxybenzlidene)-P-n-alkylanilies
C H , ,OC,H.CH=NC,H.C Ho . (no.m), have
n 2n+16 4 6 4 m 2m+1 '
been measured as a function of temperature
and the angle between the director and the
magnetic field. Literature data and our
results prove the existance of Smectic A,
C,B,E,F and H mesophases in these
materials.

Compounds of no.m have been of
considerable interest because of the
existence in these compounds of liquid
crystalline phases at ambient
temperatures (1). We have studied in
detail the EPR spectra of four mesogens
40.4,40.5,50.4 and 50.5, in an attempt to
characterize all mesophases present in
these compounds.

We have determined the orientational
order parameter P£ for the spin probe in
the nematic and Smectic phases by measur-
ing the nitrogen coupling constant A]] and
by the use of the following equation (2)

An = «H n
where a is the scalar hyperfine inter-
action and Ajj is the parallel component
of the anisotropic hyperfine tensor. The

results for the order parameter calculated
from above equation for the four mesogens
are shown in the figures 1, 2, 3 and 4.

The existence of different mesophases
shown in the Figures have been character-
ized by analysing the electron resonance
spectrum over the hole smectic range as a
function of the angle between the magnetic
field and an axis normal to the smectic
layer. The tilted and untilted mesophases
were determined for these compounds as
shown in the following table:

Mesogen
40.4
40.5
50.4

50.5

Mesophase
S ,S ,S_
S A ' S B
S
SH
SA
°C

4
REFERENCES

Tilt angle
0
0
0
0-10.4°
0
0-19.5°
20°
0-28°

1. G.W. Smith and Z.G. Gardlund, J. Chem.
Phys., 59, 3214 (1973)

2. G.R. Luckhurst, Liquid Crystals, Vol. 2,
Ellis Horwood, New York, 1974, Ch. 7
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EPR AND ENDOR MEASUREMENTS OF COLOUR CENTRES IN TOPAZ SINGLE CRYSTALS

L.O. Andersson

The EPR signals from a number of
topaz crystals of different colour were
studied. The strongest signals are gene-
rally those from Fe impurities. Diffe-
rent Fe signals were found in yellow
and in brown topaz. The signal found in
brown topaz is the same as that described
in detail in (1). Blue topaz and colour-
less crystals contain both these signals
so the colour cannot be related to Fe
impurities.

VIOLET TOPAZ

3+ 4+
Cr and V signals were also ob-

served. The Cr-" signal could be corre-
lated with the violet colour in agreement
with an optical investigation (2). The
EPR spectrum from orange topaz is a mix-
ture of the signals from violet and
yellow topaz, again in agreement with the
optical results.

YELLOW TOPAZ

The EPR spectrum from yellow topaz
contains a number of signals near g=2
(A,B,C and D in TABLE 1). Some of these
have been observed in an earlier EPR
investigation (3). Only signal C is
observed at room-temperature. The optical
investigation (2) suggests that brown
colour arises from a mixture of red and
yellow centres. None of the EPR signals
typical for yellow topaz could be observed
in brown crystals, except signal D. Since
this is the weakest of these signals, it
is doubtful if it is connected with the
yellow colour centre.

BROWN TOPAZ

The (red) colour centre in these
crystals is most likely correlated with
signal H in TABLE 1. This signal splits
into a large number of overlapping hyper-
fine lines when the crystal is rotated
away from the a-axis. A similar signal
is described in (4), but shows most
splitting along the a-axis. It may not be

the same centre, even if the g-value has
later been corrected to 2.009 (private
communication). The ENDOR spectrum from
this signal in the a-axis direction shows
a large number of lines: a fluorine
splitting of 2.65G and aluminium split-
tings of 2.45, 2.6, 2.8, 3.4 and 4.3 G.
This does not support the interpretation
in (4).

BLUE TOPAZ

This centre could be studied in
detail in one irradiated (synthetic?)
crystal without any impurity signals. It
consists of a very strong signal G from a
hole centre. The corresponding trapped
electron gives rise to a large number of
hyperfine split lines, signal F. The
analysis of signal G gives a g-tensor
with principal values 2.0015, 2.0076 and
2.0439. These values are typical for a
O2 centre. The largest principal axis
forms angles of 69.6, 79.5 and 23.2
degrees with the a- b- and c-axes. The
ENDOR spectrum of signal G shows a
fluorine splitting of 4.6, 4.1 and 4.4 G
in the a- b- and c-directions.

TABLE 1. OBSERVED g-VALUES

signal
A
B

C

D1

D"

G

H

a-axis
1.864
1.932
1.956
1.888
1.912
2.0092
2.012

b-axis
1.956
1.907
1.964
1.884
1.868
2.0057
2.007

2.0382
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COMPARATIVE STUDY OF THE ACTIVE SITES OF ATROPINESTERASE

AND OTHER SERINE-ESTERASES BY USING SPINLABELING TECHNIQUES

A.CM. van der Drift

B.A.C. Rousseeuw and E. van der Drift

I. INTRODUCTION

Atropinesterase (AE) from the bacte-
rium Pseudomonas putida is a serine-ester-
ase like chymotrypsin (Chymo) and subti-
lisin A (Sub). It catalyzes the hydrolysis
of atropine in tropic acid and tropine.
By reaction with the radicals N-(3-fluoro-
su1fonylphenyl)-2,2,5,5-tetramethyl-pyrro-
line-l-oxyl-3-carboxamide or 2-N-(6-fluo-
rosulfonylnaphthyl)-2,2,5,5-tetramethyl-
pyrroline-l-oxyl-3-carboxamide in all
three enzymes two structurally different
nitroxide spinlabels can be specifically
attached to the active serine by sulfonyla-
tion (label 1 and label 2, respectively).
This allows a comparison between the
spatial structure of the near-by environ-
ment of the active serine in AE and the
corresponding, well-known structure in
Chymo and Sub by means of ESR spectros-
copy.

II. METHODS

ESR spectra of the labeled enzymes in
aqueous solution (pH=7.4) were recorded in
the temperature range 133 K to 298 K using
a home-built spectrometer operating in the
absorption mode at 10 kHz field modulation.

AZZ(K)
From the results curves of (1- -$—,—r)

versus temperature were obtained, where
AZZ(K) is the effective value along the
principal z axis of the hyperfine coupling
tensor at temperature K and Azz(p) is the
corresponding value from the rigid limit
spectrum (133 K).

III. RESULTS

The rigid limit spectra at 133 K
show that A z z RS 37 Oe for Chymo, whereas
it is about 0.5 to 1 Oe smaller for Sub
and AE, respectively. Between 133 K and
253 K all systems show a similar, immo-
bilized type of spectrum. In going from
253 K to 298 K, with the increasing
mobility, the following differences
arise between the various systems:

- in general xr (label 1) > tr (label 2),
where xr is the rotational correlation
time

- in the melting region the curves for
label 2 show a steeper increase than
for label 1

- in AE and Sub label 1 has a similar
mobility which is clearly smaller than
in Chymo

- in Chymo and Sub label 2 has a similar
mobility which is larger than in AE.

IV. CONCLUSION

It is known that Chymo and Sub have
a hydrophobic binding site adjacent to the
active serine (1). The present results
strongly suggest that AE also has such a
binding site which shows a higher affinity
for label 1 than for label 2. The size of
this binding site in the three enzymes
seems to increase in the order Chymo+SutH-
AE, whereas the accessibility to the
solvent decreases correspondingly.
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EPR AND ENDOR SPECTROSCOPY OP

SINGLE CRYSTALS OF LANTHANUM NICOTINATE DIHYDRATE

WITH Gd + 5 DILUTELY SUBSTITUTED FOR La*-5

R.A. Fields

In this paper we wish to dis-
cuss further work related to the
understanding and application of
proton ENDOR from dilutely subst-
ituted paramagnetic rare earths in
single crystals.Recently Hutchison
and McKay (1) reported on the ac-
curate determination of proton
coordinates(accuracy varying from
0.008 to 0.003A) by analysis of pro-
ton ENDOR in a crystal of lanthanum
nicotinate dihydrate dilutely sub-
stituted with Nd+3.We would like to
report here on the general results
of our recent studies of the EPR
and proton ENDOR in single crystals
of Gd+3 dilutely substituted in
lanthanum nicotinate dihydrate. The
details of this work can be found
in the thesis of R.A.Fields (2) and
will be published in the near future.

The experimental results con-
sisted of EPR and ENDOR data for
one Gd+3 site and the four nearest
neighbor water protonsC^A away).
The data was obtained at angular
intervals of O.O25?r in three mutu-
ally perpendicular planes defined
by the extrema of the EPR. The work
was done at T=1.5 K. Since no site
symmetry existed at the paramag-
netic metal site the accuracy
associated with the orientation of
the field in the crystal was com-
pletely dependent on the mechanical
system(95% confidence limit 0.005TT).

A spin Hamiltonian consisting
of Stevens operator equivalents,
plus a Zeeman term adequately de-
scribed the EPR data to within a
linewidth (11 gauss).Our fitting
program was completely general and
therefore the 27 allowed Stevens
operators and 6 g values could be
fitted simultaneously. In the final
analysis it was determined that
only 3 g values and 14 Stevens
operators were necessary to describe
the EPR within the limits of our
experimental error.

The following spin Hamiltonian
was fit to the ENDOR data:

1 = 1/2

was determined from the least
squares fit of the EPR spin Hamil-
tonian. Since we assumed the rare
earth-proton interaction to be
point dipole-point dipole, A con-
sisted of six independent parameters.
The RMS deviation for the fit of H S a
to the four protons varied from 1,03
to 1.66 MHz. We can conclude from
this large RMS deviation that the
Gd+3-proton interaction is signifi-
cantly different from the previous
measurement (1) of the Nd+3-proton
interaction in the same crystal
system. Despite the large RMS dev-
iation we have computed coordinates
from this fit and we find that we
are still able to determine proton
coordinates with accuracies which
range between 0.1 and 0.04 JL The
Gd+3-proton ENDOR determined coord-
inates agree with the Nd+3measured
coordinates to 0.06 A. Since the
Gd+3 spin is nearly isotropic,pro-
ton coordinates could be determined
to accuracies of 0.1 A by measure-
ment of each proton ENDOR shift
maximum(maximum value for ve-vpwith
respect to field direction in the
crystal). The results of this work
coupled with the variable tempera-
ture properties of Gd+3 demonstrate
the usefulness of Gd+3 as a probe
of molecular structure.

Acknowledgment:This work was
done under the supervision of C.A.
Hutchison Jr. and financially sup-
ported by the US Public Health
Service.
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BULKY ALKYLS AND AMIDES OF MAIN GROUP 5 ELEMENTS

PART III. EFFECTS OF BULKY SUBSTITUENTS ON THE DISSOCIATION OF MAIN-GROUP 5

COMPOUNDS AS MEASURED BY EPR

J. F. Gerlits, H. Goldwhite, I. Gargurevich, R. T. Keys, G. Millhauser,
and L. E. Verbal

I. INTRODUCTION

The dissociation of a number of Main
Group 5 compounds into radicals,

R R' M-M R R': 2 R R' M-

where M = P and As and R and R' are vari-
ous bulky substituents, has been studied
as a function of temperature using EPR.
The enthalpies of dissociation have been
measured and are discussed below.

II. EXPERIMENTAL

The radicals were prepared under
argon by the reaction-'-

R R1 M • where

Et Et

R H1 M Cl + ERO

M = P,As and ERO =

and the particular R and R1 groups are
given in Table 1. The EPR spectra were
obtained on a Varian 4500 spectrometer
using a dual sample cavity with strong
pitch as an instrumental relative refer-
ence. The spectra were overmodulated
and areas estimated from the product of
the first derivative peak height and the
square of the peak width. Power levels
and modulation levels were kept constant.
A Boltzmann correction of the intensities
was made before calculating the enthalpy
of dissociation from an Arrhenius plot.
For calibration purposes, this technique
was used to measure the enthalpy of dis-
sociation of hexaphenyl ethane in which
the enthalpy was found to be 51+5 kjmol""-'-
in toluene and 47+3 kJmol"-'- in benzene.
The latter value agrees with the accepted
value2 of 47.3 kJmol"1.

III. RESULTS AND DISCUSSION

The results of the enthalpy of dis-
sociation of the various dimers are
given in Table 1. If the bis-(trimeth-
ylsilyl)amidophosphinyl dimer is compared

TABLE 1. Enthalpies of Dissociation of the Diners
(RR'M), in Toluene

P

P

As

AH,
(kJmol )

0+5

0+5

61+7

125+18

66+7

72+7

to its arsenic analogue, the results
suggest that the former is completely dis-
sociated in marked contrast to the latter.
This result is consistent with the simple
steric explanation that the smaller atomic
radius of phosphorus permits less crowding
in the dimer than in the case of the
arsenic species. The steric requirement
of the bis--(trimethylsilyl)methyl group is
similar to that of the bis-(trimethyl-
silyl)amido group and again an apparent
high degree of dissociation is observed.
With respect to the unsymmetrically sub-
stituted phosphorus radicals, the enth-
alpies of dissociation are consistent with
the order of size of these groups being
piperidyl> bis-(trimethylsilyl)amido>
mesityl ̂  _sym-m-xylyl, and in fact the
dissociation enthalpies might in the
future be useful empirical steric probes.
Such a presumption implies that electron-
ic effects are not considered to be impor-
tant in the dissociation of these species.
While these results give no suggestion
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that electronic effects are important,
other compounds which may resolve this
question are planned for synthesis. Also
in this regard, theoretical computational
studies of these systems are in progress.
Financial support for this project by the
National Science Foundation through its
NSF-URP Program and the National
Institutes of Health MARC Program is
gratefully acknowledged.
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ELECTRON PARAMAGNETIC RESONANCE STUDIES OF

TRANSITION METAL-NITROXYL INTERACTIONS

D.J. Greenslade

G.R. Eaton

S.S. Eaton

A. SOLUTION SPECTRA

The electron paramagnetic resonance
of a spin label is drastically affected
by a transition metal ion (1,2).
Solution spectra are described by an
"AB" spin Hamiltonian (3),

J measuring the interaction between ion
and label.

B. DIPOLAR FIELD

g2, of the spin label, is nearly
isotropic; g1 often markedly anisotropic,
so that the dipolar interaction, ftp,, is
not traceless. If(*V>) is small compared
to the Zeeman term, and gx quite
different from g2, we may estimate HQ
classically. The dipolar field,

=/-!£ (3cos20 -
r

1)

where

zz
),

i, m, n are direction cosines of HQ to
the axes of gls and HQ lies at 0 to the
interspin vector r\ Numerical averaging
gives

9xx gyy 9zz

2.1 2.1 2.3
6.0 6.0 2.0
2.5 2.5 2.0
6.0 6.0 2.0

C.

Interspin
vector

Along Ox
it ii

Along Oz

ge(3cos
2e

-0.45
6.0

-4.5
-10.3

Delocalization of the transition
ion electrons on to ligands, may lead
to a large change in the dipolar inter-
action (4). The pseudo-dipolar (5)
interaction is not expected to be
important. ^S l z) for a slowly relaxing

spin means an expectation value, and for
a rapidly relaxing one a thermal average.
This work is being extended to frozen
solutions, which should be comparable to
biological systems (1,2).

C2HS

N-0

C2H5 CH3

Fig. 2
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ELDOR WITH NITROXIDE RADICALS IN LIQUID

CRYSTALS

R.Hettmannsperger, K.H. Hausser, H.M. Vieth

I.INTRODUCTION
ELDOR-spectroscopy compares unper-
tubed EPR-spectra with spectra in
which one of the hyperfine lines is
saturated by irradiating a second
strong microwave field. Saturation
transfer leads usually to a reduc-
tion of EPR-lines and the amount of
this reduction provides information
on the efficiency of two mechanisms
relevant for saturation transfer in
liquids; (1)
1. Intramolecular dipolar interac-

tions between the unpaired e-
lectron and the nuclear spin,
which depend on the rotational
correlation time.

2. Intermolecular exchange inter-
actions, which depend on the
collision rate and hence are
proportional to the transla-
tional mobility and concentra-
tion of the radicals.

II. EXPERIMENTAL
The nitroxide radicals used are
Tanone and p-n-octylbenzoyl-perdeu-
tero-TANOL dissolved in the liquid
crystals N-(p-Methoxy-Benzylidene)
p-n-Butyl-Aniline (MBBA) and
4-cyano-4'-octylbiphenyl (8CB)
The Nitrogen nuclei are enriched to

about 40% N in order to distin-
guish between translational and
rotational mobility (2).
Several ways of ELDOR-measurements
are used in comparison:
A)The magnetic field is scanned,
while the two microwave frequencies
with a difference corresponding to
one hfs coupling are kept constant.
This method has the advantage to
give a good signal to noise ratio.
B) Simultaneous sweep of field and
pump frequency, which is equivalent
to a scan of the observing frequen-
cy only. This method is preferable
as it renders narrower lines and is
easier to interpret.
In both cases the parameters for

saturation Q and for cross satu-
PP

ration Q are measured for vari-
op

ous hfs components.
The time behaviour of ELDOR is di-
rectly observed in pulsed ELDOR-ex-
periments.
D) The parameter Q is independent-
ly measured by EPR^saturation me-
thods .
E) Furthermore, ordering parameters
are obtained from g-and hfs-tensors
by standard EPR measuremets.

III.RESULTS
ELDOR-results of nitroxide radicals
in isotropic liquids are reported
in reference (2) .
In distinction linewidth, lineposi-
tions and saturation parameters
measured in anisotropic liquids(3)
show a different behaviour at the
phase transitions. For example at
the phase transition isotropic-ne-
matic the reduction factor
R=d /Q for Tanone in MBBA indi-

°P PP
cates a jump in the opposite di-
rection as compared to the temper-
ature dependence within both phases.
Saturation parameters for Tanone in
8CB show a discontinuous behaviour
as well. These effects can be in-
terpreted by a sudden change of
both the rotational and transla-
tional correlation times at the
phase transition.
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ESR STUDIES OF ION PAIR FORMATION IN SOLUTIONS OF THE

TRIPHENYLENE ANION RADICAL

M. Thomas Jones and Razia H. Ahmed

Ion pair formation of the tri-
phenylene anion radical with alkali
metals (Na, K, Rb, Cs) in four
solvents (1,2-dimethoxyethane, tet-
rahydrofuran, methyltetrahydrofuran,
and tetrahydropyran) has been
studied by ESR and theoretical
techniques. The goals of the study
were several fold: one, to charac-
terize the electronic and molecular
structure of the triphenylene anion
radical-metal cation pair; two, to
determine to what extent the ion
pair structure is dependent upon
alkali metal ions and/or solvent;
three to demonstrate that physical
measurements such as proton hyper-
fine splitting (hfs), metal hfs,
g-values and optical spectra when
combined with the use of molecular
orbital calculations of these same
experimental variables can be very
powerful techniques for the charac-
terization of ion pair structures
of radical systems.

The results of the study sug-
gest that four distinct species
(i.e., structures) exist.

Species 1. This is a free ion
which exists at low temperatures,
in highly polar solvents, with the
smaller alkali metals, etc. Its
g-value of approximately 2.003000
is larger than the predicted
g-value of 2.002720 for a nondegen-
erate system with the same unpaired
electron orbital energy.

Species 2. This is the first
ion pair which is formed as the
temperature of the triphenylenide
solution is increased or the polar-
ity of the solvent is decreased.
Experimental and calculated results
suggest that the metal ion is still
solvated, but less so than for spe-
cies 1, and is localized on the
three-fold rotation axis of the tri-
phenylenide at a distance above the
molecular plane of more than 5A.

Species 3. At higher tempera-
tures, the metal ion is less sol-
vated and moves closer to the
triphenylenide plane. The optical
spectra show a change in the ab-
sorption frequencies of the tri-
phenylenide ion. As the change
involves isosbestic points, it
establishes that there is an equi-
librium between two different
species. Thermodynamic parameters
(i.e., the values obtained for the
enthalpy and entropy) suggest
there is a significant change in
the electronic energy levels and
the extent of solvation. It is in
this range that the g-values are
strongly temperature dependent.
Calculations of ion pair associa-
tion energies suggest that the
metal ion is no longer located on
the three-fold rotation axis but
located over one of three minima
near the triphenylenide peri-bonds.
Hopping of the metal ion from one
minima site to another maintains
the ESR spectral symmetry. The
high temperature limit of the
g-values, the changes in the proton
hfs with temperature and in the op-
tical spectra are all consistent
with the nondegenerate structure
proposed for species 3.

Species 4. Species 4 is ob-
served at the highest temperatures
and in the poorest solvents. The
optical spectra continue to gradu-
ally shift as the temperature is
increased. The proton hfs for pos-
itions 1 and 2 move closer together
and the metal hfs is explicitly
resolved. There is little change
in the g-values for the Na and K
salts but they continue to increase
in value for the Rb and Cs salts.
The combination of the experimental
and calculated results suggests
that the structures of species 3
and 4 are essentially the same ex-
cept that species 4 is a contact
ion pair whereas species 3 is sol-
vent separated.
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PROTON ENDOR STUDY OF COPPER(II) BIS(DITHIOCARBAMATE)

C.P. Keijzers, D. Snaathorst, E. de Boer,
and A.A.K. Klaassen

The occurence of so called "spin flip"
transitions in the EPR spectrum of bis(N,N-
diethyldithiocarbamato)Cu(II) (1,2) points
to the presence of proton hyperfine-coup-
1 ings (hfc's) which are smaller than the
proton Zeeman energy. In principle, the
intensity of the "spin flip" transitions
is a measure for the magnitude of the hfc's
and, hence, for the distance of the pro-
tons from the paramagnetic center(3). Howev-
er, the presence of more than one proton in
the system prevents the use of these tran-
sitions for determining the hfc's, because
the position of the "spin flips" is inde-
pendent of the magnitude of the hfc. There-
fore, the hfc tensors were measured direct-
ly with the ENDOR technique, on a single
crystal of the paramagnetic complex doped
into the corresponding diamagnetic Ni(II)
complex. In order to reduce the number of
ENDOR transitions, the methyl groups of
the ethyl substituents were deuterated.

Two tensors of protons of a neighbou-
ring guest molecule, and all four tensors
of the intramolecular tensors could be de-
termined. The latter tensors are not trace-
less, proving that there isa(small) spin-
density on these protons.

With the aid of spin-densities which
were obtained from extended Hlickel molecu-
lar orbital calculations, the anisotropic
part of the tensors can be reproduced quan-
titatively. The unpaired electron resides
on copper (50%) and on the four sulfur
atoms. Therefore, the three-center contri-
butions cannot be omitted in calculating
the tensors; they counteract the two-center
contributions and diminish the hfc's by
about 25%.

Comparison of the transition frequen-
cies which were computed from the theoreti-
cal tensors with the experimentally obtain-
ed transitions, enabled the tracing of an-
other five tensors which could not be com-
pletely determined experimentally.
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TIME-RESOLVED ESR STUDIES OF PHOTOEXCITED QUARTET STATES

G. Kothe

S.S. Kim and S.I. Weissman

I. INTRODUCTION

Very few doublet ground state mole-
cules exhibit long lived quartet-doublet
luminescence because of the unfavorable
position of the lowest quartet state. One
exception is the mononegative ion of
decacyclene, which does exhibit phospho-
rescence (1,2). In order to establish the
nature of the phosphorescent state we
have carried out time-resolved ESR studies
following pulsed laser excitation. This
method may be used to advantage for
detection of short lived magnetic species
which are initially produced with large
polarization of their spin states (3).

II. RESULTS

Rigid solutions of decacyclene anion
were irradiated in the cavity of an
X band spectrometer with laser pulses at
540 nm and the transient magnetization
recorded at a succession of magnetic
fields. As the field was swept upward
emissive transients appeared abruptly at
330 gauss below the free electron
resonant field Be, became gradually
unobservable, reappeared as absorptive
transients on the high field side of Be
and diminished 330 gauss above Be (4).
The observed field dependence of the
transients is consistent with a spin-
polarized quartet state having a spin-spin
coupling constant of D = 305 gauss.
Computer simulations of the ESR spectrum
demonstrate that the zero-field spin
states I ± 3/2 > are predominantly popu-
lated by the intersystem crossina process
(fig. D .

III. DISCUSSION

The mechanism of intersystem
crossing between doublet and quartet is
of some interest. In a two electron system
the dipolar interaction because of its
invariance to permutation of spin
variables cannot mix singlet and triplet
states. But three electron systems do not
possess such invariance and hence the
dipolar interaction is capable of mixing
doublets and quartets. In the decacyclene
anion it appears that the dipolar mixing
is insignificant in comparison with spin

Am=3 Am=2

_L
1000 2000 Gauss 3000 4000

x20

Figure 1

Computed 'powder' ESR spectra of the photoexcited quartet state

of decacyclene anion. Spin-spin coupling constant D = + 305 gauss,

a) Thermal population of spin states, b) Predominant population

of | i 3 /2> zero-f ield states.

orbit mixing, but the effect may be
important in other systems.
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LIQUIDLIKE POCKETS IN SOLID MATRICES STUDIED

USING ELECTRON SPIN RELAXATION

G. Krlshnamoorthy and B. S. Prabhananda

The ESR spectra of semiquinone
radicals are isotropic and motionally
averaged in frozen DMSO solutions
(freezing point >, 5°C) even up to -40°C.
If we ascribe this to the tumbling of the
solute molecules in solvent cages, the
cage being sufficiently big to allow such
motions (l,2), we should expect
increased resistance to motions within
the cage, when the size of the solute is
increased. The difference in line widths
of ESR spectra from p-benzosemi-
quinone (PBSQ") and the bulkier duro-
semiquinone (DSQ~) at different tempera-
ture is not much different than seen in
liquid solutions. Alternately, liquid like
pockets in the immediate neighbourhood
of the semiquinones could enable tumb-
ling motions. Such an environment
should be characterised by moderate
viscosity 17 . The temperature (T)
dependence of 17 of DMSO in the liquid
state can be given by the equation

V = Vo exp (- AE/RT) (1)

The viscosity of liquid pockets in frozen
DMSO can be expected to be close to that
predicted by Eq. 1.

H. RESULTS

The viscosity dependent part of
linewidths (W) and spin-lattice relaxa-
tion times (Ti) can be given (3) by

W = K V /T

T l = V /AT

(2)

(3)

Temperature dependence of WT and T^T
of semiquinones in DMSO, below its
freezing point is exponential with A£
having a value close to that given by eqa-
tion (1) (AE~3. 2 kcal/mol ). Assign-
ing this to viscosity dependent motions in
liquidlike pockets, V0 can be estimated

for the isotropic viscosity dependent
motions using the ESR parameters and
the molar volumes of the solvents along
with the parameters K and A determined
in ethanol (3). The estimated Vo from
the T dependence of WT and TLT of
various semiquinones are given in
Table 1.

Table 1: Values of yo of DMSO calculated
with AE = 3.2 kcal/mol

1.

2.
3.
4 .
5.
6.

From
dence
From
From
From
From
From

Method of
Calculation

temperature depen-
of i?
line widths of PBSQ
line widths of DSQ
T : of 2,5-DTBSQ
Tj of 2,5-DTASQ
T1 of 2-TBSQ

\%x. 103
! CP

8 . 4

11.5
13.2
8. 7
5.6
7 . 9

The reasonable agreement of rl0

estimated from parameters determined
by different types of viscosity dependent
motions in a number of systems supports
the possibility of liquidlike pockets
around the semiquinones up to -40°C,
when the solvent DMSO is frozen.
Similar results were obtained in DMSO-
ethanol mixtures.
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14N- AND PROTON-ENDOR/TRIPLE-RESONANCE ON RADICAL IONS INVOLVED

IN BACTERIAL PHOTOSYNTHESIS

Wolfgang Lubitz

Friedhelm Lendzian and Klaus MSbius

Photosynthesis, which is be-
lieved to be the most important
biochemical process on earth, is
performed by green plants, algee,
and some bacteria. The light con-
version apparatus of the latter
consists only of one photosystem
and has been widely studied during
the last decade (1). The primary
step in the reaction center of the
photosynthetic unit involves a light-
induced charge separation resulting
in a potential difference by which
the subsequent biochemical react-
ions proceed. The primary electron
donor is currently believed to be
a dimeric bacteriochlorophyll
(BChlp), the acceptor a bacteriopheo-
phytin (BPh) molecule. The in vivo
generated aromatic IT radicals of
these molecules can also be studied
in vitro by ESR and, with considerab-
ly better resolution, by ENDOR (2).
Recently, we have extended these
studies to l"N-ENDOR and ^-TRIPLE
resonance on the BChl a cation in
solution, yielding 2 nitrogen and
9 proton hfs couplings including
their signs (3)•

This contribution describes
a thorough study of the anion
radicals of BChl a and BPh a gener-
ated by potentiostatically con-
trolled electrolysis in dimethoxy-
ethane. Both the 1H- and l ''N-ENDOR
resonances could be observed, see
e.g. BChl a©. Resolution and inten-
sities have been improved by means
of the "special TRIPLE" resonance
technique (4), yielding 2 nitrogen
and 8/10 proton hfs couplings for
BChl ae/BPh ae, respectively. The
relative signs of 1H- and 1 ''N-hfs
couplings were determined by "gene-
ral TRIPLE" resonance (4). The re-
sults for BChl a9 at 265 K are:

aN [MHz]

aH [MHz]

+6.38, +5.88

+9-55, +9.11, +7-52, -6.88,
-6.24, -1.61, +8.95, +0.53;

and for BPh a© at 265 K:

aN [MHz] : (+)7.19, (+)6.l6

aH [MHz] : -8.50, +8.32, -8.02, +7.10
(-)6.94, -2.63, -1.84,
(-)1.50, +0.98, +0.48.

(The signs in brackets are prelimi-
nary due to problems with overlapp-
ing ENDOR lines.)

Our data are close to the average
absolute values- obtained previously
by Fajer et al. from ^-ENDOR and
ESR simulations (5). An assignment
of all the hfs couplings including
their signs to molecular positions
is not possible on the basis of al-
ready existing Pariser-Parr-Pople
calculations (5), thus calling for
improved theoretical treatments.

Our results demonstrate that
with the aid of JH- and J"N-ENDOR
and special/general TRIPLE detailed
maps of the spin density distribut-
ions of different radical ions in-
volved in bacterial photosynthesis
can be obtained. We hope that simi-
lar results can be achieved on the
in vivo systems which should give
us more insight into the structure
and function of the reaction centers .
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SOLUTION ENDOR EXPERIMENTS ON THE CHROMYL

ETHYLENEGLYCOLATE ANION

W.M6hl,C.J.Winscom,M.Plato,K.MSbius

W.Lubitz

H.van Willigen

In this paper we wish to report
the first successful detection of
proton ENDOR of a transition metal
complex in solution. The complex
investigated was chromyl bisethyl-
ene-glycolate in ethanol solution.
The objective of this study was to
characterise the ENDOR relaxation
behaviour of this complex and to
assess the prospects of applying
ENDOR generally to this class of
compounds in solution.

The ENDOR spectrometer used
has been described elsewhere (1).
Samples were prepared by dissolving
K^C^Oy in ethylene glycol and di-
luted with an excess of ethanol.
The solution (c ex 10" 3M) was degas-
sed and sealed under high vacuum
(£lO-5Torr) .

Previous ESR studies (2) have
shown that all 8 protons are equi-
valent in solution. ^-ENDOR spectra
of the complex have been obtained
under a variety of different mw and
rf powers and temperatures. Prom
the optimum temperature T=193 K a
rotational correlation time t$t=*Q.r?
ns may be estimated using the Ein-
stein-Debye relation trR =A4^?^/kT(^ =
viscosity) and an effective molecul-
ar volume Vê fĉ l00 $3 Theoretically,
TRPt is related to the magnetic pro-
perties of the complex by (3):

TRPt(ns)C^200(B/Tr A 2 ) 1 / 2

where A is the dipolar part of the
hfs tensor in MHz and B is a
molecular constant determined by
the g-tensor of the complex

B ~ Tr(G-gel)
2

Using experimental data (2) and a
point-dipole approximation for the
calculation of A we obtained
Tr A2C^90tMHz

2 and BC^SxlO"1*. This
yields -t£pt:~ 0. 6 ns , in good agreement
with the molecular volume estimate.
According to (3), the optimum micro-
wave and rf radiation field strength

proportional to (B xTr A 2 ) l / 2 , the
proportionality constants being
about 0.3 and 100, respectively. We
thus obtain H f ^ 80 mG and Hn

Dt=:27G.
The value of Hnp* already exceeds
the value determined by the power
limitations of our experimental
setup (15 G). Under the optimum
temperature conditions, the nuclear
relaxation times were determined
to be Tin^7xl0-

7s and T 2 n* 1.7xlO-
5s,

corresponding to an unsaturated
linewidth of 260 kHz. Both values are
well reproduced by the theory with
the same set of parameters as above.

The prospects of applying
ENDOR to transition metal complexes
in general may be expressed from
the foregoing experiments as
follows. For the study of protons it
would be mandatory that no other
nuclei with a much larger hfs
anisotropy (e.g. from a transition
metal nucleus itself) were present.
The best chance will occur for
cases where the transition metal
nucleus has 1 = 0. An acceptable limit
for the constant B seems to be ca.
3x10"3 before critical limitations
regarding Hept and HjfP* are reached.
The realisation of T£P by variation
of temperature and solvent appears
to be less critical.

Acknowledgment: This work was
supported by the Deutsche For-
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ALKANE RADICAL CATIONS : A CLASS OF SIGMA RADICALS WITH

SMALL PROTON HYPERF7.NE COUPLING CONSTANTS

Frans Nauwelaerts, Marc Strobbe and Jan Ceulemans

Alkane radical cations may be
produced and stabilised by irradia-
ting the corresponding neutral mo-
lecules in lower alkane and freon
matrices at low temperature. Opti-
cal spectra taken after irradiation
contain a broad absorption band due
to the alkane cations studied, su-
perimposed on an absorption due to
the irradiated matrix. This ab-
sorption is rather simple and unim-
portant for alkane matrices, but
quite complex and strong in the ca-
se of the freon matrices. Spectral
deconvolution by illumination with
light with suitable wavelengths is
always possible, however, and
yields pure absorption bands for
the alkane radical cations studied.
Corresponding ESR difference spec-
tra consist of a broad singlet;
A H m s values observed depend on ion
and matrix, but never exceed 10 G.
Some fine structure is sometimes
visible, but never clearly resol-
ved. The small proton hyperfine
coupling constants observed consti-
tute clear evidence that the un-
paired electron resides in a mole-
cular orbital that is mainly car-
bon-carbon bonding, which is in ac-
cordance with most theoretical stu-
dies. Many low-lying excited sta-
tes are present, however, which
correspond to other charge distri-
butions in the ions, and the broad
optical absorption band of these
ions must be attributed to transi-
tions from the ground state to such
exci ted states.

Alkane
formed from
an electron
orbital and

radical cations are
alkanes by removal of
from a sigma bonding
these ions are clearly

sigma electron radicals; the un-
paired electron resides in an orbi-
tal with considerable s character.
As the unpaired electron is actual-
ly spread over the entire carbon
skeleton of the ion, all protons
in the ion must be considered a

protons. For a radicals large a
proton hyperfine coupling constants
are often found. A well known
example is the formyl radical, with
an a proton hyperfine coupling
constant of 384 MHz, the largest
known proton hyperfine coupling
constant with exception of the
hydrogen atom. Spin densities at
a protons in a radicals may be cau-
sed by two (opposite) effects :
a direct unpaired electron density
at the site of the protons which
causes a positive spin density and
spin polarization which, for a pro-
tons, induces a negative spin den-
sity. For many a radicals the
direct effect is much more impor-
tant than the indirect effect of
spin polarization, which results in
an important positive spin density
at the site of the a protons. In
alkane radical cations the unpaired
electron resides in a molecular or-
bital that is mainly carbon-carbon
bonding, however, and the direct
unpaired electron density at the
site of the protons is small. The
corresponding spin density is fur-
ther reduced by spin polarization,
which leads to the very small pro-
ton hyperfine coupling constants
observed.
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ENDOR STUDY OF LATTICE DISTORTION IN CaF2 : Gd
3+M+

D. van Ormondt, K.V. Reddy and C.J. Lupker,

H.W. den Hartog and E.J. Bijvank,

I. INTRODUCTION

Recently considerable progress has
been made in the explanation of the zero
field splitting of Gd3+ on orthorhombic
sites in CaF2: Gd3+M+ (1,2). An important
new aspect of the model applied is that -,
the displacements of many ions around Gd
are calculated in great detail from first
principles (2), and that the resulting
change in the electric field is taken into
account. The present work is concerned
with an independent study of displacements,
namely via ENDOR measurement of the hyper-
fine interaction (h.f.i.) with the nucleus
of M+ (M = Li.Na). Since the latter ion is
separated from Gd3+ by a shell of F- ions,
the magnetic point dipole model may be
applied, which yields accurate values of
the Gd^+ - M+ distance. Moreover, nuclear
quadrupole splitting of the M+ ENDOR sig-
nal is clearly observable, yielding addi-
tional information about the lattice dis-
tortion.

II. RESULTS

The measurements were carried out at
T = 1.6 K and X-band for three mutually
perpendicular directions of the magnetic
field H with respect to the orthorhombic
centre (3). The spin Hamiltonian fitted
to the data is identical to that used in
ref.3 for a similar case; its nuclear
part is

\--c~ Ao A2< 3 I zSz "

where the reference frame is defined as
follows (3): the z-axis is parallel to the
line connecting Gd3+ and M+ and the x-axis
is parallel to the line connecting the
two fluorine neighbours shared by Gd3+ and
M+. The results, obtained via exact diago-
nalization of the total Hamiltonian (nu-
clear + electronic) with fixed values of
the electronic parameters (3), are listed
in table 1. It turns out that the terms

in A° and A^, which are indicative of co-

valent contributions to the h.f.i. (4) are
small. This implies that the point mag-
netic dipole model can be applied for cal-
culating the distance between Gd3+ and the
nucleus of M+. The results are listed in
table 2 along with the theoretical values
obtained by Bijvank (2), and the Ca-Ca
distance in CaF2 at 4.2 K (4). There
appears to be satisfactory agreement be-
tween the experimental and theoretical
values. Therefore, the strikingly large
displacement for M = Li is to be taken
seriously.

From current values of the quadrupole
moment (-41 and + 107mb) and of 1 -Yoo(0.75
and 5.56) for Li and Na resp., it follows
that the field gradients along x and y are
much larger for Li than for Na.

TABLE 1. Values of the parameters in
eq.l, in units of KHz. Errors are given in
parentheses. The absolute signs of P2 and
2?2 could not be determined.

M ,2

Li

Na

1.4 380.4 -4.8 T 1.8 ± 9.9
(0.4) (0.3) (0.4) (0.5) (0.5)
5.8 347.2 -0.8 ± 37.3 * 14.6
(0.2) (0.15) (0.3) (0.2) (0.2)

TABLE

M

Li
Na

2. Distances Between
Units

Gd-M
ENDOR

4.316
3.914

Of A.

Gd-M
theory

4.415
3.884

Ions In

Ca-Ca

CO
 

CO .849
.849
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EPR OF ATOMIC HYDROGEN BEAM IN A CO_ MATRIX

A. Pittet, F. Faes and J.P. Borel

Recently we have studied (1)
paramagnetic radicals formed by the
trapping of an atomic beam of Li in
a CO2 matrix at 77 K. The main re-
sults may be summarized by stating
that a Li-CO2 complex is formed,
with strong localization of the
electron on the C02, thus creating
a quasi molecular ion CO2" . Such
molecular ions have been studied
previously by different authors
(2,3,4), and our results are compa-
tible with theirs if it is assumed
that in our case at temperatures
above 8 K the molecular ion per-
forms a rapid rotation around the
oxygen-oxygen axis.

Now we have performed similar
experiments using a beam of atomic
hydrogen, created by a well-known
arrangement (5) where H2~gas of
N57 purity in led through a tungs-
ten tube that is heated above 2300
K. A fraction of the H2 is disso-
ciated and is trapped into a CO2
matrix kept at approx. 65 K. The
vacuum is better than 10~6 Torr.

After withdrawal of the sample
and sealing in quartz tubes under
vacuum we observe the X-band ESR
spectrum at 77 K. Since the matrix
does not form a single crystal, one
tries to obtain as good a powder
spectrum as possible (Fig. 1).

The shape of the spectrum can
be interpreted as due to a radical
with two values of g and two values
of the hyperfine coupling constant
A, the coupling being to a spin
1/2 nucleus. The nucleus in this
case certainly is the proton, and
the spectrum shows that a complex
H-CO2 is formed, with strong loca-
lization of the electron on the CO2.
The values of the parameters cha-
racterizing the spectrum are

g = l,9981±5xlO~4 A =81,2+0,2 MHz

g = 2,0024±5xl0~4 A =82,4±0,2 MHz

The g-values are in very good
agreement with those found for the
Li-CO2 complex : this confirms that
the electron in mainly localized on
the COo.

10 G

g=2

i = -y2 +y2

Fig. 1 : EPR of H-CO2 complexes in
a CO2 matrix measured at
X-band and 77 K.

Preliminary experiments at low
temperatures (down to 3.7 K) have
shown that below approx. 6 K the
structure of the spectrum changes
and becomes characteristic for a
fully anisotropic g. These obser-
vations indicate that the complex
H - CO2 behaves similar to Li-CO2
in that at high temperatures a
rapid rotation of the molecular
ion occurs, thus creating a pseudo-
axially symmetric g. The tempera-
ture where the rotation sets in
seems to be slightly different in
both cases.
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SINGLE CRYSTAL EPR AND 1H,1*N,MCo ENDOR OF A SQUARE PLANAR
LOW SPIN COBALT(II) SCHIFF BASE COMPLEX

M.Rudin, A.Schweiger and Hs.H.Giinthard

I. INTRODUCTION

Cobalt Schiff base complexes
have been extensively studied by
EPR because of their ability of
reversible binding of molecular
oxygen. Based on the experimental
results, detailed theories for the
description of the electronic
structure of the complexes have
been developped /I,2/. The coupling
of the unpaired electron with the
nitrogen atoms and the protons of
the ligand is not resolved in EPR.
We therefore carried out a single
crystal ENDOR study on the fourfold
coordinated complex N,N'-ethylene-
bis(acetylacetonatiminato)cobalt,
Co(II)acacen,doped in the hemi-
hydrate Niacacen-1«2 H20 in order to
obtain information about the dis-
tribution of the unpaired electron
in the chelate ring.

II. RESULTS

The hyperfine and quadrupole
tensors (A,Q) obtained from ENDOR
data are given in Table 1.(For more
detailed information see /3,4/)

Table 1: Principal values of hyperfine and
quadrupole tensors of Coacacen *

A, A2 A(iso) Q,

Co 129.8 -31.3 32.1 43.5 -.92 .87 .05

Nl -1.65 -1.32 -.64 -1.20 .30 -.24 -.07

N2 -1.58 -1.25 -.70 -1.18 .28 -.24 -.04

H3b .42 -.23 -.19 -.52

H6axb .56 -.33 -.23 1.37

H7axb .53 -.37 -.21 1.54

H10b .40 -.22 -.18 -.52

" v a l u e s in 10"*cm"'; (g, ,g, ,g, ) = (3 . 227 , 1 . 9 0 8 , 1 . 987)
b A(Pro ton ) : A= gfT+a^ ) ; A i ( t ab le )=T ±

A(iso)= l/3Tr(g a ^ ) ; T 1 p a r a l l e l Co-H d i r e c t i o n

III. DISCUSSION

A. Cobalt ENDOR /3/

The cobalt A and Q tensors are
not coaxial with the electron g
tensor. Only A, , Q, and g, are par-
allel. Thus the molecular symmetry
is rather C2 (x) than C2v(x) . Both
hyperfine and quadrupole tensors
are compatible with a ldyz) ground-
state of the complex.

B. Nitrogen ENDOR /4/

The most probable orientation
of the nitrogen A tensor is that
with A2 pointing towards the Co(II)
centre. In this case the anisotro-
pic part of A arises from two con-
tributions, namely from dipolar
interaction between the Co ion and
the nitrogen nuclear spin and from
a contribution due to direct spin
density in the nitrogen 2pz orbital.
From the measured coupling, we
estimated a 2pzspin density of 2%.
This spin density may be understood
quite naturally if one assumes a
ldyi) groundstate for the complex.

C. Proton ENDOR

From the isotropic couplings of
H3 and H10, the spin density in the
2pz orbitals of C3 and C10 was es-
timated to be about 2 to 2.5% using
the McConnell relation. These
values are also compatible with a
I dyz) groundstate of Co (II) acacen.
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NUCLEAR SPIN DECOUPLING IN ENDOR SPECTROSCOPY

A. Schweiger, M. Rudin and Hs.H. Glinthard

I. INTRODUCTION

The line widths in proton ENDOR
spectra often allow resolution of
the direct nuclear dipolar inter-
action between neighbouring nuclei.
This interaction may be decoupled
by a strong second radio frequency
field / I / . Nuclear spin decoupling
may be used for
a) assignment of proton pairs
b) determination of transition fre-

quencies of unresolved or hidden
lines

c) discrimination between different
sources of splitti ngs

d) determination of relative signs
A fundamental difference in

the decoupling in ENDOR compared to
NMR is caused by the hyperfine
interaction, which produces an ad-
ditional field at the nucleus. This
field affects the transition proba-
bility created by the strong rf
field and thus influences the
decoupli ng effect.

II. THEORY

For an electron spin S=l/2 and
two nuclear spins 1=1/2, K=l/2 the
four ENDOR frequencies for one m
state are given by /!/

± i

= v, ± i[
wi th

and
C(±) = [ ( v K - u + i

,V2

v, ,v K: resonance frequencies of the
nuclei I,K neglecting dipo-
lar coupling

v2 : decoupling frequency

B2 : amplitude of decoupling field

Dzz : dipolar coupling between I
and K

E : ENDOR enhancement factor

III. EXPERIMENTAL

For the decoupling experiments
a triple cavity with a strong de-
coupling and a weak observing field
perpendicular to each other has
been used / 2 / .

IV. RESULTS

As an example a decoupling ex-
periment on the amino protons of Cu
(glycine) 2 is shown in Fig. 1. The
transition of one of the two protons
is pumped by an rf field B2 , where-
as that of the neighbouring proton
is observed. As the amplitude of
the pumping field is increased, the
two protons become partially decou-
pled. (For more detailed results
see ref. / 1 / . )

Cu(glycine)2

0.48 0.88

Figure 1:

Decoupling experiment

on Cu(glycine) 2
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AN ENDOR STUDY OF THE INDOLE H-ADDITION RADICAL IN SINGLE

CRYSTALS OF TRYPTAMINE HYDROCHLORIDE

Hakon Theisen and Einar Sagstuen

INTRODUCTION

In several previous reports, a H-add-
ition radical in the indole moiety of the
amino acid tryptophan has been the subject
for study by ESR spectroscopy. Experiments
have been made using polycrystalline sam-
ples, frozen solutions, as well as single
crystals. In spite of this extensive in-
vestigation, the molecular structure re-
mains controversal(1,2).

Two structures have been suggested,
denoted by the numerals 1 and 2 below:

1 2
In this paper an ENDOR study of the

H-addition radical from the indole moiety
in single crystals of tryptamine.HCl is
reported. The analysis of 5 proton inter-
actions in the strong coupling region un-
iquely identified the radical to 1.

EXPERIMENTAL

Single crystals of tryptamine-HCl
were irradiated at 295K with 4.0 MeV elec-
trons. ESR and ENDOR measurements were
made at room temperature on a JEOL spec-
trometer and a BRUKER spectrometer with an
ENDOR accessory. ENDOR spectra were recor-
ded at 15° intervals as the crystal was
rotated about the three crystallographic
axes. In addition measurements were made
in a fourth control plane.

The reduction of the ENDOR data pro-
ceeded in 3 stages. The observed resonance
frequencies were last squares fitted, and
from the diagonalized ENDOR tensor the hy-
perfine coupling tensor were derived. Sec-
ond order corrections were made using the
expressions given by Kwiram (3). Finally,
the second order corrected frequencies
were fed into a non-linear iterative least

square fitting routine. This yielded the
hyperfine coupling tensors and, associated
to each tensor, a variance-covariance mat-
rix which was used to evaluate the errors
in principal values and direction cosines.

The computer simulations were prefor-
med using a program written by Maruani.

RESULTS

The ESR spectra is characterized by 2
nearly equivalent 3~proton interactions
and two a-proton interactions from the aro-
matic ring protons in the ortho- and para-
position to the site of the H-addition. In
several orientations further hyperfine
splittings are observed. The ENDOR spectra
clearly reveals 7 lines due to 5 proton
interactions. Two of the couplings are due
to the methylene S~protons, with principal
values of 100.9, 96.4,and 94.2 MHz; and
125.6, 121.3,and 119.2 MHz. The other 3 are
due to a-protons, two of them of the ordi-
nary type with principal values of -43.9,
-27.5,and -13.0 MHz; -57.4, -34.8,and
-18.2 MHz. The third is an allylic type
proton, meta to the site of the H-addition,
exhibing a coupling tensor with principal
values of 11.72, 7.74,and 3.86 MHz.

DISCUSSION

The agreement between the eigenvec-
tors for the intermediate principalvalues
and the indole perpendicular is exellent.
The eigenvectors for the minimum principal
value deviate 3.2° and 5.4° with the C(4)-
H- and C(6)-H bonds respectivly.(IUPAC num-
bering). Hence, radical 1 is formed in
single crystals of tryptamine-HCl. Spectral
simultations show that these 5 proton
interactions are the only ones resolved by
ESR at any orientation.
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ENDOR ON VO a + COMPLEXES IN SOLID SOLUTION

Hans van Willigen and Charles P. Mulks

The V0 2 + (3d') cation has
found use as a spin probe in numer-
ous ESR studies of binding site
structure in metal-proteins (1).
The objective of applying ENDOR on
vanadyl complexes in solid solution
is to obtain information on ligand
hfsc's which, as a rule, are not
accessible to ESR. The g and 5XV
hyperfine anisotropy enable one to
select specific molecular orienta-
tions contributing to the ENDOR
spectrum (2). Thus, one can mea-
sure ligand hfsc (and quadrupole)
tensor components directed along
the V=0 axis as well as components
in the plane perpendicular to this
bond.

The technique has been ap-
plied on VO-bis acetylacetonate
(VO(acac)2) (3) and VO-tetra-
phenylporphyrin (VOTPP) (4). Mea-
surements on VO(acac)2 in toluene-
chloroform glass give the values
of the hfsc's parallel and perpen-
dicular to V=0 for the CH and CH3

protons. The CH3 protons are
equivalent in this solvent system.
It is evident from the spectra that
the methyls rotate rapidly and that
the rotation axes lie in the plane
J_ to V=0. Addition of a Lewis base
like pyridine leads to a remarkable
change in electronic and geometric
structure. Now there are two sets of
CH3 groups. One set has retained
the hfsc values found before. The
other has strongly increased values.
The data indicate that this effect
must be attributed to the fact that
these methyls are twisted out of the
plane J_ V=0. ESR spectra do not
reflect the effect of sixth coor-
dination on the structure of the
complex. Measurements on VOTPP
give detailed data on the 1"N hfsc
and quadrupole tensor components,
as well as on the pyrrole proton
hfsc's. In this complex also addi-
tion of pyridine leads to a pertur-
bation of the symmetry. The per-
turbation affects the proton ENDOR

strongly, but does not show up in
the 14N spectra. The 14N hyperfine
probably arises primarily as a re-
sult of in-plane TT and a delocali-
zation of the unpaired electron
from the metal d orbital to the
sp2 hybrids of the nitrogens. On
the other hand, the *H proton hy-
perfine is due to out-of-plane TT
delocalization. It is well known
that the porphyrin ring is not
completely rigid and that the geo-
metric structure can be influenced
by interactions with neighboring
molecules (5). Adduct formation
with pyridine could cause such a
change in structure (for instance
from planar to "ruffled" (5))-
If the change primarily affects
the outer ring geometry, but not
the positions of the four nitrogen
atoms, adduct formation will only
alter the out-of-plane IT delocali-
zation, which would account for the
remarkable solvent effect.
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13C NMR STUDY OF SOME CHIRAL SMECTICS

M. Luzar, J. Seliger, V. Rutar and R. Blinc

It has been recently shown (1) that the
smectic C* liquid crystalline phase is ferroelectric
if the molecules are chiral and have a permanent
dipolar moment transverse to their long molecu-
lar axes. In the Sm A phase the molecules are
rotating freely around their long axes, which are
on the time average oriented parallel to the layer
normal. In the Sm C* phase the molecular long
axes tilt with respect to the layer normal and
the rotation around the long molecular axes be-
comes biased. In the Sm C* phase a helicoidal
structure is observed, in which the molecular tilt
and the spontaneous polarization precess around
the normal to the layers. The pitch of the helix
is of the order of several microns and is in
general case incommensurate with the one di-
mensional translational periodicity of the Sm A
phase.

We have studied the nature of the local
orientational order in the incommensurate ferro-
electric phases of chiral DOBAMBC (p—decyloxy-
benzilidene p'—amino 2—methyl—butyl cinnamate)
and chiral HOBACPC (p-hexyloxybenzilidene
p'-amino-2-chloro-a-propyle cinnamate) by
measuring the temperature dependences of the
13C chemical shifts at 67 k Gauss using proton
enhanced nuclear induction spectroscopy (2). We
believe it is the first microscopic determination
of the ferroelectric ordering in a ferroelectric
liquid crystal.

In both DOBAMBC and HOBACPC the
observed temperature behaviour of the 13C
chemical shifts of the ring and C = 0 carbons at
the Sm A — Sm C* transition can be understood
if one assumes that in chiral systems the heli-
coidal axis and the normals to the smectic layers
remain parallel to the direction of the external
magnetic field, whereas the long molecular axes
are tilted with respect to the field direction. This
is opposite to the behaviour of achiral systems
where the molecular long axes are oriented
parallel to the magnetic field, whereas the layer
normals are tilted.

Assuming a free rotation around the long
molecular axis the observed chemical shifts in
the Sm C* phase are given by (3):

averaged over molecular rotation around the long
axes and S is the nematic order parameter.

As a result of a small polar biasing of the
rotation around the long molecular axes
(<cos<p> < 1) a term — ax z sin (20o)<cos<p>
should be added to the above expression.

In both, DOBAMBC and HOBACPC, the
temperature dependence of the ring carbon
chemical shifts at the Sm A - Sm C* transition
can be explained in terms of the above model
without polar biasing.

The temperature dependence of the C
chemical shifts of the C = 0 carbon in
DOBAMBC/ which is the main ferroelectric dipole
in the molecule, reflects a non—zero polar biasing.
The value of <cos >p> ~ 5 .10 ' 2 can be estimated
in the Sm C* phase (4). The temperature de-
pendence of <cos(p> <x (Tc — T) 0 ' 4 agrees rather
well with the results of the polarization measure-
ments (5).

In HOBACPC the main contribution to the
dipole component comes from the C—Cl bond.
The line corresponding to this chiral carbon dis-
appears from the spectra on going from the
isotropic to the Sm A phase. The possible expla-
nation of this effect is the combination of the
13C—Cl magnetic dipolar coupling and the chlo-
rine spin—lattice relaxation. The rotation of the
polar C = 0 group exhibits a small polar biasing
in the Sm C* phase and <cos ip> amounts to
- 5 . 1 0 " 2 .
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a = ffj + | S (ajj - ff]_)(|cos2

where ©0 is the average molecular tilt angle,
oj = — Tr a_, ajj , cf[ are the components of a_
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NUCLEAR DIPOLAR MAGNETIC ORDERING OF PROTON SPINS IN Ca(OH)

J. Marks, W.Th. Wenckebach and N.J. Poulis

Magnetic ordering of a spin sys-
tem in an insulating solid, subject
only to dipolar interaction, re-
quires spin temperatures in the yK
range (1). Such temperatures can be
reached by dynamic nuclear polariza-
tion followed by Adiabatic Demagne-
tization in the Rotating Frame
(ADRF). We are studying ordering of
proton spins in Ca(0H)2-

In high magnetic field, the
energy of the spin system after ADRF
is determined by the truncated dipo-
lar Hamiltonian. Predictions of the
ordered state are made in the Weiss
field approximation by computing di-
polar sums for different spin ar-
rangements. ADRF being isentropic,
the ordered state at T>0 is that of
minimum energy. For the external
field H(-/c-axis, a transverse ferro-
magnetic state with domains is pre-
dicted.

Experimentally the ordering was
studied by measuring, as a function
of the proton polarization before
ADRF (pi), Px/Hi. Hi is the rf-field
(IHQ) used in ADRF, and p x is propor-
tional to the magnetization in an
effective field Hi. Results for dif-
ferent Hi are shown in fig. 1.

For p-[<,0.5 the experimental
points can be fitted to the results
of a paramagnetic Weiss field model
using Brillouin functions, taking
into account the dipolar entropy in
the demagnetized state to third or-
der in the inverse temperature (2).

For high p^ a transverse ferro-
magnetic sandwich structure is ex-
pected. Then, for small enough Hi,
px/Hi = the parallel susceptibility
X// • The experimental points deviate
sharply from the calculated para-
magnetic curves. They tend to a
constant level (d in fig 1). There
is no sharp transition to a constant
X// . This is in agreement with obser-
vations in electronic ferromagnets
in nonzero field (e.g.3). An inhomo-

geneous demagnetizing field in the
sample might worsen this effect.

As Hi is increased, a saturated
paramagnetic state occurs: after
ADRF the complete initial magnetiza-
tion is in the x-direction.

Together with results of cal-
culations, the measurements lead us
to the conclusion that the expected
ordering indeed takes place.
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-15

Fig. 1. Px/
Hl v s Pi f°r Hl equals a) 36 mGs,

b) 138 mGs, c) 392 mGs. Heavy lines are
theoretical curves, d is the value of x// in
the ordered state. Experimental points for each
Hi have been replaced by light lines with an
indication of the spread.
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ELECTRIC MODULATION IN EPR SPECTROSCOPY - EM EPR

Jan Stankowski

I. BASIS. OF THE METHOD

Paramagnetic cluster with broken inver-

sion symmetry is characterized by the

electric dipol moment.Interaction of this

moment with spontaneous polarization is

due to the splitting of spin state of clu-

sters. Then inversion of P leads to a

switching between EPR lines.

II. THE SPECTROMETER WITH ELECTRIC

MODULATION

For standard spectrometer using two

modulations second derivative of EPR

absorption is observed. InEMM EPR the low

frequency magnetic modulation is replaced

by rectangullar electrical modulation

with one polarization. Two lines in oposi-

te phases describe the EMM EPR signal for

ferroelectri cs[l].

III. LED GERMANATE Pb,-Ge 0. :Gd3+

3+ 2+

Admixture Gd ion replaced Pb ion.

Electric dipole moment from interaction

between Gd and vacance appear. Below

T =450K symmetry changes from C , » C,,

and that leads to splitting echo of side

band lines of to dublets.ln para-

electric phase crystal field components

are[2]t

V p = V° + V° + V 6 + V* (1

but in ferroelectric state:
Vf = VP * +- V6

The sign corresponds to particular

orientation of P and describe directions

of twisting distortion of triangle pyra-

mids. EMM EPR modulation gives classical

signal with oposite phases for p and f

respectively.

IV. RUBIDIUM TRIHYDROGEN SELENITE --

RbH-SeO 2 : C r
3 +

The EMM EPR directly shows dubling of

unit cell and the splitting related to

spontaneous polarization[3].

EMMEPR

T<TC

A B C D
Lines AB correspond to structure but CD

to substructure. The substructure in

T =146 desappeares. Between T and

T.=151 incommensurate phase exists.Ele-

ctric field was no influence the AB spe-

ctrum in this phase. It is the first

observation of incommensurate phase using

EPR method.
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RELAXATION STUDY OF CN" REORIENTATIONS
IN THE ELASTICALLY ORDERED PHASE OF NaCN AND KCN

Harold T. Stokes

Thomas A. Case and David C. Ailion

I. INTRODUCTION

KCN and NaCN are interesting
solids containing reorienting mole-
cules 1. Each exhibits a ferroelastic
phase in which the CN- ions have
parallel alignment but are electri-
cally disordered in that their elec-
trical dipole moments are randomly
distributed head-to-toe. At a lower
temperature (83K in KCN and 172K in
NaCN), both salts undergo a second-
order transition to an antiferro-
electric ordered phase in which the
CN- ions have antiparallel head-to-
toe alignment.

II. EVIDENCE FOR CHEMICAL SHIFT
ANISOTROPY (CSA) RELAXATION

In order to study CN- reorien-
tations in the ferroelastic phase,
we measured T-| vs. temperature for
1 3C in KCN and NaCN powder samples

13c.
in KCN

Figure 1
at three

500

200

100-

5 0 -

• I3C in KCN
10.5MHz
24MHz
56.65MHz

20,

enriched with 90%
shows our results
di fferent
frequencies.
The solid
curves are
theoretical
and assume
that the
relaxation
is due to
f1uctuati ons
in both the
1 3c chemical
shift and in
the 13c_14N
di polar
i nteractions
Since the
frequency dependence of these two
interactions is quite different,2

our data allows separate study of
these interactions: dipolar relaxa-
tion is dominant at low frequencies
whereas CSA relaxation dominates at
high frequencies. Since Ti due to
CSA is invariant with respect to
180° rotations, our data indicates
a more complicated motion than a

8 9 10 II
1000/T (K"1)

12 13

Fig. 1: T1 vs. 1000/T f o r 1JC 1n KCN

at 10.5, 24, and 56.65 MHz.

simple 180° head-to-toe flip of the
CN-. In fact we were able to fit
our data by assuming a distribution
of reorientation angles about 180°
with an rms deviation of 8°.

III. DETERMINATION OF Tc

An important question is whe-
ther there is more than one reorien-
tational mechanism over the entire
ferroelastic region. In Fig. 2 we
plot the values for the correlation
time T C in KCN obtained from our NMR
data at three frequencies in the
electrically disordered phase along
with values of T C obtained from di-
electric loss datal in the electri-
cally ordered phase. As can be seen,
this data can be fit by a single
activation energy, implying that the
reorien- ,,
tational
motional
mechani sm
which
domi nates
the low
temperature
dielectric
data is
the same as
that which
dominates
the high
temperature
NMR data.

io-
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Id'
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We performed similar measure-
ments in NaCN and observed similar
relaxation effects.
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NMR DETERMINATION OF STRUCTURAL DOMAINS IN

NaCN AND IN NaCN:3%NaBr

Aharon Tzaimona, Jean Pourquie, and David C. Ailion

The room temperature phase of
NaCN:x%NaBr is a cubic (NaCl-type)
structure with orientationai dis-
order of the CN~ group. A" first-
order phase transition is observed
at T = 288K in NaCN and at -263K in
NaCN:3%NaBr. A ferroelastic order-
ing occurs in which the CN" groups
are aligned approximately along the
[110] cubic directions. The crystal
acquires a multidomain structure of
orthorhombic domains. Symmetry con-
siderations and X-ray investiga-
tions^ of KCN show that there can
b e s e v e r a l possible configurations
(e.g., 12 domains, 8 domains, e t c . ) .
The 12 domain model consists of 6
pairs of domains with each domain of
a pair oriented by angle 2e relative
to the other. Each CN" then makes
an angle e with respect to a cubic
[110] direction (see Fig. 1 ) . An

cU[OOI]

K

bio)

b,(o)

F1g. 1. Two pairs of domains In the 12 domain model.

8 domain structure might occur if
crystal asymmetry prevents align-
ment of the CN" in a particular
(110) plane corresponding to 4 of
the previous domains.

In this paper we report mea-
surements of the first and second
order 2 3Na quadrupolar shifts which,
together with theoretical calcula-
tionsS identify the domain struc-
ture in NaCN as consisting of 12
domains such that e, as defined
above, is 8.5° ± 1.5°. Furthermore,
e2qQ/h = 1456 ± 30kHz and n = 0.375
± 0.02. (See Figs. 2a and 3a.)

NaCN i ji

— 11/—•'

NaCN-3%NaBr

A /
H5OO G

Satellite

U.0/2TT

iU

transition Ho||[lOO]

= 24 MHz T=247K

b

pi
Fig. 2. Satellite (±1/2 to ±3/2) transitions.

Central transition HO||[HO

W O / 2TT=24MHZ, T = 247K

NaCN

NaCN'3%NaSr

IOG

Fig. 3. Central (-1/2 to +1/2) transitions.

Similar measurements (Figs. 2b and
3b) on the mixed crystal NaCN:3%NaBr
exhibit a similar structure, but
with extra lines. Furthermore, a
rotation through 90° of the mixed
crystal, oriented with rtQ parallel
to a (100) plane, was not invariant,
thereby indicating a more asymmetric
domain structure, such as an 8 dom-
ain or a hybrid of 8 and 12 domains.
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-CHLORINE - AND BROMINE - N . Q . R . STUDIES OF DERIVATIVES OF THE

CYCLOTRIPHOSPHAZATRIENES N P,C5,^ AND N , P , B r
3 3 6 3 J b

Kareem SH. Ahmed and Andrew L. Porte

Halogen n.q.r. spectroscopy
has turned out to be a very
versatile technique for studying
derivatives of the cyclotriphos-
phazatrienes N P CX. and N,P.Brr
(1-3). 3 3 6 3 3 6

•5 C O -1

CSL and Br resonance
frequencies in corresponding deri-
vatives are linearly related (2).

The halogen n.q.r. frequencies
and their temperature and pressure
coefficients can be used to dis-
criminate between positional
isomers, between geometrical
isomers, and between molecular
conformers, and they give useful
information about molecular
motions in the solids (1-3).

The halogen resonance
frequencies are related to the
corresponding P-X bond lengths
(1-3) .

The n.q.r. frequencies at 77K
enable estimates of the relative
halogen valence - electron
populations in these molecules to
be made with precisions of
± 0.015e, and so can be used to
quantitatively estimate relative
electron affinities of substitu-
ents (1,3).
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ANTIFERROMAGNETIC RESONANCE WITH MAGNETOSTATIC MODES

IN [(CH2)(NH3)J2CuCl4

D. Barberis, F. Waldner, H. Arend

We have investigated the anti-
ferromagnetic resonance (AFMR) in a
layered antiferromagnet and have ob-
served very narrow magnetostatic
modes .

I. ANTIFERROMAGNETIC RESONANCE

The compound [(CH2)(NH3)]2CuCl4
(1) has Cu2+-layers with strong fer-
romagnetic coupling. Due to the weak
antiferromagnetic interlayer coup-
ling, the AFMR can be investigated
at 9 GHz below and above the spin
flop field, see Fig. 1.

dH

8.246 8.248 8.250

v = 9.22 GHz

8.225 8245
H [kOe]

8265

Figure 1
Temperature dependence of the AFMR.

The circles represent the re-
sonance fields for H along the easy
axis (parallel to the layers). To
illustrate the line broadening near
the Neel temperature TN = (32 ± 1) K
the bars show the linewidths (peak-
to-peak seperation in the absorption
derivative) multiplied by 4.

At 4.2 K, the antiferromagnetic
resonance fields agree with the ani-
sotropy fields determined from stat-
ic magnetisation measurements (2,3).

'Ao

2 339 kOe

= 140 Oe

= 2 kOe

g x = 2.16

(in piane)

(out of plane)

II. MAGNETOSTATIC MODES

and
Fig. 2 displays the lower

branch of the AFMR at T = 4.2 K
low microwave power levels, Pf.iw =
0.2 yW. The resonance splits into
many remarkably narrow lines. The
insert in Fig. 2 shows linewidths
AHpp < 0.2 Oe. These lines are in-
terpreted as magnetostatic modes ex-
hibiting a very low damping.

H
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NUCLEAR QUADRUPOLE RESONANCE OF 69Ga AND *15In IN GaS, GaSe AND InSe

T.J. Bastow, I.D. Campbell and H.J. Whitfield

The layer compound GaSe exhibits poly-
type formation due to variation of the
stacking sequence of its basic tightly
bound layers which contain Se and Ga in
the sequence Se-Ga-Ga-Se. Four polytypes
of GaSe have been described, named e (1),
Y (1), S (2) and S (3,4). 3, type 2H, has
space group P63/mmc, e, type 2H, has space
group P6m2, y, type 3R, has space group
R3m and <5, type 4H, has space group P63111C.

GaS has the structure of 3 GaSe (5,6),
as do solid solutions of GaS with GaSe (7).
For GaSe itself, however, the existence of
the 3 polytype has been discounted, as the
evidence for its existence is based solely
on X-ray diffraction patterns from powder-
ed material. The most commonly occurring
form of GaSe is a mixture of £ and y poly-
types (8,9). Furthermore, as the intro-
duction of "regular very-low-energy glide
stacking faults transforms either of these
polytypes into the other, any real crystal
containing regions of e and y polytypes
can be described as being of either modi-
fication with a large number of stacking
faults (10).

The dominant polytype of InSe appears
to be the rhombohedral y, type 3R (11,12).

An earlier NQR study of GaS, GaSe and
InSe (13) suggested the existence of poly-
types for all three compounds. In the
present work using pulsed FT-NQR we report
more detailed data on the NQR of the
various polytypes at 77 K.

RESULTS

GaSe. The principal features of the
GaSe spectrum are two strong doublets at
19.395, 19.404 and 19.447, 19.458 MHz.
These are assigned to the e and y poly-
types each of which contributes one doub-
let. We note that the 4H polytype would
also give rise to a four-line spectrum.
But X-ray powder diffraction patterns and
crystal morphology support the above
assignment. Subsidiary weaker broad lines
that were also consistently observed are
tentatively assigned to systematically
faulted regions of the crystals.

GaS. Three lines are clearly resolved.
The strongest at 19.308 MHz is assigned to
the 3 polytype which has one Ga site in
its crystal structure. The other lines at
19.320 and 19.326 MHz are evidence of so
far unreported polytype formation in GaS.
Further study by X-ray and electron diffr-
action of single crystals is planned.

InSe. The InSe spectra corresponding
to the four transitions of In (I = 9/2)
show a multiplicity of lines indicating
the existence of many polytypes. A pair
of strong lines at 20.934, 21.107 MHz
(3/2-5/2) is assigned to the 3R structure
of InSe (12). There is an order of magni-
tude greater spread in coupling constants
for InSe than for GaS and GaSe.
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PROTON FINE STRUCTURE OBSERVED IN VERY HIGH
SENSITIVITY NUCLEAR QUADRUPOLE DOUBLE RESONANCE

S.G.P. Brosnan, D.T. Edmonds and I.J.F. Poplett

I. THE NEW TECHNIQUE

Double Resonance with Coupled Multi-
plets (DRCM) is the latest of a group of
very high sensitivity nuclear quadrupole
double resonance (NQDR) techniques which
may be employed to obtain high resolution
NQR spectra of light elements in powdered
solids or frozen liquids. We have recently
reviewed (1) all the high sensitivity NQDR
techniques and we have described (2) DRCM
in detail. We have also described (3) the
rather simple spectrometer required and
the construction (4) of the variable temp-
arature cryostat it employs. Here we will
simply list some of the features of DRCM.

a. For half integer spin nuclei such as
170 situated near a proton it is as sen-
sitive a detector of NQR as any method
yet devised. The NQR spectrum of l?0 in
its natural abundance (0.037%) is de-
tected with ease.

b. The specimen is irradiated at low power
with two radiofrequency fields at once.

c. Fine structure is revealed in each ' ?0
NQR line due to dipole coupling to
neighbouring protons.

d. From the fine structure,the sign of the
electric field gradient, the ''0 to
proton distances and the polar angles
(0 and <$>) made by the 0-H bond in the
principle axis system of the oxygen
electric field gradient may be deduced.

II. DRCM ON 1 70 IN CARBOXYLIC ACIDS

Spectra have been obtained for several
carboxylic acids, both oxygens in the
COOH group giving spectra. The C=0 oxygen
is hydrogen bonded, and the 0...H distance
is about 0.16nm. For this case DRCM is
able to find the lines but little struc-
tural information is resolved. For the C-0
-H group however, fine structure on the
lines is resolved and the spectra may be
fitted by trial and error.to give best fit
values for the parameters given in I(d)
above. The results for formic acid have
been given previously (2) but we have now
refined the fitting procedure so as to be
able to calculate the expected line-shape
rather than relying on stick diagrams as in
(2). The refined best fit values for Formic

and Acrylic acids at 77K are given below.

e2qQ/h

n
R(,0H)

e

Formic Acid

-690015 kHz

O.O77±.OO5

0.102+.001 nm

45±10°

Acrylic Acid

-7195±5 kHz

0.1661.005

0.1021.002 nm

50+10°

The values for the azimuthal angle § are
not determined because the values for r| are
small giving almost cylindrical symmetry.
Studies on Maleic, Fumaric, Oxalic and
Malonic acids are now in progress.

III. DRCM IN H 3 0
+

Previously we have obtained the 0
spectrum (5) of Ice Ih but the proton fine
structure is barely resolved because of the
overlap of the \ to 3/2 and 3/2 to 5/2
lines for x\ ~ 1 . But for 1 70 naturally ab-
undant in H2SO4.H2O the H3O group has r\ x

0 as a consequence of the C3V symmetry. At
77 K the parameters obtained are

e2qQ/h = 7490+40 kHz : n = 0.10510.01
R(O-H) = 0.1nm, R(H-H) = 0.1795nm

0 = 67° or 113°

indicating that Vzz lies along the C3 V axis
in agreement with the molecular orbital
calculations.
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19F SPIN-FLIP NMR-LASER (RASER)

E.Brun, B.Derighetti, H.Marxer, and F.Waldner

Spin inversion of 19F in CaF2: Gd3+

by means of dynamic nuclear polarization
(DNP) in a high-Q LC-circuit leads at the
temperature of liquid helium to NMR-laser
(raser) activity. We present results con-
cerning in particular the transient behav-
iour in the short time regime after Q-
switching (1). For low spin inversion the
time dependence of the single mode raser
activity can be accounted for by simple
Bloch-type dynamic equations (2,3), as ex-
pected. The solution leads to the observed

sech-pulse profile. For a strongly in-
verted spin system, however, with a spin
inversion up to twice the raser threshold,
the duration of the pulse becomes compar-
able to T2- Here, we enter into an entire-
ly new domain of rich structural pulse
features. The first, giant pulse shows a
unique profile as shown in the figure.

Giant raser pulse of 19F in CaB-

To explain the shape of this transient
response we have to take into account that
the NfiR-line is inhomogeneously broadened
due to the Gd3+-impurity of nominally
0.5 % o concentration. Hence, spin fanning
becomes a decisive factor for the dephas-
ing of nuclear spins which under special
conditions can also become constructive as
in spin echo experiments. To describe spin
fanning quantitatively we introduce spin
packets Pi of various static local fields

Boi. Since we restrict ourselves to the
short-time regime (t of the order of T2) we
may neglect cross-relaxation between the
Pi and describe the magnetization Mi of
each packet by a set of Bloch-type dynamic
equations (2,3). The transverse magnetiza-
tion, as the order parameter, is then ob-
tained by summing over the packet distrib-
ution. Preliminary calculations yield pulse
patterns which show all the essential fea-
tures of the experimental profile. For a
qualitative test, a careful comparison with
spin echo results is necessary, in order to
separate irreversible dephasing from re-
versible spin fanning.

Interesting pulse profiles are ob-
served when the rf-structure is tuned away
from the center NMR-frequency. Instead of a
pulse with zero beats the profile smears out.
This pulling effect becomes more and more
pronounced as the detuning is increased.

Further, a remarkable fact is the oc-
curence of a transient relaxation oscillation
(1,2) after the first giant pulse and the
subsequent dead time. This behaviour which
is typical for the ruby raser is not neces-
sarily expected. That it occurs with the
observed strength indicates the presence of
stored spin energy which can pump the raser
above threshold even after a strong starting
pulse. Presumably, the stored energy stems
from the Gd3+-ions and the near neighbour,
frequency shifted 19F-nuclei which do not
participate in the raser acitivity, but act
as an energy reservoir.
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THE DIMENSIONALITY OF THE MAGNETIC STRUCTURE OF SOLVENT-FREE DPPH

J. Burg and P. Grobet

I. INTRODUCTION

In solvent-free DPPH (a,a'-diphenyl-
g-picrylhydrazyl) an antiferromagnetic
structure was found (1). The absence of a
phase transition, as well as the relative
sharpness of the susceptibility curve
provides evidence that the magnetic struc-
ture of solvent-free DPPH is not three di-
mensional. A fairly good agreement was ob-
tained by fitting the data to a 1-D alter-
nating antiferromagnetic Heisenberg chain.

We performed ESR measurements on a
single crystal in order to obtain informa-
tion about the dimensionality.

II. RESULTS

Samples were prepared by slow evapor-
ation from an ether solution. Long rectan-
gular shaped crystals were obtained (typi-

3
cal dimensions 1500x50x80 urn ).

The peak to peak derivative linewidth
was measured at 20GHz. The lineshape is
almost symmetrical and Lorentzian. Small
deviations are most probably due to crys-
tal imperfections.

Below 4.2 K, the crystal appears to
have axial symmetry with respect to the
linewidth (fig.l). The maximum in the
width coincides with the static field
parallel with the long axis of the crystal
(b-axis). No demagnetization effects nor
temperature dependent g-shifts are obser-
ved. This was checked against irradiated
LiF4.

The Gaussian decay, which should de-
termine the angular dependence of the

2

linewidth, gives a (1+cos e) behavior, as

described by Tazuke and Nagata (2). As in

the case of CsMnCl3.2H20, the DPPH line-

width shows a minimum at 6=60° even at the

lowest temperatures.The temperature depen-

dence of AH follows the theory down to

2 K (2,3). Below this temperature devia-
tions probably indicate the onset of 3-D
ordering.

AHnn(Gauss)
I I I I I I 1 I I I I I 1 I

-80 -60 -40 -20 0 20 1.0 60 80
Angle (degrees

Fig. 1. The temperature dependence of
the linewidth vs. the angle of H with
the b-axis.

We believe that these measurements
indicate a quasi 1-D structure in the sol-
vent-free DPPH.
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RESONANCE STUDY OF GADOLINIUM-3d TRANSITION METAL COMPOUNDS

E.Burzo

In this paper we report the
results of resonance studies on
Gd(TxAli_x)2 where T=Fe or Co,
(GdxYi_x)Co2 and (GdxYi_x)Co3 com-
pounds. In these systems the gado-
linium magnetization is antiparal-
lel oriented to that of transition
metal.

The geff values determined by
ferrimagnetic resonance measure-
ments at 78 K on Gd(TxAl^_x)2 com-
pounds are plotted in Fig.l. The
data may be analysed according to
Wangsness1 relation (1)

geff = (l-m)d/gGd-m/gT)"
1 (1)

where g^ and gQ^ are the spectro-
scopic splitting factors of the
transition metal atoms and gadoli-
nium, respectively, and m=M-p/MGci
the ratio between the magnetization
of the two sublattices. The best
agreement of relation (1) with the
experimental data is obtained for
gGd=2.00, gFe=2.08+0.03 and gCo =
= 2.16_+0.03. The calculated curves
with these values are plotted by
solid lines in Fig.l. A similar be-
havior is observed in case of
(GdxYi_x)Co2 and (GdxYi_x)Co3 com-
pounds.

2.00

1.90

oGd (Co xAl 1_ x) 2

• Gd (Fe xAl 1_ x) 2

1.0 0.5
Composition ( x )

Fig.l. The composition dependence
of gx values in Gd(FexAl^_x)2 and
Gd(CoxAl^_x)2 compounds.

Above the Curie temperatures,
Tc, the g values and the slope of
the linewidth are temperature de-
pendent. To analyse this behavior
relation (1) was used, m being in
this case the ratio between the
susceptibilities of the two sublat-
tices. By fitting the experimental
g values with this relation, we de-
termined gGd, gpe and gco at T>TC

as previously reported (2) The g
values are dependent on the transi-
tion metal contents for example in
Gd(CoxAli_x)2 compounds increasing
from 1.942(x=0) up to 2.06(x=0.78).
The gradual substitution of Al by T
atoms breaks the bottleneck between
the conduction electrons and the
lattice, providing a path whereby
the conduction electron magnetiza-
tion can relax to the lattice,this
being evidenced in the increase of
SGd values. The g-p values determi-
ned at T>TC are nearly identical
with those determined below Tc.

All the resonance data show
that grp values are equal or only
somewhat smaller than the values
determined in pure metals, suggest-
ing that these are not much influ-
enced by alloying. The experimental
results, suppbrt a local environ-
ment description of the magnetic
behavior of T atoms (3).
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FERROMAGNETIC RESONANCE STUDIES ON U(Fe Co1 ) COMPOUNDS
x 1 —x 2)

E.Burzo and I.Ursu

The U(FexCoi_x)2 compounds
crystallize in MgCu2~type structure.
The T(T=Fe or Co)atoms are randomly
distributed in 3m sites. The tran-
sition metal atom has 12 T atoms in
the first coordination shell and 6
in the second one. Magnetic measu-
rements performed on U(FexCo^_x)2
compounds showed that these are
ferromagnetically ordered for con-
centrations x > 0.62 (1). For smal-
ler iron content, the compounds are
Pauli paramagnets. In this system
cobalt seems to carry no magnetic
moment. An iron atom has the same
moment as in UFe2 if there are at
least 15 similar atoms in the first
two coordinations shells and is nil
if this number is smaller than the
above critical value (2).

To obtain further information
on the magnetic behavior of iron,
ferromagnetic resonance studies
were performed. The samples having
the form of small spheres were mea-
sured both in K- and X-band. The g
values were determined from the re-
lation (3)

< r } = ( H I + H A -
4TTMN 4irM;+4TTM)

(1)

We denote by u)j_ the resonance
frequency and by H^ the resonance
field, M is the magnetization de-
termined on the same samples. H A

includes as leading terms the con-
tribution from anisotropy and
strain fields.

The g and HA values were ob-
tained by solving the system of
equations (1) found by the measure-
ments performed in the two fre-
quency bands. The g values thus de-
termined are plotted in Fig.l, In
the limit of experimental errors
these are not dependent on composi-
tion and are somewhat smaller than
the g value of pure iron.
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Fig.l. The composition dependence
of the g values for U(FexCo^_x)2
compounds.

The constancy of g values sug-
gests that replacing Fe by Co no
change in the electronic configura-
tion of iron as compared to that
characteristic for UFe2 is expec-
ted. The data are in agreement with
the local environment description
of the magnetic behavior of iron in
these compounds, recently reported
(2).
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THE ROLE OF A PULSE SHAPE IN SPIN ECHO EXPERIMENTS

FOR MAGNETICALLY ORDERED MATERIALS

Henryk Figiel and Marek Siwiec

I. INTRODUCTION

In NMR investigations of the
magnetically ordered materials the
spin echo technique is most frequ-
ently used. In such experiments
very short pulses of order of /ts
are used. A resonance line of a ma-
gnetically ordered material is de-
termined through measurements of a
spin echo amnlitude versus excita-
ting frequency. To cover needed (1)
broad frequency bands the transmi-
tters have tuned subband inserts.
Hovewer it is impossible to obtain
an optimal pulse shape in the whole
range of frequencies.

II. RESULTS AND DISCUSSION

The spin echo signal may be
expressed as (2) :

where G(Aio) - Fourier transform of
the pulse shape

g(Ato) - line shape function
In our analysis we assumed that the
line is described by a known g(^u),.
choosen as gaussian type for sim-
plicity. For pulse shapes corres-
ponding to typical deformed pulses
(Fig.l) the Fourier transform G(A«)
was calculated and used to calcula-
te the Sw(t) shape at the maximum
of the line g(^w). The calculations
were performed by use of FFTRC
CERN! library program.

The shape of pulse Ĵ  corres-
ponds to experimentally optimal
pulses, as the ideal rectangle pul-
se (a,) cannot be transmitted. The
S«(t) functions for both pulses
are very similar (Fig.l). If the
transmitter is tuned to have too
short rise and fall-time, the pul-
ses of form ̂  and j^ sre observed.
In this case the pulse ought to
have the amplitude in the middle
almost equal to that of ideal pul-
se to yeld equal SUJ( t). The worst

deformation of the SM(t) function
appears for the £ - triangle type
pulse which is transmitted i f the
rise and fall-times are too long.

PULSE FORMS

0 CBUjd Q5tlr»] Ofi

Suit)
I i . •-.

0.5 U/.*] 0
CALCULATED ECHO SHAPES

05

Such a pulse causes dumping of the
echo signal of about 50%, what may
lead to false conclusions about
the line shape.

The mentioned effects cause
necessity of pulse shape observa-
tion and correction in spin echo
measurements on magnetically orde-
red materials.
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FREE RADICAL BEHAVIOUR IN FERROELECTRIC KDA

AND ANTIFERROELECTRIC ADA

J. GAILLARD, P. GLOUX

We use EPR and ENDOR to study
the phenomena which affect free ra-
dicals of the AsO|" and AsO|~ types
tfiat are created by y-irradiation
in the ferroelectric KH 2As0 4 (KDA)
and in the antiferroelectric
NH 4H 2As0 4 (ADA).

We have characterized two kinds
of behaviour which occur at the
onset of the ordering : the radical
either remains unique or splits,
the second case giving an opportu-
nity to display the breaking of
symmetry when the domains are for-
med. Comparison of the results in
KDA and ADA shows that the two kinds
of behaviour result from the nature
of the proton configurations that
are associated with the species in
the paraelectric phase, according
to whether they fit or not with the
Slater configurations which exist
in the ordered phase.

We had found various transfor-
mations at the phase transition and
in the ferroelectric phase in KDA
which had the effect of reducing
or removing a discordance between
radical configurations and the sur-
roundings : consequently intrabond
proton transfers in the hydrogen
bonds played a prominent part.
Other, more complex phenomena, which
seem to use interbond proton trans-
fers, are also observed at the
phase transition in ADA and in the
paraelectric phase in KDA.
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THE PHASE TRANSITION OF CrN AND ITS RESONANCE

BEHAVIOUR AT HIGHER TEMPERATURES

R. Gerling

K. Drager

I. SUMMARY

Antiferromagnetic CrN is inves~
tigated by EPR between 260 K and 500 K .
Down to 290 K the absorption signal
has a Lorentzian line shape which
fades away near TJJ. Moreover, there
is a marked hysteresis of the absorp-
tion in the range of the Neel-temper-
ature. For higher temperatures the
EPR-intensity is still influenced by
residual antif erromagnetic order . The
application of a statistical model
gives a coupling energy of AE = 500
± 20 cm"1.

II. EXPERIMENTAL

CrN was prepared by nitriding
chromium powder in a NH3 atmosphere
for 8 hours at 950°C. The resulting
powders were free from Cr2N and Cr2O3.
The oxygen impurity was only about
2 ± 1.8 % (1) . EPR measurements were
carried out with the Bruker spectro-
meter ER200T at a microwave frequen-
cy of 9.36 GHz. Between 320 and 500 K
the g-factor was given by g = 1.965
± 0.005 and the line width at room
temperature was AH = 56.7 mT.

III. THE PHASE TRANSITION

The resonance signal can be de-
scribed by a Lorentz line shape with
a mean deviation of S = 1 .5 % down to
330 K. Approaching 300K the Lorentz-
character of the still symmetrical
resonance profile fades away. Within
a small temperature interval of AT
= 4 K the deviation surpasses 3 %.
Correspondingly the differential
line width AH is deeply influenced by
the effect of magnetic ordering. When
lowering the temperature from 500 to
330 K there is an increase of 3 % f or
AH. Still further cooling results in
an increase of 300 % , thus indicating
a singularity at Tg = 300 K. In the vic-
inity of the transition temperature
T , the magnetic interaction becomes
stronger, hence the number of EPR ac-
tive Cr3+-ions is reduced drastically.

As a consequence, the height F(T) of
the absorption signal is drastically
lowered. However, in the case of CrN
we observed a hysteresis with respect
to the temperature over an interval
of 7K. This hysteresis can be ex-
plained by a temperature dependent
exchange interaction (3) , and has in
general an influence on physical
properties (2).

IV. MAGNETIC INTERACTION

The Lorentzian line shape of
the absorption signal in the range
from 320 - 500 K allows the EPR inten-
sity to be computed as:

I(T) = F(T) • AH(T)2.

Although the temperature was well
above the point of magnetic phase
transition, the intensity grew by
65 % regularly. This effect can be as-
cribed to the dissolution of residu-
al antif erromagnetic ordered regions
(1). The application of a statisti-
cal model allows us to compute the
antiferromagnetic coupling energy
AE from the EPR-intensity (4) . In
this model, AE is the energy to trans-
fer a magnetic ion from the state of
antif erromagnetic order to the para-
magnetic state. The concept describes
the experimental data with an error
of only 2 .1 %. The resulting coupling
energy is given as AE = (500 + 20)cm~*.
The validity of the model ends near

Ls*
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MUON SPIN ROTATION (ySR) IN ORTHOFERRITES

E.Holzschuh, A.B.Denison, W.Klindig, P.F.Meier,

B.D.Patterson, and K.Rliegg

The local magnetic field By at the in-
terstitial y+-sites has been measured in
the orthoferrites RFeO3 (R = Eu, Dy, Ho,
Er, Y) by the ySR-technique (1). The Fe-
spins in the perovskite-like orthoferrites
are antiferromagnetically coupled. Due to a
small canting of ~ 0.5° of the Fe-spins the
orthoferrites show weak ferromagnetism with
the easy axis parallel to the c-axis at
room temperature (RT).

Figure 1 shows the temperature depend-
ence of the ySR-frequencies measured (By =
v/(135.54 MHz/T). At RT the fields are of
the order of 0.2 T. At lower temperatures
additional lines appear, indicating that
several sites are occupied and that thermal-
ly activated transitions occur between them.
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Fig. 1: ySR-frequencies measured as a func-
tion of temperature in various orthoferrites.

Measurements in external fields up to
4 kG and with several crystal orientations
have been performed at RT (see Fig. 2). The
data are well described by an internal field
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Fig. 2: External field dependence at the
ySR-frequency at room temperature in
The insert exhibits the extrapolated de-
pendence at small external fields.

parallel to the weak ferromagnetic moment,
indicating that the muon occupies an inter-
stitial site, where the dipolar field of
the Fe-moments is small or zero. Sites sat-
isfying this requirement have been found in
the orthoferrite lattice by dipolar field
calculations. The observed internal field
is a hyperfine field from the spin polar-
ized oxygen ions. A small unexplained
splitting Av ~ sin(2<J>) is observed for an
external field making an angle <j> with the
a-axis in the a,b-plane.
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NMR STUDIES OP MOLECULAR MOTION AND PHASE TRANSITIONS IN SOLID

MULTIMETHYLAMMONIUM PERCHLORATES

S. Jurga, K. Jurga and Z. Paja.k

Pulse NMR studies(25 MHz)of
cation dynamics in different pha-
ses (1)of solid tetra-, tri-, di-,
and raonomethylammonium perchlorates
(4MAP, 3MAP, 2MAP and 1MAP, respec-
tively) are reported.

I. TETRAMETHYLAMMONIUM PERCHLORATE

4MAP undergoes phase transi-

tions at 340 and 43O°C(1). Below

34O°C,in tetragonal Phase II,symme-
trical single minima of T1 and Im-
prove, along with cw data, that re-
orientations of methyl group around
its C-jaxls and whole 4MA ion around

its center of gravity occur with
the same correlation frequency.The
activation parameters arei
E^-4.6 kcal/mol, T "°*117ps.

II. TRIMETHYLAMMONIUM PEROHLORATE

3MAP has tree phase modifica-
tions. The M2 and T1 data lead to

conclusion, that in Phase HI, below

116°C the reorientations CL and C,'

around the symmetry axis of the ion
take place with:
EA(C3)-4.O kcal/mol, ̂ JC^O.I67ps,

E A (G>3) -.8.2 kcal/mol; T^C^-0.746f s.

On going from Phase III to Pha-

se II (207-116°C) no change of T1
and Mp is observed, implying that
dynamics of 3MA cations is not con-
nected with the phase change.

Discontinuities of T.. and T.«

are observed on going from Phase II

to Phase l(2O7-275°C). Liquid like
line shape and a minimum of I, equ-
al to 0.9s indicate that the tran-
slational diffusion in Phase I
plays an important role.The studies
of T.q give an activation energy

for this motion of 15 kcal/mol.

III. DIMETHYLAMMONIUM PERCHLORATE

Below 38°C, in monoclinic Pha-
se 11(1), Mp and two equal minima

of T. prove that two dynamically

inequivalent 2MA cations appear in
the lattice with:
E A(1)-3.4 kcal/mol, "^(1)»0.11 Ops,

EA(2)«2.4 kcal/mol, XQ(2)»O.136ps.
On going from Phase II to te-

tragonal Phase I(38-180°C) a jump
of T1 and T.._ is observed. Liquid

like line shape, minimum of T^-«

4ms for H..-20G, and an activation

energy of 8.6 kcal/mol indicate
that translational diffusion takes
place in Phase I.

IV. MONOMETHYLAMMONIUM PERCHLORATE

1MAP has three phase modifica-
tions. The T1 and M2 data for 1MAP

and its partially deuterated 1MA,P
allow to conclude, that in Phase

III below 48°C the cation reorients
as a rigid about its triad axis
with EA=1.2 kcal/mol.

In Phase II(48-i78°C)the mo-
tion mentioned above is preserved.

On going from Phase II to Pha-

se I(178-255°C) a Jump of T ^ T ^
and line width is observed.An acti-
vation energy of 11.6 kcal/mol de-
termined from T1«,and liquid like

line shape indicate that transla-
tional diffusion appears in Phase
I.
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SPINDYNAMICS IN A 3d HEISENBERG FERROMAGNET.

J. Labrujere, T.O. Klaassen and N.J. Poulis

In foregoing papers [ 1,2] we showed
that in the 3d bcc Heisenberg ferromagnet
Rb2CuBr4.2H20 (TC=1.874K, J]/k=0.48K,
J2/k

=0.29K) absolute values of the spec-
tral densities ((^(M) can be obtained from
nuclear spinecho measurements. In this pa-
per the results on the fielddependence
(0.08T<Be<3.8T)of the autocorrelation-
function <fr£, measured at T = 20K on the ̂ H
and 87Rb nuclei, are presented. As T c=
1.874K, these <j>g values can be considered
as I = » results. (The relaxationtimes are
indeed temperature independent for T £ 10K).
For infinite temperatures it is known that:

lim * S K ) B = B e = +>e>B-0 <»

with u e and con the electronic and nuclear
larmor frequencies for B = B e respectively.
This fielddependence of <t>5(a)n)can thus be
compared with theoretical calculations for
the zerofield frequency dependence of <t>J
at T = °°.

An exact description of the spindyna-
mics of 3d Heisenberg ferromagnets has not
been given yet but there are some approxi-
mate models. It appears that our experimen-
tal results are best described by Tahir
Kheli's model [3]. A comparison between ex-
periment and theory (fig.l) shows that the
low freqeuncy behaviour is not well des-
cribed by this model.

1

i i

T = 20 K

• 1H

O87Rb

I

•oJiA

Fig.l. Experimental values of <j>J(ue) in re-
duced units. The solid line shows the re-
sults of Tahir Kheli's model calculated
straightforwardly for a bcc structure with
J]/k=0.48K and J2/k=0.29K.

Inspection of the fouriertransform of both
experimental and theoretical curves shows
that the low frequency discrepancy seems to
be caused by a significant difference in
amplitude of the "diffusion tail". The
small anisotropy in the exchange constants,
the small deviation of the actual crystal-
structure from bcc nor the presence of di-
polar and antisymmetric interactions be-
tween the electron spins are the origin of
this difference. Also a small variation of
the ratio J2/J] does not diminish the low
frequency discrepancy.

From the same relaxationtime measure-
ments as used for the determination of $£
also the field dependence of <(>§ was ob-
tained. At infinite temperatures it is
known that

• <«nW (2)

As con << <de <(> (wn) is expected to be (near-
ly) field independent. This is observed in-
deed. The experimental ratio <j>+/(j>z at zero-
field equals 2, just as expected from the
definition of <))+ and (|>z for an isotropic
system.

In low fields (Be<0.6T) paircorrela-
tionfunctions are expected to be nonzero.
Whereas the proton relaxation is (nearly)
not influenced by paircorrelations <(>0] does
contribute significantly to the ^^Rb re-
laxation [1]. Comparison of the proton and
'Rb relaxationtimes therefore yields in-

formation on the field (/frequency) depen-
dence of <j>(|ji .

Although the experimental values are
not very accurate, they can be described
satisfactorily by the Tahir Kheli model
[3].
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3 5C1 NUCLEAR QUADRUPOLE RESONANCE, EVIDENCE FOR THE EXISTENCE

OF NEW LOW TEMPERATURE PHASE TRANSITIONS IN K

F. Milia

K?Se04 and its isomorphous arose a

great interest due to their successive pa-
raelectric to incommensurate (Tj) and in-
commensurate to commensurate (Tc) phase
transformations. It has been recently
found that many members of the K2SeO4 fa-
mily exhibit new phase transitions in ad-
dition to the already known. In order to
throw some additional light on the problem
we decided to study K2ZnCl4 using Cl 3 5

nuclear quadrupole resonance technique.

The 35C1 NQR lines were followed
from T = 287°C (Paraelectric Phase "P")
down to T = -13O°C in the commensurate "C"
phase. The disappearance of the 35ci NQR
lines in the middle of the incommensurate
phase "I" can be understood within a "pla-
ne wave" model but not within a "so-
liton lattice model". In the "soliton
limit" we would expect to see in the "I"
phase sharp commensurate lines superimpos-
ed on a broad background originating from
the incommensurate domain walls.

The 35C1 NQR spectra of K2ZnCl4 give
evidence of a new phase transition at
T^ = 70°C which exist in addition to the
known paraelectric to incommensurate at
Tc = 130°C. This transition could be

(i) a commensurate to commensurate
transition

(ii) an incommensurate to commensurate
transition

provided that Tc corresponds to a change
between two incommensurate phases: The
"plane wave" and the "soliton lattice" one.
In this last case, this transition at
Tc = 70°C could be the real commensurate
one. The observed broadening of lines
above T c speaks for this last possibility
although it is hard to understand why 5
should vanish in this case below Tc.

The failure of detecting the NQR li-
nes below Tc' = -140°C might be due to
still another phase transition at the low
temperature region. This work is still in
progress.
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53Cr M R IN YCrO3 IN STATS OF FIELD

INDUCED SPIN REORIENTATION

S. Nadolaki , H. Ltttgemeier and H.G. Bonn

The magnetic field parallel
to the x axis of a canted antifer-
romagnet causes a rotation of
spins in the xz plane (i).In these
conditions 53Cr NMR spectrum in a
single crystal of YCrO., is split
into 6 lines due to the antiferro-
magnetic structure and quadrupole
interactions. The measurements
were performed with a phase cohe-
rent spin echo spectrometer at
4.2K. The experimental results for
the central lines are presented in
Fig.1. Gontinous lines represent
the NMR frequencies calculated by
the method described in (2) for
the following parameters: exchange
field 2300 kGs, Dzialoshinsky
field 61 kGs, anizotropy field
775 Gs, hyperfine field anizotropy
constants (3) °C = -4.10-3,
I3 = 5.5.10~3o>deviation angle in
xy plane 0.7 . The calculated field

66

64

10

dependence of the rotation angle
is presented in Fig.2. Knowledge
of the field dependence of the di-
rection of local fields at the nu-
clei enables to solve the problem
of quadrupole splitting. In Fig.2
is presented the experimentally
measured separation between the
satellite lines. The continous
lines are the result of fitting
for the following parameters:

sublatices

1.6 MHz 0

21.5° 22° 1.6 MHz 0

(p , £ , polar and azimuthal angles
of electric field gradient measu-
red with respect to the z and x
axis, respectively,V_ quadrupole
frequency, t[ asyme try "parameter.
Concluding, it can be stated that
the electric field gradient in
both sublattices is approximately
parallel to the axes of oxygen
octahedra (4).
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A 35C1 and 5 1V NMR and NQE Study of

Vanadylesterchlorides

Kurt Paulsen, Dieter Render and Hans Lechert

Generally the direct determ-

ination of V electric nuclear

coupling constants (QCC) can not

be easily carried out, since the

NQR frequencies usually are less

than 2 MHz. Literature values

have therefore been obtained by

indirect methods, such as the

analysis of quadrupole effects in

NMR spectra (1 ).

If the vanadium compound under

consideration contains a second

nucleus (such as Cl) bonded to

QCC(51V) =Va8QCC(35Cl)x

51V, the QCC of which is more

easily accessible, the combined

data obtained from 35C1 NQR
51

35Cl

NMR and V NMR measurements can

be employed to calculate the QCC

of the -J V nucleus by using the

following equation

where e qQ/h is the QCC and

the half width of the NMR signal

(extreme narrowing case). If the

asymmetry parameter 7\ is neglec-

ted and the molecular correlation

times T c for the respective nuclei

are considered equal, QCC(^ V)

can be estimated from the

QCC(51V) values of the title

compounds thus obtained generally

lie between 4 and 10 MHz.

Information on the quadrupolar

parameters QCC and 7) can also be
51

derived from V NMR measurements

in liquid crystals, where - in

analogy to solid state NMR - the

NMR signals are split uue to

quadrupolar interaction (2). The

extent of splitting is however a

function of both the magnitude of

QCC and the order of the mesophase

as represented by the ordering

factor S which in turn depends

among other factors upon the

temperature and concentration.

Investigation into this field are

also presented.
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NQR OF 81
Br IN Rl^ZnBr.: STUDY OF PHASE TRANSITIONS

J.Pirnat, J.Luznik

Z.Trontelj, E.Podreka

^ is a ferroelectric
from the K^SeO^. family (l) and
shows typical signs of incommensu-
rate structure (2) at the medium
temperatures "between high tempera-
ture para-phase (Tj_=355 K) and low
temperature ferro-phase (Tc=200 K ) .
We present here a pure NQR study
on the 81Br nuclei in Rt^ZnBr/ and
an attempt to describe on a sim-
plified point charge model how the
structural changes influence the
NQR lines.

The measured temperature de-
pendence of bromine NQR lines is
shown in Fig.l. Below 1^ the sig-
nals were very weak and their in-
tensities did not recover below Tc

as it happened in the case of
Rb2ZnCl^ 13). Relative intensities
of the split lines in the incom-
mensurate phase varied from sample
to sample. Tentative assignment of
the lines in the para-phase re-
garding the crystal structure (2)
is indicated in Fig.l. It is not
clear at present what causes the
line at 61.5 MHz.

The nearest Rb neighbours of
Br(l), Br(2) and Br(3,4), as used
in our model, are shown in Pig.2.
The coordinate system is simulta-
nously the eigen-system of the cor-
responding EFG tensor. The frequen-
cy shift, calculated as a function
of the local deformation (the dis-
placements of Rb relative to Br) is
also shown. In the calculation
Sternheimer shielding factor -100
was used (4). The measured NQR spe-
ctra can be understood if we assume
that in the incommensurate phase
only the stronger edge singulari-
ties protrude from the continuously
smeared lines (5).
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Fig. 1. Temperature dependence of the NQR
spectra in

Rb(O
OBr(l ) .Rb(2) 0 B r ( 2 ) "RblO O Br (3) »Rb(2)

(MH2l

0.4 0 0.4 UjtA] 0.4 0 0.4 U, [A] 0.4 0 0.

Fig. 2. Relative displacements of Rb atoms
and corresponding NQR frequency de-
pendence at T^ .
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'Br NOR STUDY OF THE INCOMMENSURATE PHASE IN Cs2HgBr^

S. Plesko, R. Kind and H. Arend

I. INTRODUCTION

Cs2HgBr\, at 300 K isomorphous
with B-K2S0,, (Pnma, Z = 4) /*\/, under-
goes three structural phase transi-
tions at Tcj=243 K, Tc2=230 K and
Tc3=165 K / 2 / . In phase I (Tci<T)
the Br ions are situated at three
chemically inequivalent sites Br1,
Br2 and Br3. Phase II (Tc2<T<Tci)
is incommensurate, at Tc 2 a lock-in
transition occurs at the F-point of
the Pnma Brillouin zone and leads
to phase III (P2j/n, Z = 4) .

II. 8 1Br NOR MEASUREMENTS

No echoes of 8 1Br NQR signals
can be obtained in phases I and II.
The width Av-15-20 kHz of all three
lines in phase I is determined by
the relaxation time Tj^1B ysec. On
lowering the temperature the Br2
and Br3 lines broaden and they dis-
appear at Tci . They cannot be ob-
served directly in phase II. Below
Tc2 the Br2 and Br3 lines become
suddenly visible, their width Av = 20
kHz is no more determined by Ti.

Only the Br1 signal can be ob-
served directly in the incommensu-
rate phase, where it splits into
two equally intense peaks (Fig,1],

92.2 -

230 240

however,we are not able to measure
the exact line shape. The splitting
is removed in phase III. The line
width of the Br1 signal does not
change as drastically as those of
the Br2 and Br3 signals.

III. DISCUSSION

The broadening of the lines
at Tci (i.e. the decrease in Tj) is
due to the critical slowing down of
the soft mode. The short relaxation
time in the incommensurate phase II
can be explained with the existence
of low lying phason mode.

From symmetry properties of
the order parameter p it follows,
that the NOR frequency Vq at the
Br1 site is a symmetric function of
p in phase II / 2 / . If the quadratic
term of the order parameter p domi-
nates in the power expansion of Vq,
then we obtain for the line shape
f(Av) of the Br1 signal in the
plane wave model aproximation:

Figure 1. The splitting of 8 lBr
signal from Br1 site in phase II.

f(Av) <* 1//Av (k-AvT .

Singularities occur at frequencies
v'=Vq and v"=Vq+k, both with equal
intensity. This agrees well with
the observed behavior of the Br1
signal in phase II, The splitting
does not exceed 200 kHz because the
EFG tensor at the Br1 site is rath-
er insensitive to the modulation of
the structure in phase II (mainly
the rotations of the HgBr., tetra-
hedra around the crystal x-axis) ,

Great modulation effects are
expected at the Br2 and Br3 sites,
thus their signals become too broad
to be observed directly.
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THE USE OF THE ZEEMAN POWDER METHOD IN NOR FOR DETERMINING
THE ASYMMETRY PARAMETER IN THE CASE OF SPIN 1 = 3 / 2

M. Read

B.M. Rao

I. INTRODUCTION

The Zeeman effect on the NOR
of 35QI j_n powder samples of p-di-
chlorobenzene and p-chloroaniline
has been used to determine the a —
symmetry parameter my_ of the EFG
tensor, according to the method of
Morino and Toyama(i). The method
has been used here, to clarify a
confused situation as regards the
value of n\ of the h-f chlorine si-
te in mercuric chloride <,

A frequency- and phase-locked
superregenerative oscillator spec-
trometer was used to obtain the
Zeeman powder patterns.

II. RESULTS

A. p-DICHLOROBENZENE

The pure NQR line-width was
measured to be 970 Hz on the pow-
der sample used. The widthsc5 -] of
the deflections observed on the
patterns which provide the infor-
mation on/r\. were measured at
fields up to 101 G and the extrapo-
lation procedure as described in
(1) applied to obtain nr̂ . The value
of 8% was found, in agreement with
those reported earlier. Fully re-
solved deflections on the patterns
appeared first at 23 G for which
the measured cJ1 amounted to 1150
Hz, i.e. larger than the pure NQR
line-width, as expected(i),

Bo MERCURIC CHLORIDE

Values of e\ for this compound
were published, ranging from 8% to
70% for the h-f chlorine site,, Al-
though those at ca. 10% are agreed
on(2) they depart from the value
to be expected from theory(3) whi-
ch favors a small one„ Our experi-
ments on powders up to 120 G to
determine /r\ persistently yielded
3%o Surprisingly, fully resolved
deflections showing up first at

10 G gave a value of d <| =490 Hz
less than the pure NQR line-width
(830 Hz). Questioning our value of
n^ at first, we surmised that the
peculiar behavior of6 1 was per-
haps interfering with the proper
measurement of ir\ by the powder
method.

C. p-CHLOROANILINE

Powder patterns were recorded
up to 101 G. At 20Gwhere the def-
lections were first fully resol-
ved , a value of 61 =1150 Hz was
measured, less than the pure NQR
line-width (1760 Hz). This case is
thus similar to that encountered
for mercuric chloride. However,
the value of nr\ obtained from the
measurement of d -\ came to 4%, in
good agreement with that obtained
from a single crystal(4).

III. DISCUSSION

The fact that a correct value
of rc\ is obtained for chloroaniline
invalidates the hypothetical inter-
ference, in the case of mercuric
chloride, between the process in-
volved in the measurement of/r̂  ,
and one responsible for the unex-
pected occurence of measurable
3i's coming out to be less than
line-width, and thereby, gives cre-
dit to our value of 3% for «v f o r

the h-f site in mercuric chloride.
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TEMPERATURE DEPENDENT g-SHIFT IN A MIXED MAGNET

Peter M. Richards

F. Wai drier

Measurements have previously been re-
ported (1) of a temperature dependent
g = 2.0 + a/T in a mixed Cu, Mn 2-dimen-
sional system (CH3NH3)2CuxMn]-xCl4. The VT
(T = absolute temperature) variation is ob-
served between room temperature and below
50 K, where a/T is such as to make g= 2.16,
the value for the pure Cu (x = 1) system.
We show that this behavior can be under-
stood in terms of simple equations of mo-
tion similar to those for a ferrimagnet and
by invoking a ferromagnetic interaction be-
tween the Cu- and Mn-spins which, according
to mean field theory, must be rather large.

We assume that spins A (Mn2+, SA = 5/2)
and B (Cu2+, SB = 1/2) occupy sites in a
planar square lattice sustitutionally with
probabilities (concentrations) XA and xg.
The exchange constants between neighbor-
ing spins are denoted Jmn with
JAA < 0, JBB > 0, and JAB > 0.

-z - 1 Sm(Sm + 1)
V " 3 kj

D

The two equations of motion for a lin-
earized mean field approaximation write
(m,n = A,B and B,A)

§m = -iwmSm + 8Jr:inVSn>S+m " 8 JmnY Sm > Sn"

with u m = gmyBohrHo. The total magnetiza-
tions Mm are proportional to wmXmSm. For an
exp(-iwt) dependence, we get the two equa-
tions

with

We select the low frequency mode and

| I
we assume that | TA+TB I » IWA-WBI- The
geff-value of this mode is then

9eff = g A + (% " S A H V C I + <*))

with a = (xA<sJ>)/(xB<S^>) .

To evaluate this ratio a well above
the ordering temperature of the mixed sys-
tem, we determine <Sjfj> by the first term of
mean field theory

These two coupled equations for <S^> and
<Sf3> easily yield a. Since S/\ » SB and if
XA » XB, the ratio a is nearly proportion-
al to T: a=T/CwithC = 8SB(SB+1 )JAB><B/
(3kB).

If a » 1 the deviation of geff from
gA = 2.0 is indeed proportional to VT.

ESR-measurements of mixed Cu, Mn 2-
dimensional single crystals gave a strong
line with geff = 2.0 + a/T. The VT-varia-
tion has been observed at 9 GHz for Ho par-
allel to the layers between room tempera-
ture and below 50 K, where a/T is such as
to make g = 2.16 (1).

Recently, ESR-investigations at 35 GHz
confirmed the VT dependence for Ho normal
to the layers with g = 2.03 at 50 K (2).

A numerical fit to the experimental
data (XA "* 0.8) would give J A B A B ~ 200 K-
This large value might indicate the limit-
ations of mean field theory for this mixed
2-dimensional system.
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87Rb NMR LINESHAPE STUDY OF THE INCOMMENSURATE PHASE OF Rb2ZnCI4

V. Rutar, J. Seliger B. Topic, R. Blinc and S. Zumer

F. Milia

I.P. Aleksandrova

j ^ undergoes two successive phase
transitions! 1) at T, = 302 K and Tc = 189 K.
When approaching T| from above the paraelectric
phase becomes unstable against a soft mode with
a critical wave vector q§ which lies at a general
point in the Brillouin zone. The intermediate
phase is thus characterized by a frozen—in dis-
placement wave incommensurate with the un-
derlying lattice(2). Translational periodicity is lost
and the three-dimensional unit cell can not be
defined. On further cooling displacements are
locked—in to commensurate values and ferro-
electricity appears at Tc. The unit cell is now
tripled with respect to the one in the para-
electric phase.

The number of physically nonequivalent
nuclei is usually small and so NMR spectra of
commensurate phases contain a limited number
of resonance lines. On the other hand in the
incommensurate phase — due to the lost of the
translational periodicity — practically we have an
infinite number of nonequivalent nuclei. The
NMR spectrum therefore consists of a quasi-
continuous distribution of frequencies instead of
sharp lines(3—5).

Below T| each paraelectric 87Rb NMR line
broadens into a continuum which is limited by
edge singularities. The frequency separation
between them increases with decreasing tempera-
ture. The results are explained within the "plane
wave" limit where displacements (u) are given by

u = u0 cos (q6 z + 4>0) .

Here uQ denotes the amplitude of the dis-
placement wave, q§ is the "incommensurate"
wave vector which points along the z direction
in the present case, while the phase <t>0 is
supposed to be constant. The NMR frequencies
of 87Rb nuclei are functions of u and the devi-
ations from the paraelectric values are approxi -
mated by

V = u(u) = C1 U + C2 U
2 + ...

The coefficients c1 and c2 depend on the site
symmetry and the orientation of the external
magnetic field.

The frequency distribution f(i>) is obtained
from the relation

Hv)dv = p(z)dz

where the density of the nuclei p(z) = p0 is ap-
proximately constant (3). Therefore singularities
appear in the spectrum, if dv/dz = 0. Since v is
an indirect function of z we have two possibilities:
(i) du/dz = 0, when u = ± uQ

(ii)df/du = 0, when u = — C^I2C2

The case (i) is satisfied through the whole incom-
mensurate phase, therefore two singularities v+
always appear:

v± = v(± u0) = ± c, C2uo

while a third one at the frequency v% = — c,/4c2

is observed only, if u0 > | - c 1 / 2c 2 | .
The difference

" + - " _ = 2c, u0

is proportional to the amplitude of the displace-
ment wave which can be taken as an order para-
meter:

The critical exponent 0 is determined by plotting
log(c+ -c_) versus log(T, —T).The value (3 =
0.36+ 0.04 is significantly smaller than the classi-
cal one (0.50), but agrees fairly good with neutron
scattering measurements (6).

Additional lines which indicate domain-like
structure start to appear close to Tc and they
might indicate presence of "narrow solitons".
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EPR-INVESTIGATION ON SOLUTE REDISTRIBUTION DURING PHASE

TRANSFORMATIONS IN RAPIDLY FROZEN IONIC SOLUTIONS

Werner W. Schmidt and K.G. Breitschwerdt

Previous EPR-investigations of
quenched dilute solutions of Cu(II)
salts in water (1) and ammonia (2)
have revealed that at 77K the solute
is segregated into regions with
amorphous or crystalline structure,
enclosed in the crystalline solvent.
At elevated temperatures the amor-
phous phases crystallize, again ac-
companied by solute redistribution
in some systems, and finally melt
far below the melting point of the
pure solvent. The driving force for
solute redistributions has been
shown to arise from growing crystal-
line phases (1). The present work
examines the structure of frozen
solutions in methanol, a solvent
which unlike water and ammonia soli-
difies in the glassy state upon
quenching.

The solutions were quenched to
77 K within about 5 seconds. The
x-band EPR spectrum of a 0.05 M
CuCl^-methanol solution at 77K shows
the powder patterns of two magneti-
cally dilute Cu(II) species (elec-
tronic and nuclear spin quantum num-
bers 1/2 and 3/2, respectively) with
different g<( tensor elements (2.46
and 2.43) but nearly identical gj_
and hyperfine tensor components
(gj. =2.11, AH /g,,-fi = lo3 G, A x /gj_-J?>
<lo G). The spectrum is consistent
with a homogeneous distribution of
Cu(II) in glassy methanol.

The spectra are temperature in-
dependent up to 124K. At this tem-
perature the powder spectrum of a
new magnetically dilute Cu(II) spe-
cies can be seen with g tensor com-
ponents differing from those given
above. Since temperature is above
the glass transition temperature of
methanol (Io3 K (3)) the transforma-
tion at 124K is attributed to the
spontaneous crystallization of the
glassy solvent.

Between 148 and 154K a symme-

trical line centered at g= 2.17 and
with a half width of 2oo G grows
out of the powder spectra. Above
154K only this line survives being
unchanged up to the melting point
of methanol (175K). Above 175K the
spectra show the poorly resolved
hyperfine structure attributed to
the homogeneous liquid solution (4).
A symmetrical line from Cu(II) can
be expected if, at higher concentra-
tions, spin-spin interactions smooth
out the hyperfine structure (1).
Thus the spectra above 148K indicate
that between 148 and 175K liquid
high concentration regions are en-
closed in the solid solvent. The
spectra between 148 and 154K show
that the liquid regions do not form
at a uniform temperature.

The spectra give evidence that,
although the solution solidifies ho-
mogeneously upon quenching, the so-
lute is distributed inhomogeneously
above 148K. Similar phenomena in
water and ammonia (1,2) suggest that
the solute redistribution in metha-
nol arises from the spontaneous
crystallization at 124K. Then, the
features of magnetically dilute
Cu(II) species in the spectra bet-
ween 124 and 148K indicate that the
mean distance between Cu(II) in the
solid segregation regions is larger
than the range of spin-spin inter-
actions (« lo 8) .
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MAGNETIC ORDERING IN THE SINGLE CRYSTAL OF DI-P-ANISYL

NITRIC OXIDE, STUDIED BY NMR

Osamu Takizawa

The antiferromagnetie ordered state of
an organic free radical crystal, di-p-
anisyl nitric oxide (DANO,Fig. 1), was
investigated by H-BL-NMR. In the DANO mo-
lecule the unpaired electron is delocali-
zed in the ir-orbitals of the two phenyl
rings and N-0 bond.

H Figure Caption
Figure J. DANO.

The magnetic susceptibility and the ang-
ular dependence of ESR line width showed
the two dimensional exchange characters
between spins (1) as was suggested by the
crystal structure (2). The intra-plane ex-
change interaction is J/K ~ 2.45 K. The
antiferromagnetic transition temperature
(T ) was determined to be 1.67 K from the
results of BL-NMR and the magnetic suscep-
tibility (1,3). In the antiferromagnetic
state, the antiferromagnetic resonance
(AFMR) suggests that the magnetic moments
are aligned perpendicular to the crystal-
lographic a-axis. The magnetic anisotropy
field (Ha~300 Oe at 0 K ) is considered
to be originated from the dipole-dipole
interactions.

To investigate the magnetic ordered
state in more details, the measurements of
BL-NMR and ENDOR are performed for both
concentrated and diluted crystals. In the
paramagnetic state of concentrated system
and in the diluted system, the hyperfine
(hf) coupling tensors contain the contri-
butions from the following three terms,
., . . . , . .intra .inter
(hf)coupling) = A. + A,. +A,. ,

v . ..iso dip dip
, . .intra , .inter r ,
where A. , A,. and A,. mean the

iso dip dip
isotropic hyperfine coupling, intra-mole-
cular dipole-dipole coupling (anisotropic
part of hf coupling ) and inter-molecular
dipole-dipole coupling , respectively.
Those terms can be determined by analyzing
BL-NMR at 4.2 K for concentrated DANO cry-
stals and ENDOR for DANO in the diamagne
tic matrix crystals (di-methoxy benzophe-
none as a matrix crystal), From the angu-

lar dependences of both NMR and ENDOR ,the
hf tensors for 2 sets of 16 inequivalent
ortho protons are determined. These can be
analyzed in terms of respectively:

NMR: A. + A V?tra+ A ^ t e r

iso dip dip
ENDOR : A.^- A J ?

t r a

The'se results are useiipto determine the spin
density distribution in the molecule; the
dipolar contributions are estimated by ass-
uming the Slater atomic orbitals for the
electron position.

The NMR measurements in the magnetic
ordered state are performed at 1.3 K,where
T/TN~0.75. The resonance lines from 4 sets
of inequivalent protons are observed sugg-
esting that the spin system is divided into
two sublattices. The proton in the magnetic
ordered experiences the magnetic field as:

H= H Q + 1L f
= H +{ A. + A^i1 ra+ Aj11 er.

Here the proton is assumed to belong to the

™?nte-r1(r ™ . ̂ " f **« ^nter . .inter
A,. is dividede into A and A^_
whiBh means the dipolar coupling tensors
from sublattice I and II, respectively.

Below 1.67 K, the shifts of the reso-
nance positions with respect to the free
proton position are both negative and po-
sitive. Moreover, these shifts are not
proportional to the magnitude of external
magnetic field. At 1.3 K, the angular de-
pendence of resonance fields was examined
at 26 MHz. The spin-flip transition is not
observed. The angular dependence of reson-
ance field is successfully analyzed in
terms of hf tensors and the anisotropy of
easy-plane type which is consistent with
the results of AFMR (1) .

In this crystal the obtained anisotropy
is small, as is also observed in some other
organic crystals (4). This can be conside-
red to be a characteristics of the organic
free radical crystals with delocalized
spin.
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THEORY OF QUADRUPOLAR RELAXATION IN THE INCOMMENSURATE PHASE

S. burner

In this contribution some results of a theo-
retical study of the nuclear quadrupolar rela-
xation in the incommensurate phased)
existing in the temperature interval [Tc,Tj] o-
are presented.

Below T; the static displacement is described
(1) by:

u(z) = A cos(qsz + 0),

where in MFA A « (T j -T )HThe phase 0 is con-
stant and qs is incommesurate in the plane wave
limit. The soliton limit is described by a commen-
surate qs and by a "step"—like function for 0 (1).

The relation between u and NQR frequency v
determines the distribution f(v). For sake of sim-
plicity we assume a linear relation:

v = v0 + v^ cos(qsz + 0) ,

which in the plane wave limit gives for f(i>) a
simple function (2) represented on the Fig. 1a,
while in the soliton limit the spectrum consists
of p lines. There are two modes which contribute
to the relaxation: i) amplitudon, whose contri-
bution is important at u ~ A (Fig. 1b), has a
soft mode like dispersion:

u\ = 2 a ( T | - T ) +xk 2 ,

where £ = q - q s ; i i ) phason, whose contribution is
important at u ~ O(Fig.1),
has in the plane wave
limit the dispersion

"v? ~ w e x + K »

where coex has only ex-
trinsic origin so that it
can be relatively small. In
the soliton limit the
phason spectrum has two
branches: one corre-
sponding to the discom-
mensurations (k£C -nib)
with a similar dispersion
relation as above, and
another corresponding to
the commensurate
domains (k_> nib):

Fig. 1 a) Line shape and
relaxation rates due to
amplitudons and phasons,
b) phason and amplitudon
distorsion of the incom-
mensurate displacement.

with intrinsic cojn and
intersoliton distance
b«b o l n (1-T c /T ) .

Taking into account
both modes one can

Fig. 2 Temperature dependence of: a) spin lattice rela-
xation and b) line intensities.

express T j 1 as a sum of amplitudon and phason
part:

V V ry V V Q

1 1
where:

-1/2

. . plane wave

. . domains
[ln(1 — Tc/T)]"1 . discommensurations

Both frequency dependencies are shown on Fig. 1a,
while the temperature dependence of T^1 is taking
into account the finite resolution of the spectro-
meter, shown schematically on Fig. 2a.

The detection of a certain NQR line depends
on the number of nuclei which are involved. Here
the relative number of nuclei Ij which contribute
to the incommensurate part of the spectrum can
be expressed as Ij « [1 -c ln (1 -T , . / ! " ) ] " 1 , while
the rest ( lc) contributes to the commensurate
part. On Fig. 2b are besides Ij and lc as well the
T —dependences of the line intensities J. For
commensurate lines is J « lc, while the intensity
of incommensurate "lines corresponding to f(«»0 ±
v.\) is influenced by the incommensurate broadening
as well: J.,* lj/(1 + c'/Tj - T ) .
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NMR STUDY OP THE PROTONIC CONDUCTOR H^Sb^O.^, 3

H. Arribart

Y. Piffard

The compound H2SbijO;L]_, 3 H2O is
a fast ion conductor, whose struc-
ture consists of a covalent Sb4O]_]_2-
skeleton which delimits channel si-
tes in which H20 molecules and H3O"

1"
ions take place (1). These extra
oxygen atoms are linked together
and to the oxygens of the skeleton
by a quasi one-dimensional network
of hydrogen bonds in which all the
protons participate (2). It has of-
ten been proposed that the existen-
ce of such a hydrogen-bonded net-
work is favorable for proton conduc-
tion which should occur by the com-
bination of proton jumps from one
side of the hydrogen bond to the
other and rotations of H^0+ ions or/
and H2O molecules. We present here
NMR results which evidence such a
conduction mechanism in
3 H20.

Using wide-line and pulsed ex-
periments, we have studied the evo-
lution of the 1H NMR spectrum as a
function of temperature (2). At l80K
begins a strong motional narrowing
that averages to zero both the in-
tramolecular and intermolecular in-
teractions and that we relate the-
refore to ionic diffusion. The tem-
perature dependences of the relaxa-
tion times T]_ and T 2 are shown in
figure 1. Two different regimes can
be distinguished : The relaxation
is strongly temperature-dependent
below 26OK and varies slowly with
temperature above 26OK. Conductivi-
ty measurements also evidence a knee
at 26OK (1) which proves that the
relaxation mechanism is closely lin-
ked to ionic conduction. Our data
can be analyzed using the BPP model
for which T 2 is given by T 2 ~ 1 = Y

2 M ? T
where M2 is the second moment at
temperatures just below the onset
of the narrowing and T the correla-
tion time of the motion. We find
that x can be written as the sum of
two contributions : T =T-^+T2, where
f]_ and T2 have an Arrhenius tempe-
rature dependence. For t]_ the acti-
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vation energy is O.36 eV and the
preexponential factor is ~2.1O~15sec
which is typical of reorientation
of H20 or H-jO

+ molecule. For T 2,
these quantities are equal respec-
tively to 0.075 eV and ~5.10-10Sec.
The small energy barrier and the
very large preexponential factor in-
dicate a non-classical motion that
we attribute to the proton jump in
the hydrogen bond. For T < 2 6 O K , T - T]_
and the relaxation is governed by
T-J_, while it is governed by T 2 for
T > 26OK.

We conclude that the relevant
mechanism for ionic diffusion is
the succession of two elementary mo-
tions : a proton jump inside the hy-
drogen bond and a reorientation of
a H20 or Hv0

+ molecule.
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HETERONUCLEAR SPIN DECOUPLING IN THE PRESENCE OF THERMAL MOTION

Horst Ernst, Dieter Penzke, and Harry Pfeifer
Sektion Phyaik

Highly resolved C-13 spectra
of molecules adsorbed on solid
surfaces can be observed at higher
temperatures using conventional
Fourier transform techniques and
yield valuable informations about
the state of the adsorbate(1),(2).
At lower temperatures the situa-
tion becomes similar to the solid
state, and it is necessary to re-
duce the line width caused by mag-
netic dipolar interaction through
proton decoupling as is well-known
from literature (3). At intermedi-
ate temperatures however,inspite
of high values for the proton de-
coupling field, the broadening of
the C-13 resonance cannot be redu-
ced to values which are necessary
for a measurement of chemical
shifts(4). Assuming magnetic dipo-
lar I-S interaction and resonance
condition, a general short-corre-
lation time theory for this effect
is presented (4). The resulting
relaxation rates are denoted as

R.• IS and in theIO S0
following figure where the paths
for the polarization transfer of
the rotating components HL-and Mo

of the I and S spins are shown
schematically if one assumes that
S are rare (C-13, Si-29) and I are
abundant (H-1) spins. R^ and Rsg

denote the well-known short-corre-
lation time relaxation rates in
the rotating frames formagnetic
dipolar I-I and S-S interaction,
R-lj) is the dipolar relaxation rate

(5) and Rc (3), (6),andc ^ ^

(7),(8) are the relaxation rates
for infinite thermal correlation
time (limiting case of solid state)
This scheme includes as special
cases relaxation in the rotating
and laboratory frames and cross-
polarization between I and S
spins.

IC

SI

- RS I
Mc

RSS

LS0

I S

L A T T I C E

Experimental results for C-13 en-
riched butanol ( CH3-CH2-CH2-

CSH2OH ) adsorbed in a NaY zeolite
are given for the temperature
interval -150 °c ... +90 oc where
the above mentioned effect was
observed for the first time (4).
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PROTON MAGNETIC RESONANCE LINESHAPE

MEASURENEBTS IN THE PALLADIUM HYDROGEN SYSTEM

Sydney R. Kreitzman and Robin L. Armstrong

I. INTRODUCTION

PdH exhibits interesting low
temperature behaviour as a result
of the profound modification of the
electronic structure caused by the
interstitial protons. Current in-
terpretations of neutron scattering
and thermodynamic data support octa-
hedral occupation. Recent neutron
diffraction studies suggest non-
random octahedral occupation at low
temperatures.

II. PROTON LINESHAPE DATA

Proton magnetic resonance line-
shapes in PdH(x) for x= .82 and .65
were obtained from Fourier trans-
forms of apodized free induction
decay signals as a function of
temperature. The triple peaked
absorption signal is a composite
of a narrow, weak central compon-
ent and a doublet consisting of the
two, strong broad outer lines. The
spectrum narrows as the proton dif-
fusion rate increases as expected
if proton-proton interactions are
responsible for the structure.

III. THE DOUBLET COMPONENT

This component is reminiscent
of the well known Pake pair spec-
trum. Assuming a classical dipole-
dipole interaction between protons
the distance between the peaks
suggests a pair separation of
1.80±0.04 A. This separation agrees
remarkably well with the nearest
octahedral-tetrahedral site separa-
tion. Since such pairs separated
from one another by >2.5 A are in
principle possible at the concentra-
tions studied the observed doublet
is consistent with non-random
octahedral-tetrahedral occupation.

In contrast,
occupation only,

for octahedral
the concentrations

are too high to permit isolated
pairs of protons and the overall
width of the doublet is much too
large to be explained by the class-
ical dipole-dipole interaction. To
account for the doublet one must
invoke an additional interaction
such as an anisotropic electron
mediated coupling between the pro-
tons which gives rise to the appro-
priate local symmetry. In order
for such an indirect hyperfine
interaction to be important, elec-
tronic correlations must exist.
The intersite correlation parameter,
e, has been determined from a com-
parison of the Zeeman and internal
spin-lattice proton relaxation
times; |e|>>0. Therefore, it is
possible that the modification of
the electronic structure caused by
the interstitial protons is respons-
ible for the observed doublet.

IV. THE CENTRAL COMPONENT

The central component is narrow
and temperature independent but
strongly concentration dependent.
A standard spin echo has been ob-
served and unambiguously associated
with this component. The explanation
is that quantum diffusion first
narrows the line but then some
broadening is reintroduced by static
inhomogeneities due to the secular
part of the dipolar hyperfine inter-
action. The degree of asymmetry of
the powder spectrum due to the
presence of this Knight shift de-
pends on the exchange frequency -
fast exchange results in a symmetric
line and slow exchange in an
asymmetric line.

V. CONCLUSION

The triple peaked structure of
the proton lineshape dictates a
profound modification of the elec-
tronic structure of Pd by the
interstitial protons.
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INVESTIGATION OF POINT DEFECTS IN METALS BY

NUCLEAR ACOUSTIC RESONANCE

V.Miiller, D.Maurer, U.Bartell, E.J.Unterhorst,
and G.Schanz

In solids containing nuclei
with nonzero electric quadrupole mo-
ment, both ultrasonically induced
nuclear spin transitions JAm|=1 and
lAm|=2 can be observed with Nuclear
Acoustic Resonance (MAR). There is,
however, a marked difference in the
quadrupolar [Am|=1 (NAR1)and |Am|=2
(NAR2) transition probabilities.
While in NAR1 the transition proba-
bility increases with increasing
quantum number |m|, like in NMR the
NAR2 transition probability decrea-
ses with increasing |m| . On the other
hand, as in the presence of an electric
field gradient (EFG) the resonance
frequency U)m,m' will depend on the
quantum numbers m' and m themselves,
the NAR1 lineshape should be by far
more sensitive to fluctuating and
static EFG's than the NAR2 (or NMR)
lineshape. This is demonstrated in
Fig.1 for a hydrogen free single
crystal Nb where - contrary to the
NAR2 line - the quadrupolar NAR1
signal shows an anomalous behaviour.

D2n

Fig.1 Derivative of the NAR1 (left)
and NAR2 (right) absorption
lines in a single crystal Nb.

However, from a detailed analy-
sis it can be concluded that neither an
(averaged) static EFG nor cross re-
laxation processes (1), caused by
diffusing hydrogen (like in Ta (2,3))
are responsible for the observed
NAR1 lineshape. The latter is well
confirmed by our experiments when
regarding the ratios (DuD/D2n)

 a n d

(D-|b/D-|d) (for definition see Fig.1)
which for Nb are found to be (D-|]-,/D2n)
= 2.58 and (D-jb/D-id) =3. 7 , whereas

cross relaxation processes should
lead (on the magnetic field scale)
to: (D-ib/D-ia) =9.2 . Furthermore, as
a consequence of sample preparation
and due to the small quadrupole mo-
ment (0.2b) of the Nb nuclei, cross
relaxation effects should be negli-
gible small in well annealed single
crystals of Niobium.

On the other hand, as in "pure"
single crystals of Niobium the amount
of"quasistatic" impurities (like
oxygen) desolved on interstitial
lattice sites is about 2-10~2 at% ,
their influence cannot be neglected
in NAR. In fact, when deriving the
distributuion function of the quadru-
polar frequencies oug of statistically
distributed static point defects, we
obtain - by applying a more adequate
treatment than the random walk
theory - a NAR1 lineshape function
with a dip in the center thus lead-
ing to the NAR1 derivative line
shown in Fig.1 .

Summarizing our experimental
NAR results in Mb and those of
Strobel et al. (2,3) in Ta (contain-
ing low concentrations of highly
mobile hydrogen), it may be con-
cluded that NAR is a particular use-
ful tool in investigating both mo-
bile and static lattice defects.
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THE INFLUENCE OF THE TEMPERATURE ON THE MEAN FREE PATH OF

MOBILE DISLOCATIONS IN SODIUM CHLORIDE SINGLE CRYSTALS

INVESTIGATED BY THE SPIN-LOCKING TECHNIQUE

W.H.M. Alsem, J.T.M. de Hosson

H. Tamler, H.J. Hackeloer.
0. Kanert

INTRODUCTION

The technique of nuclear spin
relaxation measurements has been
applied in the study of disloca-
tions moving under the influence
of external stresses [1]. In order
to determine the mean free path of
mobile dislocations the spin lat-
tice relaxation time in the rota-
ting frame, T-̂  , is measured by a
spin locking sequence. The relax-
ation caused by the motion of dis-
locations is given by [2]

1 _ Ae (l)

where A represents a quadrupolar
constant,S the Burgersvector of
the dislocations, <j> a geometrical
factor, HD and Hg the local dipolar
and quadrupolar fields and H^ the
locking field, e the plastic defor-
mation rate,
path.

and L the mean free

EXPERIMENTS

Relaxation measurements have
been performed on NaCl [001]single
crystals doped with different
amounts of CaCl2 ranging from 17
to 340 Mol ppm at room temperature
[1], and on ultra pure crystals in
the temperature range from 10 to
270°C. The dynamic enhancement of
the relaxation, (T"1) , caused by

jumping dislocations is given by
the difference between the spin-
lattice relaxation rate while the
crystals were plastically deformed
and the relaxation rate, (T"1) ,

obtained without deforming the
crystal.
In fig.l spin lattice relaxation
rates have been depicted as a func-
tion of temperature for ultra pure
single crystals of NaCl (imp.cone.
£ lOppm) and for crystals contain-
ing 40 Mol ppm Ca + + ions.
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From eq.(l) a mean free path L for
moving dislocations of 1.Oym is
obtained at room temperature. Above
150°C (T71) increases for both

X P bl
dotated and pure crystals with an
activation energy of 0.89 eV be-
cause the migration of vacancies
becomes important; the mobile dis-
locations are assisted in passing
the obstacles. This gives a de-
crease in (T"1)- from the same

lp D
temperature where (T71) starts

1 P o 1
to increase. In the measurements
of the dynamic relaxation rates
(T"1) on doped crystals the de-
crease of L at 270°C is caused by
the fact that the number of obsta-
cles, because of dissolution of
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ESR STUDY OF Gd AND Nd IMPURITIES IN LaRh2Hx HYDRIDES

G.E. Barberis, D. Davidov, H.D. Dokter, and I. Jacob

We report an Electron Spin Resonance
study of Gd3+ and Nd3+ in the hydrides
LaRh2Hx (0:=xs5) at liquid helium temperatu
res. The hydride LaRI^HE presents single
hydrogen-rich metal hydride phase called
the 6 phase. For intermediate hydrogen
concentrations (0<x<5) in LaRh2Hx there is
a coexistence of the 3 phase and hydrogen-
poor phase, the a phase. Our measurements
reveal a single, metallic and relatively
narrow ESR line for Gd3+ and Nd3+ in all
the hydrides with hydrogen concentrations
x=0,l,1.5,3,3.5. The g value of this line
is equal to that of the hydrogen-free pha-
se, supporting the idea that this signal
originates within the a phase. The rich
phase LaRt^HgiGd exhibits a very broad re-
sonance line. This is attributed to the
amorphous nature of the e phase as evinced
also by the absence of diffraction lines
in X ray measurements of LaRfi^^. The re-
sonance properties exhibit two main featu-
res:
a. The A/B ratio i.e. the ratio between

the maximum and the minimum of the
first derivative of the line (see the
paper of Feher and Kip (1) for defini-
tion of A/B) changes dramatically from
A/B=1.5(Fig.l) for x=0 to A/B=4 for x=3.

b. The intensity of the a phase resonance
decreases dramatically with the increa-
se of hydrogen concentration such that
for x«4 one can hardly see this resonan
ce any more. This feature manifests
itself also in other hydrides.

The change of the A/B ratio upon hy-
drogenation can be explained by the presen
ce of two phases and conduction electrons"
diffusion at the interfaces between them.
Recently Zevin (2) has developed a theore-
tical model, which assumes two metallic
slabs in contact having different conduc-
tivities and skin depth. This model pre-
dicts a large deviation of A/B from the
diffusionless limit of Dyson (2) depending
on the thickness of the slabs in contact.
Although the "ideal" conditions of Zevin
are clealy different from our experimental
conditions, one can visualize the a phase
as one metallic slab and the g phase as an
other. In the frame of this assumption
the change in A/B in our measurements can

be explained by the change of the amount
(thickness) of the 6 phase hydrides.

The fast drop in the line intensity
upon hydrogenation might indicate that the
hydrogen diffuses into the metallic grains
via all the surface area in the hydrogena-
tion process. Thus, for large hydrogen
concentrations the a phase is completely
surrounded by the e phase which does not
allow microwave penetration by virtue of
the skin effects. In such a case a large
drop in the a phase line intensity is ex-
pected as was found experimentally.
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Fig.l-ESR spectra of Gd in LaRh2Hx. The re-
sonance at g=2.6U is due to Nd3 .
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SPIN PACKET LINE SHAPE IN DILUTE RUBY

R. Boscaino, C. Cusumano and F. M. Gelardi

An inhomogeni2ous spin system is described

as a collection of independent spin pack-

ets (1) and it is experimentally investiga-

ted by the spin echo and the c.w. satura-

tion methods. However,the spin echo method

can be used only for a strongly inhomoge-

neous system and the c.w. saturation data

can be interpreted by making an arbitrary

assumption on the lineshape g(«) of a sin-

gle packet. We present here an experimental

method valid for any inhomogeneity degree

and suitable for determining the lineshape

of a spin packet.

When the spin system is radiated with high

power abruptly turned on,the magnetization

varies from 1±ie non saturated to the satu-

rated value \2),initially in an exponential

way exp(-t/c) and, at intermediate times,

with a behaviour which depends strongly on

the form of g(CJ) (3) . In fact, at interme-

diate times the imaginary susceptibility

at the resonance is given by:

(X" ) ~V (0O) ~

where °L =0.5 for a Lorentzian andoC=l.B for

a Gaussian shape of g(W). Further,the sat-

uration degree is different for different

g(CJ), and, for A 0.5, is approximately:

yj' (O) /%" (0OI= 1.25 SA( 1-0.78 A)

JC" ( 0 ) / Y " (OO)= 0.89 S// LnS

Lor.

Gaus.

where A is the ratio of the homogeneous

and inhomogeneous widths, and S is the sat-

uration parameter. The time evolution and

the final value of V"(t) come out to be so

different in the two cases that the compar-

ison with experimental data can give reli-

able informations on g(CJ) .

The experimental apparatus for the detec-

tion of j£"(t; is described in (2).

We report in the figure the experimental

data obtained on a sample of dilute ruby:

•V"(t) is normalized to its initial value

and is obtained from the behaviour at

short times. Theoretical curves of y_"(t),

calculated for Lorentzian and Gaussian

shape of g(cj), with the experimental values

of S and A,are also drawn for sake of com-

parison. The time dependence and the final

saturated value of £"(t) give strong evi-

dence that in dilute ruby samples the shape

of g(CJ) is more nearly a Gaussian than a

Lorentzian one. Further study on the sta-

tistical properties of the environment of

the Cr^+ ions in dilute ruby is required

to explain the particular form of g(O)

experimentally observed.

Finally, we remark that the strong depen-

dence of the stationary saturation j(_" (00)

on the shape g(t>) of the spin pachets makes

unreliable the determination of A from c.w.

saturation experiments, usually carried

out assuming a Lorentzian g(<J) .
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ELECTRON SPIN-LATTICE RELAXATION IN ONE-DIMENSIONAL MAGNETIC SYSTEMS

D. Bourdel, B. Yotsombati, G. Ablart, J. Pescia

S. Clement, J.-P. Renard

I. INTRODUCTION

The exchange narrowed ESR linewidth
has been extensively studied in quasi-one
dimensional magnetic systems such as
(CH3)4 NMnCl3 (TMMG) and CsMnCl3 2H20
(CMC). Its peculiarities are consequences
of the long-time diffusive decay of spin
correlations in these systemsO). The pre-
sent work investigates the angular and
temperature dependence of the electron
spin-lattice relaxation time T\ in these
two compounds.

II. METHOD

The experiments were done at X band
with a "modulation spectrometer" which
allows the measurement of relaxation times
as short as 10"10s(2).

III. RESULTS

In concentrated magnetic materials,
the relaxation is depicted by the reser-
voir model of Bloembergen-Wang^' . At high
temperature T\ is equal to the Zeeman ex-
change time. In TMMC the interchain dipo-
lar interaction are very small and we
calculated for T = 300 K :

TT^IO9 (3^sin~2e+1.3sin2e2e)s~1

in excellent agreement with the experimen-
tal result (6 is the angle between the
field and the chain axis.

In CMC we must take into account the in-
terchain interactions and here also the
fit is good. Tj becomes temperature de-
pendent below 70 K in TMMC and we find
below 45 K for all orientations, a power
law Tf'oi T' in accordance with a two-
phonon process(4). The high temperature
of the cross-over is however quite remar-
kable and implies the presence of high
energy phonons. In CMC which is a less
perfect linear system we note a similar
behaviour but at lower temperature (fig.l)
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CU IONIC MOTION IN THE SUPERIONIC CUPROUS HALIDES

J.B. Boyce, J.C. Mikkelsen, Jr., and L.H. Robins

The cuprous halides are good Cu ionic
conductors at elevated temperatures. They each
have a low temperature y phase (zincblend
structure) in which the Cu ionic conductivity, a,
achieves a high value of approximately 0.1 (12-
cm)"1 before they transform to the p phase
(hexagonal structure). As the temperature is
increased further CuCl melts, whereas CuBr and
Cu[ transform to the superionic a phase (a ~ 1
(Q-cm)"1) before melting. The Cu spin
relaxation rate below room temperature is due to
phonons but deviates from this T2 rate above
room temperature due to the additional
relaxation rate provided by the diffusing Cu
ions. The Cu63 T2 for CuCl and CuBr at 24MHz
is shown in Fig. 1. For all three halides, the
Cu63 Tx is quadrupolar in origin and exhibits a
variation with Lannor frequency in the 100 to
300°C range, consistent with a relaxation
component due to motion. Above about 300°C
Tx becomes independent of frequency and yet
for CuBr and Cul [2] continues to decrease as
the y->p transition is approached. At the
transition Tx for Cul deviates from the
extrapolated phonon contribution by a factor of
10 and for CuBr by a factor of 5. This was
interpreted in the case of Cul as due to the
melting of the Cu sublattice [2]. For CuCl the
situation differs in that Tx returns to the
extrapolated phonon contribution. Also the rate

due to diffusion, i.e., the total minus phonons,
follows a BPP expression for CuCl but not for
CuBr and Cul. In spite of the fact that all three
materials have comparable ionic conductivities
just below the y~*p phase transition, this
anomalous Tx behavior exists only in CuBr and
Cul, which both have an a phase, whereas CuCl
does not

To further investigate this anomaly, T : was
measured on two CuCl-CuBr mixed salts:
CuBr095Cl005 and CuBr07Cl03. The latter has no
« phase and so is similar to CuCl in the
sequence of phase transitions. The results of
Fig. 2 show that the mixed salts are similar to
CuBr at the y-»y8 transition and above. The
additional disorder on the halide sublattice
increases the quadrupole coupling constants and
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RELAXATION OF ENRICHED 13C IN THE ONE-DIMENSIONAL

CONDUCTOR K2Pt(CN)4BrQ 33.2H2O (KCP)

P.Brenni, D.Brinkmann, M.Mali, and J.Roos

O.Kanert, M.Mehring

Due to strong electron-phonon inter-
action KCP exhibits a periodic lattice dis-
tortion (Peierls distortion or Kohn anom-
aly) accompanied by a re-arrangement of the
electronic density, the charge density wave
(CDW). Recent 195Pt-NMR measurements (1,2)
have provided for the first time evidence
that between 30 K and 100 K non-linear (so-
litary) excitations of the CDW may be pre-
sent. These excitations can account for the
temperature dependence of the line width
and the relaxation times of the Pt-reson-
ance especially for the very short Ti. To
test this model and to probe the influence
of the CDW-excitations on the nearby C-
atoms we have started 13C-NMR in single
crystals with 20 % enriched 1 3C. Standard
pulse techniques with Fourier transform
were employed.

Due to chemical shifts (3) several
13C-lines have been observed in accord with
the crystal structure. We have found no de-
pendence of the shifts on temperature. Some
of the lines broaden at lower temperature
due to the freezing of water rotations
(4). Similar to Pt the relaxation of 13C
is non-exponential. Thus, T] is defined as
the time at which the signal has decayed
to 1/e of its initial value.

The figure shows the temperature de-
pendence of the 13C-relaxation rate for two
different frequencies. No pronounced fre-
quency dependence could be detected. If
present the dependence must be very weak.
However, an unusual thermal hysteresis ef-
fect between 140 K and 70 K has been dis-
covered. Starting at 300 K, on decreasing
the temperature the larger rates are meas-
ured, the data of the 'bump' are observed.
If a temperature below 70 K is reached a
subsequent increase of temperature produ-
ces the lower rates following an Arrhenius
law. After waiting at room temperature for
several hours the same cycle can be reprod-
uced.

Relaxation below 30 K arises from in-
teraction with paramagnetic impurities. The
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data agree with those of Pt taking into ac-
count the only slightly different y's. How-
ever, above 30 K the 13C-rate increases
(with an activation energy E/k = 145 K)
much slower than the Pt-rate (activation
energy 450 K). At 100 K both rates differ
by a factor lO4. If both the strong Pt- and
the weak 13C-relaxation are governed by
coupling to the CDW, one would assume 'con-
tact interaction' for Pt and dipolar inter-
action only for 1 3C. However, the temper-
ature dependence of the 13C-relaxation dis-
agrees with such an assumption. Therefore,
we conclude that the C-relaxation is mostly
due to a different mechanism. The 'bump' in
the relaxation rate could possibly be re-
lated to the onset of 3-dimensional order-
ing below 120 K.
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IONIC MOTION IN g-LiAlSiO4 AND LiI03 STUDIED BY Li-NMR

D.Brinkmann, C.Hauser, M.Mali, J.Roos, and E.Schweickert

While 3-LiAlSiO4 is a 'true' super-
ionic conductor at room temperature LiIO3
is believed to undergo a ionic-superionic
transition around 247 °C. The common in-
terest in these two compounds is that the
diffusion paths are restricted to channels
parallel to the respective c-axis. As a
consequence anisotropies in the relaxation
rate and anomalies in its frequency de- .
pendence are expected.

I. B-EUCRYPTITE, LiAlSiO4

Relaxation measurements using poly-
crystalline samples have been reported
previously (1) and frequency independent
relaxation data have been interpreted in
terms of correlated localized hopping
without long range migration. We have per-
formed 7Li quadrupole splittings and re-
laxation studies on single crystals re-
ceived from Sandia Laboratories and the
M.P.I, flir Festkorperforschung, Stuttgart.

At room temperature two inequivalent
Li-sites have been observed with quadru-
pole coupling constants and asymmetry
parameters eQVzz/h = 124 kHz and n = 0.21
for one site and eQVzz/h = 131 kHz and
ri = 0.68 for the other site. With increas-
ing temperature the spectra change result-
ing in a single quadrupole splitting above
480 K, corresponding to an axial symmetric
(around c) field gradient of coupling con-
stant 64 kHz. Two diffusion processes have
been detected with activation energies 0.13
eV and 0.56 eV. Both cause frequency de-
pendent relaxation (Ti ~ coo<7) which con-
tradicts the results of Ref. (1). T] is
slightly anisotropic (about 30 % around
660 K). The shorter times are observed for
c||Ho and the longer times for cJ.H0.

Crystals doped with 0.1 % and 1 % Fe
exhibit the above mentioned features in a
similar way. Relative to the pure sample
the T-]' s are about 2 and 8 times shorter
in the 0.1 % and 1 % sample, respectively.
Relaxation is probably due to both magnet-
ic and electric interactions.

The experimental results are explain-
ed by a model which assumes an exchange of
Li-ions of the main and the side channels
(along c) thus averaging the field gradi-
ents seen by the Li-nuclei.

II. LiI03

At room temperature this compound may
exist in two stable phases a and 6. In the
a-phase Li-ions are supposed to diffuse
parallel to the pyroelectric axis and the
structural transition at Tc = 520 K seems
to be associated with a transition into a
superionic phase (2).

We have studied the quadrupole split-
ting and the relaxation of 7Li in various
single crystals grown at different pH (ob-
tained from the University of Dijon). In
all samples 4 inequivalent Li-sites with
axial symmetric field gradients (symmetry
axis || c) were observed in contrast to prev-
ious structure determinations. This points
to a possible super structure.

An unusual thermal behaviour of T]
has been discovered. In the pH = 2 sample
below Tc only a slight temperature depend-
ence of T] was observed (Ti * 10 s). Ap-
proaching Tc causes a decrease of T]. How-
ever, on returning to room temperature the
Ti's are about a factor of 2 shorter. Aft-
er crossing Tc once the T]'s jump to and
remain at "• 100 s. A similar behaviour has
been observed in the pH = 6.6 sample al-
though the T-j's are much longer (about 300
to 1000 s). The relaxation times depend on
a) (perhaps 1] ~ v£j). We therefore believe
that LiIO3 is only a very poor ionic con-
ductor and that the relaxation is probably
caused by defects.
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DIFFUSION PROCESSES IN THE SUPERIONIC CONDUCTOR Li'3N

STUDIED BY GLi AND 7Li NMR

D.Brinkmann, M.Mali, and J.Roos

Because of its simple structure U3N
serves as a model substance for studying
fundamental questions about superionic con-
ductors. The N-atom is coordinated by six
Li(2)-atoms in a hexagonal Li2N-plane and
two Li(l)-atoms occupying central sites in
the elementary cell on each side above and
below the Li2N-plane.

From quadrupolar splittings, line width
and relaxation times the presence of two
diffusion processes has been deduced (1,2),
intra-layer diffusion involving Li(2)-ions
only and inter-layer diffusion consisting
of a fast chemical exchange of Li-ions be-
tween sites (1) and (2). The latter, at
least partly, must be responsible for the
high anisotropy of ionic conduction. In
contrast to our results x-ray studies claim
(3) that an exchange of Li(2)-ions belong-
ing to different layers takes place without
involving Li(l)-atoms.

Here, we report on a large body of ex-
perimental data taken between 220 and 670 K
concerning three observables (i) the second-
order quadrupolar shift of the 7Li central
signal, (ii) the various relaxation rates of
7Li and their angular dependence, and (iii)
the relaxation rates of 6Li. Single crystals
from the same batch were used which we ob-
tained from the Max-Planck-Institut fur
Festkorperforschung, Stuttgart.

We use a simple model to describe the
interlayer diffusion process. The time-dep-
endent component V-jj(t) of the electric field
gradient (EFG) tensor 'seen' by a jumping Li-
ion is written as

vij(t) = + P2(t)

where the vjj' are the EFG-components at the
atomic sites (1) and (2). The Pk(t) are oc-
cupation probabilities: P|< = 1 if the ion oc-
cupies site k and P|< = 0 otherwise. The en-
semble averages are <P"|> = V3, <P2> = 2/3. The
transition probabilities W] and W2 corre-
sponding to transitions Am = 1 and Am = 2,
respectively, are calculated yielding

where 6 is the angle between the c-axis and
the magnetic field, T is the correlation
time and the C-j's are the quadrupole coup-
ling constants of the Li-sites.

Following a general formalism develop-
ped in Ref. (4) we get for the temperature-
dependent second-order quadrupolar shift of
the 7Li central signal

Atov = - |^{sin2ecos2e(C1+2C2)

Assuming opposite signs for Ci and C2 our
formula allows a perfect fit of the data.

Finally, it can be shown that the 6Li-
relaxation at e =0° must be due to magnetic
interactions. From all three sets of data
the correlation timeTmay be extracted as
the only adjustable parameter. It turned
out that T is thermally activated x=Toexp
(-E/kT) with x0 = 5 • 10"

1 5 s and E = (0.60 +
0.05) eV for all three sets of data. The
unusually short x0 can be explained by a
high entropy for the formation of temporary
Li interstitials.
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109Ag AND 87Rb NMR STUDY OF THE SUPERIONIC CONDUCTOR RbAg4I5

D.Brinkmann, H.Looser, M.Mali, and J.Roos

Besides exhibiting one of the highest
room temperature ionic conductivities (1)
this compound is of special interest since
it undergoes a structural phase transition
at Tci = 208 K within the superionic phase.
This interplay of ion dynamics and phase
transition prompted us to perform Rb- and
Ag-NMR studies. Furthermore, this struc-
ture offers the chance to study simultane-
ously the quadrupole relaxation of a sta-
tionary nucleus (87Rb, spin 3/2) which de-
pends on site correlations and the magnet-
ic relaxation of a mobile nucleus (109Ag,
spin 1/2) which depends on site and parti-
cle correlations. Poiycrystalline and sin-
gle crystal samples were used, standard
Fourier transform pulse techniques were
employed.

The figure shows the temperature de-
pendence of the 109Ag-relaxation rate in a
5.1 T field together with relaxation rates
of the 87Rb central signal at 2.1 T (2).
Not shown are the data for temperatures be-
low TC2 = 122 K (y-phase) where the Rb T]
is about 10 ms and the Ag-resonance could
not yet be detected indicating that this
phase is normal conducting.

Except for the region around Tel the
Rb-relaxation in the a- and 3-phases can be
fitted by a BPP-type formula

1/Ti = Kv/(v2 + co2),

where K is a measure for the fluctuating
field and v is the thermally activated
jump frequency v = voexp(-E/kT). The fit
yields Vo = 6.0 10 1 2 Hz which is reasonable
for hopping motion and E = 0.13 eV which
agrees in the a-phase with the value of
0.12 eV as derived from conductivity meas-
urements (3).

At the a-3 transition the Rb-relaxa-
tion reveals a critical contribution which
cannot be described by a familiar power
law such as
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[(T - T c l)/T c 1]
n.

On the contrary, it seems to be thermally
activated with a high energy of 0.50 eV.

The Ag-resonance exhibits several un-
usual features. The resonance frequency is
chemically shifted by - 0.09 % with respect
to a 7 molar AgN03-solution. The total
width of the line is less than 250 Hz. The
relaxation was found to be exponential at
all temperatures. Three activation energies
are found, those at higher temperatures
agree with the corresponding values of the
conductivity data. In the g-phase the data
can be fitted by the sum of three BPP-type
formulas thus reflecting the inequivalent
site hopping of the Ag-ions. In contrast to
Rb, the Ag-relaxation rate at Tci slows
down which could be attributed to corre-
lated movements of Ag-ions.
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N.M.R. AND E.S.R. IN DIAMAGNETICALLY DOPED TMMC

S. Clement, Tran Van Hiep, J.-P. Renard

G. Ablard, D. Bourdel, J. Pescia

I. INTRODUCTION

NMR and EPR are good probes for the
fluctuation spectrum of electronic spins
in magnetic materials. With these technics
it has been established that the spin cor-
relation functions follow at long times a
diffusion law in quasi-one dimensional
Heisenberg systems such as (CH3)4NMnCl3
(TMMOO). If, in TMMC, a proportion of
Mn2+ ions is replaced by Cu2+ ions, it has
been shown that the ESR linewidth becomes
broader (2) atld the proton relaxation time
Tj becomes shorter*^). This is interpreted
by a modification of the diffusion coeffi-
cient, due to the presence of impurities
in the chains. We have made measurements
of Tj and ESR linewidth in monocrystals of
TMMC doped by diamagnetic Cd2+ ions ; the
Cd2+ concentration was x = 0.09 and
x = 0.20.

II. RESULTS

A. NMR : we have observed conside-
rable effects due to the dilution. The re-
laxation rate is enhanced by a facteur
- 30 for the most diluted case, and - 15
for the other.This is one order of magnitude
greater than the rates observed in Cu-
doped TMMC with a similar concentration.
This is a direct evidence that the Cd ions
behave as quasi perfect reflectors for the
electronic spin polarization in the
chain(^). Our results cannot be interpre-
ted in terms of diffusion process but, ins-
tead, are explained by the following model:
the impurities break off the chains into
finite chain of n spins ; the normalized
two-spin correlation functions tend, at
long times, towards a constant value -n~ .
This implies no variation of Tj with the
magnitude of the static magnetic field, in
agreement with the experiment. The corre-
lation functions do not persist indefini-
tely but, as in pure TMMC, cancel at a cut-
off time tc which is related to the terms
in the Hamiltonian which do not conserve
the total spin, essentially the non secular
dipolar term. However, when 8=0° (8 is the
angle between the magnetic field and the

chain axis), the decay is probably due to
the secular dipolar interaction between
chain ends (across the Cd ion which sepa-
rate them).

B. ESR : The ESR line shape is re-
lated to four-spin correlation functions
which must behave just like the two-spin
ones (i.e. they tend towards a finite va-
lue). Preliminary results show, here also,
modifications of the spectra by the Cd im-
purities . There is an enhancement of the
linewidth, except near the "magic angle"
8-54°. For example, for 8=90°, the line-
width is more than doubled for x=0.09 and
nearly quadrupled for x=0.20. There is
also an enhancement of the dynamic shift
of the line(5), The spectrum becomes com-
plicated for 8<35°. The line splits into
two components, and one of these shifts
considerably towards high fields, as 8 is
reduced. Near 6=0° we have a symmetrical
structure, probably related to interac-
tions inside clusters of spins. Further
studies are in progress.

REFERENCES

1. J.P. Boucher, A. Bakheit, M. Nechtschein
M. Villa, G. Bonera, F. Borsa
Phys. Rev. B13, 4098 (1976).
2. P.M. Richards, Phys. Rev. B10, 805
(1974).
3. S. Clement, Y.H. Tchao, Compt.Rend.
Acad. Sci. (Paris) 282, 165 (1976).
4. D. Hone, K.G. Petzinger, Phys. Rev. B6,
245 (1972)
5. Y. Natsume, F. Sasagawa, M. Toyoda,
I. Yamada, Journ. Phys. Soc. Jap. 48, 50
(1980).

273



51
V NUCLEAR MAGNETIC RESONANCE STUDY OF THE POLYCRISTALLINE AND

AMORPHOUS VANADIUM PENTOXIDE

L. Facchini , C. Sanchez , J. Livage , A.P. LEGRAND

What is going on when cristalline

V2O5 becomes amorphous (1) ?.

Since the V NMR is sensitive to

the environment of the Vanadium nucleus,

much may be learned about the structure

nature of the Vanadium sites (2)(3). In

other hand, since these compounds are

classified as electronic semiconductors,

we may assume that it exists an interac-

tion between carriers and nucleus which

cause a Knight shift,so V may give us

information about the conductivity.

The peak to peak linewidth of the

central line of the V NMR in polycris-

talline and amorphous Vanadium Pentoxide

are studies as a function of applied fre-

quency. Clearly, magnetic shift interac-

tions are dominant, with the nuclear qua—

drupole interaction only having an influ-

ence at the lowest applied frequencies in

polycristalline compound.

maximum in the dependence of linewidth

versus frequency that is not compatible

with chemical shift, we conclude that the

Knight shift is an important part of the

interaction which causes the linewidth in

cristalline compound.
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For amorphous V205, at the higher

frequencies we have a linear law to des-

cribe the evolution of linewidth a versus

frequencies V characteristic of magnetic

shift interaction for this compound.

Since in amorphous V2O5, conductivi-

ty is very lower than in cristalline

Vanadium Pentoxide, we assume that we have

not Knigth shift in amorphous compound.

As in cristalline V2O5 it presents a
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DETERMINATION OF Co MOMENTS IN Y.Co, COMPOUND BY
4 3

USE OF NMR TECHNIQUE

Henryk Figiel

Ernst Grstz

I. INTRODUCTION

The investigations of magne-
tic and transport properties of
Y.Co, compound showed ordering be-
low 8K with Co magnetic moment
/•co = O.O3/<g and it was suggested
that Co moment can exist only on
one of structural sites of this
HO.Co, type structure (1).

The NMR measurements were pep-
formed at 4.2K by use of the spin
echo spectrometer (BRUKER BKR 322)
with "Quadro" detection.

II. RESULTS AND DISCUSSION

The measurements were perfor-
med at the frequency Vo = 9.12 MHz
in external fields ranging 1.1 T.
Almost at the field of paramagne-
tic Co resonance a main line (I)
is observed, and there appeares a
line IJI) at 0.66T but it is not
the Y resonance. The position of
(I) agrees with that calculated by
use of Knight shift parameter from
(2). The only reason for the addi-
tional line (II) can be the existe-
nce of Co magnetic moment which
causes the hyperfine field
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Using the hyperfine coupling
constant ô  = 83kOe/^ataken from (3)
the value of Co moment fa* 0.028Mg

for l ine ( I I ) was calculated.
In the Y.Co, structure the Co

atoms are locates at 6h,2d and 2b
type positions with the correspon-
ding abundances 6:2:1 as at b are
randomly distributed. The 2d atoms
are located in the middle of a ti-
ght triangle formed by h atoms at
the a-b plane perpendicular to c
axe of this hexagonal structure.
The other sites have no such a
symmetrical vicinity.

From the intensity relations
of the observed lines as compared
with the sites abundance it follo-
ws that in the paramagnetic state
are 6h atoms (I) and line (II) is
attributed to 2d atoms with magne-
tic moment. The shoulder line (III)
of the line (I) may be attributed
to b atoms with /•«, ~ 0.01 /«ft .

The positive hyperfine field of
d atoms may be explained as caused
by 3d magnetic moment appearing
as a result of local configuration
of the density of states created
by the cobalt neighbours.(4).
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CHARGE TRANSFER IN A SERIES OF LIQUID LITHIUM ALLOYS

C. van der Marel and W. van der Lugt,

ABSTRACT

The 7Li Knight shift has been measu-
red in liquid Li-Pb and Li-Sn alloys as a
function of temperature and concentration.
The results are related to the observed
tendency to a metal-non metal transition
in both systems, and support the assump-
tion that charge transfer occurs from Li
to the less electropositive Pb or Sn.

Recently much experimental work has
been carried out on liquid Li-Pb (review
of recent work in (1)). In liquid alloys
of this system charge transfer occurs from
Li to the less electropositive Pb, resul-
ting in a preference of the atoms for un-
like nearest neighbours in liquid Li4Pb.
The electronic properties can be descri-
bed in terms of a strongly scattered elec-
tron gas. Not much is known about the sys-
tem Li-Sn, but, thermodynamically, it is
\/ery similar to the system Li-Pb (2).

7Li Knight shifts were determined
using a Varian Wide Line NMR Spectrometer,
supplied with a water cooled furnace to
reach the necessary high temperatures (up-
to 800 °C). The metal was dispersed in
LiF powder, which also supplied the 7Li
reference line.

The measured Knight shifts, K, as a
function of concentration at liquidus tem-
perature are shown in Fig. 1. The two sys-
tems exhibit the same general behaviour.
The temperature derivative of the Knight
shift has a sharp maximum of .25 ppm/K in
liquid Li^Pb and .4 ppm/K in liquid Li4Sn.
In liquid Li4Sn a larger RF skin depth
was observed than in liquid Li^Pb, imply-
ing that liquid Li^Sn has a higher elec-
trical resistivity.

The electrical resistivity of liquid
Li-Pb has a maximum at the composition
Li4Pb (3). From the electrical resistivi-
ty, values for the density of states at
the Fermi level, N(Ep), can be obtained.
As the pauli spin susceptibility
xp«N(Ep), the contact density Pp(c) at
the Li nuclei can be calculated using
the expression

20 40
at % Pb

60 80 Pb

Fig. la. 7Li Knight shi f t in l iquid Li-Pb
at liquidus temperature.

Li 20 40
at % Sn

60 80 Sn

Fig. lb. 'Li Knight shift in liquid Li-Sn
at liquidus temperature.
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DIFFUSION PROCESSES AND CORRELATION EFFECTS

IN THE SUPERIONIC CONDUCTOR LI N

R. Messer, H. Birli

I. INTRODUCTION

The ionic conductivity in single crystals
of Li N shows strong anisotropy (1). In
order to determine the diffusion processes
involved we measured the temperature de-
pendence of the quadrupole split Li -
spectra, of the linewidths, and of the spin-
lattice relaxation rates in the tempera-
ture range from 80 K to 700 K (2,3,4).
We summarize the experimental results and
show how correlation effects and thence
details of the diffusion can be deduced
from a comparision between NMR data and
conductivity.

II. EXPERIMENTAL RESULTS

Between 200 K and 600 K at least two
different Li diffusion mechanism were
found in accordance with the strong ani-
sotropy of the ionic conductivity:
(i) intra-layer diffusion in the Li N-
layers with an activation enthalpy of
about 0.25 eV. Doping with hydrogen in-
creases the jump frequencies of the Li
ions considerably and reduces the activa-
tion enthalpy slightly.
(ii) interplanar diffusion '(Li (2)-Li (1)-
Li(2) jumps) with an activation enthalpy
of 0.6 eV, practically sample independent.

III. CORRELATION EFFECTS

T 0The so-called Haven ration H =D /D
of the tracer diffusion coefficient D
and the conductivity diffusion coefficient
D deduced from the ionic conductivity by
means of the Nernst-Einstein relationship
is related to the correlation factor f
and may thus give an insight into the
microscopic diffusion processes. In analogy
to H we define a ratio H where D is
replaced by the diffusion coefficient
determined from the NMR correlation times
using the Einstein-Smoluchowski relation-
ship. H has similar properties as H
although it differs from it somewhat
because of additional temporal correlations.
Fig. 1 shows, that H is about 0.3 for
the diffusion process (i) and 0.7 for (ii).
The magnitude of H indicate that the

most important diffusion processes have
been found by NMR. The low value of H
c 4.1. j • JZJI • , • % . 4., N

for the diffusion process (I) in the
Li N-layers support the idea of a highly
correlated two-dimensional diffusion as
proposed by Schulz et. al. (5) from elec-
tron density studies. A computer simulation
of a two-dimensional vacancy migration
yields H =0.25 in good agreement with
the experimental data. The other process
(ii) is less correlated. This confirm the
model of a three dimensional migration of
the Li ions between Li(l) and Li(2) sites
deduced from the life-time broadening of
satellites in the quadrupole split spectra
of Li (3).

400 K 300 K 250 K 200 K

1_: H as a function of temperature
for the diffusion processes (i): • and
(ii): A .
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ELECTRIC FIELD GRADIENTS AROUND NICKEL. PALLADIUM. PLATINUM AND

MONOVACANCY IN COPPER

M. MINIER

C. MINIER

Introduction
The screening charge around several impu-
rities in copper can be investigated by
measuring the electric field gradients
(efg) on the Cu nuclei situated on the
different shells surrounding the impuri-
ty (1). The quadrupolar couplings are mea-
sured using the field cycling technique
(2) for several Az«-1 impurities : Nickel,
Palladium, Platinum and monovacancy.

Experimental technique
The field cycling technique allows detec-
tion of the quadrupolar transitions at
frequencies /q which are related to the
efg q and nuclear electric moment eO of

Copper by /q = ~rf~ • The sample contain-
ing vacancies was obtained by electron ir-
radiation in liquid hydrogen. The concen-
tration of monovacancies was approximately
0.005 at. %. The impurity concentration
of the other alloys was 0.03 at. %.

Results
Several lines have been detected, corres-
ponding for example in the case of £u_ Pt
to more than ten shells. The assignment
of the lines to the different shells of
nuclei around the impurity is based on
their intensities which vary according to
the number of nuclei (12 nuclei on the
first shell. 6 on the 2nd, 24 on the 3rd,
12 on the 4th, . . . ) . The lines below
about 100 kHz are so numerous that they
interfere and their assignment is diffi-
cult. Consequently, only the quadrupolar
couplings on the four nearest neighbour-
ing shells, which are identified without
any doubt, are reported below.

Discussion
The oscillatory character of the screen-
ing charge is directly demonstrated. For
example, the efg's are larger on the 3rd
shell than on the 2nd shell in Cu_ Ni.

The size effect contribution to the efg,
in the alloys Cu Ni, Pd and Pt can be
evaluated using~~the theoretical results
of Sagalyn and Alexander (3). This esti-
mate shows that the main origin of the
efg is the charge effect. One can remark

that although Ni, Pd and Pt are transi-
tion impurities, the perturbation around
them has the same magnitude as that
around a monovacancy. Another remark is
that efg values on the first four shells
around Pt and Pd are proportional with a
ratio roughly equal to 1.5. This corres-
ponds probably to similar values of the
phase of the oscillating charge.

Finally, let us underline that this tech-
nique provides a direct characterisation
of the monovacancy-in copper independent
of the presence of other impuritiest in-
terstitials or vacancy type defects. This
can be apply to radiation damage problems
(4).

Experimental efg (expressed in A )
at different shells around

Ni, Pd, Pt and vacancy in Copper

Shel l

N i

Pd

Pt

Vacancy

1

0.429

1.21

1.80

1.31

2

0.056

0.197

0.295

0.199

3

0.084

0.090

0.161

0.169

4

0.048

0.151

0.224

0.132

(1) G. GrCiner, M. Minier (1977), Adv.
Phys. 26_, 231.

(2) A.G. Redfield (1963), Phys. Rev. 130.
589.

(3) P.L. Sagalyn, M.N. Alexander (1977),
Phys. Rev. B 1_5_. 5581.

(4) C. Minier, M. Minier, R. Andreani
(1980), Phys. Rev. B. to appear.
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ONE POSSIBLE CAUSE OF THE ERRORS IN THE MAGNETIC RESONANCE

DETECTION BY THE MERCEREAU (JOSEPHSON) EFFECT

Ranko Mutabzija

The detection of the NMR using
a Josephson junction magnetometer
is introduced by E.P. Day (1) in
1972. The following early measure-
ments by D.J. Meredith et al.(2)la-
ter in 1972, have been performed
using SQUID magnetometer. NMR spe-
ctrum is observed, by monitoring
the static nuclear magnetization at
the resonance. The experimental di-
fficulties have been encountered
because of the stray RF field pick
up by the measurement system.

The component of the stray
transition stimulating electromag-
netic field across the Josephson
junction(s), in NMR or EPR detecti-
on by the Mercereau (Josephson)eff-
ect, superimposes to theDC bias and
results in the IV characteristics
described in (4 ) •

In order to obtain the crite-
ria for the determination of the
resolution and accuracy of the mag-
netic resonance flux measurements,
coupled by the two Josephson junc-
tions in parallel circuit, the qua-
litative and the quantitative eff-
ect of the spurious stray voltage
picked up by the bias circuit V,
on the measurements results is ana-
lyzed. The influence of the stray
RF voltage pick up on the total cu-
rent I through parallel Josephson
junctions is investigated on the
basis of the equation

I=2IJcos(fHVr) { r

qV

derived in (3). The sensitivites of
the first SI1^C^

VQ'> ' a n d higher or-
der, Fig.l, are obtained for
the differential changes of the vo-
ltage supply.

-J -2 \ -1

In a similar way the sensiti-
vities to the coupled magnetic flux
differential changes are determin-
ed. The common feature of both sen-
sitivities are the zero crossings
and the positive or negative half-
waves of the total current for the
differential supply voltage chan-
ges. Zero crossings, either positi-
ve or negative half-waves as a mea-
sure of the magnetic flux intensity
changes, counted by the magnetic
resonance measurements system, will
not discriminate the signals intro-
duced by the spurious stray transi-
tion stimulating electromagnetic
field, causing the erroneous resul-
ts of the measurement by the des-
cribed detector application.
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STUDY OF ADSORBED N BUTENES ON NaGeX ZEOLITE

AND MIXED Sn-Sb OXIDES

Janos B.Nagy, Michel Guelton , Antoine Abou-Kai's , Jacques Harmel
and Eric G. Derouane

C NMR is a powerful tool to examine
surface complexes and interesting conclu-
sions can be drawn on the admolecule-sup-
port interactions. An interesting conclu-
sion concerns the adsorbed molecules which
have a behaviour intermediate between gas
and liquid.

Chemical shifts, Ti and T2 relaxation
times are excellent parameters to charac-
terize the nature of the adsorbed butene
molecules. The Ti values of the carbons of
1-butene adsorbed on NaGeX zeolite(average
surface coverage 9=0.5) were measured by
the IRFT method. At 300 K, they vary in
the order C4>C3>C2>C1, while they are
similar for carbons Cl and C3, and C2 and
C4 at 250 K (3). At room temperature, a -n-
complex is in agreement with these results,
while at low temperature a cyclic complex
intermediate is more relevant.

The Ti values for e=0.9, show a mini-
mum, where TiA^^lO, characteristic of a
distribution of correlation times. The NOE
factors are close to unity for all carbon
atomes, except the methyl group, where it
equals 1.6. The dipole-dipole carbon-hydro-
gen relaxation mechanism accounts for about
50% of the total rate. The remainder mecha-
nisms are the paramagnetic relaxation, due
to impurities on the surface, and the spin-
rotation relaxation. The methyl relaxation
time is in the extreme narrowing region,
hence a correlation time could be computed:
T C= l.OxlOlls. The energy of activation
for internal rotation equals 1.6 kcal.mol-1
at 300 K and 2.1 at 250 K. The NMR parame-
ters of the methyl carbon atom are thus
very sensitive to small changes of inter-
action with the surface and may be used as
very valuable probes. From the linewidth
variation with temperature, the energy of
adsorption AHads can be determined, provi-
ded AHac|s ^ 2EJ (energy of activation for
diffusion).

Following the change of concentration
with time, kinetic constants were calcula-
ted for the positional isomerization of 1-
butene (4) and the geometric isomerization
of cis-2-butene. The heat of adsorption of

the reactants and products, the energy of
activation for the reactions and the initial
and equilibrium cis/trans ratios yielded
a complete picture on the isomerization of
n-butenes adsorbed on mixed tin-antimony
oxides.

The initial cis/trans ratios are hi-
gher than two, indicating a negatively
charged transition state. Furthermore, the
apparent kinetic constants for both the
positional and geometric isomerization
reactions follow quite closely the surface
basicity of these mixed tin-t-antimony oxi-
des. Finally, the cyclic complex identi-
fied as the low temperature adsorbed spe-
cies of n-butenes may play the role of an
intermediate on the reaction path, where
part of the activation entropy has been al-
ready accomplished. This cyclic adsorbed
species leads, by proton release to the
surface, to a negative ir-allyl intermedia-
te, which could rearrange through more
localized a-allyl type intermediate, gi-
ving finally the reaction products. The
rapid equilibrium between the different
intermediates allows for the easy inter-
conversions of n-butenes on these mixed
tin-antimony oxide catalysts.
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FERROMAGNETIC RESONANCE IN SOME AMORPHOUS METALS

Lars Pettersson and Stig Haraldson

I. INTRODUCTION

Three amorphous, ferromagnetic
metals with composition F e 8 0 B 2 0
(Metglas 2 6 0 5 ) , FeaoPieCaBj. (Met-
glas 2615) and Fe k 0Ni •, 0 B 2 o have
been investigated with FMR.

The samples were typically 1-
-2 mm wide, 10-30 urn thick and 3-4
mm long. They were shielded with
thin copper foil except for a small
area, about 0.8 mm x 0.2 mm, on one
side.

Heat treatment had no effect
except on 2605, where annealing at
200-300 °C stabilized the resonance
field. The resonance experiments
were performed at 9.5 GHz and in
the temperature range 100 K up to
and above JQ, which is at 647 K for
2605, 565 K for 2615 and 662 K for
Fe^oNi\oB2o (1).

Some measurements were also
performed at 35 GHz.

II. RESULTS

The resonance field H o incre-
ases with raising temperature. The
linewidth r^n is temperature inde-
pendent in 2605 and FeltoNiitaB2o
between 220 K and 600 K, while in
2615 Tpp decreases with raising
temperature. At temperatures near
and above T Q there is a particular-
ly sharp increase in Ho and Tpp. At
temperatures below about 220 K in
2605 and Fei+ 0Ni i, 0 B 2 o there is an in-
crease in Ppp when the temperature
is lowered.

A special feature in 2605 is,
that H o for as-quenched samples
varies from 4.4-10" A/m to 5 . 3 • 1 0 *
A/m at room temperature, a signifi-
cant variation. After heat
all samples had Ho about 4
A/m at RT. We believe this

treatment
88-10"
is due

to some randomly distributed in-
plane anisotropy, which disappears
after heat treatment.

III. ANALYSIS

The spectra are analysed in
terms of the modified Gilbert equa-
tion in accordance with ref. (2).

For all three metals we get
g=2.11. For 2605 and 2615 we used
the M s-values from ref. (1) and Ho
from 35 GHz RT measurements, for
FeuoNiltOB2o we used our 9.5 GHz and
35 GHz data.

With a curve fitting procedure
we determined the parameters 6/Ms
and e, see ref. (2). Then we could
calculate A and M s for the various
temperatures. The figure below
shows A as a function of M s. We
have left out X-band data for the
lowest temperatures. As can be seen
there is a linear dependence bet-
ween x and M s in a range of Ms-valu-
es corresponding to temperatures up
to 0.8 Tc for all samples.

From the figure it seems clear
that the slope is the same, irre-
spective of composition. It is
worth mentioning that 2826 and
2826B (2) show the same slope.

410s

M

5 6 7 8 9 10 11 12 13 U-105A/m

Relaxation parameter A versus Ms.
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EFFECTS OF ISOTHERMAL ANNEALING ON THE EPR LINESHAPE OF Er IN Au

A. Raizman and J.T. Suss

D.N. Seidman

D. Shaltiel and V. Zevin

In a recent study of defects produced
by cold working (rolling at room tempera-
ture) in dilute gold-erbium alloys, using
the electron paramagnetic resonance (EPR)
technique (1), we observed significant
changes in the asymmetry parameter A/B
(the ratio between the maximum and minimum
of the first derivative of the absorption
line), the linewidth and the intensity of
the resonance line in annealed, as com-
pared with unannealed samples. Annealing
at 400C increased the A/B ratio and de-
creased the linewidth and intensity. In
this communication we report the effects
of isothermal annealing on the features
of the EPR lineshape of Er in Au.

We used a sample of Au doped with
2000ppm (atomic) Er, with dimensions
8x12x0.lmm. The sample preparation was
described previously (1). The EPR experi-
ments were carried out at X-band, in the
temperature range between 1.65 and 4.2K.
The sample was annealed at 400C in an open
quartz ampule, each time for several mi-
nutes, and the A/B ratio, the linewidth
AH and the intensity I were recorded as
a function of heating time. After each
annealing step the sample was quenched
to room temperature by immersing the am-
pule in water. AH was measured at A/2 and
it can be expressed in our range of T, as
AH = a + hi, where a represents the resi-
dual linewidth and b the thermal broade-
ning of the linewidth (the Korringa relax-
ation rate). The intensity I was calcu-
lated from the approximate expression
I = (A+B)(AH)2, using data recorded at
1.65K.

The results of the isothermal an-
nealing experiment are summarized in
TABLE 1. We found that during the course
of the annealing the A/B ratio increased
gradually and exhibited a maximum. The
residual linewidth and intensity decreased
and the later exhibited a very rapid
change with annealing time. We have shown
by successive etching of the surface (2),
that heating of a sample of Au + 2000ppm Er
for 1 hour at 400C produces a near-surface
layer of a thickness of about 5000&.

TABLE 1. Isothermal Annealing at 400C of a
Rolled Sample of Au + 2000ppm Er.

Heating
time
(minutes)

*
0
3
6
9
12
15
20

A/B

3.8
5.1
8.0
11.1
8.8
8.4
9.3

Residual
linewidth
a (Gauss)

35.6
20.3
18.1
16.5
15.1
15.0
15.8

Intensity
(arbitrary
units)

1.0
0.183
0.176
0.107
0.080
0.103
0.116

Rolled sample.

A theoretical model consisting of two
layers (one the near-surface layer and the
other the bulk) each having a different
effective erbium concentration (a differ-
ent number of erbium ions contributing to
the resonance line), and a different con-
ductivity and skin depth was developed (2).
A combined resonance from the near-surface
layer and bulk can explain the changes in
the EPR lineshape caused by heating. The
isothermal annealing experiment strongly
indicates a gradual build-up of the dis-
tinct features of the near-surface layer.
The changes in the EPR lineshape during
the isothermal annealing are also con-
sistent with the concept of segregation
of erbium ions to dislocations during
heating.

This communication presents addi-
tional evidence for the possible applica-
tions of the EPR technique to the study
of defects produced by cold working in
dilute alloys and perhaps opens a new
avenue for the study of the dynamic be-
havior of defects in dilute alloys.
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NOVEL METHOD FOR THE STUDY OF SPIN TRANSPORT IN CONDUCTORS

Robert H. Silsbee

The essential inequivalence of spin-
up and spin-down electrons in a ferro-
magnetic metal implies that at an inter-
face between a ferromagnetic and a para-
magnetic metal there will be a coupling
between electric and magnetic currents
and potentials. Fig. la schematizes an
experiment which exploits these couplings
to measure spin transport and relaxation.
An electric current I is injected through
a thin iron film into a thick copper foil.
AronovU) has noted that this will in-
ject a non-equilibrium magnetization into
the copper. We suggest that this mag-
netization may be usefully probed by
measuring the voltage V it induces at a
detector probe.

Copper Foil 6~\OOfj.

-Iron Films ~ 300 A

Injector

M = IgT/eft 1)

Copper Iron

Fig. lb illustrates the behavior at
the injector, the iron being represented
as an overidealized Stoner ferromagnet
with one spin subband full. In this case
the electric current is carried entirely
by spin up electrons and results(l) in a
non-equilibrium magnetization density in
the copper of magnitude

Here e is the electronic charge, g the
Bohr magneton, T the spin-relaxation
time for electrons in the copper and ft
the volume in which the magnetization
exists. Suppose the volume ft is deter-
mined normal to the film by the film
thickness d and transverse to the film x
by the spin diffusion length 6 ̂  (V^TT) 2,
the distance a spin will diffuse before
relaxing if it moves with Fermi velocity
v and with a collision time T. The non-
equilibrium density is given roughly by

M <\, Ig/ed/ 2)

Fig. lc illustrates the behavior at
the detector. The Fermi level in the
iron e" will equilibrate with the copper
spin-up Fermi level and hence be dis-
placed with respect to the mean Fermi
level in the copper e' by an amount

V = Me/ex . 3)

In the Pauli susceptibility of the copper
X ̂  Mg2/MV25 N is the electron density
and m the electron mass.

Eqs. 2 and 3 may be combined to give
the detected voltage as

V <v I/da 4)
2

where the constants Ne x/m have been re-
placed by the D.C. conductivity of the
copper, a. Eq. 4 implies that the meas-
ured voltage will be roughly comparable
with the electrical voltage drop associ-
ated with the two dimensional spreading
resistance of the injection probe and
will be easily measurable.

A) These ideas are applicable to
the study of spin transport in any mater-
ial with suitable carrier mobilities and
spin-relaxation times. B) The experi-
ment allows the measurement of T at ef-
fectively zero magnetic field, elimina-
ting contributions to the linebreadth
from g-anisotropies. C) Although the
experiment is described as a D.C, non-
resonant experiment, the current and
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voltage V and I may also be thought of proportional to the sample volume. This
as varying at microwave frequencies. observation suggests applicability of
A substantial voltage is then observed the technique to the study of spin life-
only if an applied field B and the micro- time and transport in very small systems,
wave frequency meet the usual resonance
condition. D) Eq. 1 implies that for ft REFERENCES
determined entirely by the sample size, . , . Aronov JETp Lett 24 32 /1976)
the experimental sensitivity is inversely ]< A>G' Aronov' JtlH Lett- i±« il (iy/b)'
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EXCITON DYNAMICS: DIRECT OBSERVATION OF K ̂ K' SCATTERING IN A ONE

DIMENSIONAL TRIPLET EXCITON SYSTEM WITH ELECTRON

SPIN ECHO SPECTROSCOPY.

A.J. van Strien, J.F.C. van Kooten and J. Schmidt.

One of the most intriguing questions
concerning energy transport in the solid
state is the k->k' scattering of coherent
excitons. A very nice system for studying
this problem is 1,2,4,5-tetrachlorobenzene
(TCB) which is an example of a one-dimen-
sional exciton system. Here the photo-
excited triplet exciton band is only 1.36
cm"1 wide and the optically accessable
k - 0 states are at the top of the band.

We have created a strong non-Boltzmann
population distribution over the k-states
with a laserflash tuned to the absorption
origin. Since the magnetic resonance fre-
quency in zero magnetic field is slightly
k-dependent [1] it is possible to study
the time dependent behavior of the indivi-
dual k-states with the time resolved EPR
spectroscopy. In our particular experiment
we have applied electron spin echo (ESE)
techniques to study the time evolution of
the magnetic resonance lineshape. At 1.13K
it appears that it takes about 10 ys to
achieve a Boltzmann population distribution
over the exciton band after the laser flash
excitation. We conclude that the k->k'
jumps occur without restrictions throughout
the band. Together with measurements of the
phase memory time Tĵ  of the triplet spins
we come to model for the behaviour of the
excitons in TCB at low temperatures.

In addition we performed similar ESE
experiments after excitation into higher
vibration bands. It appears that excitation
into the lattice vibration band results in
the same time dependent behaviour as ex-
citation in the electronic origin. In
contrast, the molecular vibrations behave
differently: then after the excitation the
optically non-accessable k = ± ir/a states
are populated within the time resolution
of 100 ns of the spectrometer. We explain
this by a k-branching in the fast vibra-
tional relaxation to the electronic origin.
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NMR IN AMORPHOUS ALLOYS

K. Tompa, I . Bakonyi

P NMR s p e c t r u m of t h e non-magne t ic
Ni-P based amorphous alloys consits
of contributions of different origin.
The geometrical arrangement of nuc-
lei (atoms) and/or the behaviours
of electron structure are. reflected
in one and/or the other of these
contributions. Deconvolution of
these contributions and their inter-
pretation are the ultimate goal of
the NMR work. Pulsed NMR, namely
the coherent averageing procedures
give some up-to-date poss ib i l i t i e s
for the separation of different
contributions.

Two of the selective averageing
methods (1,2,3) in spin space,
namely the two pulse Carr-Purcell
(A) and the Carr-Purcell-Meiboom-
-Gill (B) methods were applied in
the P NMR spectroscopy of

Ni, -P
1-x x 0 . 1 0 < x < 0 . 2 2

P20 ° ̂  * ±

Ni80 P14 B6

amorphous alloys prepared by elec-
trodeposition (Ni-P) and by splat-
-cooling (Ni-Cu-P, and Ni-P-B)(for
the details see (4) and the refe-
rences therein).

Using the method A the echo
amplitude is

PP
E(T) ^ exp(- M2 x2)

PP is the resonant spin con-where M
tribution to the second moment.
The results are for Ni-P M ^ = 0.25
... 0.45 (±0.03) Oe 2 increases with
P content; for Cu-Ni-P M^P = 0.41
± 0.03 Oe 2 is independent of Cu/Ni
ratio; and for Ni-P-B M?,P = 0.28 ±
0.03 Oe 2 .

The method B compensates for
damping of the echo envelope due to
inhomogeneous broadening and it acts
in first approximation as a spin-
locking pulse, providing that echoes

do not decay substantially through
homogeneous broadening during the
time between the pulses.

The CPMG echo trains for all of
our amorphous alloys show double
exponential character in the con-
sequence of coherant averageing in
spin space (not excluded the sto-
chastic averageing in real space);
but the interpretation requires
further experimental and theoretical
work.

For demonstration of the effec-
tiveness of the applied selective
averageing method P NMR results
are given on N i 7 8 P 2 2 in the form
of equivalent line width (Oe) and
shape

Echo

^ Gauss

12

CP
two

pulses

Gauss

1. 34

CPMG
first
part

Lorentz

0. 33

tail

Lorentz

0.04

The tail of the CPMG echo envelope
represents a tendency of T -+T (or

T1P>-
Both methods, A and B applied

first in the research of amorphous
alloys has proved to be useful.
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MEDICAL DIAGNOSIS BY PROTON RELAXATION IN"THE EARTH FIELD

B. Borcard, E. Hiltbrand, P. Magnin and G.J. Bene

H. Mehier and J.O. Peyrin

Dissolved organic molecules have the
effect of a shortening of the proton
relaxation times T] (spin-lattice) and T2
(spin-spin) of the solvent water. This
occurs mainly in weak fields and even for
small concentrations (few g/l). The im-
portance of a possible "in situ" ident-
ification of such fluids is clear. The
used technique, free precession of protons
in the earth's field after prepolarization,
permits a determination of T2 in this
earth's field. The detecting coil is placed
in the neighbourhood of the fluid to be
explored. The recorded signal contains,in
addition of the exponential due to this
fluid, those of the other fluids present.
The discrimination of the exponentials
leads to the T2 of the investigated fluid.
First measurements were performed on fluids
for which an "in vitro" measurement was
also easy. Some months ago,we began to
apply this technique at hospital. We
studied, "in situ", the exudate of an
abdominal dropsy, but mainly the amniotic
fluid (A.F.) in the last months of preg-
nancy. The measured values are, in this
last case, sensitive to the pathological
presence of meconium.

T 2 of healthy AF ~ 2 sec
To of meconium polluted AF

1,5 - 0,2 sec
The S/N ratio seems sufficient to

envisage the application of this method
for "in situ" identification of patho-
logical human fluids.

Thanks are due to the Swiss Fonds
National, the U.E.R. Biologie Humaine
(LYON I Univ.) and Hoffman-Laroche for
their financial support.
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NMR OF METHANE IN LIQUID-CRYSTAL SOLVENTS

E. E l l i o t t Burner

Cornel is A. de Lange

Tetrahedral molecules dissolved in
anisotropic l iqu ids y i e l d unexpected
dipolar and quadrupolar s p l i t t i n g s .
Possible explanations which have been
advanced e i ther involve d i s t o r t i on of the
solute by the anisotropic environment or
ascribe the observed s p l i t t i n g s to an
in te rac t ion between molecular in terna l
motion and reor ientat ion (1 ) . The l a t t e r
explanation is based on the idea that
fo l lowing a change in molecular shape due
to zero-point molecular v ib ra t i ons , the
molecule w i l l tend to reor ient by an
amount which depends on the v ib ra t iona l
and ro ta t iona l frequencies. The process
is described in an axis system which
decouples in te rna l from reor ienta t iona l
molecular motions.

The purpose of the present communica-
t i on is to present prel iminary resul ts on
methane dissolved in various l i q u i d
c rys ta l s . Since methane is un l ike ly to
undergo spec i f i c in teract ions wi th the
solvents, a systematic study of th i s
molecule should provide a reasonable tes t
of any model which describes the
s p l i t t i n g s . New experimental resu l ts have
been obtained on a Bruker WH-400 spectro-
meter. Typical spectra are shown in Fig 1
and measured dipolar and quadrupolar
couplings are presented in Table 1.

The present study shows that not only
the couplings but also t h e i r ra t ios vary
great ly wi th l i q u i d crysta l solvent. The
most surpr is ing observation i s t ha t , i n
spi te of the d i f f e ren t gyromagnetic ra t ios
of the nuclei and the almost iden t i ca l
molecular geometries, the DD dipolar
couplings in f u l l y deuterated methane are
of s imi la r magnitude to the HH dipolar
couplings i n methane i t s e l f . Relative
signs fo r the DD dipolar and deuterium
quadrupolar couplings are also obtained.
An in te rp re ta t ion in terms of the
v ib ra t ion- reor ien ta t ion in te rac t ion model
(1) i s presently in progress.

REFERENCES

1. E.E. Burnell and CA.de Lange, J . Magn.
Reson. ( i n press), and references there in .

CH

-12 -9 -80 -70
frequency (Hz)

FIGURE 1. 9.6T NMR experimental (upper)
and calculated (lower) spectra of methane
oriented in Merck Phase V at 300K. Only
the l ow - f i e l d halves of the symmetric
spectra are shown. Zero i s at the spectral
centres. The parameters in Table 1 wi th a
Lorentzian broadening of .2Hz fo r CD4 and
1.5Hz fo r CH4 were used fo r the calculated
spectra.

TABLE 1 . 9.6T NMR Results at 300K in Hz.a

CH, CD,

DCH D,'HH DCD JDD

A 12.0 ±.7 +.12 +10.6
B -6.9 ±.22 -1.3 ±.19 +44.2
C 12.3 ±.8 1.8 ±.13 T21.6

a>

6.. is the angle between Ho and r̂  •.

A Merck Licristal Phase V
B Merck Nematic Phase 1132 TNC
C N-(p-ethoxybenzylidene)-p'-n-

butylaniline (EBBA).
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1 70 NMR STUDIES OF HYDROGEN BONDING

AND SUBSTITUENT EFFECTS IN AROMATIC-CARBONYL SYSTEMS

Daniel Fiat, Thomas E. St. Amour
Matija I. Burgar and Bill Valentine

I, INTRODUCTION

The work reported here was under-
taken in an effort to establish the ef-
fects of substituents, and inter- and
intramolecular hydrogen bonding on the
170 NMR parameters of aromatic ring
substituted benzaldehyde (B) and
acetophenone (A) molecules.

II. SUBSTITUENT EFFECTS

The range of : 70 chemical shifts for
the substituted A's is approximately 150
ppm. Representative substituted A's and
B's are given in Figure 1. Several
trends are immediately evident: (a) the
chemical shift range decreases in the
order ortho>para>meta, (b) the resonance
position of the para-substituted A's is
strongly related to the mesomeric elec-
tron donating properties of the substit-
uent, and (c) for the A's the ortho
substitution results in a 6 range of
approximately 100 ppm and there are
essentially two groups of resonances
(i) ortho substituted A's downfield of
560 ppm and (ii) ortho substituted A's
upfield of 510 ppm. The 170 chemical
shifts of the meta and para A's and B's
are strongly correlated with the Hammett
substituent constants and IR carbonyl
stretching bands (1). <5(para-A's) appear
to be primarily determined by the mag-
nitude of the n-m' electronic transition
energy. The downfield group of ortho-
subs tituted A's can be correlated with
the interplanar angle between the phenyl
ring and the acetyl group. Increasing
deviations from coplanarity results in
170 deshielding.

III. HYDROGEN BONDING EFFECTS

The ortho-substituted A's and B's
upfield of 510 ppm are anomalously shift-
ed with respect to the downfield group
due to intramolecular hydrogen bonding.
In fact, 2,4,6-triOHA resonates at <5= 441
ppm where the electron donating and
proton donating effects are combined to
give a very high field resonance for a

ketone (2). The substituent effects
appear to be superimposed on the stronger
hydrogen bonding effects in determining
the 0 resonance frequency. Intermol-
ecular hydrogen bonding interactions are
reflected in significant changes in <5 and
linewidth. Figure 2 illustrates the
effects of p-OHA-•-p-OHA interactions on
the 170 parameters as the concentration
of the A in a dioxane solvent is varied.
Data for analogous, but non-hydrogen
bonding methoxy A's are also presented.

G - H

G-OH

G--NH;

G--OCH3

Q-Bf

Q--NO2

Q V C / H

Cr_J ^ o

G-H

G--OH

A

A
A

A

A A.
JUK

ytvK A

A
A

590 580 570 560 550 540 530 520 510 500 490 480

" O OHEMCAL 3HFTS MEASURED DOWNFELD FROM EXTERNAL WATEft.

Figure 1. Representative 170 chemical shifts of mono-substituted

acetophenones and benzaldehydes measured downfield from an external

water reference.

Figure 2. l70 chemical shifts and linewidths of p-hydroxyacetophenone

p-methoxyacetophenone and m-methoxyacetophenone as a function of

mole fraction (X) in a dioxane solvent.

REFERENCES

1. T.E. St. Amour, M.I. Burgar, B. Val-
entine and D. Fiat, submitted to J. Amer.
Chem. Soc.
2. T. St. Amour and D. Fiat, Bull. Magn.
Reson. 1, 118 (1980).

290



PROTON SPIN RELAXATION IN NEMATOGEN LIQUID CRYSTALS: A UNI-

FIED THEORY FOR BOTH THE NEMATIC AND ISOTROPIC PHASE AND ITS

EXPERIMENTAL VERIFICATION

V.Graf, K.F.Reinhart, W.Wolfel, and F.Noack

In extension of previous theo-

ries on proton spin T. relaxation

in nematogen liquid crystals by or-

der fluctuations (OF) for either

the nematic or isotropic phase [1]

we present a closed treatment of

the relaxation rates for both liq-

uid states [2]. It was achieved by

separation of the general OF Fouri-

er intensities in contributions re-

lated to the scalar order parameter

S and the director field n, respec-

tively. As a consequence there ex-

ist two types of OF mechanisms in

both phases (OFS, OFn), a property

suggested in the literature [3] by

other arguments. T 1 Q F n and T 1 Q F S

show a similar, but not identical

dependency on the Larmor frequency

a), with regimes T1'vo)°, T . ^ D ' ,
2and T-.~ oo . The results allow for

the first time a quantitative eval-

uation of the T1 change at the ne-

matic-isotropic phase transition

temperature. E.g. at medium fre-

quencies, T1Oj,n jumps by a factor

1.38, whereas the factor at high

frequencies is 0.83. Within the u)1'2

regime T1OFn/T1o:ps is 1.89 for the

nematic phase and 2.60 for the iso-

tropic state.

In combination with two other

relaxation mechanisms discussed for

liquid crystals [1], namely self-

diffusion (SD) and anisotropic mo-

lecular rotation (R), the new model

allows to describe quantitatively

extensive experimental data on nu-

merous nematogens (MBBA, EBBA, PAA,

PAP, PAB, HAB; deuterated samples;

binary mixtures) obtained with the

field-cycling techniques of our NMR

group [2,4] for large frequency and

temperature ranges (w/2% -- 10 HE to

270 MHz; <# = -20°C to +160°C). In

all cases it proved necessary to

take into account the 4 contributi-

ons of the OFn-OFS-SD-R relaxation

model,in order to describe the com-

plex behaviour in the vicinity of

the phase transition points in ac-

cordance with results on the OF, SD

and R correlation times available

from different spectroscopies. Our

analysis for the various nematogens

reveals no principle differences be-

tween the underlying mechanisms. It

demonstrates that the proposed the-

ory is valid for both the nematic

and isotropic phase of liquid crys-

tals .
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13
SPIN-LATTICE RELAXATION AND SELF-DIFFUSION IN CO2 OVER ITS LIQUID

AND CRITICAL RANGE BY PULSED C NMR

Kazimierz Krynicki and Ali-Reza Meragi

13

We report results of pulsed C n.m. r.
measurements at 4.4 MHz of the spin-
lattice relaxation time, Tj and self-
diffusion coefficient, D for 13C02 over
its entire liquid range and around the
critical temperature (c.t.=31.O4°c). The
samples were prepared from a 96% - enrich-
ed *3C02 gas supplied by the Prochem/BOC
Ltd. The residual degassing of the
material and critical filling of the
volume-calibrated sample tubes, made of
Pyrex or fused silica, was done on a
vacuum line, using Coming Rotaflo stop-
cocks underpressure of 5.5 atm. (-56°C).
A preliminary analysis of the results (1)
is summerized below.

Away from the c.t., our Ti results
can be described approximately by
TjO.SSOexpClOZS/T) s, giving Ti=65s at
the triple point (-56.6°C) and 19.5s at
18OC. It is demonstrated that neither
anisotropic chemical shift interaction at
4.4 MHz nor the 13C nuclear dipolar
(intermolecular) interaction makes any
significant contribution to Tj in liquid
13C02. The experimental TL is therefore
controlled by the spin-rotation inter-
action with the correlation time
Using at 251.94K the measured
and T T = 8.1 x lO'^s from a molecula
dynamics study (2), we deduce that the
spin-rotation coupling constant
|C-| =5.36 kHz which agrees well with a
calculated value (3). At other temper-
atures our T T values are then consistent
with those of molecular dynamics (2).

We have observed an appreciable dip
in Tj at about 1.5 deg. above the c.t.
Such a minimum is due to critical fluct-
uations and is expected for fluids where
spin-rotation interaction controls Tj(4),
e.g. for HC1 and H2S(5). A detailed
theory seems to work better for fluids
with an appreciable contribution to Tf
from dipolar intermolecular interactions
(6,7).

The most striking feature of our Tj
results for 1 3C0 2 is a clear narrow

the measured Tx = 36s
x lO'^s from a molecular

_i

maximum appearing 2 deg. above the c.t.
At present we have no explanation of this
maximum but it might be an effect of ris-
ing frequency of critical fluctuations on
molecular rotational levels <J(J+1),>
and/or f-p

The measured self-diffusion coeffic-
ient D shows an Arrhenius behaviour bet-
ween -56.6°C and about 29.50c, the activ-
ation energy being 9.5 kJ mol"1. Various
treatments of self-diffusion, such as the
Stokes-Einstein relation, cubic cell
model, hard sphere model, and molecular
dynamics calculation, have been tested
but none of these could fit our results
at lower temperatures. Above 15°C, only
the hard-sphere model of Dymond seems
satisfactory for liquid 13C02.

There is an appreciable increase in
D with temperature when crossing the c.t.
but the slope is only moderately large
like that in D for H2S. However, we have
not observed any anomaly in D, in accord
with the behaviour of several other
fluids investigated in the critical region
This contrasts with the tracer (11+C02)
results of Duffield and Harris (8) who
reported a large decrease of D with
increasing temperature just above the c.t.

A complete account of this work will
be published elsewhere.
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STUDY OF CROSS-RELAXATION AND NUCLEAR OVERHAUSER EFFECTS

BY TWO-DIMENSIONAL NMR SPECTROSCOPY

S. Macura and R.R. Ernst

Anil Kumar and K. Wlithrich

I. INTRODUCTION

Cross-relaxation and nuclear Over-
hauser effects (NOE) have been widely
used to study molecular conformation of
small and large molecules in liquid phase.
Because of its r~6 dependence, dipolar
cross-relaxation is extremely sensitive to
internuclear distance. Conventional NOE
studies are, however, quite time-consu-
ming, and the perturbation of neighbouring
lines can be disturbing when lines in a
crowded spectral region must be saturated
selectively. It has recently been shown
that two-dimensional (2D) exchange spec-
troscopy (1) offers a unique possibility
to study chemical exchange and cross-re-
laxation processes (2,3). We discuss here
the effects for fast and slow molecular
motion, the influence of J-couplings and
the potential for the elucidation of ma-
cromolecular conformation (4).

II. DEPENDENCE ON
MOLECULAR CORRELATION TIME

For short correlation times (small
molecules, "extreme narrowing limit", xc
« 1/(JJO), the double quantum relaxation
rate W2 dominates relaxation. It causes a
rapid cooperative destruction of non-equi-
librium magnetization. In this case, weak
negative cross-peaks appear in the 2D
spectrum. For fast correlation times
(large molecules, "spin diffusion limit",
x c»l/o) 0), the zero quantum relaxation
rate W governs relaxation. It leads to
efficient magnetization exchange between
the spins. This process closely resembles
spin diffusion in a solid. It is typical
for macromolecules at high fields where
normally T, « T 1 . Strong positive cross-
peaks can be expected in this case.

III. INFLUENCE OF SPIN-SPIN COUPLINGS

2D cross-relaxation spectroscopy
utilizes a standard three-pulse experi-
ment (1)

90 90°

n £ n • n
Cross-relaxation takes place during the
mixing time x m while the magnetization is
along the static magnetic field. Trans-
verse magnetization is destroyed during
the mixing time by suitable means. However,
in coupled spin systems, zero quantum tran-
sitions become also excited by the second
rf pulse. Zero quantum coherence leads to
additional cross-peaks in the 2D spectrum.
These "J-peaks" are undesired and may be
misinterpreted indicating cross-relaxation.
Fortunately, they can be suppressed by a
random variation of xm.

IV. 2D NOE SPECTRA OF PROTEINS

The most promising application of 2D
cross-relaxation spectroscopy is that to
proteins. It turns out that by combination
with 2D correlated spectroscopy it is pos-
sible to elucidate in a very elegant man-
ner essential features of the molecular
structure of macromolecules. Within ami no
acid residues, connectivity is established
by 2D correlated spectroscopy while the
spatial relations between ami no acid resi-
dues are obtained from 2D NOE spectra. Ac-
cording to our recent experience (4), it
is likely that 2D NOE spectroscopy will
become a powerful tool for biological re-
search.
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STRUCTURE ELUCIDATION OF NATURAL PRODUCTS FROM

13C NMR SPIN-LATTICE RELAXATION MEASUREMENTS

Raymond S. Norton

1-me+hyI!soguanos i ne CJJ

R = ribose

The C spin-lattice relaxa-
tion of most quaternary carbons
in organic molecules is dominated
by 1 3 C - H dipolar interactions at
low magnetic field strengths. In
these cases 13c T-j
quaternary carbons
of known structure
ted by considering
from hydrogens two
from each carbon.

values for
in molecules
can be estima-
contri buti ons
bonds removed

In this paper it will be shown
that, provided a molecule behaves
as an isotropic rigid rotor, quan-
titative analysis of the contribu-
tions of 13c-1H dipolar inter-
actions to quaternary carbon T-|
values can be used to determine
the number of hydrogens two bonds
removed from each carbon, and thus
to establish substitution patterns
in chemical structures.

The following examples from
our studies on marine natural
products will be discussed in
detail: i) definition of the
predominant tautomer of 1-methyl-
i soguanos ine 1_ 1n solution ( 1 ) ,
and ii) determination of the
structure of 3, 4', 5, 6'-tetra-
bromo-2, 2 '-oxydiphenol 1, l 1-
dimethyl ether 2_.
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ZINC (II) MESO-TETRAPHENYLPORPHYRIN (ZnTPP) AS A

DIAMAGNETIC SHIFT REAGENT

Raymond J. Abraham

Geoffrey R. Bedford and Brian Wright,

The use of ZnTPP as a selective,
diamagnetic shift reagent is currently
under investigation in our
laboratories. (1)

The porphyrin-ligand equilibrium
has been examined for some nitrogenous
bases and the complexation shifts
(AP values) are obtained in analogous
manner to L.I.S.

A model of the porphyrin ring
current field has been developed based
on the double-dipole approximation (2)
but with the addition of the meso phenyl
ring currents and rotation about the
zinc to ligand bond. This gives good
estimates of the ring current field both
above and at the side of the ZnTPP
molecule. The model incorporates a
close-range approximation which enables
the ring current effects to be
calculated at any attached ligand,
however close to the porphyrin plane.

The method gives promise of being
able to obtain ligand-metallo-porphyrin
geometries in solution. (3) The
centre to nitrogen distances in some
metallo-porphyrin pyridine complexes

have been obtained as zinc 2.47A,

magnesium 2.55& and cobalt 1.93A. From
these, metal to nitrogen distances of

2.14& (Zn) and ca. 2.lX (Mg) can be
deduced. The cobalt is hexagonal and
lies in the porphyrin plane.

The estimation of the geometries
of complexes with sterically hindered
ligands is also feasible. In ZnTPP/
quinuclidine the zinc to nitrogen bond

length increases to 2.24A due to
porphyrin-OL, steric repulsions. These

are more dramatically illustrated in
the comparison of the quinoline and
iso-quinoline complexes. Whereas the
zinc to nitrogen bond length in the

iso-quinoline complex (2.10A) is
essentially identical to that in
pyridine, severe steric interactions
between the porphyrin and the
annulated phenyl ring in quinoline

lengthen this to 2.80A and re-orient
the ligand. The iso-quinoline
molecule lies parallel to the
porphyrin D , axis but the quinoline

molecule is considerably tilted from
the maximum co-ordination position,
again in the direction so as to
relieve the Hg-porphyrin steric
repulsion.
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THE J(GH) COUPLING CONSTANTS IN STRUCTURAL AND CONFORMATIONAL

ANALYSIS. THE PROTON-COUPLED CARBON-13 NMR SPECTRA OP METHANOL,

ACETALDEHYDE AND THEIR METHYL-SUBSTITUTED DERIVATIVES

Pertti Ayras

Simo Lotjonen and Reino Laatikainen

The proton-coupled earbon-13
NMR spectra of some simple alcohols
(methanol, ethanol, i-propanol and
t-butanol) and aldehydes (ethanal,
propanal, 2-methylpropanal and 2,2-
dimethylpropanal) were recorded and
analyzed by iterative computer-
assisted methods to find out the
signs of the various coupling
constants and to look for possible
conformational effects.

In the studied alcohols the

J(CH) couplings to the hydroxyl
proton turned out to be negative as

expected (1) and the ^J(COH) was
found to be positive. Other
couplings (Table 1) were also of
expected sign. The values observed
for the aldehydes (Table 2) are
also of expected sign.

Conformational effects are

observed in the J(CH) couplings to
the hydroxyl and aldehyde protons.
The ratio between the corresponding
5J(CH) and 3J(HH) couplings of this
type is found to be 0.53 in the
alcohols and 0.36 in the aldehydes.
It is then possible, by using the
above simple correlations and by
also taking into account certain
substituent effects (when a proton
is replaced by a methyl group) on

the 3J(HH)'s and 3J(CH)'s, to
qualitatively reproduce the observ-
ed J(CH)'s from the J(HH) data
(which yield the conformer popula-
tions). Still better agreement
between the observed and calculated
5J(CH)'s can be obtained if the

torsional angles are slightly ad-
justed. The J(CH) couplings can
hence provide information in con-
formational and other structural
studies, as has been also earlier
noted(2).

The J(CH) Couplings

Methanol

Ethanol

i-Propanol

t-Butanol

1J

140.

140.

140.
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.00
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I Of

C.

C-1
2J(OH)

-3.
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-2.

-2.
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?"°

-4
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1-0H

(OH,)
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.46
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-
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124
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Alcohols

.09

.72

.70

(
2J

-

-2.

-0,

-

3-2

.26

.70

(in Hz)

3J(OH)

2,

3,

2.

-

.93

.13

.69

3J(OH),

-

-

4.78

4.04

The J(CH) Couplings of the Studied AldehydeB (in Hz) a

O3-C2-C,BO

0-2 C-3

VJ TJ ' j TJ 2J(0H0) 2J(OH3)
 1J J 3J(CHO) 3J(0Hj)

Ethanal 172.2 -6.5 127.4 2S.6 - - - - -

Propanal 171.0 -6.2 5.5 125.73 25.11 -4.50 127.52 -4.30 2.50

propanal" 1 6 8 ' 9 ~ 5 ' 8 5 - 3 1 2 6 - 6 1 2 3 - 2 8 "<-15 127.05 -5.01 1.46 5.11

2,2-Dimethyl- ,,„ ,
propanal 1""':' 25.9 -3.9 126.8 - 1.02 5.7

^Values given with one decimal were obtained using
first-order methods
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DYNAMIC ZEEMAN EFFECT

G.Battaglia, G.Vetri

As known the combined effect
of a laser field and of the vacuum fluctu-
ations gives rise to side lines in the
emission spectrum of atomic systems (Dyna-
mic Stark Effect) (1).

A similar effect should take place
for 1/2 spin systems of free frequency
0) 0 in a strong magnetic field oscillating
at frequency toH= u>o+ a (Dynamic Zeeman
Effect) . The spin is also assumed to
undergo fluctuations due to spin-phonon
and spin-spin interactions.

The spectrum of the field radiated
at time T by the magnetic dipole g in a
given direction £ is obtained as Fourier
Transform of a two-time correlation
function of a :

dt'<e.a(t)e.a(t')> e":La)(t~tI)

' 0 '0
I (OJ) is independent of time in stationary

conditions and can be converted to one-

time mean values by using the Quantum Re-

gression Theorem. In fact, for t>t'

1(60)°: 1 dt dt1/ O^(t-t') .

. < aj(t
l)e>a(t')>

-ito(t-t')

if <ca(t)> = / o_(t-tt)<cr_(t1)>

and 0_= a , a , 0,1 ,

0 (t-t1) are the time evolution coeffi-

cients given by the transient solutions

of the motion equations of g ( Bloch

equations) and <0_(t1)£.a(t')> are

calculated in stationary conditions.

The Bloch equations have been solved

in the resonant approximation by using ap-

propriate relaxation times ̂  fF^jF. , for

the components <OX>, <<?„ > , <0? > of O in

the rotating frame and F « T « Y% (2).

For large Rabi frequency to, and

small detuning ( bli» a ,1^ ), the frequen
cy distribution obtained is

/4

1+2 - 1+t

2

1̂

2

1
+ —

4

a is <az > at thermal equilibrium with the

phonon reservoir. The first therm of I (to)

takes into account the radiation emitted

by the mean value of the dipole which

oscillates at the field frequency(elastic

part of the spectrum). The three Lorent-

zians describe the radiation due to the

fluctuations of the dipole around its

mean value and show three different peaks

at 03 = 00^,0)^10)^ respectively.

I (to) differs from its analog in

atomic systems since two asymmetric side

lines are found for a f 0, and the width

2 F̂ e of the central line is much smaller

than the width (1̂  +1^) of the side lines.

Some progress in this field will

appear in the near future.
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d-ELECTRON CONTRIBUTIONS TO CHEMICAL SHIFTS

K.D. Becker

In the course of an investiga-
tion into d-electron contributions
to nuclear magnetic shielding, we
have measured the chemical shifts
of 63Cu and lo9Ag in a number of
Cu(I) and Ag(I) compounds: i) the
metal halides (1,2) and ii) binary
and ternary copper chalcogen com-
pounds (3). In the crystals with
tetrahedral structures the predomi-
nantly covalent bonding is known to
be strongly influenced by the pre-
sence of the d-valence states of the
noble metal ions. Using a simple
LCAO MO description of chemical bon-
ding, the uppermost valence state
can be constructed from tetrahedral
hybrid orbitals h(a) and h(c) on the
anions and cations, respectively:
h(u)=ah(a)+3h(c), where a and 3 are
mixing coefficients. With this model
the paramagnetic contribution to
magnetic shielding in the average
energy approximation is given by:

a "
-1

AE is an average electron excitation
energy and C(E) an orbital reduction
factor. The shielding function f(e)
depends on parameters which charac-
terize the chemical bonding around
the nuclear site e (e=a,c). Neglec-
ting overlaps between anion and cat-
ion orbitals and using an sd hybrid
for the d-valence state of the noble
metal ions, f(c)=g2(3-6 )(4).

For a theoretical analysis of
the experimental data, these have to
be given on an atomic reference scale
a" relative to the free atom or ion.
Under the usual assumption that dia-
magnetic contributions play PAly a
minor role, a* is given by a p . In
cases where 3 is known, the theo-
retical f(c) can be compared with
the quantity f(c)C(c) determined
from the experimental data using
appropriate values for the AEs. In
the Cu(I)-halides , the Culn-chalco-

pyrites and Agl the d-character of
the uppermost valence state 3 is
known from other spectroscopic
studies. For these compounds good
agreement is observed between the
theoretical and experimental shiel-
ding function if reduction factors
of 0.19 and 0.35 are used for the
halide and chalcogen compounds,
respectively(3).

In order to test these ideas
the analysis was extended to the
anion chemical shifts in the noble
metal halides. The atomic shielding
scales, needed for a comparison
similar to that indicated above for
the cations, were derived from an
analysis of the anion shifts in the
alkali halides (5). Assuming sp
hybrids on the anions, f(a)=a (1-oO
=6 (1-g ) holds. This clearly de-
monstrates that anion and cation
chemical shifts in covalent crystals
are expected to be strongly corre-
lated in this simple LCAO MO
approach. Despite the difficulties
to set up the three different shiel-
ding scales for the anions, quali-
tative agreement is obtained bet-
ween the theoretical and experimen-
tal shielding functions with C(a)=
C(c)=0.19. This agreement is con-
sidered to be reasonable in view
of the approximate nature of the
present approach.
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NONLINEAR STOCHASTIC RESONANCE. COUPLING AND EXCHANGE

INFORMATION FROM THIRD ORDER FREQUENCY KERNEL.

B. Bltimich and D. Ziessow

EXAMPLE 1: AB-System — /

Cross and dia peaks
occur in plane
H3(vlfv2,-v2) (3) :

Notation v12+v21(-v21( E1 242

Diapeaks:

Crosspeaks:
regressive:
progressive:

Parallel:

3434,

3424,
: 3134,

3124,

Double Quantum:

EXAMPLE 2:

1

1
1

1

1

212,

312,
242,

342,

043,

2424,

2434,
2124,

2134,

1042

1

1
1

1

313

213
343

243

Linearly phase-corrected 2D ex-
change spectrum H3(v1,v2,-v2) of
the methyl groups in DMF. Binary
excitation, 2048 ensembles at 128
frequency points:

The spin system is a nonlinear
system, the response (transverse
magnetization) of which to random
excitation (pulse sequence with
randomly distributed flip angles)
is described by a series of con-
volutions of increasing orders
(Volterra-, Wiener-series). The
Fourier-transforms of the con-
volution kernels are multidimensi-
onal spectra displaying the system's
nonlinearities. Even order spectra
disappear (1) and odd order spectra
describe absorptions and stimulated
emissions of connected transitions
such that the sum-frequency occurs
at the Larmor-frequency. Calcula-
tion (2) of the frequency kernel is
based on ensemble averages <•> of
the Fourier-transforms of excitation
x(t) and response y(t)

H
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NMR RELAXATION OF NUCLEI IN RIGID PARTS OF A MOLECULE BY DIPOLAR

INTERACTION WITH NUCLEI ON INTERNALLY REORIENTING CX3 GROUPS

W.M.M.J. Bovee and J. Vriend

J.A. Peters, J.M.A. Baas and B. v.d. Graaf

In many organic molecules a spin 5
nucleus, I, in a rigid part of the
molecule is relaxed by dipolar interaction
with spin \ nuclei, S, in intramolecularly
reorienting CX3 groups. Only for some very
special cases (1, 2) complicated
expressions are available to analyse the
experimental relaxation rates of the
nuclei I and S in terms of molecular and
intramolecular motions and structure. Here
much simpler expressions will be given.
Moreover, the limitations inherent to the
methods mentioned above (coincidence of
the internal reorientational and the symme-
try axis of the diffusion tensor (1), and
only very specific equilibrium positions
between which the CX3 group jumps randomly
(1, 2)), are removed. The simplicity is
obtained by performing the statistically
averaging over the intramolecular motions
(which leads to the complicated
expressions) numerically, e.g. on a pocket
calculator. Straightforward calculations
along the lines given in reference 1 and 2
lead to the following expression for the
longitudinal relaxation rate T^l of
nucleus I, if the CX3 group reorients by
random jumps between three arbitrary
equilibrium positions:

VB

1
1 T"1
3 1

The above results and some standard theory
have been used to assign the 'H and '^C
spectrum, and to determine correlation
times and activation energies E^ for
methyl reorientation in the compound
1,2-endo, 3-exo, 4,5-endo, 6-exo-hexame-
thylbicyclot2.2.0]-hexane. The E^ values
of the methyl groups 1+4, 2 + 5 and 3 + 6
were found to be 10.5, 8.8 and 11.5 kJ
mol~' respectively, and showed a good
qualitative agreement with the values as
determined by force field calculations.
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Yi» YsYs and h have their usual meaning. The
constant A is 1 if I and S are nuclei of
the same, and \ if I and S are of a
different kind. TA until TQ are defined
in reference (1). For interested readers
a Texas Instruments TI59 calculator
program, and details of the calculations
leading to equation (1) are available.
Input of this program are the coordinates
of nucleus I and the three equilibrium
positions of nucleus S in the principle
axis system of the rotational diffusion
tensor, output are the constants C
(X = A, B, C, i = 1, 2). For the
longitudinal relaxation rate of nuclei S,
as a result of the dipolar interaction
with the nucleus I holds:

i
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CORRELATION BETWEEN IODINE NUMBER AND PROTON RELAXATION TIMES

IN MAIZE OIL

E. Brosio, F. Conti, A. Di Nola

S. Sykora

In this work a correlation between the

iodine number [N.I.] and an empirical pa-

rameter, T , derived by the longitudinal

magnetization decay for maize oil is re-

ported .

Different maize oil samples in the N.I.

range 80-123 were examined. The longitudi_

nal magnetization decay was measured by

the semilogarithmic plot of (PI -PI ] aga-

inst t, where PI and M represent the sta

o t —

tionary value of longitudinal magnetiza-

tion and the magnetization at the time t,

respectively.

The semilogarithmic plot of [PI -M ]
o t

against t for maize oil samples does not

yield a straight line.

This means that chemically distinct

protons in the sample have different rela_

xation times T due to different mobility

of the double bond segments and the satu-

rated chains.

Rather than insisting on a detailed in

terpretation of the decay curves, we have

therefore decided on a purely empirical

parameter which would be related to the

overall decay rate.

In order to be practical, such a para-

meter should also be easy to determine by

means of only a few measurements and a

simple calculation suitable for any pro-

grammable pocket calculator.

The parameter we have chosen is defi- •

ned as

the most hydrogenated s.ample (N.I.. = 80.2]

which is close to the liquid-to-solid tran

sition.

The present study indicates that the

NMR phenomenon of longitudinal relaxation

can be exploited for fast determination

of the iodine number of partially hydrog£

nated oils. Further work is needed in or-

der to see the behaviour of different ty-

pes of oil. It is clear, however, that

the method is viable and could become va-

luable for industrial production monito-

ring.

T = (t -t J/ln/ n -M, J/CP1 -M
I Z I — L L I t Z

) /, / 1/

where t and t are fixed delays equal in

our case to 100 and 200 msec, respective

ly and t is long enough to insure that M

is practically equal to M (in our case
- o

.t = 2 sec.]. T may therefore be ealcula-

ted from only three measurements.

The obtained results make evidence for

a good linear relationship between T and

N.I.: the linearity breaks down only for
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LOW RESOLUTION PULSED NMR STUDIES OF WATER BINDING AND OF

EXCHANGEABLE HYDROGEN CONTENT IN SOLIDS

E. Brosio, F. Conti, M. Paci

S. Sykora

The difference in decay rates of the

free-induction signals of solids and li-

quids has been extensively exploited for

determining solid/liquid ratios in multi-

phase systems [1-3).

In this work we present an application

of this technique based on the exchange

of hydrogen between a solid-phase and an

added amount of D O . The exchangeable hy-

drogens generally belong to functional

groups such as -OH, -COOH, -NH , etc., or

from strongly bound (crystal) water. In

both cases, the idea is to maKe such hy-

drogens appear "mobile" (i.e. contribu-

ting to the slowly decaying part of the

FID) by exchanging them with deuterium.

As an example we report the data ob-

tained by this method on durum wheat semo_

lina which consists predominantly of

starch, (starch: 77.3%; proteins: 14.0%,

D.B.). Varying amounts of D O , W, were

then added to the samples, and the resul-

ting percentage of mobile hydrogen, X,was

determined from the FID following a proce_

dure developed in a preceding study (3).

The total percentage of exchangeable

hydrogen is about 36.5 +_ 1.0%, which is

considerably more than the 30% one would

expect on the basis of the molecular for-

mula, C H j r l0Jn, of anhydrous starch (10
B ID 5

hydrogens per monomeric unit, 3 of which

belong to -OH groups). The form of the X

(W) dependence is also rather surprising

and can be explained only on the basis of

a rather complex model.

(a) A groups C-0-lgC originating from a

condensation of two hydroxyl groups.

(b) B hydroxyl groups having a partner

-OH site located in such a position that a

water molecule can coordinate with both of

them.

(c) C molecules of crystal water; and

(d) D hydroxyl groups without a partner

-OH site available for coordination with

the same water molecule.

The data are fitted very well with two

sets of parameters:

(i) 0=1.07, A=0.38, B=0, D=2.24;

(ii) 0=0.69, A=0, B=0.75, D=2.25.

Despite this uncertainty, the information

we have obtained about the hydration pro-

cess is surprisingly detailed.
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A PULSED LOW RESOLUTION NMR STUDY ON CRYSTALLIZATION AND

MELTING PROCESSES OF COCOA BUTTER

E. B r o s i o , F . C o n t i , A. Di Nola

S. Sykora

Pulsed low resolution nuclear magnetic re

sonance (NMR) was employed to measure the

"melting" curves of different series of

cocoa butter samples.

I. EXPERIMENTAL

The samples were prepared from completely

liquid phase by cooling and tempering

them at two different temperatures, T ,

(+7°C and-18°C) for varying times At be-

tween 0.5 hrs and 400 hrs.

The melting curves were detected for ti-

mes t between 1 min and 1600 mins, while

Keeping the sample at a fixed temperature

T in the range 25°C f 33°C. The solid
m
content of the sample was measured by the

technique of solid/liquid ratio determina

tion, described by Van Putte and Van den

Enden (1,2), by a pulsed low resolution

NMR spectrometer Minispec P produced by

Bruker (Karlsruhe, Germany).

II. RESULTS

The complex shape of each curve was inter

preted in terms of cocoa butter polymor-

phism and the results were compared with

data obtained by other techniques availa-

ble in the literature (3,4). Four solid

phases were distinguished and, according

to the literature, identified with phases

II, III, IV and V.

The growth of phases III and IV at T =

= 7°C and that of phases- II and V atCT =

= -18°C was observed. At a "melting" tem-

perature T = 28°C phases II, III and IV

transform themselves into phase V. Our da

ta are in full agreement with literature.

Several novel results have been also

found. These include the Kinetic consta-

nts of the melting processes of phases

II and III, the rate constants of solidi-

fication of phase V, the conversion of

phase III into phase IV before melting at

temperatures S30°C, and the growth of

phase V out pf phase II at -18°C (inclu-

ding the rate constant of this process).

We are convinced that NMR may serve as a

principal tool in fat polymorphism inve-

stigations, especially if it is combined

with other techniques such as differential

scanning calorimetry. Its advantage,

apart from rapidity of measurement, is

the fact that the measurement itself does

not interfere with the melting or solidi-

fication process studied. On the other

hand, it does not distinguish in a direct

way between different solid phases pre-

sent in the sample; this can be done only

in the inference from the behavior upon

melting.
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DETERMINATION OF THE CHEMICAL SHIFT TENSOR FROM THE MOMENTS OF

THE MAGNETIC RESONANCE LINESHAPE

E l l i o t t Burnell and Alex MacKay

A measurement as a function of
magnetic f i e l d Ho of the second Mg. and
th i rd M3 moments of the NMR lineshape due
to spins in the same chemical environment
in a so l id powder can be used to determine
the chemical s h i f t anisotropy tensor. The
calculated f i e l d dependence of the
experimental moments is (defining zero
frequency by the condition that the f i r s t
moment is zero):

TABLE 1. Moments for f luoran i l

M 2 = ^

M3 =

M2T"1 is the powder average second moment
ar is ing from f i e l d independent (dipolar
and quadrupolar) in teract ions, and

where a z z is the largest pr incipal
component of the traceless chemical
shielding tensor a^g. The asymmetry
parameter n is defined by

n =
a -.axx yy

CTzz

where

xx yy1 zz

From the above equations i t is
obvious that the value and sign of a z z
and the absolute value of n are obtainable
from a precise determination of the
moments. A special advantage of this
technique when compared with several other
techniques for obtaining chemical s h i f t
anisotropy data (notably mult iple pulse
experiments) is that i t also gives the
second moment at zero magnetic f i e l d .

The method has been tested by
measuring the f i e l d dependence of the
spectral moments from the 19-f luorine NMR

Frequency

(MHz)

28.23
79.66

188.21

(108

8.
13,
44,

.27

.75

.8

sec

+_
+_
+_

-2)

.06

.05

.3

M.

-13
5

1080

3

+ 2
± 2
±30

lineshapes of so l id f l u o r a n i l . M^ and M^
have been obtained (Table 1) from Fourier
transforms of experimental quadrature free
induction decays (corrected for receiver
recovery time) measured at 28.23, 79.66
and 188.21 MHz on Bruker SXP 4-100 and
CXP 200 spectrometers. A l inear least
squares f i t of the above equations to
these results gives the fol lowing
quant i t ies:

KJn) = 7.29 + .18 x 108 sec"2

= 2.68 + .02 x 103 ppm2

a(n)3 = 7.4 + .3 x 104 ppm3

= -4.1 + .7 x 109 ppm sec"?

These quant i t ies , obtained using a one
pulse experiment, y ie ld a,z = 114 ± 1 ppm
and n = 0.35 + .05 in gooa agreement with
the numbers 117 ppm and 0.44 obtained by a
mult iple pulse technique (1) .

We wish to thank the Natural Sciences
and Engineering Council of Canada for
f inancial support.
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1H, 13C AND 15N NMR STUDY OF CONJUGATION IN PYRIDINES

AND PYRIMIDINES

M.T. Chenon, J. Riand, M.C. Vitorge,
and N. Lumbroso-Bader

Two aspects of the conjugation of
some substituents with the pyridine and
pyrimidine rings have been investigated.

I. EFFECT OF THE DIFFERENCES IN

CONJUGATION ON THE CHEMICAL

SHIFTS FOR SUBSTITUTED PYRIDINES

AND PYRIMIDINES

Different studies have shown that
the replacement of a CH group by a nitro-
gen atom modifies the substituent conju-
gation.

Comparison of the carbon chemical
shifts of some pyrimidines and pyridines
shows that only the chemical shift of the
carbon directly bonded to the substituent
is strongly affected by the change in
conjugation.

The effect of the variations in con-
jugation on nitrogen chemical shifts is
smaller than expected ; an example is
shown below :

6 - 6
R

H
Me
SMe
NH2
OMe

A613C(ppm)

21.1
19.9
20.5
8.0
3.6

A6 N(ppm)

- 21.0
- 22.0
- 22.8
- 15.4
- 18.7

determined^. For some compounds, experi-
mental determination of AG* values was
not possible, but these values were esti-
mated by linear correlations found be-
tween AG^ and !j(NMe-4) or 1J(NMe-2).

Our results show that the double
bond character of the amino-ring bond is
larger for 4- than for 2-substitution.
The difference of their AG^ values varies
from 2.7 to 6.4 kJ.mol"!. This difference
is significantly increased by monoproto-
nation (from 5.9 to 15.3, kJ.mol"1). The
change in conjugation between the 4- and
2-dimethylamino groups with the pyrimi-
dine ring is thus more pronounced in the
monoprotonated species. Moreover, mono-
protonation induces a large increase of
all AG^ values (from 13.5 to 24.2 kJ.
moH).
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II. HINDERED ROTATION OF NMe2 IN

DIMETHYLAMINOPYRIMIDINES

The conjugation of the dimethylamino
group with the pyrimidine ring has been
investigated by '•W and l^C n.m.r. total
line-shape analysis which allows the free
energy of activation for internal rota-
tion about the C-N exocyclic bond to be
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NON EMPIRICAL QUANTUM MECHANICAL CALCULATIONS OF THE

VARIATION OF MAGNETIC SHIELDING CONSTANTS WITH

INTERMOLECULAR INTERACTIONS.

C. Giessner-Prettre

The magnetic shielding cons-
tants of the proton, carbon, nitro-
gen and oxygen atoms of formamide
and imidazole are calculated by an
ab-initio method (1) using gaussian
basis functions and Gauge Invariant
Atomic Orbitals. The basis set used
is minimal (2).

The same calculations are re-
peated for these molecules surroun-
ded by a varying number of water
molecules. The differences between
the values of the magnetic shiel-
ding constants calculated for the
isolated and hydrated molecules
show that intermolecular interac-
tions do produce large variations
of chemical shift not only for
atoms of the functional group which
participate to the intermolecular
bond but also for other atoms of
the molecule. The hydration shifts
are calculated downfield except for
the carbonyl oxygen of formamide,
the pyridine like N3 and C4 of
imidazole (3) (4).

If we consider the shift of
the molecule of water we find that
it seems to exist some correlation
between the hydrogen bonding shift
and intermolecular interaction
energy. The increasing order of the
HOH X hydrogen bond energy is
from our calculations

H2C0<H20<F<NH3<Im<HC00~<P04H2~ ;

for the chemical shift variation
the order is

H?C0<H20<F<NH3<Im<P04H~<HC00~.

From our calculations we
obtain an upfield shift of 1.4
p.p.m. for the magnetic anisotropy
effect of the imidazole ring on the
proton of a water molecule located
above the pyrrole like nitrogen
of the molecule.
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SPIN RELAXATION AND DISSIPATIVE SCHRODINGER LIKE EVOLUTION

EQUATIONS WITHOUT APPROXIMATION

N. Gisin

I. ABSTRACT

A microscopic model of spin relaxation
is proposed. In order to describe the ener-
gy exchange between the spins and the bath
the idea is to add to the usual Schrodinger
equation a non-linear term which acts as a
damping term. This splitting in two compe-
titive parts has the advantage of giving
rise to relaxation and equilibrium magneti-
zation without any approximation. Further-
more, it explains why the relaxation rate
value T-|~l which characterizes a dissipa-
tive phenomenon, is mainly given by a pro-
cess described by the usual Schrbdinger
equation. The case of spin relaxation in
zero magnetic field is also contained in
this model.

II. THE MODEL [1]

In order to describe the alignment of
one spin J on a magnetic field S we use
the unique quasi linear Schrodinger equa-
tion which preserves the norm of the state
vector ^£(I2 and is linear in ff :

(1)

where w = -yfB| is the Larmor frequence,
and k > o is a friction constant.

This equation describes the spiroTdal
motion of a spin turning around and simul-
taneously lining up on the z axes (wechoose
f = B-e*z). Thus the asymptotic value of
<az>(i)

 1S one- This corresponds to the equi-
librium value at zero temperature. At fi-
nite temperature another process must occur
to prevent an alignment of all the spins in
the same direction. Such a process of loss
of coherence occurs for example in the re-
laxation in zero macroscopic magnetic field.
The equilibrium being reached when the two
processes balance. This second process is
not dissipative and thus can be described
by the usual Schrbdinger equation. Indeed,
the well known model of BPP [2] based on a
perturbative approximation of the Schrodin-
ger equation, from which one computes tran-

sition probabilities, predicts an exponen-
tial loss of coherence. Originally,BPPadded
ad hoc terms in the evolution equation of
the populations in order to take into ac-
count Boltzmann equilibrium state. This is
not necessary in our model.

Omitting technicalities the resulting
evolution equation for the z component
of the macroscopic magnetic moment is

• _ -Nytioife )" AMz (2)

where N is the number of spins, and X
is the characteristic time of loss of cohe-
rence. The structure of (2) is very diffe-
rent from the corresponding Bloch equation,
but, as long as -tf[oo|«ke , where e is the
temperature, the solutions are very similar.
In fact, equation (2) predicts that M,
tends exponentially to
constant

Mz(°°) with a time

(3)

The condition Mz(<*>) = Mz (equilibrium)
impl ies

9
(4)

9 *«»
8 ke (5)

The relation (4) shows that the values of
T] and \~1 areequal up toorder (-fitwl/ke)2.
To conclude we may say that although a dis-
sipative phenomenon shows up the value of
its characteristic time T] is mainly deter-
mined by a non dissipative mechanism des-
cribed by the Schrbdinger equation.
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AN INVESTIGATION OF ION ASSOCIATION IN LIQUID AMMONIA

BY 2 O 5 T 1 , 1 4N, AND ]H NMR SPECTROSCOPY

J. F. Hinton and K. R. Metz

Tl-205 resonance frequencies have
been determined for l iqu id ammonia so-
lutions of TlC10.it and T1NQ3 as a func-
tion of electrolyte concentration (0.0005
M to 9.8 M) and temperature. The depen-
dence of the resonance frequency on con-
centration suggests the presence of free,
ful ly-solvated thall ium ions, ion pairs
and higher-order ion aggregates. Analy-
sis of low-concentration data between 0°C
and 30°C allowed the determination of
TINO3 ion-pair association constants and
thermodynamic parameters (AHA = +6.5 kcal
/mol, ASA = +36 e.u. ) . A precipitious
decrease in Tl-205 resonance frequency
was observed for NH3 to T1NO3 mole ratios
below 3 :1 , suggesting the formula
(NH3)3 TI+NO3- for the ful ly-solvated,
contact ion pair.

N-14 chemical shi f ts and linewidths
were determined for NO3" and NH3 in
l iqu id ammonia solutions of thallium n i -
t ra te. Concentrations between 0.07 M and
10 M were studied. The concentration de-
pendence of the N03" sh i f t and linewidth
is consistent with the presence of C2V
ion pairs at a 2:1 mole rat io of NH3 to
TINO3 and C3V ion pairs at mole ratios of
3:1 or greater. The small (l-2Hz) value
of the N03" linewidth below 1 M suggests
high symmetry about the central N-H
atom. This would be expected from con-
tact ion pairs exhibit ing surprisingly
covalent cation-anion interactions.
Studies of the NH3 linewidth as a func-
t ion of thallium sal t concentration ind i -
cate slow solvent exchange at very high
concentrations. NH3 exhibits a downfield
sh i f t upon incorporation into the sol-
vation sphere of the T1+NO3" ion pair.
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STUDIES ON THE STRUCTURES AND HG-C SPIN-SPIN COUPLING

ANISOTROPIES OF SOME METHYLMERCURY COMPOUNDS

Juklca Jokisaari, Kauko Raisanen and June Kuonanoja

I INTRODUCTION

Determination of molecular
structures with the aid of the NMR
spectroscopy of partially oriented
molecules is based on the relations
between the dipolar coupling con-
stants D;j and the structure. In
order to get "correct" values for
Djj's, one must know the indirect
contributions J ? n i s o in the experi-
mental anisotropic coupling con-
stants. J|O'so also gives more in-
formation about the electronic
structure of a molecule than iso-
tropi c J. . .

r d- orWe have studied the
structures and Hg-C spin-spin coup-
ling anisotropies in the methylmer-
cury compounds CH 3HgX with X = C H 3 ,
Cl, Br, I, N 0 3 and CF 3 ( 1 - 4 ) .

II RESULTS

A. Indirect Coupling Constants

One of the greatest problems
in the NMR studies of partially
oriented molecules is the question
of how to get realiable values for
the indirect coupling constants in
liquid crystal solutions. This be-
comes particularly important when
the absolute values of indirect
coupling constants are great, as
J(Hg-C) or J(Hg-F) in the present
cases. Table 1 demonstrates the
solvent and temperature dependence
of J(Hg-F) in CF 3HgCH 3.

TABLE 1. Temperature and solvent
dependence of J(Hg-F) in CF 3HgCH 3.

T(K) J ( H g - F ) ,
Phase IV ZLI

Hz, in
1132 ZLI 1167

300"
313
323
343
363

942 .7

945 . 1
947 .3
9 4 8 . 9

947 .7
949. 1
950 .2
9 5 2 . 5
9 5 4 . 5

955 .1

9 5 6 . 0
958 .2
9 5 9 . 3

The J values were obtained by
extrapolation. The corresponding
value in C 6D 6 solution is 926. Hz.

B. R d- and Res t r u c t u r e s

Probably the most interesting
structural parameter in the mole-
cules studied is the Hg-C bond
length. The results indicate that
in the series X = C H 3 , Cl, Br and I
the Hg-C distance remains almost
constant, 205 to 207 pm, while when
X = N 0 3 or C F 3 , significantly
shorter distances, 200 to 203 pm,
are obtained. Slight deviations in
the HCH bond angles are also ob-
served .

C. Hg-C Coupling Anisotropy

Due to experimental difficult-
ies, anisotropy of the Hg-C coup-
ling was only determined for ( C H 3 ) 2
Hg and N0 3HgCH 3. The relative an-
isotropy, R(Hg-C) = AJ ( H g - C ) /
J ( H g - C ) , for ( C H 3 ) 2 is about 115 %,
while the approximate values of
36 % and 68 % for N0 3HgCH 3 dissolv-
ed in a lyotropic and a nematic
phase, respectively, were obtained
(1,3 ) . A simple relativistic MO
model also predicts the decrease of
R(Hg-C) as we move from ( C H 3 ) 2 Hg
to N0 3HgCH 3 and assume sp and s hy-
bridization for Hg, respectively
(3).
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NON-FIRST-ORDER EFFECTS IN FULLY

COUPLED 13C-1H SPECTRA

Alan J. Jones and G. A. Jenkins

M. L. Heffernan

A none too surprising but
nevertheless general rule that
proton coupled carbon-13 nmr
spectra in ABCDX, ABCX and ABX
systems are nonrfirst-order when
the condition h J c H

= A ^ i-s m e t

(where A6 is the proton chemical
shift separation (VA~

V
R) between

two closely coupled protons
associated with adjacent carbon
atoms) has been demonstrated (1).
Non-first-order behaviour is
characterised by the asymmetry
observed in the CH coupled
multiplet (1,2). Applications .In
the analysis of heteroaromatic
systems (e.g., C4 in 1,2,3-triaza-
indolizine, (Figure 1) and
aromatic systems (e.g., Cl versus
C7 in fluoranthene) using solvent,

Figure 1. The carbon-13 coupled
resonances of C4 and C6 in 1,2,3-
triazaindolizine for solutions
in (a)chloroform-d (b) dioxane-dg.
The noise-free lower traces in
each case are simulated spectra.

temperature and by implication
field effects are given. More
detailed analysis of the simulated
ABX case (3) (Figure 2) shows that
the variation in intensity
combination transitions is depend-
ent on the (v -v ) separation (see
Table). Analysis of the
C-H splittings in ABX cases should
be approached with caution.

A useful analogy providing
ease of interpreation of virtual
coupling phenomena in off-
resonance spectra (4) is obtained.
In addition the "fingerprint"
method devised by Gunther etal.(5)
for AA'BB'X systems is shown to
break down when the A6 =i
condition is met. CH

Figure 2. The simulated spectra
for the ABX case over
a range of A6
values.

A l

c

100 Hz

1 0

0 88

0 66
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Table. Relative Intensities of the X-transitions and

V -V )

in Hz

65

75

80

85

90

95

105

1.920

1.799

1.745

1.693

1.645

1.599

1.514

Their

Angles

*

76.

65.

55.

42.

29.

21.

12.

Dependence on &6

ABX-System

121

994

900

415

518

136

730

sin (<|>+-

0.925

0.811

0.657

0.421

0.219

0.119

0.038

= (v -v_) in an

Intensities

2
d) ) cos (cb —d)

0.074

0.189

0.343

0.579

0.781

0.889

0.962
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THE SPECIFICITY OF HIGH RESOLUTION % , 2H AND 13C NMR SPECTRA

AT THE PHASE TRANSITION LIQUID-MOLECULAR CRYSTAL

Liudvikas L. Kimtys

Dagfin W. Aksnes

High resolution 1H, 2H and 13C
NMR spectra of globular (pivalic
and triethylacetic acids) and long
chain (fatty carboxylic acids from
C15 to C19 ) molecular systems have
been studied at various temperatu-
res covering the liquid-molecular
crystal phase transition.

The existence of narrow1H and
C NMR lines, a sharp decrease in
the chemical shift of the carboxyl
proton and hysteresis of chemical
shift have been found at the phase
transition liquid-brittle crystal
(plastic-brittle crystal in the
case of pivalic acid). A new line,
which is absent in the spectra of
liquid acids, at 4.1 ppm for odd-
-carbon fatty acids, and at 5«3ppm
for pivalic and triethylacetic
,- cids in the 1H spectra has been
found in the brittle crystal phase
and assigned to the signal of the
non-hydrogen-bonded carboxyl
proton.

The doubling of the methyl
and carbonyl carbon lines as well
as carboxyl proton line, through
the formation of low-field satel-
lites, has been observed at the
liquid-plastic crystal phase tran-
sition for pivalic acid (1).

Deuteron line-widths and T1
values have been measured in the
plastic and liquid phases of deu-
terated pivalic acid._9The correla-
tion times of 5.Oxio sec and
8.1x10" sec in the plastic and
liquid phases as well as the acti-
vation energies of reorientation
of 25 ± 2 kJ/mole and 17 ±2 kJ/mole
have been found for pivalic acid
at the liquid-plastic crystal
phase transition.
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STEREOCHEMICAL INVESTIGATION

OF TETRACARBONYL-n-DIENE-CHROMIUM(O) COMPLEXES

BY NMR SPECTROSCOPY

Cornelius G. Kreiter

Saim Ozkar

Hexacarbonyl-chromium(O) reacts bet-
ween 248 and 273°K in pentane photochemi-
ca l l y wi th dienes e.g. 1,3-butadiene (±),
2-methyl-l,3-butadiene (2), 1,3-pentadi-
ene (3), 2,4-hexadiene (4), 1,3-cyclohexa-
diene (_5) and 1,5-cyclooctadiene (6_) to
give the formally octahedral complexes,
tetracarbonyl-n-diene-chromium(O) (A).
Complexes of th is type, for example IA (1)
and 6A (2 ) , have been known for a long
time. However, the i r structures have not
been invest igated extensively. The recent-
ly published stereochemical study of IA
demonstrates that the complex has an oc-
tahedral structure and exhibi ts a res t -
r i c ted ligand mobi l i ty (3) .

IR, ^-NMR and 13C-NMR spectra of
these complexes demonstrate also an octa-
hedral arrangement in which two cis coor-
dination si tes are occupied by the biden-
tate diene l igand. Although the proton
NMR spectra of the complexes remain prac-
t i c a l l y unchanged over the temperature

range, 170-300°K, the i r 13C-NMR spectra
exh ib i t temperature dependent carbonyl
l igand signals indicat ing thermally indu-
ced l igand mob i l i t i es .

Because of the low natural abundance

of 13C-isotope, s t a t i s t i c a l l y only one of

the four CO-ligands can be of 13C-isotope.

Depending upon the posit ion of the 13C
carbonyl l igand, four stereoisomers of

the complexes Cr( x 3C0)(1 2C0)3 ( rH ,3-diene)

are possible, two of which are enantio-
mers (Figure-1). Therefore, a t s u f f i c i -
ent ly low temperatures, three carbonyl
signals of the re la t i ve in tens i t ies 2:1:1

show up in the 13C-NMR spectra. The l ines
broaden and coalescence with increasing
temperature giving only a sharp peak a t
high temperatures a t which the isomerisa-
t ion can occur rapidly compared to the
NMR time scale. The isomerisation of the
octahedral tetracarbonyl-n-diene-chromi-
um(0) complexes possibly proceeds via a
tr igonal prismatic t rans i t ion s ta te .

Figure-1: The possible four stereoisomers

of Cr(13CO)(12CO)3(n-l,3-butadiene).

The free energies of ac t ivat ion for the
carbonyl scrambling were determined by
l ine shape analysis (3) and were found in

the range of A G ^ Q ^ 41-47 kJ/mole for the

complexes IA-4A. 5A has a smaller ac t iva-
t ion barr ier f o r the l igand mob i l i t y , SA
is r i g i d up to 370°K fo r the NMR time
scale. The free energies of ac t iva t ion

and the 13C-NMR chemical sh i f t s of CO-l i-
gands are l i s t e d in tab le -1 .

TABLE 1
13C-NMR Chemical sh i f ts of CO-ligands in
6[ppm] r e l . TMS and act ivat ion free ener-
gies AG^50 in [kJ/mole]

Com- ToK s
plex T K c o

AG250

IA 185 229.79, 227.31, 225.37 42.6
253 228.07

2A 180 229.78, 228.49, 227.47 40.7
232 228.17

3A 189 230.65, 229.46, 226.44 45.0
254 228.17

4A 198 230.01, 227.10, 225.91 46.8
267 -
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INTER AND INTRAMOLECULAR CONTRIBUTIONS TO

THE PROTON RELAXATION IN THE NEMATIC PHASE

OF THE LIQUID CRYSTAL 5CB

J. S. Lewis and E. Tomchuk

E. Bock

The ring proton spin-lattice
relaxation rates (R^) of the
nematic liquid crystal 4-cyano-4'-
n-pentyl-dn-biphenyl (5CB-dn) was
measured as a function of concen-
tration in perdeuterated 5CB at
29°C over the frequency range 4.2-
90 MHz and at 13.8 MHz and 90 MHz
over the nematic phase temperature
range. The results of this iso-
topic dilution study were used to
determine the intermolecular and
intramolecular contributions to the
total ring proton relaxation rates.

The intramolecular relaxation
rate (Ra) was found to vary from
5.3 s"1 at 4.2 MHz to 1.2s-1 at 90
MHz. Plots of ln(Ra) vs 10

3/T were
linear below 30°C at both 90 MHz
and 13.8 MHz, but with different
slopes. A very satisfactory fit
using standard liquid crystal
relaxation theories (1,2) could be
found at this temperature over the
entire frequency range. Inclusion
of the variable temperature data
(assuming a thermally activated
correlation time) led to a reason-
ably satisfactory fit, with E=8.5
kcal/mole and x(29°C)=1.6xlO~9s.
However, consideration of the
interactions between the two phenyl
rings suggests that this result may
be somewhat fortuitous.

The intermolecular relaxation
rate (Rr) was found to vary from
1.4 s"1 at 4.2 MHz to 0.6s~l at 90
MHz. Plots of ln(Rr) vs 10

3/T were
approximately linear below 30°C and
with similar slopes at 9 0 MHz and
13.8 MHz. The relative ineffective-
ness of intermolecular relaxation
as compared with intramolecular
relaxation may substantiate the
suggestion of Leadbetter (3) that
5CB molecules associate in groups
of several units. A reasonable fit
using Ukleja's (2) intermolecular
relaxation theory can be obtained
using both frequency and tempera-

ture variable data, but it should
be noted that fitting to the fre-
quency dependence alone leads to
parameters which are inconsistent
with the temperature variation of
Rr. Using the former procedure, we
obtain Er=6.2 kcal/mole and T(29°C)
= 0.68xl0~9s. Following the
analysis of Zumer and Vilfan (4),
the theory of Torrey (5) can also
be applied to give a fit similar to
the Ukleja theory but with Er=4.9
kcal/mole and x(29°C) = 0.61xl0~9s,
where the distance of closest
approach a and the rms flight
distance<r2_ys are assumed to be
equal. Given the different
theoretical bases of the two
approaches, the similarity of the
results is surprising. Attempts to
treat the data with a combination
of Torrey diffusion and a second
mechanism, namely order director
fluctuations or Blinc's (6)
"frequency independent term", did
not, when all the data was
considered, lead to any significant
improvement. Allowing the ratio
<r^>/a2 to vary led to a decrease
in both this ratio and the correla-
tion time, but without any
significant change in the predicted
relaxation rates.
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SOLVENT AND ISOTOPE EFFECTS ON THE KINETICS OF DOUBLE PROTON

TRANSFER BETWEEN ACETIC ACID AND METHANOL BY LINESHAPE

ANALYSIS AND SELECTIVE T - EXPERIMENTS
o

Hans-Heinrich Limbach, Detlev Gerritzen,
and Wolfgang Seiffert

We have recently shown by NMR-
lineshape analysis that acetic acid
and methanol exchange their protons
in tetrahydrofuran(THF)-dfi during
one encounter in a cyclic hydrogen
bonded complex(i,2). The slow exchange
range is easily reached because 1)
hydrogen bonding to the solvent S
prevents the formation of the inter-
mediates (3) and 2) because the ex-
change step is an energy activated
process.

In fig.1 we report now the pri-
mary kinetic HH/DD isotope effects
of this reaction. At 298 K the DD-
exchange is about 1O times slower
than the HH-exchange which supports
the above reaction scheme.

10 G/ppm 0
RCOOD ROD

Fig.1 Superposed experimental and
calculated deuteron NMR spectra of
0.4 m/1 CH COOD and CH OD in THF
at 13.82 MHz. The two sharp peaks
arise from the solvent deuterons.

difference of 6.6 ppm was obtained
leading to a bimolecular rate con-
stant which is 4CO times greater
than in THF-d3. The value of T-̂  =56
ms for H-| ->O is in very good agree-
ment with the signal line width of
6 Hz.

CH3COOH/CH3OH CHjCOOH

5 4 3 2
6/ppm

18

16

Hj/ gauss
L

m/l CH3COOH and CH3OH in MCH at 299KUH3(
100

l 1^ (COOH/OH). 6.2 sec).
at 90 MHz.

RCOOH- S + ROH---S RCOOH ••• S+ ROH—S

- 2 S l f * 2 S fast - 2 S j r * 2 S

0-H
R-C

\
0-R

slow
R C

?-*
0-H' 0--H

0 R

The absence of hydrogen bon-
ding to the solvent leads to very
fast proton exchange in methylcyclo-
hexane-d (MCH) (fig.2a). Selective
on-resonance Tip -relaxation time
measurements were, therefore, per-
formed on the coalesced COOH/OH-sig-
nal as a function of the locking
pulse strength H (fig.2b) according
to ref.(4). An exchange rate of
8.8-1O4 s~1 and a chemical shift
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TWO-DIMENSIONAL CHEMICAL EXCHANGE SPECTROSCOPY

S. Macura , Y. Huang and R.R. Ernst

I. INTRODUCTION

The advantages of two-dimensional
(2D) spectroscopy for the elucidation of
chemical exchange and cross-relaxation
networks have recently been demonstrated
for proton spectroscopy (1-4). However,
homonuclear spin-spin couplings can lead
to undesired J cross-peaks in a 2D ex-
change map. Such complications can be avoi-
ded by using NMR of rare nuclei, such as
l^c, in the presence of heteronuclear spin
decoupling. Here, we demonstrate the uti-
lity of two-dimensional ^ C spectroscopy
for the elucidation of chemical exchange
networks.

II. METHODOLOGY

The basic three pulse sequence of 2D
exchange spectroscopy (1) applies also to
13c resonance in the presence of continu-
ous proton decoupling applied for sensi-
tivity enhancement and to eliminate hete-
ronuclear spin-spin couplings. Interferen-
ce effects caused by transverse magneti-
zation precessing during the mixing time,
and axial peaks, originating from longi-
tudinal magnetization which recovered du-
ring the mixing time, may be suppressed by
coaddition of the responses of two phase-
inverted pulse sequences: First experi-
ment: 90°, t,, 90°, T , 90°, t ; second
experiment: -90°, t±, 90°, i m, -90°, t2,
as suggested in Ref.(3).

III. APPLICATION

To demonstrate the use of ^ C 2D che-
mical exchange spectroscopy, we select an
equimolecular mixture of cis- and trans-
decalin. Trans-decalin is a stereochemi-
cally rigid molecule and shows three sets
of equivalent ^C nuclei. Cis-decalin, on
the other hand, undergoes a thermally ac-
tivated ring puckering process which per-
mutes two pairs of non-equivalent nuclei
while the two bridge carbons do not change
their shift. This behavior may clearly be

seen in the low-temperature 2D exchange
spectrum of Fig.l . In addition to three
trans-decalin and five cis-decalin auto-
peaks, there are two pairs of cross-peaks
which identify the two exchanging pairs of
carbon nuclei in cis-decalin.

IV. CONCLUSION

Carbon-13 chemical exchange maps of-
fer a valuable new possibility for the in-
vestigation of chemical exchange networks,
especially in cases where proton 2D spec-
tra are complicated by homonuclear spin-
spin couplings.
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HIGH PRESSURE CARBON-13 FT-NMR. ACETONITRILE EXCHANGE

WITH [Co(CH3CN)6](C104)2

Andre Monnerat, Peter Moore, Kenneth E. Newman
and Andre E. Merbach

SUMMARY

Modifications to a recently described

high pressure, high resolution NMR probe-

head (1) to improve sensitivity and allow

observation of carbon-13, are described.

Variable temperature and pressure carbon-

13 studies on the nitrile resonance of

pure acetonitrile in the presence of

[Co(CH3CN)6](C104)2 yield the following

parameters for the solvent exchange rate:

k298 15 = (2-56 ± 0 > 0 6) x ] ° 5 s"1' AH* =

48.79 ± 0.11 kJ mol"1, AS* = +22.2 + 3.7

J K"1 mol"1, AV* = +7.7 + 1.7 cm3 mol"1.

The results are discussed in terms of the

relative accuracy and reliability of AS*

and AV*, the parameters most frequently

used for solvent exchange mechanistic

assignment (2).
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QUANTITATIVE EVALUATION OF SOLUTE-SOLVENT INTERACTIONS

BY THE COMPETITIVE PREFERENTIAL SOLVATION THEORY

Otto B.NAGY and Bhukandas PARBHOO

Si the study of molecular inter-
actions, anomalies of several types
can be found which could be inter-
preted only by using ad hoc theo-
ries. Recently, a new model has beai
proposed : the Competitive Preferen-
tial Solvation (COPS) theory which
can account for those anomalies (1).
This theory is based on 5 postula-
tes : 1) All solvents components(j,
k,...) compete for solvating the so-
lute (i) in the extent of their e-
lectronic-geometric affinity (Ki(j)).

2) In the solvation shell the
molecules are continuously relaxing
between solvating and complexing
states.

3) The actual composition of
the solvation shell is determined
by K. , .,C . where C. is the molar

concentration of j.
4) The solute undergoes a vir-

tual microscopic generalized parti-
tioning.

5) The solvent effects on any
physico-chemical properties are ad-
ditive in the solvation shell in a
first approximation.

According to classical theo-
ries the Scatchard equation is :

(«s,

for the equilibrium C;6 ,„. , 6_

and 6 represent un-, fully-, and
partially-complexed solute A in sol-
vent S respectively. Only negative
slopes a,re possible theoretically
or at the extremely small interac-
tion limit a zero slope may appear.

COPS theory gives :

5A(S)" 6 _ KA(Z).
SA{S) ;(6A(S) 6A(Z)

where v« and v z represent the mo-
lar volumes of solvent S and com-
plexing agent Z; <5A(Z\ is the <5 in
pure Z. It is obvious that slopes
of any kind may be accounted for by
this equation. The affinity cons-
tant ratio K A (z) / / KA(S) represents
the actual partitioning of A be-
tween S and Z and are different
from the classical equilibrium con-
stant K.

Affinity constants appear to
be transferable quantities. The coro-
bination of "classical" results ac-
cording to COPS principles leads to
the determination of molar volu-
mes by NMR.

In the present work COPS theo-
ry is applied to establish the in-
teractions between ions (Li , Na ,
Rb , Cs and F~)(2)and solvents H 20
and H 2O 2.

It turns out that classical
theory, when it includes also the
solvent in the equilibrium i.e.
AS + Z * AZ + S gives the same in-
teraction constants as COPS theory
even when stoechiometry is conside-
red ecplicitely. The agreement ap-
peais also when the molar volume of
Z is negligibly small compared to
the classical stability constant.
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INTERMOLECULAR POTENTIALS FROM PROTON SPIN-LATTICE

RELAXATION TIMES IN Hg-ArAND Hg-Ng GAS MIXTURES

Lakshman Pandey and K. L a l i t a Sarkar

Proton spin-lattice relaxation
times Tj were measured in HL-Ar and

Hg-Ng gas mixtures as a function of

density (10<fC 70 amagats), compo-
sition (~18-65%) and temperature
(3OO-6OOK) with a 30 MHz spin-echo
spectrometer using phase sensitive

0 X
detection. The values, (T,/p) ~ ,

for H2-X (X=Ar or Ng) collisions

alone were obtained by extrapola-
ting the data to 100% of X. The
present data together with those
obtained by Foster e t .a l . ( i ) and
Williams (2) in these systems below
300K were analysed using Bloom-
Oppenheim theory (3) and informa-
tion about the anisotropic inter-
molecular potential was extracted.

The isotropic part of the
intermolecular potential was assu-
med to be given by 12-6 Lennard-
Jones potential. The anisotropic
part was assumed to have a repul-
sive term while the attractive term
was given by the electrostatic
interaction between the moleculesCO.
It was found that the potentials
given below represent the T /̂p
data best

(V)H _
2

41.46x1O" 1 5 ( (a / r ) 1 2

- (a / r ) 6 )+5.59x1O" 1 5 x
(1 .45(a / r ) 1 2 - ( a / r ) 6 )P 2 ( cose»)

H _N • 32 .81x10~ 1 5 ( (a / r ) 1 2

2 " 2 - ( a / r ) 6 ) + 4.25x1O"15 x

(1 .64(a / r ) 1 2 - (a / r ) 6 ) (P 2 (cos© 1 ' )

+P 2 ( cos6p ) -27 .73x10- 1 5( a / r )5 x

that the molecular symmetry axes
of the two molecules respectively

make with r , A! and A, respectively

are the orientations of the symme-
try axes of the molecules with

respect to ~r, Y. are spherical har-
monics and a_ are constants defi-
ned else where(4).

It was further found that the
relative anisotropy in the attrac-
tive r term of the intermolecular
potentials are (0.137 + 0.01) and

(0.131 +0.01) for H2-Ar and H2-N2

respectively which agree well with
the value of 0.128 obtained from
polarizability data (5).

A detailed paper based on
this work will be published else
where.
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where a is the L-J distance para-
meter, r is the interraolecular
separation, ©.j, ©£ are the angles
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19 1Q
F PULSE-NMR EXPERIMENTS WITH A F LABELED LYOTROPIC

LIQUID CRYSTAL

J.F.M.Post.H.J.C.Berendsen and E.James

In solids containing two dipolar
coupled spin-j species I and S the NMR
absorption line of the I spins contains
contributions from both I-I and I-S
interactions. The second moment is then
a sum of homonuclear and heteronuclear
contributions and can be written as
M2=M2(II)+M2(IS). By applying pulse-NMR

techniques these contributions can be
determined separately. These NMR tech-
niques are of interest for the study of
liquid crystals. We have synthesized a
specifically fluorinated lipid, i.e.
4,4-difluoro-K-myristate. Mixed with
water(22%) this compound forms above
50 C a homogeneous phase of lipid bi-
|ayers in the smectic form. By using
F pulse-NMR we were able to resolve

the F-F and H-F dipolar couplings and
to obtain the F-F order parameter and
M2(HF), the heteronuclear second moment,
due to the dipolar couplings between the
fluorine nuclei and the protons along
the chain. Three experiments were done:

I. A 90 -U-90..O pulse-sequence results
in a dipolar echo. It was shown by
us that the echo amplitude E(f) should

° b e y

a sum of a gaussian and a constant with
equal intercepts. From the plot of E("^)
vs. t M2(HF) can be determined. The
experimental values of E(f) are well
described by the above expression,
except that the magnetization further
decreases with a large time-constant
due to relaxation mechanisms. These
relaxation processes are being investi-
gated.

II. It can be shown easily that a
90 -(f-180 -t) pulse train averages
out all H-F interactions, field inhomo^
geneities and chemical shifts. Only the
unbroadened F-F signal is sampled by
this sequence. This makes it possible to
do a direct determination of the local
orderparameter S of the chain.

III. For a 90 -'l-yo pulse sequence
our theory predicts that E((i)=sin£
\f_ -f is long compared to the FID. We
carried out this experiment as a test
of the theory and excellent agreement
was observed.

The results obtained with a sample of
4,4-difluoro-K-myristate/H 0 (78:22)
are summarized in the following table.

T(°C)

60

70

80

90

S chain(C4)

0.380

0.374

0.376

0.374

M2(HF)(gauss
2)

0.099

0.096

0.086

0.079

19
It can be concluded that F labeling
of lipids provides a useful method to
determine the local orientation of the
lipid chain and the interactions of the
fluorine nuclei with the surrounding
protons. By combining the results of
the experiments described above a rather
complete picture of the molecular beha-
viour can be obtained. From our experi-
ments it is obvious that the chain
orientation is not sensitive for the
temperature in the range we studied,
while the mobility along the chain
still slightly increases with increasing
temperature.
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!H AND 1 3 C NM1* STUDY ON THE R E S T R U C T U R E S OF 2-CHL0R0- AND

2-BR0MTHI0PHENE PARTIALLY ORIENTED BY NEMATIC LIQUID CRYSTALS

Kauko Raisanen and Jukka Jokisaari

I INTRODUCTION

It is indicated in the case of
2-chloro- and 2-bromothiophene that
neither the J H , nor the natural
abundance z3C-satel1ite
of a partially oriented
carry enough structural
tion. However, the use
ui d crystal sol vents i
and ZLI 1132) and the

NMR spectra
molecule
informa-
of two liq-

[MerckZLI 1167
assumption of

unchanged structures in the solu-
tions made it possible to determine
the complete ra-s tructures

II RESULTS

Since 2-chloro- and 2-bromo-
thiophene do not possess any sym-
metry in the xz plane (Fig. 1 ) , one
could expect that the D coupling
constants measured in two different

Fig. 1. Numbering of the nuclei in
2-chloro- and 2-bromothiophene.

liquid crystal solutions are inde-
pendent. In the course of the
structural analyses, however, it
appeared that the ratios D M ( Z L I
1132)/DT .(ZLI 1167) of certain
coupling constants get the same or
only slightly differing values.
Thus the number of independent
coupling constants still dimin-
ishes, and in the case of 2-chloro-
thiophene it even leads to a very
poorly determined group of equa-
tions and prevents the use of all
co-cordinates as variables. The
rest r u c t u r e of 2-bromothi ophene
was therefore resolved first, and
the co-cordinates of 7-carbon were
introduced into and fixed in the

determination of the structure of
2-chlorothiophene (Table 1 ) .

Table 1. Tne C-H and C-C bond
lengths (in A) of 2-chloro- and 2-
bromothiophene . A = value without
vibration correction. B = value
corrected for harmonic vibrations.

Para- 2-Chlorothioph. 2-bromothioph.
meter A B Error A B Error

C-H
bonds
r15 1.195 1.084 0.002
r26 1-209 1.105 0.001

1.194 1.090 0.009
1.205 1.097 0.011

3?
C-C

bonds

1.186 1.095 0.001 1.182 1.098 0.014

1.515 1.421 0.003 1.513 1.397 0.023
1.4232

r67 1.484 1.404
1.4232

1.484 1.404 0.028

Assumed

Harshbarger et al. (1) have
studied 2-chloro- and 2-bromothio-
phene by electron diffraction in
the gas phase. In both cases they
found that two different structures
could be fitted equally well to the
experimental data. Neither of
these, however, agrees very well
with our results.

REFERENCE
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APPLICATIONS OF V M R SPECTROSCOPY

Dieter Rehder

Vanadium chemistry has expanded

rapidly during the last decade,

and compounds such as VOC1, and

VO(OR)., have attained some import-

ance as catalysts in polymerization

and oxidation reactions. J V NMR

spectroscopy has therefore been

developped as a tool for the

characterization of vanadium

species, the description of the

"bonding situation in the coordin-

ation sphere of the compounds and

the electron density distribution

at the V nucleus. Due to its

favourable nuclear properties (I =

7/2, eQ = 0.05-10"28 m2, relative

receptivity at constant field 0.38,

E= 26.29 MHz), high quality

spectra are obtained even for van-

adium in low symmetry sites.

To this date, ca. fourty reports

on V solution NMR (and an appro-

priate amount on solid state in-

vestigations) have appeared. In

this communication, results on

chemical shifts 5( V) (ranging

from +432 to -1967 ppm relative to

V0C1,), nuclear spin-spin coupling

constants [1J(VP), 1J(VP), 2J(VF),
1J(VH)] and line widths (<2 Hz to

ca ?.5 kHz), obtained in isotropic

media, are exemplified. Quadrupole

coupling constants, determined in-

directly, and quadrupole splitting

in liquid crystals are subject to

a special paper in this section.

The NMR parameters (and their

temperature dependence) are dis-

cussed in the light of:

(i) Analytical applications such

as the identification of distinct

species,

(ii) structural assignements,

(iii) mechanistic aspects

(mechanism of ligand substitution,

temperature-dependent equilibria),

(iv) bond-theoretical aspects

(steric and electronic influences

on NMR parameters), and

(v) solvent-solute interactions.

Studies are presented on the

following vanadium complexes:

(a) Vanadates and peroxovana-

dates(+V),

(b) iso- and heteropolyvanadates,

(c) oxovanadium(+V)halides and

-alkoxides,

(d) thioformiatovanadium(+III),

(e) allyl-, cyclopentadienyl-,

hydrido- and nitrosyl-carbonyl-

phosphinevanadium(+l), and

(f) carbonylphosphine-, -arsine-

and -stibinevanadates(-1)o
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NUCLEAR SPIN-LATTICE RELAXATION IN C2H2C12

H.S. Sandhu

The principle relaxation mech-
anisms contributing to the spin-
lattice relaxation time, T2, in di-
amangetic liquids are given by the
equation

spin-rot

where (1/Tj) is the actual obs-

erved value and (1/Tj) ,

^ ' ^ t r a n s l ' <1/T> > spin-rot and
(1/Tj) , are the contributions

due to intramolecular dipole-dipole,
intermolecular dipole-dipole, spin-
rotation and quadrupolar interacti-
ons respectively

Measurements of Tj of protons
in oxygen-free samples of 100%
C2H2C12 and (65% C2H2Cl2-35%
C2D2C12) at a frequency of 20 MHz
and of deuterons in oxygen-free
samples of C2D2C12 at a frequency
of 4 MHz have been carried out in
the liquid phase between 31°C and
-123°C. T, was measured using pul-
sed NMR techniques (1) and oxygen
was removed from the samples by a
freeze-pump-thaw technique (2).

The various contributions to
relaxation have been separated and
the plots of d / T 1 ) r o t and

(1 / T 1 ) t r a n s l give two parallel str-
aight lines showing similar temper-
ature dependences. This indicates
that spin-rotation interaction
makes no con-ribution in this temp-
rature range and the results show
that the rotational contribution is
predominant in causing relaxation.
The activation energy obtained from
the plot of (1/Tj) of deuterons in
C2D2C12 versus 1000/T°K is also in

good agreement with the activation
energy obtained from the (1/Tj)

plot confirming that spin-rotation
interaction makes no contribution.

The experimental values of the
translational contribution are in
good agreement with the values pre-
dicted by the Bloembergen, Purcell
and Pound (BPP) theory modified to
include the translational microvis-
cosity factor of i introduced by
Gierer and Wirtz (3). The experi-
mental values of the rotational
correlational time do not agree
with the values predicted by the
Debye-BPP relation (T = 4irna3/3kT)

or the Debye-BPP relation modified
to include the rotational micro-
viscosity factor of about 1/6
introduced by Gierer and Wirtz.
However, the microviscosity factor
of about 1/12 appears to give a
better agreement with the experi-
mental data and is consistent with
the earlier reported results for
CH2I2, CH2Br2, CH2C12 and CHBr3.
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BORON CHEMICAL SHIFTS IN SOME GROUP V SEMICONDUCTORS

R. E. J. Sears

The B NMR chemical shi f ts have
been measured in the group V semiconduc-
tors BN, and BP at room temperature. BP
has a cubic structure and as BN was
obtained in the cubic form ("Borazon")
the chemical sh i f t tensors are isotropic.
The shif ts were measured at 20 MHz by the
multiple-pulse zero crossing technique of
Burum et a l . (1).

Because the Knight sh i f t interaction
makes a negligibly small contribution in
these materials and because there are no
d-electron effects to include, the meas-
ured shi f ts can be readily interpreted in
terms of a localized-bond model (2)

3
involving s-p hybrids.

Harrison's bond-orbital model (BOM)
(3,4) has been extensively used to
rationalize many properties of tetrahed-
ra l ly bonded materials and i t is of
interest to see how well the BOM can

describe the Bsh i f ts . In terms of the
BOM the paramagnetic sh i f t is given by:

<r = - 8a2<r"3>p u2( l -u2) ,
AE
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C i r a c i , Phys.

where

1-s

and where S i s an overlap term and a i s
Harrison's po la r i t y . ^

In order to best determine the
a b i l i t y of the BOM to describe the chem-
ical sh i f t s in I I I -V semiconductors the

B sh i f ts considered here are combined

27 31
with previously measured Al and P
shi f ts (5) in a comparison of theory
with experiment.

This work was supported by the
Robert A. Welch Foundation and by a
Faculty Research grant.
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A hi NMR STUDY OF THE DISSOCIATION OF SOME

MERCAPTOETHYLIMINOACETIC ACID DERIVATIVES

C.I . Stassinopoulou

E. C h i o t e l l i s and A. Varvarigou

Compounds of the general formula:

(I)

(II)

(III)

(IV)

R:H

H

SCH

CH2

RSCH2CH

2CH2N(CH

C6H5

2

2

NR'CH

COOH)

2

2

COOH

R': H

CH

CH

CH

2

2

2

COOH

COOH

COOH

were synthesized and t h e i r complexes with
Tc-99m are cur ren t ly i nves t i ga t ed as po-
t e n t i a l scanning agen t s . The radiopharma-
c e u t i c a l uptake of Tc-99m complexes with
l igands of t h i s type depends on the pH
condi t ions of the complex formation .

After the i on i za t i on of C00H(K1) the
d i s soc i a t i on of I and I I may follow two

23

HSCH2CH2NR'CH2COO SCH2CH2NHR\CH2C00

SCH2CH2NR'CH2COO

The NMR t i t r a t i o n curves i n DO of I
( F i g . 1) show t h a t SCH s u f f e r s twice as
much shielding upon the dissociation step
at pD=8.9 than at pD=12.0 (pD=pH reading
tO.1!). Consequently the equilibria de-
noted by K2 and Kg are predominant. The
macroscopic pK's are given in Table 1.

TABLE 1. Acidity constants, 26°C, 0.02M
in D20 (K^COOH, K2:SH, KgiNH).

Compound

I

II

III

IV

pK

3.

2.

2.

2.

1
0

3

3

5

PK2
8.9

8.1

-

_

pK

12

11

9

9

3

.0

.0

.6

.3

Microscopic constants are not obtainable
from these data because the COOH, SH and
NH+ dissociations are influencing the che-
mical shifts of a l l non labile protons.
The ionization of COOH of compounds II to
IV gave a single step.

4.00

3.50

6ppm

3.00

2.50

6 8

pD

10 12

Figure 1. Var ia t ion of the proton chemical

s h i f t s of ( I ) with pD,0.02M, 26°C.
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APPLICATION OF 170 AND 139LA NMR SPECTROSCOPY IN THE STUDY

OF (HYDROXY)CARBOXYLATE COMPLEXES

C.A.M. V i j ve rberg , J.A. Peters, A.P.G. Kieboom, and H. van Bekkum

Previous XH and 13C NMR studies of
the complexation of (hydroxy)carboxylates
wi th l a n t h a n i d e ( I I I ) ca t ions , as models
fo r c a l c i u m ( I I ) , i n water have been ex-
tended using " 0 and 1 3 9La NMR ( 1 ) .

When deal ing w i th fas t l igand ex-
change the dyspros ium(I I I ) induced s h i f t s
(DylS) o f the i 7 0 resonances of both the
1 70-enr iched l igands and the water provide
valuable informat ion on the complexation
s i tes of the l igands as wel l as on the
number of coordinated waters i n the
complexes. The DylS of the carboxylate
and hydroxy l ic oxygen atoms, which are
mainly due to contact i n t e r a c t i o n , po in t
to a rather constant DylS of 1800 - 2000
ppm to lower frequencies upon the forma-
t i o n of a Dy-0 bond. This provides a basis
fo r a s t ra igh t fo rward determination of the
complexation s i t es of the l igands . For i n -
stance, the 2-hydroxy and the carboxylate
group of 2,3-dihydroxypropionate are coor-
dinated to D y ( I I I ) , the l a t t e r i n a mono-
dentate fash ion , whereas the 3-hydroxy
group contr ibutes j u s t f o r 10% to the
complexation of D y ( I I I ) . 3-Hydroxybutyrate
coordinates predominantly w i th the carbox-
y l a t e group i n a bidentate way. The c o n t r i -
but ion of a complex, i n which the
3-hydroxy and the carboxylate group ( i n a
monodentate way) are coordinated, i s
estimated to be 15%.

50

30

20

10

DylS
ppm

The DylS of the 170 water resonance
is determined by the number of coordinated
waters in the complexes. In the case of
oxydiacetate (ODA), the 170 water reso-
nance did not sh i f t at a l l at Dy(III)/ODA
ratios p < 0.3 whereas at p > 0.3 a sh i f t
to lower frequencies occurred to the same
extent as in the absence of ODA (Fig. 1).
Clearly, up to p = 0.3 three tridentate
ODA ligands prohibit any coordination of
water.

By means of 139La NMR the cation in
the La(III)-(hydroxy)carboxylate complexes
in water can be studied. 139La and 170 NMR
are complementary because ( i ) both the
cation and the ligand in the complexes can
be investigated and ( i i ) 139La is studied
at high and 170 at low cation/1igand
rat ios. In the case of La(III)-ODA com-
plexes (with fast ligand exchange), a
proportionality between l imi t ing l 3 9La-
shi f ts (A-j) and the number of ODA ligands
coordinated was found, i . e . Ai = 1/2 A2 -
1/3 A3. The magnitude of the *39La
chemical sh i f t (relat ive to uncomplexed
La(111)) seems to be mainly determined by
the number of carboxylate oxygen atoms in
the f i r s t coordination sphere of La ( I I I ) .
The contribution to the observed sh i f t of
a hydroxylic or an ether oxygen atom
seems to be of minor importance. The l ine-
width of the 139La resonance, which is
mainly determined by quadrupolar relax-
at ion, ref lects the symmetry of the
complexes. For instance, in the case of
ODA the formation of the highly symmetri-
cal La(ODA)?j~ species leads to a decrease
in the observed l ine-width.

REFERENCE
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Fig. 1. The DylS of the 170 water resonance
in the presence of ODA versus the molar
ratio Dy(III)/0DA(P) at 73°; [ODA] = 0.35 M.
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NUCLEAR SPIN RELAXATION INDUCED BY DIFFUSION PROCESSES IN
LAMELLAR AND IN DISC-LIKE LIQUID CRYSTALS

M. Vilfan

S. 2umer

C.G. Wade and R.M. Matthews

In this paper proton relaxation rate caused
by translational self-diffusion of molecules,
(~nj~1)SD, is presented for the lamellar phase of
soap-water systems and for the recently dis-
covered disc-like columnar phase. Diffusion in-
duced relaxation occurs due to the modulation of
dipolar interactions between proton spins on
neighbouring molecules.

In the lamellar phase the diffusion of soap
molecules, which are the object of our study, is
a two-dimensional process. The interactions
between proton spins are, however, three d i -
mensional due to the distribution of the spins
along the alkyl chain. (T^"1)SD is calculated ac-
cording to the well known relation

V = i^ +J 2 (2«) ] (1)

where the spectral densities Jk(w) are given by(1)
. . . q-^

Here F^'fqjJ is the two-dimensional Fourier trans-
form of the spatial part of the dipolar inter-
action between two proton spins, n is the proton
density within the bilayer, [ U denotes the aver-
age over the position of spins in the chain, and
1 directions within the layer plane. The details of
lateral diffusion process with the diffusion con-
stant Di are included in r,» which is for a
random jump process with the average jump time
T given by r^ = T/ [1 - 1/(1+D J LTO^)] . The inte-
grations in Eq.2 have been performed analytically
over T*[ from an effective molecular diameter d
up to °° and numerically over 6^ and %. The
resulting function R, which is directly pro-
portional to Oy 1 )g D , is presented in Fig. 1 for
two orientations of ^ 0 (normal to the layer
plane) in the magnetic field f t . R is strongly
anisotropic for COT< 0.1 while its frequency de-
pendence becomes similar to that of isotropic
liquids for cor > 0.1.

Starting with Eq. 1 and taking into account
the specific properties of the disc-like systems,
(T^ 1 ) S D for the columnar phase is calculated (2).
The reduced relaxation rate caused by the inter-
columnar permeation is shown on the Fig. 1.

The above theory can provide an explanation
of the proton T1 data in the lamellar phase of
potassium oleate/25% D2O system at T = 26°C.
The measurements have been performed by using
the 180° —f—90° pulse sequence on an oriented

sample. No angular dependence of T1 in the MHz
region has been observed. In the insert to Fig. 1
it can be seen that the T^~1 data in KO/25%
D,0 can be explained by a superposition of two
relaxation mechanisms: lateral diffusion with
DL = 7.8 x 10~8 cm2/sec, < r 2 >/d 2 ~ 1 and d=4A
(where < r |> denotes the average molecular jump
distance), and a frequency independent mecha-
nism, probably rotational motion of the chains
with TR « 10~10 sec. The fitted value of Dx

agrees well with the directly measured (3). Above
data have been obtained in a too small frequency
range to determine definitely the importance of
lateral diffusion in relaxing protons relatively to
the competing relaxation mechanisms. Nevertheless,
it has been shown that this motion should be
taken into account in any analysis of T1 data in
lamellar phases.

1. M.Vilfan, S.2umer, Phys.Rev. A21., 672 (1980).
2. S.2umer, M.Vilfan, 8th lnt.Liq.Cryst.Conf.,Kyoto 1980.
3. M.S.Crawford, B.C.Gerstein, A.L.Kuo, C.G.Wade, in press.

1.6
[(Hi)

Fig. 1. Calculated frequency dependence of SD relaxation
rate in lamellar, columnar and isotropic phases. Insert:
experimental proton relaxation data for KO/25%
and the calculated curve resulting from self-diffusion
and rotational contribution.
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RELATIVISTICALLY PARAMETERIZED EXTENDED HlJCKEL CALCULATIONS

OF SPIN-SPIN COUPLING CONSTANTS FOR MAIN GROUP ELEMENTS

L. Wiesenfeld

P. Pyykko

I . METHOD

We have implemented the re l a t i v i s t i c
equivalent of Ramsey's theory 1 using the
"Relat iv is t ica l ly parameterized Extended
Huckel method (REX) 2 . All parameters come
from re la t i v i s t i c or non-re lat iv is t ic ato-
mic Hartree-Fock calculations. The entire
coupling tensor is obtained. Only one-
centre integrals are retained. Rather large
molecules involving any element can be
treated.

I I . RESULTS

We have treated methyl and hydride
compounds MHn and MRn of the groups III-
VII and rows 2-6 in the periodic system.

For systems without lone pairs both
an increase of the nuclear charge along a
column in the periodic table and the rela-
tivistic effects invariably increase the
reduced coupling constant

K io19si 'K(XC) in CH3-X-CH3
50

000

500

0

TO19 si 'K(MH) in
_

/ /

C Si Ge

MH4

/

/ /

n

Sn

.Exp.

/ R E X

/

_.0EHT

F>t>

RelcuUvlstlc (REX) and non-
xnSLatlvihtlc [EHT] coupting
constant K(Xtf) faon. X.H4 molncu-

There is a new isotropic contribution
Ksp, involving s AO:s on one atom and
p AO:s on an other. For Pb above, i t is
9 per cent of K.

For systems with lone pairs, both an
increase of Z and re la t i v i s t i c effects
diminish K, leading to a sign change.

•50

-100

Exp

Fig.2 : The. REX and EHT K(XC) coupling
con&tant ^ ( H ^ X

We almost invariably f ind that
re la t i v i s t i c effects increase the r e l a t i -
ve anisotropy R = (K - K )/K. Thus, for
the K(MC) in the MMe. molecules, M = Sn,
Pb, = 4

Compound

SnMe4

PbMe4

Re

1.

1 .

1 .

10

16

R
non - re l .

1.05

0.96

A similar trend for CdMe2 and HgMe2 is
experimentally confirmed 3.

The Kss, analogous to the Fermi con-
tact term, almost invariably dominates
the coupling.

Rather large anisotropies are calcul-
ated even for K(CH) and K(CC).
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INTERMOLECULAR INTERACTION IN POLYSTYRENE OBTAINED FROM

PROTON RELAXATION TIMES IN H/D-MIXTURES

P.Lindner, E.Rbssler, and H.Sillescu

I. INTRODUCTION

The intermolecular contribution of

the H spin-lattice relaxation rate

1/Ti -ir,4-Qv. °f polystyrene has been invest-

igated previously by application of the

deuteron dilution technique (1). The re-

sults were analysed assuming that

1,inter 3 \ /inter ^o'inter

which corresponds to the expression for

the intramolecular relaxation rate. Since
/ 2 \

the second moment^Au /was determined se-

parately from the NMR line shape at low

temperatures, the spectral density J(to )of

macromolecular motion could be obtained at

the Larmor frequency. In particular,

J(OJ ). . depends upon the relative mo-

tion of protons sitting at different mole-

cules. The present investigation intends

to improve on our previous measurements

(1) that provided only a rough estimate

of the intermolecular contributions.

II. EXPERIMENTAL

Chain -deuterated polystyrene (PS-d,)

was prepared by catalytical exchange (2)

of the phenyl deuterons of fully deuterat-

ed PS-d8 with Mw = 490 000 g mol'
1 and

Mw/Mn = 1.4. Samples with 20, 40, 60, 80,

and 100% of PS-do in PS-do were obtained
o o

by freeze drying appropriate benzene solu-

tions, pressing the resulting powder, and

removing 0 ? by evacuating at 105°C for 7

days.

The spin-lattice relaxation time T,

was determined at 13.8, 55.2, and 90.0 MHz,

and the rotating frame relaxation time T,

at WI/2TT = 11 kHz with a BRUKER SXP spec-

trometer.

III. RESULTS AND DISCUSSION

In the temperature range of 130-230°C

the intra- and intermolecular contribu-

tions of the relaxation rate show the same

qualitative behaviour. In particular, the

temperatures of their rate maxima coincide

for the 3 Larmor frequencies. However, a

fit with a Fuoss-Kirkwood distribution of

correlation times (3) yields a considerab-

ly different width parameter 3 which is

0.37 for 1/Tliintra but 0.22 for l / T 1 J n t e n

The broader spectrum of intermolecular mo-

tions should be contrasted with that of

pure chain motion where 3 = 0.44 was ob-

tained from T, in phenyl deuterated PS-dg

(4). The activation energies, 148 and

197 kJ/mole for the intra- and inter-con-

tributions, respectively, compare with

those found previously for the a-process

(3). The T, measurements yield extremely

small values 3«0.1 indicating that the

fit with a Fuoss-Kirkwood distribution is

not meaningful in the low frequency region
4

of u),/2ir = 10 Hz where the a- and e-pro-

cesses do no longer coincide in polysty-

rene.
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HIGH RESOLUTION C NMR OF SOLID VITAMIN C AND OTHER ASCORBATES

Bj0rn Pedersen

The isotropic C-13 chemical
shift of L-ascorbic acid (la),
D-isoascorbic acid (lb) and some of
their salts have been determined by
proton decoupling and magic angle
spinning. (A typical spectrum is
shown below.)

R2 la

lb

Rl R2

OH H

H OH

Observed chemical shifts
Comp. Cl C2 C3 C4 C5 C6 Solv
la 174.6 118.1 155.3 76.2 67.7 60.3 -

152.0 75.2 58.7

la 173.5 118.1 155.9 76.5 69.3 62.5 H 0

la Na 177.5 113.5 175.4 78.7 70.0 63.0 H 0

la Ca 176.4 114.4 178.1 77.8 70.1 57.5 -
112.3 174.3 76.8

lb 174.1 118.7 150.1 80.5 72.6 61.9 -

lb 173.3 118.3 155.9 77.6 71.2 61.6 H O

lb Na 173.2 115.3 169.5 79.9 72.4 60.1 -

lb Na 177.4 113.3 175.2 80.4 71.7 61.1 H O

The solid state spectra were
observed at 50 MHz in a CXP-200
spectrometer at Bruker Spectrospin,
Karlsruhe. About 300 FID's, up to
50s between pulses, mixing time
3ms, rotation speed 3.2 kHz, ada-
mantane external reference. The
assignments are based on the solu-
tion spectra (1). The lM solution
spectra were observed at 15 MHz in
a Jeol FX-60 spectrometer. Methanol
internal reference in H?O (49.3)

In Ca ascorbate the two crys-
tallographically independent ions
differ in side chain conformation
(2). However, only the chemical
shift difference between the ring
carbon C2, C3 and C4 is large
enough to be measured. The two
independent molecules in L-ascorbic
acid have basically the same con-
formation, but are differently
distorted (3). The largest chemical
shift difference is between the two
C3 atoms, and also the C4 and C6
peaks are resolved doublets. The
chemical shift is therefore both
susceptible to strain and to dif-
ference in conformation. The solid
state spectra of the other ascor-
bates show that all molecules are
identical in agreement with their
known crystal structure. In solu-
tion an average conformation is
observed.

The acids ionize by dissocia-
tion of the proton on 03 and the
observed low field shift of C3
shows this. By oxidation of la de-
hydroascorbic acid is formed. The
solid state C-13 NMR spectrum of
this ascorbate has been discussed
elsewhere (4).

50 MHz 13C NMR of solid Vitamin C (la)

160 | 140 | 120 | 100 t BO

1. R. Matusch, Z. Naturforsch. B32,
562 (1977). T. Ogawa et al., Carb.
Res. 59, C32 (1977) .
2. J. Hvoslef and K.E. Kjellevold,
Acta Cryst. B30, 2711 (1974).
3. J. Hvoslef, Acta Cryst. B24, 23
(1968) .
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DEUTERON NMR OF SOLIDS AND SOLID POLYMERS

H.W.Spiess

Deuteron spin alignment offers a new

possibility to investigate extremely slow

rotational motions in solids and solid

polymers. A convenient theoretical de-

scription of the creation and detection of

spin alignment of I = 1 systems by appli-

cation of the Jeener-Broekart pulse se-

quence (1) is provided for both static and

slowly time dependent quadrupole coupling

by application of irreducible tensor cal-

culus (2). The NMR signal following spin

alignment yields a correlation function

of the time dependent quadrupole coupling

(2). This correlation function can easily

be evaluated, e.g., for a deuteron under-

going rotational jumps (2).

Various applications of deuteron spin

alignment are demonstrated experimentally,

e.g., its use to obtain undistorted deute-

ron line shapes, from which the orientatio-

nal distribution of partially ordered so-

lids or solid polymers may be determined

(3).

In solid polyethylene it is shown

that not only the deuterons in the crystal-

line regions but those in the mobile

amorphous regions as well give rise to deu-

teron spin alignment (4). This proves the

existence of long-lived restrictions to

the rotational motion of the macromolecular

chain in this semi-crystalline polymer. In

the crystalline regions likewise extremely

slow rotational motions of the chains on

the timescale of 100 ms can be detected

through deuteron spin alignment (4).

Tetrahedral jumps are investigated

through deuteron echoes of a single cry-

stal of hexamethylenetetramine (5). It is

shown that the type as well as the time-

scale of rotational motions with correla-

tion times 1 ms £ x £ 100 s are obtained

from the quadrupole coupling correlation

function provided by deuteron spin align-

ment.
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13, IN THE ROTATING FRAME OF SOLID POLYMERS

CORRELATION TO MW AND TACTICITY

M.J. Albright, K. Goto, H. Hutchins and C. Anderson Evans

It has often been noted that
many macroscopic properties of
solid polymers can be correlated
with yarious microscopic proper-

TABLE 2

ties. 1 The advent
tion NMR of solids
of polymers in the
directly providing

of high resolu-
allows the study
solid state,
a method for

exploring microscopic properties.

We have been investigating the
correlation of l^C Tip measurements
of solid polymers with tacticity
and viscosity of commercially
available polymers. It is the pur-
pose of this paper to describe the
results of our preliminary exper-
iments aimed at establishing this
correlation.

In polymethyl methacrylate
(PMMA) !3c solution data, the syn-
diotactic and isotactic methyl
resonances are separated by 4.4ppm.
Similar chemical shift differences
are observed in the HR solid state
!3c NMR (see TABLE 1 ) . However,
samples of atactic PMMA of differ-
ent viscosities have virtually
identical 13c chemical shift
spectra in the solid state.

TABLE 1

SOLID STATE 1 3C NMR CHEMICAL
SHIFTS FOR PMMA

CH.

"CH,

Cl
C2
C3
C4
C5

ISOTACTIC

46.3ppm
56.9
23.5

176.7
52.6

4C000 5CH,

ATACTIC
(0.4 VISCOSITY)

44.8ppm
56.4
17.0

177.2
51.8

SOLID STATE 13,
j 's FOR PMMA

ATACTIC ISOTACTIC

Viscosity 0.2 0.4 1.4

Cl 51ms 60ms 80ms 61ms
C2 4 9 13 24
C3 14 8 21 21
C4 141 180 235 183
C5 42 46 54 77

The non-protonated carbons of
the atactic samples (Cl and C4)
show some correlation with vis-
cosity, while the correlation for
the protonated carbons is question-
able. The error of measurement for
the C2 and C3 carbons is larger
because of the broad character of
the peaks. The methoxy- (C5) car-
bon Tip does not vary greatly in
the atactic series but is consider-
ably larger in the isotactic sam-
ple. This resonance is a well
resolved peak so that the C5 carbon
Tip may be a better indication of
tacticity than that of the C3
methyl.

In conclusion, it appears that
Tip data coupled with chemical
shift data on the chain methyl pro-
vides some indication of the tac-
ticity and viscosity of solid PMMA.
Further experiments are in progress
in our laboratories to determine if
this correlation can be extended to
other solid polymer systems.

All data in this paper was
taken on an FX60QS spectrometer
operating at 15 MHz 13C frequency.
Cross-polarization and Magic Angle
spinning (^2500 Hz) was employed.
The proton Hi field was 10 Gauss
for the Hartmann-Hahn match and
di polar decoupli ng .

1. J. Schaefer, et.al., Macro-
molecules, 10, 384 (1977).
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HYDRATION OF CROSS-LINKED POLYELECTROLYTES

M.Busch and E.v.Goldammer

I. INTRODUCTION
With cross-linked polyelectro-

lytes in the form of ion exchange
resins, an opportunity is given
for studying the progressive hy-
dration of ionic centers at low
water content without the limi-
tation of crystallization that
occurs with simple electrolyte
solutions. The cation exchange re-
sin used in the present investi-
gation was a sulfonated low cross-
linked polystyrene (DOWEX 50-1 XL)
with alkaline cations as gegen-
ions. The concentration of free
radicals which arise in these ion
exchange resins especially when
dry (1)was immeasurably small in
the hydrated polymer in contrast
to higher cross-linked resins (1).
Therefore, their influence on the
NMR absorption can be neglected.

II. RESULTS AND DISCUSSION
In dealing with sorption on ion-

exchange resins, the amount of
sorbed species can be defined as
n moles per equivalent of exchange
group. The measured sorption iso-
therms are presented through n as
a function of the water vapour
activity, aw, which is defined as
the ratio of aw = p/po> where p 0
is the saturation vapour pressure
at the sorption temperature and p
is the vapour pressure given by
the sulfuric acid-water mixture at
a particular temperature.
As thermodynamic standard state

(with zero free energy)the swoHen
resin under its saturation pressure
po was chosen (2), viz.,

AG = o n
from which the enthalpy and entropy
of sorption can be deduced.
Table 1 gives some_of the_experi-

mental data. Both, AS and AH have
a minimum for all alkaline cations
at a water concentration of n«0.8.
Although the correlation times,

TABLE 1. Minimum values of the par-
tial molal Entropy and Enthalpy of
Sorption together with some Corre-
lation Times of Sorbed Water.

AS AH

r1K

Li -0.14

Na -0.16

K -0.18

Cs -0.27

*)

kJ»moi~

-48
-55
-60
-86

values for n = 0.8 at 299K

which have been extracted from
corresponding 2H-relaxation time
measurements, seem to reflect a
similar dependence on the ionic
radii as, for example, the values
of AS, the situation is more com-
plex. For Cs about 50% of the sor-
bed water at n = 0.8 has a corre-
lation time of xc;s;5ns. This frac-
tion decreases with ionic radii
(for Li the amount is less than
10%) and it also decreases with
falling temperatures. For higher
water contents (n>0.8) more than
two relaxation times indicate the
existence of several magnetically
different surroundings for the
sorbed water molecules in the ion
exchange resin. Measurements of
T1 , T2> and T-|p at various fre-
quencies, which are in progress,
will certainly provide more in-
sight on the nature of water in
these systems.
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EXCITED QUINTET STATES DURING THE

PHOTOPOLYMERIZATION OF DIACETYLENE

SINGLE CRYSTALS

R.A. Huber and M. Schwoerer

I. INTRODUCTION

Monomer single crystals of
PTS (= paratoluene substituted dia-
cetylene) polymerize under the ac-
tion of UV irradiation. The com-
plete solid state photo polymeriza-
tion requires a crystal temperatu-
re of more than about 150 K. Irra-
diation at lower temperatures (i.e.
4.2 K) produces several photopro-
ducts which are stable at low tem-
peratures. Are they intermediates
in the high temperature solid state
photo polymerization?

We here present the result of
an ESR investigation (9.4 GHz) of
one species of these photoproducts,
characterized by S = 2 (quintet
states) and referred to as O-states
(D .

II. RESULTS

We found several O-states with
a slightly different angular depen-
dence of their resonance fields
(Fig. 1). They are thermally ex-
cited with different activation
energies E.in the range of E/K -
1 - 100. The anisotropy could be
fitted to a Spin Hamiltonian

with S = 2 (2). The obtained fine
structure parameters are DQ = 0,09
cm"1 and E Q - -0,002 cm-1. They
vary slightly between the different
Q-states.

III. DISCUSSION

Earlier investigations (3)
showed, that there exist isolated
photoproduced carbenes with S = 1
located at one end of oligomer
chains. Since the principle axes
of the carbenes are very close to
those of the O-states, it is rea-
sonable that the O-states origina-

te from two carbenes localized at
both ends of an oligomer and coupled
to S = 2. For example

R-C-CEC-C*

/C-CEC-C-R
R

(R = p-toluene-sulfonate).

If the distance between the
two carbenes at the end of the
oligomer chain is large in compa-
rison to the distance of the two
electrons within one carbene, the
Dg-value of the quintet is calcu-
lated to be

with Dc as the D-value of the car-
benes. This is in good agreement
with the experimental results
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Fig. 1: Measured angular dependence of the
resonance fields at 4,5 K by rotating
the crystal around the common prin-
ciple axis x of the Q-states 2, 3 and
4 respectively. Each anisotropy appears
twice (A, B), because of the crystal
symmetry.
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TWO-PULSE SEQUENCE FOR THE ANALYSIS OF

UNRESOLVED MULTILINE RESONANCES (1)

Stanley R. Johns, D. Ralph Leslie, Richard I. Willing
and Michael A. Yabsley

Attempts to determine the sequencing
of monomer units (tacticity) in a polymer
by '3c nmr show that the chemical shift
sensitivity of a particular carbon may
depend upon the configuration of from two
(dyad) to seven (heptad) monomer units (2).
The resulting nmr signal can therefore
consist of as many as thirty-six distinct
resonance lines. Line shape analyses of
such closely spaced lines are unreliable.

,, A two-pulse inversion-recovery type
C nmr sequence (a-T-6-5T])n is described

which induces phase and intensity
variations in the individual lines within
such peaks. The initial pulse rotates the
equilibrium magnetization through an angle
(a) such that a component of the magnet-
ization exists in the xy plane. The time
delay (x), is set less than the spin-spin
relaxation time, T-?, so that a magnet-
ization component remains in the xy plane
at the commencement of the second pulse
which rotates the magnetization through a
further angle (<$). During the time T the
xy component of magnetization precesses
about the z axis and by varying the time x
a series of spectra can be obtained with
phase and intensity variations arising
from different excess precession angles.
A series of different peak shapes can
therefore be experimentally produced.

A system of expressions, based on the
Bloch equations, has been derived which
describes the changes in the magnetization
during such a pulse sequence and these
equations have been adapted to a Fortran
program (MAGSIM) to give a theoretical
spectrum. The simulation of a number of
different peak shapes, derived from
different x values, for a single set of
chemical shifts and intensities, confirms
the analysis of such multiline resonance
peaks.

RESULTS

The substituted aromatic carbon signal
in the 13C nmr spectrum of a sample of
polystyrene is shown in Fig. la. The
different line shapes for this signal
obtained from a (220°-x-110°-5T1)n pulse

sequence for x=0.2 and 0.35s. are shown in
Figs, lb and 1c. Simulated spectra using
the program MAGSIM for the same sequences
are shown in Figs. 2a,b,c. The agreement
between the experimental and simulated
spectra confirms a heptad sensitivity to
chemical shift for this carbon with four-
teen of the possible thirty-six lines co-
incident in shift within the experimental
resolution.

Fig. 1. Experimental C nmr spectra
of the fully substituted aromatic
carbon signal of polystyrene using a
(a) single-pulse sequence, (b) (220°-
0.2s.-110°-5T-|)n sequence, (c) (220°-
0.35s.-110°-5T-] Jn sequence. (Reprinted
by permission of Ref. 1).

Fig. 2. Simulated spectra using 22
line positions and intensities for
the sequences in Fig. 1. (Reprinted
by permission of Ref. 1).
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C H A I F L U C T U A T I O N S I

P O L Y M E R M E L T S

H. K O C H , R. B A C H U S , R. K I M M I C H ,

I. I N T R O D U C T I O N

The purpose of this investigation was
to understand nuclear magnetic relaxation
in polymer melts on the basis of the spe-
cial fluctuations expected for polymer
chains in the molten state. The elementary
process, which is activated by thermal
energy, can be considered as the displace-
ment of structural defects. The diffusion
of the defect "gas" along the chain leads
to the reptation of the whole polymer (1).
The temporal correlation of the orienta-
tion of a reference segment decays either
by reptation around chain bends or by the
fluctuation of the "tube" formed by the
neighbouring chains (2). The latter leads
to the question, how the "tube" conforma-
tion can be changed. Two limits have been
envisaged: The reference chain could thread
into a new tube via reptation ("self rene-
wal") . On the other hand, the environment
of the chain could underlie fluctuations
(potentially again via reptation) leading
to local reorientations (1,3), so that one
could speak of an "environmental renewal"
process of the conformation of the refe-
rence chain. Self renewal occurs even in a
rigid matrix, while environmental renewal
requires a fluctuating environment. Thus
environmental renewal depends on the matrix
properties, while self renewal does not.

II. E X P E R I M E N T S

Apart from pure polyethylene (PE) frac-
tions we have studied protonated chains in
deuterated matrices of different chain
lengths with the aim to distinguish between
self and environmental renewal. The rele-
vant correlation frequency ranges are for
the longitudinal proton relaxation 104 Hz<
vc < 10 Hz and for the transverse relaxa-
tion vc < 1O

5 Hz. In the following we pre-
sent the results of two exemplary experi-
ments with M $ M c r i t, where M c r i t is the
molecular weight corresponding to the so-
called entanglement length.

Fig. 1 shows the Tj-dispersion of PE
(Mn = 2 200 < M c r i t) pure and in a deutera-
ted matrix of PE(M = 180 OOO >> M • t ) .
In fig. 2, we show the transverse relaxa-

and in a deuterated matrix of PE(Mjfl80 000
>>Mcr;j_t) . In the first example, an influen-
ce of the matrix is visible in contrast to
the second.

III. C O N C L U S I O N

PE (M > M, ) shows a self renewal be-er i t
haviour, PE(M < Mcr^t) i s influenced by en-
vironmental renewal. The quantitative des-
cription of these and other data will be
published elsewhere (4).
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PROTON RELAXATION IN 17O ENRICHED CARBOXYLIC

ACID SOLUTIONS

D. Lankhorst, J. Schriever and J.C. Leyte

I.INTRODUCTION

The exchange time of a proton
in aqueous systems, having a 170-
*H coupling, is obtained by the NMR
CP technique, according to tanh(l/
2xg);l/g=x-CP [1]. This result was
derived on basis of the extended
Bloch eqs. Gutowsky, Allerhand and
coworkers obtained in 1964-1966 si-
milar equations. We present a deri-
vation starting with Abragams' den-
sity matrix method and treating the
CP pulses by operators[2,3] . A some-
what similar approach is given by
Vega and Vaughan [4], The situation
of many sites and of scalar relaxa-
tion both of the first and second
kind can then be treated easily;in
contrast to Meiboom we obtain 1/T=
l/x-ex+T^lj70. We give results on:
a_;_H2O solutions of acetic,malonic
and glutaric acid with their Na
salts, with and without added NaCl.
b^The same HAC systems in D2O/H2O.
c^Poly(acrylic acid),PAA,([-CH2-
CHC00H-]n,n~7 and =2000) and its Na
salt in H2O with and without NaCl.

II.RESULTS

Due to the dependence on the
number of protons and not on their
activity, the calculated exchange
time, assuming n=2, is given by:

1 v
3 kl

[COOH] ..
3 [H2O]

 U )

Using pH-values and Debye-Hlickel
type acitivity corrections, we got
at 25°C from dilution experiments
in case a kx=8.OxlO

9(s.mol/1)"1.
In case b the isotopic influence
on k3~HAc was found to be: k3=k3(
H2O)-[D2O]/([D2O]+[H2O])xAk3, with
k3(H2O)=34 and Ak3 is 25xl0

6s . A
positive assignment of the rate
determining step is impossible,
since to our knowledge k(jiss has
only been measured in H2O.
To obtain yvalues for the PAA-
systems in case c we use eq.(1),
with ki from case a, measured pH

and k3-PAA from the added sa l t ex-
periments . We found k3-PAA=86xl0s~!

in H2O, while k3-poly(methacrylic
6 ^acid)=9.1x!0

Q5h o^

3
6 s

81% D2O [5] .

02

002 CONC. (EQ/L)
0.10

As shown in Fig.l we found no dilu-
tion effect on y for PAA-n~2000 (as
is to be expected for such a poly-
electrolytej, while there is a
strong dependence for PAA-n~7 at
neutralizations resp. 51 and 52%.
Our results show the applicability
of this technique to study the pro-
ton acitivity coefficient in poly-
electrolyte solutions.
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SOLVENT NUCLEAR RELAXATION IN AQUEOUS SOLUTIONS

OF POLYMETHACRYLIC ACID

C.W.R. Mulder and J. Schriever

I. INTRODUCTION

As part of a study of the dyna-
mics of poly(methacrylic acid),PMA,
in aqueous solutions the occurrence
of cross relaxation between polymer
and water protons was investigated;
in water-protein systems cross
relaxation is well-known (1)-

The water relaxation (̂ H, 2H,
170) in aqueous solutions of non,
partly and fully deuterated PMA were
measured as a function of 1)the H/D
ratio of water, 2)the field strength
(.094-1.41 Tesla), 3)the degree of
neutralization, a, and 4 ) the polymer
concentration. The P M A - I H relaxation
rates were measured in the two
relevant cases.

II. RESULTS AND DISCUSSION

The longitudinal H relaxation
rate of the PMA protons is, at cone.
=2 mgeq/g solution and a=l, strong-
ly frequency dependent, whereas this
rate of the water protons is frequen-
cy independent and nuch smaller. So
no strong coupling between water.and
PMA proton spin system seems to be
present; in much more concentrated
polymer solutions cross relaxation
is observed (2). Comparison of the
water -*-H relaxation rate in solutions
of PI1A,D2-PMA and per-D-PMA at se-
veral concentrations and a=l, indi-
cates a small magnetic interaction
between PMA and water protons.

TABLE 1: T j 1 (sec"1) in PMA/water solu-
tions of appr.c=2 mgeg/g solution,
25 °C, H/D=0.30 and l5O=5.5%.

polymer- H water- H -2H - 1 7O
60MHz 3MHz 60MHz 8MHz 9.2MHz 3.1MHz

24 150 0.57 0.58 7.7 660a

23 60 0.58 0.59 8.7 740b

0.48 0.43 7.4 605c

a: PMA, (-CH2-CCH3-COOH-)n ,c=1.9
b: D2-PMA,(-CD2-CCH3-COOH-)n,c=2.1
c:per-D-PMA, (-CD2-CCD3-COOH-)n,c=l .3
Table 1 shows these small interac-
tions to be mainly concerned with
the methyl groups.

An analysis of the water XH,2H
and x 7O T~ in the per-D-PIlA solution
depends on the values of the intra/
total XH relaxation ratio,p,the 2H
and l7O quadrupolar coupling con-
stants, DQCC and OQCC, and the asym-
metry parameter rr17O(n-2H can be
neglected).Two models (DOCC=0.22,
OQCC(l + n2/3) °-5 =7. 87 (a)/8.18 (b) MHz)
represent the six observed rates
very well: a) isotropic rotation,
T=10.4 psec7p=0.68 at c=2 ;x=6 .27psec
p=0.5 3 at c=l. b) cylinder anisotro-
pic rotation with n-17O=0.993 and
p=2/3;Dj./D//=1.43/1.92 and Dj./D//=1.37
/3.54x101"sec" at c=2 and 1 resp.
The dependence of the water dynamics
on the distance to the macromolecule
is averaged, giving a concentration
dependence of p (model a) or Dj. and
D// (model b) .

TABLE 2: H -T~ in sec"1as a f{H/D
ratio) in water and per-D-PMA/water,
c=0.27, T=25 °C and J

p pure PMA,a=.OO
lt0(f .31a .38 (1.2)
0.30 .12 .18 (1.5)
0.01 .021 .13 (6.2)
a) reference 3.
b) (1.2) etc. is rate relative to

pure water
Table 2 shows that at low a the

dependence on the H/D ratio of water
of the Tf1 in PHA/water is much
smaller than in pure water(3). This
suggests that conformational changes
of PMA are induced by water H/D re-
placements . Viscosimetric and poten-
tiometric data confirmed this inter-
pretation. Isotopic solvent replace-
ment in dynamical studies of noly-
electrolytes should therefore be
applied with care.
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STRUCTURE OF COPOLYMERS FROM CYCLIC ETHERS BY NMR

Maur iz io Paci

Fu l v i o Andruzzi

G i u l i o C e c c a r e l l i

The NMR spect ra of the copoly-
mers obta ined by c a t i o n i c po lymer i -
za t i on of 7 -oxab icyc lo [ 2 . 2 . 1 ] h e p t a -
ne 1 w i th e thy lene oxide 2 have
been ana lyzed.

1 2
Although t h i s system has been p re -
v i o u s l y s tud ied ( 1 ) , the d e t a i l e d
ana lys is of the polymer m i c r o s t r u c -
tu re has not been c a r r i e d ou t .

The copolymer composi t ion has
been obta ined from the proton spec-
t r a measured at 270 MHz of low-con-
vers ion polymers. A d e t a i l e d exami-
na t i on of the proton spec t ra of the
copolymers, as we l l as of cl& and
tsta.ru> 1 ,4 -cyc lohexaned i o ls and of
o ther re ference compounds ( 2 ) ,
s t r o n g l y suggests a tita.ru> c o n f i g u -
r a t i o n f o r the cyclohexane r i n g of
the s t r u c t u r a l u n i t l a . Examinat ion

o- -c-c-o-

of the spectrum of the homopolymer
of 1 led to the same c o n c l u s i o n .
S i m i l a r l y , the assignment of a tKart i
c o n f i g u r a t i o n s t r u c t u r a l u n i t f o r
t h i s homopolymer was p r e v i o u s l y ma-
de on the basis of i t s high me l t i ng
temperature ( 3 ) . This copolymer
spectrum was not f u r t h e r i n v e s t i g a -
ted s ince the only band t h a t shows
sequence e f f e c t s i s t h a t of the p ro -
ton of the 2 a u n i t .

The 13C spectrum was examined
to ob ta in f u r t h e r i n f o r m a t i o n con-

cern ing the polymer m i c r o s t r u c t u r e .
Comparison of the 22.6 MHz CMR
spect ra of the corresponding homo-
polymers der i ved from 1 and 2 c l ea -
r l y shows t h a t the chemical s h i f t
m u l t i p l i c i t y observed in the spec t -
ra of these copolymer r e f l e c t s se-
quence e f f e c t s due to the i nco rpo -
r a t i o n of both monomeric un i t s i n t o
the polymer cha in . The gross f e a t u -
res of CMR spect ra of these copoly-
mers a t d i f f e r e n t molar r a t i o s o f
monomeric un i t s can be reduced to
three main groups of peaks. These
resonances have been unambiguously
assigned to methyne and methylene
carbons in the repea t ing u n i t l a
and to methylene carbons in the re -
pea t ing u n i t 2 a - This assignment is
based p r i m a r i l y on r e l a t i v e i n t e n -
s i t y changes observed in the spec-
t r a as a f u n c t i o n of the o v e r a l l
copolymer compos i t i on . The ass ign -
ment of the peaks of each of the
resonance groups has been c a r r i e d
out by a sequence ana lys i s in terms
of compos i t iona l t r i a d s of l a and
2a.The measured t r i a d d i s t r i b u t i o n s ,
as we l l as the copo lymer i za t ion d i a -
gram, and the observed r e a c t i v i t y
r a t i o s ( r x = 0 .56 , r2 = 0.11) show
f o r t h i s system an apprec iab le de-
v i a t i o n from the i dea l behaviour
f o r whi ch r x • r 2 = 1 .
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13C NMR OF PARTIALLY HYDROLYSED POLY(VINYLACETATES)

W. van Raaijen, J. Beulen, P. Lemstra and R. Tuyt

Partially hydrolysed poly(vinyl-
acetates) are used as suspension
stabilizer in industrial emulsion
and suspension polymerisations.
These polymers are in fact capoly-
mers of 'vinylalcohol1 and 'vinyl-
acetate1. The influence of the
sequence distribution of risdual
acetate groups on the surface acti-
vity has been recognised long ago.
The 1 3C NMR spectra of these poly-
mers shows three methylene carbon
peaks due to different dyad struc-
tures.
Moritani and Fujiwara have used
these resonances to calculate the
sequence length distribution.
In contrary with the results pu-
blished so far1 a small splitting
is also found for the carbonyl
carbon resonances, giving three
lines at 169.15, 169.43 and 169.84
ppm from TMS.
The line at 169.15 ppm coincides
with the carbonyl resonance from
pure poly(vinylacetate). The 1 3C
spectra of samples prepared by
stepwise hydrolysis of the same
poly(vinylacetate) shows a decrea-
sing intensity of this peak with
increasing degree of hydrolysis and
an increasing intensity of the
other peaks.
The inverse effect was found by
stepwise reacetylation of poly-
(vinylalcohol).
So we could assign the three peaks
to different triads as shown in
fig. 1.

13
Fig. 1 C spectrum of the carbonyl-carbons

in partially hydrolysed poly (vinyl-
acetate) , recorded in DMSO. Degree
of hydrolysis 75%.

The integrated peak area's can now
be used for sequence lengths cal-
culations. The percentage lonely
acetate units (OH-Ac-OH) is given
by:

Area OHAcOH
Total Area x 100

and the average length of acetate
sequences 2 by:

Area OHAcAc + AcAcAc
h Area OHAcAc
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RELAXATION IN POLYELECTROLYTE SOLUTIONS CONTAINING

BIVALENT IONS

N. Wortel, J. de Bleijser and J.C. Leyte

H RELAXATION AND EPR STUDY OF
Cu(II)-POLY(ACRYLATE)COMPLEXES.

The nature of Cu complexes with
poly(acrylic acid),PAA;{CH2-COOH)n,
reportedly depends on the neutrali-
zation ratio a of the polyacid. The
remarkable intensity variation of
the EPR spectra of aqueous solutions
at 25°C confirms this and indicates
binuclear Cu complexes at low a
(Fig.l). At all a's g-anisotrorsy is
observable. At a=l and a Cu(II)/PAA
equivalent ratio of 0.12 all Cu is
bound and the field deoendent XH
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water relaxation rates are describ-
ed by the Solomon-Bloembergen eqs.
if axially symmetric rotation
diffusion is included and a scalar
contribution for T"1 (Fig.2).

23Na RELAXATION IN MgCl /PAA SOLU-
TIONS .

23
Na rates were determined as

a function of polymer charge frac-
tion (a) and several Ilg/PAA equiva-
lent ratios. The ionic distribution
and the electric field as a func-
tion of the distance from the poly-
ion were obtained numerically from
the Poisson-Boltzmann equation for
the cylindrical cell modelfl]. Thus
[2, 3] the 23Na relaxation rates could
be reproduced adequately with a
dielectric constant e=4l and a poly-
ion radius a=4& (Fig.3). Screening
by the Mg^+-ions is pronounced.

[iy.i

^ N. C.

Tx '

. k,

_ f F
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MOLECULAR WEIGHT DEPENDENCE OF NMR LINE SHAPES IN LINEAR AND
BRANCHED POLYETHYELENES IN MELT

I. Zupancic, G. Lahajnar, R. Blinc

A. Peterlin, D.H. Reneker

NMR line shape and self—diffusion study of
several monodispersive linear and some branched
polyethylenes in the melt has been performed.
NMR line shape was determined from the spin-
echo envelope and diffusion data obtained by the
pulsed gradient techniques. Line shape analysis
indicates that dipolar interaction is not complete-
ly averaged out, while diffusion data are indica-
tive of restricted diffusion. Results are consistent
with the "reptational" model of molecular motion
as developed by de Gennes(1) and Kimmich(2).

Melted polyethylene (PE) is macroscopically
isotropic, but longitudinal chain diffusion is
anisotropic on local scale. The system is also
anisotropic over a time that is large compared
to the inverse of the magnetic interaction in the
spin system expressed in frequency units. The
dipolar interaction is therefore not completely
averaged to zero. The free induction decay(FID)
for a small part of the sample oriented at the
angle # with respect to the external magnetic
field is

f*(t) = f o [ N ( 3 c o S g * - 1 ) t ] .

The observed FID is obtained by integrating
f^(t) over the sphere, and assuming the Gaussian
shape one gets in the limit of long t:

F(t) - £• ; F(0) = 1 .

It is found that linear PE samples obey this re-
lation and it is possible to calculate N which
measures the dipolar interaction. According to the
reptational model (2,3) N should be proportional
to the square of the molecular weight, M2 , as
indeed observed in this experiment for linear
narrow molecular weight distribution polyethylenes
PE-82, PE-83 and PE-84 (Table 1).

TABLE 1. Line shape (FID) parameters for linear
and branched polyethylenes

Sample

PE-82
PE-83
PE-84

PE-76
PE-UHMW
OOOMRad)
PE-75
(300MRad)

11400
28900

100500

15300
175000

N(s"1)

25,5
148
910

_
_

_

B2r(s"])

—
-

1000
2700

16000

The t"1 behaviour has been confirmed experimen-
tally for all linear PE samples studied.

Branched and 7—irradiated PE samples
PE-76, PE-UHMW (300 MRad) and PE-75
(300MRad) behave differently. Asymptotic time
dependence of the FID signal for long t is propor-
tional to t"1 . Similar case was found by
Woessner (4). Here the FID for a small part of
the sample oriented at & with respect to the
external field can be shown to be Lorentzian:

fd(t) <x e x p [ - t / T 2 ( * ) ] ,

T j 1 ! * ) = B2(3cos2# - 1 ) r ,

where B measures the dipolar interaction and T is
the correlation time. Average over the sphere
gives the f 1 / 2 assymptotic FID time dependence

_J 1_
B T 1 / 2 t1/2 '

F(t)

The parameter B2T calculated according to this
expression for PE—76 and two irradiated samples
is given in Table 1, and the t ' 1 ' 2 dependence has
been found experimentally.

In addition, the self-diffusion coefficient D
has been measured in four samples (PE—82,
PE-83, PE-84 and PE-76) at widely different
diffusion times from r = 3 ms to 1000 ms using
pulsed magnetic field gradient NMR methods(5,6).
For short T our D data agree very well with the
value D for the one—dimensional reptational dif-
fusion (3) for melted PE of M = 30000 : D ~ 0.3 x
10'6 cm2/s. NMR results are, however, quite dif-
ferent from the values of Klein and Briscoe (7),
but it is expected that both methods would agree
at very long diffusion times. It seems that a fast
motion is restricted to the department of 1000 to
2000 A in diameter. However, the center of mass
moves slowly and hence the macroscopic diffusion
coefficient is small.
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A COMBINATION OF 2-D AND 1-D NMR METHODS FOR THE STUDY OF PEPTIDE MOLECULES

Klaas Hallenga and George Van Binst

I. SPIN SYSTEM ANALYSIS

The application of H 2-D J-resolved
spectroscopy to peptides containing 10 to
20 ami no acids may lead to a complete reso-
lution of the peptide a proton region even
when the best 1-D resolution enhancement
methods are unsuccessful. Strong coupling
and severe overlap often prevents disen-
tanglement of the B and the aliphatic re-
gions. However, the chemical shift project-
ion of the a proton region(l) provides
exact frequencies for 'H homodecoupling
experiments. This can lead to a complete
interpretation of the g region, in partic-
ular when decoupling difference techniques
are being used.

A combination of the methods outlined
above has led to a complete spin system
analysis at 270 MHz of the peptide hormone
somatostatin, a tetradecapeptide(2). 1-D
and 2-D spectra of somatostatin obtained
from dilute (4 mM) solutions in D?0 will
be given.

II. ASSIGNMENT OF SPIN SYSTEMS

1, 13,In principle a H - C 2-D correlated
experiment could be used to determine the
connectivities between every a proton and
two 1^ C carbonyl resonances (i.e. those
belonging to the same and the previous ami-
no acid respectively - See figure). (3)

i-1 i i i+1
H R 0 H
I i II I

C—N—C—C—N—C-

0 %-? %-„ H R
Knowledge of these connectivities

solves all assignment problems for protons
in the sense that proton spin systems with
the same multiplicity can be assigned to
individual amino acids in the peptide seq-
uence. The identification problem of the
carbonyl resonances will be solved as well.

For reasons of instrumental sensitivi-
ty we have used a 1-D selective population
transfer (SPT) experiment (4) between 13C
satellites of a protons and the carbonyl
resonances instead to establish the desired

connectivities. The SPT experiment leads to
strongly deformed carbonyl multiplets. The
effects are most readily recognized in a
difference experiment. The method is suc-
cessful only when the selectivity of the
proton 180° pulse is high enough : The 2JC_H
and 3JC_H coupling constants are both between
3 and 8 Hz.

An application to a tetrapeptide
fragment of somatostatin will be given. The
limitations of the method will also be in-
dicated.
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MAGIC ANGLE SPINNING NMR OF TOBACCO MOSAIC VIRUS

M.A. Hemminga, W.S. Veeman , H.W.M. Hilhorst and T.J. Schaafsma

In this communication we report some
experiments, showing that high resolution
NMR techniques for solids can be success-
fully applied to solutions of large bio-
systems like tobacco mosaic virus (TMV).

Fig. 1 shows a 45 MHz magic angle
spinning '^C NMR spectrum of natural
abundance TMV. This spectrum has practically
as much detail as is obtained with low
molecular weight dissociated virus (1). In
Fig. 1 , spinning side bands of the carbonyl
and aromatic resonances can clearly be
observed. The appearance of these side
bands proves that at least most of the
carbonyl and aromatic ^C nuclei are found
in the rigid regions of the virus.

Another interesting observation in
Fig. 1 is the absence of RNA resonances in
the region from 100-120 ppm. This indicates
that these resonances are broadened, even
under magic angle spinning. This is
presumably because in TMV the RNA adopts a
disordered structure when binding with the
virus protein, resulting in a distribution
of isotropic chemical shift values.

Carbonyl Ca CH2 CH3

Fig. 2 shows a spectrum of about 10 %
'^c-enriched TMV using a different pulse
program. In this way ' ̂ C nuclei with a
long Tj and short T] p do not contribute to
the spectrum. From a comparison of Figs. 2
and 1, it follows that a remarkable
resolution enhancement is achieved at the
cost of signal to noise ratio. Furthermore,
the carbonyl spinning side bands have dis-
appeared. This strongly indicates that the
spectrum in Fig. 2 arises from '̂ c nuclei
in mobile parts of the virus. From this
experiment it can be concluded that by
using suitable pulse techniques it is
possible to study groups of '̂ C nuclei
with particular motional characteristics.

100 200

Fig. 2. 45 MHz magic angle spinning '^C NMR spectrum of about 10 %
'^C-enriched TMV in phosphate buffer pH 7.0 at room temperatu
Conditions: TMV concentration: approx. 200 mg/ral; spinning
rate: 3.2 kHz; pulse repetition time: 0.25 s; spin-lock time:
1 ms; 50 000 accumulations.

100 ppm 200

Legends to figures

Fig. 1, 45 MHz proton enhanced and decoupled magic angle spinning
l̂ c N M R spectrum of natural abundance TMV in phosphate buffer
pH /»EJ ftt room t enip̂ r aCure« Condi tions t TMV concentrationi
approx. 200 mg/ml; spinning rate; 3.4 kHz; cross-polarization
time: 1 ms; 50 000 accumulations. The dotted arrow indicates

arrows indicate side bands of the carbonyl resonance.
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ESR AND SATURATION TRANSFER ESR ON VIRUSES

Marcus A. Hemminga, Bas Roefs

Jacob Krilse

An interesting problem in the study of
viruses is the way in which they arise
from their nucleic acid and protein
components. The protein subunits of the
plant viruses TMV (tobacco mosaic virus)
and CCMV (cowpea chlorotic mottle virus)
can be covalently labeled with a maleimide
spin label (1, 2). The molecular weight of
these viruses is in the order of several
millions and the rotational correlation
times of these systems are expected to be
very long. In this communication we will
demonstrate that the Saturation Transfer
(ST)-ESR technique, which is sensitive to
very slow molecular motion, provides a
method to detect the association of TMV-
-protein and structural and dynamical
changes in CCMV.

The ST-ESR spectra of spin labeled
TMV-protein at various pH-values are given
in Fig. 1. It is known that native TMV-
-protein forms large well-defined oligo-
mers at pH 6.5-7, when the pH is lowered
from 9 to 5 (3). The spin labeled protein
shows similar effects as is indicated by
the marked change in spectral line shape
at pH 5.9-6.3.

CCMV is a virus that can be brought
into various well-defined swollen stages
with different protein-protein and protein-
-RNA interactions. The ST-ESR spectra of
spin labeled CCMV at different experimental
conditions are given in Fig. 2.

From a careful analysis of the shape
of the ST-ESR spectra (1), it is concluded
that in CCMV the spin labeled part of the
protein subunit or the whole spin labeled
protein performs a strong anisotropic
motion around the nitroxide z-axis in the
core of the virus.

CCMV is also an interesting model
system to check the validity of using
reference ST-ESR spectra of isotropic
motion for systems which have anisotropic
motion. From a comparison of the ST-ESR
spectra in Fig. 2 with spin labeled hemo-
globin reference spectra (A), it is found
that the central part of the spectrum in
Fig. 2A yields T C = 2x 10~^ s, whereas the
flanks indicate a value of about 1 x 10~^ s.
The theoretical maximum value of the CCMV
particle is about 5x10"^ s. This dis-
crepancy strongly suggests that one should

be very careful in using isotropic spectra
for analyzing anisotropic motion.

Legends to figures

Fig. 1. 200 kHz ST-ESR spectra (out-of-phase)> second harmonic) of
ialeimide sp

rotein conc
°C.

labeled TMV protein at various pH value:
ntration approx. 20 mg/ml. The temperature

200 kHz ST-ESR spectra of maleimide spin labeled CCMV
4 °C. Virus concentration is approx. 5 mg/ml. Buffer
conditions: (A) pH 5.0; (B) pH 5.0 + 1.0 M NaCl;
(C) pH 7.5; (D) pH 7.5 + 0.01 M MgCl2; (E) pH 7.5 +
+ 1.0 M NaCl.

1
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THALLIUM-205 NMR SPECTROSCOPY OF THE T1+-GRAMICIDIN INTERACTION IN MODEL
MEMBRANE SYSTEMS

J . F. Hinton, G. Turner and G. Young

We have used Tl-205 NMR to i n v e s t i -
gate the i n t e rac t i on between T l + and gra-
micidin that is incorporated in lyso-
lec i th in micelles. This represents a
model membrane system containing a chan-
nel forming ant ib io t ic . The methods de-
scribed by Urry have been used for in -
corporating gramicidin into the lysoleci -
thin micelles (1) . By " t i t r a t i ng " an
aqueous T l + solution with a lysoleci thin
micelle solution that does not contain
gramicidin and, in a separate experiment,
" t i t r a t i ng " with a micelle-containing-
gramicidin solut ion, the effect of the
interaction between the gramicidin chan-
nel and T l + on the Tl-205 resonance
frequency can be obtained. We have per-
formed a number of such experiments and
have observed large chemical shi f ts in
the Tl-205 resonance frequency ( i . e . ap-
proximately 2200Hz) which are attr ibuted
to the specific interaction between the
ion and the ant ib iot ic channel. This in - i
formation w i l l be used to calculate the
binding properties of the gramicidin
channel.

Concurrent with the model membrane
studies we have investigated the T l + -
gramicidin interaction as i t depends upon
the solution-conformation properties of
gramicidin. The conformation and ag-
gregation properties of gramicidin have
been shown to be a function of concen-
t ra t ion , solvent and temperature (2).
The data obtained suggest than in so-
lut ion there exists an equilibrium be-
tween two conformational systems. One is
favored at d i lute concentrations ( i . e .
less than 1 mg/ml), which in the solvent
trif luoroethanol is l i ke ly dominated by a
left-handed helical structure capable of
existing both as a monomer and a dimer
with a channel of 3 to 4 A in diameter.
At high concentrations, the second con-
formational system is favored consisting
of aggregates. Blout has investigated
the conformational properties of grami-
cidin at high concentrations ( i . e . 100 mg
/ml) in a number of solvent systems (3).
I t was found that gramicidin exists pre-
dominantly (98%) as a helical dimer in

ethanol, having a dimerization constant
K = 3 x 101*; 80% in the helical dimer
form in methanol, K = 2 x 102; and in
DMSO gramicidin exists, mainly as a random
coil monomer, K = 3.

With the results of the experiments
of Urry and Blout in mind, we have begun
a study of the interaction of T l + with
gramicidin as a function of solvent, con-
centration, and temperature. Thus fa r ,
the experiments have shown marked effects
on the Tl+-205 resonance frequency and
resonance l ine-width which can be related
to the conformation and aggregation prop-
erties of gramicidin.
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MOLECULAR MOTIONS IN GLOBULAR PROTEINS INVESTIGATED BY

C-13 NMR OFF-RESONANCE RELAXATION

Thomas L. James, Warren J. Goux, and Joe W. Keepers

Off-resonance rotating frame spin-
lattice relaxation time (T,p off) (1,2)
and NOE experiments have been carried out
at 23.5 kG on three small globular pro-
teins, cyanoferrimyoglobin, ribonuclease A
and lysozyme, using natural-abundance C-13
NMR. For T-,pOff experiments, the experi-
mental parameter is the ratio (R) of the
intensity of a resonance in the presence
to that in the absence of an rf field ap-
plied off-resonance. Experimental R and
NOE values were used to define overall
tumbling motions and internal motions in
amino acid sidechains. All three proteins
have overall isotropic correlation times
of about 25 ns. Upon comparing measured
relaxation parameters with R and NOE val-
ues calculated assuming a two correlation
time model, it was found that all three
proteins have average correlation times
for internal motion (T.) of the lysine
Ce carbons of 20-30 ps while the argi-
nine C<; carbons have T. values of 4-30
ns. Resonances from the Cs1 carbons of
the three isoleucines of ribonuclease and
two of the four resonances from the nine
isoleucines of myoglobin had NOE and R
values characteristic of correlation times
of 4-20 ps. The Cc?1 resonances from the
six isoleucines of lysozyme and two of the

four isoleucine C61 resonances of myoglobin
had R and NOE values which could not be
adequately described using a two correla-
tion time model. An attempt was made to
correlate the calculated mobility of each
type of sidechain in each of the three dif-
ferent proteins with mobilities expected on
the basis of previously determined X-ray
crystal structures. Sidechains in greater
contact with the solvent (estimated from
aqueous solvent accessibilities (3)) were
found to have shorter correlation times. A
more in-depth study of each of the six
tyrosine sidechains in ribonuclease has
been undertaken. The motions of the rings
have been interpreted in terms of a jump
model permitting internal rotation about
the Ca-C3 bond and the Cg-Cy bond.
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THE USE OF WIDE-LINE [14N] NITROGEN

NMR AS A PROBE OF BIOMEMBRANE STRUCTURE

Kenneth R. Jeffrey and David J. Siminovitch

Recently, we have demonstrated the
feasibility of using natural abundance l̂ N
as a probe of the molecular environment
within lipid bilayers by observing the
nitrogen resonance in the choline head-
group in an aqueous dispersion of di pal -
mitoylphosphatidylcholine (1). Previous
NMR studies of the dynamical state of bio-
membranes have relied on the presence of
natural abundance probes such as 31p or
upon the selective incorporation of ̂ H ,
% and 19F. 14N has the potential of
being a very useful probe because it is
found in very high natural abundance
(99.6%) in a wide variety of phospho-
lipids.

Unsonicated aqueous dispersions of
lipids form large multilamellar liposomes
where the lipid molecules are arranged in
a bilayer structure, with their hydro-
phobic fatty acid chains in the interior
and their hydrophilic headgroups exposed
to the water. In this study the ^ N
spectra from dipal mitoylphosphatidyl-
chol ine (PC) and sphingomyelin (SM) which
form such bilayer structures are reported
as functions of temperature. The ^ N NMR
spectra are sensitive to the motion and
conformation of the choline headgroup of
each of these molecules.

14The N spectra were obtained at a
frequency of 19.4 MHz using a homebuilt
spectrometer and a Brucker superconducting
solenoid (6.3 T). Because ^H has a
nuclear spin 1=1 a quadrupolar split
spectrum is observed in the anisotropic
fluid environment of lipid bilayers. A
modified form of the quadrupolar echo
technique (2) was used to obtain the
spectra.

The observed quadrupolar splittings
for the I^N nucleus in the choline group
of PC and SM in both the gel and liquid
crystal phases is of the order of 10 MHz.
For PC, we have used the measured quadru-
polar splitting to predict a value of
135 kHz for the nitrogen quadrupolar
coupling constant. This value is an
order of magnitude smaller than that
commonly observed for ^H. This small

value arises because of the nearly tetra-
hedral symmetry of the four neighbouring
carbon atoms in the choline headgroup.
In SM a single quadrupolar split spectrum
is observed presumably from the choline
group while the resonance from the nitro-
gen in the amide linkage of the second
chain is not observed. Furthermore we have
been unable to observe the nitrogen reson-
ance in aqueous dispersions of phospha-
tidylethanolamine. In the case of these un-
observed resonances the ^ N quadrupolar
coupling constant is probably large due to
the local symmetry and the spectral width
is beyond the capability of the present
apparatus.

The information obtained from the
observed spectra can be summarized as
follows: A) For PC and SM, the splittings
and second moments of the spectra indicate
a liquid crystal to gel phase transition
at 42 and 35°C respectively in agreement
with previous calorimetric measurements.
B) For SM there is no evidence of a hex-
agonal phase over the temperature range
from 10 to 80°C. C) For both lipids, the
decay of the quadrupolar echo T2 e is larger
in the liquid crystal phase than in the gel
phase by a factor of 3. D) In the gel phase
of either lipid, the spectra become broad-
er at lower temperatures. In neither case
can the gel phase spectra be simulated
using a quadrupolar powder pattern with
Lorentzian line broadening. This evidence
indicates that the correlation time for a
mode of molecular motion has become of the
order of the reciprocal of the quadrupolar
splitting as the temperature decreases in
the gel phase. E) The quadrupolar split-
tings, second moments and lineshape all
show that there are distinct and signif-
icant differences in the headgroup behav-
iour of SM as compared to PC.
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1 £ | N 1 H - G R O U P S A S R E L A X A T I O N

C E N T E R S I N B I O L O G I C A L S Y S T E M S

R . K I M M I C H , F . W I N T E R

I. I N T R O D U C T I O N

Proton relaxation in water of biolo-
gical systems is remarkably sensitive to
modifications of the system properties:
The presence of proteins is for instance
revealed by an increase of the relaxation
rate (1), which furthermore depends on the
protein conformation (2). Other well known
examples of relevant factors are the mali-
gnancy of tissue (3), the degree of dena-
turation (4) and the diverse phases of the
cell partition cycle (5). What is the ge-
neral mechanism leading to this striking
sensitivity?

Previously (6) we have suggested that
the water protons are relaxed by material
or spin exchange with the NH-protons of
the diverse amide-groups, thus being able
to monitor the conformational features of
the macromolecules. The NH-groups were ex-
pected to act as relaxation centers becau-
se of the strongly spin-lattice-coupled
N-nuclei and the short N-H distance.

The unambiguous evidence that many
slowly relaxing nuclei can be relaxed by
few NH-protons could now be shown by the
detection of the quadrupolar dips in the
proton relaxation dispersion of hydrated
and dry bovine serum albumin (BSA). These
dips arise by the dipolar flip-flops of
*H and 14N at the crossing of the *H-Zee-
man splitting with *^N-quadrupole split-
tings.

II. E X P E R I M E N T S

The longitudinal proton relaxation
times were measured by the aid of the
field cycling technique (7). Quadrupole
dips occur at the !•% quadrupole frequen-
cies WQ provided that OJQ T C >> 1 (fig. 2) .
Aqueous solutions therefore don't reveal
any dip (2) as a consequence of the shor-
ter correlation times. Nevertheless the
contribution of the NH-centers is essen-
tial even in this case, as can be shown
by theoretical considerations. The detai-
led theory and a quantitative evaluation
will be published elsewhere (8).
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fig.l: Frequency
dependence of the
longitudinal pro-
ton relaxation ti-
mes of Bovine Se-
rum Albumin. The
quadrupole dips
show that NH-groups
are the dominating
relaxation centers
at least in the
frequency/tempera-
ture region of
this investigation.

fig. 2: Theoretical
proton spin-lat-
tice relaxation
times of a 1 4 N ! H -
system versus pro-
ton resonance fre-
quency, ri asymmetry
parameter; 0S po-
lar angle of the
spin-spin vector
in the molecular
frame; 4 K quadru-
pole coupling con-
stant. The numbeis
of decades by vhich
the curves are
shifted upwards
are given in pa-
rentheses.
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DETERMINATION OF THE THREE DIMENSIONAL STRUCTURE OF PARVALBUMIN IN

SOLUTION USING NMR

Lana Lee and Brian D. Sykes

Our -"-H NMR studies indicate
that the interaction of ytterbium
with the calcium binding protein
parvalbumin results in shifted res-
onances spread over k50ppm. (see
Figure 1). Three features of the
methodology we have developed (1,2)
to deduce the three dimensional
structure in solution of the portion
of the protein containing the shif-
ted nuclei are of interest from the
NMR standpoint.

I. Linewidths of the Shifted
Resonances

Measurement of the linewidths
of the shifted resonances as a func-
tion of 1H NMR resonance frequency
from 200-600MHZ indicates that the
"susceptibility" relaxation mechan-
ism (3,4) makes a major contribu-
tion to the linewidths. We are then
able to use the field dependence to
separate the dipolar and suscepti-
bility contributions to the observ-
ed linewidths, and to use the latter
contribution to calculate the dis-
tance of each shifted nucleus from
the metal (2).

II. Temperature Dependence of the
Paramagnetic Shift

Bleaney (5) has predicted that
the lanthanide induced shifts should
be approximately proportional to
1/T2, with only a small contribu-
tion from the 1/T3 and higher order
terms; and this has been supported
by McGarvey (6). However, the shifts
observed for ytterbium and parval-
bumin are proportional to 1/T3.

III. The Principal Axis System (PAS)
of the Magnetic Susceptibility
Tensor of the Parvalbumin
Bound ytterbium

We have determined the orienta-
tion and the principal elements of
the PAS of the magnetic suscepti-
bility tensor of the parvalbumin
bound ytterbium from an analysis of
the shifts of assigned resonances
in the protein (7). This gives us a
unique view in the PAS of the pro-
tein ligands to the metal.

FIGURE 1:

PARVALBUMIN

YTTERBIUM

30 20 10 -10 -20 PPM
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CHARACTERIZATION OF THE PRE-REDUCED PRIMARY ACCEPTOR IN

BACTERIAL PHOTOSYNTHETIC REACTION CENTERS BY ELECTRON SPIN ECHO

R.A. Mushlin

P. Gast and A.J. Hoff

I. BACKGROUND

In 1979 Gast and Hoff (1,2)
reported a light-induced emissive
EPR signal in photosynthetic
bacterial reaction centers in which
the primary acceptor, ubiquinone,
was uncoupled from its associated
high-spin ferrous ion and chemical-
ly reduced. They attributed this
signal to spin-polarized ubiquinone
radical anion (U , ) , and proposed
a kinetic model " in which
polarization, initially developed
on the intermediary acceptor by
the radical pair_mechanism, is
transferred to U by an exchange
interaction. The spectrum of the
emissive signal was not, however,
simply an "inverted" dark U spec-
trum. The wing at high field
showed less emissive character than
the low field portion.

II. SPIN ECHO RESULTS

Both the dark and the light-
saturated ESE spectrum were recor-
ded with the interpulse spacing T
ranging from 0.5 to 3.0 microsec.
The nuclear modulation patterns for
the dark and light-induced signals
were identical, indicating that the
emissive signal is, in fact, U ,
and not some other species. p o

Comparing the_echo decay envelope
of the dark U signal at various
field positions shows that T =2.0 +
0.3 microsec. and is uniform
throughout the line, excluding the
possibility raised by Gast and Hoff
that the asymmetry of the emissive
signal is due to a non-uniform T .

The recovery of the U echo
signal following saturation by a
microwave pulse was found to take
about 4 millisec, whereas the re-
covery of the EPR signal following
"inversion" by a laser flash was
previously found to take about 200
millisec. The 4 millisec. value

is interpreted as a spectral dif-
fusion time and the 200 millisec.
as T . Since the diffusion time is
much longer than the phase memory
time under the same pulsing condi-
tions we are justified in attribut-
ing the two-pulse echo decay enve-
lope solely to T_.

III. DISCUSSION

The reduced emissive character
of the high field wing, observed in
X-band EPR and ESE, was also seen
in Q-band EPR by Hoff et. al. (to
be published). The asymmetry can
be explained either by a faster T
in the high field wing or by a
selective polarization mechanism
which favors the low field portion.
In either case, the g-anisotropy
of U (which is resolved in O-band)
probably plays a role. To settle
this question we will use spin echo
to follow the evolution of the U ,
lineshape beginning immediately "
after a laser flash.
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1H, 2H, 3C AND 31P-NMR STUDY OF THE DYNAMIC STRUCTURE OF POLYINOSINIC ACID

IN AQUEOUS SOLUTION.

J.M. Neumann,S. Tran-Dinh

The dynamic structure of single-
stranded Poly I in aqueous solution at
neutral pH has been investigated by NMR
of four nuclei at different frequencies :
lH (90 and 250 MHz), l3C (74.4 MHz), 31P
(36.4 and 111.6 MHz), 2H (13.8 MHz).

The local motions of the ribose and
the base have been studied at different
temperatures by measurements of :

- the NOE of protonated carbons,

- the ratio of the proton relaxation
times measured at two frequencies
(90 and 250 MHz),

- the deuterium quadrupolar transverse
relaxation time, T2 .

At a given temperature, the l 3C-
{1H }N0E value is independent of the
carbon position (on the sugar, the exocy-
clic group or the base)
13

13
C - NOE = 1.95 +_ 0.14 at 22°C
C - NOE = 2.36 + 0.08 at 62°C.

On the other hand, the *H relaxa-
tion time TJ is frequency dependent :
Tx (250) > Ti (90) whatever the tempera-
ture; the ratio Tt (90)/^ (250) is
found to be practically the same for all
protons ( = 0.36 at 22°C and 0.52 at
62°C). These results lead to the conclu-
sion that the ribose-base unit of Poly I
undergoes an isotropic motion, characte-
rized by a single correlation timeic-
The x c values obtained from

 13C-NOE and
from XH relaxation measurements are
exactly the same and close to that cal-
culated from the linewidth of 2He .

The molecular motion of the sugar-
phosphate backbone and the chemical
shift anisotropy (CSA) were deduced from
Tj (31P) and 31P-[1H } NOE measurements at
two frequencies. As expected, the NOE
values are larger at 36.4 MHz than at
111.6 MHz whatever the temperature. At
72°C, the NOE value (2.0) measured at
36.4 MHz is close to the maximum (2^23)

showing that the 31P relaxation at this
frequency is mainly due to the dipole -
dipole interaction with protons. The CSA
contribution tottie31p relaxation is
about 12% at 36.4 MHz and 72% at 111.6
MHz corresponding to a value of 118 ppm
for the chemical shift anisotropy.

Activation energies of 2 - 6 K
caL/mole were evaluated for the motion of
the ribose-base unit and the sugar-phos-
phate backbone.
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SOLID STATE NMR OF PROTEINS AND

NUCLEIC ACIDS

S.J. Opella

Methods of high resolution
solid state NMR, such as cross-
polarization, proton decoupling,
magic angle sample spinning, and
multipulse sequences, enable exper-
iments to be performed on crystal-
line and amorphous proteins and
nucleic acids as well as gels of
DNA and DNA-protein complexes.
Resolution and sensitivity suffi-
cient for observation of individual
13c sites in natural abundance is
available (1). In many cases it is
of interest to make direct compari-
sons of NMR spectra for the same
molecules in solution and the solid
state. Detailed studies of amino
acids and peptides show that solid
state spectra are often complicated
by shifts, splittings, and broaden-
ings due to the anisotropic charac-
ter of nuclear spin interactions in
the solid state (2) that make
straightforward comparisons of line
positions and shapes difficult, but
do provide additional sources of
spectroscopic data.

3 1P NMR spectra of solid DNA
and DNA-protein complexes contain
structural information in the prin-
cipal elements of the phosphate
chemical shifts, 31p_ln dipolar
couplings, and 31p_31p dipolar
couplings. Partial motional
averaging of these static NMR para-
meters occurs when these high
molecular weight structures are in
solution. Therefore, characteriza-
tion of the 31p lineshapes gives a
description of DNA dynamics.
Double stranded DNA has long range
bending motion with a rotational
correlation time near 10~^sec. The
DNA of the nucleoprotein complexes
of the filamentous bacteriophages
or eukaryotic chromatin do not
display significant motional avera-
ging. Proteins that package DNA
immobilize the backbone phospho-
diester linkages.

NMR is being used to study the
filamentous bacteriophages fd and
Pfl. These viruses consist of a
single stranded circle of DNA pack-
aged in a tubular shell made of
several thousand copies of the
5,000 MW major coat protein. 1H,
2H, and l3c NMR spectra of the
filamentous viruses in solution are
characteristic of a highly ordered
coat protein structure. Individual
-'•3c sites of the proteins can be
studied by employing specific
isotopic labelling. Motional prop-
erties of amino acids of the coat
proteins can be described from 13c
chemical shift and relaxation data
and 2H quadrupole splittings.
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ANISOTROPIC ROTATIONAL DIFFUSIOS1 OF PROTEINS AND SUPRAMDLECULAR COMPLEXES

STUDIED BY SATURATION TRANSFER ELECTRON PARAMAGNETIC RESONANCE

Bruce H. Robinson

Larry R. Dalton

The algorithm of Robinson and Dalton
(1) has been extended to the computation
of saturation transfer electron paramag-
netic resonance (ST-EPR) spectra and pa-
rameters (L"/L, C'/C and H"/H) for mole-
cules characterized by large diffusional
anisotropy (e.g., x , x > 100 x ).
These calculations TFigure 1) reproduce
the experimental trends observed by
Gaffney (2), namely that the minimum in
the L"/L versus viscosity/temperature
curve increases with increasing diffu-
sional anisotropy. More recently we have
incorporated the higher order saturation
effects of Robinson and Dalton (3) to-
gether with the modulation frequency per-
turbation method of Galloway and Dalton
(4) to develop a computer program appli-
cable for a wide range of experimental
conditions including arbitrary Zeeman
modulation frequency, finite microwave
field intensities, and second harmonic
detection. When calculations are carried
out with magnetic parameters appropriate
for the deuteromaleimide spin label (5),
the phase-quadrature second harmonic sig-
nal (Figure 2) exhibits good sensitivity
to diffusional anisotropy while other

10 '
T||(sec)

Figure 1. The conputation of the L"/L parameter for isotropic Brownian
rotational diffusion (A) and for anisortopic rotational
diffusion with orthogonal magnetic and diffusion tensors (B) .
For anisotropic diffusion the major and minor elements of the
diffusion tensor differ by a factor of 10,000.

commonly examined signals do not. We
have applied computer simulation tech-
niques to the analysis of a variety of
systems including proteins and their su-
pramolecular aggregates such as maleimide
spin labeled sickle cell hemoglobin and
the glyceraldehyde-3 phosphate dehydro-
genase - band 3 complex where best agree-
ment with experimental data is achieved
assuming coincident magnetic and diffu-
sion tensors.

Figure 2. The dependence of various signal components upon motional model
is shown. The in-phase, first harmonic absorption spectra are
shown in the top row; the phase-quadrature, first harmonic
dispersion spectra are shown in the middle row; and the phase-
quadrature, second harmonic absorption spectra are shown in the
bottom row. Spectra in the first column were computed employing
an isotropic Brownian diffusion model with the correlation
times indicated. Spectra in the middle column were computed for
anisotropic diffusion with coincident magnetic and diffusion
tensors and the correlation times iiidicated. Spectra in the
last column were computed for anisotropic diffusion with
orthogonal magnetic and diffusion tensors. Other parameters
include g - 2.0087, g = 2.0056, g = 2.0022; A = 8.0 G,

A

2

7.5 G,

05; h =

g
Kzz = 35.2~G; T ^ = 6.6 j

0.25 G; u^ = 9.4 GHz.

= 24
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CONFORMATIONAL TRANSITIONS OF CYTOCHROME C

BY 13C AND 2H NMR SPECTROSCOPY

Jan B. Wooten and Jack S. Cohen

Abel Schejter

The conformational transitions of
cytochrome c induced by acid and base have
been studied by 13C and 2H NMR methods.
The overall protein conformation was moni-
tored by observing the natural abundance
(1%) 13C spectrum. The two methionyl
methyl groups were also selectively moni-
tored in samples enriched in 13C and 2H,
prepared by substitution with the appro-
priate isotopically labeled methyl iodide.

The overall acid transition of ferri-
cytochrome c occurred with an apparent pK
of ca. 3.4, as indicated for example by
the collapse on raising pH of the well-
resolved Thr Cg singlet into multiple res-
onances representing the native protein
micro-environments. The 13C resonance of
Met 80 was not observed in [e-13C]Met 65,
Met 80 ferricytochrome c down to even pH 1
because of the proximity of this residue
to the paramagnetic Fe(III) atom, to which
it is bound in the native form. The 2H
spectrum of [e-2H]Met 65, Met 80 ferri-
cytochrome c indicated that Met 80 is ex-
changing rapidly between Fe(III)-bound and
unbound forms as the pH is lowered, since
the resonance at -24»7 ppm, corresponding
to bound Met 80 in the native form, shifts
downfield and broadens below pH 4 (the
resonance of Met 65 is unchanged). The
novelty of the 2H NMR method is that it is
possible to unambiguously monitor the Met
80 residue in both Fe-bound and unbound
conformations simultaneously.

The alkaline transition of ferri-
cytochrome c was followed by measuring the
relative areas of the 2H NMR peaks corre-
sponding to bound and unbound [e-2H]Met
80, and from the reappearance of the 13C
signal of [e-13CjMet 80 as the pH was
raised. Titration curves yielded pK val-
ues varying from 7.6 to 9.1 and Hill co-
efficients (n) from 0.75 to 1.0 for dif-
ferent samples, and these values were con-
firmed by UV monitoring of the 695 nm band
arising from the Met 80 S-Fe bond. It ap-
pears that these variations arise from
conformationally altered samples resulting
from extended alkaline treatment and/or
extensive chromatographic purification.

HOD

HOD

10 -10
PPM

-20 -30

2H NMR spectra (41.4 MHz) of [e-2H3]Met65,
Met 80 cytochrome c at pH 6.5 and 24°C.
A. Reduced; B. Oxidized. Protein concen-
tration is 6 mM. Each spectrum is a 1 hr.
accumulation of 22,000 scans.
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MULTIPLE PULSE NMR DIFFUSION MEASUREMENTS

I. Zupancic and G. Lahajnar

INTRODUCTION

Pulsed magnetic field gradient spin—echo
method for the diffusion coefficient measure-
ments requires long enough transverse relaxation
time T2. In the systems with anisotropic molecu-
lar movement a small residual dipolar broadening
is left and resulting T2 is too short to allow
diffusion measurements. Examples are: the
liquid crystals and adsorbed water in oriented
biopolymers. We propose a new method: super-
position of a modified WHH (1) sequence and a
sequence of the magnetic field gradient pulses.

THEORY

The WHH sequence [ P x - 2 T - P _ x - r - P y -
2T — P— T] is modified in the following way:
[Px - 2r - Px - r - Py - 2r - Py - r ] . The
modified sequence averages out the dipolar
broadening as does the original, but it averages
out also chemical shift and static magnetic
inhomogeneites. Gradient pulses of alternating
sign are inserted in the proper windows of the
r.f. sequence (Fig. 1). The modified WHH
sequence can be divided in two subcycles, each
long QT. Regarding dipolar Hamiltonian each
subcycle (length 6r) represents a complete cycle,
Zeeman Hamiltonian changes sign in the second
subcycle (average is zero!). A gradient pulse is
put into the first window (z—window) of r.f.
sequence (in the first subcycle) and of opposite
polarity in the second subcycle. Initial signal is
quickly damped by the gradient. A 180° r.f.
pulse at time t in a y window refocuses the
magnetization and at time 2t an echo appears.

Average dipolar Hamiltonian over one sub-
cycle is zero, there remains only a very small
second order term which can be neglected. In
each subcycle only Zeeman Hamiltonian due to

gradient is left. Changing width of the gradient
pulses gives us data on diffusion coefficient.

1. subcycle

y ' y x « y

2. subcycle

y x x y y x x y

Dipolar H j H O z jH^ I H O y j H ^ l H O z jHD x | H D y JHDXJ H D Z

ZeemanH;+hIz Lhlx| - M y - h l z

Mogietizotioni Mx i-MJ My ! M J M X W Z ! My |MZ!

H Q = — j - | J l z l z - I 1 I , H2- 3— I ' x 'x ' y 'y l
r ik r ik

Fig. 1

EXPERIMENTAL

In order to obtain equal gradient before
and after 180° pulse the width of the first
gradient pulse can be adjusted as well as the last
before the echo. We measured diffusion in an
oriented sample of DNA where the results can
be checked by standard spin—echo method and
in some liquid crystals (2).

CONCLUSION

This method can be used for samples
having T2 about 1 ms or more, and the cycle
time must be much smaller than T2.
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MEDIUM EFFECT ON THE 1 3C NMR CHEMICAL SHIFTS AND

THE ELECTRONIC STATES OF POLYENE CHAIN CARBONS

IN RETINAL COMPOUNDS

I.Ando, M.Sakurai, Y.Inoue and R.Chfij6

Retinal is known as visual
pigments linked to rhodopsin with
Schiff-base linkage in vertebrates.
Effect of dielectric solvents on
the 13C NMR chemical shift of these
pigments are interested in order to
understand the conformational
change and the bathochromic shifts
of them (1).

An MO calculation is presented
of the effects of dielectric
solvents on the 3C NMR chemical
shifts and electronic states of
retinal compounds. The solvent-
solute interaction is estimated as
a function of dielectric constant
of solvent by Klopman's solvaton
theory which allows inclusion of
the interaction with solvents in
CNDO/2 MO calculation (2).

For example, the calculation in
all-trans retinal shows an increase
of the alternation of the charge
distribution on carbon atoms and
bond order for carbon-carbon bonds
in the polyene chain portion with
increasing dielectric constant.
Those mean that (i) the chemical
shifts of odd- and even-numbered
carbon atoms move to lower and
higher fields,respectively,with
increasing dielectric constant,
and (ii) the quantity in their
changes decreases along the polyene
chain apart from the terminal
oxygen atom. They agree well with
the observed solvent effects.
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PROTON CORRELATION NMR STUDY OF METABOLIC REGULATIONS

AND PYRUVATE TRANSPORT IN ANAEROBIC E.COLI CELLS

Yoji Arata, Takashi Ogino, and Shizuo Fujiwara

1-H correlation NMR(l) was used
to study dynamical aspects of glu-
cose metabolism and pyruvate trans-
port in anaerobic E.coli cells(2).
1 H NMR has a great advantage in
that its sensitivity is much better
than those of 13c and 3 1P NMR and
because ^H nuclei exist virtually
in all biologically important mole-
cules. However, in biological sys-
tems where a large amount of water
always exists, a dynamic range much
wider than that attained in the
conventional pulse FT mode is usu-
ally required. ^H correlation NMR
has been recognized as one of most
promising techniques for this pur-
pose.

It was shown that, in the
anaerobic metabolism of E.coli
cells, the amount of lactate con-
tinues to increase, whereas the
concentrations of acetate, ethanol,
succinate, and formate level off
even when the supply of glucose is
sufficient. Metabolisms via the
Embden-Meyerhof pathway and the
pentose monophosphate pathway were
separately quantitated using glu-
cose-l-13c as the sole carbon
source. It was concluded that as
much as 22% of the glucose is catab-
olized via the pentose shunt. The
ratio of contributions from the two
competing pathways remains unchaged
even after the rates of metabolism
leveled off. It was shown that the
rate of glycolysis is drastically
reduced at low pH. The decrease in
pH of the medium also shifted the
fermentation in such a way that the
quantity of acetate produced is
about twice that of ethanol and
that lactate produced is much more
abundant than other metabolites
observed. These results indicate
that under anaerobic conditions
the pH of the medium is an impor-
tant factor in determining the rate
of glycolysis and in controlling
the metabolic pathways. When gly-
colysis is inhibited by iodoacetate
an exogenous lactate is taken up by

the cell and further metabolized
primarily to acetate through pyru-
vate, resulting in the generation
of an additional mole of ATP for
each mole of acetate formed. The
1H NMR data obtained indicate that
in the pyruvate metabolism in anaer-
obic cells the phosphorolytic
cleavage to acetate, which is sensi-
tively affected by a small change
in environmental conditions, plays
a crucial role. It was also shown
that a change in pH of the incuba-
tion medium results in a rapid ef-
flux of accumulated pyruvate from
the cells. The uptake of pyruvate
induced by a change in pH was ob-
served to occur against an osmotic
gradient of the solute. The up-
take was completely inhibited by a
proton conductive uncoupler, DNP,
suggesting that protons play a key
role in energy coupling for the
active transport of pyruvate. It
was also confirmed that a membrane-
bound ATPase inhibitor, DCCD, does
not inhibit pyruvate transport in
starving cells. These findings
suggest that ATP is not an inter-
mediary in energy coupling under
the present conditions. The pyru-
vate uptake was also observed on
changing the physiological state
of cells from aerobic to anaerobic
conditions. In glycolyzing cells,
in contrast to the above experi-
ments on starving cells, the up-
take of pyruvate was inhibited by
DCCD as well as by DNP. These
observations are consistent with
predictions made on the basis of
the chemiosmotic hypothesis by
Mitchell.
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H SPIN-ECHO NMR OF FLOWING WATER IN PLANTS

H. van As and T.J. Schaafsma

INTRODUCTION

Several indirect methods are in use
for the measurement of linear flow velocity
and flux in plants (1). None of these
methods detects the movement of water it-
self. Spin-echo NMR have been applied to
measure liquid flow in various other
systems, except plants (2, 3).
For the first time, a spin-echo NMR method
has been successfully used to measure mean
linear flow velocity v and flux uof water
in the transport vessels of the stems of
intact cucumber plants. Stationary water
is not observed; only water-protons parti-
cipating in net-flow are detected.

METHOD

Linear flow velocity was measured by
a 15 MHz spin-echo method, using an equi-
distant sequence of 180° pulses and a
linear magnetic field gradient (4).

RESULTS

Fig. 1A represents the NMR signal
amplitude vs. time elapsed since the first
180° pulse. From t m a x in Fig. 1A and
v = At^J^ (4), where A is a calibration
constant, we find v = 1.34 cm.s . By
interrupting the supply of water to the
measuring region of the stem, the signal
disappears (Fig. IB). From curves as in
Fig. 1A at different linear velocities,
T2, unaffected by flow (5), of the water
in the plant stem transport vessels was
measured to be 560 +_ 100 ms. v changes
from 2.7 to 1.2 cm.s over a period of
^30 min after cutting off illumination.
Under illumination at v = 2.7 cm.s-1 the

,-1

flux u is calculated to be approximately
10 yl.s , consistent with total leaf
area and evaporation rate.
Ranges of results for cucumber are:
v-1-3 cm.s"1, V=3-6 yl, G=5-25 yl.s"
From other methods it is known that R_<500 u.
As a rule of thumb, we estimate that
under our present instrumental conditions
the method is able to measure water flow
with v>l cm.s , in plant transport
vessels with a radius R of >10 y and a
total volume V of >10 yl.

ts(t) (arb. units)

hmax

®

B

Fig. 1. 15 MHz NMR-signal height S(t) vs.
time for water in stem section of intact
cucumber. Total of 4096 180° pulses,
pulse period T = 1.6 ms. Each point of the
curve represents the integrated signal
over 25.6 ms (16 pulses). A Helmholtz-
-type rf coil with L = 1.1 and R = 0.5 cm
was used. The field gradient used was
0.13 G.cm"1.
A. Signal of flowing water under

illumination with two 400 W sodium
lamps at 1 m mean distance, zero air
velocity, temp. 23 °C.
Signal after cut-off of flow below
stem-section in rf coil; all other
conditions identical to A.
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A PULSED NMR INVESTIGATION OF HYDRATED GLUTEN

S. M. A. Baghdadi

I. C. Baianu and G. A. Le Grys

Gluten,the major protein in flour,is a
primary factor in the formation of dough.
On interacting with water it forms an elas-
tic matrix in which other constituents are
dispersed. As this matrix is the determi-
nant of the dough's mechanical properties,
there is interest in understanding the hy-
dration properties of gluten,and in utiliz-
ing an improved knowledge to control the
mechanical properties of dough. Interest
has centred on determinations of the dynam-
ic properties of the various constituents,
principally water. The ^H spin-lattice
and spin-spin relaxations have been record-
ed as functions of parameters such as stor-
age and mixing times,water content and dur-
ation and temperature of any heating proce-
ss. This was accompanied by measurements
on the unfrozen water (considered as bound)
below 0°C. In general,the spin-spin relax-
ation was non-exponential,but resolvable
into discrete components. Fitting three
components to the room temperature relaxa-
tion of a 40-60 gluten-H20 dough typically
gave 1-2 ms (^3%) ,28-30 ms K75%) and 80-
90 ms (oJ.3%) . In the absence of barriers
to the pasage of water molecules the data
are consistent with a model where variati-
ons in local composition occur,non-exponen-
tial relaxation implying heterogeneities
over distances > /6DT2. In any region the
relaxation is determined by a rapid exchan-
ge between slow moving molecules bound to
the gluten which relax rapidly and excess
normal,or near normal,bulk water moving
quickly and relaxing slowly. Thus the dis-
tribution of relaxation rates is equivale-
nt to a distribution of local compositions.
Support for this proposition is provided by
the observation of a scatter in the relax-
ation distributions of nominally equivale-
nt samples,whereas repeated measurements on
the same sample gave reproducible results.
Whilst the relaxation distribution was in-
fluenced by mechanical mixing,if samples
stood for 45 minutes no dependence on the
time or severity of mixing was discernible
implying that some re-equilibration had
occurred.

An increase in water content resulted
in an increase in the times of all three
components,accompanied by a more than pro-

portionate increase in the amplitudes of
the long components. It is tempting to ad-
opt a model based on pores where small por-
es (corresponding to high gluten concentra-
tions and high relaxation rates) are occup-
ied preferentially at low water contents.
However,the increase in the shortest of the
relaxation times with added water implies
an increase in the corresponding pore diam-
eter,but as the absolute amplitude had not
changed significantly it would be inappro-
priate to invoke a swelling of the matrix,
instead it could be assumed that several
small pores or cavities coalesced without
a change in their net volume. On freezing
there was a loss of signal but the relaxat-
ion of the non-frozen water was still non-
exponential and a shift of the distributi-
on to shorter times occurred. It could ce-
rtainly be concluded that the non-frozen
component was not one of the components re-
solved above 0°C.

When a sample is examined that has been
heated there is an increase,but of <10% in
the time of the single exponential fit. A
multi-component fit e.g. three,shows inter-
esting features. There is no detectable
change in the population of the most rapid-
ly relaxing component,^10%,but its time is
generally increased by some 50% subject to
scatter. On heating to 50°C for small tim-
es < 30 minutes,the population of the slow-
est relaxing component decreased and the
relaxation time was increased. At longer
times these effects were reversed. For the
samples heated to 70°C for times up to 18O
minutes the amplitude of the longest relax-
ation component was decreased and its time
increased to 100-200 ms. Measurements du-
ring the heating process served to monitor
a redistribution of water molecules,a two-
component fit showed a progressive transfer
of population from the slower to the more
rapidly relaxing species.

The conclusions are therefore that the
water distribution is complex in a hydrated
gluten sample but that NMR relaxation is
useful in characterizing it.
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ELECTRON SPIN RESONANCE STUDIES ON NORMAL

AND TUMOROUS HUMAN WHOLE BLOOD, PLASMA

AND CELLULAR BLOOD

Bahattin M. Baysal

Kudrettin C. Erson

Electron spin resonance spectra are
obtained from samples prepared by various
techniques such as lyophilization, drying
and rapid freezing of whole blood or
separated blood cells and piasma.Altogether
(304) whole blood samples are obtained from
human controls and from patients with a
variety of malignant tumors. Great care is
taken on sample preparation, moisture
content and exposure to oxygen in obtaining
reproducible results for ESR signal (Fig.l,
control) in lyophilized blood samples.

— L-1

5 G

g=2.00\

Figure 1

ESR Spectra of Whole Blood Samples for Control (a, for g=2.00

b, for g=2.01 signal) and Leukemic (L-1) Patient (L-2) for a

Leukemic Patient at the Advanced Stage of Disease.

We have found that,the amplitude of
g=2.00 signal increased in tumorous lyophi-
lized whole blood samples compared to
control values.The most s igni f icant varia-
tion in the amplitude of the signal in this
region is observed for leukemia which showed
a 242% increase (5-samples) over value for
the control (F ig . l ,L -1) . By using double
integration procedure, the calculated con-
centrations of radicals for control and
leukemic bloods are 6xlO l l f and 10xl0 l l fspin
g" 1 respectively. The following increases
in amplitudes are observed for other malig-
nant cases: ovarium 171% (22 samples);
corpus 148% (12); cervix 175% (20);hodgkin
118(4); mol hydatidform 162% (8) ; various
tumors 157% (10). On the other hand a dec-
rease in amplitude is observed compare to
control value for bronchial cancer (10
samples up to 50%) at the stage of metasta-
sis and also for leukemia (Fig. l ,L-2,|R|=
2xl01'*spin g"1) and ovarium cancers at
advanced stages of diseases (6,7).

p-—I—--V

We have found that the g=2.00 free
radical signal in lyophil ized blood samples
is not an a r t i f ac t (1,2,3) and also i t is
not formed due to the interaction with
oxygen (4,5), since this signal is observed
in rapidly frozen samples or, when lyophi-
l izat ion is carried out in high vacuum
condi t ions.

The effect of oxygen on ESR-signal of
whole blood, cel lu lar blood and plasma, is
dif ferent since, the penetration of oxygen
varies with the porosity of these l yoph i l i -
zed fract ions. However, application of high
vacuum or heat (50°C) on oxygen exposed
samples reduced the amplitude of the signal
to original value.

Figure 2

ESR Spectrum of g=1.00 Signal in Dried Whole Blood

A new signal (Fig. l ,control b) with
g-value of 2.01 and with high power
saturation behaviour is observed in lyophi-
l ized cel lu lar blood (also in whole blood).
In blood samples in addition to g=2.00
2.01, 2.05, 1.98 and 4.3 signals reported
in ear l ier l i terature as well as in this
work a new signal with well resolved hyper-
fine structure and with g-value of 1.00 is
found only in dried (not in lyophil ized)
whole blood samples under vacuum conditions
(Fig.2). This signal suddenly disappeared
reversibly on exposure to a i r .
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IHVESfIGATION OP PROTEIN SOLUTIONS BY MR RELAXATION METHOD

Barbara Bl ic i t a r ska

i describe here a study on
concentration dependence of the
proton spin-lattice relaxation
time T.. in aqueous solutions of
globular proteins o These experi-
ments were to investigate the ap-
plicability of the method of HMR
relaxation to the problem of stru-
cture of aqueous solution protein.

Pig. f and 2 give the plots
of the relaxation rate 1/T vs.
concentration of protein ranging
0-34% by weight for lysozyme and
albumin aqueous solutions. The
measurements were made using home
built spin-echo spectrometer at
the resonance frequency of 26 MHz
at stabile sample 'temperature 25 C.
The denaturated solutions were
produced by heating of the samples
of native solutions at temperature
100 G about 3 hoursc

According to the previous
investigations of the protein so-
lutions the relaxation rate 1/T,.
fulfils for native and denaturated
solution the following equation*.. /

+ c 1/T
1P

where 1/T1yy and 1/T. are proton
relaxation rate for rree and,pro-
tein water molecule respectively.
The increase of 1/T. for native
solution changes its slope at the
concentration c = 18% for lysozyme
and c= 13A for albumin . If it is
assumed that the protein molecules
are random distributed in solution
it is possible to account the "vo-
lume associated " to one protein
molecule. This value decreases
of course with concentration and
becomes to be comparable with size
of native lysozyme molecule about
c= 17%. It is evident that by
this value of concentration some
structural changes of solution
takes place - a system becames
more compact. Such fact is in
agreement with experimental
results of viscisity and density

SEC LYSOZYME

I. >. 30 O/o

CONCENTRATION

Fig. 1 . The concentration dependence of

proton relaxation rate 1/T. in native

and denaturated / D / aqueous lysozyme

solutions.
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Fig. 2. The concentration dependence of

proton relaxation rate 1/T.. in native / H /

and den̂ ttirated /D / aqueous albumin

solutions.
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measurements for lysozyme solu-
tions. /2/.

The denaturation process
uncoiled protein molecule from
their three dimensional globular
form and the motional freedom of
" associated M water molecules
is more restricted. This fact
causes that concentration depen-
dence of 1/T1 for denaturated so-
lution has the greater slope.

Pinaly, I conclude that the
structure changes of protein so-
lution has been investigated by
NftIR relaxation method as well as
other method. /3/»
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N M R STUDIES ON THE ELECTRON TRANSPORT CHAIN: THE COENZYME Q

IN MEMBRANE MODELS AND IN MEMBRANES OF PHOTOSYNTHETIC BACTERIA

C. A. Boicelli

The coenzyme , Q (CoQ) acts as a
redox carrier and mobility across
the membrane is required. It seems
that the lenght of the isoprenoid
tail plays a role on the fluidity
of the bilayer architecture even if
it has been demonstrated that the
side-chain is uninfluent on the
molecular properties (1).

I. THE CoQ IN MEMBRANE MODELS

C-NMR spectra of EPC liposomes
and inverted vesicles fail to show
effects of the CoQ's on the fluidi-
ty of the bilayers, while P-NMR in-
dicate that the coenzymes perturb
the phosphate moiety (fig. 1). In
inside-up micelles only the Ti are
modified (tab. 1).

TABLE 1

P-Tj in C6D6, EPC-CoQ, H20 system
CoQ none CoQ0 CoQi0

Tj/msec 2058 2076 1503

The D-Tj of D20 for liposomes
suspensions changes with the lenght
of the prenyl tail (tab. 2) while
it remains constant (171 msec) when
D2O is secluded in inside-up vesic-
les.

D-Ti and

CoQ
none
C0Q3
CoQ10
D Or
2 free

TABLE 2

a in EPC-CoQ,

T1/msec
435
415
379
480

D2

0
0
0

0 system

a
.057
.087
.187

Assuming the fast exchange of
the water between the interior and
the exterior of the liposomes one
can write:

TABLE 3

Proton relaxation times of Ha0 in C,D5, EPC-CoQ, H20 syste

CoQ

none
CoQ,
CoQlt

305
299
39S

30 ± 5
30 ± 5
10 1 5

537
512
561

70 ± 5
70 t 5
90 ± 5

Robs = a Rint
+ (1-a) R

ext

where the R.'s are the relaxation
rates and axis the probability to
find a D20 molecule in the interior.

In inverted micelles at least
two water populations exist and the
CoQ's act on the more structured
water (tab. 3). The -N+(CH3)3 group
and the faster relaxing water have
the same Ti probably because of a
cross-relaxation mechanism between
the positive choline head and the
surrounding water molecules.

II. CoQ IN RPS Caps. MEMBRANES

In the RPS Caps, membranes the
CoQ molecules are organized in pools
(25 molecules per reaction center)
and can be removed and replaced
without loss of activity.

These manipulations are reflec-
ted in the H-NMR spectra (3 to 4.2
ppm) (fig. 2). The P-NMR show that
removing the CoQ, the broad signal
containing the phosphocholine reso-
nance is shifted of 3.4 ppm. Thus
the CoQ pools can be located within
the membrane where the interactions
(direct or mediated) with the posi-
tive groups are possible.
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NMR STUDIES OF HETEROGENEOUS SYSTEMS :

INTERACTIONS OF PHOSPHOLIPIDS WITH

SMALL MOLECULES IN INSIDE - UP VESICLES.

C.A. Boicelli

F. Conti and M. Giomini

D. Gattegno and A.M. Giuliani

Single bilayer vesicles are an
accepted model for cell membranes
and inverted vesicles may be used
as a reasonable model of the membra-
ne interior. Indeed, the T, values
of phospholipid protons in inside-
up micelles suggest that the polar
head and the glycerol moiety behave
as in vesicles, while the relaxation
behaviour of the hydrocarbon chain
resembles that observed in solution
of non-polar solvents, like benzene,,

Small peptides and their compo-
nent amino-acids have been secluded
in inside-out vesicles to study,
through the determination of some
NMR parameters ( 'H and 31P T, , 13C
and 31P spectra), the modifications
if any, induced in the micellar or-
ganization.

No change has been observed on
the 13C and 31P chemical shifts,
while 31P relaxation behaviour is
definitely, if not markedly, affect-
ed ( Ti varies between 2000 and
2300 msec depending on the species
added) „

Incorporation of buffers in-
stead of amino-acid solutions,

data - 36.4 IVlHz

o i n t i l i f t t s i c i M

* g k i i g u i t t i l l m

2 1 5 0

yields similar results, In the pH
range 5-8, 31P chemical shift rema-
ins constant while the T, values
lay on the curve reported in the
figure. On the other hand, both T,
and 8 of 31P change (figure) when
measured for phosphate buffers in
aqueous solution.

Variations in the ionization
state of the phosphate moiety, due
to the incorporation of buffers or
small molecules in the inverted ve-
sicles, can be ruled out because of
the invariance of 31P 6 value; 31P
T, s reflect instead a change in the
water distribution within the vesi-
cle.

The T, values of H20 protons
also suggest that peptides or ami-
no-acids secluded inside the inver-
ted vesicles perturb the water
distribution;

solute ^""^--^^^

Gly

L-Val

L-Leu

L-Pro

L-Phe

L-Tyr

L-Phe-L-Val

L-Phe-L-Leu

L-Phe-L-Phe

MIF

Leu-enkepha1 in

none

307

472

396

256

247

438

335

318

303

340

197

305

697

787

512

475

631

971

538

400

469

439

508

537

At present, we are unable to
relate the observed Hz0 behaviour
with some known physico-chemical
property of the perturbing species*

3.g s.i i.i i.o s.i it
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SYN-ANTI EQUILIBRIUM OF PURINE BASES IN DlNUCLEOSIDE

MONOPKOSPHATES AS STUDIED BY PROTON RELAXATION

C. ChachaL./,' B. Perly, A. Forchioni and G. Langlet

The preferential orientations of
dinucleoside monophosphates such as ApA,
ApG and GpA in 0.01 M neutral aqueous
solutions have been investigated by proton
relaxation at 250 Mhz.

These orientations are deduced from
computer simulations of the magnetization
recovery curves following a 180° non
selective pulse. The distances between the
H-8 proton of a base and the ribose ring
protons, which are introduced in these
calculations, are obtained by minimization
as a function of the glycosyl torsion
angle , of the standard deviation between
the reorientation correlation times TR
derived from the initial relaxation rates
of these protons (1).

The average H-l' to H-8 distance
obtained by this procedure has been
confirmed by the reduction of the H-l'
relaxation rate when H-8 is replaced by a
deuteron. The limits of validity of the
assumption of a single correlation time TR
governing the proton relaxation have been
estimated, taking into account the diffe-
rent internal motions e.g. the rotation
of the bases, of the methylene exocyclic
groups and the N^=^S interconversion of
the ribose rings.

For 10-10 T R < 2 x 10" 1 0 s it

appears that the influence of these
motions on the proton relaxation is
negligible when the jump rates among
equilibrium position is less than ca.
10"9 s-1. The D-8 linewidth indicates a
SYN ̂ ^ ANTI transition rate of the order
of 10^ s~l at room temperature, without
noticeable effects therefore on the
proton relaxation.

The whole of our experimental
results show that for the N conformer,
the orientations of the bases are in the
ranges 60° < Y < 80° (SYN) and
180° < Y < 210° (ANTI). For the ribose
S conformer, it is observed that this
orientation is mainly SYN with
5° < y < 90°. The average H-l1 to H-8
distance gives a semi-quantitative

information on the SYN or ANTI orientation
of the base of each nucleoside moiety.

At 298 K the population of the ANTI
conformer is found to increase in the
order :

A-£G < ̂ p-G % C»p-A < Ap-A < A-JJA < G-pA.

I t i s shown moreover tha t the occurrence
probab i l i t i es oftheN-ANTI conformer in
both nucleoside moie t ies , which is
favourable to the in termolecular stacking
(2) are 0 .3 , 0.15 and 0.10 f o r ApA, GpA
and ApG, respec t i ve ly .
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ELECTRON SPIN RESONANCE STUDIES OF THE

PUkPLt MEMBRANE FROM HALObACi'ERlUM HAL061UM

Anthony D. Clark

ftinfried Hoffmann, Margaret Turner & Dennis Chapman

INTRODUCTION

ESR spin label results on the
bacteriorhodopsin (BR) membrane
from Halobacterium Halobium and
its complexes, reconstituted with
dimyristoyllethicitin (DML) were
presented. The spin label used
was 16 doxylstearic acid.

BACTERIORHODOPSIN

In the spectra from the
membrane itself between 1*C and
40C, varying proportions of an
immobilised and a fluid component
are seen and three non baseline
isoclinic points are found.(l)
This indicates there are two
protein conformers in a
temperature dependent equilibrium,
and an activation energy of 15
kcal.mole-1 can be deduced for
this conformational change. Flash
photolysis studies (2) have also
suggested the occurence of these
two protein conforrnatibns and gave
a very similar activation energy.
It has been previously suggested
(3-5) that the occurence of an
immobilised component in ESR spin
label spectra was caused by an
annulus of boundary lipid
surrounding the membrane protein,
but our results for this membrane
system, show that the presence of
two possible protein conformations
provides an alternative
explanation.

LIPID RECONSTITUTED COMPLcXES

For a ^series of DML-BR
complexes at 32C subtractions of a
totally immobilised spectrum from
a complex of lipid/protein ratio
of 2.b show that this is not a
simple two component system. The
amount of immobilised lipid/mg.
protein is not constant.
Furthermore there is no suggestion
that the proportion of fluid lipid
tends to zero as the mole fraction
of protein tends to one.
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DEUTERIUM NMR STUDIES OP BIOLOGICAL INTEREST

Robert J. Cushley, Tenkesi S. Viswanathan
Heiner Gorrissen, and Stephen R. Wassail

We have been studying enzyme/
ligand (substrate or inhibitor)
interactions and the organization
of cholesteryl esters in membranes
by deuterium NMR of selectively
deuterated long chain compounds.

A. Ligand Binding to Lipoxygenase

The enzyme converts linoleic
acid to 13-hydroxy-9,H-octadeca-
dienoic acid. Based on fast ex-
change, the deuterium linewidths of
bound ligand Av, , , are given by (1)

-i, Da

Av, 80 1+4Vc.

which is ~23 times larger than the
linewidth for carbon-13 at the same
correlation time. Values for bound

ligand, 1/T2 , are (s~ ):

[9,10,12,13-2H]linoleic acid 8260;

[ll,ll-2H]linoleic acid 7950;

[2,2-2H]dodecanoic acid 11,200;

[12,12,12-2H]dodecanoic acid 1160;
and CD (CD2)gCH2COOH 5000. The

transverse relaxation rate of the
2,2-dideuterio inhibitor is within
28$ of that predicted for tightly
bound species assuming a globular
protein r~4.5 ni. We believe the
inhibitor is anchored at the car-
boxyl group with increasingly more
motional freedom towards the methyl
end. Substrate (linoleic acid)
is seen to have significant motional
freedom at the site of unsaturation,
:L.e_. that portion of the molecule
where enzymatic reaction occurs.

B. Cholesteryl Esters in Model
Membranes

Cholesteryl palmitate (CP),
selectively deuterated in the acyl
chain, gives rise to narrow lines
if incorporated into membrane
vesicles (d ~ 22-27 nm) since the
"slow" correlation time x is due

c
to rapid vesicle tumbling and
lateral diffusion of the ester in
the membrane bilayer (2):

Av,=

AVh TTT

where T

is the segmental order parameter
for the C-D bond. Deuterium NMR
spectra of selectively deuterated
CP in dipalmitoylphosphatidyl-
choline vesicles (-10% w/v) were
determined and the linewidths
range from 7 Hz for deuteriomethyl
to 150 Hz for 2,2-dideuterio.
These narrow lines are independent
of suspending medium viscosity (n)
and therefore either the lateral
diffusion coefficient D is very
large or an extra motion is pre-
sent which is faster than the
intrinsic averaging time for

deuterium NMR >10" 5 s) (3).
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SATURATION TRANSFER EPR STUDIES OP MEMBRANE PROTEIN DYNAMICS: Na,K-ATPase

Lauraine A. Dalton, Diane Bentley, Glauco Radoslovich
Hans Thctnann, Sanford R. Simon, and Larry R. Dalton
S. E. Harms and K. D. Straub

An EPR and ST-EPR examination of
maleimide spin labeled Na , K -ATPase
prepared either from porcine kidney or
from the electric eel electroplax organ
is reported. A heterogeneity of label
sites is observed with the MSL which can
for convenience be divided into two cate-
gories: Strongly (slow motion) and weak-
ly immobilized (rapid motion) sites (see
Figure 1). We have attempted to gain

Figure 1. Conventional EPR absorption spectra of Na , K -ATPase labeled
with MSL according to the procedures A through E descriJbed in
Table 1. The microwave power used is 10 nW, the microwave
frequency is 9.4 GHz, the Zeeman modulation frequency is 100
kHz, the peak-to-peak Zeeman modulation anplitude is 1.0
Gauss. The dc magnetic field increases to the right; the
sweep width is 100 Gauss.

insight into the dynamics of various por-
tions of the protein by conducting selec-
tive labeling experiments. The results
are summarized in Tables 1, 2 and 3 and
in Figure 1. We have also endeavored to
characterize conformational changes asso-
ciated with going between the E, (Na +
ATP buffer) and the E 2 (Mg + P. + K )
forms of the enzyme. Although the spec-
tral changes are small, the E, conforma-
tion is characterized by a greater slow/
rapid ratio than the E ? form. Moreover,
both the slow and rapia spectral compo-
nents for the. E^ form are characterized
by longer correlation times than the
corresponding components for the E_ form.

TABLE 1

Conditions of labeling various classes of
» sites on Na , K -ATPase

Exper- First
iment Labeling

Second SH Groups
Labeling Labeled

A Sucrose-EDTA- none
Tris buffer,
0.25mM MSL

B buffer, ImM
ATP, 0.25mM
MSL

C buffer, ImM
ATP, ImM Mg
0.25mM MSL

D buffer, ImM
ATP, 0.25mM
NEM

E buffer, ImM
ATP, ImM Mg
0.25mM NEM

none

none

buffer,
0.25mM
MSL

buffer,
0.25mM
MSL

all

all but
those
protected
by ATP

all but
those
protected
by Mg -
ATP

groups
protected
by ATP

groups
protected
by Mg -
ATP

TABLE 2

Amounts of MSL undergoing slow motion vs
rapid motion for labeling at selected
sites (a through e) on Na , K -ATPase

Experiment B D E

Ratio 1.72 1.83 1.55 1.60 3.55
Slow/Rapid

TABLE 3

ST-EPR spectral parameters for selected

sites (a through e) on Na , K -ATPase

Experiment A B C D E

H"/H 0.20 0.20 0.42 0.25 0.30

L"/L 0.40 0.35 0.63 0.47 0.50
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1 13
H AND C NMR SPECTROSCOPY OF NATURALLY OCCURRING NUCLEOSIDES:

VICINE AND CONVICINE

M. Delfini

M. Cifani, F. Conti and T. Parasassi

E. Carnovale, P. Ibba and G. Zaza

Vicine and convicine are two
nucleosides from faba beans (vicia
faba). Their aglycones are shown to
be responsible of acute haemolytic
crises in some glucose-6-phosphate-
dehydrogenase deficient individuals
(favism).

Vicine and convicine formulas
are reported in fig. 1a and 1b re-
spectively.

FIG. la

FIG. 1b

In principle NMR studies can
provide detailed information both
as to the structure as to stereo-
chemistry of pyrimidinic and gly-
cosidic rings. However at present (1)

Table 1 - H chemical shifts (pyrimidinic-
portion ppm from HIS)

VICINE CONVICINE

N(3)-H

C(2)-NH

C(6)-NH

10.40(1H)

5.99(2H)

4.72(2H)

1O.3O(1H)

10.60(1H)

5.97(2H)

only convicine has been studied by

H NMR spectroscopy. Therefore a
1 11

study by H and JC NMR spectrosco-
py has been undertaken.

Vicine has been isolated from
faba beans following procedure of
01sen and Andersen (2). Convicine
has been isolated from faba beans
following procedure of Brown and
Roberts (3).

Table 2 - C chemical shifts (ppm from TMS)

Ityrimidinic
portion

Clycosidic
portion

C2

°4
C5

C6

C1.

c2.

C6-

VICINE

158.69

158.24

113.29

151.61

107.87

73.18

77.60

69.86

76.18

61.16

CONVICINE

150.29

149.18

110.52

161.34

107.47

33.18

77.69

69.86

76.18

61.16
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158.24

158.69 ij 151.61

FIG. 2

113;

76.18

10787 77.60

J 3 1 8

61.16

ppm from TMS

161.34 150.29
149.18

FIG. 3

110.52

107.47

73.18
mi

7769.//, 69.8

UtL
ppm from TMS
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H and C NMR spectra have
been performed respectively at 90.1
MHZ and 22.63 MHZ in dimethylsulpho
xide solutions.

H chemical shifts of pyrimi
dinic portion are reported in
table 1.

C NMR spectra of vicine and
convicine are shown in fig. 2 and
3 respectively.

Both, compounds show two
groups of resonances respectively
due to the glycosidic ring (higher
field) and to the pyrimidinic ring
(lower field). Carbon atoms chemi-
cal shifts and corresponding attri
butions are reported in table 2.

C resonances assignments
are based on comparison with simi-
lar compounds, off-resonance expe-
riments and relaxation times measu
rements.

Information obtained by NMR
experiments allowed us to confirm
the structures of both substances
up to now proposed. Main eviden-
cies may be found about: A) carbon
atom number in sugar ring; B) par-
ticular carbon atom involved in
glycosidic linkage and C) number
and nature of carbon atoms of pyri
midinic ring; moreover glycosidic
linkage has been found to be in
£ -form; information about existen-
ce of syn and anti form can be
derived. Further information on
dynamic parameters available by

C relaxation times measurement
are in progress.
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C O N V E N T I O N A L EPR OF ] 5 N - N I T R 0 X I D E S IS S E N S I T I V E TO C O R R E -

LATION T I M E S AS LONG AS T O " 4 SEC

Betty Jean G a f f n e y , James P.A. S c i b i l i a and Celia E l b r e c h t

The d e v e l o p m e n t of s a t u r a t i o n
t r a n s f e r EPR (STEPR) has focused
a t t e n t i o n on p r o b l e m s i n v o l v i n g m o -
l e c u l a r m o t i o n s with c o r r e l a t i o n
times from m i l l i s e c o n d s to m i c r o -
s e c o n d s . We have i n v e s t i g a t e d the
use of l5N-nitroixde s p e c t r a as a
means of e n h a n c i n g signal strength
c o m p a r e d to 11+N s i g n a l s , in measure-
ment of these slow m o t i o n s . The
c o m b i n e d e f f e c t s of f e w e r h y p e r f i n e
lines and reduced spectral spread
due to h y p e r f i n e a n i s o t r o p y are re-
s p o n s i b l e for e n h a n c i n g 1 5 N signal
a m p l i t u d e s . For slow tumbling m o l -
e c u l e s , the l o w - f i e l d line of 1 5 N -
n i t r o x i d e s is of about the same in-
t e g r a t e d i n t e n s i t y as the c e n t e r
line of x ** N - n i troxi des but the for-
mer c o n t a i n s i n f o r m a t i o n about m o -
tional a v e r a g i n g of both h y p e r f i n e
and g - f a c t o r a n i s o t r o p y . The peak-
to-peak width of the l o w - f i e l d line
of x 5 N - n i t r o x i d e s , in the c o n v e n -
tional V] d i s p l a y , is s e n s i t i v e to
times as slow as l O ' ^ s e c , an o r d e r
of m a g n i t u d e slower than can be d e -
tected by h i g h - f i e l d l i n e - w i d t h
c h a n g e s or shifts in the o u t e r spec-
tral e x t r e m a . Figure 1 shows por-
tions of EPR spectra for 1 5 N and
X 1*N-TEMPOL at several c o r r e l a t i o n
t i m e s . A v e r a g i n g of ^ - f a c t o r a n i -
sotropy is also a p p a r e n t in the
c e n t e r l i n e _ o f lhH spectra for T ̂
close to 10 "* s e c , but the 1 S N line
shape does not lend itself so well
to q u a n t i t a t i o n as does t h e 1 5 N - l o w -
field line s h a p e .

Figure 1.
15

u p p e r : N
l o w - f i e l d l i n e

s o l v e n t : d i i s o
b u t y l p h t h a l a t e
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COMPARISON OF THE ELECTRONIC SPIN-LATTICE RELAXATION PROPERTIES

OF THE |2Fe-2S| AND |4Fe-4S| FERREDOXINS

J.P. Gayda, P. Bertrand, C. More •

We compare the temperature depen-
dence of the electronic spin-lattice
relaxation time Tx of two representative
species of the |2Fe-2S| and |4Fe-4S|
ferredoxins : |2Fe-2S|Fd from Spirulina
maxima and |4Fe-4S|Fd from Bacillus
stearothermophilus . The results concer-
ning the first sample have been presented
in ref. (1). For the |4Fe-4S|Fd ferre-
doxin, Tj was deduced from the measure-
ment of the recovery time of the X band
E.P.R. absorption signal in the range
1.2 K to 12 K and from the broadening
of the E.P.R. spectrum in the range 28 K
to 40 K.

It is seen that for both proteins
the variations of ll may be interpreted
by the same relaxation processes. Accor-
ding to our interpretation :

i) : the |4Fe-4S| redox cluster has a
low lying excited level characterized
by an energy of about 110 cm" ; this
level would be due to exchange inter-
actions of the same order as those
measured in the |2Fe-2S|Fd cluster (2),

ii) the highest frequency of the
vibrations which can propagate through
the proteinic medium is about 40 cm -l
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NUCLEAR MAGNETIC RESONANCE INVESTIGATION OF

MOLECULAR DYNAMICS IN THE CRYSTALLINE STATE OF THE NERVE

TRANSMITTER ACETYLCHOLINE

John D. Graham and Ralph H. Hannon

Lowell J. Burnett and Randall W. Simpson

We have been interested in the dy-
namic properties of the cholinergic system
and have reported the results of proton
magnetic resonance lineshape (1) and
relaxation time (T], T]p) measurements
(2,3) for polycrystalline choline. We
report herein the results of our pulsed
and continuous wave proton magnetic reso-
nance investigation of polycrystalline
acetylcholine, (CH3)3N+CH2CH20C0CH3,
carried out over a broad temperature range.

At 77 K the observed second moment of
25 gauss2 is less than the expected rigid
lattice value, and this is attributed to
residual C-CH3 motion. At 240 K the
second moment of 12 gauss2 is consistent
with reorientation of two of the three
N-CH3 groups. At 400 K the second moment
value indicates the absence of diffusion
and isotropic reorientation.

Our temperature dependent T ] P data
reflects the existence of C-CH3, N-CHo,
and -N(CH3)3 reorientation in the solid
for which activation energies have been
determined. A minimum of 0.6 m sec agrees
well with the value calculated for the
reorientation of only two of the N-CH3
group, in agreement with the second
moment data.
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PHOTON RELAXATION AND ESE STUDIES OF MOLECULAR

ORGANIZATION AND MOLECULAR MOTIONS IN LDL

J. N. Herak , Greta Pifat and Jasminka Brnjas-Kraljevic

G. Jiirgens and A. Holasek

The molecular organization
and molecular dynamics of the se-
rum low-density lipoproteins (LDL)
have been studied by NMR and ESR.
The "spin-lattice" relaxation ra-
te of the protons associated with
the LDL interior (lipid protons)
have been distinguished from the
buffer protons and the protons in
a solid-like phase. The number of
the lipid protons in the liquid-
-like phase is significantly redu-
ced at the temperatures below the
freezing point of the buffer. How-
ever, the respective T\ value re-
mains essentially unchanged in the
temperature range -30° to +30°C.

The percentage of the mobile
lipid chains depends on the ionic
strength of the buffer: at 22°C
about 40% of the lipid chains are
mobile in the 0.01 M Tris-HCl
buffer, while only about 30% are
mobile in the 0.1 11 buffer.

The state of the LDL surface
has been characterized by studying
the binding of the Mn(II) ions.
The proton relaxation enhancement
(PEE; and ESR measurements gave
essentially the same binding pa-
rameters. At 10°C LDL in 0.01 M
Tris-HCl buffer exhibits two types
of binding sites: "strong" and
"weak" binding sites. The binding
to the "strong" sites is charac-
terized by the dissociation con-
stant KD = 1.8 • 10-5M and the
number of sites n = 6. First 3y4
ions bind on the LDL particle in
a cooperative manner, and the
remaining 2-3 independent of each
other. The 'Weak" sites are charac-
terized by K-n = 4.6 • 10-?M and
n = 135. For LDL in 0.1 M Tris-HCl
buffer the non-cooperative bin-
ding to the "strong" sites is
hardly observable. The binding to
the "weak" sites is essentially
the same as in the 0.01 M buffer.

At 40°C the binding to the
"strong" sites is the same,

within the experimental error, to
that at 10°C. The binding to the
"weak" sites becomes stronger: the
dissociation constant becomes
smaller (KD = 4.0 • 1 0 " 3 M ) . The
number of the reaction sites re-
mains the same as at 10°C (n

At least three different ob-
servations demonstrate the cor-
relation between the states of the
surface and interior of LDL. (a)
Freezing of the buffer induces
freezing of most of lipids in the
LDL core, (b) Different ionic
strengths of the buffer, hence
different charge on the LDL sur-
face, is associated with different
percentage of motionally essenti-
ally unrestricted lipids of the
LDL core, (c) By increasing tem-
perature from 10°C to 40°C the
phase transition of the chole-
steryl-esters is correlated with
the change of the Mn(II) binding
properties of the particle.

The sites for the Mn(II) bin-
ding are probably the phosphate he-
ads of phospholipids. A single LDL
particle contains about 600
phospholipid molecules and it is
not quite clear how to interprete
the existence of only 135 binding
sites.
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AMINO GROUP REORIENTATION IN THE NUCLEIC ACID BASES

M.J.R. Hoch

I. INTRODUCTION

Three of the nucleic acid bases
Adenine (A), Guanine (G) and Cytosine (C)
contain NH2 groups which have C-N bonds
with a partial double bond character (1).
The present work involving NMR rotating
frame spin-lattice relaxation time measur-
ements on poly-crystalline samples of the
bases has provided new information on the
dynamics of the amino groups.

II. RESULTS AND DISCUSSION

The measured proton T values versus

103/T are shown in Fig.l. For A evidence
of decomposition was found for T > 540 K.
Similar behaviour was found for C above
500 K. For G however there was no
evidence of decomposition up to 570 K.
Evidence of a competing relaxation process
is evident for G below 400 K. This may
be linked with impurities

Correlation times, T, for the motions
have been obtained from the T data using
standard procedures. p

The temperature variation of the cor-
relation time T may be represented by
x = T Q exp(E/RT). Values for T and E

have been calculated from the experimental
data and the results are shown in the
accompanying table.

ADENINE

OH, = 12.SG

GUANINE

OH, = 12.5 G

1-5 2.0 2.5 1.5 2.0 2.5 1.5 2.0 2.5 3.0
1000/T (K-')

Fig. l Proton T values versus 103/T
ip

f o r Adenine, Cytosine and Guanine.

Base

Adenine

Cytosine

Guanine

E (kJ mol- i)
Experiment
(95% C.I .)

82 ± 6

77 + 6

56 + 5

Theory
(INDO)

79

82

65

2 x IO-13

8 x IO-14

2 x 10-12

Molecular o rb i ta l calculations have
been carried out for the three bases using
the INDO method (2) . Total molecular
energies were calculated as a function of
the amino group or ientat ion when rotated
about the two-fold axis. The energy d i f -
ference between the in-plane and
perpendicular-to-plane orientations gives
a measure of E and these values are also
given in the tab le .

The agreement between the experimen-
ta l and theoret ical E values is f a i r l y
good although the theoret ical calculations
give only the intra-molecular contr ibut ion
to E. In crystal hydrates where water
molecules execute 180° f l i p motions the
corresponding act ivat ion energies are
typ ica l l y in the range 25 to 30 kJ mol"1 .

Theoretical calculations of the re-
laxation time minimum values lend support
to the model of amino qroups undergoing
180° f l i p motions about the i r C2-axes.

I I I . CONCLUSION
Amino group reorientat ion by means

of a 180° f l i p mechanism is responsible
fo r proton relaxation at high temperatures
in the bases A, C and G. The act ivat ion
energy for this motion is s ign i f i can t l y
lower for G than for A or C. The amino
groups are involved in base pair ing in
DNA and th is f ind ing may therefore have
biological s igni f icance.
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SEQUENCE EFFECTS IN THE STRUCTURES OF

DINUCLEOTIDES d-pTpA AND d-pApT

R. V. Hosur and G. Govil

M.V. Hosur and M.A. Viswaraitra

The recent crystal structure of
d-pApTpApT (1) has shown the possibility
of sequence dependent conformational
variations in the structure of poly(dA-dTX
It is of interest to see if the differences
in the geometries of -ApT- and -TpA
segments exhibited in crystal structure
are present in solution as well. We have
therefore studied the solution conforma-
tions of two dinucleotides d-pTpA and
d-pApT by PMR spectroscopy at 270 MHz
spectrometer frequency.

The populations of most common
conformations viz. 2E and 3E (see
reference 2 for nomenclature) of the
sugar ring have been calculated using the
observed J(H1'-H2') or sum of J(H1'-H2')
and J(H1'-H2") coupling constants and the
suggested Karplus type relations (3, 4):

3 J = 10.5 Cos2e - 1.2 CosO

3 J = 9.8 Cos20 - 0.9 CosO + 1

3 J = 11.7 Cos20 - 0.4 CosO

where O is the relevant dihedral angle.
However, the results of latter two rela-
tions are not consistent in the sense that
populations obtained using J(H1'-H2') and
the sum J(H1'-H2')+ J(H1'-H2") are
not similar. Hence our conclusions are
based on the first relation which has been
used by other workers as well (5).

It is found that both A and T sugars
prefer 2E conformation in both molecules,
in contrast to crystal structure where A
sugar is 3E and T is 2E. The T sugar
shows greater 2E population in d-pTpA
(88%) than in d-pApT (75%) while A sugar
is identical in both molecules and is simi-
lar to that in 5'-dAMP (70% 2 E ) . This
suggests that interaction between adjacent
nucleotide units is reflected in the T

sugar conformation but not in the A sugar
conformation.

The deviations of chemical shifts
of the protons in dinucleotides from the
shifts of corresponding protons in mono-
mers have been interpreted in terms of
intramolecular stacking of the bases. It
is observed that in d-pTpA the predomi-
nant conformations are such that the two
bases are unstacked while d-pApT shows
a population of about 25% for conforma-
tions with stacked bases. This difference
could arise from differences in conforma-
tion around the backbone and/or glyco-
sidic bonds, as are seen in the crystal
structure.
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13C NMR INVESTIGATIONS OF NEUROHYPOPHYSIAL HORMONE

CONFORMATIONAL CHANGES AND DIFFERENTIAL DYNAMICS ON INTERACTION

WITH NEUROPHYSINS USING SPECIFICALLY 13C-LABELED HORMONES

Victor J. Hruby and V. Viswanatha

Michael Blumenstein

Neurohypophyseal hormones and
neurophysin proteins(NP) are found
associated in neurosecretory
granules of neuroendocrine trans-
ducer cells. This biologically
important system serves as an
excellent model for detailed exam-
ination of peptide hormone-macro-
molecular acceptor interactions
(1).

We have made extensive use of
13C FT NMR methods and specific
13C-labeled derivatives of oxytocin
(OT) and arginine vasopressin (AVP)
to obtain a detailed picture of
hormone-NP interactions. Among
other findings we previously have
shown (2) the following: (a) The
overall dissociation rate of the
complex is slow (<3 sec"1) at
neutral pH. This is seen at the
Tyr-2 and half-Cys-1 residues of
OT and AVP; the a-carbon atoms
have similar dynamic properties to
those of the protein. (b) At high
pH (7-10.5) a decreased binding
constant (102-103) is observed,
but there is no apparent change in
the dissociation rate constant.
However, at low pH (<2.5), a
decreased binding constant (102-
103) also obtains, but the a-car-
bons are in intermediate or fast
exchange. (c) Under all conditions
the a-carbon atoms of Leu-8 in OT
and of Gly-NH2-9 in OT and AVP in
the bound state have dynamic
properties similar to those of the
free hormone and only weak inter-
action with NP is indicated. (d)
In the bound state, the N-terminal
a-amino group of half-Cys-1 in OT
and AVP is always protonated.

To further examine the inter-
action of OT and AVP with the NPs,
we have synthesized [3-[2-13C]-
leucine]-, [3-D-[2-13C]leucine]-,
[4-[2-13C]glutamine]-, [6-hemi-
[l-13C]cystine]-, [6-hemi-D-[1-
13C]cystine]- and [2-[31, 5 '-13C2] -
tyrosine]-oxytocins, and [2-[3',5'-

13C2]tyrosine]- and [ 3- [3 ' , 5 '-
13C2]phenylalanine]-AVP, by solid
phase peptide synthesis. *3C NMR
investigations using these com-
pounds have provided new insights
about hormone-NP interactions.
(a) Both the L and D diastereo-
isomers of the Leu-3, Gln-4 and
half-Cys-6 analogues interact
strongly with NP; for position-6
both diastereoisomers bind equally
well, while for the three position
the D-diastereoisomer binds more
weakly and shows an increased
exchange rate relative to the all
L diastereoisomer. (b) For many
positions on the hormones, large
13C chemical shifts (0.7-8 ppm)
accompany binding, and indicate
significant conformational changes
for the hormones on binding. (c)
The 3',5' carbons in Tyr-2 of OT
and AVP become chemically non-
equivalent (̂ 3.5 ppm) when bound
to NPs, and aromatic ring flipping
occurs at an intermediate rate of
130 sec"1 to 900 sec"1 between
20°C and 42°C. (d) However, the
Phe-3 aromatic ring of AVP displays
only rapid ring rotation when
bound.

These results indicate that
hormone-NP interaction is a
dynamic process involving differ-
ential motion and interaction for
various residues of the hormone
with the proteins. A model
analogous to the zipper model of
hormone-receptor interaction is
suggested.

Supported by the U.S. Public
Health Service and NSF.
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NUCLEAR MAGNETIC RESONANCE STUDY OF BOVINE BRAIN

HEXOKMASE-LIGAND INTERACTIONS

G.K. Jarori, S.R. Kasturi and U.W. Kenkare

Bovine brain hexokinase catalyzes
the transfer of *y-phosphoryl group of
adenosine triphosphate (ATP) to the 6-
hydroxyl group of glucose resulting in
the formation of glucose 6-phosphate and
adenosine diphosphate (ADP). Glucose
6-phosphate is a strong inhibitor and re-
gulator of this enzyme which serves as a
control point in the utilization of glucose
in the brain.

Mg (II) required as a cofactor for
this enzyme can be replaced by the para-
magnetic metal ion, Mn(n). This makes
possible the use of ESR and NMR techni-
ques for the study of the interaction of the
metal ion and ligands with this enzyme.
Direct binding studies using ESR and
NMR have shown that there is one tight
binding site (K£> = 27+4</<M) and nine
weak binding sites (Average Kr>= 800/QA)
for the binding of Mn(n) with the enzyme
at 23°C, pH 8.0. The KD is strongly
temperature dependent (Kj) = 6/cM at
30°C and KD= 1100>CM at 5°C). The
interaction of Mn(II) at the tight binding
site results in an enhancement of the
longitudinal relaxation rate of water pro-
tons (PRR). The characteristic enhance-
ment (€5) for the E-Mn(H) complex is
3. 5+0.4 at 23°C and is strongly tempera-
ture dependent. The temperature and
frequency dependence of PRR of the
bound water molecules suggest that the
correlation time (tj.) for the electron-
nuclear dipolar interaction is frequency
dependent and hence the electron spin-
relaxation time ("Cg) of the bound Mn(D.)
is the dominant term in ~CC for the hexo-
kinase-Mn(II) complex. There is a dis-
continuity in the temperature dependence
of the normalized relaxation rate for the
bound water in the E-Mn(n) complex in
the vicinity of 12-18<>C. The disconti-
nuity in the temperature dependence of
the normalized relaxation rate and the

temperature dependence of Kj> indicate a
change in the enzyme-metal ion interac-
tion in the region of 12-18°C, possibly
associated with some conformational
changes in the enzyme below 20°C. The
role of the tight metal binding site in
catalysis is yet to be established.

On titrating with ATP or ADP at
fixed enzyme and Mn(It) concentration
(50/CM), the PRR enhancement increases
with increasing concentration of the
nucleotide and then falls off at higher
nucleotide concentrations. This kind of
PRR enhancement behaviour suggests
that the Mn(II)-nucleotide forms a nucleo-
tide bridge with the enzyme.

Binding of glucose 6-phosphate to
hexokinase results in large line broaden-
ing of the resonances of the anomeric
protons of sugar. No such effects were
observed for glucose binding suggesting
different modes of binding of these sugars
with the enzyme. A lower limit of 1330
sec"* for the rate of dissociation of
glucose from the enzyme-Mn(II)-glucose
complex has been obtained on the basis of
line broadening of the anomeric proton
resonances of glucose caused by Mn(Il).
The C-(l) proton resonance of both oC
and p anomers of glucose is broadened
by the Mn(II)-hexokinase complex. This
is consistent with the absence of ano-
meric specificity of brain hexokinase
for glucose binding.

381



1H-NMR STUDIES ON THE STRUCTURE OF

PHOSPHOCARRIER PROTEIN HPr

•5

H.R. Kalbitzer and W. Hengstenberg

At 360 MHz the phosphocarrier pro-
tein HPr of S.-aureus exhibits a
well resolved H-NMR spectrum due
to its rather low molecular weight
of 7650. Therefore, it is a suit-
able subject for studying protein
structure and protein-protein in-
teractions by NMR methods.
For obtaining detailed informations
it is necessary to assign as many
as possible resonance lines to spe-
cific residues.
Using two-dimensional J-resolved
NMR spectroscopy it was possible to
resolve the multiplet structure of
numerous overlapping resonances in
the aliphatic part of the spectrum,
a first step to the assignement of
resonances to types of amino acids
and finally to specific residues in
the primary structure.
In order to get some insight in the
tertiary structure of the protein
we measured the time dependence of
the interproton nuclear Overhauser
effect. This allows an estimate of
relative distances between protons
even in the presence of spindiffu-
sion (1) by determination of the
initial increase at the observed
signal intensity.

Especially it could be shown that
the high-field shift of a valine
methyl group at -.18 ppm is caused
by the ring-current of tyrosine 6
and that therefore both valine and
tyrosine 6 are near neighbours.
This is in good agreement with the
observation that upon nitration at
tyrosine 6 this resonance line is
shifted to lower field (2)

1. G.Wagner and K.Wiithrich, J.Magn.
Res. 33., 675-680 (1979)

2. P.Rosch, W.Hengstenberg, T.Korte
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31P NMR STUDIES OF SYNTHETIC PHOSPHATES IN CHICKEN MUSCLE

Mrs. P.J. King and C.P. Richards

Polyphosphate salts are used as
food additives by the frozen meat and
fish industries to reduce water losses
during processing, thawing and cooking
(1). In the case of frozen poultry, it
is a common commercial practice for an
aqueous solution of polyphosphate salts
to be injected into the carcase breast
muscle before it is chilled and frozen.

31
P FT NMR spectroscopy permits the

direct observation of the polyphosphate
species within the meat matrix. This
technique has been used for the qualit-
ative identification of polyphosphate
salts in retail chicken (2), and it has
also been used to show that non-specific
polyphosphatase activity persists in
chicken meat, even at a storage
temperature of -20°C (3).

^1P FT NMR also showed that pyro-
phosphate and tripolyphosphate would be
hydrolysed to orthophosphate during the
recommended overnight thawing period (h).
However, the possibility of treated
chicken being cooked direct from the
freezer in a microwave oven prompted this
study of the effect of cooking on the
hydrolysis reaction (5).

Samples of untreated chicken (~2.5g)
in 10mm NMR tubes were injected with
3% w/v solutions of pyrophosphate and
tripolyphosphate respectively, to give
a salt/meat loading of 0.8% W/V. No
hydrolysis was detected in a sample
cooked before addition of tripolyphos-
phate. Samples cooked after standing
for 3 din after injection also showed
little or no hydrolysis. Those stood
for 2 and 5 hrs before cooking showed
substantial and increasing hydrolysis.
Thus, cooking inactivates the polyphos-
phatases but does not degrade the
polyphosphates. Therefore, treated
frozen chicken that is cooked direct
from the freezer may contain unhydro-
lysed polyphosphate salts.

The mechanism of tetrapolyphosphate
hydrolysis in chicken meat has also been
examined. Preliminary NMR data suggest
that it is complexed to metal cations in
the meat, and that its hydrolysis is by
division into pyrophosphate units rather
than tripolyphosphate and orthophosphate.
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ST-ESR MEASUREMENTS ON ORIENTED MULTILAYERS OF DIMYRISTOYL LECITHIN

AND CHOLESTEROL BELOW THE MAIN PHASE TRANSITION

P. Koole, A.J. Dammers, C. Dijkema, G. Casteleijn and M.A. Hemminga

Saturation Transfer Electron Spin
Resonance (ST-ESR) is a valuable technique
for studying molecular motions with ro-
tational correlation times (T C) of about
10"7 to 10"3 s. For this reason this tech-
nique is very suitable to study model mem-
branes around and below the phase transi-
tion. In this communication we present X-
band ST-ESR experiments on oriented multi-
bilayers of DMPC (dimyristoylphosphatidyl-
choline) with different amounts of choles-
terol and varying water content, using the
cholestane spin label. In all experiments
discussed here, the static magnetic field
BQ is perpendicular to the normal of the
bilayers.

In fig. 1 the effect of cholesterol
on X-band ST-ESR spectra is shown. A sig-
nificant variation in lineshape is found.

Fig. 1. X-band ST-ESR spectra (second har-
monic absorption, 90° out of phase with
modulation field) of oriented multibilayers
of DMPC with various cholesterol contents.
The static magnetic field is perpendicular
to the normal of the bilayers. The temper-
ature is 1°C and the incident power is
40 mW.

This appears to be qualitatively similar
to the effect of temperature upon spectra
of samples with constant cholesterol per-
centage. Under the reasonable assumption
that an increase in temperature is accom-
panied by an increase of the rate of motion
of the spin label, this indicates that
cholesterol has a "fluidizing" effect on
the bilayer. This is in agreement with re-
sults from other investigators (1).

- 4 0 - 3 0 - 2 0 -10 0 10

TEMPERATURE (-C)

Fig. 2. Variation of C'/C (see fig. 1) with
temperature for 0, 10 and 33 mole % choles-
terol .

Following Thomas et al. (2) we para-
metrize the spectra by the ratio C'/C (see
fig. 1). In fig. 2 this parameter is given
as a function of temperature. Clearly the
fluidizing effect manifests itself as a de-
crease of C'/C (2, 3).

We are in progress of simulating the
spectra by computer. A computer programme
designed by Perkins et al. (for isotropic
motion) (4) was modified. The modification
consists of rotation of each molecule about
its long axis, this axis being parallel to
the director. There is strong evidence that
this is the case in the model membranes
with cholesterol. The 0% cholesterol sample
however has a considerable tilt angle. We
are not able to present definite results
yet.
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PROTON SPIN RELAXATION, CHEMICAL SHIFT, AND

MOLECULAR STRUCTURE OF SOLUTION DIMERS OF

CHLOROPHYLL A

R.P.H. Kooyman* and T.J. Schaafsma

I. INTRODUCTION

In vitro chlorophyll a (Chi a) com-
plexes have been prepared, which have spec-
troscopic properties similar to those
found in the in vivo photosynthetic system.
In particular, two different Chi a dimers
were studied: the "pure" dimer, consisting
of a pair of Chi a_ molecules in a strict-
ly nonpolar environment, and the "special
pair", consisting of a pair of Chi £
molecules in a nonpolar environment plus
traces of bifunctional ligands (ethanol).
To study the geometrical structure of
these Chi a dimers, we have carried out
high resolution proton NMR experiments at
100 MHz, and we have determined the
chemical shifts and nuclear spin-lattice
relaxation (SLR) times T] of a number of
protons present in Chi a. Both SLR data
and chemical shift data can independently
provide the desired geometrical infor-
mation.

II. METHODS

A. SLR data and molecular structure.

A rotational diffusion model origi-
nally developed by Huntress [1] was app-
lied to dimers. T, of some proton can be
written as a function of the rotational
diffusion tensor and the geometry of the
Chi dimer under study [2]. By varying the
dimer geometry, a fit was sought between
calculated and experimentally determined
Tj's of 4 protons in the dimer.

B. Chemical shifts and molecular
structure.

We have determined the ring current
shifts of a number of protons in the
abovementioned Chi dimers. A ring current
model originally developed by Abraham et
al. [3] was extended to Chi dimers. The
signs and relative magnitudes of the
dimer ring current shifts prove to be
strongly dependent on the dimer geometry.
Again, to determine the dimer geometry a
fit was sought between calculated and
experimentally determined proton ring
current shifts in the dimer.

III. RESULTS AND DISCUSSION

Both from the SLR data and from the
ring current data it was found that the
"pure" dimer consists of two Chi a_
molecules approximately perpendicular to
each other, whereas the "special pair" is
composed of two plane-parallel Chi a_
molecules, consistent with the proposal
of Shipman et al. [4]. Furthermore, the
"special pair" results are inconsistent
with Fong's proposal [5], as is most
clearly demonstrated by the ring current
calculations. The dimer geometries, de-
rived from the present NMR data are also
very similar to those found from cal-
culations on the electronic excited state
properties [6].

An additional result from the SLR
calculations are the rotational diffusion
constants. The average diffusion constant
of the monomer is found to be approxima-
tely twice that of the dimers, in agree-
ment with the simple Stokes-Einstein
model. A more refined hydrodynamic model,
where the anisotropy of the molecule is
included, fails to correctly describe the
calculated diffusion constants.
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NMR RELAXATION AND DIFFUSION STUDY IN ORIENTED DNA

G. Lahajnar and I. Zupancic

A. Rupprecht

Water is an essential stabilizing agent of the
DNA double helix. DNA in solution and in the
highly hydrated solid state is in the ordered B
configuration w i th the planar purine — pyrimidine
base—pairs stacked perpendicularly to the helix
axis. The structure of DNA in the solid state is
highly sensitive to its water and electrolyte con-
tents, and several distinct structures have been
found to exist in DNA fibers in various humidity
regions using X - r a y dif fract ion spectroscopy(1,2).
In this paper the influence of water content on
the structure of solid oriented NaDNA(3,4) was
examined through proton NMR relaxation and
diffusion measurements of sorbed water in the
relative humidity (T?) range between 77 = 85 % and
39 %.

Room temperature proton spin—lattice (T|)
and spin-spin relaxation t ime (T2) measurements
of adsorbed water were done at the resonance
frequency vH = 60 MHz on a highly oriented
NaDNA sample prepared by Rupprecht using the
wet spinning technique (5). Diffusion data were
obtained by the pulsed gradient techniques using
a special probe—head producing magnetic field
gradients up to 800 gauss/cm. The low NaCI
content of the sample (1 g NaCI/100 g DNA)
ensured the A form of the sample at the higher
humidities used (1,6).

T 2 data depend strongly on the angle i>
between the sample orientational axis and the
direction of the external magnetic f ield. In the
whole n range studied T 2 very closely obeys the
angular relation 1/T2 = R o + A [ ( 3 c o s 2 i > - 1 ) / 2 ] 2 , as
expected for H2O molecules preferentially oriented
on a solid ordered surface (7). Ro is angular
independent relaxation rate and varies smoothly
w i th r j , while A is proportional to the proton
correlation t ime (rc) and varies strongly wi th T?.
Since A comes from the orientation dependent
part of T 2 , it should be sensititve of DNA
structural changes induced by variations in TJ of
the sample. Fig. 1 indeed clearly exhibits a
broken line in the plot of A against 7?, indicating
structural changes at ~75% and ~55% relative
humidities.

As mentioned before, above rj « 75%
NaDNA is in the ordered (helical A) confor-
mation. A l l three molecular subgroups (the
heterocyclic bases, deoxyribose and diesterified
phosphate groups) as possible hydration sites are
fi l led. It is postulated (8) that the native helical
configuration of DNA in solution is realized
(similarly as in micellar structures) through the
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Fig. 1. Evidence of structural changes in oriented NaDNA

hydrophobic effect ensuring clustering together of
relatively non—polar aromatic bases and allowing
ionic groups to be in contact with H2O molecules.
Upon drying below r? = 75%, 4 to 5 H2O molecu-
les are desorbed per nucleotide between 75% and
55% relative humidities but phosphate groups still
remain hydrated (9). Dehydration is accompanied
by tilting of individual bases through large angles
but in a non—systematic way, giving rise to a
disordered structure which is clearly manifested in
the change of the curve slope in Fig.1, as is the
case also with the T1 and diffusion data.

On going to lower values of rj, Fig.1 indicates
another structural change at TJ ~ 55%. Here, in
addition to the loss of base stacking order a dis-
tortion of sugar-phosphate chains takes place —
probably as a result of breaking of inter—base
hydrogen bonds (10).

Diffusion coefficient D has been measured for
a large range of diffusion times using the pulsed
gradient techniques. For long diffusion times
stimulated echo was used (11). Data can be con-
sidered in terms of restricted diffusion and, as-
suming a fibrous structure of the sample, typical
fiber diameter of about 1 ̂  is obtained.
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23
Na RELAXATION AND SLOW PROCESSES IN CHARGED

POLYMER SOLUTIONS

M. Levij, J. de Bleijser and J.C. Leyte

NaPAA, NaPSS

Na relaxation in Na-polyacryl-
ate and Na polystyrenesulfonate de-
parts from the narrowing limit con-
dition on dilution of the aqueous
solutions (Fig.l). Rx is insensi-
tive to dilution and field varia-
tion (1.4-6T) Rj equals the slow
component R2S of the biexponential
transversal decay. Therefore, on
dilution, a contribution to the low
frequency spectral density J(o) de-
velops with a correlation time
x>>10~ sec. Probable mechanism:long
range electric field gradients de-
velop on increasing interchain dis-
tance by dilution. Diffusive small
ion motion and polyion chain move-
ment may modulate the gradient. On
further dilution average ion-polyion
distance becomes too large for
effective relaxation, consequently
a decrease of all rates is expected.
Preliminary results seem to confirm
this.
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The spectral density as esti-
mated from 23Na relaxation at 1.4T
where Rj=R2, and 6T,shows a low fre-
quency component. Fitting a Lorent-
zian and a "white" density pro-
duces the quadrupolar coupling <Xi>
and tj characterizing the slow com-
ponent plus <x|>T2 for the quasi
white component. In Fig.2 <x2l

> i-s

shown to disappear at the onset of
the denaturation region. In this
region the spectral densities are
seen to collapse as is to be expec-
ted when DNA transforms to low
charge density coils. While the fast
component <X2>T2 m aY ke thought to
originate from the diffusion of the
small ions in the overall polyion
field gradient,<Xj> and xx are in-
dicative of a more intimate inter-
action of Na+ and DNA. Occurrence
of Na+ ions either at specific sites
or in the double helix grooves will
electrostatically stabilize the
charged helix and the restricted
ion mobility would explain the long
correlation time: ions would have
to leave the grooves (e.g.) to aver-
age out the field gradient effecti-
vely. Fig.l then indicates that a
diminishing fraction of Na+ is in-
volved in this interaction with in-
creasing temperature, resulting in
the onset of denaturation.

T,

(S-1)
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X
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THE HYDRATION PROPERTIES OF GELS AND SOLS OF SOYA PROTEIN

A. I. Mahdi and W. Derbyshire

P. J. Li 11 ford

As part of a more thorough, but still
incomplete, study of the hydration propert-
ies of soya proteins, the amount of bound
(non-frozen) water has been determined in
a ternary system comprising protein, salt
and water as a function of the pH value,
and the protein and salt concentrations
and salt species at temperatures below 0°C.
Investigations have taken the form of a
series of one-dimensional scans through a
multi-dimensional variable system. A typ-
ical set of results, shown below, illustrat-
es graphs of the relative amplitude of the
non-frozen water ^H signal against a funct-
ion of the protein concentration, Cp, in a
3% NaCl solution. The observations have
been interpreted in terms of a model where
a protein-salt complex is formed that binds
more water than the free protein, but less
than the non-complexed salt. At higher
protein concentrations (!\j 30% by weight) ,
aggregation results in the blockage of hy-
dration. Estimates of the hydration values
of the free and complexed protein and salt
derived from such graphs were reasonably
consistent with those derived from the com-
plementary graphs where the protein concen-
tration was maintained constant and the
salt content varied.

Unlike the situation occurring in the
simpler binary polymer-water systems, the
•4i spin-lattice and spin-spin relaxations
of the non-frozen water at sub 0°C temper-
atures show a dependence upon the protein

O2 0-4 06
Cp/(1-Cp)

08

content, allowing analysis of the data to
give, in addition to the amounts, the rel-
axation rates of water bound to free prot-
ein, free salt and the protein-salt com-
plex. The observed relaxations were sin-
gle-component exponential, implying that
exchange of bound water between the vari-
ous bound regions was rapid. Graphs of
the two relaxation rates against the prot-
ein and salt concentrations allowed indep-
endent estimates to be made of the paramet-
ers appearing in the simple model, indicat-
ed above. In general, the hydration and
relaxation measurements gave reasonably
consistent measurements, but the lack, of
detailed agreement between the different
experiments suggests various refinements
of the model, reflecting the various inter-
actions occurring within the system. A
major conclusion based upon the observat-
ion that there was little difference in the
recorded hydration levels and relaxation
rates of the sol and gel, is that in con-
trast to concentration-induced aggregation,
thermally-induced protein gelation does not
affect the amount of water bound, or influ-
ence its dynamic properties. This indic-
ates that the polymer substrate mobility is
not a significant factor in determining any
of the observed parameters.

Changes in the pH value and cation
species produced changes the order of a
factor of two in the observed hydration
level and relaxation rates. The pH vari-
ation was qualitatively consistent with
that expected on the basis of the charge
distribution on the protein, whilst the
latter was consistent with the Hofmeister
lyotropic species.

When allowance was made for the intro-
duction of a bulk phase, measurements above
were consistent with those below 0°C. The
23Na and 7Li spin-spin relaxation was two-
component exponential, consistent with the
spectrum exhibiting a quadrupolar split
pattern and an FID comprising two compon-
ents with relative amplitudes 6:4. Accept-
ing this as evidence of ion binding the
progressive substitution of one cation for
another provided no evidence of preferent-
ial ion binding.
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THE STATE OF WATER AND ISOTOPE DISTRIBUTION IN THE

HYDRATION LAYER OP DNA: 1H, 2H AND 3H NMR

R. Mathur-De Vre and R. Grimee-Declerck

We have studied the combined
effects of temperature and partial
deuteration on Tj_ of water protons
and deuterons in the hydration la-
yer of DNA. This study was under-
taken with a view to seek informa-
tion about the intrinsic states of
order and mobility of water mole-
cules and the relative distribution
of isotopes in the hydration sites
of biological macromolecules.

The T-L values were measured in
frozen solutions of DNA using a
series of mixed H2O/ H2O solvents.
"e also reported some results of
H NMR for DNA solution in ^

Unfrozen water is recognized as
the hydration water (1). The Tj_-
temperature curves for -"-H showed
a well-defined minimum. Marked dif-
ferential effects on T^-tempera-
ture curves were observed for pro-
tons and deuterons by varying the
solvent composition.

GENERAL CONCLUSIONS

(i) A redistribution of water nuc-
lei in the hydration sites leads
to important changes in the nature
of T-j_-temperature curves. A compa-
rison of these changes provides
useful information about micro-
molecular states of water molecules
in the hydration layer. (ii) The
multiple intrinsic states of order
and mobility of hydration water
molecules are not necessarily cor-
related, (iii) The relative dis-
tribution of water protons and deu-
terons in the hydration layer of
DNA is not random but occurs in a
selective manner.

REFERENCES
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PROTON SPIN-LATTICE RELAXATION IN NUCLEAR FRACTIONS

OF TISSUES FROM NORMAL AND TUMOUR-BEARING ANIMALS

S.G. Modak , C.A. Chaudhary , S.R. Kasturi
S.S. Ranade and S.S. Shah

Ever since Damadian(l) in 1971
has shown that the cellular water protons
in malignant tissues have longer relaxa-
tion times (Tj) compared to their normal
counterparts, several investigators have
confirmed these findings in a variety of
human tissues and experimental animal
tumour systems. It has been shown by
us (2) and by Hazlewood et al (3) that in-
creased tissue hydration in malignant
tissues alone is not responsible for the
observed longer relaxation times. In a
later extension of these studies (4), we
have investigated the water proton Ti in
nuclear fractions isolated from the liver
tissues of normal and Mouse Fibro Sar-
coma (MFS) tumor-bearing animals
(MFS TBA). These measurements at 25
MHz have shown that the liver nuclear
fractions from MFS TBA have a water
proton Ti (Mean + SE = 836 ± 39 ms)
greater than those from normal animals
(Mean± SE = 669 + 22 ms) quite analo-
gous to the differences observed in t is-
sues. Water content estimations on the
nuclear fractions have shown that there
is no linear dependence of Ti on hydra-
tion in these sub-cellular fractions. Si-
milar results at 25 MHz have been
observed for the mitochondrial fractions.
However, the water proton T^ at 9 MHz
for the liver nuclear fractions from TBA
(Mean + SE = 623 + 24 ms) were found to
be shorter than their normal counterparts
(Mean ± SE = 826 + 41 ms). Kidney nu-
clear fractions from MFS TBA exhibit a
water proton Ti(Mean + SE = 614 + 48 ms)
much shorter than that for nuclear frac-
tions from normal animals (Mean ± SE =
851 + 63 ms). Similar results have been
obtained for spleen nuclear fractions.
These results show that water proton
relaxation mechanism in nuclear frac-
tions of the tissues is different from that
of the cytoplasmic water. The DNA
content of these types of nuclear frac-

tions from normal and MFS TBA has
been estimated and no correlation
between Ti and DNA content was
observed. The trace metal ions (Fe,
Co, Mn and Zn) whose role in cancerous
processes is implicated have also been
estimated on these samples. The levels
of Fe and Zn were found to be elevated
in nuclear fractions from MFS TBA
compared to the normal ones. It
appears from these studies that the
dominant relaxation for water protons
in nuclear fractions is provided by
metal ion-DNA interaction unlike in the
case of tissues where the role of metal
ions is not clearly established.
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13 C NMR STUDY ON FREE AND PROTEIN-BOUND FLAVINS

Chrit Moonen, Cees G. van Schagen
and Franz Mul1er

Flavoproteins play an impor-
tant role in many biological reac-
tions. There is, however, still
little information available about
the interaction between the pros-
thetic group and the apoprotein
which determines the special func-
tion of a certain flavoprotein. To
study these interactions various
selectively 1 3C enriched free and
protein-bound flavins were prepared
and the chemical shifts as well as
T,-values determined for the oxi-
dized and the reduced forms. The
pH- and solvent dependency of these
parameters were also investigated.

In the reduced state the 1 3C
chemical shift of C(10A) and C(2)
of the flavin molecule are affected
by pH. These findings made it pos-
sible to identify the ionization
state of the prosthetic group of
different flavoproteins. In addi-
tion the chemical shifts of the
protein-bound flavins show various
degrees of downfield shifts as com-
pared to free flavin. This effect
reports some of the possible inter-
actions between apof1avoprotein and
its prosthetic group.

T,-values were determined at

two frequencies, i.e. 25.2 and 90.5
MHz. At 25.2 MHz the relaxation
rate is dependent on the degree of
deuteration of the solvent water.
In combination with NOE measure-
ments the contribution of the x H -
1 3C dipolar interaction to the re-
laxation mechanism was evaluated.
The T,-values determined at 90.5

MHz are much shorter than those de-
termined at lower frequency. Fur-
thermore the solvent effects are
less pronounced and the contribu-
tion of the 1H - 1 3C dipolar in-
teraction to the relaxation rate is
reduced. These results show that
the relaxation rate of the 1 3C

atoms of flavins is strongly depen-
dent on the field suggesting that
the relaxation mechanism at 90.5
MHz is mainly determined by the
chemical shift anisotropy.
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HIGH PRESSURE NMR STUDIES OF HEMOPROTEINS

Isao Morishima and Satoshi Ogwa

Hiroaki Yamada

I. INTRODUCTION

We report here the effects of
high hydrostatic pressures up to
2500 atm on the proton NMR spectra
of various hemoproteins with the
use of a simple device for high
pressure and high resolution NMR
performance which allows sample
tube spinning and temperature vari-
ation. We are particularly concern-
ed here with pressure-induced high
spin-low spin conversion of the
hemoproteins, with recourse to hyp-
erf ine shifted heme methyl resonan-
ces as a sensitive probe(1).

I I . HIGH PRESSURE NMR CELL

The high-pressure NMR glass
cell(capillary)filled with the
pressure indicator(a mixture of 95
mol % of phenylacetylene and 5 mol%
of cyclohexanejt purified mercury
and a sample solution is put in a
safety jaket fitted with a 5-mm o.
d. spinner. The glass cell with lmm
i.d. and 3-3.3 mm o.d. is made of a
usual laboratory glass tube or
Pyrex tube and is etched inside
with a 5% aqueous hydrogen fluoride
solution. Melting and thermal expa-
nsion of the pressure indicator
sufficed to generate an inner pres-
sure up to 2500 atm. The pressure
indicator was frozen by immersing
the glass cell in a liquid nitrogen
bath, while an additional portion
of the sample solution was sucked
into the glass cell through an open
ended capillary, which was sealed
by a microburner. By controlling
the extent of freezing of the indi-
cator, one can nearly generate the
desired pressure in the cell. Esti-
mation of the inner pressure was
achieved by measurement of the che-
mical shift of the ethynyl proton
of phenylacetylene whose pressure
dependence was thoroughly studied
(2). For this purpose, its chemical
shift was measured in situ at an
upside down position in the safety

jaket.
Proton NMR spectra were recor-

ded at 220MHz and 30°C with a HR220
/Nicolet TT-100 spectrometer in a
FT mode.

III. RESULTS AND DISCUSSION

For the azide complexes of met
myoglobin(Mb) and methemoglobin(Hb)
and the imidazole complex of metMb,
in all of which the heme iron is in
thermal spin equilibrium between
high and low spin states, the incr-
eased pressure shifted their heme
methyl proton signals located in
the lower field region to the upfi-
eld side by 3-5 ppm. For the cyani-
de complexes of metMb and met Hb
and for the fluoride complex of met
Mb, which are in purely low spin
and high spin states, respectively,
the spectra were almost insensitive
to changes in pressure up to 2000
atm. The heme methyl signals of
aquometMb, its formate complex sho-
ed appreciable upfield shifts upon
pressurization. These results were
interpreted to indicate that the
primary effect of pressure on the
hemoprotein structure is to shift
the spin equilibrium in favor of
the low spin form, accompanied by
the movement of the heme iron into
the heme plane and by an overall
contraction of the protein.

Low spin hemichrome formation
of metHb at high pressure was also
detected by NMR. For deoxy forms of
Mb and Hb, the heme methyl signals
shifted substantially upon pressur-
ization, suggesting that confrontat-
ional lability is different between
ferric and ferrous hemoproteins.
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MOLECULAR DYNAMICS OF AN ANTI-PARKINSONIAN DRUG BY

PROTON AND CARBON 13 NUCLEAR MAGNETIC RELAXATION

Otto B.NAGY and Bhukandas PARBHOO

The quantitative study of the
nature and the intensity of drug-
protein binding has a paramount im-
portance in the understanding offee
detailed mechanism of drug action Q)

The present work is devoted
to examining the molecular dynamic
behaviour of an anti-parkinsonian
drug 1-amino-adamantane A.

In order to establish the dif-
ferent types of interactions that
A may contract, appropriate model
compounds have been chosen : crown-
ethers and alpha-cyclodextrin.
Detailed analysis of proton and car-
bon-13 chemical shifts(6) and spin
lattice relaxation times (Tl)(FIRFT
method) (2) shows that A is indeed
able to enter in hydrophilic inter-
action with its amino moiety and in
hydrophobic one thanks to its ada-
mantyl part. In all cases, the in-
teractions are quite strong.

The analysis of the actual mo-
lecular dynamics of A shows that
the molecule exhibits anisotropic
motional behaviour. Using WOESSNER'S
model of symetric top (3), the ele-
ments of the molecular diffusion
tensor (Dw and D x ) could be deter-
mined which allowed the establish-
ment of a coherent picture of mole-
cular dynamic behaviour both at pro-
ton and carbon-13 level.

In the case of the interaction
with l8-crown-6 and dibenzo-18-cro-
wn-6 in chloroform,6 and Tl of all
nuclei of A show sigmoid type beha-
viour in function of the concentra-
tion of crown-ether. However , the
carbon-13 chemical shifts of C1,C3
and C4 are completely insensitive
to the complexation. These sigmoid
curves suggest the presence of coo-
perative phenomena.

The analysis of these has been
realized by classical theory and
by the Competitive Preferential Sol-
vation (COPS) theory (4). It'turns

out that only the latter one leads
to solvent-independent interaction
constants. D J( and D_j_of A disclose
a sigmoid type behaviour in func-
tion of crown-ether concentration,
D (, varying much more than D x on
complexation.

In the case of the interaction
of A with a-cyclodextrin in water,
both6 and Tl give saturation curves
in function of the cycloclextrin con-
centration. Here, only the C4 chemi-
cal shift is influenced by the hy-
drophobic complexation, the other
carbon nuclei remaining insensitive.
It is interesting to note that the
complexation induces a conformatio-
nal change in cyclodextrin. D,. and
Dj. show different behaviour on com-
plexation. D,, diminishes linearly
while Dj_varies according to a satu-
ration type curve.

Comparison of the analysis ba-
sed on6 JHn<?eQn,

 T 1 shows that the
study ofrtiynamiGS is superior to feat
of chemical shift in that it disclo-
ses more finer details. Furthermore
the quantitative characterization
of molecular interaction requires
a more general method than the clas-
sical ones.

We thank professors H.
BEIERBECK and J. REISSE for the com-
puter programs.
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NATURAL-ABUNDANCE 13C NMR STUDY OF CARDIOTONIC

POLYPEPTIDES FROM SEA ANEMONES

Raymond S. Norton

A n t h o p l e u r i n - A (from the sea
a n e m o n e A n t h o p l e u r a x a n t h o g r a m m i ca )
and Toxin FI (from A n e m o n i a
suicata ) are highly h o m o l o g o u s
p o l y p e p t i d e s (nrol. w t . about
5000 D a l t o n s ) which e x h i b i t potent
a c t i v i t i e s as c a r d i a c s t i m u l a n t s .
N a t u r a l - a b u n d a n c e 13c NMR s p e c t r a
(at 1 5 . 0 4 M H z ) of t h e s e p o l y p e p -
t i d e s in a q u e o u s s o l u t i o n have
been c o m p a r e d in orde r to e s t a b l i s h
f i r s t l y that t h e i r overall s o l u t i o n
c o n f o r m a t i o n s are s i m i l a r , and
the n to i d e n t i f y local d i f f e r e n c e s
b e t w e e n the two m o l e c u l e s which
may c o r r e l a t e with the s l i g h t l y
w e a k e r c a r d i a c s t i m u l a t o r y
a c t i v i t y of Toxin II.

The C NMR spectra of t h e s e
p o l y p e p t i d e s are quite s i m i l a r ,
each c o n t a i n i n g many resolved o n e -
and t w o - c a r b o n r e s o n a n c e s from
carbonyl and a r o m a t i c c a r b o n s , and
a few re s o l v e d r e s o n a n c e s from
a l i p h a t i c c a r b o n s . Most of these
r e s o n a n c e s have been a s s i g n e d
to individual c a r b o n s in the
m o l e c u l e s and the effect of pH
on the 1 3 Q NMR spectra has been
i n v e s t i g a t e d .

C o m p a r i s o n of the data for
the two p o l y p e p t i d e s i n d i c a t e s
that the e n v i r o n m e n t s of one of
the two Asp s i d e c h a i n c a r b o x y l a t e
g r o u p s and one of the two His
imidazoliurn m o i e t i e s are altered
in Toxin II. As p r e v i o u s chemical
m o d i f i c a t i o n s t u d i e s on A n t h o -
p l e u r i n - A i n d i c a t e that 1-2
c a r b o x y l a t e groups are essential
for a c t i v i t y , it is likely that
this Asp r e s i d u e is part of the
a c t i v e s i t e , and that p e r t u r b a t i o n
of this r e s i d u e in Toxin II may be
r e s p o n s i b l e for the w e a k e r c a r d i o -
t o n i c a c t i v i t y of this m o l e c u l e .
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3 1 P NMR STUDIES OF CARDIAC ENERGY TRANSPORT:

PROBABLE COMPARTMENTATION OF ATP WITHIN CARDIAC CELLS

Ray L. Nunnally

Creatine phosphokinase (CPK)
equilibrates the following reac-

M g + 2

t ATP + Cr + H

ti on :

PCr + ADP

This reaction proceeds from left to
right with a AG°=-3 k cal mol" 1.
Based on the facts that (1) phos-
phocreatine (PCr) is present in
muscle at concentrations nearly
double that of ATP, and (2) PCr is
diminished during ischemia prior to
any loss of ATP, it is apparent
that PCr and the CPK system are im-
portant elements of intracel1ular
energy transport. The fact that
multiple isozymes of CPK also are
present within cardiac cells led to
the initial proposal that ATP may
well be compartmented within such
cells.

3 1 P NMR studies of isolated,
perfused rabbit hearts also indi-
cate that ATP is effectively com-
partmented within myocardial cells.
Two distinct lines of NMR research
provide independent confirmation of
this compartmentation. First, the
saturation transfer measurements of
CPK kinetics in normally oxygenated,
control hearts indicate the reac-
tion is not at a steady state (1).
This is paradoxical since the long-
term, stable performance of the
heart would indicate a steady
state condition should exist. How-
ever, this observation can be ex-
plained if there is an effective
compartmentation of ATP within the
cells of the viable heart tissue.
As the saturation transfer experi-
ment cannot distinguish between two
or more pools of ATP turning over
at various rates by the CPK reac-
tion, an "average" rate value is ob-
tained. Brown et al. (2) obtained
similar results in saturation trans-
fer measurements of the CPK reaction
in perfused rat hearts, but pre-
sented no hypothesis for the obser-
vation that the CPK system is not

at a steady state.

Alteration of the physiological
function of perfused hearts also
affects the measured undirectional
rates for the CPK reaction in situ.
Of critical importance is the obser-
vation that the measured Tj for the
y-phosphate of ATP also changes as
do the undirectional rates, in
hearts damaged by deprivation of
oxygen and perfusion for periods of
35 min (total ischemia), followed
by reperfusion until a stable level
of performance is achieved. We be-
lieve this change in Tj is the re-
sult of the preferential depletion
of one pool of ATP.

Second, the use of Mn as an
analog of C a + + in the study of di-
valent cation fluxes in oxygenated,
control hearts and in hearts sub-
jected to brief periods of hypoxia
(perfusion with no oxygen present)
or ischemia (no perfusion and no
oxygen) also indicated the presence
of two major pools of ATP within
cardiac cells (3). This was clear-
ly shown by the fact that upon ad-
ministration of 1 mM Mn++ via the
perfusate only about 60% of the
total ATP signal was initially
broadened by the paramagnetic re-
laxation effect of M n + + while the
remaining 40% of the original sig-
nal remained sharp and unaffected
by the M n + + for periods of approxi-
mately 10 min after exposure to
M n + + . The creatine phosphate
resonance was always completely
broadened beyond detection within
the first 2.5 min of exposure to
Mn++.
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ON THE INTERPRETATION OF TRANSIENT ESR SIGNALS FROM

THE PRIMARY REACTIONS OF PHOTOSYNTHESIS

J. Boiden Pedersen

I. INTRODUCTION

Transient ESR signals from
photosynthetic systems contain im-
portant information about the pri-
mary reactions of photosynthesis.
It has recently (1) been discussed
what kind of information that can
be extracted from experimental data
and how this is done. In view of
the simplicity of the proposed
method of analysis the amount and
importance of information to be
obtained is quite surprising.Below
is given a brief discussion of the
main points of the work (1).

II. THE OBTAINABLE INFORMATION

A transient polarized ESR
spectrum induced by a light flash
and recorded shortly (t<T,) after
the flash contains information
about the primary processes fol-
lowing charge separation. The two
radicals that give rise to the
spectrum is called the primary
donor P and the primary acceptor
X .One may ask whether any of these
species are formed immediately
after charge separation or whether
intermediate species I occur. The
following are three examples of
conceivable primary processes which
can easily be distinguished by the
method (1):

PX -*

PIX+

PIX-*

P+X"

P+I"X

PI+X~

-*• P+IX~

•> P+IX~

(1)

(2)

(3)

In cases where the primary process-
es contain an intermediate radical
I, e.g. process (2) or (3), then
the g-factor of I can be determi-
ned.

III. METHOD OF ANALYSIS

A radical that is derived from
another radical by an electron
transfer (X in process 2) or by a
hole transfer (P in process 3) is
called a dynamic radical. An obser-
ved radical that has not been in-
volved in a transfer process (i.e.
it is an initial radical) is called
a static radical. It is shown in
(1) that the spectral form (in non-
derivative absorption mode) of a
static (dynamic) radical looks like
the letter S (D) turned 90 degrees
and centered at the respective g-
factors. The observed spectrum is
a superposition of the spectra of
P and X . The spectral form obtain-
ed for processes (1), (2), and (3)
are thus: SS, SD and DS respective-
ly. The phase of the total spectrum
is not important for the present
analysis.

IV. QUANTITATIVE ASPECTS

The qualitative form of the
spectrum can be understood from the
above discussion. However, in order
to extract the g-factor of an intei?
mediate radical it is necessary to
perform a curve fitting. If the two
radicals have almost identical va-
lues of T, this is straightforward
by application of the equations gi-
ven in (1). When the two radicals
(P and X ) have very different va-
lues of T, then, in order to deter-
mine g(I), it is necessary to ana-
lyze the complete time dependence
of the whole spectrum. The latter
case may be identified from the
time resolved curves by noting that
it gives rise to two extremal va-
lues .
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I N V E S T I G A T I O N O F T H E S O L U B I L I T Y
P R O F I L E O F S M A L L N O N - E L E C T R O L Y T E
M O L E C U L E S I N L E C I T H I N B I L A Y E R S

A. E T E R S , K. K I M M I C H / K.-H. S P 0 H N ,

i. I N T R O D U C T I O N 4. M.H. Cohen, D. Turnbull,
J. Chem. Phys. 3J_, 1164 (1959)

The passive transport properties of
membranes are closely related with the so-
lubility of the permeant molecules. The so-
lubility, on the other hand, can be consi-
dered as a probe of the local thermodyna-
mic state in the membrane. We therefore
studied the oxygen solubility in Dipalmi-
toyl Lecithin (DPL) liposomes. Oxygen is a
suitable probe for this purpose because it
is slectron paramagnetic, so that the nuc-
lear magnetic relaxation rates are enhan-
ced proportional to the local oxygen con-
centration (1.) . The knowledge of the solu-
bility profile allows to decide whether
the passive transport is diffusion or in-
flux controlled (2) .

I I . E X P E R I M E N T S

We have studied the relaxation enhan-
cement by oxygen at several positions or
parts of DPL-bilayers. 13C-resonance: All
resolvable lines in the liquid crystalline
phase (fig. 1). ^-resonance: The unresol-
ved signal of undeuterated DPL and of chain-
deuterated DPL in D2O (gel and liquid cry-
stalline phase). Finally we could distin-
guish free and bound water from the DPL-
bilayer (1). The profiles of the free en-
thalpy of solution derived from all these
experiments are shown in fig. 2. A theore-
tical treatment of the diffusion controlled
transport properties following from this
profile will be published elsewhere (3).
I t turned out that both the solubility and
the transport properties depend specifical-
ly on the free volume (4). Parallel inve-
stigations of the solubility and volume
changes at the diverse phase transitions of
hexatriacontane allowed to test the theory
for this model compound.
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•fig. 1: 13C spectrum (22.63 MHz) of DPL
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fig. Profiles of the free enthalpy of
oxygen solution across DPL bi-
layers relative to free water.
The abbreviations are:
FW free water, BW bound water,
PH polar headgroups, FAR fatty
acid residues.
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CHOLESTEROL - LECITHIN INTERACTIONS

A HIGH RESOLUTION SPIN PROBE STUDY

W. Plachy, J. Frank, C. Morse and
G. Krowech

I. INTRODUCTION

Multibilayer membranes contain-
ing di-myristoyl lecithin (DMPC) and
cholesterol have been investigated
using the high resolution (narrow
line width) amphiphilic spin probe
perdeutero di-t-butyl nitroxide
(PD-DTBN)(1). When the choles-
terol content, X, exceeds 10 mo 1
percent, we observe EPR signals
from the probe in two hydrophobic
sites. One site has a hyperfine
splitting similar to a cholesterol
free DMPC bilayer. This site is
believed to be cholesterol poor and
is termed the "near" site. The
signal from the probe in the second
bilayer site is more sensitive to
cholesterol content. This site is
believed to be cholesterol rich and
is termed the "remote" site. The
TEMPO spin probe does not resolve
these two sites(2).

II. MATERIALS AND METHODS

Dried lipid mixtures are sus-
pended in a 0.3mM PD-DTBN aqueous
solution (pH 7.4) using standard
methods (2). Many samples contain-
ed 6M LiCl to increase the partition
coefficient. Samples were deoxyge-
nated with gas exchange technique
(3). Spectra were taken at X and Ka
bands with a Varian E-12 spectro-
meter and a Strand Lab Ka band
bridge. Spectra were digitized us-
ing an HP 3437A digital voltmeter
interfaced to an HP 9825A computer.
Overlapping lines from the three
sites were deconvoluted using stan-
dard regression methods and hybrid
Gaussian-Lorentzian line shapes
including 13c satellites (3).

III. RESULTS AND DISCUSSION

The near and remote sites ap-
pear to have essentially equivalent
g-values since near and remote sites
are not resolved for m=0 at either
X or Ka bands. The m=-l lines give
the most reliable computer fits
since the overlap with the aqueous
site is small.

TABLE 1: Effect of Cholesterol on
DMPC. PD-DTBN Spectral Parameters
for m=-l, 45C, 6M LiCl, pH 7.4.

X K W(G) R A(G)
0

11.
16.
22.
28.

8
8
8
1

110
92
60
43
32

-
0.64
0. 79
1.08
1.24

-
1. 75
1.45
0. 75
0.40

—
15.60
15.45
15.35
15.25

X is mol % cholesterol. K is the
lipid/water partition coefficient
(±22%). W is the peak to peak line
width of the remote line in Gauss
(±6%). R is the ratio of the area
of the near site to the area of the
remote site (±40%). A is the hyper-
fine splitting of the remote site
(± . 0 6 G ) .

In Table I we present typical
data. Increasing cholesterol de-
creases the probe solubility in
the bilayer and increases the inten-
sity of the remote site relative to
the near site. Cholesterol appears
to increase the rigidity of the re-
mote site, as measured by the line
width, W, and decrease the polarity
of the remote site, as measured by
the hyperfine splitting, A.

A complex phase diagram for
the system cholesterol, DPPC and
water has recently been proposed
(4). Our results are consistent
with a relatively simple phase dia-
gram above the lecithin phase
transition temperature (2).
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NONDESTRUCTIVE PROTEIN CONTENT DETERMINATION IN SINGLE VIABLE
SEEDS BY 13C NMR

V. Rutar

The use of 1 H and 1 3C nuclear magnetic
resonance for determination of oil quant i ty! 1,2)
and quality (3,4) in single viable seeds is by now
well established. When nondestructive NMR tech-
niques are applied, only the best seeds are
planted so that new varieties can be obtained
several times faster than w i th classical p l a n t -
breeding methods(2).

In contrast to oil which exists in a l iquid-
like form and gives rise to a clearly resolved
spectrum, the 1 3C lines f rom the solid part of
the seed are severely broadened by d ipole-d ipole
interactions and chemical shift anisotropy. Proton
enhanced 1 3C spectroscopy (5) (which selectively
increases the signals f rom the solid part and
removes the dipolar broadening) was adopted to
determine the protein content in various seeds(6).
The accuracy of the measurement was limited by
the partial overlapping of the "prote in" and

"carbohydrate" resonances due mostly to chemical
shift anisotropy.

Magic angle sample spinning (MASS)
averages out the anisotropic part of the chemical
shift tensor while leaving its isotropic part un-
changed(7). The protein and other resonances in
the NMR spectrum become narrower and better
resolved (8).

Fig. 1 shows some spectra of intact seeds.
The signal of carbonyl protein groups at
~ 1 7 5 p p m is well separated f rom all other peaks
and clearly indicates the relative protein content
of the solid part of the seed. It should be noted
that the carbonyl peak becomes too broad to be
easily observed wi thout MASS (9).

Proton enhanced MASS 1 3C NMR thus
seems to be of a great potential value for non-
destructive protein content determinations in
intact seeds and it enables breeding of new plant
varieties wi th a higher nutrit ional value.

Acknowledgement: The author would like
to thank Bruker—Physik AG, Karlsruhe, where
the experimental part of the work was performed,
for their kind hospitality.
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Fig. 1. Proton enhanced MASS 1 3C spectra of
intact single seeds. Spin temperature alter-
nations (10) were applied to suppress oil
signals.
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RADIATION DAMAGE TO URACIL NUCLEOSIDES AND NUCLEOSIDES:

AN ELECTRON SPIN RESONANCE STUDY

Einar Sagstuen

INTRODUCTION

The radiation chemistry of the nuc-
leic acid constituents, as studied by ESR
and ENDOR spectroscopy, has recently re-
ceived considerable attention (1). In the
solid state, only a few nucleosides and
nucleotides have been investigated. The
information accessible from such compounds
is, however, necessary for the construc-
tion of a comprehensive sheme of the radi-
ation damage processes in nucleic acids
per se. In the present work radical for-
mation in crystals of uridine-5'-phosphate
(5'-UMP) and of uridine is discussed. It
will be shown that considerable similari-
ties exits in the radiation-induced pro-
cesses in these compounds.

RESULTS

After irradiation at 77 K, two radi-
cals are observed in crystals of 5'-UMP.
These are the uracil base electron adduct
(anion) radical and a 03'-centered alkoxy
radical (2). Upon heating the crystal to
room temperature, the anion converted into
the well-known uracil-5-yl radical at 130
K, whereas the alkoxy radical converted
into a C5'-centered hydrogen abstraction
radical at 150 K. A third species is also
observed at this temperature, most probab-
ly a radical with the unpaired spin loc-
ated to C4' of the ribose moiety,formed
by a rupture of the C4'-01' bond. An
alternative interpretation of this reso-
nance, the uracil-6-yl radical, can how-
ever not be completely eliminated (3).

After irradiation of uridine crystals
at room temperature, three radicals are
stabilized. The two dominating species
are the uracil-5-yl radical, and a radical
exhibiting three almost isotropic proton
interactions. It is proposed that this
latter radical is a C4'-centered species
formed by a net hydrogen abstraction from
C4', with the electron interacting with
three 6-hydrogens. It should be noted
that upon uv-illuminating the crystal at
temperatures below -40 °C, the 3gH radical
converted into the 5-yl radical. Upon

storage of the crystals at room tempera-
ture, the original spectra were recovered.
Heating the crystals to 80 oc, the 5-yl
radical converted into a narrow resonance.
So far this resonance is not identified.

DISCUSSION

With the information gained from 5'-
UMP, uridine, and uracil-g-D-arabinofura-
noside (4), a working model for the radi-
ation induced reactions in uracil nucleo-
sides and -tides may be constructed. The
reductive events consists of electron ad-
dition to the uracil base, followed by
protonation at C6 yielding the uracil-5-
yl radical. Several oxidative events
seems to take place. One is ionization of
a primary or secondary alcohol group which
by deprotonation give the alkoxy radical.
In turn, this species transform into a
C5'-centered hydrogen abstraction radical.
This is one possible precursor for the
3gH radical formed in uridine at room
temperature, through a H-atom transfer
from C4' to C5'. An other primary event
may be ionization at 01'. This product may
deprotonate at either Cl' or C4', depen-
ding upon the sugar geometry. The Cl'-
radical reaaranges upon ring opening into
the C4'-centered species observed in 5'-
UMP.

This suggested chain of events will
be further probed in future experiments,
using ESR and ENDOR techniques in the tem-
perature range 4 - 300 K.
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NMR-INVESTIGATION OF STRUCTURE AND INTERACTIONS

IN COLLAGEN - WATER SYSTEM

V.N. Shcherbakov, S.P. Habuda, U.P. Meshalkin
N.N. Zharova

I. INTRODUCTION

The characteristic NMR spectra para-
meters of 'H and "A water molecules being
adsorbed on macromolecules surface and
being maintained in interfibrillous native
collagen channels, have been determined by
the "surface" sorption centers and by the
structure of the hydrated layer itself.
The temperature and humidity dependences
of the NMR spectra for native collagen and
collagen subjected to the influence of the
salt (NaCl, KC1, CaCl2) solutions forms
have been investigated.

II. EXPERIMENTAL

PMR spectrum of the collagen samples
(Achilles tendon, man) has been presented
by the doublet form, transforming into a
single line while temperature increasing
(FIG. la). The doublet splitting jump has
been presented at T=-8°C and T=+12°C at
the background of the smooth narrowing and
doublet disappearing in the range +15° -
+30°C (3). Asymmetric hysteresis loops of
temperature dependences has been detected
(FIG. lb).

The effect of the salt solutions on
collagen has caused parameters changes,
i.e. constant decreasing of the spin-spin
proton interaction at the influence of
NaCl solutions above 2% (FIG. lb).
Temperature shift T t(II) is taking place
on the 10-20°C at concentration more than
3%. The collagen influence by KC1
solutions has not given rise to H change.
Samples, washing by distilled water (for
2 hours), preliminary subjected to the
influence of salt solutions have restored
the starting NMR parameters. Similar
effect has been reached by the brief in-
fluence on the samples by dilute solution
of adrenaline-hydrochloride hormone.

III. DISCUSSION

Characteristic temperatures at which
PMR spectrum has undergone significant
changes is a result of phase transformat-
ion in protein + water system. While
cooling at T=-8°C the icelike hydrated
shell has been formed (1). The transition

at +12°C has been interpretated as the
melting of the hydrate microcrystals of
the clathrate type (2). Stretching phase
transformation (+15-+30°C) is the result
of melting of the amorphous collagen
constituents.

Since spin-spin interaction constant
value has been determined by the hydrated
surface structure, the given results in
NaCl effects prove the selective inter-
action of sodium ions with the active
protein centers. In order to bind these
ions, the corresponding "trap" has been
presented by C=0 groups of the 3-spiral
collagen molecules. The result of adrena-
line influence attracts much interest.
Probably, its action changes molecular
protein structure till it is not able to
bind sodium ions.
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FIG.1. TEMPERATURE DEPENDENCE OF THE SPIN-SPIN INTERACTION
CONSTANT FOR COLLAGEN SAMPLES OF MAN ACHILLES TEN-
DON. THE FIBROUS ORIENTATION IS DIRECTED ALONG THE
MAGNETIC FIELD Ho.

a)-UNDER THE INFLUENCE OF KC1 SOLUTION

1-NATIVE SAMPLES
2-HAS BEEN SUBJECTED TO THE INFLUENCE OF KC1 SATU-
RATE SOLUTION

b)-UNDER THE INFLUENCE OF NaCl SOLUTION

1-NATIVE SAMPLE
2-THE SAMPLE HAS BEEN SOAKED IN DISTILATED WATER
FOR 10 HOURS

3-THE SAMPLE HAS BEEN SUBJECTED TO THE 3% NaCl SO-
LUTION FOR 4 HOURS

4-THE SAMPLE HAS BEEN SUBJECTED TO THE NaCl SA-
TURATE SOLUTION FOR 4 HOURS
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NMR STUDIES OF WHOLE BIOLOGICAL BODIES BY

THE TEMPERATURE GRADIENT METHOD

Shigezo Shimokawa

I. INTRODUCTION

Water in living bodies is distrib-
uted in cells, organs, tissues, etc., and
dissolves various salts. Thus, the water
interacts in very complicated manner with
proteins, lipids and physiological salts.
In the present study, the "Temperature
Gradient (T6) method of NMR" recently
developed by the author (1) has been ap-
plied to whole bodies of living animals.
We have made some experiments on active
mice (homoiothermal animal) and frogs (
cold blooded animal) and compared them
with those of anesthetized cases.

II. EXPERIMENTAL

A. Temperature gradient condition

In the TG experiment, temperature
was changed by a step of 2°C. Usually,
the temperature was decreased at the rate
of 1 to 4 second per 1°C. Internal temper-
ature of samples changed more gradually
and the pulse experiment was made 5 min-
utes after the setting of each step of
temperature.

B. Sample animals

5 baby mice (3 day old) and 10
frogs (Hyla arborea Japonica) were used.

C. Apparatus

Electromagnet, 60mm pole piece gap,
with shimming. -,
Magnet homogeneity,~10 (A^j* =20Hz),
without spinning. '
Sample probe, 45mm dewar insert, coil
wound.
Resonance frequency, 36.4MHz (8.4KG).
External proton lock system.
Digital temperature gradient controller
(±0.05°C).

Bruker 4-100 pulse and FT spectrometer.

III. RESULTS AND DISCUSSION

Curves a, b, c in Fig. 1 show the

change of spectral intensity of the TG
experiments for active mice, anesthetized
mice and decapitated mice, respectively.
Curves d and e in Fig. 1 show respective-
ly the change of spectral intensity for
active frogs and anesthetized frogs.
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2

§

- -501

10 0 "C

These results suggest the following:
Mice; The observed oscillatory behaviour
of the spectral intensity with decreasing
amplitude for the active mice arises from
the movement of voluntary muscles, which
causes heat production in homoiothermal
animals (shivering process) as a result
of temperature regulation function.
Frogs; The oscillatory behaviour of the
spectral intensity with increasing ampli-
tude may arise from the fact that the
body temperature of the frogs changes
with the external temperature. It is very
interesting to see the difference between
the active and anesthetized cases; this
may be attribute to the adaptation mech-
anism related to the central nerve even
in the case of cold blooded animal.

Thus, it is found that the present
Temperature Gradient method is very useful
to study the response of whole body sam-
ples to the change of the external temper-
ature, by use of water proton as a probe.
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A PULSED NMR INVESTIGATION OF THE CONSTITUENTS OF THE AVIAN EGG

C. Simaroj, P. S. Allen and W. Derbyshire

The water proton spin-lattice and spin-
spin relaxations have been recorded for fo-
ur constituents of the egg: the yolk, the
thin and thick white albumen components and
the chalazae,as functions of the duration,
temperature, and conditions of humidity du-
ring storage. With the exception of the
yolk, the spin-lattice relaxation was in
general a single-component exponential over
periods of time of 5-6 Tj_. In contrast,
the spin-spin relaxation of all constitue-
nts was non-exponential, and for some it
was necessary to introduce Gaussian, in ad-
dition to a number of exponential componen-
ts, for adequate characterization. As
space is limitsi, this paper is concerned
solely with the spin-lattice relaxation.

Infertile eggs laid by Hubert Comert
hens at the same location over a period of
one day were collected, weighed and stored
under controlled conditions. At intervals
eggs were selected, broken open, and samp-
les of the yolk, albumen and chalazae extr-
acted for NMR investigation. For any egg
the Ti values recorded for the chalazae and
the thin and thick white albumen samples
were similar, but the values increased from
1 to 1.3 s and then subsequently decreased
to 1 s with increasing age, the rates of in-
crease and decrease and the times and valu-
es of the maximum T]_ showing sample variab-
ility and dependence upon the temperature
of storage. When graphs were made against
the fractional weight loss the dependence
upon the storage conditions disappeared al-
though the sample variability remained.

Attempts were made to utilize a simple
two-phase model involving a rapid exchange
of water molecules between bound and free
phases such that a population-weighted aver-
age relaxation rate is observed, the bound
water being less mobile and having a great-
er relaxation rate than the free water. The
decreases in Ti at the longer storage times
are consistent with this description and an
assumption that most of the weight loss oc-
curring during this period is that of free
water from the chalazae and albumen in am-
ounts approximately proportional to their
masses. The initial increases in T]_ occ-
urring in the presence of a weight loss,

presumably of water, are not describable in
these terms. Instead, it is assumed that
some re-arrangement of the macromolecules
occurs whereby the amount of bound water
and/or its relaxation rates are decreased.

The relaxation of the yolk could be
described as double-exponential with the
relaxation rates and amplitudes of the res-
olved components changing during the stor-
age period in a manner dependent on the sto-
rage conditions. At the order of 50 and
200 ms, both of the resolved Ti values were
shorter than those encountered in the chal-
azae and albumen, implying a reduced free
water content. A phenomenologicai model
was developed involving an assumption that
in the yolk the water molecules exist in
two regions, S and L, between which exchan-
ge is slow, allowing water in the two reg-
ions to relax independently giving the obs-
erved two-component behaviour. It is as-
sumed that bound and free molecules may ex-
ist within each region and that exchange
between them is rapid. At 38 ms the smal-
ler relaxation time recorded on samples sto-
red for only a short period is comparable
with estimates of the bound water relaxat-
ion times in other systems. This allowed
the assumption that initially the S region
contained only bound and no free water. The
data obtained from the eggs stored for lon-
ger periods is then consistent with the tra-
nsfer of some macromolecules and their as-
sociated bound water, together with some
additional free water from the L to the S
region. The loss of bound water from the
L region had the consequence that the prop-
ortion of bound water in the L region decr-
eased and the L relaxation time initially
increased. This was accompanied by a sma-
ll increase in the S relaxation time. The
analysis indicated that there was little
change in the overall water content of the
yolk during storage at low temperatures,0°C,
but that there was an increase, presumably
by transfer from the albumen, at higher tem-
peratures, 38°C. This model is thought to
be reasonable as the yolk is known to be in-
homogeneous and to contain yellow and white
yolk spheres with diameters up to 150 ym.
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NMR OF COWPEA CHLOROTIC MOTTLE VIRUS

Gerrit Vriend, Marcus A. Hemminga, Jan de Wit, Tjeerd Schaafsma

Dick Verduin

In earlier NMR studies on Tobacco
Mosaic Virus (TMV) mobility within the
virus protein subunit was found (1).
Experimental conditions for the virus can-
not as easily be varied as for its protein
polymers (2, 3) so that for a more
detailed study of internal mobility in
plant viruses Cowpea Chlorotic Mottle
Virus (CCMV) was selected, since it can be
brought into experimentally well-defined
swollen stages with different protein sub-
unit-subunit and subunit-RNA distances.

CCMV is a spherical plant virus
(with molecular weight of 4.6 x 10 ) con-
sisting of RNA encapsulated by 180 icosa-
hedrally arranged protein subunits
(molecular weight 19 400). At low ionic
strength (u < 0.2) in the presence of Mg2+

a pH increase from 5.0 to 7.5 results in
a reversible increase of the particle
radius from 13.4 to 15.0 nm.

90.5 and 68.8 MHz 13C-NMR spectra of
CCMV are shown in Figs. 1 and 2 respective-
ly. 90.5 MHz spectra of 15 % enriched CCMV
samples show almost identical details as
in Fig. 2. Both Figs. 1 and 2 are spectra
of good quality CCMV samples. As yet we
are unable to interpret the origin of the
spectral differences between Figs. 1 and 2.
These figures also include a number of

tentative assignments based on spectral
positions for the free amino acids (4).
Note the Asp resonances in the spectrum
of Fig. IB; both carbonyl-, carboxyl- and
the Ca-carbon of this amino acid can be
detected. Titrating CCMV from 5.2 to 7.7
(Fig. 1A, B) a sharpening of resonances,
mainly in the carbonyl-carboxyl region can
be seen, concurrent with an increase in
intensity of the lie and Asp resonances.
Fig. 2 contains relatively strong
resonances at the Trp-position. Since in
the region 90-120 ppm no amino acid
resonances can be present, the observed
resonances must arise from RNA ribose and/
/or traces of impurities still present in
spite of extensive dialysis.
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Fig. 1. 90.5 MHz 13C-NMR spectra of 7 % enriched CCMV in 140 mM KC1,
10 mM MgCl2, 15 % D20; temp. 8 °C; cone. 40 mg/ml;
A: pH = 5.2; B: pH = 7.7. NMR detection mode: quad.
*H broadb. noise dec; acq. 0.4 s; sens. enh. 20 Hz. No
internal reference. Ppm scale relative to CS2-
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Fig. 2. 68.8 MHz '3C-NMR spectrum of 10 % enriched CCMV in 50 mM
cacodylic buffer solution with 15 % D20 added; pH 5.2;
temp. 11 °C; cone. 60 mg/ml. NMR detection mode: quad.
'H broadb. noise dec; acq.: 0.4 s; sens. enh. : 20 Hz.
No internal reference. Ppm scale relative to CS2.

407



WATER PROTON SPIN-SPIN RELAXATION IN MUSCLE TISSUE

S. Wynne-Jones, D. V. Jones and W. Derbyshire

P. J. Lillford and G. Rodgers

C. A. Miles

In general the water ^H proton relaxa-
tion of muscle tissue is non-exponential,
indicating the occurrence of a distribut-
ion of relaxation rates and of water envir-
onments. Whilst it is not clear if the re-
laxation distribution is continuous or dis-
crete it is expedient to resolve it into
discrete components,the number of statisti-
cally significant components depending on
the signal strength and their rates and am-
plitudes. Homogenization results in a sin-
gle-component relaxation with a rate equal
to the population weighted average,indica-
ting that compartmentation and/or structur-
al inhomogeneity has not affected the num-
ber or relaxation rates of water molecules
bound to macromolecules. The observation
of similar non-exponential relaxation in
systems not possessing barriers e.g. an
agarose gel subjected to a freeze-thaw cy-
cle, shows that the presence of physical ba-
rriers is not a prerequisite for non-expo-
nential relaxation and that a structural
inhomogeneity over distances > /6DT2 is
sufficient.

Differences in relaxation spectra re-
flecting differences in water distributio-
ns are observable between muscles of diffe-
rent animal species,between different mus-
cles of the same animal,between equivalent
muscles in different animals of the same
species,and between different parts of the
same muscle. These observations suggest
that the relaxation,R,spectrum depends on
the state of the muscle. Indeed the R spe-
ctrum undergoes large changes during a pro-
cess such as rigor where the structure and
mechanical properties change significantly.
It is felt that a correlation should exist
between the R spectrum,the structure of mu-
scle, and the macroscopic e.g. mechanical,
properties. This paper is concerned with
an investigation of the differences betwe-
en muscles and the effects of various post-
mortem treatments e.g. stretching,cold shor-
tening and various heating and freezing cy-
cles .

Differences between muscles of the sa-
me species are apparent on examining bo-
vine psoas major and sternamdibularis,reg-
arded for consumer purposes as tender and

tough,together with L. dorsi,biceps femor-
is and semimembranosus. Superficially the
differences in R spectra are small,but a
closer inspection shows that they are dif-
ferent with,for psoas major greater propor-
tions at long times ,^200 ms, often identi-
fied by the proponents of a discrete distr-
ibution, as extracellular water. Rapidly
relaxing components ̂ 1 ms appear to be in-
significant and may be due to fats and lip-
ids. The major components,^5O-6O ms,are
attributed to intracellular water. There
are obvious problems in assigning 4 or 5
components when these are resolved. Some .
tissues,especially porcine,are described as
PSE,pale,soft and exudative. Their R spec-
tra are marked by strong,slowly relaxing
components.

The effects of mechanical treatments
are as expected,stretching,a procedure ado-
pted to improve tenderness,increases the
proportion at the slow relaxing end of the
distribution,whereas cold shortening has
the reverse effect. Heating at 80°C resul-
ted in the development of a strong 30-40%
component at 1 s corresponding to a cook-
out liquor which could be decanted. The de-
tailed behaviour depended on the muscle and
the heating cycle. Differences between un-
cooked muscles were enhanced by a freeze-
thaw cycle,a redistribution to long times
being more pronounced for L- dorsi and bi-
ceps femoris than for semimembranosus. On
subsequent cooking the amount of cook-out
liquor was less for the previously frozen
samples,semimembranosus being least affect-
ed. Differences were produced by reversing
the cycles and cooking prior to freezing.

To investigate the effects of changes
in pH and ionic content suspensions of myo-
fibrils were studied. Whereas the introdu-
ction of KC1 induced gelation but caused
little change in relaxation T2 was minimum
at pH 8 and varied by a factor of two bet-
ween pH 2 and 8. As the pH range in the
muscle tissues is restricted it is consider-
ed that pH changes are not directly respon-
sible for the relaxation behaviour and that
structural organization is more signific-
ant.
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ESR STUDIES ON AMORPHOUS PLATINUM URACIL BLUE COMPOUNDS

Michael Seul, Harald Neubacher, and Wolfgang Lohmann

Considerable interest prevails in
the structural properties of the
"Platinum Pyrimidine Blues" which
have been shown to act efficiently
as antitumor agents (1). While the
complete structure of these amor-
phous compounds remains unknown, the
formation of oligomeric species of
varying chainlengths is generally
assumed. Derived from cis-diaquodi-
ammine-platinum (PDDa),a cis-dichlo-
rodiammineplatinum hydrolysis pro-
duct, the compounds can be studied
by esr spectroscopy, since they tur-
ned out to exhibit weak paramagnetism
in the course of the binding of the
pyrimidine ligands to PDDa.

We would like to report on some
studies concerning the influence of
different substituents on the uracil
ring and the effect of oxidizing and
reducing agents on the formation of
the paramagnetic "Platinum Uracil
Blues".

While ligand hyperfine struc-
ture (hfs) could not be resolved in
any of the cases studied, analysis
of the spectra recorded after a gi-
ven reaction time revealed conside-
rable differences in signal intensi-
ties and positions of both esr and
optical absorption spectra. Thus,
while PDDa-6methyl-ura yielded ra-
ther intensitive spectra, for example
PDDa-6-C00H-ura exhibited no para-
magnetism or color at all. Assuming
the ligands to bind to PDDa with N(3)
and 0(7) and/or 0(8) (2), the re-
sults imply that decreasing ir-elec-
tron densities at those sites slow
down considerably the reaction rates;
the reaction may even ultimately come
to a complete halt.

Substantial changes in both in-
tensities and overall line pattern
of the esr spectra (as well as of
the optical absorption spectra) of
the "Blues" were observed upon addi-
tion of oxidizing and reducing agents,
respectively, to a solution of PDDa-
6-methyl-ura. Using 300 |il aliquots
of a solution which had been allowed
to react at 70°C for some 4h, addi-

tion of 20 M-1 of 15% H2O2 led to the
formation of a green species exhibi-
ting an esr spectrum similar to those
found e.g. for PDDa-a-pyridone (2)
(type I). Addition of 20 nl of redu-
cing agents (0.1 M ascorbic acid) re-
sulted in the formation of a blue
species with an esr spectrum (type
II) quite different from the type I
spectrum. By repeated oxidation and
reduction it was possible to produce
the type I spectrum out of the type
II one and vice versa.

The paramagnetism of the Pt-Py-
rimidine Blues is generally assumed
to be due to the existence of Pt(III)
species'. While the observable g-va-
lues (at 77K:gxx=gVy=2.4, gzzs2.0)
represent strong evidence for the un-
paired electron to occupy a dz

2-orbi-
tal, the large hfs can only be ex-
plained by the interaction of the
electronic spin with one or more
195Pt nuclear spins. It is suggested
that the type I and type II spectra
can be attributed to different forms
of the Pt complex. This conjecture
is supported by comparing X-band and
Q-band esr spectra.

The spectra can be interpreted
by the interaction of the electronic
spin with, what seem to be few, in-
equivalent Pt centers. Inequivalent
sites may be due to different Pt/ura-
cil stoichiometries at those sites.

The concept of localized states
on PDDa-uracil chains appears to pro-
vide a promising approach towards an
insight into the structure of the
esr spectra and has been used in
their analysis.
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ENERGY SPLITTING OF A NEUTRON BEAM BY NEUTRON MAGNETIC RESONANCE

B. Alefeld , G. Badurek and H. Rauch1,

I. INTRODUCTION

In an earlier paper (1) a method for
dynamical neutron polarization is propo-
sed, which is based on the longitudinal
Zeeman-splitting of a monochromatic neu-
tron beam passing through a proper neutron
magnetic resonance system (Fig. 1). At re-
sonance the polarization of the two sub-
beams is inverted, the total energy of the
neutron system is changed by AE=+2yB0 and
behind the magnet the kinetic energy of
the neutrons has changed by +2AE (=o.48ueV
for Bo=2o kG), where y is the magnetic mo-
ment of the neutron and Bo the strength of
magnetic field. The resonance condition re-
quires that the frequency of the oscilla-
ting field equals the Larmor-frequency
(to = 2 uB0/fi) and the amplitude fulfills
the condition Bi=hv/2.ul, where v is the
neutron velocity and 1 is the length of
the coil.

beam tube

R magnet yoke

Doppler drive
Si-crystal 1

chopper

graphite
crystal 2

electromagnet

TC-

cryostat

-flipper

"7
deflection
graphite crystal

semitransparent
graphite crystal

shielding

Si-crystals 2 analyzer
Si-crystal 3

detector 1

Fig. 2: Sketch of the experimental ar-

rangement

57.38 5739 57A0

HF-frequency 1MHz) •
57A1

Fig. 3: Observed perfect crystal trans-

mission due to beam inelasticity

near the neutron resonance.

(The calibration of the right

hand scale is approximately only)

Fig. 1: Principle of the energy split-

ting device

II. EXPERIMENT

A backscattering neutron spectrometer
(2) is used to verify the energy splitting
of an originally unpolarized monochromatic
beam (Fig. 2). In a first version the in-
elasticity of the HF-interaction is obser-
ved via the increasing transmission through
the backscattering silicon crystal 2 at de-
tector 1. A quantitative measurement of the
inelasticity is achieved by measuring the
transmitted intensity versus the Doppler
velocity of the monochromator silicon cry-
stal 1. (Fig. 3)

In the second version the assembly of
silicon crystals 2 has a proper temperature
gradient to scatter both energetically spli-
tted subbeams back through the magnet to
the spectrometer table to allow a standard
energy analysis using the Doppler drive
and the silicon crystals 3. The adiabatic
spin turn (2 x TT/2) between the magnet and
the silicon crystals 2 is necessary to get
twice the energy splitting because the sub-
beams passes the HF-system with the wright
spin direction while a depolarization sheet
causes this effect partially only. Details
are given elsewhere (3).
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III. DISCUSSION

The experiment demonstrates the cohe-
rent energy shift of a neutron beam by in-
teraction with an oscillating magnetic
field only without deflection or transmis-
sion through material. It can be used for
a successive neutron pumping into a certain
energy interval and therefore also for the
production of ultracold neutrons or for the
realization of dynamical neutron polariza-
tion where the energetically separated
beams are overlapped by a proper spin-su-
perposition unit (1).

The authors wish to thank especially
H. Llitgemeier from IFF-Jii'lich and A. Zei-
linger from Atominstitut Vienna for their
helpful support and many fruitfull discus-
sions. For technical assistance we thank
R. Schatzler and F. Werges.
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AUTOMATIC ESTIMATION OF CNMR SPECTRA

Wolfgang Bremser

As a first step towards an automatized

interpretation of NMR-spectra, the BASF

NMR Information System (1) was designed

to allow both the comparison of spectral

features with a collection of over 40,000

reference spectra (2) on a large computer

and the simulation of the chemical shifts

(and coupling constants) expected on the

basis of a postulated stucture (3).

The latter procedure correlates the chemi-

cal environment of individual atoms with

the entries in a hierarchically ordered

register of substructure codes (HOSE) and

their corresponding spectral parameters (4)
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WINDOWLESS MULTIPULSE SEQUENCES

D.P. Burum, M. Under and R.R. Ernst

I. INTRODUCTION

Most multipulse NMR sequences for
line narrowing in solids, in particular
the 4-pulse WAHUHA(l), 8-pulse REV-8 (2)
and the recently introduced 24-pulse and
52-pulse cycles (3), are based on the con-
cept of infinitely narrow pulses separated
by sampling "windows". We introduce here a
new class of "windowless" and "semi-win-
dowless" sequences with improved line nar-
rowing under conditions of high rf duty
factor and limited peak rf power. Semi-
windowless sequences are generally appli-
cable, whereas totally windowless cycles
are for use with experiments such as he-
teronuclear and to two-dimensional (4)
spectroscopy in solids where the spin sys-
tem need not be observed during applica-
tion of the dipolar decoupling sequence.

II. SEMI-WINDOWLESS CYCLES

Starting from a cycle such as REV-8
(1-3), a semi-window!ess cycle is obtained
by reducing the cycle time until the small
windows disappear, leading to a series of
joined pulse pairs. The finite pulse di-
polar cross term involving rf inhomogene-
ity, ii^\ can be eliminated if one REV-8
cycle is inserted into another (3), lea-
ding to 16-pulse cycles such as the fol-
lowing two:
Version I -XY-YX-XY-YX-XY-YX-XY-YX
Version II -XY-YX-XY-YX-XY-YX-XY-YX
where all pulse angles are TT/2 and the
spacings between pulse pairs are equal
to the TT/2 pulse width. The chemical
shift scaling factor is 0.379. The second
order dipolar term H^2' can be eliminated
by a similar 48-pulse sequence formed by
inserting one 24-pulse cycle (3) into
another.

III. FULLY WINDOWLESS CYCLES

The basic new windowless building
block is a series of 6 adjacent TT/2 pul-
ses: 1 EXYXXYX. Three other versions can
be written T E XYXXYX, 2 = XYXXYX and Is

XYXXYX. These four versions can be combi-
ned to form a new 24-pulse windowless
cycle 1122 which eliminates H^°\ H £ L ) and
H^h and a 48-pulse cycle lTTl2222 which
also eliminates the dipolar off-resonance
cross term H^g\ For both sequences the
chemical shift sacling factor is 0.424.
These sequences have been used to improve
the resolution of dipolar coupled '^c
spectra by suppressing the proton-proton
coupling. A comparison between REV-8 (2),
the 24-pulse cycle (3) and the new win-
dowless 48-pulse cycle is shown in Fig.l
for a single crystal of ferrocene. The 13c
FID was detected during proton-proton de-
coupling. With the windowless cycle it is
possible to clearly resolve the triplet
structure due to next neighbour dipolar
interactions. Besides their improved de-
coupling efficiency, windowless sequences
have the additional advantage of being
less susceptible to pulse switching errors.

-8

10 kHz
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DIGITAL EPR SPECTROMETER: A NEW METHOD OF ACCURATE

PHASE ADJUSTMENT FOR SATURATION TRANSFER EPR

Shizuo Fujiwara and Tokuko Watanabe

Saturation Transfer Electron
Paramagnetic Resonance (ST-EPR)
spectroscopy is very useful for the
determination of the rotational
correlation time of slow tumbling
motion. The accuracy of ST-EPR
spectrum (V~' mode) much depends on
that of the phase of phase sensi-
tive detector (PSD) at 90° out-of-
phase with respect to the 2nd har-
monic of the field modulation (1).
The self null method is usually
adopted for the latter adjustment,
however, the accuracy of phase is
not always satisfactory. This
paper presents a new digital detec-
tion system which is useful for the
accurate ST-EPR measurements, par-
ticularly, for the evaluation of
the dependence of the ST-EPR signal
on the phase shift (2,3). The
latter will show how the accurate
adjustment of the phase is essen-
tial for the accurate estimation of
the rotational correlation time.

DIGITAL EPR SYSTEM

A new detection system of EPR
and ST-EPR-spectra has been devel-
oped by using a conventional EPR
spectrometer, a transient recorder
and a minicomputer. The output
from the pre-amplifier of EPR spec-
trometer is first sampled by a
transient recorder and transferred
to a minicomputer. The data are
analysed by a Fourier transform
technique to give both cosine and
sine components of 100 and 200 KHz,
from which in-phase signal (EPR)
and 90° out-of-phase signal(ST-EPR)
with respect to the 1st and 2nd
harmonics of field modulation are
obtained, respectively, after the
phase correction. In order to de-
termine the phase angle very accu-
rately, modulation signal is also
recorded and processed digitally,
simultanuously. In order to im-
prove the signal to noise ratio of
the spectrum, the signal is accumu-
lated. Consequently, the uncer-

tainty of the phase is kept within
+0.1° and +0.5° for 100 and 200 KHz
respectively.

The characteristics of this
system are follows; 1) Fourier
transform technique is used instead
of PSD for the detection of the 1st
and the 2nd harmonics. 2) EPR and
ST-EPR signals are simultanuously
observed. 3) This detection system
ia applicable to any modulation
frequency. The latter will give
essential benefit for obtaining the
best ST-EPR signals of different
tumbling rates.

PHASE DEPENDENCE OF ST-EPR
SIGNAL AND CORRELATION TIME

In- and out-of-phase signals
at2 00 KHz for 2,2,6,6-tetramethyl-
4-hydroxypiperidine-N-oxyl in 95%
glycerol at the temperature range
of -54° to -8°C without and with
saturation were observed at the
experimentally adjusted 9 0° out-of-
phase and at improper phase angles
in the range of +2.5°. Out-of-
phase signal at low power is com-
pletely flat at 90°, while certain
peaks are noticed at higher(lower)
angles. ST-EPR signals are also
slightly, but distinctly, altered
upon increasing the phase shift.
The possible errors of C'/C and
correlation time are 20% and 50 to
1.00% in the case of +2.5°, respec-
tively, while the error for +0.5°
is not so serious. It is concluded
that 90° out-of-phase has to be
adjusted within +0.5° in order to
get an accurate correlation time
and to fulfil the criterion.
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ESR IMAGING OF PARAMAGNETIC CENTRES IN SOLIDS

M.J.R. Hoch

I . INTRODUCTION

ESR experiments involving l inear
magnetic f i e l d gradients have been carried
out to explore the poss ib i l i ty of imaging
paramagnetic centres in certain sol ids.
Using CW methods images have been
obtained of phantom samples consisting of
two small (^2.5 mm diameter) type IB
diamonds containing paramagnetic nitrogen
and also two DPPH crystals (<1 mm across).

I I . EXPERIMENTAL DETAILS

A Varian V 4500-10 A ESR spectro-
meter operating at X-band was used for the
experiments. Magnetic f i e l d gradients of
up to 50 G cm-1 were supplied by o i l -
cooled anti-Helmholtz co i ls . Spectra were
recorded in conventional f i e l d sweep mode
with o f f - l i ne d ig i t i z ing and data pro-
cessing.

Full 360° sample rotation patterns
were recorded giving a set of spin-
density projections. The integrated
spectra corresponding to orientations
di f fer ing by 180° were used in pairs to
f ind the f i e l d value on the axis of
rotat ion. Allowance was made for aniso-
tropic g effects. Care was taken to avoid
saturation and modulation broadening.
The natural linewidths were 0.3 G for
diamond and 1.5 G for DPPH.

I I I . RESULTS AND DISCUSSION

Fig. la shows a contour representation
of the image obtained using back-project-
ion (1) procedures on a 25 x 25 gr id for
the two DPPH crystals. Fig. lb shows the
image obtained following deconvolution of
the natural lineshape from the spin
density projections using Fourier trans-
form methods. The image of Fig. lb repro-
duces f a i r l y well the shapes and sizes
of the crystals and demonstrates the
potential usefulness of deconvolution
procedures.

Similar results were obtained for
the small diamonds (2) where deconvolution
was not necessary. In this case the two
stones were very nearly the same size but
one had a concentration of paramagnetic

nitrogen roughly three times greater than
that of the other. This feature shows up
clearly in the image.

Both images were obtained with f a i r l y
coarse pixel grids and this l imited the
spatial resolution which was ^0.1 mm for
the DPPH crystals. Improved image re-
construction methods and the use of a
f iner grid should result in s igni f icant
improvement in resolution. I t must be
stressed that the present experiments
involve 2-D and not 3-D imaging. By
using alternating gradients (3) as well
3-D imaging is feasible.

IV. CONCLUSION

The present experiments represent
i n i t i a l ef forts at ESR imaging. Consider-
able improvements in technique are pos-
s ib le . Potential applications of the
method include radiation damage, diffusion
and implantation of paramagnetic centres
in insulators such as diamond and s i l i con .

Fig. 1 Paramagnetic electron spin-density
images of two small DPPH crystals.
(a) Without deconvolution

procedures
(b) After deconvolution using

natural line-shape
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THE EDGE ECHO

R. Kaiser

ABSTRACT

A proton spin echo after
application of a single rf pulse to
a liquid water sample in an inhomo-
geneous magnetic field was first
observed in 1954 by A.L. Bloom (1).
The echo follows the pulse at a
time roughly equal to the pulse
duration, as if leading and trail-
ing edges had acted separately to
produce an Hahn echo (2). An "edge
echo" occurs at {2} in the figure,
which shows a 190 msec time scan
beginning with a 30 msec pulse with
YB]_ = 1020 Hz applied 920 Hz off
resonance.

We present an analysis of the
mechanism (3) whereby the edge echo
is formed. Under appropriate ex-
perimental conditions, the echo is
a frequency sweep through the nmr
spectrum, as is evident in the
"chirp" carrying the echo envelope.
Also understood are the stimulated
edge echo {4} and the secondary
real {5} and virtual {7} edge
echoes evoked by a second rf pulse
{3} of 0.5 msec duration. This
pulse also generates the Hahn echo
{6} of the FID {1}, so that the
time scan in the figure presents
the nmr spectrum in both the
frequency and time Fourier domains.
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SATURATION TRANSFER EPR SPECTROSCOPY: PROGRESS REPORT ON INSTRUMENTATION

AND METHODOLOGY DEVELOPMENTS

COLIN MAILER

Bruce H.Robinson, Hans Thomann and L.R.Dalton

We report the development of bimodal

™110 X ™110 a n d TE111 X TMQ10 microwave

cavities which when operated in the

induction mode reduce source noise below

the level of detector noise permitting

phase-quadrature ST-EPK signals to be

detected with good signal-to-noise (e.g.

the deuterated maleimide spin labelled

bovine serum albumin 90 out-of-phase

dispersion spectra shown in figure 1.).

Figure 1. Induced ST-EPR dispersion spec Ira of 1 mm diameter x 6 mm

long sample of maleimide spin labeled bovine serum albumin in (A)

40% and (B) 88% glycerol. The spectra are run at an incident power

of 200 mW, a Zeeman modulation frequency of 100 kHz of peak-to-peak

amplitude of 2 Gauss, with a time constant of 1 sec and a sweep rate

of 100 Gauss/8 minutes.

Such cavities facilitate the quantitative

comparison of theoretical computer

simulations with experimental spectra by

permitting experimental spectra to be

obtained under conditions which minimize

the dependence of spectral lineshapes

upon microwave and modulation field

intensities. The following systems have

been extensively investigated and will be

discussed: maleimide spin labelled hemo-

globin, maleimide spin labelled bovine

serum albumin, and the cholestane spin

label in DPPC. The Bruker 1 to 999 kHz

modulation synthesizer has been employed

to characterize the dependence of ST-EPR

spectra upon modulation frequency and the

utilization of modulation frequency

variation to enhance the measurement of

rotational diffusion coefficients is

discussed.
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WHOLE BODY MEDICAL IMAGING BY NMR

V. Bangert, P. Mansfield and R.E. Coupland*

The apparatus used to produce
our first whole body NMR images,
some two years ago (1), has been
modified allowing greatly improved
picture quality and faster imaging
times (2). The imaging method uses
filtered back projection reconstruc-
tion (3). Each projection is ob-
tained by mechanically rotating the
'read' gradient assembly under com-
puter control. The slice thickness
is defined by a selective excitation
procedure (4).

The preliminary result, Figure
(1) is a 2.0 cm slice cross-section-
al image though the abdomen of VB
at the Ll-2 level. The arrow indi-
cates the mid-line posterior. This
image contains much detail which is
described elsewhere. Bright zones
correspond to high mobile proton
densities. The principal features
are the vertebral column, mid-line
posterior, and 10 ribs symmetrically
disposed. The bright zone to the
right is the liver, and the dark
irregular shapes anterior and to the
left are gas filled cavities of the
stomach and intestines. Outstanding
features are the aorta (left) and
inferior vena cava (right), just

-3. «L

•X.. ' .£. I

'jr. •

Pig.2. Mid-thigh slice image.

anterior to the vertebra. Equally
clear are the mesenteric artery
(left) and vein (right) just in
front of vena cava. All blood
vessels show as dark circular zones .

Figure (2) is a cross-sectional
scan of VB through the mid-thighs.
The femur shows as a dark ring
surrounding bone marrow. Other
features visible on this image are
the femoris profundus vessels, the
femoral artery and the sciatic nerve.

We gratefully acknowledge the
advice and assistance of P.G. Morris,
I.L. Pykett, R.J. Ordidge and R.R.
Rzedzian throughout many of the
phases of this work.

REFERENCES

1. P. Mansfield, I.L. Pykett, P.G.
Morris and R.E. Coupland, Brit. J.
Radiol,m 51, 921 (1978).
2. P. Mansfield, V. Bangert and P.G.
Morris, to be published.
3. R.A. Brooks and G.di Chiro, Phys.
Med. Biol., 21, 689 (1976).
4. P. Mansfield, A.A. Maudsley and
T. Baines, J. Phys. E. 9, 271 (1976).

Fig.l. Whole body slice NMR image.
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DETECTION OF ZERO-QUANTUM COHERENCE WITH A SINGLE

TRAIN OF SMALL RADIOFREQUENCY PULSES

A. Bax , R. Freeman , A.F. Mehlkopf and J. Smidt

Established methods for observing
multiple-quantum effects rely on a
complete sequence (preparation, evolution,
mixing and detection) repeated for each
point on the time evolution axis, tj. An
alternative method is proposed in which
the entire sequence of data points S(tj)
is generated in a "one-shot" experiment
after only a single preparation period.
Preparation of multiple-quantum coherence
is achieved by any of the established
techniques (1) and the zero-quantum
components are selected by means of a
field gradient pulse after the preparation
period (2). The transfer of zero-quantum
coherence into detectable single-quantum
magnetization is accomplished by a regular
sequence of mixing pulses of small flip
angle a. The success of this method is
based on the fact that for a small angle a
the detected magnetization is proportional
to a, whereas the disturbance of the zero-
quantum coherence is only proportional to
0(2. A spectrum showing zero-quantum
frequencies is therefore obtained in a
single shot, by Fourier transformation of
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FOURIER TRANSFORMATION OF TWO-DIMENSIONAL SPIN-ECHO ENDOR

R. de Beer, H. Barkhuijsen, E.L. de Wild and R.P.J. Merks

I. INTRODUCTION

In spin-echo ENDOR a radiofrequency
pulse is applied in the time between the
second- and third microwave pulse of a
stimulated electron-spin-echo scheme (1).
The ENDOR measurement consists of sweeping
the frequency of the radiowaves through
the region of the ENDOR spectrum to be
expected. Although the method has some
valuable advantages over conventional
ENDOR a drawback is that blind spots in
the spectrum may occur for certain values
of the time T between the first- and se-
cond microwave pulse (2). It will be shown
in this paper that this drawback can be
turned into an additional advantage of
spin-echo ENDOR by measuring the spectrum
at successive fixed values of T and taking
the Fourier transformation of the data
in the x-dimension.

II. EXPERIMENTAL

The samples were single crystals of
La2Mg3(N03)12.24H20 doped with Mn2+. The
measurements were performed at 4.2 K with
a superheterodyne X-band spin-echo ENDOR
spectrometer. The pulse timing sequence of
this spectrometer is controlled on soft-
ware basis by a CBM 2001 microcomputer.
The same microcomputer control Is the
transfer of the data to magnetic tape.
Finally, the data are processed off-line
by an IBM 370/158 computer.

III. RESULTS AND CONCLUSION

In figure 1 a typical spin-echo pro-
ton ENDOR spectrum has been stacked as a
function of x. It shows that certain ENDOR
peaks are modulated in the x-direction. It
has been calculated (1), that this modula-
tion is proportional to COS(2T:AVX), where
Av is the difference between the two ENDOR
frequencies, that can be measured via an
ESR transition. Hence, Fourier transforma-
tion in the x-dimension yields a spectrum
that to first order depends only on the
hyperfine interactions of the nuclei con-
cerned and that does not include the nu-
clear Zeeman interaction. This is demon-
strated in figure 2. Referring to this fi-

gure we conclude that Fourier transforma-
tion of two-dimensional spin-echo ENDOR
yields extra information for assigning
peaks and enhances the resolution.
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Fig. 1. Typical spin-echo proton ENDOR
spectrum of LMN: Mn2+ as a function of x.

Fig. 2. Fourier Transform in the x-dimen-
sion of the spectrum of figure 1.
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ELECTRON AND NUCLEAR SPIN ECHOES OF INHOMOGENEOUSLY

BROADENED LINES DURING AND AFTER RF-EXCITATION

C. Bock, M. Mehring, H. Seidel,
and H. Weber

Spin echoes have become a standard
tool in all areas of magnetic resonance
and optical coherence experiments (1-3).
Renewed interest in the time development
of the magnetization during and after rf-
irradiation has arisen recently in the
context of multiple frequency excitation
(MFE) of broad lines (4). Similar tran-
sients have become observable in ESR expe-
riments after laser pulse excitation (5,6) .

I. DRIVEN ECHO

Figure 1 shows the formation of a
"DRIVEN ECHO" during the second rf-pulse.
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Figure 1. Nuclear spin magnetization of *H in H20 at 180 MHz

during r f -exci tat ion. The inhomogeneously broadened

line width far exceeds the r f f ie ld strength OJ^YH!.

Top: Pulse timing with a=io1t(p)=lOn. The window

width is near CI>IT=2H. Middle: Experimentally

observed magnetization during excitation (DRIVEN

ECHO). Bottom: Calculated magnetization with the

same parameters as given above.

The standard pulse sequence as shown is
applied to an inhomogeneously broadened
line (lE in water at 180 MHz) and the

evolution of magnetization as observed
during rf-irradiation. The driven echo
during the second pulse is formed under
certain conditions of pulse length t(p)
and window width T. It appears at
t(DE)=2t(p)+x where the magnetization is
zero and antisymmetric with respect to
t(DE). A rigorous numerical calculation of
the magnetization at all times is possible
and is also shown in figure 1.

II. ELECTRON SPIN ECHOES

A series of electron spin echoes in
x-ray irradiated quartz glass is shown in
figure 2. Due to the inhomogeneously broa-
dened line the echo shape varies with the
microwave field strength H^.The calculated
echoes for different rotation angles a of
the first pulse show similar forms as the
experimental ones.
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Figure 2. Experimentally observed electron spin echo shapes

in x-ray irradiated quartz glass for different

rotation angles a=«it(p). Calculated echo shapes

are shown for representative rotation angles for

comparison.

An essential part of our home-built
ESR echo spectrometer is a half-lambda
"slotted tube cavity" (7) which allows a
high density of magnetic field lines to be
generated. A drawing of the cavity used is
shown in figure 3. We achieve a rotating
field strength of

-9 1/2
2Hi = 5.67-10 (Q'P) '

with Hj in Gauss, power P in watts and the
quality factor Q.
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LOCALIZED JLP NMR STUDIES OF THE METABOLISM OF PERFUSED

HEARTS: NEW METHODS FOR ASSESSING DRUG THERAPY

Paul A. Bottomley

Ray L. Nunnally

Recently, Ackerman et al (1)
described the application of small
NMR receiver coils located on the
sample surface for spatially map-
ping phosphorylated metabolites in
the brain and limbs of live animals
by 31p NMR. We report here the
first application(2 ) of this local-
ization technique to determine the
regional metabolism in perfused
beating rabbit hearts. The method
provides a unique means of quanti-
fying the effect of regional isch-
emia and its response to drug
therapy. We have also adapted the
sensitive point NMR imaging techni-
q u e ^ ) to 31p NMR measurements(4).

Proton decoupled 31p NMR exp-
eriments were performed at 72.88
MHz using a Bruker WH-180 spectro-
meter. Two probes were fabricated:
one to accomodate a 9mm diameter
flat spiral NMR surface coil, and

Chronological sequence of -1 P NMR [spectra obtained with
a surface coil following the development of metabolic
changes before and after Verapamil treatment of regional
heart ischemia.j(a) is a normoxic spectrum and (b) and
(c)show the effects of ligationiafter 30 and 55 min ,
respectively.!Verapamil was thenladministered and
spectra were recorded forfthe periods j 60-85 min(d) and;
90-115 min;(e>after ligation,j revealing J a dramatic
improvement in PCr levels (see reference:2).

the second for the NMR imaging
gradient and RF coils. The NMR
imaging gradient controller is de-
scribed elsewhere(4). In surface
coil experiments, the drugs chlor-
promazine and Verapamil, used in
the treatment of myocardial infarc-
tion, were administered to hearts
made regionally ischemic by arter-
ial ligation, and the coil posi-
tioned over the ischemic zone.
Sensitive point spectroscopy was
performed on phantoms by applica-
tion of two time-dependent magnetic
field gradients. The resultant
time-averaged FIDs were Fourier
transformed to obtain a spectrum
from the Sensitive point. The point
is scanned electronically by ad-
justment of gradient coil currents
(3).

Surface coil results from re-
gionally ischemic hearts showed
marked differences from global
ischemia and regional ischemia
studies employing conventional NMR
techniques(2). Pretreatment of
hearts with both drugs preserved
phosphorus metabolite levels in the
ischemic region following ligation,
compared with hearts given no drug.
Post-treatment of regional isch-
emia with Verapamil following
ligation produced a dramatic 1.7
to 3 fold improvement in phospho-
creatine levels as shown in Figure
1. This represents a return to 50-
70% of normal levels of this key
reservoir of cellular energy.

31P chemical shift spectra
obtained from five selected sensi-
tive points in a phantom consist-
ing of two 5mm tubes containing
0.4 ml each of 0.3M ATP and sepa-
rated by 13mm are shown in Figure
2. Each spectrum was obtained in
104sec from an estimated 2X2mm 2

sensitive region.
The results demonstrate the

value of surface coil NMR for the
quantitative evaluation of the eff-
icacy of Pharmaceuticals used in
the treatment of heart disease. We
have also demonstrated the feasi-
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Figure 2
31

P spectra obtained from five selected sensitive
points in a sample consisting of two 5"™ tubes of
0.3 M ATP separated by 13mm.|Location of sensitive
points re la t ive to the tubes i s shown at left.|The
two peaks in the spectra derive from a|combined Y
and ot-ATP contribution (large peak) and the 8-ATP
peak.

bility of 31P sensitive point NMR
spectroscopy which has the advant-
ages of electronic scanning and
manipulation of the size of the
region of interest, and that its
range is not restricted to the
sample surface. Combination of
these localization techniques with
saturation transfer methods(5)
should permit the observation and
measurement of various enzyme ki-
netic rates as a function of nor-
mal, pathological, and drug-treated
states. Such methods should find

broad application to in vivo physi-
ological chemistry and to disease
diagnosis and treatment.

REFERENCES
1. J.J.H Ackerman, T.H. Grove, G.G,
Wong, G.K. Radda, Nature ,2j33_, 167
(1980).
2. R.L. Nunnally and P.A. Bottom-
ley (1980-submitted).
3. W.S. Hinshaw, J.Appl. Phys.,47_,
3709 (1976).
4. P.A. Bottomley (1980-submitted).
5. R.L. Nunnally and D.P. Hollis,
Biochem. ,1_8J3642 (1979).

424



DESIGN CONSIDERATIONS FOR AN EPR SPECTROMETER/DATA SYSTEM

S. Brown, A. Mehlkopf, and D. Leniart

I. INTRODUCTION

The basic concept of an EPR data
system has been essentially that of sig-
nal averager with computational abilities
for EPR spectroscopy. Its role has been
as an accessory to the spectrometer and
not as integral component.

What will happen to this concept dur-
ing the next decade? Unfortunately,
future data system requirements for EPR
applications are difficult to overview
since both computer controlled frequency
domain and time domain EPR are still in
their infancy. What might evolve is a
more versatile, integrated spectrometer/
data system which can deal with experi-
ments and techniques yet to be devised.

In this paper we present a brief des -
cription of a hardware concept for this
hypothetical system.

II. DESIGN CONCEPT

The spectrometer/data system is
built around a general purpose digital
computer, a digital EPR spectrometer, and
a controller which acts as the interface
between computer and spectrometer.

The computer is a modern mini or
microcomputer system along with approp-
riate peripherals. It possesses strong
I/O capabilities as well as a modular/
expandable design.

Most of the digital spectrometer's
parameters (e.g. Ho, sample temperature)
are under digital control only. Similarly,
all analog signals of interest are digitized
and available at the controller on
command from the computer.

The controller buffers all data pass-
ing between computer and spectrometer
and relieves the computer of timing func-
tions relating to the transmission of data.
Consequently, the CPU is able to perform

background calculations and data acquisi-
tion concurrently.

III. DISCUSSION

There are many application design
structures which could be built upon this
rather simple concept: (1) Analog compon-
ents may be replaced with less expensive
or more versatile hardware and software.
For example, the analog recorder of a
conventional spectrometer could be re-
placed by a digital printer/plotter, driven
by the computer and capable of producing
fully annotated spectra and reports in a
variety of formats. Many of the manual
controls on the console could be elimina-
ted since the corresponding parameters
would be set by the computer and infor-
mation obtained from a keyboard, a file in
memory, or interactively via potentiom-
eter-like control peripherals. (2) Better
ways of carrying out conventional EPR
experiments become possible. For exam-
ple, a broad range of opportunities for
automation exist from obtaining a spec-
trum at a series of temperatures to per-
forming a series of totally unrelated
experiments. (3) New and unconventional
kinds of experiments may be performed
with minimal additional hardware and
software. The general purpose controller
allows new digital components such as a
pulsed EPR bridge to be added to the
spectrometer and be controlled by the a l -
ready established software.

There are more possibilities for this
type of system that can be described
here. New EPR techniques could suggest
new uses for the system and the system
itself might suggest new EPR techniques.
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LOCALISATION OF METABOLITES IN ANIMAL AND HUMAN TISSUES USING P

TOPICAL MAGNETIC RESONANCE

I.D. Cresshull, R.E. Gordon, P.E. Hanley, D. Shaw

D.G. Gadian, G.K. Radda, P. Styles

Topical Magnetic Resonance is a new,,
technique for acquiring high resolution P
NMR spectra from a selected, localised reg-
ion within a living animal. No surgery is
required yet the metabolic state of a var-
iety of internal tissues and organs can
still be studied. In the presence of a
suitable combination of static field grad-
ients the magnetic field can be profiled
to delineate a homogeneous and an inhomog-
eneous region. Around the origin there
will be a roughly spherical volume of hom-
ogeneous field the diameter of which can be
controlled by variation of the static grad-
ients. Any object or part of an object
placed within this sensitive volume will
produce high resolution NMR spectra which
are separable from the broadened spectra
produced from the surrounding volume.

Experiments were first performed usirg
intact, anaesthetized rats at 73.8 MHz in
a spectrometer system with a working bore
of 42mm (1). P NMR spectra, character-
istic of the liver were observed and global
liver ischaemia could be diagnosed in a
non-invasive manner. More recent experi-
ments have been performed at 32.5 MHz in a
system with a working bore of 200 mm which
can accommodate larger animals and human
limbs. One simple experiment is shown in
Figure 1 where the spectra obtained from
human forearm muscle are presented. Signals
from adenosine triphosphate (ATP) , phospho-
creatine (PCr) and inorganic phosphate (P.)
are clearly identifiable. Spectrum la
shows the resonances obtained from normal,
resting muscle whereas spectrum lb shows
the same resonanes approximately 11 min-
utes after the application of a tourniquet
to the upper arm. Spectrum lc is the diff-
erence between lb and la and shows the
increased P. level and decreased PCr level
in the muscle tissue as a result of the
reduction of the blood supply.

Figure 2 shows a time course experi-
ment which monitors the application (at the
origin ) and removal (after 18.7 mins) of
the tourniquet during a 30 minute period.
The breakdown and subsequent regeneration
of PCr corresponds to a rise and fall of
the P. level. There was no detectable
change in the tissue pH from its initial
value of 7.1 ± 0.1.

31
i 40 i

diameter sensitive volume using a surface coil (2). The broad component
in each raw spectrum was removed by convolution difference (3). Line
broadenings of 7.5 Hz and 75 Hz were used. (a) Spectrum of normal
resting muscle (126 scans at 5 sees) (b) spectrum obtained under same
conditions as (a) with tourniquet applied (c) Difference of (b) - (c).

1.0

PCr

1.0

10 20 mins

Figure 2: The variation of PCr (0) and Pi (•) during the application (+)
and removal (+) of a tourniquet. The ordinates correspond to normalised
peak heights after sequential groups of 32 scans of 5 sees.
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SODIUM NMR IMAGES OF A PERFUSED RAT HEART

Jean L. DELAYRE

Most of the work of acquiring NMR

images has been done looking at protons

(i.e. water) in various media. Some ex-

periments have been carried out on phos-

phorus, although low sensitivity and

several lines in the spectrum which may

overlap are the main drawbacks to obtai-

ning phosphorus images. On the other

hand, sodium offers good sensitivity

(comparable to proton) and a single line

spectrum which eases the image recons-

truction program.

The recording of a two-dimensional

cross-section is based on the applica-

tion of linear magnetic field gradients

in two perpendicular directions and one

alternating gradient in a direction per-

pendicular to the two others.

The images were obtained using a Nico-

let NT-360 Wide-Bore NMR spectrometer

(8.2 T) which has been modified in the

following way :

- three computer-controlled DAC's

were added to vary the currents of the

firat order gradient shim coils,

- several patches to NTCFT were

written to provide these controls during

acquisition of the NMR data as well as

to allow the reconstruction and the dis-

play of the image from the different

projections.

The system was tested using a phantom

consisting of a 20mm sample tube full of

water in which a 5mm and a 2mm tubes

filled with a physiologic solution have

JEeen inserted and slightly off-centered.

• X"

O
SQUID

Fig. 1 Diagram of the susceptometer

The image (64x64 pixels) was reconstruc-

ted from 12 projections, one every 15

degrees.

The cross-section of a perfused rat heart

at the level of the left ventricle was

obtained under the same experimental

conditions. In order to get a "still"

picture, the acquisition of each FID

was triggered by the heart beat. One

image shows the heart during diastole,

the second one shows the same heart

during systole. With this type of data,

one can calculate the ejection fraction
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(EF) which gives an idea of how "good"

the heart is (a normal EF is usually

between 60% and 85%). In this particular

case, EF was found close to 56%.

These results show that it is possible

to look at MOVING OBJECTS USING GATED

PULSE SEQUENCES; this very promising

technique, coupled with imaging NMR

spectrometers can now be used to look

at the concentration of sodium in diffe-

rent regions of the heart at different

phases of the cardiac cycle.
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ESR-INTROSCOFY METHOD FOR STUDY OF RADIATION

EFFECTS IN SEMICONDUCTORS AND DIELECTRICS

Yu.V. Gorelkinskii, V.O. Sigle, A.A. Kim,
N.N. Nevinnyi, and V.A. Botvin

To solve a number of
problems of solid state radiation
physics, a necessity arizes to
measure concentration distribu -
tion of paramagnetic centers in a
sample without it's destruction.
For example, when investigating
of migration and diffusion proces-
ses of defects in silicon follo-
wing high energy particles bom-
bardment is made.

ESR-technique was used for
measurement of the spatial distri-
bution of paramagnetic center
concentration by creating the ESR
conditions in the given layer of
the sample and then scanning the
studying space under these condi-
tions (zeugmatography method)
(1-4). Such conditions are reali-
zed by means of the gradient of
the magnetic field H with well-
defined configuration and value.
The analysis of the ESR spectrum
recorded in nonhomogeneous field
gives an information about spa -
tial distribution of center
concentration.

ESR spectrometer of X-band
which has a magnet with a field
gradient about 2000 gauss/cm in
20 mm gap used in this work.
Special soft iron prism creates
the magnetic field gradient. The
spatial resolution of the spectro-
meter is of a few micrometers/
gauss.

We have measured the para -
magnetic center concentration
spatial distribution in silicon
samples after stopping of protons
with initial energy 7 MeV and 50
MeV. The measurements show that
distribution of defect concentra-
tion along the proton range
changes essentialy after anneal-
ing of silicon samples and dif-
fers strongly from theoretical
distribution. This difference is
connected with the processes of
diffusion of implantated hydrogen

and interstitial atoms.
To analyze the observed ESR

spectrum the first-type Fredholm
equation was solved:

J(H)= Cs(H,x)N(x)dx ,

where J(H) - observed spectrum,
N(x) - function of spatial distri-
bution of defects, S(H,x)- kernel
of equation, depended on magne-
tic field gradient.

The spectrometer can be used
for studying the dynamics of de -
cay and rearrangement of paramag-
netic centers in the sample du -
ring a short time (a few minutes),
for example, when radiation sti -
mulated diffusion is studying at
cryogenic temperatures and ets.
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EXTERNAL NMR IN A REMOTELY PRODUCED REGION OF HOMOGENEOUS

MAGNETIC FIELDWITH POSSIBLE APPLICATIONS TO MEDICINE,

CHEMISTRY AND GEOPHYSICS1)

Jasper A. Jackson, Richard K. Cooper, Lowell J. Burnett'),

J.Frank Harmon").

A new method for NMR measrements has been

developed . It is based on production of

a region of homogeneous magnetic field

remote from the source(s) of the field.

A toroidal region of homogeneous radical

magnetic field having an arbitrary radius

is produced the midplane between axially

aligned sources having their field in

opposition . NMR signals have been detect-

ed from tis region upon application of an

appropriate rf field from a coil located

between the magnets. This geometry is the

inverse of that for normsl NMR since the

sample is external to the sample coil and

the field sources ( both D.C. and rf ).

Possible applications include a new

method for NMR well logging/fracture

mapping; biomedical imaging ; and on-line

chemical process instrumentation.
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