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June 8,"1976

' Professor B. Shapiro

. Department of Chemistry
" Texas A & M University =
'College»Station,'Texas 77843

~ Deéar Professor Shapiro'

Four1er Transform Double—Quantum NMR

We have shown recently that our new ‘technique Fourier Transform

Double-Quantum (FTDQ) NMR can be used to eliminate the broadening from
electric quadrupole’ coupllngs (v 100 KHz). in ordered deuterium systems
so that small effects, i.e., chemical shieldings (v 100 Hz), can be
" observed. As an example of this technique we determined the carboxyl
" . deuteron shielding anisotropy in a 31ng1e crystal of partially deuterium
) labeled oxallc acid dihydrate.

The extension of high resolution FTDQ spectroscopy ‘to powders would

allow direct determination .of shielding anisotropies for deuterium. The
.experiments are complicated by the fact that the intensity of double-
quantum coherence observed is dependent upon “the quadrupole spllttlng for
" a particular nucleus or orientation. ' However, appllcation of an appropriate
sequence of pulses? allows one to map out. the double~quantum coherence for
all orientations: simultaneously. After Fourier Transformation this gives
a powder pattern with a predictable lineshape. In such 'a spectrum all
.quadrupole splitting has been completely removed. As an example of this
we measured the shielding anisotropy. of deuterons for 10% benzene d-1 doped
- into normal protonated benzene. From the powder pattern we derived an-
anisotropy,of Ac-v -6.5 ppm. This measurement was performed on our home-=
built spectrometer operating at 28 MHz for deuterium, with high power proton
_ decoupling. A complete description.of this and other FIDQ work will be coming
- out soon. ' ' S - - '

Sincerely,

b‘”\ C\Ld(w;’r’\

Dav1d ‘Wemmer

| _r_i;“;“_?>)‘»\mn- \/2],:\

Shimon Vega .-

Please credit to the account of Professor Alex Pines

1.

S. Vega, T. W. Shattuck and A. Pines, Phys. Rev. Lett., in press, A, Pines,_

Materials and Molecular Research Division Annual Report. 1975, Lawrence Berkeley

”Laboratory No. 4550..

S. Vega, D Wemmer and A Pines, to be- pub11shed
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DIVISION OF SYNTEX (U.S.A.) INC.
3401 HILLVIEW AVENUE .
PALO ALTO, CALIFORNIA 94304 : o
June 1, 1976 .
AR/1187
Professor B. L. Shapiro 4
Department of Chemistry
"Texas A & M University
College Station, -Texas 77843

Dear Barry:

SUBJECT: C-F Coupling in 2-Fluoro-Naphthalenes
Some time ago I had the opportunity to measure the 13¢ nmr. spectra
of the three 2-fluorosapthalenes in the Table attached. . From the

- results obtained-on II and III, I felt the necessity of remeasurlng

" I.. The spectrum -obtained supported the assignments of II and.IIT,
but disagreed with the llteraturel’2 available at that time. A
.1974 paper?® agreed with the ‘others!’? but not my results. My results
do, however,'agree with those of Ernst“’® and I believe that consid-

erable revision of the assignments of 2—fluoro—naphthalene derivatives’ -

and their analogs are necessary. Characteristic coupling patterns in
fully coupled spectra provide a useful method for assigning peaks in

the naphthalene series® and . selective ;3C {"} double resonance should
‘be used to remove any remaining. amblgutles. :

Sincéfely,‘

/%

Mlchael L. Maddox, Ph D.’
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M. L Maddox Contr1but1on Continued from P. 2

~ TABLE.1®

L IIT

§c . Jes ' 6c_ o 'ch, o : 6c_ a _ch
1 110.98  20.3  1r.21 . 21.0  110.85 - 20,5
2 160.79 245.8 162.32  250.4  160.87. 246.0
3 116.34 " -24.4 . 117.38 25.5  116.76  25.3
40 130,41 ©9.0 132,00 9,2 . 130.18 9.2
5 128.00 1.2 ' 129.80 15 7 128029 1.2
6 125.19 2.7 13385 2.6 130.16 2.7
7 126,97 0.7 - 12479 . 0.7 - 128.49 . . 0.6
'8 . 127.39 5.6 ©  127.50 ° . 5.5 . 127.81 - . 5.2
9 134,31 - - 9.3 . 136.41 - 9.9 133.42 9.2
110 130.61 0.7 ..  129.31 0.9 130.53 1.2
- o 191.75¢c0  41.06 CH, .
26.56-Me 177.83 co,
a) Specrra measured on Bruker. WH-90 in C Cls using 6 KHz or 2 KHz sweep width and’

16 K.data tables. &, reported in ppm to high frequency from 1nternal TMS
coupling constants 1n Hz + 0. 2 Hz. - ,

B Weigert and J. D. Roberts, J. Am. Chem. Soc » 91, 4940 (1969), J Am, Chem Soc.,
93 2361 (1971) .

2, Doddrell, D. Jordan, and N. V. Riggs, J.C.S. Chem. Comn. , (1972) 1158

_SP; R. Wells, D P. Arnold and D. Doddrell -J. C S. Perkin II, (1974) 1745

YL, Ernst z. Naturforsch 30b 800 (1975)

5L, Ernst J. Magn Resonance, 20 544 (1975)

IGL. Ernst, Chem. Ber., 108 2030 (1975) HJ Gunther, H. Schmickler, and G, Jikeli,
"J. Magn Resonance, 11, 344 (1973) '

~ 7F. D.. Doddrell; M. Barfield W Adcock M. Aurangzeb, and D. Jordan, J. C S. Perkin _Il
(1976) 402 . ~ -



. Prof.Dr.H.Kessler o o ' ‘__,]44

“Institut for. Qrganische Chemie _ T
der Johann Wolfgang Goethe- Unlversltat T :"'ka“s’:/M:'? 770
Frankfurt am Main , o T 'Chz;i:m;r;@:;geba'ude -
quonﬂonumlﬂmdenado,‘j t' g_:y o L ﬁth“W-6032/33u\
'Professor B, L.(Shapiro d: ‘
Department of Chemistry
_‘A“TexasA&'MUniversity : . T T S
' Coiiege Station, -'.I"exas'“ 77843 ..+ . May 31, 1976,

" Title: Rate Processes in an Alkoxyboran Complex
Dear Professor'Shapiro,
We have stud1ed the. dynamic behaviour of the alkoxyboran complex 1

with the aid of "OHG‘
';»variable temperature o

NMR. The following - | 4' |
. . | "), ‘./

=

processes A, B,.and

| C'have been observed S _ _
| simultaneousiy. 4 ; 4 _‘

L /r ) proton exchange ._ "'H - K, ,r o
A: . . s"” / X g el q 5‘-‘:,[[ / N .
o <t - — - - B j
L : ’ ' cH” O

| 'H OH 4 CH
CH. M ~nitroden-inversion -~ ., N\ oo H
B: ‘ ""B“’ -H - 'H"'B/N Y
' CHZ o - cH \oj
oW . S
Co . H, ‘I’ . ligand exchange - - GHs o, 0
; ‘ 'CsHs vy . N : SRR e o A
- Ct "B/j o — R B\,)
R L v CH” N
CH 7 S

A ' The OH?signal in the 1H-N'MAR{spectra“i's"s'trongly.s'hi'fted upfield on
raising the temperature and - is coa1e501ng due to process A w1th
the almost non-shifted NH—51gna1 at 4.9 ppm (see figure)

’Starting from low temperatures tHe very complex spectrum of the.
methylenzprotons first coalesces to a broadened 4 1line spectrum
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(disappearance of the gem. methylene proten nonequivalence by ,
ﬂ nitrogen inversion B) and finally at high temperature only two \_
tripletts for the-o—methylene-and N-methylene protons are observed

‘(fast ligand exchange C). The processes B and C can also be followed

in the 13 C-NMR spectrum. B 1eads to coalescence of the two non-

equivalent sets of aromatic.carbon signalsl).’The coalescence 1. }
phenomena of the signals between 50 and 63 ppm are caused by 1igand

exchange C.

‘The data are listed in the table and rough estimation of the free
enthalpy of activation is added.

-1) The breadening_of the'C1-si§nals at higher temperatures is due
’ to the quadrupol relaxation'andfcoupling of the boron nuclei.

' Table: Kinetic Data fof the. Rate Processes of 1l in CD2C12:

Process Nucleus.| exchanging 'Té[K]a) Avc[Hz] AGC+[kcal/m01]é) N
| groups | » T L
A Tu " |om, NH. 290 + 10| 94 1 13.9 = 0.5
5 | B¢ |c-2, c-2' | 260+ 5 | s56.6 | 12.6 * 0.
- c-3, C-3' | 250 + 10| 16 | 12.8 0.5
'a. |m-s, m-8 B
Heo, mogv | 265°% 5 | 44 13.0 + 0.3
H-7, H-7' | 260 % 5 38 .12.8 + 0.3 .
c 1 13 c-8, c-9 | 308 ¢ 52 85.5 | 14.8 : o. '
| o Je-7,c-10 |313 £ 5P 122 | 14.8 £ 0.
'w o |m-s, H-9 | 202 : 23.5 | 14.8 % o. “
H-7, B-10 | 297 43 | 14.7 £ 0.
a) :ough.estimated vaiues - .
h) observed in Czpzc14 o fcerely yours, “

Wu’C%W'

(H.Kessler) (G. Zimmermann)
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THE UNIVERSITY OF BRITISH COLUMBIA
. 2075 WESBROOK PLACE

" VANCOUVER, B.C,, CANADA
V6T 1W5

DEPARTMENT OF CHEMISTRY . ' - 9 June, 1976

~._Prof. Bernard L. Shap1ro

Department of Chemistry -
Texas A & M University
College Stat1on TX 77843 U. S A.

Magnetic and Non-Magnetic Re]axat1on A Compar1son
- Dear Barry, ' '

As you know,- I have been collaborating with Prof. M. B. Comisarow here at

the University of B.C., in the development of Fourier transform ion cyclotron

resonance (FT-ICR) spectroscopy.! Part of that development has been 1nsp1red

- {and occasionally nurtured) by analogies to prior FT-NMR theory, which is in -

turn based on long-known 1inear response:theory. S1m11ar1y,.there have

~ recently appeared a number of 1ine-narrowing experiments in opt1ca1 spectroscopy
-wh1ch bear strong analogy to pulsed NMR "echo" techniques.

In try1ng to gain further physical insight into any phenomenon, one can often
progress more easily by analogy than by deduction. We have therefore been
Ted to examine a number of correspondences between relaxation in NMR and. ICR
in-work which will ‘shortly .be published, some of which are 1isted on the next
- page.3 While the various processes listed in the NMR (or ICR) column are
certainly known to those in NMR (or ICR), the close parallels between NMR and
ICR shown in the table should facilitate future cross-fertilization between

, theory and experiment in the two types of spectroscopy

2

: S1ncere1y,

(., - Noidil

Alan G. Marshall
Associate Professor

1. M. B Com1sarow and A. G. Marsha]] “Theory of. Four1er transform ion
cyclotron resonance mass spectroscopy I. Fundamental equations
and- 1ow-pressure line shape," J. Chem. Phys. 64, 110 (1976).

2. J. Schm1dt P. R. Berman, and R. G. Brewer, "Coherent Transient Study
of Ve]oc1ty-Chang1ng Collisions," Phys. Rev. Letters 31,1103 (1973).

3. M. B. Comisarow and A. G. Marshall, "Theory of Fourier transform ion
cyclotron resonance mass spectroscopy. II. Relaxation and spectral
. line shape," to be published. S

[

.



Compar1son of NMR and ICR Resonance and Re1axat1on
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Process "

' C1rcu1ar motion due

© to magnetic field:

‘Source of coherent
‘radiation excitation:

" Coupling between resonances
detected by “doub]e"
1rrad1at1on

~ Exchange between 2 different
resonant frequencies:

Signal amplitude
proportional tor

'Signal saturation due to:

. Inhomogeneous
1ine-broadening

Homogeneous Tine- broaden1ng
Secu]ar relaxation:

Pomogeneous line- broaden1ng
Non-secular relaxation:

- Extreme narrbwing Timit:

Spinning the sample to
reduce spat1a1 inhomo-
gene1ty in H '

Manifestat1on‘ﬁnvNMR

precession of nuclear

‘magnetic moment -

linear or circularly polarized
r.f. magnetic field (from r.f.
current in one or more coils) -

Scalar or chemical coupling

‘between two or more nuc1e1

Chemical exchange

- Difference in population between

two nuclear spin states

depletion of spin state popu]at1on
difference due to stimulated (by -
applied r.f.) transitions - :

!

Spatial inhomogeneity in Ho Or'H1

Ty phenomena:
between states differing in energy
by approximately the Larmor - .-

frequency, due to temporal magnetic
: f1e1d f]uctuat1ons near Larmor freq.

phenomena trans1t1ons at

f@equenc1es of about zero or about
- the Larmor frequency, due to field"

fluctuations at those frequencies:

broadening
Sample is spun externa]]y

spin state transitions

molecule collisions:
. signal due either to loss-of

Man1festat1on 1n ICR

. orb1t1ng of.e1ectr1ca11y :
_charged ion

Tinear or circularly polarized

r.f. electric field (from r.f.

- voltage to one or more plates)

kinetic (chemical reaction)
coupling between 2 or more ions

‘Charge exchange (ion-molecule

reaction; charge-transfer)
Number of ions of a given

-"charge-to-mass ratio

depletion of. number of excited
ions of.a given (g/m)-ratio,
due to ion removal on reaching

- the ‘charged plates of the

sample container

* Spatial inhomogeneity in H, or E

Ton-molecule reactions: loss
of ICR signal due to Toss
of ion 1dent1ty

Non-reactive or reactive ion-
loss of ICR

coherence. in orbital jon motion

“‘or to loss of ion identity

T Time- dependent perturba—-'
t1ons $1uctuate rapidly compared to
the Larmor frequency--NMR Tine width
determined wholly by T (“11fetime?)

A11 ion-molecule collisions
are reactive--ICR 1ine width
"determined wholly by reactive

collision rate

"~ . Sample "spins 1tse1f" by

inherent - cyc]otron orbital

) mot1on
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Yours 51ncerely,

BP RESEARCH CENTRE

SUNBURY-ON -THAMES
MIDDLESEX
ENGLAND

7 June 1976

COﬁMENTS.ON J..SHOOLERY‘S LETTER IN TAMU NO 211

-Professor Shapiro,

I was interested in'Jim Shoolery's letter entitled "Carbon-13 NMR for
“the Micro-Chemist'. He remarks about the slow appreciation and :

utilisation of carbon~13 NMR, as it is currently practised, by many

- chemists. However, I should like to comment that the blame for this
" situation does not entirely lay with the chemist. One of the main
reacons for this can be seen on the back page advertisement of the

TAMU newsletter containing Jim Shoolery's letter. Many chemists

still associate carbon-13 NMR with an'entire room full of very expensive

electronics which only a relatively few institutions or ¢ompanies

. can afford. ‘The point that -ought to be now made is that it does not

require a room full of eledtrqnics to produce high quality carbon-13
NMR spectra. It does not require a 15" (or '18") magnet to produce.

a highly uniform magnetic field of 2.3T over the kind of sample volume . -
used to obtain the spectra showit by Jim Shoolery. In fact the magnet
‘need only be a fraction of the size (and cost) of the XL100 magnet.

‘The developments that have taken place in RF pulse ampllflers and in

low noise RF signal amplifiers over the last two decades.or so now
make the manufacture of these units not a particularly difficult or

.expensive business. True one is left with the mini-computer (soon

micro-computer) to control and order the various instrument and data-

collecting functions, but anyone who has looked behind the front
" panel of a typical modern mini-computer will know how much can be
‘packed into such a small space -and at such modest cost. Thus the poLnt

I should like to make is that the stage is now set for the production

~of literally a' 'table top' carbon-13 NMR spectrometer with a very
.- high performance. ' Such an instrument would be greatly welcomed by
. the maaorlty of organic chemists and ¢ould augment the existing range

of simple 60 MHz cw instruments now in such wide use. As pioneer

in so many new NMR ventures perhaps Varlan could lead the way in such

an ex01t1ng development. .

S.A. Knight /%/fi,/ ‘

0



_ varian/611 hansen way/palo alto/california 94303/u.5.2./415/493 - 4000 .

“June 29, 1976

Professor B. L. Shapiro
. Department of Chemistry
Texas A & M University
College Station, Texas 77843

Title: We Aim to Please
. ) - )
.Dear Barry:

" Thank you for .8haring the comments by Dr. Knight regardlng the'

' -possibility of using a smaller (and presumably less expensive)
spectrometer system than the XL-100 to obtain 13C spectra from
small samples similar to those in my letter 'Carbon-13 NMR for
the Micro-Chemist' (TAMU 211). Anticipating this goint, we had
gone ‘ahead with the development of 1.7 mm 1lH and 1 C. microprobes
for the CFT-20 with very gratifying results. Many of your readers.
may have seen some of these spectra at the last ENC meetlng, but
for those who did not I offer Figures 1 and 2 wh1ch are the
spectrum of 1.0 pg of Cortisone Acetate and the 13¢ spectrum of
‘500 ug of Ethyl Vanillin respectively, both obtained with an’
overnight run. The prophecy is thus fulfilled, at least in some
-degree, although I must admit that a very strong table. is needed
to support a CFT-20. (Available as anvopttonal acecessory.)

Sincereiy,'

James N. Shoolery

- Applications Chemist

‘NMR Applications Laboratory
Instrument D1v1s1on

'-JNS:c
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Professor Bernard L. Shaplro

Depa:cttent of Chanistry

Texas A & M Univer51ty
 College Station, Texas 77843
| U.S.A. |

14 NYR Bandshapes for Phospholipid Vesicles -

A._Fo:ti' lecithin lamellar liquid crystalline phases the shape of the
proton. resOnahce signal is deténhined by static dlpolar couplings,
and is very broad with little structure. On som.catmg lecithin-water
systems vesicles 25 - 30 mm in diameter are formed, which give
proton spectra with typical ‘high resolution feattires; The way in
‘which the sonication leads to this- narrow:Lng has been argued in
the 11terature for same tJme The mechanisms proposed are (1) rota-
'tJ_onal Brownlan motion of the ve51cles, (11) rapld lateral diffu-
sion and (iii) more structural disorder in the fluid state of the_
'llplds in ves:.cle bilayers than in lamellar systems Recently. we
‘have analyzed theoretically the PMR bandshape of vesicles using a

detailed density matrix descrlptlon of - the transverse. relaxatlon
. process. The analys1s is based on the follow:_ng. '

, . " 1) “The vesicle rotation is fast enough to give an effective zei'o
- ' L . -average value for the dipolar coupl:Lngs, and these coupln.ngs give
o only relaxatlon effects. - '

THE LUND INSTITUTE OF TECHNOLOGY

'P.o.a..74o I .. GOODS . v : PHONE o cane
- 522007 WND'7 GETINGEVAGEN 60 046-12 46 00 © CHEMCENTER
SWEDEN . "~ LUND C - ' ; - SWEDEN
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g 2) The molecular motion can be divided into o independent

parts, a fast local motion within the ‘bilayer that is assumed
‘to be the same in sonicated and wnsonicated systems and a slow

j'_motlon due- to ves:.cle rotatlon and/or 1ateral dlfqulOIl in the’
e 'bilayer ' ' ' :

The total bandshape is then a superp051tion of Iorentz:Lans with.

' 'dlfferent widths., Flgure (a) shows an experlmental spectrum and

(b) the corresponding s:.mulated spectrum. The fit between the

- two spectra 1sverygoodevenfarout mthewmgs of the spec—f o
trum. This shows that is is not poss:.ble to assign a single T, .
to any one of the peaks, It also follows that the w1dth at half
o .heJ.ght Avl /2 “is not at all sufficient to characterize a s:.gnal
"and, should be used W1th care when analyzmg spectral changes.

: Si"hce:'rely. yours,

E‘ :’ - ;—_a“z;—_’a/w L‘\AM«A \—\a\\m \h)QMMMV{'\DM '

. Sture Forsén Jan Ulmius Hikan Wennerstrtm



' (a)

- (b)

Fig -a: A 100 Mhz. H NMR spectrum of dlmyrlstoyl leclthln ve51cles with

a dlaweter of approx1netely 27 nm recorded at 30 C.

Flg b A 81nu1ated spectrum. The small peaks at 8§ = 2 33 and 3 64 ppm

1n the experlmental spectrum have not been included in the
51mu1at10n.,-

214-14
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University of East Anglia

Jrom: D?""NR'K' Harris a_nd,Mr". R.H. Newman - o School of Chemical Sciences

The University of East Anglia
Norwich NR4.7TJ , ENGLAND.

" .Telephone Norw1ch (0603) 56161

Telegraphic . Address ‘UEANOR NORWICH N

'10th June 1976
SILICON—29 N M. R OF TRIMETHYLSILYLATED MINERALS
Dear Barry,

When 9111cate anions are leached from acldrsoluble minerels, the '

;Asillcic acids- rearrange “too rapidly for isolation and identification.
‘Lentz™ overceme this problem by trlmethylsllylatlng ‘the silicic acids’

durlng 1each1ng.. The trimethylsilyl derivatives are stable, and the -
mejor product retains the structure of the originel silicate in the

:mlneral. Tr1methy1s1lylatlon is a valuable technique for analysis of

poorly—crystalllsed speclmens that cannot be satisfactorily analysed by

X-ray dlffractlon, e.g. 1t has been poss1bl§ to follow polymerisation

of silicates during curing of cement pastes“. The volatile trimethylsilyl

" derivatives. are identified by g:1l. Ces the res1dne belng class1f1ed as
! unldentlfled polys111cates ' -

We haNe been 1nvest1gat1ng the p0881b111ty of using 981 to 1dent1fy

- the trimethylsilyl derivatives. " 8ilicon~29. chemlcal shifts for the

tr1methy1s1 y1 groups are not sufflclently dispersed to be useful but

' -chemical shifts for the silicate 295it's are spread over sbout 5 p.p.m.

We have run 29si spectra of four of the smaller structures. The solvent
was benzene, end chemical shifts (for the gilicate 29si only) are given

. below 1n P- p. m.:from TM™S (pos1t1ve shlfts are to hlgh frequency)

_(Me Sl)hSloh ‘ (monomer) o ,:_th 1
"'(Me 81)681 07 | » (dlmer) - ”{) .{ : —106{5'-‘
-) (Mb Sl)8813010 .,f. l - (linear trimer) . . ( -109.2 (central) -

-106.8  (ends)

1[(Me 51) 2510 ]h . (cyclic.tetramer)rv)~7  —1Q7.8>l

. _".The monomer end dimer were obta1ned ‘from I.C.I. Ltd. (Orgenics Division)
- 'and the Paint. Research Assoc1atlon arid we ‘are gra‘tei‘ul for the help of
_ " these organisations. . Theé linear trimer and cyclic tetramer were prepared -
© by trlmethylsllylatlonl of the approprlate mJ.nerals (natroll'te and laumontlte,
'respectlvely) : o

' The trends of-the 2981 .Shlfts ‘are. qnalltat1Vely s1m:|.lar bo trenaS'
observed for silicate. anlons in agqueous solutlons3, e.g. increasing

3,condensatlon results in low frequenc¢y shifts by steps of about-2. 6 p.p. m.

(monomer + end units -+ chain units) .compared with- steps of about T p.pem. .

for aqueous As111cates. Cyclisation results 1n a hlgh frequency ‘shift

]
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of 1.4 P.D.m. (1inear qhain -+ éyclic'tetramer) compared with a
shift of about 2 p.p.m. for aqueous silicates.

~ We aré now: worklng on the possibility of 1dent1fy1ng structural
unlts in the benzene—soluble non—volatlle polymers.

‘We hope thls letter keeps us on the TAMU N M.R. malllng 1lst.

With best w1shes, o - . ‘ s B

Yours 31ncere1y,

Mw fp

: _ 'R.K. Harris
- , o . " R.H. Newman

' Professor B.L.Shapiro,

- Department of Chemistry,

Texas A&M University,
College of ‘Science,
College Station,
Texas T7843.

V.SA.

RH /RN /DB -

Referencés

1. __C W. Lentz Inorg Chem. 3, 57h l96h)

2. C.W. Lentz, Ind Chim. Belge 32 h87 1967)

3. YVon G. Engelhardt, D. ‘Zeigan, H. Jancke, D. Hoebbel -and w Wleker,
. Z. anorg,allg Chem. 418, 17 (1975)
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'Before you order -
a Fourier transform accessory -
for your nmr spectrometer

you shou|d consult

Transform Technology |nc

-The name is new: '
- but the personnel have.
many years experience
in the spectroscopy, field.

“Write or -call collect
to dlscuss your requwements. o

- D
TRANSFORM TEGHNOLOGY INC.

0ad, Pato-Allo, Callfonla 4303
Fhona d1EIRIOTS
{an aiftiate of Nicolet Instru

We ran thls ad in m1d 1972 When Six of us
formed Transform Technology Incorporated
with the help of Nicolet Instrument Corpora-

. tion. Now, less than four years later we have

over three dozen employees and are now a
- Nicolet operating division, known as Nicolet
Technology Corporatlon

What has happened since our ﬁrst ad? Well we -
~ don’t mind tooting our horn by pointing out that

NTC has become established as a leader in the
development of FT NMR -equipment. We have
- developed, produced and installed scores of FT
accessories for use on' instruments such as the
X1.-100, HR-220, T-60, R-12 and R-32. In fact,
for over a year we have been the leader in U.S.
sales of FT data systems. Now we'te working on
becoming the leader in overseas sales as well.

Why the success story'P We feel it’s because
we're responsive to customers’ needs. Being a
relatively small group of dedicated souls we can

"move. quickly in the development of equlpment'

“which utllrzes the latest techmques

Remember
ﬂns ad?

Consider some' of our “firsts” in commercial

equipment:

FIRST to employ a single‘ sideband crystal flter .
for 1mproved 51gnal-to-n01se ratio, '

FIRST to provide phase shifted rf pulses for

high resolution T, studies,

- FIRST to use Quadrature Phase Detection,
FIRST to provide plots of relaxation recovery :

curves with data points, and

FIRST to develop a complete software package

- which includes provision for five -methods of

measuring T, values and three methods for T,
values. :

“You can _he sure that we are actively working on
" new “firsts.” For example, we'll be demonstrat-
~-ing acomplete Fourier Transform Mass Spectro-

meter very soon. To repeat the closing statement

- from our original ad—write or call collect to dis-

cuss your requirements. Maybe we can work
together to add another “first.”

NICOLET
_ = TECHNOLOGY
CORPORATION -

145 East Dana Street
Mountain View, California 94041
Phone: 415/969-2076

. (formerly Transform Technology Inc.) .

P
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CALIFORNIA INSTITUTE OF TE'cHNoLo'GY.%';"
' ‘ ' PASADENA. CALIFORNIA . Sll25 ‘ - ' ‘

o , June 8, 1976 . _
‘. DIVISION OF CHEMISTRY AND CHEMICAL ENGINEERING = . R ' . JOHRN D. ROBERTS
GATES AND CRELLIN LABORATORIES OF CHEMISTRY o ) . INSTITUTE PROFESSOR 'OF CHEMISTRY

Professor B. L. Shapiro o S , Lo
Department of Chemistry ’ ' ' .

- Texas A and M University
College Station, Texas 77843

Gad'olinium Salts for ‘Reductiqn of Long 15N Relaxation Times in Polar Solvents
. Dear Ba.rijy,_ | o

‘We have been taking natural-abundance 15N spectra of several nucleosides,
using dimethyl sulfoxide (DMSO) as solvent. A major problem in this study
has been the very long time (up to nine hours) required to obtain spectra of
- even 0,7 - 1.0 M solutions. For this reason, we have tried several different
" metals and metal complexes in the hope of reducing the observed T;'s of these -
and other, similar compounds. Because we wished a -reagent soluble in both
DMSO and water, the classical relaxation reagents such as Cr(AcAc), were .
- not suitable. The best results were obtained with the rather implausible
- combination of Gd(NO,), with an equal molar amount of inositol. - The inositol
- was essential because of the prohibitive line broadening which resulted with
- Gd(NO,), alone. As an example of the use of this relaxation reagent, we ran
0.7 M solutions of adenosine in DMSO—with and without the relaxing reagent.
- Without the relaxation reagent, the S/N was 2.2, using a 90° pulse, 10-second
- .delay, and proton decoupling duiing acquisition only. * The-sample with the
-reagent (4 x 10-5 M, or 6 x 10™% mole ratio of Gd(NO,), to adenosine) gave a
 S/N of 5.4 with the same instrumental parameters. ' The improvement in S/N
corresponded to a six-fold saving in timie. The spectra obtained with and with-
out the relaxing reagent had the same line shapes and chemical shifts. Similar
results have been obtained with formamide in both DMSO and in water as solvents.

. Other ligands besidés inositol may give still better results; but, at least, the
Gd(NO,),~inositol combination is very useful for DMSO and water.
‘With all good wishes, | |
e Very truly yours, ‘. | o
's.éyt-;; / 4,( 22 ﬂ/ j;;zcalué)a .
- William H. Bearden .

Glenn R, Sullivan

' John D. Roberts
_ f’G'ate'd_ decoupling was used, because the small ne_gatiVe,NOEvproduced by full
- decoupling resulted in a reduction in the signal intensity.
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/ABLE ADDRESS: RDHMHAAS TELexsass47 o S

IEPLY TD . :

JESEARCH LABORATORIES

JPRING HOUSE, PA. 19477

218} M1 3-0200 .
218) CH 2-0400-

4

o l:;;ne‘a.‘l;m' L o RQHM»."
" IHARS

. COMPANY
;Dr. Barry Shap:l.ro :

' Department of Chemistry
Texas A & M University . ‘
_College,Station,”Texas 77843 :

‘.Dear Dr Shapiro,

I would like to pass along some information which might be useful to those
~ of your readers using capillary inserts with their NMR spectrometers In my
" particular case, the one millimeter insert used with the Varian X1.-100, the normal
commercially available capillary tubes which are supplied are coagulation capillary
. ‘tubes sealed at one end which .are 75 mm long and vary from 0.5-0:9 mm I.D. These
--tubes are not of precision quality to begin with, and their length has proved to.
bé a severe drawback. The 75 mm-length is just long enough that the tube may be
- sealed by melting the énd shut rather than by ‘the more desirable 'pull-seal" method,
and we have had’ occasional problems with imperfect seals resulting in ultimate
' evaporation of the sample from the. capillary tube. I have located a commerical
source which will produce precision. open—ended capillary tubes of 1.0 mm 0.D.. and
0.8 mm I.D. at a length of 100 mm. The tubes are made of SF.glass and ‘are custom
. order items: available at a cost of about $3' per hundred from Drummond Scientific
' Company, 500 Parkway, Broomall Pa 19008, phone (215) 353 0200.

_ These ‘tubes’ may be pull—sealed" at both .ends to produce ‘excellent seals
‘-‘relative to the end melting technique. Perhaps the most useful application I have

found for these tubes is in preparing samples of microgram quantities of materials

-in hygroscopic solvents such as. DMSO, where the introduction of" what.would normally
be considered negligible amounts  of water.can cause problems. The sample is made
by preparing five microliters of solution undér dry nitrogen in a glove bag, trans-
ferring the solution into a one millimeter tube.by capillary action, plugging the.
ends. of the tube with corks, .and removing the sample from the glove bag and "pull-
sealing" both ends. This Pprocedure - prevents introduction of water into the -sample
from either the atmosphere or the- sealing flame, and we have achieved good results

.in minimizing the water content of our samples -1 ‘hope this information will be

- of use ‘and would be happy to' discuss the details further if anyone wants to.

Very truly yours,‘-.'

me @/W_

-David G ‘Westmoreland

.. DGW:pt
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- HOUSTON, TEXAS 77004

i

718/749- 2612

Unlverslty of Haustan

Deparlmom of Chomlstry

hJune'9, 1976 -

Professor Bernard L. Shapiro.’

Department of Chemistry
Texas A&M University
College Station, Texas 77843

It works, it must be a Fluke
- .

Dear Barry:

We have recently begun a series of heteronuclear decoupling experiments

. “on our new XL-100 using an unusual configuration. We use a Fluke 6160
isynthes1zer for our decoupling frequency and an ENI ‘320L linear amplifier

. to provide the power for broad band decoupling. We have used standard

matching_networks on the V-4415 probe. Protén noise decoupled 13¢ spectra
are as good as expected. The modulation is provided by NTC s adaptation

- of one of thelr decoupler networks.

We have been so anxious to observe 1H decoupled from 31P that we per-

‘formed the following experiment: The Fluke synthesizer output was amplified
" by the ENI.to about ‘5 W and applied to the decoupling coils b ‘the standard

match-box. The frequency of the synthesizer was set to the 31P frequency
(ca. 40.45 MHz), and the whole thing worked. . In addition- we. found no birdies.

. 214-20

or other problems in the *H spectrum. The total time ‘to set up the experimentA

was about ten minutes. .

We are now, building mateh*boxes'for other freﬁuencies'to see i1f the

:spectral purity of the Fluke synthe51zer will permit other easy - decouplings.
-Details on request. :

. With hest regardsL
Sincerely yours,

Q,)L

M. R. Willecott -
Professor of Chemistry

~ MRW:dar -

EQUAL OPPORTUNITY EMPLOYER =
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| INDIANA UNIVERSITY
Department of Chemistry ‘.
—_— ,C;HEMIISTRY BUILDING -
BLOQ,MINGTON. INDIANA 47401

~ June 11,' 1976 n - o | ' . TEL. NO. 812—
'-Professor Bernard L Shaplro
--Department of Chemistry .

Texas A & M University

~COllege station; Texas 77843

' Dear Barry

'Tltratlon Behav1or of Ind1v1dual Tyros1ne Residues of
Ayogloblns from Sperm Whale, Horse and Red Kangaroo..

e My co-worker Dr. Dav1d J. Wllbur has . studled the
" titration behavior of individual tyrosine residues. of
myoglobins by observing the pH dependence of the chemlcal
shifts of ¢ and CY of these residues in natural
‘abundance '3C Fourier trarnsform NMR spectra (at 15.18 MHz,
in 20-mm sample tubes, at 37°) of cyanoferrlmyogloblns
_ from sperm whale, horse, ‘and red kangaroo (Figure 1).
These three species were chosen, because the myoglobin
from sperm whale contains three tyrosine residues (at
‘positions 103, 146 ‘and-151), the protein from horse
has tyrosines only at positions 103 and 146, and the:
kangaroo myoglobin has a single tyrosine at pos1tlon.-
146 in the sequence. _

‘ A comparlson of the pH deEendence of the spectra of
the three proteins (Figures 2=4) 'yielded specific
assignments for: the resonances of Tyr-151 (sperm-. whale)
and Tyr-103(sperm whale and horse). Selective - g
proton-decoupling ylelded specific assignments for C
of Tyr-146 of the cyanoferrimyoglobins from horse and

_ kangaroo, but not the corresponding assignment for sperm-
whale. The pH dependence of the chemical shifts 1nd1cated
that only Tyr-151 and .Tyr-103 are titratable tyrosine

_ res1dues. The titration behavior of ¢ and.cY of Tyr-151

- of sperm whale cyanoferrimyoglobin yielded a single pK .
value of 10.6. The pH dependence’ of the chemical shift

of each of the resonances of Tyr-103 of the cyanoferrlmyogloblns-

.from horse. and sperm whale could not be fitted with the use
of a single. pK value, but was con51stent with two PK values
(about 9.8 and 11. 6) Furthermore, -the" resonances of CC

and - CY'of Tyr- 103 ‘broadened at hlgh PH. '

‘ - The tltratlon behav1or of the tyr051nes of sperm

" “whale carbon monox1de myoglobln ‘and horse ferrimyoglobin -
was also examined. A comparlson of all the experimental
_results indicated that Tyr-151 is exposed to solvent,
Tyr 146.1s not exposed and Tyr 103 exhibits 1ntermed1ate‘
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behav1or. These results for myogloblns 1n solutlon are
cons1stent w1th expectatlons baSed ‘on the crystal structure.-

A preprlnt 1s avallable upon request

Adam Allerhand. . oo

Professor of chemlstry

FIGURE CAPTIONS

Fig. 1. Reglon of aromatlc carbons and Cg of arglnlne

' residues. in convolution=difference natural abundance !3c

Fourier transform NMR spectra of. cyanoferrlmyogloblns in

- H20 (0.1 M KC4) at pH 10.5 (complete aromatic region) and

H 7.9 (155-165 ppm only), recorded at 15.18 MHz, under
condltlons ‘of noise modulated off-resonance. proton decoupling

3,_[see Oldfield, Norton, -and Allerhand, J. Biol. Chem.. (1975) -
.- 250, 6368—6380 and 6381-64027. - (aA) - 10 mM sperm whale
~-cyanoferrimyoglobin at 369, after 32,768 accumulations -
- with a recycle time of 0.555 s (pH 10.5) or 1.055' s (pH 7 9).
(B) - Horse cyanoferrimyoglobin at 38°, after 32,768 .

- - accumulations with a recycle time of 1. 045 s (at both pH

- values) . Protein concentration was 12 mM at pH 10.5 and’

.7 mM-at.pH 7.9.  (C) . About 12 mM red kangaroo

- cyanoferrimyoglobin at.36°, after 65,536 accumulatlons_f

"with a recycle time of 1.045 s at pH 10.5, and after -
32 768 accumulatlons w1th a: recycle time of 0.555 s at.

7 9-

Flg.' 2. Effect of pH on. the chem1cal shlfts of some

'honprotonated aromatlc ‘¢arbons and C§ of arginine residues
of sperm whale cyanoferrlmyoglobln at 36°. Observed

nonprotonated aromatic carbon resonances which are not shown

- {105-115 ppm and 130-145 ppm) have chemical shifts which

are practically pH 1ndependent above pH 8. -Peak numbers

- are those of Fig. 1A. - Open circles, closed circles,
- triangles and squares indicate peaks that arise from 1, 2,
'3, and 4 carbons, respectlvely. Figure 1A gives typlcal

sample 'and spectral conditions. The solid lines are-
best-fit theoretical titration curves, with one pK for

Tyr-151 and two pK values for Tyr-103. Dashed lines are

best-fit single pK tltratlon curves for Tyr-103. Below

"pH 10.5, the dashed curves for el of Tyr-lOB c01nc1des w1th
-the sol;d curve. for CC of Tyr—151 -
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Fig. 3. Effect of pH on the chemlcal ‘shifts of some
nonprotonated aromatic carbons and ¢t of. arginine residues.
‘of horse cyanoferrimyoglobin at 38°., Peak numbers and
~ typical sample and spéctral conditions are given. in Flg. . o
. 1B. The behavior of omitted resonances and the meanlng of T
y \;u”symbols and curves are glven 1n the captlon of Fig. 2. :

Flg. 4; Effect of pH. on the chemical shifts of some
'nonprotonated aromatic carbons and" ct of arginine residues
.-of red kangaroo cyanoferrlmyoglobln at 36°. Peak numbers
zjand typlcal sample and spectral. condltlons are given in
-Fig. 1C. The behavior of omitted resonances and the
meanlng of symbols are glven in the captlon of Flg. 2.
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CHEMICAL INSTITUTE

UNIVERSITY OF AARHUS -

'DEPARTMENT OF ORGANIC CHEMISTRY *  ~ - - 8000 Athus C, Denmark June 11, 1976

Department of Chemistry
“Texas A & M University
COLLEGE STATION Texas 77843

. HANS JORGEN JAKOBSEN o _ Telephone (06) 124633 - . HJJ /ATL

Professor Bernard L. Shaplro'

USA

Indirect Observation of Bioch-Slegerf Shlfts“(or Where are
the Protonsjrln 13C~ {IH} Multlple Resonance Experlments-'

-3rd _EENC*~

'Dear Barry, B

In connection w1th our work on’ determlnatlon of. rela-

‘.tive-slgns of 13C-X coupling’ constants using various selec—_'
. tive 13C-{1H} double resonance methods (1) we came across_ .

some examples’ whlch required . selectlve 1rrad1at10n at two or
more positions in the. 1H spectrum in order to remove simul-

taneously the multiplet structure caused by one-bond " (IJC_H)
and long-range 13C=1H coupllngs in the observed 13C spectrum.
These experiments are complicated by the fact that - the power.

" of the’ coherent rf field needed to collapse a one-bond 13C-1H

splitting completely (uising on-resonance conditions) causes
extraordlnarlly large Bloch-Siegert shifts- for other protons '
in the 1'H spectrum. An indirect observation of these ‘Bloch-=

AvS1egert shifts is 111ustrated in the ¥3C- {IH IH} triple reso-

nance experiment on toluene in Fig. 1b. The 13C~{1H} double
resonance spectrum of the aromatlc carbon atoms obtained ‘with
strong H, irradiation’ (yH,/27 = 486 Hz) at the exact decou-
pling frequency for the ortho (H2) and par (Hh) protons (v

L84.5 H=z, Vg = 493.4 Hz and vyy = 484.8 Hz relative to the_

methyl protons, VCH "in the 1H spectrum at 100.1 MHz) is
shown in Fig. 1la.. Uﬁder these conditions the C1 and C2 carbon =
51gnals display residual .quartet spllttlngs of approx1mately

. 3=5 Hz (2a), whereas much smaller quartet spllttlngs may . be
. observed for the Ch carbon. C3 shows mainly a residual one-
“'bond splitting, 1JC H% These ‘observations are.in agreement
Wwith the magnitudes deter A
. plings between the ring carbons'and-methyl~protonsﬂin_toTuene
" (2b)..In order to remove the residual quartet splittings from
_the. spectrum ebserved in Fig. 1a a second coherent rf field H,

m1ned for the long-range 13C-1H cou- .

of weaker amplitude (yH,/2m = 58 Hz) was applied.to- the methyl
proton resonance. HOWever, from the: u decoupllng frequency it

‘'was empirically: observed that these protons experienced: a Bloch-

Slegert Shlft .of 195 Hz to lower frequency due to the strong

‘l.H field. The experiment was performed using. various H,- decou-

pllng amplltudes .and the results in Table 1 show. that even mo-

derate ‘decoupling amplitudés in' coherent 130—{1H} off-resonance '
',decoupllng experiments may easily shift the proton resonances

completely out51de the frequency range of the normal 1H spec—
trum.' . . . S . .
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- The Bloch Slegert shlfts observed in the experlments de-

scribed above (VA - V, %.0) may be accou:nted for (Table ‘1) us=-
ing the formula = . = . . o -

Cnes e = Gy =) ([ - v o1 )

Voo

' which includes the sign of the frequency shift. The high-ffé-

quency Bloch-Siegert shift of a methyl proton resomance line.

of weaker intensity is not considered here. A full account on

these results, some experimental applications, and experimen-

tal: details has been submltted for - publlcatlon. ' .

(1) S.Aa. L1nde and H.J. Jakobsen, J. Amer, Chem Soc. 2_, 1041
(1976) and references therein. _

(2) a) S. Serensen, M Hansen, and H.J. Jakobsen, J. Magn Reso=
nance 12, -340- (1973) b) M.Hansen and H.J. Jakobsen, J.Magn.
Resonance 20, 520" (1975 : . c

Table ‘1. Experlmentally Observed -and. Calculated Bloch-Siegert
Shifts of the Methyl Protons in Toluene from the ‘Experiments
Descrlbed in the Text. :

Calc. : o Exp.

yH /2m  B.-S. Shift - . - B.-S. Shift
(fiz) o (H2) (Hz)
‘Exp. 1 - 486 i412 ' - 200 % 9 _l 195 ; 3
CExp. 2 . 930 £ 15 559 & 13 - 562 + 3
“Exp. 3 . 1330 i 20 922 £19 - 939 £ 3

¢2

Flgure 1.

a) 13C- {IH} double
.resonance spectrum .
‘of the aromatic car-

- bons in toluene with .
coherent irradiation
~of H2 and H4, yH, /2#—

486 Hz (Exp.-1).

"b) Same as in 1a but
: o . with coherent irradi-
blﬂ4“f O 1 -ation, YH, /27 = 58 Hz,
R o - of the B. .-S. shifted
strong methyl_proton
resonance line (see
text). '

o .50 Hz

ok
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The 3rd EENC (European Exper1menta1 NMR

iConference) will be held in Elsinore, Denmark

4?Apr11 27- 29. 1977

Elsinore, the 01ty of. Shakespeare's Hamlet
1s located on the cost 25 miles from Copenhagen.

Based on the experience from the prev1ous

conferences an 1ncomplete list of tentative sub-

Jects would be-

E_Magnet developments-'

=T, and T measurements"

- S1p 2

- Eliminatlon of dipole broadenlng in
: SOlldS and’ 11qu1d crystals, )

= NMR. detectlon of quadrupole transitions;;
-fESpatlal resolutlon of NMR signals;

if Development of pulse technlques for
- weak signals and less common: nuclel'

u;lOn-llne and off= 11ne data handling,

'zf}"Unexpected results and unexplainable h'
_phenomena" “ . o

All correspondence concernlng the conference .

should be- addressed to -

i'Dr. KJeld Schaumburg

3rd EENC o
Univer51ty of Copenhagen o
‘The- H. #rsted Institute

Kemisk Laboratorlum 5

Unlver51tetsparken 5

DK-2100 KQBENHAVN ﬂ
. Denmark

)

Slncerely yours,,f

B

' Hans Jo ge .Ja obsen.-
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CENTRAL RESEARCH

~ PFIZER INC., EASTERN POINT ROAD, GROTON, CONNECTICUT 06340
- e " 203:445-56M une 10 1976

a Dr. Bernard L. Shapiro- .
Department of Chemistry

Texas A&M University

‘fCollege Station, TX 77843 - : "7 R .--Hf A '_. -_‘_ S

SUBJECT: Whatever turns you om.

Dear Barry:.

- When. one encounters a variety of chemical structure problems simultaneously,

it becomes attractive to consider systens for coping with the more routine
aspects of interpretatlon on a more organized, basis, which involves some.

_thought about the strategy by which one derives a chemical structure from
"NMR  evidence. alone. - This is not only remarkably consistent from problem

to ‘problem (differing mainly in the shortcuts provided by evidence from
other sources), but lends itself to a natural heirarchy of experiments

that increase in’ diff1culty as they become more specific in purpose. We

are presently restricting our standard formats to molecules containing

" only carbon, hydrogen, oxygen, and nitrogen atoms for which the empirical
formula is known. . These are conveniently divided into peripheral (surface)

and framework types, based on the number of atoms to which they .are attached

" by, arb1trary bond" multiplicitles. This division is natural for. NMR spectro-
"scopy, sSince PMR and CMR (excepting isocyanldes) each deal exclusively with
~atoms of a single type. One begins by attempting to define the set of basic

structure units, consisting of each framéwork atom plus its attached peri-

pherals, using such observables as the chemical shift ranges of the frame-
work atom, the number of protons on the unit, and dynamic - -and isotopic

-exchange characteristics. This may or may not require the direct observation
of "additional nuclei, depending on the number of types .encountered. The

structure units are topographically’ class1fied into terminals (T), links- (L),

: ‘branches (B) .and 1ntersections (I), which are related by the rule

T=B+2(I+1-R)

frbm vhich the number of'ring33 R, in the structure‘can be determined.

‘Our standard format for summariz1ng the essential data and listing the.
: basic structure units is illustrated in Figure 1, using a simple molecule

with empirical formula C H 0 . In .this instance there- are no nitrogen
atoms ‘or peripheral (cargonyg) oxygen, the latter fact: ‘being apparent from

"the- CMR shifts; one hydroxyl unit is evident from its exchangeable proton,
.and one other unit is ass1gnable by elimination. The structure is therefore
: deduced to conta1n three r1ngs and four double bonds, all between carbon.

A general solutlon to the structure problem now consists of defining all
1binary sequences of basic structure units. .The second stage of a problem
therefore inveolves the systematic linking of basic structure units into
'extended sequences. Spin coupling information is most naturally suited
.to this purpose and can be augmented by chemical shift correlations of
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- ',all observable nuclei in a unit with model systems. As an example, our
- previous structure can be: systematically :ghown to’have the extended .
| .structure units tabulated in standard form in Figure 2. ' Units A, C, and

'D were in this instance established on the’ basis of straightforward para-

. meter correlations, and unit B by homonuclear proton decoupling. The
‘details are. available for the asking. = C

i‘{;The final- stage of a problem occurs if and when the set of extended

structure units. becomes small enough to permit the delineation of a’

»-f» manageable set. of .alternative structures, and. its accomplishment depends

on one's ability to devise a critical series of ‘experiments to differentiate :

) . -among them. Relaxation times, Overhauser effects, and shift-reagent studies
-';Qare examples of experiments best suited to this level of attack

In our present example, only two structural arrangements of the'extended

" units are possible, and one can show that IT withm = 1, :R=" O is- correct

I (m, n >l, p .'l)'“

hon the basis of: CMR relaxation rates related to the length of the alkyl chain':‘

_fWe thereby arrive at structure III, with its trans ring juncture also evident
;Vfrom PMR coupling data. :

' Whilexnone of this 1s really new, we find it useful and at the. least !
“.propose that our old preoccupation with ethyl alcohol be. replaced with an
. example more ‘suited to the times. T wonder if the hospitality ‘suites will

.. 8O along? o

Sincerelyiyours,_i

'{'E. b,'Whipple.»'
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. Pref, Ba Lo SHAPIRO
" Dept. of Chemistry . '
: Texas A, and M, University
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. -Cellege Station, Texas 77843
’__USA.

Cher Prefesseur Shapire,

‘)

Merci de. votre Jettre de rx;nel du 3 Juin.

- Une methode d'analyse quantitative de melange d'hydrocarbures uromatiques
menecycliques utilisant la résenance magnétique.nucléaire du -carbone-13
~(R M.N13.°C) est proposée, Cette méthede permet de déterminer le peurcentage
en _moles des constituants du mélange par mesure de ‘l'intensité des signaux

' ‘'RMN des carbones arematiques seulement j ainsi le pourcentage d'un cempesé
‘A “du melenge d'arematiquea menqnucléaires est donne Pur la relation s

% A: ﬂo"oo 6 o X
o 100/6~ y

'eu, n represente l'intensité relative 1%un. des carbones’ du cycle du cenpese -
A par rapport aux raies de teus les carbenes cycliques (x étant denné eP
peurcentage) et y représente le nombre de carbones aromatiques identiques de-

. 1a melecule Ae

_ .L'applicatlon de cette technique a permis la determlnatlon des: pourcentages

_en meles des comstituants de mélanges d'arematiques, issus des ‘fractiens
(50. —=> 180°C) de 4 bruts de pétrele tunisiens, monocycliques : preuv%
obtenue par chrematographie de partage én phase vapeur (C.P.P.V.) et par cou-

" plage C. iPePo V.-sgect“emetrie de masse, Dans ce but, nous avens enregistfe les =
spectres R.M.N.15C -des différents échantillens & 1'aide d'un appareil Bruker
BEX90 (22,63 MHz) équipé d'un aécesseire peur transformée de Fourier en %dop-

- tant la technique du déceuplage avec annulatien de l'effet Overhauser nucle-‘”\
aire et en cheisissant un temps "trigger" de 300 s (temps d'attente- entre 2 U
'interferogrammes) tel qu'il seit égal au meins & 5 fois le tempa de relaxas’ _
,tion le plus éleve. SR : : : :
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Ainsi nous avons pu mettre en évidence sans ambiguite approximativa.
ment les 3/4 des constituants des différents mélanges..Ce travail neus
a révélé que le pseudecuindne et le mexyldne représentent les peurcenta~

' ges les plus élevés dans le mélange I, alers que dans 1'échantillem II
"le m-xyldne cemstitue le 1/5 du tetal. Dé mdme, cette ‘technique a mentré

1'impertance quantitative du teludne et du mexyléne dans le mélange III
et a revele que le quart de l'échantillon IV est constitué de toluéno.

'-La methode5 mise au‘point dans ce travail, gst'& netre avis snncoptible
- d'8tre étendue & 1'étude d'autres mélanges de cemposés arematiques subse

titués par n'imperte quels substituants, ce qui permettrait par exemple,

d'analyser et qualitatjvement ot quantitativement des mélanges d'isemd~

Tres,

Nous tonona & aignaler que ce travail a été réaliaé
grace EY l'almable concours de. M, 1e Pref. J. 3. Delpueéh (Nancy) dﬁ
l'assistance de M, P. Rubini. , .

_ Crcyéz cher M. Shipirc A nes sontiments cordiaux.

) -Titre : Etude par RMN du Garhone-13 des fractions aromatiques des. coupes

legéres des. bruts de pétrole tunisiens.

Mohamed KERKENI T Hohamod Larbi BOGUERRAo
Assistant ' ' '

ot
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J':Professor B L. Shapiro,

Texas A and M University, Co
Department of. Chemistry, :
-College of Science, :
‘College Station, ‘ ,
Texas 77843, o S o

'1'f~iDear Barry,

A cautionarzﬁtale,-or when did you 1ast check vour CDCl,?J

TAMUNMR readers may be 1nterested in a little problem which '

'fifooled us for some time recently. We' were investigating the.
- complex formed ip CDCl; solution between.benzyl alcohol and

: - C1CH, CH, CH, NHMe, C1- (I), in which we propose that the 1nte:;:ac'&ion |

.. _is due-to a) the attraction of the benzene ring with the N part
- apd b)) a hydrogen bond between the OH and the . Cl part of the

”i"mionrpair.,.

. MPo’ test this hypothesis, ‘we made the tetraphenyl borate salte

of (I). - However, on dissolving this in CDCl, , we failed to get
reproducible spectra; eventually we obtained the dilution curve
~shown which at first we thought was -due to dissociation of the
. ion-pair. However, the shape of the curve is incorrect for a
adissociation curve, and the correct answer was quite revealing. '

- 247__
2.6
N.Me |
2v 5' N
S i, R conc. (M)
NE-2Y % S — s —

o .O'] .OT2 003 ” .04

g
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The curve shown is a tltratlon curve 1n whlch we are tltratlng

'.:che DC1 in the CDCl3 against tEe solute, follow1ng the equation

showna
R ﬁHMe,_BPh‘ + HL —> R NHMe,cl ¥ BPh, + CeHg

The 1nf1n1te dllutlon shlft 1s ‘that of the hydrochlorlde but as

" the acid in. the chloroform 1is used up the shlft changes to that of
~the. tetraphenyl borate.

Addltlon of HC1 to the concentrated solutlon produced the oD

“ailn. shlfts, thus conflrmlng this hypothe51so

‘This effect was seen desplte conslderable attempts to remove

all acid- by passing the CDCl,; through alumina and storage over
, ‘molecular sieves and silver f011 The problem was that the tetra-
. . phenyl .borate was not very soluble in CDCly;, and to achieve the
.required solution the mixture was usually warmed and shakers preclsely

the right condltlons for the formatlon of’ HCl._

Wlth best w1shes, S . :
: : Yours_sincerely,-

_;_égé,,,-'

~ Dr. R.J. Abraham,

RfJ.pAbraham§ K.fLewtas_and W.A.'Thomas, manuScript'in.preparatione
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““*Professor B L. Shap1ro _
Department of Chemistry
-Texas ‘A & M University

-~C011ege Stat1on, Texas 77843

~ The Absence of - Long:Range 13C13C Coup11ng Constants 1n o

: Homoadamantane Der1vat1ves
5 _ T

Dear Dr. Shap1ro,

1~We have recent]y measured the 1ong range 130

.2-subst1tuted adamantanes 1 1abe11ed at_the a- ~carbon ‘atom. (J. C.S. ‘Chem,
Comm., in. press) The conformational and subst1tuent dependence of 2JCC
, and JCC in these compounds caused us to 1nvest1gate a s1m11ar system ‘
-w1th slightly d1fferent bond ang]es However,- we were not able to detect
o any three bond coup11ng constants in a ser1es of homoadamantanes 2 label- -

1ed at carbon atom 3. Two bond coup11ng constants cou]d on1y be detected

in 2 c, d and  between carbon atoms 1 and 3 where carbon atom 2 has spz—d,
hybr1d1aat1on ..-‘.,»_ -
O e =jggOH - ;g R2-R2 R3 R3 H
-NHy ,,:f - b:R4=R§=R,=H R2-OH
NCOCgMs gRyRym D Rg=RIH
. (diRyuRy= <ORyRY= N,
* 8o at% 13c ;VS=R2'R2’R3’R§ -0

At present, we have-no sat1sfactory exp]anat1on for the d1fferent behav1our
- of adamantanes 1 and homoadamantanes 2. To obta1n more exper1menta1 results

we are current'ly try1ng to synthesue some labelled noradamantane systems

"'_1ncere1y yours

‘Stefan Berger ,fi

Klaus. Peter. Zeller, -_
(Institut fiir Organische Chem1e
der Universitdt. Tibingen)

13C coUp11ng-COnStants'in E f'f '
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Me A{ea'tm/ Center I SCHOOL OF, MED|C|NE J COMPREHENSWE CANCER CENTER |

JOHN R. DURANT, M.D., DIRECTOR ‘ o ' . (205) 834-5077 o

June 22, 1976

Professor B.L. Shapiro
Department of Chemistry ,

 Texas. ASM University o :
~College Station, Texas ™ 77843 U.S.A.

'SLIGHTLY OFF-COURSE FROM THE 'TOPIC OF. CANCER'

'Dear Barry:

NMR.studies in our group here at the Cancer Center include investigations
of tumor scanning agents, carcinogens, and cancer drugs. . It is perhaps

~ also 1nteresting to look at something structurally more 31mple and hopefully,
-non—carcinogenic ~~the ammonium ion.

Employing a Bruker HX-90 modified fz ‘accomodate a wide band+Traf1cante,
insert, weé have recently obtained ""N spectra of NH and ND/ in the
lyotropic mesophase composed of decylammonium chlor1de,'ammon1um chloride
and H90 or D0 (1). ‘The ensuing spectra show partially resolved coupling
between nitrogen and. protons (sum of the scalar and the dipole-dipole '

- coupling |J+<Dzz>| ) as-well as very small lay quadrupole splittings

(Avy). The ND4 samples were also used to study the deuterium quadrupole

”_splittings of the same ion- (under ‘condition of identical probe temperature

and almost identical history of sample orientation in the magnetic
field). . From the ratio of the }4N and the 2y splittings, the distortion
model for tetrahedral species of Bailey et al. (2) yields a 14N quadrupole

" coupling constant of 3.1 MHz (assuming e2qQ/h = 175 KHz and n' = 0 for
'deuterium) This seems to be a reasonable value, and in general sup-

ports the simple distortion model. This is in contrast to a recent

vreport_(3)'in which the same model apparently yielded results which’

214-38
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Professor B.L. Shapiro

COMPREHENSIVE CANCER CENTER
June 22, 1976 -

d1ffer by one to two orders of magnitude from those obtained experi-

.‘mentally. A more detailed description of thlS study is being commu-

nicated ‘to J Amer Chem..Soc

Please credit this contribution to Dr, Robert Lenkinski's subscription.

Sincerely yours,

%

Dougles'M. Chen, Ph.D.

' J&Fy D. Glickson, Ph.D.

-ZV-REFERENCE

"L.W. Reeves, A. Tracey, J. Amer Chem Soc., 95 3799 (1973)

1,
" © 2. D. Bailey et al., J. Mag. Res., 18 344 (1975).
3

. . P. Diehl, presented at the 17th Experlmental NMR Conference,
_ Pittsburgh April (1976) : S

| DMC:JDCﬁswg¢ §

" Enclosure
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" TITLE: HOMOALLYLIC COUPLING CONSTANTS AND DIHYDROAROMATICS --
CARBON-PROTON COUPLING CONSTANTS '

.”Dr B L Shap1ro S e ‘
-Department of Chem1stry ‘;; S ~ .dune 20, 1976

. Texas A&M University . . ‘ : . - S 1 _
‘ Co]]ege Stat1on Texas -77843 - - o S Norgh Toxas .
K o . o e : e . ST ’ Uq‘i_versitv' _
Dan‘ BaY‘Y‘,Y " Denton, Texas. .

. 76203 R
: ___.l____
' Departfment

Some of .your readers have been concerned w1th the ut111zat1on of
- homoallylic coupling constants in the .conformational analysis.of
" l,4-cyclohexadienes. There has been some disagreement. (too expansive to ' c“°"“s"y
" reference: here) ‘whether homoallylic coupling- constants reflect the extent -
.- of puckering in dihydroaromatic.compaunds. A further: comp11cat1on is .the poss1b111ty
.+ of rapidly. 1nterconvert1ng conformers (e g “boat 2 boat), giving r1se to averaged
' mr parameters o

" The fact that carbon- proton coup11ng constants can -be re1ated to proton protan
: coup11ng constants in-a wide variety of systems (slope = 0.62, correlation coefficient =
0.98, in 2-, 3-, 4-, and 5-bonded olefinic, aromatic, acety]en1c, and aliphatic -|
~ systems for 13C labeled carboxylic acids; 0rgan1c Magnetic Resonance, in press)
- .suggested to us that.carbon-proton coupling constants could be used -in the confor
-~ mational ana]ys1s of d1hydroaromat1c compounds. -Accordingly,:we have synthesized|.
. the appropriate 13C-labeled, deuterium labeled compounds to get.the parameters. 11ated
" .. below for 1,4- d1hydrobenzo1c acid (1), 1,4-dihydro-1-naphthoic acid (2), and o
- . /9;10- d1hydro 9-anthroic ac1d (3). Severa] 1nterest1ng observat1ons can be made | R
from this data. : _ SR

-+ First, for flat 1 the CH coup11ng constants seem to corre]ate w1th the HH

‘coupling constants: The ratio of J(CH cis)/J(CH-trans) is the same as the ratio
~J(HH-cds)/J(HH- trans) ---1.23 £ 0.01. ' Further, the ratio of J(CH cis)/J(HH- c1s)
and of J(CH- trans)/J(HH trans) is the same as noted above -- 0 62 + 0.0T. :

- Second, if .2 were rapidly interconverting between two boat conformat1ons, the
~-two ratios J(CH-cis)/J(CH- trans) and’J(HH-cis)/J(HH-trans) would be the same --
) .but they are not. Clearly; 2 is not a rapidly Tnterconverting pair of conformers|
- (we also’ tr1ed to "freeze out" conformers at Tow temperature - but were unsuccessful).

) Third, there: is a monotonic trend in’ J(CH c1s)/J(CH trans) and in
- J(HH- c1s)/J(HH .trans) through. 'the series. 1 (1ncrease and -decrease, respect1ve1y).
We be11eve that these two ratios can fa1r1y accurate]y reflect the extent of puckering
_in these, and in other, compounds. Suff1c1ent space does not ex1st here . to allow .
th1s compar1son with Tliterature cases. : :

_ Fourth we have done- SCF-INDO FPT ca]cu1at1ons on -1, 4-cyc1ohexad1ene 1tse]f at

“various. conformat1ons, and the ratios of J(c1s)/J(trans) obtained from these .
~calculations match up with the empirical values ?' for flat cyclohexadiene the
calculated va]ue of 1. 29 compares with the emp1r1ca va1ues of 1 22 (HH) and 1. 24

“(CH)).. o

F1fth ‘these studies po1nt out the - c]ear need to d1st1ngu1sh between the ratjos s
- d(eqg- eq)/J(ax-eq) .and J(ax-ax)/J(ax~eq) when applying the J(cis)/J(trans) ratio
to the conformational analysis of cyclohexadienes. The data shown. below illustrate
~what to expect for J(eq-eq)/J(ax-eq) ratjos (viz., J(HH-cis)/J(HH-trans)) and for o

" N T RavN4R ‘e ACRLI.IRR.INI
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I-trans)). | We feel that "anomalies"

in the literature can be explained once this,distinction is recognized. = '
~ Sixth, and sufficient space does not exist here. to tabulate this data, the

calculated values in 1,4~cyclohexadiene show clearly that the expected values in

‘this system are not just "doubled" values of the mono-path 2-butene. Instead,

several changes-can be noted. For example, the diaxial cis coupling does not
simply increase throughout all possible conformers from-a flat system to.a highly
puckered one (where the axial nuclei are parallel to the atomic p orbitals); instead,
about- half-way through these two extremes, the diaxial coupling starts to drift as
the system continues to pucker further. Thus, claims to the "maximum degree of
puckering” .based on the "largest observed homoallylic coupling constant" can be

| misleading.

- The main.coné]usién_wévhave drawn from all this is}that individual homoallylic

-‘coupling constants may be misleading in the conformational analysis of dihydro.
~ aromatics, but cis/trans ratios are more reliable. . We further feel that ax-ax/ax-eq

ratios are more reTiéb]e'than eq-eq/ax-eq ratios.

o
H  COH
"H H
1 2 3
- ond. - eiscB3 o tpaneBy o eie By 5
Compound- © Ccis- QHH trans- QHH cis- QCH .. trans- QCH
1 919 7.8 575 465
2 3.84 4.36 . 5.44 - 2.86
3 .5 . 0.9 = 3.2 . 0.7

- Professor of Chemistry
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Dear Barry:

Ant1per1p1anar desh1e1d1ng effects in 18C spectra
- can m1s1ead the unwary DA

. _ .
The receipt of your p1nk note -has prompted me to bring.my "subscr1pt1on" up-to-date

and I hope that the fo]]ow1ng finding. will be of 1nterest to some of the TAMU new]etter
-readers ' : , . A

In. co]]aborat1on w1th Bi1l Ayer (Un1vers1ty of A]berta) 1 have been 1nv01ved i the
stereochemical assignment for a fungal metabolite, cybullol, isolated from one of tﬂe o
birds' nest fungi, Cyathus bulleri. This material was fa1r1y readily shown to be a di- _.
‘methyldecalindiol and, at the outset of my involvement in the project, the prime problem .

was its stereochem1stry Since eight of the nine possible 10-methyl-trans- decalols) as

well as a few cis- deca]o]s, had been examined in-an earlier study, it seemed to be a
stra1ghtforward proaect simply the distinction between A and B below:

. S1nce 10 methy]deca11n 1tse1f has a methy] s1gna1 at 15.7 ppm and the effects of the

~ equatorial secondary hydroxyl and methyl were not expected to be ‘large, perhaps 1 ppm each.
One need only estimate the effect of the tertiary hydroxyl group to arrive at a pred1ct10n
for the methyl.carbon shielding for A-and it was originally thought that this effect would
be small and possibly slightly shielding. Thus, 8¢ for.the angular methyl was est1mated to -
be <18 ppm. For B, on the basis of available models, it was estimated that the effects of
the secondary hydroxy] and methyl groups would approximately cancel and the tert1ar¥ hydroxy1
group would shield the C-10 methyl by ca. -6 ppm. This.led to a prediction of ~22 ppm. Cy-.
bullol exhibited. methy] signals at 15.2 and 21.1 ppm and the latter was shown to be{the'
angular methyl absorption by selective decoup11ng This result indicated a cis ring junc-
tion but degradation of cybullol - geosmin (i.e. reduction of the secondary hydroxy] to
-CH-) , whose structure .had been established by synthesis as a trans-decalin der1vat ve,

. pointed to the trans stereochemistry for cybullol. Subsequently a number. of model compouhus

~was_prepared and examined to look at the effect of the 5a hydroxyl group in more deta11 for.
trans-fused 10-methyl-decalins and related systems. - From: these results-it-is apparent that
the antiperiplanar arrangement of the hydroxyl and methyl groups at the ring junction leads

* to pronounced deshielding -of ‘the methyl carbon. Severa] examp]es are 11sted in the
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. accompanying Tab]e This effect has a1so been found for other subst1tuents in stero1ds
. and some examples are included in the Table. Apparently the degree of substitution of
. the carbons bearing the substituents has-a marked effect on'the direction of the anti-
. periplanar y shift since it has been known for some time that in less highly. .substituted
...systems ‘the ant1per1p1anar hydroxyl, for example, .shields the y carbon by a few ppm. At
. the present time, there seems to be nho simple. interpretation of these observations but it -
"is an interesting challenge for theoreticians. For stereochemical assignments from 13¢
. spectra, however, it reemphasizes the need for caution-and ‘the use of good model - compounds :
‘before 1eap1ng to conc]us1ons drawn from data for new systems :

S1nc

J.B.. Stofhers.

Angu]ar methy] shieldings 1n some 10- methy] deca11ns

© Substitution s ' - trans® . S gjjgl :
S - : C-T0 .- _ o C=10- -
8. A8 o B M
Cwitto 5.7 - 28.22
5-0H ' : 20.4 +4.7 - - X 22.4c_>5.8
- ba-Me-5-0H 20.3 +4.6 | 22.3% -5.9
20-0H 6.6 N |
. 20, 5=(0H), 21.0 +4.4
3-0x0 o 14.9 '
3-oxo-40-Me-5-0H - ' - 20.8 +5.9 R = :
3-o0x0-5-0H = ' L o ‘ 21.5 -6.7
| ” C-19 shieldings in some steroids
Cholestanes Substitution - 2‘19 s © Ref.
I nil . 1220 . |
S5a=0H - = | C16.1 +3.9 . o d
- Ba-Ng , 18.2 +6.0 e
. 50-NH, -~ 17.6 . +5.4. e
'Cholestan-3-ones" ) f ©oonil | 1.5 N _
' ' ' - bo-Me- _ 14,2 +2.7 f
5a-0H - 15.8 +4.3 f
Ba-F - 15.9 +4.4 £
5a=CN 19.5 48.0 f
R1ng Junct1on stereochem1stry S _ _
D.K.. Da111ng, D. M Grant and E. G Pau] JACS, 95, 3718 (1973). .
This compound was k1nd1y prov1ded by Prof. J.A. Marshall.
H. Eggert ‘C.L. Van. Antwerp, N.S. Bhacca and.C. DJerass1, JOC 41, 71 (1976)
Q. Khuong- Huu, G Lukacs A. Pancrazi and R.- Goutare] s Tet Letters, 3579 (1972)

|—h'|m<|o‘. jo o |m .

These compounds were k1nd1y supp11ed by Prof. J. Lev1sa11es
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_sen51t1v1ty.

‘Monsanto

Monsanto Company

800 N. Lindbargh Boulevard
St. Louis, Missouri 83168
Phona: (314) 694-1000

June 22; ‘1976

. Proféssor B. L. Shapire

Chemistry Department -
Texas A&M- Unlver51ty

ACollege Station, TX 77843 .

' MAGIC-ANGLE C-13 NMR ANALYSIS OF COAL’

- .Dear Barry, )

In collaboratlon w1th Vic Bartuska and Gary Mac1el (MHPL,

- Colorado State Unlver51ty at Fort Collins), we have estab-
‘lished the practicality of performing cross-polarization:
~C-13 nmr experiments on coal powders, with 3-kHz mechanical

spinning at the magic angle.v Typical spectra:of a lignite.
and .an anthracite- are shown in the figure. Magic-angle

- spinning removes from- the determination of the relative.

concentrations of aromatic and aliphatic carbons, any
ambiguity in the spectra arising from the overlap of

- chemical shift anlsotroples.

These experiments were performed using hollow rotors,
spec1f1catlons for which have appeared earlier. (JCP, 61,
2351 (1974)). The sample volume available in these rotors
is about one-~-fourth of the effective sample volume that

is realized by filling a 10-mm thin-wall nmr tube to a
helght equal to that of the C-13 coil, and is about

one-half that of the total volume of the rotor. Naturally,

when we perform magic-angle spinning experimentson solids

- which are not powders, but can be machined, we prefer to

use a solid rotor and take advantage of the galn 1n

;S"cerely, . - A
51&L4 o éiéﬁ'
Jacob Schaefer E. O Stejskal

rl




| CPC-I3NMR spectra of coals

- (usGs p171225)

Cevwiz
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UNIVERSITY OF VIRGINIA.
DEPARTMENT OF CHEMISTRY
CHARLOTTESVILLE, vmc;mm 22901

June 29, 1976.'--

"”“Professor Bernard L. Shaplro .
Chemistry Department
Texas A and M University
College Station, Texas 77843
':'Dear,Barry: '

Ion Pa1r1ng7w1th ™S and T™MAC Salts

In the May 1976 1ssue of the TAMU NMR Newsletter,_212-48-
'W. A. Thomas illustrates some unusual shifts found  for ™S '
. salts compared to t-BuOH, acetone, or dioxane internal -
‘references with a series of aryl ethanolamlne hydrochlorldes
in aqueous solutlons.l_' o : : -

.Of the reference compounds employed only the ™S salts :
are negatlvely charged and may hence undergo ion pairing with
the positively charged aryl ethanolamine hydrochlorides.
Similar ion pairing of negatively charged TS salts with , .

- cations probably occurs more frequently than recognized. ' The .

"~ ion pairing becomes. especially evident when a properly posi-
tioned aryl group provides.the .anisotropy to produce an ev1dent
chemical shift in the internal TMS reference.

o Another ion pairing example was reported by H. Donato,

"~ Jr. and R. B. Martin in J. Am. Chem. Soc., 94, 4129 (1972)
-where the positively charged internal reference (CHs) «NT -
(TMAC) interacted with the trinegatively charged complexeS'
of tris 2,6~dipicolinate and several lanthanides. - No shifts
were observed with bis nitrilotriacetate complexes, also with
three negative charges on the complex, attesting again to .
the importance of an aryl group to produce an evident shift.

_ Other examples 6f ion palrlng ‘with charged 1nterna1
- reference compounds must exist in the literature. Analysls
‘of the chemical shifts prov1des an opportunlty to determine .-
equ111br1um constants for ion pa1r formation in such systems.A

Slncerely yours,r

~ R. Bruce Martin
o Professor of Chemlstry

. RBM/dhw
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_ ANALYTISCHE MESSTECHNIK
T Kern- und E!éktrqnenrénbnoh'z' ".E_hk‘t'fbﬁi_oﬁh‘.fM . uglr‘t. Lo

- SPECTROSPIN AG, CH-8117 ZURICH-FALLANDEN
B ‘Indus_trieatraaae 26, Telefon (Q'_I) 8265648 65, Telex 64850

~ " Ihr Zeichen:
~ Unser Zeichen: .

Reference: Improvement of the s1gnal to n01se ratlo on'a

co 270 MHz Spectrometer., '
. Reported by H.D. Kipnich, R. ‘Esche, . W. Maurer
_in- Journal of Magnetlc Resonance 22, 161 164 (1976)

ﬂDear Barry, S

. Th1s paper created qulete some confus1on and I would like to comment
- _on a few pomts- _ :

1) . We used some years ago the. 3N200 Disl-Gate Fet as input stage
g because of its excellent overall performance and the measured
n01se flgure of the complete Amp11f1er turned to be about 3.5 dB

2). _Slnce for the past two years we have been us1ng a very low noise
- silicon transistor with a noise figure of typ. 1dB and the mea-
~sured NF of the complete amp11f1er (including .input match and -
second stage) is less than 2dB. This gave a signal to noise im- .
provement of about 20 % whlch corresponds to the NF difference
of about 2dB : :

3) ) We' trie_d to rep_la‘ce all old version amplifie_rs in the field and
R & 4 anyon'e -still own's an old one or a defective one we would like
him to call the nearest Bruker Office and not to write a new paper. .

With best.regards ‘
SPECTROSPIN AG

-//4/; /@44

) W Schlttenhelm
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1amp11f1cat10n._ The artifacts are indicated with arrows in figure la.’

' v.digitization process. The frequencies at which they occur for a slowly decaying

.is an integral multiple of the FID frequency, i.e., ‘artifacts will appear at’
higher harmonics. If there are a non integral number of points per cycle of the
- “FID one will have additional errors which will recycle after a sufficient time

" the true FID: frequency from the spectrum's nearest integral frequency and will

- elimination, that is, adjusting the transmitter frequency so the most intense
.peak. in the spectrum, the water resonance for example, is exactly in the center. |
With 4 data points per cycle for single phase detection harmonics will appear only

‘of artifacts ‘s 1llustrated in figure lb

Discrete Frequency Artifacts in FT NMR Spectra of High Dynamic Range Sample

There are in the literature excellent discussions of random noise introduced o
.into FT°NMR spectra by digitization of either the incoming free induction decay E
. 'or truncation of the data at intermediate stages of the’ fourier transformation
- process (see J.W.-Cooper in "Topics in 13¢ NMR Spectroscopy, Vol 2," G. Levy ed.).
' We wish to point out that for high dynamic range samples, dilute Hy0 samples of

proteins for example, there are also discrete frequency artifacts. These dis-
crete frequency artifacts can be illustrated by simply transforming a mathematic-
ally generated decaying sine wave and observing the resulting spectrum at high

"The artifacts originate from imperfect representation of the FID by the

signal can be predicted by a simple qualitative analysis. If there are an inte-
gral number of data points per cycle of the incoming signal it is clear that the
only errors in representation will be such. that they.recur with a frequency which

to have accumulated- deviations from a perfect period which is an integral ‘multiple
of the dwell time.  ‘Artifacts can then appear at NAF where AF is the deviation of

look like modulation sidebands.
" The qualitative analysis of the artifacts suggests a simple means. for their

at the edges of the spectrum and AF for sidebands will be zero. The elimination

J.H. Prestegard W. Krol and P. Demou
Southern New England High Field NMR Facility
Yale University, Department of Chemistry

. New Haven, .Connecticut 06520 :

&



STANFORD UNIVERSITY R
' STANFORD, CALIFORNIA 94035 S L

' STANFORD MAGNETIC RESONANCE ‘moﬁmu" L o R C(415) 497-4062
4 : : : ' ‘ (415) 497-6153 '

Iuly 2 1976

Dr. Bernard L. Shapiro .

A -.Department of Chemistry

. Texas A&M University
College of Science

’College Station, Texas 77843

Dear Dr ‘Sha piro
The Stanford Magnet_ic R_e'sonance Laborat‘ory' Wishes to announ'ce:
The Second Annual _

STANFORD CONFERENCE ON MOLECULAR STRUCTURAL
METHODS IN BIOLOGICAL RESEARCH

. October 3 thru-6, 19,76

At Stanford University

- The Conference will be devoted to recent advances in the _solut‘ion'of.biologi-cal struc-
tural problems by spe‘ctroscopi_c'and crystallographic techniques, with a special
emphasis on problems of protein and membrane structure and function.

A Partial List of Speakers |

Includes:
Y. Arata (Tokyo) ' : ' - J.” Markley (Purdue)
~ R. L. Baldwin (Stanford) ‘ o : H. M. McConnell (Stanford)

" E. Blout (Harvard) e ' D. Patel (Bell Labs) =’
M. Bloom (British Columbia) _ o .. M. Raftery (Cal Tech)

© F. W. Dahlquist (Oregon) o s A. Redfield (Brandeis)
W. Hubbell (Berkeley) L "+ . E. Reich (Rockefeller) »
. Iardetzky (Stanford): I R..G. Shulman (Bell Labs) .
M. P. Klein (Berkeley) o o S J. S. Waugh (MIT)

The Conference is sponsored by the B1otechnology Resources Branch of the Nat1ona1
Institutes of Health. Participation in the conference is limited to 120. A registration
" fee of. $30 is requlred which covers luncheons on October 4, 5 and 6 and a banquet
_ dinner in the evening of October 6. . For further information and registration forms,
' contact me at the letterhead address (Phone 415/497-6270).

S1ncerely i

/("u-uwwﬂn/

Alice Walker .
.Conference Coordinator
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Hunter College

OF THE ClTY UNIVERSITY OF NEW YORK l 695 PARK AVENUE NEW YORK N.Y. 10021 | DEPARTMENT OF CHEM|STRY
. (@2)360.2351

| | ~ - 25 June 1976
Professor 'B.L-‘.- Shapi_i'o | B
Department of Chemistry .

-~ Texas ASM University .. -~

College Station, Texas 77843

" Dear Barry

. Your pJ_nk slips are only s‘llghtly more aninous than those ecpected by sane
.of our people during the recent closing (lockout?) here. The latter event
is a partial explanation for our tardiness in maintaining our subscrlptlon'
~ob11gatlon and with this contrlbutlon we- request relnstatemant

“In the course of our 13C studies. of same alka101ds (Org Magn, Reson., \,hS“
198 (1976)) we moted changes in the resonance positions of carbon muclel
‘in the vicinity of amide functions on addition of me equivalent of tri-

. fluoroacetic. acid (TFA). Since there appeared to be no systematic study :
‘of this effect to determine its diagnostic value, we decided to examine

. sane simple amides ypder. these conditions. We have includedfor ccmparl- ‘

. son the changes in resonance p031t10ns ‘The results for some repre-

- sentative types of amides are glven in the attached flgure

As is genera]_ly known the carbonyl resonance moves: downfleld reflectmg
partial _protonation or extensive hydrogen bonding . Cons1stent with this
change is the substantial downfield shift of the nifrogen resonance posi-
tion. In the acyclic campounds N-alkyl carbons also move downfield, those

. ‘cis to the carbonyl displaying larger changes than those trans. ThlS con-~
‘trasts with the upfield shifts experienced by the o¢ carbons of amnines- on
protonation. Alkyl groups attached to the carbonyl, consistently move up- -
field. The same trends do not hold in the lactams, and at the moment we
..are play:mg with conformational influences as a workmg hypothesis. In
‘all cases the changes in the resonmance p031tlons appear to’ level off at .
about four: equlvalents of TFA - ,

- More detalled results and dlscussmn will be suhnltted for publlcatlon -V

A - shortly : . R
, : ly ycurs B o R
R Rof o S

‘ P R Srlmvasan ' L1chter .
_ ' Assoc1at.e Professar -
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-1 71 “1.61 - 0.49°
243 2.49 0.92
-3.07 1.37

Figure. Chemical shift changes of amides in tiifluoroacetic acid. Values

are in ppm relative to the resonance positions in the absence of acid. Pos-
itive values dencte shifts to lower applied field. Carbon spectra were nm -
in CDC1l, containing the amides in ca. 2M concentration, with TMS as internal
referenée and with successive addition of one, two, and three equivalents of

- trifluorcacetic acid. Nitrogen spectra were determined on ca. 4M solutions

of the amides in (DCl,, with subsequent addition of one f%'ﬁlent of TFA.
Chemical shifts were aeternn.ned with- respect .to external ,Cl in 1M KC1.,



DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE *
PUBLIC HEALTH SERVICE

NATIONAL INSTITUTES OF HEALTH
BETHESDA 'MARYLAND 20014

" June 28, 1976 s

Prof. Bernard L. Shapiro

Department of Chemistry

Texas A & M University ' ‘ ' o L ;
icollege Station, TX 77840 B SR S ' f

Dear Professor Shaplro.

Recently, we have prepared 15N—labeled meso—tetraphenylporphyrln
free base as part of a series of NMR- studies of - 5N labeled metallo-
porphyrins,’ We have found that variation of temperature has an.
“intriguing effect on the imino proton spectrum of the 15N-1abeled
compound (Figure 1). At -490, the resonance of N-H proton (§ -2.82)
© appears as a doublet with peak seperation of 97 Hz attributing to ai
-typical one bond 15N-H coupling in pyrrole, su§§est1ng that the =
resrdence time of the imino. proton on a given *°N atom is relatively;

long in comparlson to the nmr time scale, As the temperature is - |-
raised, the spectrum changes and finally shows a quintet with a - '
observed coupling constant of 24,2 Hz, resulting from an intramolecular
?rapld exchange of the imino protons among four 5N atoms. The quintet
arises from the- random spin orientations of four L5y and the observed
average coupling constant of 24,2 Hz (ﬂv97 Hz/u) arises from the

fact that a jumping proton spends only % of its time spin coupled

to a given 15N, We think that the result is a-good . example of four -

" site exchange process which may be used as a homework problem in the
first year NMR- course.

Sincerely yours, |
~ Sincer - ,

, HrBvo BaTo
Hermap J Yeh' Mitsuo Sato'

Isao Morlshlma o

* 'SUBJECT: Example of intramelecular four site exchange

‘Please. give credit to HJY.‘.
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' “ae B DEPARTMENT OF CHEMISTRY

"OTTO MAASS CHEMISTRY BUILDING (5 14) 392-4467 : . . .
MccuLL»uvsRﬂTY o “June 29, 1976 -

'Professor B.L. Shapiro,
- Department of Chemistry,
Texas A & M Un1versity,

Dear Dr. Shap1ro

‘f'M" S Natural Abundance 13C SPT. Egper1ment on a Ba51c WH 90

c We made sign determ1nat1ons of some two-bond C H cou l1ng
constants using the "selective population transfer (SPT)" techn1que1 o
v w1th our Bruker WH 90 equ1pped with a B-SV broad band proton decoupler.

The decoupler frequency was read to. l Hz using a Heath Kit
frequency counter (model 113-1103). One minor modification to the decoupler
was that the one-turn potent1ometer (500 Q) .to. vary the power was replaced’
by a ten-turn pot so that low power’ levels could be’ reproduced prec1sely.

A The accompany1ng f1gure shows a typ1cal set of SPT 3C spectra
obtained, using a 1,2:5;6-di-0 1sopropy11dene D glucose 3rd in CDCl3 (ml M).
The procedure was as follows ,

1. The H-2 resonant frequency was determlned by obserV1ng the .
maximum collapse of - the 13C 2 signal w1th the lowest poss1b1e-decoupler power
(0.2 W.on meter) . S

_ '2.' From the proton NMR spectrum and th1s frequency, all four -
H-2 tran51t10n frequenc1es were located

S 3. "Each’ of these 11nes was, 1rrad1ated, in turn, w1th much weaker
power (no meter deflection) for a short perlod (0.2 sec.) just prlor to every
3c pulse, 500 51gnals were accuntulated for each spectrum

In th1s example the 51gn was seen to be posrtlve (f 5 6 Hz)

Us1ng the same techn1que, the 51gns ‘of other two bond coupllng '
constants have also been determlned !

2

c(1);H(z)(1n 8-D- glucopyranose) - 5.7 Ha

2 : : o k

C(2) H(3)(1n methyl o= D glucopyranos1de) —.— 4.7 Hz. _
These and related stereochem1cal aspects of two- bond‘coupllng

constants will be dlscussed elsewhere 2,3).

i

. References _ - o L e
1. e.g. S. Sorensen, R.H. Hansed and H. J Jakobsen J Magn Reson;,zlﬁ,,,
C 243, (1974). -

2. J.A. Schwarcz, N. Cyr and- A S. Per11n, Can J Chen. , 53, 1872;[(19;25).
3. N Cyr, G. K Hamer and A S. Perlln, to be pub11shed . P '

_ Yours 51ncere1y,

NC/ntn -

Frnnrlaciirna
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THE UNIVERSITY OF WINNIPEG ,
WINNIPEG, CANADA * R3B2E9 5 July, 1976 = . - L

Dear Barry : ' | . . o o
‘13

‘between observed and calculated lH.transitions was 0.015 Hz; 119

lH and-l3C'nmr spectra .of nitrobenzene-lsN'

| |
Recently Ke1v1n Chum and I completed an ana1y51s of the 1H and

C nmr spectra of n1trobenzenef15N. The observed and simulated 1&_-
spectra are shown in Figures A and B respectively. bThe RMS deviation

Lot

transitions Were'assigned. The-spectra shown in'Figures C and D are

" observed and simulated\double resonance spectra which help confirm

the relative signs of the 15N H coupling constants. The observed

15. 15 13

N,H and C coupllng constants are given below and compared With'

i

those observed for anlline—lsN. - - L N

o nitrobenzene—lsN' ' aniline—lSN (1—3)
3J(15N H) ' -1.921 + 0.005 Hz -1.94 Hz
43N, m) -0.837 + 0.005 Hz ~ -=0.48 Hz |
TG ) : -0.303 + 0.008 Hz . - - 0.0 Hz |-
1535y,13¢) ' _14.6 *+ 0.1 Hz . -lL4THz
ZJ(lsN 13 c) - V_il.7 + 0.1.Hz o ‘ "_—2;68'Hz
3J(15N 13 C) - *2.5 * 0.1 Hz I . =1,29 Hz -
4J(15N L3¢y ©+0.7 + 0.1 Hz . . 0.27 Hz

The observed coupllng constants (Fermi contact contrlbution) have been

compared with those calculated using FPT and sem1-emp1r1cal MO theory at

the INDO 1eve1 of approx1mation INDO predicts lJ(lSN 130) in n1trobenzene

“and. aniline to ‘be -29 8 Hz and -16.3 Hz respectlvely

- I am presently wr1t1ng a reV1ew for "Annual Reports on NMR Spectroscopy

130—X nuclear spin-spin coupling constants where X 1s a first row element.'

- T would apprec1ate any preprlnts of papers on- thls topic. * Thank you

i

AReferences

1) R. E. Wasyllshen. Can. J. Chem 54, 833 (1976) B J
2) M. Hansen and H. J. Jakobsen. Acta Chem. Scand. 26, 2151 (1972)

_A3)'R E. Wasylishen, J. B. Rowbothan, L. Ernst, and T. Schaefer }Can

J. Chem 50, 2575 (1975).
Yours 51ncerely,

ol

DAd TWlacwuldichan

Oon
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i.;, Dear Barry - Se1ect - A - Spin - : ' ':i

W 3 106663 - cd 111 21ﬁéo4~ Mo 95
H

6
H 1  100.000 Pb-207  20.922 ~ In 67 - 6.255
F' 19 "94.077 ~ . Hol6s = ~20.505 Mg 25 - 6.119
He '3 .76.177 -~ I 127 20007 . .  Cr 53 . 5,652
T1 205  57.708 ©Si 29 . 19.865 Ti 49 5.638
T1 203  57.150 . - Se 77 19.067 . - Ti A7 5.637 . -
P31 40.481 Hg 199 = 17,827 - . Nd 143 5.437 -
Li 7 38.862 - Yb171  17.613 - Se .79 5.214
Sn119 - 37.272 - As 75  17.127 © ° Ru101 = 4,932
Sn'117© . 35.626 . -~ H 2 ~15.351° Y 89 4,899
" _Rb 87 - 32.720 Li 6 - 14.716 -~ Yb 173 . 4.852
Sn 115 - 32.699 la 139- 14.126 .~ - Dy 163 4.697
‘B 11 32.084 © Be 9 - 142053 - Gd157 - 4.697
Te 125 31.591 0 17 - 13.557 - .- K 39 . 4,666
Ga 71 . 30.496  °  Cs 133 13117 . Ag 109  4.652
Pr 141 ~ 29.359 - sb123- 12.959 - Ppd 105 4.580 °
Cu 65 28,394 -~ . Tal181  11.969  Sr 87 4.334
Xe 129°  27.661 .~ - lul175  11.415 W 183 - 4.161
Br 81 . 27.006  Ba 137 M.113 . Sm147- - - 4.134
Cu 63  26.506 © CEu153 10.952 - - Ag 107 4.047
- Na 23 26.452 B 10  10.746 . Kr 83 3.847
'V 51 - 2.282 N 15 10.133  .Gd 155 . 3.758
Te 123 26.212 vV 50 9,970 Ge 73 - 3.488
Al 27 26.057 - - Ba'135 . 9.93% ~ Ru-'99 ~  3.382 -
C ‘13 - 25.144 ° C1}.35 . 9.798 ~  ~ Nd 145" . 3.335
Br 79  25.064 Rb 8. 9,655 - Dy161 - - 3,288
Ful151 24,800 - - Zr 91  9.330 ~° . Sm149  3.288
Mn 55 . . 24.664 | Ni 61 8.93 - - - - . Fe 57 3.231"
Nb 93  24.443 - Tm169  8.268 .~ Rh 103 3.148
Sc 45 24.293 . Xe 131 - 8.200 . Hf 177 3.053
Ga - 69 - - 24.004 ¢l 37 - 8.55 .. Er 167 . - 2.889
Sb 121 - 23.931 - Ne 21 7.89 K 81 2.561 -
Co- 59  23.614 " 0s 189 7.759.- . 0s 187 '2.303
Tb 159  22.689 S 33 7.670 -~ - Hf 179.  1.879
Re 185 - 22,514 =~ - N 14 7.224  Ir193 1.871
cd'113 - 22.184 - - Ca’ 43 6.728 S Ir191 1,719
In113  21.867 - - Mo 97  6.652 . .~ Au197 . 1.713
Pt-195 ~ 21.498 . Hg 201~ 6.560 - - | .- -

- Department of Chemistry . - e
Texas A & M University ' s

P LJF?[DlJ E LJ th'V EZF!ESI T'Y

DlPARTMINT oF CHIMIITHV
CHEMISTRY BUILDING
. WEST LAFAYETTE, INDIANA 47907 -,

Or. B, L. Shapiro TSN July 6, 1976

College Station, TX ':77843 : ,\ e ,"L 
_ :

The word is out - the per1od1c table has sp1ns,1 and they are accessible
to most multinuclei spectrometers. In our search for things br1ght and beauti
ful we have often needed a nuclear table arranged according to frequency. -

Using a series_of controlled scissor pulses, Kathy has transformed: the Lee and .
~.-Andeérson tableZ into this new dimension. Fear prompted us to restrict ourselv
~ to the non-radioactive nuclei. Frequenc1es for 23.5 Kg f1e1d shou]d act as an

appropr1ate page filler.
1. R. K. Harris, Chem. Soc. Revs., 5, 1 (1976) 2. E. D Becker, "H1gh
Reso]ut1on NMR" , Academ1c Press, New York 1972, Append1x A .

| Yours s1ncere1y, . .
axﬁsl ;4;4; ﬁﬁiuaﬁazr .

John Grutzner _
.515
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' . Magnetic moment u * Electric quadtupole

N Isotope NMR frequency . (multiples of the .moment Q
- ' (MHz for a 'Natural abundance Relative sennl!lvlty nuclear magneton (multiples of barns
Zz Element A . Spin! - 10-kG fleld) ' %) at constant ﬂeld eh/4nMc) © (10724 em?))
i 7 ‘Au 197 "3 0.729188 100 2,51 x 10°5 0.143489 0.59
o Cm 91 - $ . 07318 37.3 2.53 x 1078 - 0.1440 L5
! : 77 “Ir 193 3 0.7968 62.7 3.27x10°° 0.1568 1.5
: ) Hf 179 3 080 13.75 2,16 x 10~ —0.47 3
.76 ‘08 187 1 0.98059 1.64 C122x 1070 0.06432 —
B 19 ‘K a4 3 . 10905 6.88 | 8.40 %107 021459 "
68 “Er 167 . . 1. 123 22,94 5.07 x 104 -0.565 2.83
720 - Hf 177 1 1.3 18.50 - 6.38 x 10~ 0.61° -3
- 48 “Rh 103 . 3 " 1.3401 100 © 311 %1078 ~0.08790 -
26 “*Fe 57 3 1.3758 219 337 x.10°% . -0.09024 -
62 Sm 149 3+ - 1.40 - 1383 747 x 104 0643 60'x-10"
66 Dy 161 5 14 18:88 4.17x 10~ . ~046 - 14
60 " Nd 145 L3 142 830 7.86 x 10~ ~0654 " T 033
.4 Ru 99 E RS Y 1272 1.95x 104 - -0284 77
32 . 'Ge 3. 3 1.4852 . T 176 1.40 x 1073 —0.87679 ,-"o.z
-~ 64 ~Gd 155 3. 1.6 - 1473 - -2.79 x 10-4 . L0322 1.6
36 ‘Kr 83 ¥ 1.638 11.5% 1.88 x 102 T 209671 0.15
& "Ag VLA 17229 51.82 6.62 x 10-* ' —011301 -
_ 62 Sm 147 3 . L6 14.97 1.48 x 103 ~0.807 —0.208
; 7 ‘W 183 1. 17716 14.40 7.20 x 10~ 0.116205 —
’ ' St 87 3 1.8452 1.02 2.69 x 10~ -1.0893" 0.2
- R 105 2 195 22.23 142 x10- ~0.639 :
NI L & 1.9807 " 48.18 TTIoTx 107 ~0.12097" - -
K 39 3 19868 - 93.10 5.08 x 10~ 1039097 0.11
. 64 "Gd 157 . 3 - 20 15.68 544 x 107 ~0.40 27T
« 66 "Dy 163 3 20 - 24.97 CL12x 1070 0.64 1.6
70 Yb 173 3 20659 16.13 133x 1072 —0.67755 2.8
10 Y 89 3 2.0859 100 1,18 x 10~ 'Z0.13682 e
“ Ru 101 3 S 21 17.07 1.41 x 10~ .—0.69 S
] 34 “Se 9 - 1 222 — " 298 x 1073 ~-102 0.9
60 - Nd 143 3 - 2315 12.17 3.38 x 10 -1.063 —0.48
2°  -Ti 47 § - 24000 728 2.09 x 103, ~0.78710
2 “Ti - 49 3 2.4005 5.1 3.76 x 10~ -1.1022
S M. Cr 53 K} 2.4065 9.55. 19.03 x 10~ . —0.47354
2 ‘Mg 25, 4 2.6054 10.13 2.67 x 1072 '~0.85449
% Zn 67 4 2.663 411 2.85 x 103, 0.8733 0.15
£ Mo 95. -4 2714 1572 323X 10 -0.9097 0.12
' 80 ‘Hg 201} 2.8099 13.22. 1.44:x 10 —0.55293 050~
a2 ‘Mo 97 3 2.832 9.46 3.43x 107 09289 ii
, A~ S I 3. . 28646 0.145 6.40 x 10-2 ~1.3153
- T.OON . 1 1 30756 99.63 101 10 0.40347 7.1 x 10
s 3 ¥ 3.2654 0.76 226 x 107 . 0.64257 ~6.4 % 10-1
%6 0s 189 3 3.3034 © 16.1 - 234 x 107  0.65004 © 08
10 Ne 21 3 3.3611° 0.257 2,50 x 102 ~0.66140
7o 37 - 3 3472 2447 27103 0.6833 ~6.21 x 10~
s Xe 131 2 3.4911 21.18 - 2.76 x 107 0.68697 =0.12"
69 “Tm 169" ¥ 3.52 100 5.66 x 10~ 0231, _
2 N7 et 3 7 3.8047 119 357 %107 —0.74868
0 - I 91 3 3.97249 " 11.23 9.48 x 10~ s —1.30284
13 *Rb 85 3 4.1108 - 7215 S 1.05x1072 1.3482 0.27
< 17 -Cl 35 3 4.17117 75.53 470 x 103, 0.82091 -7.89 x 10~
56 ‘Ba 135 3 4.2296 - 6.59 4.90 x 107* 0.83229 0.25
23 V.50 -6 42450 0.24 5.55 x 102 33413
: 7 N 15 4 4342 037 1.04 x 103 © —0.28298 J—
N 5 ‘B 10 3 4.5754 . " 19.58 1.99 x 102 . 1.8007 7.4 x 107
63 ‘Ew 153 . 3 4.6627. 52.18 - 1.53x 1072 1.5292 29
56 ‘Ba 137 3 47315 1132 686 %107 - 0.93107 02
M. “Lu 175 3 4.86 97.41 312% 1072 223 5.68
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Magnetic moment 4 Electric quadrupale
Isolope NMR frequcncy (multiples of the " moment @
: . - .(MHzfora’ . Natural nbundancc Relative semmvny nuclear magneton . (multiplos of burns

Z | Element " A Spin7  10-kG fleld) - VARD " at constanit fleld - ehldnMc) (10~ cm?y)

o1 . Ta 8. 3. 509 99.988 3 3eox10-= , 2340 3
51 "sb 123 3 55176 . 4275 451 x107 2.5334. =07, -
T8 TG 133 ¥ 5.58469 100 T g x 00 2.56422 -3x{10 .
.8 0 11§ sm o 3.7% 102 291107 - ~1.8930. . —2.6x]107
4 Be 9 3. 59834 100 ©__1l39x10 -11774 ~ 5.2 %1072
51T -la 139 3. 60144 99.911 . 592x107 27615 0.2

3 ‘Li 6 1 62653 742 - 8.50 x 107 082192 6.9 x 104
1. H 21 653566 15x 107 7 9.65.x 107 0857387 273x 107
33 As 75 3. 7.2919. 100 2.51 x 10~ 14349 77 7 03
Yo v %0 749% 1431 5.46 x 102 0.49188 —

80 “Hg 199 1 7.59012 1634 T 567x 107 0.497859
B Se T4 8.118° 758 - _693x10% 0.5325 —

T s 1 BasTs . 470 784 x 107 "Z0.55477 -
.53 ‘1. 127 3 T 85183 - - 100 9.34 x 10~ 27937 2069

67 Ho ls - 3 873 © 100.: TTo08 401 Y

e “Pb. L 207 _v{-”' - 8.90771 226 .S 16>< 10-? 0534234 —

48 ~Cd " 9028 - 12.75 9.54 x 10-3 ~0.5922 —
8T P 1957 Ty V9153 33.8 9.94 x 102 "0.6004 —
49 n3 T TTTo53099 4.28 oS 54966 1.14
LBl 13— =g e —A2:26-—— o - 109 X 107 ' 20.619% —l.

L 15 Re. . 185 3 . 9.5855 3107 __ o133 3.1437 28

6 Tb - 159 3. 966 100 . 583x10° 1.90 13-
S G s T 0084 0o 02w 446163 o

st ‘Sb 121 3 10.189 - 57.25 0160 | . 3.3415 ~0.5

31 Ga’ 69 31022 604 . 691x10-’_ _ 2,011 0.178

a8 4 1 T jo3a 100 0301 - 4.7492 =022
L TNb 3§ 10407 - 100 o4 6.1435 "0

3 "Mn s $ 7 10501 100 0175 3,444 0.53

63 "Eu 181 ¥ o 10.5% 47 sz 0.178 - 34630 1.16
3% Bro - K 3 10.667 '50.54 7.86x 10~ 20990 0.33

6 13 i 10.7054 1.108 -~ 1.59 x 102 _0.702199 :1’

no Al 27 3 11.094 | [ - :

2 Te 123 % 11.16 100, 1 {,’f“l‘o_, _3;‘;?; , 0.149

ooV st 1ule 99.76. o3k ) R (U

1 ‘Na 23 3 11.262 100 - 9.25 x 1072 2.2161 0.14-0/15

2 ‘Cu ey ¥ 12ss 69.09 931 x10? 22206 -0.16~

35 “Br 81 . 3 . n498 1 amis 985x10 . 22626 " 0.28

_ 4 “Xe 129 e w0 2644 212 x 10~ - _=0.77247 R
i 29 -Cu 65 3 12.089 30.91 . 0114 23789 2005
R R "R 7 S S T I 100 029 4.09 =59 x]10
i Ga . T 3 12.984 . 39.6 0.142 25549 . o112 -
\ 2. oTe 125 i 1345 6.99 35 x 10 ~ Zoss _
5 B 11 3 13.660 80.42 10,165 | 2/6880 3.5 x 102
s “Sn - 115 4 13922 - 035 350x 107 . -091320. ]
T wm TTRb 87 3 13931 27.85 0175 7 27414 0.13

0 Sn - 117 377 15168 761 4.52 x 102 ~0.99490 R

0 °Sn 119 i 15.869 TR 518 x 102 " —1.0409 -

3 L 79 ‘3 16546 - . 92.58 0293 32560 -3 x 10"

E P 31 .+ s TTTTI0 “eEx 10 L3S =

81 L2038 4 - 24332 29.50 oas s T T~

8 T 205 7§ 24.570 - 70.50 - oIz L6116~ —

2 ‘He 3T Tnams T 13x 107 Coam T s2iaa -

9 FT e 3 400541 o100 083y 262721 -

1. “H 1Y T astse 795,985 100 7 279266 _ s
) 1. ‘H . ..3¢ 3 .. 45 4129 | . .— 121 e 2_97877» - iy

tree clectron with 3 2.80246.x 100 — 2.84 x 10* —1836.09 —

S
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