
I 
, / 
I 

\-

! ; 
NO. 312 

SEPTEMBER 1984 
NEWSLETTER 

Boenigk, W. 
Automated Analysis of .NMR Spectra 

Brevard, C. 
Spin Playing, Tungsten NMR, and 
Inorganic Chemistry 

Eichhorn, G.L. 
Position Available. 

Pregosin, P. 
3lp T1 Values . 

Fry, D.C. and Mildvan, A.S. 
Measurement of Absolute Interproton 
Distance by Frequency-Dependent Nuclear 
Overhauser Effects. 

Jakobsen, H.J •• Sorensen, U.B •• and 
Sorensen, O.W. 

SEMINA: SEMUT Editing of INADEQUATE 
13c NMR Spectra -

Leslie, D.R. and Kelly, D.P. 
Rotational Anisotropy of the 
1-Adaman tyl Cation. 

Levy, G.C. 
Positions Available 

Smith, N.B. 
Book Review 

Schwartz, H.M. 
Spin Coupling Inequivalence in 
N,N-dimethyl-1,3-diaminopropane 

Smith, N.B. 
Unknown Structure Via a Double 
Quantum Coherence Experiment . 

Tseng, C.K. and Ashworth, D.J. 
Carbon-13 NMR Analysis of Lipid 
Biosynthesis in Corn Suspension Cells 

1 

3 

5 

8 

9 

• 11 

• 13 

14 

15 

• 17 

• 19 

• 21 

Brownlee, R.T.C •• O'Connor, M.J •• and 
Shehan, B.P. 

95Mo Sensitivity . 25 

de Jager, P.A. and Lukassen, R.F.A. 
Improving the Signal-to-Noise Ratio of 
CPMAS Spectra by Eliminating the Effect 
of Probe Arcing • 27 

Delayre, J.L. 
First Results on an NMR Imaging 
Spectrometer (Cont.) 

Oldfield, E. 
29si NMR of a Meteor Impace Site; 
27Al NMR of Al13040 Clusters; 
13c NMR of Proteins at 11.7 Tesla 

Finlay. G.R •• Har1man. J.s •• 
Richardson, H.F •• and Williams, B.L. 

Silicon-29 and Carbon-13 MAS NMR of 
Silicon Carbide Polymorphs. 

Mendz, G.L., Chapman, B.E •• Robinson, G., 
and Kuchel, P.W. 

Analysis of 2D 3lp NMR Spectra of the 
Adenylate Kinase Reaction • 

Ribeiro, A. 
New NMR Lab Setup and 2-Dimensional NMR 

canet, o .• Brondeau. J •• Millot. C. 
Nery, H •• and Werbelow, L. 

The Direct Experimental Determination 
of a Dipole-Dipole Cross-Correlation 
Spectral Density 

Addleman, R. 
Position Available. 

Kemfle, M.D. 
H NMR of Aequorin. 

Burkert. P.K. and Klobasa, D.G. 
Temperature Dependence of the 1271 
Nuclear Quadrupole Coupling in 
Tetramethylarrmonium-periodate 
(CH3)4N+Io4-(_!) • • • 

• 29 

• 31 

• 33 

• 38 

• 41 

• 43 

. 44 

. 45 

• 47 

A monthly collection of informal private letters from Laboratories of NMR. Information contained herein is solely for the use of the reader. 
Quotation is not permitted, except by direct arrangement with the author of the letter, and the material quoted must be referred to as a 
"Private Communication". Reference to the TAM U NM R Newsletter by name in the open literature is strictly forbidden. 

These restrictions apply equally to both the actual Newsletter participant-recipients and to all others who are allowed open access to the 
Newsletter issues. Strict adherence to this policy is considered essential to the successful continuation of the Newsletter as an informal 
medium of exchange of NMR information. 



WILMAD REFERENCE STANDARDS We supply Reference Standa rds 
to major inst rument manufacturers and, in practical ly every case, our 
standa rds meet or exceed the instrument manufactu rer's specif icat ions. 

When ordering Wilmad Reference Star 
the tube size and don't forget to include I' 

For Reference Standards not shown in the listings, please inquire di-

rectl y t'NIJ W pr7f fJ11/f lJ1J1e to 
Wilmad Reference Standa rds are sea 

high- resolution , Wilmad sample tubes ac 
otherwise indicated in the list ing) . 

TUBE STYLE 

8mm, 10mm, 12mm 7" 3.0" 

15mm 7" 4.0" _1_ 
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WR l~ftolT~ Ht~X!!Jt¥rREftlRN AIL Resolution 
• Resolutio n 

Res.I Sens. WGH-36 Methyl Formate {Neat) 

Reference standards for use in NMR spectroscopy are an important 
and integral part of this investigative tprocedure. Our reference stand­
ards are sealed and degassed in ultra-precision, high resolution Wilmad 
sample tubes. We supply them to many of the major 1

1
nstrument manu­

facturers and, in practically every case, our standard meet or exceed 
the manufacturer's specifications. 

Our last published listing of our reference standard
1
s was more than 

four years old and, since that time, we have deleted and added some 
new standards based on usage requirements. In our \Bulletin BD-102, 
we have regrouped them and provided you with des9riptions .. . and 
prices .. This bulletin is all you need to place your order for more than 
130 items, including our new 2.5mm tubes. 
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Prof. Dr. GERHARD H.2'.GELE 
lnstitut fur Anorganlsc:he Chemie 
und Strukturc:hemle I 
der UnlversltAt Diisseldorf 
and Winfried Boenigk 

Prof. Bernard L. Shapiro 
~epartment of Chemistry 
Texas A & M University 
College Station. Texas 77843 

Automated Analysis of NMR Spectra 

Dear Professor Shapiro, I 

4000D0sseldorf,den May 17th, 1984 
Universitiitsstr. 1 /26.42.U1 .32 
Telefon 0211-311-2288/2287 \__,, 
Telex 8 587 348 uni d 

our spectral synthesizer DSYMPLOT 1~ was combined with principles of 
2) . \ 3) 3) li~e-shape analysis (DAVINS ) to 9bta1n DAVSYM and DAVSYM2 • 

These new programs allow a more eff~cient automated analysis of spectra 
I 

in isotropic and anisotropic solvents using chemical equivalence in a 

general form to factorize the hamiltonian matrix J We can tackle systems 

up to 10 spins 1=1/2 if there is sufficient symmJ try factorization. 

While DAVSYM uses one coherent digit~zed _line-shJ pe. DAVSYM2 is able to 

omit irrelevant (empty) parts. Up to , six spectra~ regions can be dealt 

simultaneously in one iteration. I 
We demonstrate our new comfort~ble tools with th , 

19
F-spectrum of 

trans-1,2-dibromohexafluorocyclobutane. The results confirm the time 
4) consuming analysis done by M. Engelhardt using LACX. 

Yours sincerely 

F 
1 

3 
F 

F 
2' 

Br 

. [ABC] 2-spin system 

a) 
vs. 
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DR digital resolµtion 
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I 
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• I 
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References: 

1) W. Boenigk and G. Hagele, QCPc Program No. 470 (1984) 
2) D.S. Stephenson and G. Binsch, QCPE Program No. 378 (1979) 
3) Dissertation W. Boe~igk, Universitat Dusseldorf 1984 
4) Diplomarbeit M. Engalhardt, U~iversitat Dusseldorf 1983 
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SOCIETE ANO:"iYME DE DlFFUSION DE L'INSTRl'ME:-.'TATIO'i SCIENTIF.IQl'E Departements : 

BRUKER SPECTROSPIN Spectrometries de Resonance Magnetique 
Spectrometrie Infra-Rouge Fourier 
Polarographie 

Siege social : 
I 

Aimants & alimentations stabilisees 
Mesures de Susceptibilite magnetique 
Recherche OcP.anographique \ / 

671G0 WISSEMBOURG (France) 
34, rue de l'lndustrie 

SAOIS BAUKr SPECTROSPIN, Boite Postale N 67160 WISSEMBOURG 

Boite Postale N 
TeL (88) 94.98.77 + 
Telex BRUSPIN 870 639 F 

Pr. Bernard L. SHAPIRO 
TAMU I NMR Newsletter 
Texas A & M University 
Opt of Chem is-try Agence Region Parisienne 

91320 WISSOUS 
Z.I. de Villemilan - n, Boulevard Arago 
T6L i6) 930.23.45 - Telex BRUSPIN 692 644 

COLLEGE STATION 

N./Ref. 
V./Ref. 

CX; 
BRUKER 

( _x__J 

84 07 259 CB/MCH 

Dear Barry, 

I 
·1 

I 
I 

I 
I 

Texas\ 77843 USA 

. I 
W1ssembourg, le July 31, 1984 

Spin playing, Tungsten INMR and inorganic chemistry : 

It is wel I recognize n~w that mul~inuclear NMR plays an important 
role in or•ganometallic .. and inorganic chemistry. Besides direct 
observation of the metal_l_ic center, a new and exciting area to be 
developped is the application of the entire pulse sequence artillery. 

I 

I present some interre~ting results obtain~ in the heteropolyanion __ ., 
field. The model compound is [H1_W 12 F~1g] , a Keggin type derived \._,,, .. 
polyanion -where one O I oxygen nas ~en replaced by one fluorine 
atom (black :circle in tlfe figure). T~e "normal" W183 spectrum of this 
compound ( Fig lA) s~w

1

s the expeci;ed 3 resonances (1/2/1) with one- -
. resonance split by a JW-0-F couplirig (32 Hz) (1). 

Applying a · { 19 FJ + 1~3w INEPT Jqu~nce, spectrum 1B is recorded 
in the same T.mount of ;time. One cl~arly sees AB ~ype pattern of the 
homonuclear JW-0-W cou\pling of the lfluorinated site (1). 

It was tempting then to :try, after t he INEPT polarization scheme, a 
( W183) .. W183 magnetization :transfer from the 19F label led tungsten 
to the homonuclearly I· coupled noh fluorinated adjacent site at 
- 107 ppm, fol lowing R. Freeman ori~inal sequence on C13 (2). 

The idea and sequence \,came out nJely as shown in Fig. lC you get 
a. 10, ~ - o Tungsten I correlated Jpec-trum which gives at once the 
structural features around the flJorinated site. Extension to 20, 
INEPT/ INADEQUATE is e y ident. · I 

Best regards, 

cL-,~/z.... 
C. SREVARD 

(1) J. Lefebvre, F. Cha 1 veau, P. Doppelt, 
JACS 103 4589 (1981) \ I · 

C. Brevard 
I 

(2) 0. Sorensen, R. Freeman, T. Frenkiel, T. Marecci, R. Schuck, 
J.M.R. 46 180 (1982) I 

I 

I · I 8. 50 I I .. . . Soc1ete Anonyrne au: capital de 2 00~ 000 F regIe par es frt. 1 1 a 1 de a_ I~, sur es., soc,etes c~mn-.erc,ales 
Banciue ?opulaire W,ssembourg '102167911 80 · C.C.P. Str.,sbourg 1 9508 P · ···. SIRE/\i ¥ 1 1 020 91 , 000 ) 3 

i I 
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;Public Jitealth ;Seniice 

;National ,Institutes ,of ·Health 
'National ,institute on ·Aging 
,.Ger.ontology :Research Center 
:Baltimore'City Hospitals 
:eattimore, 'Maryland 21224 

ii 
1: 
I 
i: 

;Augus,t .16, 1984 

P·rofes·so1r Barry Shapiro 
Texas A~ M University 
Coll~ge ~tation, Texas 77843 

Dea-r ·P.ro~ essor Shapiro.: 
I 
I ' I 

The L·abotratory -of Cellular and Mol.ecular ,Biology ,will have another o.pening 
for an 'NMR spectro~copist., start~_ng ·~~ .·early .as ·Ocf ob7r, 1984, or .at a 
la'.ter date, depending :on the avai1ab·ili:ty of :the ,candidate. We are pre­
s ·ently conductin,g ·mo'lecular studies on, -inetal in'ter:kc'tions with biochemical 
·subs-tanc-es., and .struc'tural :studies on !;11ucleic acidk and RNA .polymerase., 
us·ing a Va-rian x1-:200 s.pectrom.ete-r, .wliich is also ,hsed for .cellular aging 
s~udies. We are about to :have .de~i;v:e~ed an ,o:t:fo ,rd j Researc~ Tnstr~ments 
,Bio!,!pec 1. 9./300 rspectrometer for in v:i:,vo studies on :the ,agin,g o.f · intac·t 
anima'ls. , . · · _ · - ·--. I 

I should i apprec'iate recommenda'tion of 1• ,sui:table .app11.ic·ants .as well as 
distribution of this information ·to such .applkant•k. 

I 
I 

'With the I very bes·t regards. 

GLE/-alb 

--G~ L. ;E~ to&b-
. I 

Gunther L. Eic,hho·rn 
Chie•f; Liboratory of 

-Cellular and Molecular Biolo_gy 
I 
I 



Are you building your 
NMR research systen1? 

Before you make any decision. 
Look at 1Mhat TECMAG has to oiler ... 

NMRkit: A Broadband Transmitter, Receiver and Filter: 
·· The Heart of your Spectrometer. 

0 

PULSkit: A powerful Pulse Programmer with 100 nsec resolution, 
2K x 128 bits of memory and five loop counters. 

ADCkit: A two-channel 333-KHz Analog-to-Digital converter 
which can be directly interfaced to your computer. 

DECkit-2: A complete broadband unit for homo- and hetero-
decoupling experiments. 

All these products come fully assembled and tested, 
and carry a full one-year warranty. 

ADCkit 

To 
Computer 

From 
Computer 

NMRkit 
Filter 

PULSkit 

NMRkit 

Transmitter 

From Frequency 
Synthesizer 

To Gradient 
Power Supplies 

,,____ To Power 
Amplifier 



.... 
The NMRkit is the broadband control unit of the spectrometer. Four different bandwidths are , 
available, including 2-32 MHz, 3.5-80 MHz, 7-160 MHz andJ 50-500 MHz, (other bandwidths are ', _____ _,,. 
available on request). The NMRkit consists of,three boards\ 

-The Trc!ansmitter board delivers the'1 necessary signals to drive the power amplifier, 
and control the phase of the observe pulses. The only inp~ts required are a 10 MHz clock and 
the synthesized frequency. I 

-The Receiver board consists of three sections: tHe broadband amplification to bring 
the NMR signal at an acceptable level for the detection,! the IF section with detection and 
amplification, and the quadrature detection with another st0:ge of amplification. 

-The Filter board is composed of two four-pole Bu{terworth or Bessel filters (one set of 
filters for each channel). The selection of the bandwidth and filter type (Bessel or Butterworth) is 
under computer f on trol. I 

I 

The PULSkit i~ a universal pulse programmer specificall~ designed for NMR applications. It 
generates the different intervals required in an NMR experiment, controls the magnetic field 
gradients and the shape of the selective pulse, and can dlso drive a two-channel analog-to­
digital converter (the ADCkit, for example). Besides a time !resolution of 100 ns and a minimum 
pulse width of 500 ns, the PULSkit has five, independent, l6-bit loop counters and a memory of 
2K x 128 bits, prqviding 76 control lines for your instrument. ~he PULSkit can be interfaced to a 
VAX-11/750 or PDP-11 computer via a DR-11/W interface board, or any other 16-bit bus using the 
appropriate interface. I 

I 
I 

The ADCkit is l a two-channel 12-bit Analog to Digital Converter Board, which consists of: 
-Two high speed sample-and-hold amplifiers 
-A two-channel analog multiplexer 
-A 12-bit Analog to Digital Converter with a 3 µs conyersion time 
-A 16-bit adder/subtractor to control the sign of the output signal . 

Each of these components is controlled by a separate bit in ~he control word. This simplifies the 
acquisition software and allows maximum flexibility in the !==hoice of the acquisition mode. 
Controlled directly by the pulse programmer, the ADCkit offers an elegant solution to fast 
acquisition of NMR signals. I · · 
For maximum convenience, a 12-bit Digital-to-Analog conv, rter is also included on the board. 

I 
The DECkit-2 is a fully broad-banded decoupler: it allows homo- or hetero-decoupling (WALTZ-
16) on any nucleus from 3.5 MHz to 80 MHz. Optional ranges ~2-32 MHz, 7-160 MHz or 50-400 MHz) 
are also available. In order to operate properly, it requires , n external frequency synthesizer as 
well as an appropriate broadband power amplifier. 

tec"lag inc. 

' ► 
I 

···-

L · 
6006 Bellaire Blvd., #118-0 
Houston, Tx 77081 
(713) 667-1507 



ETH EIDGENOSSISCHE TECHNISCHE HOCHSCHULE 

ZORICH 

Laboratoriuin fur anorg. Chemie 

PD Dr.P.S. Pregosin 
Universitatstrasse 6 
Telefon 01 326211 

Postadresse: 
Laboratorium fur anorg. Chemie 
ETH -Zentrum 
CH-8092 Zurich 

RUNNING TITLE: 31 P T1 VALUES 

Dear Professor Shapiro, 

August 23, _ 1984 

Professor .Bernard L. SHAPIRO 
Texas A&M University 
College of Science 
COLLEGE STATION, Texas 77843 
U.S.A. 

Although 31 P NMR is now relatively routine, there is surprisingly little 
known with respect to spin-lattice relaxation times for this nucleus. 

We have recently measured T1
1 s for ~he triarylphosphines, PR3, R = 

l 

p-XC6H4 as well as for several transition metal comlexes containing 
these ligands. Interestingly, the values for a given PR3 change signifi­
cantly (see below). Since we know that T1 (dipole-dipole) is decreasing 
with increasing ·molecular weight of . the complexes, T1 measurements might 
prove an interesting way to estimate the size of the fragment to which 
the phosphine is complexed. Further work is in progress. 

Please credit this contribution to the account of Prof. L.M. Venanzi. 

Sincerely 

. -r~ r✓ -...., ,..,~ .... ..... 

,_) 
Compound !l' sec. 
PPh3 26 

AuCl(PPh3) 16 

IrCl(CO)(PPh3)2 9 

312-8 . . 
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. I 
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THE JOHNS HOPKINS ~Nll RS/TY 
SCHOOL OF,MEDICINE I 

11 

725 N. WOLFE STREET• BALTIMORE, MAR¥LAND 21205 

DEPARTMENT OF BIOLOGICAL CHEMISTRY TELEPIIONE955-5000 
I AREA CODE 301 

August 1) 1984 

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

Measurement of Absolute . Interproto~ Distances By 
Frequency-Dependent Nuclear Overh~user Effects. 

I . 

Dear Barry: 

We have been studying the conformation of MgATP bound to adenylate 
kinase, and to a 45-amino acid syntheiic peptide ( 1 esidues #1-45) which 
binds MgATP with comparable affinity (Biochemistry 23, 3357 (1984)). 
Conformations are determined by acqui ~ing a set of cffstances among the 
Hl 1

, H2 1
, H3 1

• H4 1
, H5 1

, H2 and HB prdtons of ATP. These interproton 
distances (rAB) are obtained by measuring NOEs between protons A and B 
using the two-spin equation 

1 I 6T 1/6 [l] 
rAB = D[(-)( ! 2r 2 - T )] 

.°AB 1 + 4 · i wI Tr 

in which D is ' a constant, DAB is the ~ross-rel~xat,~on rate, T is the 
correlation time, and w1 is the proton: precession frequency.r We study 
the time-dependent development of the ;NoEs in order to more accurately 
calculate DAB' and to distinguish pri r ary from secbndary effects. 

Equation [1] contains two unknowns, rAR and Tl . Hence measurements 
of T made at one frequency permit the determinat1non of only relative 
inte~Broton distances. Relative distances may be converted to absolute ' 
distances by using as a standard a pair of protonsj in the system whose 
distance apart is known and invariant with conformation. For ATP an 
invariant distance is approximated by l that between! H2 1 and Hl 1

, which · 
remains within the range 2.9 ± 0.2A regardless of ponformation, as shown 
by x-ray and model building (Biochemi ~try 22, 3439

1 

(1983)). 

We have recently tried the novel l and more rigorous approach of 
experimentally measuring absolute interproton dis~ances by examining 
the frequency dependence of DAB" · From equation[ ~] it can be seen that 
measuring DAB at two values of w1/yields both unknowns, Tr and rAB" 
The data of Table I indicate that D values for peptide-bound ATP 
are lower at 500 MHz than at 250 MHz~8in accord with equation [!1· More­
over, the correlation time determined

1 

from these data (2.3 x 10 0 sec) 
yields an appropriate value of 3.05 A for the 11 inv

1

1ariant" distance from 
H2' to Hl'. The complete set of distances led to an acceptable conform­
ation for peptide-bound MgATP. There'fore, calcul9-ting Tr from the freq­
uency dependence of D appears to be~ ~alid techn"que, and should be 

\. 
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applicable to other systems, providing the correlation time is of the proper 
magnitude for the available frequencies. For a comparison bet15en 250 MHz 
and 500 MHz, a suitable range would be approximately 1-9 x 10- s. The 
method should be particularly useful for samples which lack an invariant 
reference distance. 

-· 

Sincerely, 

David C. Fry Albert S. Mildvan 

TABLE I. Calculation of T and rAB from _the 

Frequency Dependence of Selected NOES 

Peptide+ MgATP 

NOE 0 250 MHz 0 500 MHz 0 250/0 500 Tr(s) 

H2' to H8 0.080 0.025 3.2 2.3 X 10-10 

Peptide resonance 0.030 . 0.0088 3.4 2 .4 X 10-lO 
(2.07 ppm) to H8 

Peptide resonance 0.031 0.0096 3.2 2.3 X 10-10 
(1.22 ppm) to H8 

H2' to Hl' 0.039 ~0.012 ~3.2 (2.3 X 10-lO)a 

aAssumed 

0 

r (A) 

2.70 

3.18 

3.16 

3.05 
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CHEMICAL INSTITUTE 

I 

UNIVERSITY OF 

DEPARTMENT OF ORGANIC CHEMISTRY 
HANS JQ'.>RGEN JAKOBSEN 

AARHU r , 

8000 Arbus C, Denmark 
I Tele hone (06) 12 46 33 

August 23, 1984-
HJ;:J/EL 

Professor BERNARD L. SHAPIRO 
Department of Chemistry 
Texas A and M University 
COLLEGE STATION, TX 7784-3 
USA 

13 · 
SEMINA: ~UT Editing of ~DEQUATE C NMR Spectra 

Dear Barry, \, l 
Recently we have evaluated the usefuln~ss of incorpo ating SEMUT spectral editing 
techniques ( 1) into the INADEQUATE (2) experiment. A number of pulse sequences 
for this purpose may be thought of. The1 SEMINA puls~ sequences edit 13 CHn-13 CHm 
fragments of INADEQUATE spectra ad::drding to the \number of attached protons. 
13C-13C double quantum coherence behaves very similar to 13C single quantum coher­
ence when subjected to a SEMUT editing :sequence in that13 CHn- nCHm ~ 13 CH n+ m. 
This is the basis for the SEMINA-1 pulse sequence which can decompose an INADE- .­
QUATE spectrum into 7 subspectra (n+m = 0,1, •••• ; 6).1· The· SEMINA-2 sequence, which 
contains two editing steps, combines SEMINA-1 with normal SEMUT to provide a fur­
ther decomposition into subspectra. The \; editing 0 = 0°~180° pulse variants of these se­
quences are especially useful in practic<1-l work since they do not significantly degrade 
the sensitivity of the experiments compared to INAD~QUATE. Thus, the total time 
devoted to a usual INADEQUATE experiment may profitably be divided into th~ two 
and four subexperiments required for these variants o:li SEMINA-1 and -2, respective­
ly. These experiments considerably sim~lify the assignhlent and accurate measure­
ments of· 1 3C-13C coupling constants and the determinktion of C-C connectivities com­
pared to lD INADEQUATE. In the 0 = tj 0 ,i80° version \of SEMINA-2 the first editing 
pulse 0 1 separates the 13CHn-13CHm fr,agments accor~ing to .Q.+f!! being even or odd 
and the second editing pulse 02 further '.discriminates according to .Q. and I:!) being even 
or odd giving a total-of four subspectra~ An illustrativf example is shown in the ac­
companying Figure. Detailed reports ori,this w~rk should appear in Journal of Magne-
tic Resonance in the near future. I 

~ 
HANS J. JAKOBSEN 

I 
I 

Sihcrrely yours, 

1: 

ULLA 1B. S0RENSEN 

I 
OLE W. SQ'.)RENSEN 

ETH, Zurich 

1. H.Bilds0e, S.D0nstrup, H.J.Jak~bsen, pnd 0. W .S0renfen, J.Magn.Reson._ 21, 154- (1983); \___.,· 
0. W .S0rensen, S.D0nstrup, H.Btlds0e, and H.J.Jakobsen, J.Magn.Reson. 22.., 34-7 (1983). 

I I . -
2. A.Bax, R.Freeman, ana S.P.Kempsell, J.Am.Che.Socr. 102, t+84-9 (1980). 

• I --

1 

1-
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9CH I 3 8
CH 

100 Hz \ 
CH3 

10 
OH 

C3 C4 C2 C6 Cl ca cs C7 Cl0 C9 

10 9 8 7 6 5 4 3 2 1 

a ilil iluu··il 
il ~il even/even 

b ' ,, ., --- . ~ 

il 
even/odd 

c-il ililll 
odd/even 

d---~ 

odd/odd 

Figure, SEMINA-2 13 C ~MR spectra or menthol recorded on a Var1an XL-JOO spec­
trometer, For simplicity the double quantum excitation period was optimized on­
ly for the one-bond 1 3CHn-13 CHm rragments, (a) 0 1 = oo, 0

2 
= 1800 subexperiment 

corresponding to a rerocused INADEQUATE spectrum, (b-e) Edited 1 3C-1 3C satel­
lite spectr~ with the vertical scale reduced by a ractor or rour compared to 
(a) and indicated by (n+m):even or odd/(n,m):even or odd, (b) Even/even, (c) 
even/odd, (ct) odd/even, and (e) odd/odd subspectrum, 
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~ 
Department of Chemistry 

University of Canterbury Christchurch 1 New Zealand 

Professor B.L. Shapiro, 
Department of Chemistry, 
Texas A & M University, 
College Station, 
TEXAS 77843. 
U.S.A. 
Dear Barry, 

l ugust 1984 

Rotational Anisotropy of the 1-Adamanttyl Cation 
11 I As you can see from the lette~head this response to your note 

of July 2nd is being written in scenic New zekland where tam a 
I 

guest of this Department prior to attending the IUPAC Physical 
Organic Chemistry Conference in Au~kland on 2~th August. 

j; I 
Following our earlier study o~ the relaxation behaviour of the 

t-butyl cation, we have investigat~d the 1-adbmantyl cation, with 
the idea that whilst specific interactions be1,tween cation and counter­
ion have not been indicated by chemical shift

1

s and coupling constants 
(and thus the cations might be con~idered 'free'), such interactions 
may in principle be detected from T1 data by the extent of 
anisotropic reorientation (p).l 

1-Adamantyl cations were prepared as 0.25M solutions in SbF5/SO2 
~nd SbF5/SO2 ClF from 1-adamantanol and the 11 values determined 
at 213K. Application of the Woessrter equations for an axially ·· 
symmetric ellipsoid allowed us to determine ~est fit values of DJ_ and 
P ( D11/D.i) · 

DD a DD DD b 
Tl(a) Tl( S) Tl(y) p 

I 
I 

so 2 3.8 6.6 I . 3.6 1.0 

SO2ClF 2.2 3.8 l. 9 l. 7 

I I a from these values ±0.2 s. Values calculated D1i, Di. regroduced to 
~0.2 s. 

b ±0.l 

In SO2 the 1-adamantyl cation! reorients isotropically (p=l) 
consistent iith a near~spherical solute not involved in a specific 
interaction wi~h the surrounding m~dia. HowJver, signific~ntanisotropy 
(p=lJ) occurs in the rotation of this cation in SO2ClF indicative of 
specific interactions of the cationic carbon with the superacid medium. 

" 

L 
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Although we are unable to identify the exact nature of these 
interactions, they are independent of the nature of the leaving 
group. The anisotropy does not appear to be large enough to involve 
tight ion pairs but the results indicate that cations generated in 
superacids may not be completely 'free,' at least in some solvents" 
A similar suggestion was made by Ned Arnett from the results of his 
thermochemical studies of carbinols in superacids.2 . 

1 

2 

Yours sincerely, 

D.R. Leslie D.P. Kelly 

Department of Organic Chemistry 
University of Melbourne, Australia 

Kelly, Q.P.; Leslie, D.R.; Craig, R.A. J. Magn. Reson. 1983, 
52, 480-491. 

Arnett, E.M.; Hofelich, T.C. J. Am. Chem. Soc. 1982, 
104, 3522-3524. 

N.I.H. RESOURCE FOR MULTI-NUCLEI NMR AND DATA PROCESSING 
DEPARTMENT OF CHEMISTRY, BOWNE HALL, .SYRACUSE UNIVERSITY, SYRACUSE, NY 13210 

lOlIQ; J..FSJ.<a . ~ SPH:IALI.5'.r/R CJllERMOt 

'!he Instrumentation position is funded fran the University Budget. Princi.pll 
duties of the first will involve instrument design, construction, and maintenance 
for the Syracuse University NMR and Data Processing Laboratory. Instrumentation 
includes several supercon NMR spectrometers and networked superminicomputers. 
Responsibilities include rf design, high-voltage troubleshooting, interfacing, 
and supervision of electronics services for a medium-sized, research-oriented 
chemistry dep:irtment. Advanced degree in i;ilysical sciE!'lOOS or engineering preferred 
and extensive experience in rf, high-voltage, and digital instrumentation design 
and maintenance _required. 

The NMR Operator position may be funded in the near future- '!his person 
will primarily act as senior operator of the laboratory's three supercon NMR 
instruments. The operator will also coordinate performance of NMR service and 
research activities and supervise graduate student operators. 

Excellent salaries plus professional fringe benefits including TIAA/CREF 
annuity. Qmdi.dates slntl.d send professional resume and reference list to Professor 
G. c. Levy, Department of Chemistry, Syracuse University. &yracuse. New York 
13210. &yracuse University is an Equal Opportunity/Affinnative Action enployer. 
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Book Review 

i I 

I . 
Editor: V. Bl. Smith 

Texas
1
Christian University 

I · I 

Fourier Transform N>IR Spectroscopy Fort! ~or

th

, Texa1 

by Edwin D. Becker (National Instit
1

utes of Health, Bethesda, Maryland) 

American Chemical Society 
Educaiion Division 
1155 Sixteenth Street, N.W. 
Washington, D.C. 20036 

11 I 
J d" C • . f . d" fill 10 ourse consisting o six au iotape 

I' I ' 

s~ssettes (4.~ hours playing time) and a 
9p-page manual. Copyright 1983. $250. 
i 
I' 

Dr. Becker, who has written· and/ob 'co-authored two of the more successful 
II ' I 

NMR textbooks, has now turned his hand to the production of a new ACS audiotape 
course. This course on Fourier Trand

1

form .NMR is I designed for the beginning 
practioner who has had an introductory bourse on CW methods with spectral inter-

11 

pretation. It also serves those who have been away from the field for several 
years and now wish to find out what has been going ori. in the interim. . 

Divided into six sections covered fn a little ~ ver four hours of listening 
time, it is obvious that the level of presentation must be highly descriptive and 
nonmathematical. The first section on ~he physical ~asis of NMR is a good review 
of fundamentals including the concept 0£ the rotating frame of reference, nuclear 
relaxation, pulse NMR and the FID albng with its Fourier transform. These 
subjects are dealt with in greater 1Jngth in the f second section, which also 
includes phase sensitive detection, rel~. t.ionships oJ spectral width, acquisitio~ 
time, resolution and signal/noise, ._and decoupling. . • 

r· I· 

The third section, applicatio,s, cdntinues with material on data acquisitio~ 
a:nd signal/noise in time averaging. E~amples are d,rawn from proton, carbon-13, 
and nitrogen-15 NMR, with other nuclei !: only briefl~I mentioned. Applications to 
rapid reactions, biological systems, anp jrelaxation measurements are considered. 
The latter are given a more extensive treatment in Section Four, which also 
prepares for the subsequent discussion !! (section Fivb) of the NMR of solids and 
the latest NMR developments which are c

1
o~sidered in I section Six. Lacking hands­

on experience with solids NMR, I found Section Five particularly informative both 
with regards to the current techniques Jnd the limit~tions thereof. Becker is to 
be complimented on the way in which hel introduces ~omplex subjects briefly and 
then returns to them one or more times in subsequent l developments. · · · 

r . . 
In contrast, Section Six starts off with a superficial treatment of correla-

tional spectroscopy and stochastic exditation. Hot.lever, the general unavaila­
bility of these techniques on commercia t_ .'instruments! suggests that · the time would _ 
have been better spent on a more detailed account of 2D NMR, the penultimate 
subject covered. After further devel6pment of spin echo formation, are both 
J-spectroscopy and 2D correlation NMR[i are discuss~d briefly with one example 
each. For the organic chemist, there may be some disappointment that the double 
quantum coherence experiment for deterniining carbon lconnectivity schemes was not 
mentioned. Perhaps this tape was pre1'pared a little too soon for this. The 
course concludes with a brief look at· NMR_' imaging. · 1 · 

. 1: 

Becker's goals for the course are ~ery well acbieved. Persons needing this 
sort of introduction to FT-NMR will f:i!nd the cou1rse well worth the time and 
effort. 

8/31/84 W.B.S. 



New Advanced Function Series FI'NMR fram IBM Instruments 

Automation makes it easy 
to use . .. Standard ~~extras" make 

it easier on the budget 

New automation features and a new 
bit-slice multiprocessor combined with 
proven electronics make this FTNMR 
extraordinarily easy to use. And many 
features usually regarded as extras 
have been made standard equipment 
... so high performance capability 
doesn't have to mean high price. 

Single-knob control 
A single knob controls magnet and 
lock functions and a digital readout 
panel displays settings. Entering com­
mands on the alphanumeric keyboard 
is simple and quick. Key functions 
such as shim, lock and receiver gain 
are automated. The Advanced Func­
tion FTNMR will perform complex ex-

• periments unattended for long periods. 

Multiprocessor data system 
The fast, micro-programmed, bit-slice CPU is supported 
by specialized processors that handle Fourier Transform, 
instrument control, data acquisition and output devices. 
This gives the instrument exceptional power and versatil­
ity, including multitasking capability. 

Extras are standard 
Features frequently costing extra, such as a broadband 
transmitter, digital plotter, diskette drive, hard disk drive 
and color display, are standard. And because of the econ-

s 
·' .. ·: ~ u··1Eu ,·_·;i~. 
· -=- - 'I~\~» 

Avdilable in 80MHz electromagnet and 100MHz, 200 MHz 
and 270MHz superconducting magnet models, 

omies that standardization brings, you get powerful per­
formance at a modest price. 

Let us tell you more 
To learn more about the new Advanced Function Series 
FTNMR Spectrometers from IBM Instruments, call 
800-243-7054. In Connecticut, 800-952-1073. Or write 
IBM Instruments, Inc., Orchard Park, PO Box 332, 
Danbury, CT 06810. 

--------- - - --- - -- - ---- - - ------ --___ ,_ 
Instruments 
Inc. 
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School of Science 
Department of Chemistry 

· August 2, 1984 

Rensselaer Polytechnic Institute 
I 
I 

Troy, New
1 

York 12181 

Professor B. L. Shapiro 
OepartmPnt of Chemistry 
Texas fl&M University 

I 

College Station, TX 77843 

Title: Spin Cpupling Inequivalence i lr , N,N-dimethyl-1,3-diaminopropane 

! Dear Barry: 

I wanted to report on some inteJesting work that I am collaborating on 
with Drs. S. Bunce and D. Aikens here[ at RPI. In an ongoing study of micro­
protonation constants of various poly~mines,1 our latest compound of interest 
has been N,N-dimethyl-1,3-diaminopro~~ne. 

CH3 II 
)NCH2CH2CH2NH2 

CH3 
A B C 

The pH titration was studied usifg lH NMR (200 MHz) using the following 
conditions. Samples were 0.01 Min 90% H20 10% D20. The water resonance w~s 
greatly suppressed using decoup~er pi eirradiatiori on the H20 resonance~ 

Several spectra are shown in the accompanying figure. The HA and He _ 
multiplets cross each other at about ilpH 7.8. One puzzling aspect of these 
spectra was the unusual multiplet forn proton HA. 

A recheck of the spectrum using a pulsed method of solvent elimination to 
check for artifacts due to strong ir

1
adiation of water was performed and rlid 

not affect the multiplet. The relative intensities and structure of the cen­
tral transition indic~ted that the cdJupling interaction of HA was more com~lex 
than an A2X2 system with protons HB· 1 After several attempts at computer sim­
ulation, the only satisfactory fits riequired assuming methylene spin coupling 
i nequi valence and an fl.A.' .XX I spin sys~em. In fact, to approach a satisfactory · 
simulation of the entire spectrum, alll six methylene protons must be considered 
as inequivalent with respect to spin ;coupling (ie. an AA 1 MM 1 XX 1 system). After 
thinking this over we realized that this should indeed be the case for this 
molecule which contains in effect tw~ spi_n systems of the classic Y-CH2-CH2-Z 
pattern which is known to be an AA'XX' system that often gives deceptively 
simple spectra. We are not aware of Jjany previous examples of polyamines for 
which the spin coupling has been disGussed in detail in the literature and 
would appreciate any such references jyour readers may be aware of. 

i 

Sincerely, 

Dr. H. M. Schwartz 
I 

lF. Onasch, D. Aikens, S. Bunce, H. :. chwartz, D. Nairn and C. Hurwitz, 
Biophysical Chemistry, .!2_, (1984), 1245-253. 

' 

\__,, 
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Variation of pH for N,N-dimethyl-1,3-diarninopropane 

H 
,A 

Glitch 

pH 7.53 

pH= 3.81 

3.1 3.0 2.9 2.B 2.7 2.b 2 . 5 2.'-1 2.3 2.2 2 . 1 

1
H Chemical Shift (200 MHz) 

pH= 12.05 

pH= 9.57 

2 .a I . 9 I .B 
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TEX AS CHRISTIAN UNIVERSITY 
Rox 32908 

Fort \Vortli. I t·\.ts 7h 12') 

1! 17-9 21-71'15 

Dear Barry: 

:1 
!1 

!j 
'I 

I 

Dep,irl:rnent of Che mistry 

Unkndwn Structure Via a Double 
II 

Quan um Coherence Experiment 

8/13/84 

13 1
~hile there are now a num, er of papers dealing with 

C- C connectivity determinations, these are largely of the 
"how to" variety with applicat i ons to known structures. Recently, 
a problem arose h~re in which honventional NMR simply did not 
supply an unambigueous answer . Jj The problem arose as fo]Jc,ws . 

The bromination of the cl ~ fin I potentially can give a 
variety of structures involvin!~ normal , addition(cis or trans to 
the double bond, syn or anti t ~ the aromatic ringl or with . 
Wagner-Meerwein rearrangement bt either ihe ethane bridge or aryJ 
group to bromonium or carbocat ~on intermediates . There is one 
re 1 a t e d C as e in t 11 e 1 i t er a t u re I wh i Ch s u g g e 5 t s 11 a 5 t he m Os t 

this example was 
/6 Br 

- 8 

t'/}: II £ r . ~ If 
entirely based on an incomplete · analysis · of the ··· H NMR 
spectrum . Any corisideration o~ vicinal coupling constants, 
dihedral bond angles and the J £tecls of substituent · 

I t · I . 

electronegativity on same woul ~1 su~gest that this is a highly 
risky way to go . · Nor can proton or carbon ch~mical shifts 
provide a ,unique ~nswer to thei. many possibi-lities. · 

Ultimately Ralph Hurd anct j LeRoy Johnson of General Electric 
Company, NMR Instruments kindl f obtained 300 MHz proton spectra 
with se l ective proton decoupling a11oy!ng a complete analysis of 
the proton system along with a j ZD- H- C correlation spectrum 
so that each proton could be d~ signed to its respec1;ve 1§arbon 
The final solution was provid ~1ld by Roy who did the C- C 
double quantum coherence expe ~ iment acc0rding to the method of 
Turner CJ . Magn. Reson . , U,25,'9(1983)) . The data were acquired 
on the prototype ~N-300 . The Jp.artial repults showJng the . 
aliphatic carbons only are gi ~en in the accompanying figure. · 
This is a ty~ level contour plot showing pairs of peaks which 
i~ise f r om C nuclei which a ~e spin coupled to directly bonded 

C nuclei . Shown at the bottom is a plot of the projected 2-D 
I 

data. The contours corresponding to the central peaks are along 
the diagonal at the bottom. tj)2.:sed on these data the corrygt 
carbon skeleton is shown to b~ as III above . Proton and C 
data then . allow the details ofj conformation ~nd configuration to 
be ascertained. Complete par Jmeters are available fer interested 
parties. I' · 

Best regards, 
I 

fUP 
W. t Smith 

L 

L 
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TECHNICAL CENTER 

WESTERN RESEARC.H 

Stauffer 

" 1· 

Stayffer Chemical Company C 
1200 S. 47t St. I Richmond, CA 94804 / Tel. (415) 231-1000 / TWX (910) 382-8174 

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

August 17, 1984 

SUBJECT: 11 Carbon-l3 NMR Analys'·s of Lipid Bios_vnthesis in Corn 
Suspension Cells" 

Dear Barry: 

In the course of ini~stigating t e effects of various herbicides on 
fatty acid biosyn,thesis in susp~hsions of Zea mays, a necessary pre­
requisite was the: characterizad lbn of the lipid components prior to 
herbicide treatment. Growth -0f ~he cells for 2, 4, 6, 8 (Fig. l), 
and 24 hr in the presence of 2 mM sodium [l-l3C] acetate or [2-l3c] 
acetate followed by NMR analysis1

1 of the extracted lipids displayed 
an initial incorporation of aceia te into oleate (18:l) via palmi­
tate (l6:0) and stearate (18:0). III After 24 hr, NHR analys i s suggested 
that >90% of the labeled oleate had been converted to linoleate 
(18.:2) . Integration of the C1 ehriched carbonyl resonances of the 
neutral and polar lipid's fatty jacids showed an even distribution 
of the label between the two liR~d groups. Separation of the lipids 
into polar and neutral fraction JI followed by P-31 NMR spectroscopy 
showed the polar :lipids to be P~1imarily represented by phosphatidyl­
choline wtth lesser amounts of Rh6sphatidylethanolamine and phos-
phatidylserine also observed. ! 

CKT /DJA/1 s 
Attachment 

C. K. Tseng 

I 
Sincerely, 

D·. J. Ashworth 

(continued p. 24) 



Now you can move effortlessly into the next generation of NMR. 
Varian continues its tradition of leading NMR instrumentation 

with the Generation Ill XL Series of superconducting FT NMR spec­
trometers. Generat ion Ill gives you the following new features: 

The only NMR data system with 32-bit computer technol­
ogy. Five independent computers- controlled by Varian's 
high-level concurrent Pascal operating system-comprise 
a single, powerful system that dramatically increases your 
speed and productivity. 
A fresh new console layout and new input/output devices. 
The console's large, clean work surface and the indepen­
dently controlled 1/0 devices combine to increase your 
productivity and efficiency. In addition to a 16-color CRT 
display and a free-standing keyboard, you can choose 
from a family of fast digital printers and plotters. 
The Generation Ill family of probes, now including 
solids. The most sensit ive probes available for high­
resolution NMR, the Generation Ill family of probes 

Another advance in NMR ... 
from Varian 

features the industry's only proton-broadband computer­
switchable probe. Also, the new broadband solids 
accessory lets you change samples without disturbing 
the probe or its adjustments. 
Plus: the new ADS 4000 Data Station. This stand-alone 
system, an exact duplication of the XL.:s host CPU and 
operator interface, offers all the data processing capa­
bilities of the XL. You can double your data processing 
power at a fraction of the cost of a second spectrometer. 

Find out more about Varian's latest generation of NMR 
spectrometers. Varian's instrumentation continues to grow 
as we lead the way in NMR technology. For all the facts 

about the latest NMR generation, call your nearest 
Varian Sales Office today. Or write Varian NMR, 0 -070, 

611 Hansen Way, Palo Alto, CA 94303. 

For assistance contact: Florham Park, NJ (201) 822-3700 • Park Ridge. 
IL (312) 825-7772 • Sugar Land, TX (713) 240-7330 In Europe: Steinhauser­
strasse, CH-6300 Zug, Switzerland. 



XL performance for demanding biological NMR studies 
11 

Recently, NM_R has beco_me an im~or- · Perchloric-Acid E~tract of~- hepatica 
tant tool for b1ochem1sts interested 1n 
studying metabolism in vivo. The appli-
cations shown on this page illustrate the 
broad range of capabilities required in 
an NMR spectrometer used in biological 
research. These capabilities demand 
superb sensitivity, flexibility in pulse 
programming, and software that per­
mits taking advantage of available 
experiments and techniques. 

Biological NMR often requires the observation of 
protons in H20, particularly for observation of 
exchangeable protons. The strong signal from the 
solvent can be suppressed effectively by pulse 
sequences such as time-shared Redfield 2-1-4 or. 
as here, the Jump-and-Return pulse sequence. 
This XL-400 spectrum is the result of only 16 
accumulations using a 1-millimolar solution. The 
aromatic expansion [rephased for upright presen­
tation) shows the single-proton sensitivity that can 
be obtained in a half-minute period. 

_J 
The high-sensitivity {!)robes of the XL-200 allow spectra to be obtained from biologically relevant 
compounds at low concentration. The 31 P spectrum above is of a perchloric-acid extract of F. 
hepatica [bovine liver flukes) and was obtained in 4 hours [1500 transients) at 81 MHz, using a 
10-mm probe. The spectrum has been resolution-enhanced to facilitate the identification of the 
31 P-containing com{!)ounds present. The average concentrations of metabolites present in the 
sample are submillimolar. 

Two-dimensional NMR is a powerful method for analyzing complex mixtures. The contour plot 
shown above the spectrum is the result of a 31 P homonuclear shift correlation experiment carried 
out on a portion of the fluke extract using a 5-mm 1 H broadband switchable probe at 81 MHz. The 
total experiment time was approximately 12 hours. The experiment led to the discovery of a 
nucleotide pyrophosphate compound whose presence is indicated by the cross peaks between 
the P-a-nucleotide peaks and the peak at 800 Hz. 

J 

1: 

1 H Somatostatin l 
SAMPLE: 1 mM in 90% H20 

j 
11 

S1pectrum of Perfusion Medium 

! 1 ou s□ 1 □ 

Use of a modified 10-mm tube permits the NMR study of intact tissue 
while perfusing with temperature-controlled nutrient. No hardware 
modification of the spectrometer is necessary The stacked plot shows 
the time course of ATP resonances during tissue perfusion with a 
nutrient medium and illustrates how tissue preparations can be 
maintained in a viable state during experiments. Insufficient or poor 
perfusion causes rapid degradation of the ATP and resultant cell or 
organism death. The ability to retain viability over many hours permits 
extensive study of metabolism in metabolic, nutrative, and cell research. 

NMR is a valuable tool for following metabolism in isotope labeling experiments. This 
spectrum is of the perfusion medium taken at the end of an experiment in which the 
bovine liver flukes [above) were perfused with [1- 13CJ glucose. A large number of 
labeled species are formed as the [1- 13CJ glucose is metabolized. Subsequent 
analysis of the sample using spectral editing pulse sequences and heteronuclear 
correlation experiments are essential for assignment of these resonances. 

lj 
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Carbon-13 NMR spectra of isolated corn cell lipids following 
culture growth for 8 hr in (A) normal medium, (B} medium and 
2.0 mM sodl~m [2-l3c] acetate, and (C) medium and 2.0 mM 
sodium [1- CJ acetate. Resonance assignments correspond to 
major labeled fatty acids present. P = palmitate, 0 = oleate, 
L = l inol eate. 
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Department of Organic Chemistry 

15 August 1984 

Professor B.L. Shapiro, 
Department of Chemistry, 
Texas A & M University, 
Co+~ege Station, 
Texas TX 77843, 
U.S.A. 

Dear Barry, 
I 
I, 

11 95Mo sensitivity 

La Trobe University 
Bundoora Victoria I 
Australia 3083. 
Telephone (03) 478 3122 
Telegraphic address 
Latrol>e Melbourne 
Telex No. (M) 33143 

We have been attempting to improve our s ~nsitivity in order to detect broad line 
11 

(2000Hz) 95Mo signals at less than 5 x ,~-3M on our JEOL FX-200 spectrometer. 95Mo, 
with a spin of 5/2 and abundance of 16%, !l resonates at 13MHz (H1 at 200MHz) and so the 
problems of detection are typical of low

1 
frequency nuclei in that low sensitivity and 

acoustic ringing make signals hard to observe. 
. 11 

We, like others, have constructed a tranbverse probe, consisting of a single coil 
Ii . 

wound using enamelled copper wire 22mm in length with a 15mm i.d. This coil accepts 
a specially constructed cell made f?r a J~5mm nmr tube that can be sealed and having 
an effective volume of 4mls .• The 90° pr?be is 28usecs and with no provision for 
sample spinning or locking, the natural llinewidth of a sample of sodium molybdate is 
4Hz. The effective real signal to noise lgain over our tuneable probe, where this 
inhomegeneity broadening is negligible, 1:1.s about 3: 1 for the same volume of sample. 

. I . 
Acoustic ringing can be overcome by intr

1

pducing a relatively long dead time, but 
this, of course, reduces the nmr inform~~ion for fast relaxing broad line signals. 
For low concentration, where a large number of pulses are required (10 7 ), dead times 
of 750usecs were required. We have founb that ·the ACOUSTIC pulse sequences using a 
very short delay(0.5u)3ecs between the 1ab0 and 90° pulses were effective in reducing 
the acoustic ringing, thus allowing a llfrge reduction in the delay time to 250µsecs 
for runs of 107 pulses (in conjunction J1ith the lead shielding, see below). 

It appears that the main source of the j coustic ringing was the copper outer cover of 
our probe. We sought a number of ways dlf eliminating this source of ringing 
including: removing the cover (very no:1.1sy, good acoustic properties); winding a 
cover out of braided copper wire (less rl!o:isy, good acoustic properties); no cover 
and room temperature shims removed!! (g6bd noise properties, good acoustic 
properties, inconvenient); and finally JI and using a lead cover (good noise and 
acoustic ringing properties). (The lead came from the roof of my house - RB). 

II I . 
Our standard method is now to use the 
ACOUSTIC pulse sequence. The overall 
broad line signal as can be seen from 

tr•ansverse probe with the lead 
s ~gnal to noise improvement is 

II t:tie -figure. 
·11 

I ' 
Please credit this contribution to Ian ~ae at Monash. University. 

I 

cover, and an 
many fold for a 

?Ours sincerely, 

11 
B,T.c, Brownlee M.J. or1Connor B,P, Shehan 

II 

~f 

;; 
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(a) 

I\ 

Figure 

) 

(b) (c) 

95Mo NMR Spectra of [Mo2(o2cnBu) 4J in THF 

(a) [Mo]= lM; l.36x106 transients; dead time 800 µs; FX200 multilow probe. 
(b) [Mo]= lM; lxlo4 transients; dead time 100 µs; transverse probe. 
(c) [Mo]= 5xl0- 3M; 9.6xrn6 transients; dead time 350 µs; transverse probe. 
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Your reference . 
Your letter of · 

Professor Bernard L; Shapiro 

Department of Chemistry 

Texas A & M University 

College Station TX 77843 

U.S.A. 

Our reference 84 / 4 06 dJ / j bw 
, Date August 15, 1984 

Badosure(s) 2 figs • 

Subject Improving the signal-to-noise ratio of CPMAS spectra by eliminating 

i· the effect of probe · arcing I 

·I 

Dear Professor Shapiro, 
. I . . . 

One of the problems in CPMAS l spe~troscopy at high magnetic fields is 
probe arcing. While detectin1g the 13c signals, the IH spins are irra­
diated with an intense r.f. field of about 14 Gauss to remove the 
strong C-H couplings. Probe 1arcing occurs, because the r. f. voltage 
to obtain this field is veryil high. If arcing occurs, the I 3c signal 

· disappears and the noise level increases. On the other hand,' it is 
not possible ' to reduce the r [l f. field to prevent the probe from ar­
cing~- becaus~ this results i ii. line broadening. 

A ; ' 1 . f 1 . II b . ' d . CXP 300· . d . h typica sp~ctrum o g ycine, o taine on our , equippe wit 
a Z3~DR-:l3c-MAS probe in a 911 mm O.D. Andrew-type Boron Nitride rotor, 
is ·shown in fig. I. The numb~r of scans is 20, 2 scans had arcing noise. 
Th7 spectrum of the 1 ~ scans![ without ar~ing no~se is s~own in fig. 2. 
This spectrum has a higher Sfl- gnal-to-noise ratio, particularly arou__nd 
0 Hz (the middle of the spec~rum). 

These spectra are obtained with a special version of the CXPNMR. soft-
.ware. The memory is divided i nto three blocks. In an automated sequence, 
every single scan is recorde~ in block I. After a scan is completed, 
the data of block I is added l to the contents of block 3. During this 
transfer, the data of- block I is examined to check whether or not more 
than IO datapoints e·xceed a J certain level. LI; not so, the data is ac­
cepted as normal and added to the contents of block 2. Thus, fig. 1 was 
obtained from block 3 and fi~. 2 from block 2. ' 

When: all precautions are takl n to reduce probe arcing, a CPMAS s·pec­
trum: with improved signal-to[ rioise ratio is obtained, using a computer 
pro'gram that rejects the data of scans with arcing noise. 

Please credit this contribut~on to the account of dr. T.J. Schaafsma. 

I Sincerely 

· P.A. de Jager 

Agricitltural University/Transitorium, De Dreijen 11!
1
~6703 BC 

· ---- -------~~~~~ --- -------il--'-·-------------------
Wageningen/The Netherlands/Tel. (08370). 82044/ 

:: 



Fig. 1. 

1 

75 MHz 13C-CPMAS spectrum of glycine in BN rotor, 20 scans (in­
cluding 2 scans with arcing noise). SW = 31250 Hz LB = 30 Hz; · 
no spin temp. alternation used. 

2 

Pig. 2. See fig. 1. 18 scans (2 scans with arcing noise rejected). 
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The Univer~ity of Texas 
Health Science Center at Houston 

~ 

"' 
% , 

'I I I --

6431 Fannin 

MEDICAL SCHOOL ": 
~ 

Room 2.132 M.S.M.B. 
Houston, Texas 77030 
(713) 792-5231 Department of Radiology 

Professor B. L. Shapiro 
Department of Chemistry 
Texas A-M University 
COLCEGE STATION, TX 77843 

1· 

February 15, 1984 

I 
F . t lt NMR I 1 

• S 1rs resu son an mag1ng pectrometer (cont.) 

Dear Barry, 

We finally got our Nalorac 2 Tesla 33 cm bore ~~gnet ·(13") 
and it is ·now up and running. II It was delivered at 1:00 am, 
9 June 1984, and the installation was completed by July 9. 
The gradient and shim coils ~,ere also provided by Nalorac. 
Less than a month later, we were able to get our first 
results obtained with the syst~m. 

I The spectrum to the 
right represent~ a 
Proton spectrum of 
the · abdomen of a 
living rat. It was 
recorded in 4 
seconds using a 
2.5 cm diameter (1") 
surface coil. lt 

WATER 

FAT 

clearly shows that ~ 
our pet rat had a 
very peaceful life \ 
and grew a lot of I ~ 
fat in the past few ~1---"~i ...._J.........t'~•/\tvl""' 
months, judging from__._,o ____ -,i-1-----~s------------O~p-pm 

the height of the ·1 

fatty peak right to 
the

1
water peak! ·I 

. 11 ' 
The next spectrum is a phospho r us spectrum of the left leg 
of I the same rat obtained in 7\1 minutes with the same surface 
coil tuned to the P-31 frequen~y. One can see easily the 
three small peaks, of ~TP, the large peak of 
Phospho-creatine, and the srnali peak of inorganic phosphate, 
further demonstrating that ind~ed our rat is in good health. 

Uental Branch • Division of Continuing Education • Graduate School of Biomedical Sciences • School of Pul lie Hoann • Medical School • Speech and Hearing Institute • School of Nursing • School of Allied Health Sciences 

, I 
I 
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:r:orqanic 
,,.a sphate 

Phospho-Creatine 

ATP-y ATP-11 

0 

Finally the image below represents our first attempt at NMR 
imaging. It is a proton image of a phantom consisting of 
seven tubes filled with water. It is not the best NMR image 
in the world, and there is room for improvement. 

Although these three examples do not exhibit a tremendous 
scientific value, they demonstrate that our system can 
perform both imaging and spectroscopy. It is our hope that 
we will soon be able to do both on a routine basis. 

Yours sincerely, 

Jean L. Delayre 
Assistant Professor 

Director, NMR program 
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312-31 University of Illinois 
at Urbana-Champaign 

· 505 S. Mathews Ave. 
Urbana, IL 61801 

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

Dear Barry: 

August 16, 1984 

29si, NMR of a Meteo~ Impact Site: 27Al NMR of 
Al13O4a~ciuste;s;~t!cT;NMR~ar~Protei;s~at~11:1~r;sla 
--~~~~~~~~~~~~~~~~~~~i ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

I report on a few recent ~esults from our laboratories: First, 
we have observed. the presence o:f the high pressure polymorphs ~ 
silica, coesite and stishovite )I in whole rock samples from Meteor 
Crater, AZ, in collaboration w~th R. J. Kirkpatrick and colleagues 
in our Geology Department ( 1). 'I 

1 

Quartz -,oa 

-100 -20Gl , -100 -200 
11 

PPM frdm TMS 
11 

These species we_re presumably formed during meteor impact, and we 
II 

are able to obtain good quantitation of coesite/stishovite ratios-a 
, difficult task with XRD method~. We find a rather short T1 compared 

to that of quartz, which fac11j1tates rapid data acquisition, and re­
duction of the otherwise inten$e quartz resonance. 

Second, we have observed i~he six-coordinate Al sit~s in the 
tridecameric basic aluminum sulphate and selenates-prev1ously un­
observable at low field. Toe !following Figure suggests that in the 
case of very large e2qQ/h values ( ~10 MHz in this case)-it may be 

. Ii ( ) preferable to study static (rather than MASS or VASS) spectra 2. 
I! 

Na[Al0
4

•Al
12

(0H)
24

(H
2
0) 12)] (Sf 4 ) 4 ·13H20 

11.7T Al(4) 
MASS 

Al(6) 

200 0 

I 

11.7T ., 

0 -300 

L -

L 



Dr. Shapiro 
August lp, 1984 
Page 2 

Third, we have recently obtained a number of high.-:resolution 
13c NMR spectra of proteins at 11.77 Tesla (500 MHz, 1H resonance 
frequency). Contrary to our fears, it seems that 1H decoupling can 
be carried out efficiently with as little as 2 watts of 500 MHz r.f. 
on a 10 mm tube (3). As expected, the nonprotonated and protonated 
aromatic carbons can have more similar widths at high field due to 

312-32 

the increased CSA relaxation of the former, and reduced dipolar width of 
the latter, to that seen at low field. 

I ·1 I I I 

170 

13 Cytochrome £, C at 125 MHz 

I I I 

160 
I I I 

150 

I I I I I I I I I I 1 · 1 . ·1 .. I ·1 . T .. -1 -i-7 1 ·· ·1 I -r-·T I _·- 1 . 

140 130 120 110 100 
ppm from TMS 

Yours sincerely, 

~au.Ji 
Eric Oldfield 

1. W. H. Yang, _R. J. Kirkpatrick, M. Vergo, J. McHone, T. I. 
Ell'lilsson and E. Oldfield, submitted to Meteoritics. 

2. A. Kunwar, A. Thompson, H. s. Gutowsky and E. Oldfield, 
submitted to J. Magn. Res. 

3. R. Ramachandran, J. Bowers, and E. Oldfield, unpublished 
results. 
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BROCK 
UNIVERSITY 

.-------REGION NIAGARA __ ----;t-_____ __;_ _______ __, 

Department of 
Chemistry 

Prof. B. L. Shapiro, 

Department of Chemistry, 

Texas A & M University, 

416/688-5550 

I 
College Station, Texas ,77843-3255, U.S.A. 

St. Catharines , 
Ontario L2S 3A 1 
Canada 

August 1, 1984. 

Silicon-29 and Carbon-13 MAS Nmr of Silicon Carbide Polymorphs 

Dear Barry: 

In response to your recent ultimatum, we repor:t some new nmr results on 
• 1 • bid Th 0 

• k d lj · · si icon car e. is wor starte ou t as an attempt to interest the abrasives 

i~dustry of the Niagara region in the possibilities of high-resolution 

solid-state nmr as an analytical - tool (and hopefully to raise some money for a 
! I 

new nmr instrument). Silicon carbide ~also known as carborundum) exists in 

numerous crystalline modifications ba ~ed on hexagonal ()(-SiC (wurtzite-type ZnS) 
· · II · 

and there is also a cubic/?-SiC structure (diamond or zinc-blende type). The 

complexity arises from the numerous p j ssible stacking sequences in the crystal. 
11' 

In some respects silicon carbide is a tl 
1

ideal system for MAS nmr (e.g., the 

t . f b .h . 1 · d li b· 80 1 . ) b 1 concen rations o ot , si icon an car on atoms are mo ar ut ong 
II 

spin-lattice relaxation times are a pi ~blem. 

29 13 · Figures la and lb are Si and lie Magic Angle Spinning spectra of 

the common 6H hexagonal polytype of silicon carbide. The three equally-populated 
. II I 

silicon environments give three well-r~solved peaks of equal area, as do the 
. · II · 13 · 

three equally-populated carbon enviro1ments; the C spectrum is an almost 

. · 'i f h 29s. ,I h h . 1 hif 1 exact mirror mage o t e i spectrum, even tote c emica s t va ues 
. 29 . II 13 

in ppm from TMS ( Si: -13.9, -20.2, r nd -24.5 pp~; C: +15.2, +20.2, 

and +23.2 ppm). The carbon environmen{s are isostructural with the silicon 

environments, and apparently the same ll crystal lattice factors determine chemical 

shift differences among the three dis :hinct environments of both 
29

Si and 
13 29 Ii . . C. Figure le shows the Si spectrum of the cubic form, which has only 

a single silicon (and carbon) environi ent. We have not yet succeeded in 
13 II : 

obtaining a C spectrum of this sample, apparently due to an exceedingly 

I
I I 

I . long T1 • 

.:: 
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Figure ld was obtained from a sample which by its X-ray powder pattern is a 
29 

mixture of 6H and other polytypes. The same Si peaks are present as in the 

6H polytype, but in different proportions. This makes sense, as examination of 

several polytypes of known structure shows that there are only three distinctive 

types of silicon environment, out to 5 A from the central silicon, although 

there may be many crystallographically independent silicon positions. For 

example the 15R form, with five crystallographically distinct silicon positions; 

contains the same three distinct types of silicon sites as the 6H form, but in a 

1:2:2 ratio. Nmr studies of this polytype are in progress. 

The best-resolved spectra are those obtained with the longest relaxation 

delays between pulses (up to four hours so far). Short delays give broadened 

peaks and also signals due to apparently-amorphous components. All this is 

consistent with lack of spin diffusion
1 

so that different domains of the 

sample have very different T1 's. At short relaxation delays the signal from 

the bulk sample is apparently swamped by signals from minor, but fast relaxing, 

components near paramagnetic centres. 

All spectra were obtained on the Bruker WH-400 instrument of the South 

Western Ontario High Field Nmr Centre with the assistance of Dr. Bob Lenkinski 

and colleagues, using our MAS probe built to specifications kindly provided by 

Prof. Colin Fyfe. 

Yours sincerely, 

. P ,,/,_ K ~~ /~vvv G. R. Finlay J. S. Hartman 

fi#!Ll 
M. F. Richardson B. L. Williams 

1 P. M. Henrichs, M. T. Cofield, R.H. Young, and J.M. Hewitt, J. Mag. Res., 

~, 85 (1984). 
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For Liquids, Solids and Imaging. 
AM Series Spectrometers: 
For simplicity, versatility and pro­
ductivity in high resolution NMR, 
Bruker otters a series of auto­
mated microprocessor-con­
trolled spectrometers. Features 
include advanced pulse pro­
grammer, automated shim and 
lock system, autosampler, time 
sharing, bit-slice CPU, high 
speed array processor, 14'' color 
display and fast dedicated proc­
essor, extensive software, and a 
choice of supercon magnet 
systems from 200 to 500 MHz. 
Performance characteristics 
include high sensitivity, excellent 
resolution and superior stability. 

MSL Series Spectrometers: 
For unparalleled flexibility in 
NMR, Bruker has developed a 
true multipurpose spectrometer. 
The series allows a choice of 
frequencies from 90 MHz to 
400 MHz, and provides the high 
power and speed necessary 
for even the most demanding 
experiments. All system 
parameters are supervised by 
distributed processors for data 
acquisition, spectrometer 
control and display functions. 
Experiments include CP/MAS, 
wide line, multipulse line­
narrowing, HR-NMR, 2D, 
imaging and more. 

NMR Imaging Systems: 
For in-vivo spectroscopy and 
NMR imaging, Bruker Medical 
Instruments otters a versatile 
console with a comprehensive 
line of horizontal magnets-from 
fields of 1.5T to 4. 7T and bore 
sizes from 300 mm to 1000 mm. 
The Biospec system otters multi­
nuclear capability, FT imaging, 
flexible pulse programming and 
a powerful data handling facility. 
In addition, complete NMR 
imaging systems for industrial 
applications are also available. 
Write for details and 
applications. 

Bruker delivers. 

· NMR Systems design_ed .(e solve problems'. 
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NMA imag_e·ination 
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BIOSPEC adds new dimensions 

-~ : ; ~ ~ ~ ! : ,: • ; .. " ~ =-1 
- - ~O W 7 "ii T 'V '01 T O P ~ f" - .--=. 

=..r:. ·.1~077. il 1 l< T~ '"' t l.i 

~ ' '":. ?xc'V -ni::iM ·..-.-':-:-..::= 
I 
I 
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I 

to NMR imaging. 
A new concbpt in NMR research Bruker's Total System approach 
from Bruker1 combines NMR means that all BIOSPEC systems 
imaging and: in-vivo N MR spectra- offer: 
scopy in thlsame instrument. Both □ Choice of magnet size and field, 
research fuhctions are possible with from 1.9T to 4.7T 

I 

a single BIOSPEC system, using □ Multinuclear observe capability 
small bore superconducting {31P, 19F, 13C, 23Na, or 1H) 
magnets mJtched with flexible, □ Fourier imaging 
versatile elebtronics and a powerful □ A powerful and accessible pulse 
data handlirlg system. In addition, programmer 
the system ~asily adapts to imaging □ Complete data system with array 
and spectroscopy on any nuclei. processor and operating software 

I 
Both the tomographic image D Complete spectroscopy 
and its related biochemical . .. and they are backed by 
spectru~ can be displayed, complete support services: 
plotted or photographed. □ Expert consultation on best 
Bruker has combined all these configuration for your initial needs 
advantages in its revolutionary □ Installation planning and 
new BIOSPEC in-vivo assistance 
spectrometer to allow the □ User-training, including on-site 

researcher to □ On-site assembly and final com-
. i · - · · see what is missioning by Bruker engineers 

I 

I: 
:I 
11 
I' 
\' 
i -~ 

J .. J,., 

! 
I 

happening, where □ Warranty and contract 
it's happening, maintenance 
while it's happen- □ Information bulletins on new 
ing ... by NMR. techniques and upgrading 

possibilities 
□ Powerful software options 
For more information or a 
discussion of your specific needs, 
please contact: 
Bruker Medical Instruments, Inc. 
Manning Park, Billerica, MA 01821 
(617) 663-7406. 

BIOSPE<J-your new research associate. 
I 
I 
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THE UNIVERSITY OF SYDNEY 

DEPARTMENT OF BIOCHEMISTRY 

SYDNEY N.S.W. 2006 TELEPHONE: (02> 692-2222 
AUSTRALIA TELEX: FISHLIB 20056 

20 August, 1984 

Professor B.L. Shapiro, TAMUNMR Newsletter, 

Department of Chemistry, Texas A & M University, 

College Station, Texas 77843, U.S.A. 

Dear Barry, 

31 "Analysis of 2-D P-NMR spectra of the 

adenyla:te kinase reaction" 

Our last letter (Feb 84; No. 305) dealt with 31P-NMR inversion-transfer 

catalysed between 2- and ' 3-phosphoglycerate by phosphoglyceromutase. In those 

experiments we selectively inverted the 2- or 3-phosphoryl resonance with a 

DANTE1 pulse sequence since our Bruker WM400 does not have a 31P decoupling 

channel. We subsequently applied some tracer-exchange theory to the analysis 

of the data and the results will appear soon in the European Journal of 

Biochemistry. 

When we began our NMR-based enzyme kinetic work we 'cut our teeth' on 

the adenylate kinase catalysed reaction which was the first one studied by 

Truman Brown2 . We were able to reproduce his earlier results by using the 

specified buffer conditions for the reaction and performing selective 

inversions with the DANTE sequence. The enzyme catalyses the exchange of 

phosphoryl groups ·as follows: 

a f3 y 

A -0-0-©+ 
ATP 

a Keq1vl 

A -0= A 
AMP Mg+t 

a f3 a f3 

0-0+ A 0-0 
ADP ADP 

Note that if the a-ATP resonance is inverted magnetisation is transferred 

to a-ADP, and to a-AMP via a "second pass" through the enzyme. On the other 

hand inversion of they-ATP resonance results in magnetisation transfer to 

the f3- of one of the ADP's. 'Forbidden' exchanges in the above simple 

reaction are f3-ADP-+ a-AMP and a-ATP-+ f3-ADP; however if more complex 

exchange is occurring, say with an enzyme-phosphate intermediate, these 

'forbidden' exchanges may then exist. They were not observed in our 1-D 

spectra but signal-to-noise was such that we could not conclusively decide 
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on the matter. Therefore we began some 2D-N0ESY3: ~xperiments., and a spectrum 

from one such experiment is shown below. The experimental details are · i;n the 
' I ' 

caption and the peak assignments are indicated on the figure. Note the 

following cross peaks that indicate exchange between the phosphoryl sites:; 

· a-ATP x a-AMP (a "2-pass exchange") ; a ;-AMP x a-ADP (a "I-pass exchange"),, 

a-,ATP x a-ADP (a "1-pass exchange"); ·none of the 'forbidden' cross peaks 

are observable. We have quantified the exchange rates, something that hasn' ·t 

been presented in the literature on . 2D-N0ESY of enzyme .reactions, by determining 

the magnitude of the elements of the exchange ,matrix. 

the results very soon. 

We hope to publish 

Bogdan E. Chapman . 

Gae Robinson 

Figure caption: 2D-N0ESY of .the Adet1ylate :Kinas~ Catalysed Reaction. 

Experimental detai'is: NMR, 162 MHz, pulse sequence 

(,r/2-t 1 - ,r/2 - tm - .ir/2 - t 2)n, n = 16, t 1 = 0.2 to 

58.4 :ms, tm"" .0.5s:, t 2 = 0.2 s and recycling time ms. 

Biochemicals, ~i~ enzyme 310 IU/ml, buffers .in (2), 

37 mM _ADP at start, of reaction, '37°.C. 

1 
Morris, GA and Freeman, R (1978) J. Mag. Res. 29, 433-462. 

2 
Brown, TR, Ugurbil, K and Shulman, :, RG (1977) Proc .. Natl. Acad. Sci. USA 

74, 5551-5553. 
3 . 
Jeener, J, Meier, BH, ·Bachmann, P and Ernst, RR .(1979) J. ·Chem. Phys. 71, 

4546-4553. 
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DEPARTMENT OF HEALTH&. HUMAN SERVICES 
; 

Professor B. L. Shapiro 
bepartment of Chemistry 
Texas A & M University 
College Station, TX 77483 

Public Health Service 

National Institutes of Health 
National Institute of 

Environmental Health Sciences 
P.O. Box 12233 . 

Research Triangle Park, N.C. 27709 
August 23, 1984-' · 

"New NMR ' Lab Setup an.cl ' 2-'-dimensional NMR" 

Dear Professor Shapiro, 

Setting up a new NMR laboratory can be viewed as analogous to doing a 
contemporary 2D NMR .experiment. 'T9 paraphrase two well-known Swiss spectro­
scopists: 

"First, we have ' the PREPARATION period." 
We arr'ived to find the NT-360 . wide-bore magnet about 4 ft from a metal 

bench. We found we had to spend some time reshimming the non-spinning shims 
as we chang.ed sample$. The other haV of the room was a wet lab. We cor:r:ected 
this installation, and were gratified 'to ·find virtually reproducible non-spin 
adjustments after correction. We then designed the adjacent room to accomodate 
a small elctronics b~nch, an FT-80 ,: iron magnet system and a spanking new QE-300 
spectrometer. The organic chemists were quite delighted with the MENU mode 
of the QE. 

"Second, we have the EVOLUTION period." 
We were barely settling in with these new-found riches, when the first of 

the series of tornadoes th1l;t. devastated North Carolina hit our building. The 
roof was pulled back on its.elf and • the rain poured in. After bailing water and 
sweeping, clearing and vacuuming the pieces of ceiling tile, it was damage 
assessment time. The NT-360 electronics checked out and the magnet retained 
field; however the field homogeneity _: was at:r:ocious, and we had to shim a_nd clean 
for three days before reasonable line shape and field homogeneity were achieved. 
We were not as lucky , on the QE-300 ~ 1A floppy drive burned out and both ;trans­
mitter and receiver sections needed attention. The General Electric service 
people were: quite helpful to us' a~d 1We finally had the system up a few weeks 
later. . 

"Third., after the MIXING interval, we have the DETECTION period." 
To show that after all that preparation, evolution and mixing above we 

still detect signals in,the 2-dimensional manner, we give in the figure a 2D 
COSY spectrum of a glutathione-benzo(a)pyrene conjugate. Details on the 
appearance of the NMR spectra with', the stereochemistry of the conjugates will 
be appearing soon elsewhere. 

Sincerely, 

~~ 
Anthony Ribeiro 

L 
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Universite de Nancy r LABORATOlRE.DE METHODOLOGIE RMN. 

D. CANET 
Protesseur 

Title 

T 

Professor B.L. SHAPIRO 
Department of Chemistry 
Texas ABM University 
College Station, Texas 77843 
U.S.A. 

August 1, 1984 

the direct exper,imental determination of a dipole-dipole cross­
correlation spectral density 

Dear Professbr Shapiro, 

Longitudinal relaxation Of an AX2 spin grouping can be 
described by four magnetization modes. When A= 13c and X = lH, · 
two of them are of special interest: v 1 = <IA> and 

v
3 

= 4 <IA IX IX'>. The time evolution of v
1 

;ields the conven-z z z . 
tional relaxation time T1 (A), whereas v 3 can provide the more 

detailed infbrro.atio n contained in the cross-correlation spectral 
densities. Previous approaches, to abstract this information, \.___, 
have used complete sets of complementary time evolution curves. 
The cross correlation spectral densities were deduced from non 
linear fitting procedures. In this letter, we mention a method 
that we have recently developed (full details to be published 
soon). It is: based on the simple pulse sequence: -

l 
; TI( H) -1/4 JCH-Acquisition 

Decoup3:ing 

The cross correlation spectral dens~ty' KCH H' is directly dedu-· 

cible from the initial slope of the detected quantity. The uti­
lity of this method is further enhanced by choosing a pulse se-

.quence which sequesters one spin order (v 1 ) and projects three 

spin order (_v 3 ) on to the observable. The result of an experiment 

performed an adamantane -is shown in the accompanying figure 
(because of isotropic reo~ientation, adamantane provides a test . 
case) • 

Yours sincerely. 

~ET J. BRONDEAU ' c· • . MILLOT H. NERY L. WERBELOW 

B.P. 239 - 54506 VANOOEUVRE res NANCY cedex Tel. (8) 328.93.93 

Unite Associee au C.N.R.S. n°406 - Laboratoire _d'Etude des Solutions Organiques Col loidales 
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INDIANA· UNIVERSITY DEPARTMENT OF CHEMISTRY 
Chemistry Building 
Bloomington, Indiana 47405 

Dr. B. L. Shapiro 
Texas A and M NMR Newsletter 
Texas A and M University 
Department of Chemistry 
College Station, Texas 77843 

Dear Oro Shapiro: 

(812) 

April 24, 1984 
812-335-1639 

Indiana University has a Varian HR-220 Superconducting NMR 
Spectrometer1for saleo The i~strument is fully operational and 
includes CW Hand Pulsed FT Hand 11 B capabilities. Interested 
parties sho~ld contact me for additional details. 

Sincerely, 

,(~~ 
Robert Addleman 
NMR Supervisor 

312-44 
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PURDUE UNIVERSITY 

SCHOOL OF SCIENCE 
at INDIANAPOLIS 

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

1 H NMR of Aequorin 

Dear Barry: 

· PHYSICS. DEPARIMENT; 
1125 East 38th Street 
P.O. Box647 
Indianapolis, Indiana 46223 
(317) 923-1321 

August 30, 1984 

We are using magnetic resonance techniques to study the 
Ca(II)-sensitive bioluminescent prote~n aequorin which is 
isolated from jellyfish. Aequor in, an intriguing protein with 
a molecular weight of 20,000, ' emits light at 469 nm from an 
excited state of a substituted pyrazine which results from the 
oxidation of a low molecular weight chromophore which is · non­
covalently bound to aequorin. In the absence of Ca(II), spon­
taneous emission of light, referred to' as Ca(II}-independent 
light 6emission, occurs at a . ,_rat~ mu~h less (at least a :tactor 
of 10 ) than the rate of emission induced by Ca (II) • H NMR 
spectra taken in the course of time as the protein slowly 
becomes inactive (discharges) with no Ca(II) present show that 
the Ca(II)-independent emission is accompanied by a change in 
protein structure from a rigid form to a practically unfolded, 
inactive form in which a number of amino-acid residues are 
quite mobile. This is indicated by a substantial narrowing of 
many of the resoriances of th~ slowly discharged protein as 
shown for the aroma tic reg ion of the specttum in the Figure. 
Also shown is the aromatic reg ion of the H NMR spectrum of 
slow discharged aequorin J from which the oxidized . chromophore 
has been removed. The resonances of this ape-protein are 
intermediate in iidth. Apparently the slow discharged protein 
partially refolds when the chromophore is removed. The sub­
stantial changes not iced in the aromat 'ic reg ion suggest that 
some of the aromatic residu~s . must be :involved in the chrom­
ophore binding. These reiults will soon be submitted for 
publication in more detail. 

Yours truly, 

M~TJ.I(~ 
Marvin D. Kemple 

Please credit this to the ac€ount of B. D. Nageswara Rao. 
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ANORGANISCH-CHEMISCHES INSTITUT 

DER 
TECHNISCHEN UNIVERSITAT MDNCHEN 

Prof. 8 . L. Shapiro 
Department of Chemistry 
Texas A&M University 
College Station,. Texas 77843 

.0-8046 GARCHING, den 31 • 0 7 • 19 8 4 
Llchtcnbcrgma8c 4 
Ruf-Nr. (089) 320913080 / 3081 (Prof. Fischer) 

3110 (Prof. Fritz) 

Telex: 17898174 
3130 {Prof. Schmidbaur) 

Tclctcx: 898174 

Title: Temperature Dependence of the 127 1-Nuclear Quadr~pole 

Coupling in Tetramethylammonium-periodate (CH
3

)
4

N+ro4 (l) 

Dear Professor Shapiro: 

127 
The I-NMR powder spectra of (l), measured between 200 Kand 

300 K, are depictured in Fig. ' 1 ~ The last spectrum at 300 K shows 

the typi~al 127r~NMR signals of the II. order quadrupole splitting, 

while all other s~ectra with temperatures below 296 K have addi­

tional signals p~ob~bly from a ftirther quadrupole splitting. Low­

ering the temperature at least one of these coupling constants in­

creases because there are two possibilities in calculat~.1g the 

quadrupole splittings 6v • . ·. . n 

Case A with z+z" . (6v 1 ), z*+z ·• (6v 2 ) and 

Case 8 with z+z' • (6v 3 ), z*+z '' (6v 4 ) 

By knowing the Larmer precession frequency vL and the measured 

values of 6v for the respective temperatures the quadrupole coup-n 
ling constants can be calculated where the asymmetry parameter n 
disappears (n = 0). The test rehults for ~ompound (l) are shown 

in Fig. 2. 

Independent of the two possible cas-es the diagram shows . the ap­

pearence of a second phase at T < 296 K. The quadrupole coupling 

constants of this - low temperature phase are in order of 15 to 

20 MHz. All 127 r ~uadrupole int~ractions of compound (l) have 

a normal temperature dependence ~ith a negative temperature coef­

ficient a and therefore a I. order phase transition is present. 

That means a discontinous change of the tetragonai crystal struc­

ture of the high ~emperature "modification. This will change the 

symmetry properti~s in the lattdce and create two inequivalent 

positions of the iodine atoms. 

i' 

:: 
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Fig. 1. 127 1-NMR signals of II. order quadrupole splittings ~v, 

measured between 200 Kand 300 K. 
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Fig. 2. Temperature dependence of 127 1 quadrupole coupling 
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constants e qQ/h, measured by II~ order quadrupole 

effects in I-NMR powder spectra of (CH 3 ) 4 N+I □ 4 
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Moreover it is remarkable that an 

e 2qQ/h (T) ~ curve (666) into the 

extrapolation of the known 

region T < 300 K runs through 
. . I 

t~e average values 1 of the quadr~pole coupling constants calculated 

from the two possiple cases A and B. 
I 
I 

From our measurements it is impossible to decide, which of the two 
. ' 

cases corTectly describes the -behavior in the - lattice, where obvi-

ously two sorts of distorted _10;-tetrahedrons exist. With case B 

one of the 10;-tetrahedrons is ~rovid~d with a small electric field 

gradient, which is independent of temperature (lower curve coo). 

The other has a larger electric field gradient, which is tempera­

ture dependent. Consequently the 104-tetrahedron is more distort~d. 

If case A is the right, one group of the I □ 4 -tetrahedrons cha~ges 

its field gradient at the iodine atom in the same way as the high 

temp~rature modification. This can be seen in Fig. 2, where the 

6-curve passes continously into: the lower □-curve. For the other 

! □ ;-tetrahedron on~ observes an\ insignificantly larger electric 

field gradient. In this prefere~ version there are smaller devi­

ations in the lattice. 

,Sincerely yours, 

?~ v.. ~ 
Dr. P.K. Burkert Dagmar G. Klobasa 

L · 



Find out how friendly 
0and versatile NMR 
can be. 

The QE-300 spectrometer was 
specifically developed for high effi­
ciency, high-throughput carbon 
and hydrogen NMR It provides a 
complete range of routine and high 
resolution capabilities with a 300 
MHz (7 Telsa) superconducting mag­
net, synthesizer based frequency 
control, quadrature phase detection, 
high-speed pulse programming, 
and a dual 13C/1H switchable probe. 
To make operation dramatically 
simple, the QE-300 also features 
auto-locking, auto-shimming, and 
auto-spectral phasing plus an 
incredible menu driven software 
package called CHARM. 

And now, to make the QE-300 
even more versatile, we've added 
a number of accessories to make 
your work faster and more efficient 
than ever before. 

Around-the-clock 
data acquisition 
and processing 

First, there's the QE-300 Automatic 
Sample Changer for unattended, 
sequential analysis of up to 100 

.-.....iro>\ .., samples. It lets you 
a'.4 collect spectra con-

, tinuously-overnight 
and even over week­
ends. So, instead of 
facing a stack of 
samples when you 
walk into your lab 
in the morning, 
you have a stack 
of results, com­
pletely phased and 
annotated to your 
specifications. 

Multiple megabyte 
speed and power 

Winchester and other optional 
hard disk accessories for the QE-300 
dramatically expand your data 
handling capacity. And to speed 
up Fourier Transforms and spectral 
phasing, you can add a high­
powered array processor as well. 

Remote data stations 
for multi-user productivity 

Increased data requires more data 
processing capability. To meet that 
need, you can add a remote, inter­
active data station to the QE-300. 
It communicates directly with the 
QE-300 as well as other Nicolet 
1280-based NMR spectrometers and 
enables you to process NMR data 
off-line while the main spectromet­
er is being used to acquire spectra . 

VT capability 
for temperature 

dependent studies 

A new microprocessor controlled 
Variable Temperature accessory 
for the QE-300 allows acquisition 
of experimental data at differing 
sample temperatures. The controller 
ranges from + 160C to - lO0C 
with ± 0.1 C precision. 

Enhanced 13C sensitivity 

An optional dual 10mm 0 C/Smm 
'H switchable probe increases °C 
sensitivity to more than three times 
that of the standard 13C/1H probe. 

Broadband 
console electronics 

and X nucleus probes 

Broadband console electronics 
and X nucleus probes for the 

*A business formerly operated by Nicolet Magnetics Corporation. 

QE-300 are offered for observing 
nuclei other than 13C and 'H, includ­
ing a dual 5mm 3 1P/'H switchable 
probe for analyzing phosphorous 
in biological, medical, and related 
applications. 

Call or write today for com-
plete information on the QE-300. 
We'll help you select the accessories 
to meet your NMR needs. 

The QE-300 with CHARM. 
Friendly, versatile NMR for the 
laboratory that has alot of work 
todo. 

You've never had NMR 
like this before. 

General Electric Company 
NMR Instruments• 
255 Fo urie r Avenue 
Fremont, Califo rnia 94539 
(415) 490-s31onwx 910 3s1 7025 

GENERAL. ELECTRIC 



THE GXSOLID 
LEADER 

NMR 
With Multi- Nuclear/ 
Multi- Fneld Solid State Probes 
• High field solid sample probe for JEOL's 270 MHz SCM! 
• *Tunable heads - interchangeable plug-in 

matching units for observation of 
13C (~67.8 MHz) 
31 P ( ~109.2 MHz) 
29Si (~ 53.6 MHz) 

with one probe! 
• Self-starting rotor/stator design! 
• High Speed magic-angle cdouble air bearing sample 

spinning (>4.0 KHz)! 
• "Magic lift probe" for quick sample change and 

probe insertion! 
• All this, in addition to a full line of dual and broad-band 

high resolution liquid sample probes! 

SOLIDS UPDATE -
NOW 

AVAILABLE 

■ MULTI-NUCLEAR SOLIDS 
PROBE FOR THE GX-270 

■ WIDE BORE MAGNET WITH 
VARIABLE TEMPERATURE 
SOLIDS FOR THE GX-270/89 

Chemagnetics SCM 
Solids probe 

forJEOL's 
270MHzNMR. 

TUNABLE 
OBS COIL/STATOR 

08S& !RR 
CONNECTORS 

MABie LIFT 
· ~HEIGIIT 

· /c""' ADJUSTMENT 
/ 

LEVEL 
ADJUSTMENT 

cJEDL 
235 Birchwood Ave., Cranford, NJ 07016 

(201) 272-8820 




