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FORTHCOMING NMR MEETINGS 

Symposium (Mon .• a.m .• 2/21/94) Minding the Human Brain via Functional Magnetic Resonance Imaging. AAAS Annual Meeting, San Francisco, 
California, February 18 - 23, 1994; Contact: AAAS, Meetings Dept., 1333H St., NW, Washington, DC 20005; Phone: (202) 326-6450; Fax: 
(202) 289-4021. 

Advanced Clinical MRI/MRS and C-13 MR Spectroscopy, Dallas, TX March 10, 1994; Contact: D. Christensen (214) 648-8013 or N. Bansal at (214) 
648-5887. See T AMU NMR Newsletter ill, 48. 

International Symposium on .Biological NMR. On the Occasion of Professor Oleg Jardetzky's 65th Birthday, Stanford California, March 24 - 26, 1994; 
Contact: Ms. Robin Holbrook, Stanford Magnetic Resonance Laboratory, Stanford University, Stanford, California 94305-5055; Fax: (415) 723-
2253; See TAMUNMR Newsletter1ll, 47. 

Symposium on In Vivo Magnetic Resonance Spectroscopy VII, Monterey, California, April 9 - 10, 1994; Contact: Radiology Postgraduate Education; 
Room C-324, University of California School of Medicine; San Francisco, Cl\ 94143-0628; Phone: ( 415) 476-5731; Fax: (415) 476-9213; For 
registration, call (415) 476-5808; Fax: (415) 476-0318 See TAMU NMR Newsletter1ll, 47. 

35th ENC (Experimental NMR Conference), Asilomar Conference Center, Pacific Grove, California, April 10 - 15, 1994; Contact: ENC, 815 Don 
Gaspar, Santa Fe, NM 87501; (505) 989-4573; Fax: (505) 989-1073 See TAMU NMR Newsletter 1ll, 9. 

Gordon Conference on Magnetic Resonance in Biology and Medicine, New England College, Henniker, NH, July 17 - 22, 1994; Contact: Dr. Carlyle B. 
Storm, Director, Gordon Research Conferences, Gordon Research Center; Univ. of Rhode Island, Kingston, RI 02881-0801; Tel. (401) 783-4011 or 
-3372; Fax: (401) 783-7644. 

8th International Symposium on Molecular Recognition and Inclusion, Ottawa, Ontario, Canada, July 31 - August S, 1994; Contact: H. Morin-Dumais, 
Steacie Institute for Molecular Sciences, National Research Council of Canada, 100 Sussex Drive, Ottawa, ON KIA 0R6, Canada; (613) 993-1212; 
Fax: (613)954-5242 SeeTAMUNMR Newsletter419 34 

Solid-State NMR Symposium. 36th Rocky Mountain Conference on Analytical Spectroscopy, Denver, CO, July 31 - August S, 1994; Contact: R. E. 
Botto, Chemistry Divn., Argonne Natl. Lab., Argonne, IL 60439; (708) 522-3524; Fax: (708) 252-92882 See T AMU NMR Newsletter 1M,_ 46. 
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Joseph B. Lambert 

Clare Hamilton Hall Professor of Chemistry 

Dr. Bernard L. Shapiro 
T AMU NMR Newsletter 
966 Elsinore Court 
Palo Alto, CA 94303 

Dear Barry: 

NORTHWESTERN UNIVERSITY 

Department of Chemistry 

2145 Sheridan Road 
Evanston, Illinois 60208-3113 

Telephone (708) 491-5437 

Internet lambert@casbah.acns.nwu.edu .;,_i. 

December 13, 1993 Facsimile (708) 491-7713 --

(received 12/17/93) 

. We have continued our study of dynamic effects in the spectra of five-membered rings in the solid state. 
Previously (J .. Am. Chem. Soc., 113, 8958-8960·(1991)). we reported that the 13c spectrum of solid cyclopentanol 
decoalesces into atleast four sets of resonances per carbon and that of sulfolane into two sets per carbon. We have 
now examined most, of the simple five-membered rings and a few of the analogous six-membered rings. Some of 
these spectra, including those of cyclopentanone and possibly tetrahydrothiophene I -oxide, decoalesce at or near the 
freezing point. Other examples, including cyclopentanol, sulfolane, cyclohexanol, cyclohexanone, and .possibly 
trans-1,2-cyclopentanediol, are globular· molecules that freeze into a plastic phase that retains some rotational 
motion. These latter spectra in the solid state closely resemble those in the liquid state, and cross polarization is 
not needed to obtain the spectra. Below the plastic-to-nonplastic transition, . however, these molecules lose their 
rotational freedom and the spectra exhibit decoalescence. Cross polarization is required, and carbonyl resonances 
show spinning sidebands. 

The slow-exchange spectra of cyclopentanone, 1-methylcyclopentanol, cyclohexanol, and trans-1,2-cyclo­
hexanediol contain two peaks of equal intensity for certain carbons. Such an observation may arise either from the 
presence of equally populated species (conformers, positional isomers, or crystallographic sites, or from a single 
form with two sites that can exchange to a single averaged site upon the onset of molecular rotation. For the case 
of cyclopentanone, the latter explanation is excluded, because the carbonyl carbon splits into two, which is possible 
only when two forms are present. 

X-ray structures for these five-membered rings have not been reported, presumably because of the complex 
phase behavior or the presence of multiple forms in the crystal. Thus it devolves upon NMR to unravel the com­
plex structural situation for these com:mon molecules in the solid state. 

Sincerely 

/::;Lambert Suzanne C. Johnson 

COLLEGE OF ARTS AND SCIENCES 



Highest Sensitivity for Biomolecules 

10 mm probes for heteronuclear applications 
A remarkable solution for studying 
biological macromolecules, Varian's 
10mm triple resonance and indirect 
detection probes are ideal for samples 
which have limited solubility or are 
susceptible to aggregation. 

These innovative probes deliver 
exceptional water suppression, short pulse 
widths, and the highest sensitivity when 
·used with Vaiian's illtra•nmr shims~" 

They also offer excellent performance 
and minimization of temperature 
gradients, even with high-ionic 
strength solutions. 

When combined with illtra•nmr shims 
and a UNITYplus NMR spectrometer, 
10mm biomolecular probes open new 
frontiers in biomolecular research. 
For details, contact the Varian office 
near you. 

Vari:111 Associates 3120 llansen Way, Bldg. 4, Palo Alto, CA 94304-1030, U.S.A. Tel: 1-800-356-4437 • Varian 
lntcniational AG Kollerstrasse JS, Cll-6303, Zug, Switzerland Tel: ( 42) 44 88 44 • Varian GmbH Alsfeldcrstrassc 6, 
D-6100 Darmstadt, Germany Tel: (0 61 51) 70 JO • Varian Instmments Ltd. 3rd ~latsuda llldg., 2-2-6 Ohkubo-Shinjuku, 
Tokyo, Japan Tel: (J) 3204-1211 
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Varian's 10mm Biomolecular Probes 

Advantages 
• Highest sensitivity permits the lowest concentrations to be studied 

• Short heteronuclear pulse widths provide efficient decoupling over the full bandwidth of interest 

• Excellent lineshape is available with Ultra•nmr shims 

• Minimal temperature gradients reduce thermal artifacts 
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• Salt tolerance permits experiments in solutions of moderate to high ionic strengths \;"' _, ~ · •; 
,z;.. D 

Applications 
• Biological macromolecules which have limited solubility 

• Samples that are susceptible to aggregation 

• Systems that are.available only at low concentrations 

Call your sales representative. Australia (3) 543 8022. Austria(!) 69 55 450. Belgium (2) 721 4850. Brazil (I I) 829 5444. Canada (416) 
457 4130. Denmark (42) 84 6166. France (1) 69 86 38 38. Germany (6151) 70 30. Italy (2) 753 1651. Japan (3) 3204 211 L Korea (2) 561 
1626. Mexico (5) 533 5985. Netherlands (3403) 50909. Norway (9) 86 74 70. Spain (01) 430 0414. Sweden (8) 82 00 30. Switzerland (42) 
44 88 44. UK (932) 24 37 4 L US 800-356-4437. Othcrlntemational (415)424-5424. 
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CALIFORNIA INSTITUTE OF TECHNOLOGY 
Pasadena, California 91125 

Division of Chemistry and Chemical Engineering 
Gates and Crellin Laboratories of Chemistry 

John D. Roberts 
Institute Professor of Chemistry, Emeritus 

and Lecturer 

December 15, 1993 
(received 12/17/93) 

Dr. Barry Shapiro, Editor 
T AMU NMR Newsletter 
966 Elsinore Court 
Palo Alto, CA 94303 

Dear Barry: 

For some time now, I have been interested in the presumably worn-out field of 
application of NMR to conformational analysis of ethane derivatives. It turns out that, 
not only are there a gaggle of unsolved or unresolved problems, but the field is 
especially useful for me because of my interest in helping undergraduates get started 
with research. It works well for undergraduate research because it can be started early 
on without much knowledge of organic chemistry and the needed NMR can be picked 
up fairly easily. 

Among the interesting paradoxes in this area of research has to do with 
conformational preferences in water solution. We have just published (Lit, E.S.; Mallon, 
F.K.; Tsai, H.Y.; Roberts, J.D. / . Am.Chem. Soc. 1993, 115, 9563-9567, an account of our 
studies of the changes of conformation of succinic acid with pH (a problem that we 
pointed out had some interest in a prior TAMU NMR submission, November 1986, 
#338, p. 12). The gist of the pH effects is that they are not large and not quite what one 
would expect from conventional wisdom about hydrogen bonds and electrostatic 
effects. Of course there are nagging uncertainties, because of the necessity to predict 
what the coupling constants should be for the individual conformations, for example 
using procedures like those of Haasnoot-Altona, and how close the rotational angles 
will be to the perfect staggered values. The best we could do indicated that the diacid, 
the monoanion and the dianion were about 80%, 70% and 43% gauche, respectively. As I 
said, the preferences are not large and one might be surprised that there is not more 
gauche for the monoanion, which conformation could be stabilized by hydrogen 
bonding. 

- ,H"o,c1? 
O~*H I/ 
0 

H H 

H 
More disturbing (if you believe in conventional wisdom) even than these results 

are those reported by Abraham and Hudson, J. Chem. Soc, Perkin Trans. fl 1986, 1635-

424-5 
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- -- - -
1640, almost without comment, that the vicinal proton-proton couplings of ~-alanine 
indicate that all three of the possible conformations exist in essentially the distribution 
expected by statistics of two gauche to one trans, independent of pH! This is especially . 
troublesome for the di polar ion for which one would expect both a favorable 
electrostatic, and perhaps hydrogen-bond stabilization as well~ for the gauche 
conformation. Because we have measured rather different couplings with succinic acid 
at high pH than Abraham and Hudson reported, Diana Fort, an excellent summer 
undergraduate research student from Toronto repeated their experiments with pH on~­
alanine and found good agreement. 

Because of the rather surprising results with the dipolar ion, Diana also 
measured the vicinal couplings at 5° and 85° to see if there was a sizable effect that · 
could be ascribed to entropy. However, over an 80° difference in temperature, the · 
change in ]l3 was only about 0.2 Hz and in ]l4 only 0.4 Hz, so the effect at best is small. 
In addition to the examples supplied by Abraham and Hudson, we have looked at 
several other cases where electrostatic influences and/ or hydrogen bonding might be 
expected to be important. We can only conclude that, while the conventional wisdom 
may often predict the proper direction that conformational equilibria will take in water 
solution, the predicted effects will usually be too small by an order of magnitude. The 
only exceptions are when truly bulky groups are involved, so that steric hindrance is 
clearly evident. 

It would seem that either there must be some compensating balance between 
steric hindrance arising from solvation, electrostatic attractions and repulsions, entropic 
influences, solvent structures, hydrogen bondings, and so on, or else these effects must 
all be small. I wish I knew which. 

B"est wishes, 
Very truly yours 

fat'~ --

\. 

C 

L. 



AMT Delivers More 
For Less! 

10-90 MHz, 1000 Watt RF power amplifiers for less than $10,000 

Key Features: 

■ Full 10-90 MHz frequency 
range 

■ 1000 watt power rating 
■ Linearity + 1 dB 
■ Noise blanking in less than 2 µs 
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The AMT NMR/ NMRI product family 
SERIES FREQUENCY POWER RATINGS 
3130 200-500 MHz 50 to 300 ,v 
3200 6-220 MHz 150 to 1000 vV 
3304 30-310 MHz 400 vV 
3420 10-90 MHz 1000to2000vV 

■ Less than 5% pulse droop 
■ Dual mode, Pulse/CW 

operation 
■ Digital power meter 
■ Dual range power limits 
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Model3426 -

Call Jim Lukes at AMT, or your local distributor NOW 
for a price that will flip your spins! 
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AMERICAN 
MICROWAVE 
TECHNOLOGY 

Electrical specifications: 
Frequency range 
Pulse power (min.) into 50 ohms 
CW power (max.) into 50 ohms 
Linearity ( ± 1 dB) 
Gain (typ.) 
Gain flatness 
Input/Output impedance 
lnputVSWR 
Pulse width 
Duty cycle 
Amplitude rise/fall time 
Amplitude droop 
Phase change/output power 
Phase error overpulse 
Noise figure 
Output noise (blanked) 
Blanking delay 

Protection 

Supplemental characteristics: 
Connectors, rear panel 

Indicators, front panel 

System monitors 

Front panel controls 

Cooling 
Operating temperature 
AC line voltage 
AC power requirements 
Package 
Size (HWD, inches) 
Net weight 

Model3426 
10-90 MHz, pulsed, 
solid-state, RF power 
amplifier system 

10-90MHz 
1000W 
100W 
0-900W 
65dB 
± 2dB 
50ohms 
<2:1 
20ms 
Uptol0% 
250nstyp. 
5% to 20 ms typ. 
10° to rated power, typ. 
4 ° to 20 ms duration, typ. 
11 dHtyp. 
< 20 dB over thermal 
< 2 µson/ off, TTL signal 

1. VSWR: infinite VSWR 
2. Input overdrive: up to 10 dB 
3. Over duty cycle/pulse width 
4.Overtemperature 

1. RF input: BNC (F) 
2. RF output: 'fype N (F) 
3. Noise blanking: BNC (F) 
4. Interface: 25 pin D(F), EMI filtered 

1. AC power on 
2. Peak power meter 
3. Over pulse width 

5.Overtemperature 
6. Over drive 
7.CWmode 

4. Over duty cycle 

1. Forward/Reflected RF power 
2. Over pulse width/duty cycle 
3. DC power supply fault 
4. Thermal fault 

LAC power 
2. Pulse width 

Internal forced air 
+10to40°C 

3. Duty cycle 

208/230 VAC, ± 10%, 50-60 Hz 
2000watts 
Rackmount 
8. 75 X 19 X 20.25 
100 lbs. 03/92 

3080 Enterprise Street ■ Brea, CA 92621 ■ (714) 993-0802 ■ Fax (714) 993-1619 
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RESEARCH 
~ INSTITUTE 

NMR LABORATORY 
381 Royal Parade, Parkville 3052, AUSTRALIA 

Dr. Bernard L. Shapiro, 
TAMU NMR Newsletter, 
966 Elsinore Court, 

November 29, 1993 

(received 12/4/93) 

Palo Alto, CA 94303, USA. 

Dear Dr. Shapiro, 

Multiple Conformations of Anthopleurin-A in Solution 

Anthopleurin-A (AP-A) is a member of a class of sea anemone-derived polypeptides which 
interact with the voltage-gated sodium channel. In the mammalian heart this results in delayed 
inactivation of the channel, producing a positive inotropic effect without affecting blood pressure or 
heart rate. 

We have been interested for some time in the elucidating the 3D structure and structure-function 
relationships of AP-A, and have published a low-resolution structure of AP-A (1) and a higher­
resolution structure of the related polypeptide Shi (2). Even in our early studies at 300 MHz, it was 
clear that AP-A had far too many NMR resonances for a protein of 49 residues. We suggested then 
that this reflected conformational heterogeneity and that the origin of this was cis-trans isomerism of 
the Gly40-Pro41 peptide bond (3). Although we were subsequently able to confirm that 
conformational heterogeneity was indeed the cause of the observed peak splitting (4), it proved 
frustratingly difficult to confirm the role of Pro41 because of peak overlap, even at 500MHz. 

With access to an AMX-600 spectrometer, we have now recorded new data on AP-A, which are 
being used to refine its structure in solution. The new spectra have had two spin-offs, which are the 
subject of this (much overdue) contribution: 
i) We now have complete assignments for resonances from the major conformer of AP-A and a 
nearly complete set for the minor. As a r~sult, we are able to confirm that cis-trans isomerism of the 
Gly40-Pro41 peptide bond is indeed the cause of the major peak splitting noted previously. 
Interestingly, however, the major conformer adopts the cis configuration, as indicated by the 
observation of Gly40 caH to Pro41 caH sequential connectivities for the major form and caH­
C6H connectivities for the minor, as shown in Figure IA. A 2D HMQC spectrum of AP-A at natural 
abundance (Figure lB) provides further support for this, with the chemical shifts of the Pro41 C~ 
resonances in the major and minor conformations being 33.5 and 30.2 ppm, respectively, in close 
agreement with the values of 33.1 and 30.6 ppm observed in the cis and trans forms, respectively, of 
model peptides. The two conformations are in slow exchange at ambient temperatures, but in a 
NOESY spectrum at 315 K, a chemical exchange cross peak is observed between the major and 
minor resonances of the well resolved Cys46NH proton. 
ii) In addition to the peak splitting due to Gly40-Pro41 peptide bond isomerism, another form of 
conformational heterogeneity is also present in the molecule, as reflected in the observation of as 
many as four distinct resonances for several protons. This is illustrated in Figure 2. The relative 
intensities of the peaks are approximately 18:9: 1: 1. As these peaks are present in spectra of both AP­
A purified from Anthopleura xanthogrammica and synthetic AP-A (5), it is unlikely that they are 
chemical contaminants. Rather, they appear to reflect additional conformational heterogeneity in the 
molecule. So having sorted out one source of heterogeneity in AP-A, we now have to identify 
another! In a wider context, it is likely that the presence of minor conformers of proteins in solution is 
more common than previously thought, and that high field NMR will identify many other examples. 

(1) Torda, A.E., Mabbutt, B.C., van Gunsteren, W.F. & Norton, R.S. (1988)FEBS Lett. 239, 266-270. 
(2) Fogh, R.H., Kem,W.R. & Norton, R.S. (1990) J. Biol. Chem. 265, 13016-13028; Wilcox, G.R., Fogh, R.H. · 

& Norton, R.S. (1993) J. Biol. Chem., in press. 
(3) Gooley, P.R., Blunt, J .W. & Norton, R.S. (1984)FEBS Lett. 174, 15-19. 
(4) Gooley, P.R., Blunt, J.W., Beress, L. & Norton, R.S. (1988)Biopolymers 27, 1143-1157. 
(5) Pennington, M.W., Zadenberg, I., Byrnes, M.E., Norton, R.S. & Kem, W.R. Int. J. Pept. Protein Res., in press. 
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Multiple Conformations of Anthopleurin-A in Solution 

Figure 1. (A) Part of the aliphatic 
region of a 200ms mixing time NOESY 
spectrum of AP-A in D2O at 600MHz, 
pH 4.8 and 300K. Sequential. 
connectivities··between proton resonances 
of Gly40 and Pro41 in both major (a) and 
minor (b) ·conformations are highlighted. 
(B) lH-BC HMQC spectrum of AP-A 
(3.5mM) in 90%H2O/10%D2O at 
500MHz, .pH 4.8 and 298K. 

Figure 2~ Part of the amide to aliphatic 
reg_ion of a 70ms TOCSY spectrum of 
AP:.A in 90%H2O/10%D2O at pH 4.8 
and 300K. Cross peaks arising from the 
four distinct conformations of Cys46NH 
are shown. The projection was 
calculated by summing all rows of the 
displayed region. 

Sincerely,-

Martin J. Scanlon 
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INTRODUCING THE 
QXI™ PROBE SERIES 
QUADRUPLE RESONANCE X-NUCLEUS 
DECOUPLING INVERSE PROBES 

Bruker introduces a new series of 5 mm quadruple-resonance inverse 
probes for 4-channel high-field AMX or AVANCE DMX spectrometers. 
These new high performance water suppression probes are aimed specifically at the 
special requirements of our NMR customers who work with labeled oligonucleotides 
or with nucleic acids forming complexes with fully-labeled proteins and peptides. This 
new probe series is called QXI™ and offers proton observation, and simultaneous 
decoupling of phosphorus, carbon, and nitrogen and of course still provides for a 
deuterium lock. 

Some possible applications include (i) 31 P - 13C- 15N magnetization transfers in labeled 
oligonucleotides, (ii) decoupling of 31 P to avoid sensitivity losses during 13C - 15N 
magnetization transfers in labeled oligonucleotides, or (iii) just a convenient way of 
measuring both 1 H/ 1 3C/ 15N and 1 H/ 13C/31 P triple-resonance experiments with the same 
probe. 

I 

II 

,.. 1,1 ,., ,., 

Figure I: H(C)P correlation of 13C, 15N labeled 5'-GMP. Figure 2: H(C)N correlation of 13C, 15N labeled 5' -
The H(S',5")-P and H(4')-(C(4'))-P cross peaks are GMP. The H(l ')-(C(l '))-N(9) cross peak is shown. 
shown. 
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~ 
13c: I I T-1

1
12 I T-t 112 I I I GARP I 

<1>1 

31P: I ti I I GARP I 

<1>2 

15N: I ti I I GARP 

Figure 3: Pulse sequence of a simultaneous H(C)P and H(C)N experiment of 13C, 15N labeled 5'-GMP provided by 
Prof. G. King, University of New South Wales. The sets of experiments are acquired one with q>1 =0,2; <j>2 =0,2; 
<l>rec=0,2 and the other with q>1 =0,2; q>2 =2,0; <l>rec=0,2. Summation of the two experiments yields the H(C)P 
correlation, subtraction the H(C)N correlation. Parameters: ~=3.24 ms, ~ 1=2.2 ms, T=24 ms, 256 complex 
points in t1 were recorded with 4 scans per increment; I 024 complex points in t2 • The spectra were recorded with 
a 1H, 13C, 15N, 31 P probe on an AMX600 by H.Schwalbe, J.W. Goethe University, Frankfurt. 

For a 600 MHz QXI probe we can specify proton sensitivity at S/N > 5 50: 1 for 
0. 1 % EB. The following 90° pulse widths are specified for an AVANCE™ DMX600: 

1 H < 1 0 microsec 
31 P < 20 microsec 
13C < 1 5 microsec 
1 5N < 4 5 microsec 

This extremely good proton and inverse sensitivity and excellent phosphorus, carbon 
and nitrogen bandwidths should allow very demanding biological NMR experiments. 
The resolution, non-spinning and spinning lineshape of the QXI probes are identical 
in performance to Bruker's 5 mm TXI triple resonance inverse probes, which are in 
wide use among our customers. 

In conclusion, the excellent sensitivity, short pulse widths and good resolution and 
lineshape of the QXl-series are ideally suited for demanding nucleic acid and other 
NMR experiments in water. We anticipate that the experiment shown here, will be 
the first in an entirely new family of NMR experiments geared towards nucleic acids 
research, which are technically feasible for the first time with the innovative QXI 
design. For more details please contact your nearest Bruker representative or 
applications laboratory. 

Acknowledgements: We thank Prof. C. Griesinger for insightful discussions. 
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THE UPJOHN COMPANY 
7000 Portage Road 
Kalamazoo, MI 49001-0199 

November 15, 1993 
Dear Dr. Shapiro: 
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Chemical Division 

(received 12/6/93) 

Most of our work involves supporting the process development efforts of the pharmaceutical chemists in the 
Chemical Division. This means rapidly identifying the exact structure of an impurity as well as providing 
routine 1D NMR service work. In order to devote more time to identification activities we long ago 
automated the acquisition and processing of 1D NMR data so that the chemists could acquire spectral data 
directly. The most labor intensive aspect of acquiring these data is plotting the resulting spectra and, as 
such, we would like to share with you some of the microprograms written over the years to lessen the 
burden. 

The set of 1D NMR experiments provided to the chemists is one 1H spectrum and three 13C spectra (a fully 
decoupled (CPD), a DEPT90, and a DEPT135). The 13C data is most easily interpreted when presented on a 
single sheet of paper as a stacked plot, as in figure 1. These experiments were acquired on a Bruker AMX 
instrument using the standard set of automation routines. To plot in this manner go into EDP and set the 
AUNMP parameter to 'proc_no' for the first two 13C experiments (i.e. CPD and D135). Set the third 
experiment to 'PLOTCPDEPTS', which is a program written in-house to plot the spectra on a si'lgle sheet of 
llxl 7 paper. Figure 2 lists the program with the appropriate documentation. 'PLOTCPDEPTS' requires 
three parameter files, 'HP75CPD', 'HP75D135', and 'HP75D90', which contain only 'plot' and 'outd' 
information. The contents o:f the 'plot' files are accessible through EOG and presented in figure 3. 

Those of you using the automation routines on Bruker AM systems should use the program listed in figure 4 
('post.au'). This routine differs from Broker's 'pr4d.au' program in that the acquisition files can be prepared 
as 'combined standard experiments' instead of as pseudo 2D experiments. Please note that in each of the 
three 13C acquisition programs the line 'wr CPD' (or DEPT90 or DEPT135) must be added after the 'wr @ in 
the appropriate 'XO_AU' files. These temporary data files are required by the processing routine 'post.au'. 
(The reason for this escapes us for the moment. It has been two years since we retired our AM systems and 
our memories are rusty.) As in the above case the first two 13C's should not be immediately processed and 
should use the 'pmo.au' processing program modified as in figure 5. 
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Figure 1. 13C-NMR spectral data: Lower CPD, middle DEPT135, and upper DEPT90. 
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J• PWI'CPDEPI'S 0/ 

J• The data is aaiuired in the order CPD, D135, D90 so the c:um,nt 
data file ie decremented two experiment numbers. •t 
GETCURDATA 
DEXPNO 
DEXPNO 

J• The data is tranaformed and referenced. •J 
EM 
Fr 
APK 
ABS 
SREF 

/0 Parameter fit.., to plot the CPD are retrieved and the plot swpended. •J 
RPAR("HP75CPD", "all") 
PLOTS 

J• The Dl35 experiment ie retrieved, transformed, and referenced (to the CPD). •/ 
IEXPNO . 

EM 
IT 
APK 
ABS 
SREF 

/0 Parameter ru.., to plot the Dl35 are retrieved and the plot swpended. •1 
RPAR("HP75Dl35", "all") 
PLOTS 

1• The D90 experiment ie retrieved, transformed, and referenced (to the CPD). •/ 
IEXPNO 
Eh, 
Fr 
APK 
SREF 

/• Parameter fit.., to plot the D90 are retrieved and the plot swpended. •1 
RPAR("HP75D90", "all") 
PLOTS 

/• The swpended plou are 'flUBhed' and the macrn ends. •1 
Fl.PLOT 
QUIT 

Figure 2. A listing ofthe program PLOTCPDEPI'S (see text). 

~ 
SXLEIT 
SYLEIT 
ex 
SHEi 
FlP 

LUili 
llllJi: 

F2P 
DHEI 
SZERO 

ElllTI.LE. 
TXLEIT 
TYLEIT 
TPOS 
TOFFSET 
TWIDTH 
TMARGIN 
TCHAR 

:eA&M 
EDPARAM 

PXULEIT 
PYULEIT 
PWIDTH 
PCHAR 

PLABELli 
EDPLABl. 

PLHEI 
PLCHAR 
PLMARK 
PLUNIT 
PLMUL 

llflliEl 
0 
0 

· 35 
12 

225 
-5 
8 

.8 
YES 

NO 

NO 

YES 

2 
2 

YES 
PPM 

NO 

llfZmJ.a:i 
0 

12 
35 

6 
225 

-5 
6 
3 

NO 
NO 

NO 

NO 

liP7fil2ll!l 

18 
35 
6 

225 
-5 
6 
.7 

NO 
YES 

a 
24 

TOP 
0 

36 
0 
2 

YES 

36 
24 

7 
2 

NO 

;POST.AU 

;Wait for last experiment to finish, read in temporary data file and proceesing file. 
1 WA1T 
2 RE@ 
3 RE CPD 
4 PJ CPDP 

;Proceos and reference CPD. 
5 EMl 
6 GMl 
7 Fr 
8 APK 
9 SREl 
10 WJCPDP 

;Reference DEPI' experiment.a. 
11 PJ DEPTA 
12 SREl 
13 
14 
15 
16 

WJDEPTA 
PJ DEPTB 
SREl 
WJDEPTB 

;Plot CPD, DEPT90, and DEPT135. 
17 PJCPDP . 
18 PXl 
19 PPl 
20 DEL CPD 
21 RE DEPT90 
22 EMl 
23 GMl 
24 Fr 
u PJ DEPTA 
26 APK 
27 PXl 
28 DELDEPT90 
29 RE DEPT135 
30 EMl 
31 GMl 
32 Fr 
33 PJ DEPTB 
:u APK 
35 PXl 
36 DELDEPT135 
37 NP 
38 EXIT 

;Parameter recommendations for CPDP.001, DEPTA.001, and DEPTB.001 are: 
CPDP.001: CY=MAXY=9, DPO offilet=-.5, TlTLES=NO, PARAMETERS=NO, 
PEAKPICK=P 
DEPTA.001: CY=MAXY=3.8, DPO offilet=l9, TlTLES=YES, PARAMETERS=YES 
DEPTB.001: CYzMAXY=3.8, DPO offset=l5.2 

Figure 4. A listing of the program 'post.au' (see text). 

;PRNO.AU 

;Does not proceu experiment. 

WA1T 
2 RE@ 
3 EXIT 

Figure 5. A listing of the program 'pmo.au'. 

Figure 3. The contents to the 'plot' subroutine in the HP75* files. 
L· 



ALUMINA TUBE FOR 29Si AND 118 NMR 

Shigemi co. has recently developed an unique alumina tube for 29Si 
and 11e NMR. The construction of the tube consists of a standard 
glass NMR tube connected to a highly densified alumina bottom 
which holds your sample. BY using our alumina tube, the 29Si 
spectrum is free from a broad 29Si signal and the spinning sidebands 
are suppressed to a minimum owning to its precision and quality. 
As of now, only Shigemi can offer you this very specialized and high 
quality tube for a reasonable price. 

~ 
A 

50 mm )j 

•lJ I : 
~ 
7mm . 

Type A B C D Camber 
Length (mm) OD(mm) ID (mm) ID (mm) (µ) 

Si-005 180 4.965 + 0 4.0 ± 0.1 3 ± 0.02 

- 0.005 

Si-010 190 10.0 + 0 9.0 ± 0.1 7.8 ± 0.02 
-0.01 

Type Diameter Price for 5 tubes 

Si-005 5mm $300.00 

Si-010 10mm $400.00 

SHICEMl,INC. 
Suite 21,4790 Route 8 • Allison Park,PA 15101 • USA 

Tel:(412)444-3011 • Fax:(412)444-3020 



Specially designed 
Thin Wall NMR Sample Tube 

Shigemi's high precision thin wall NMR sample tube has a unique construction. The 
wall thickness of this particular tube is reduced only around the position of the :-' 
detection coil. The result of this new invention allows an increase in the sample· 
volume- and higher sensitivity without sacrificing its mechanical strength. 
Therefore, there is no need for special handling during routine usage of ·our · 
Shigemi NMR tubes. 

PP■ Flg.1a Flg.1b 

The spectra of 20mm sucrose In D20 
were obtained with a single scan 
without apodlzatton prior to ' · 
FOurler transformation on a -Bruker 
AMX-600 spectrometer at 298 K. By · 
using Shigemi high quallty smm 
standard tube <Flg.1a> and the 
Shigemi highly sensitive thin wan 
5mm tube <Flg.1b>, the spectra 
confirms a sensitivity enhancement 
of about 10%. 

--------- 180mm -----------~ 

(- 40mm ➔ 

PST-001 and PST-002 

190mm -------------
~ 50mm-➔ 

) 
STS-001,STS-002, ST10-001, and ST10-002 

·········································••··················••··········•·····•··•······•········•·······••····································································· 
O.D. 

<mm> 

5 

8 

10 

concen-
Product Wall tricity /Camber OD ID 
Number <mm> (µ) <mm> <mm, 

PST-001 0.21 20/8 4.96 + 0.00 • 0.01 4.54 ± 0.01 
PST-002 0.21 40/15 4.96 + 0.00 • 0.01 4.54 ± 0.01 
STS-001 0.25 40/8 8.00 + 0.00 • 0.01 7.52 ± 0.01 
STS-002 0.25 50/15 8.00 + 0.00 • 0.01 7.5:Z ± 0.01 
ST10-001 0.25 40/8 9.98 + 0.00 · 0.01 9.52 ± 0.01 
ST10-002 0.25 50/15 9.98 + 0.00 • 0.01 9.5:Z ± 0.01 

SHIGEMI, INC. 
suite 21, 4790 Route 8 • Allison Park, PA 15101 • USA 

Tel:<412)444-3011 • Fax:<412)444-3020 

Price Each 
1-99 100+ 

$15.00 $13.50 

$13.00 $12.00 

$31.00 $28.00 

$27.00 $25.00 

$36.00 $32.00 

$3:Z.OO $28.00 

'-

" 
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WASHINGTON· UNIVERSITY· IN· ST· LDUIS 

Department of Physics 

Dear Dr. Shapiro: 

November 29, 1993 
(received 12/6/93) 
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We recently reported a simple scheme for enhancing the sensitivity of central transition NMR of half­
integer quadrupolar nuclei (Chem. Phys. Lett. 209, 287, (1993)). In the present letter we discuss some of the 
practical aspects of the technique (probe, rf level, and frequency sources). 

The basic technique is really pretty simple. The energy levels and NMR spectrum of a spin-5/2 is shown 
in Fig. 1 below, for the case of roQ << ro0 . There are five resonance transitions (2, 1, 0, -1, -2). The Boltzmann 
equilibrium populations are shown in Fig. 1, with E = nroo /2kT < < 1. At equilibrium, the population difference 

·of them=±½ levels is 2E. By selectively inverting the satellite transitions in the order 2, 1, -2, -1 (or -2, -1, 2, 
1), the population of m = 5/2 is transferred to the m = ½ level (and -5/2 to -½). The resulting poulations are 
shown in Fig. 1. The population difference of the m = ± ½ levels- has been increased to 1 OE, a x5 increase in 
sensitivity for any subsequent experiment on the central transition. · 

before: after: -
m=S/2 (1-5£) ] (1-3£) 

3/2 ,,.,., 'j (1-£) 

1/2 -(1-SE) (1·E) 

f[Jure 1 · ,112 (1+E) j (1+5E) 

-3/2 ,,.,,, '~ (1+e) 

-5/2 (1+3e) (1+5e) 

before: ~ -
A A 4 A I!,. 

OOo 

-2 -I 0 2 

11:1 powders and glasses the satellite transitions are inhomogeneously broadened and are unresolvable. 
Thus, mversion by selective 7t pulses is not possible. But it is easy to invert the satellite transitions by adiabatic 
passages. T_he ~requency of the rf carrier i~ ~tarted above the highest expected sateliite and swept down in fre­
quency, endmg Just above t?e centr~ trans1t10n (- 50 ~z abo~e). As shown in Fig. 2, the process is repeated 
for the low frequency satellites. This procedure automatically mverts the satellites in the order 2 1 -2 -1. In 
practice, a sensitivity enhancement of 4.0-4.5 is obtained for spins-5/2 (27 Al, 17 O). In gene~ai, the ideal 
enhancement is a factor of 21. We note that no fussy adjustments are required: the technique simply works. 
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Experimental requirements: relatively low rf powers are adequate for the sweep. Typically, the sweep 
may last 5 - 20 ms with yH1/21t = 5 kHz (as measured in solution). We commonly use a 25 watt transmitter 
with 5 mm samples. 

For frequency sources, we employ an FM generator. The HP 8640 B is particularly nice, ·but has a nar­
row FM range(± 3%). The FM range can be increased by running the FM generator at a high frequency (e.g. 
400 MHz) and heterodyning it down against a stable source (e.g., a synthesizer). We drive the FM input with a 
DAC mounted in our spectrometer's control computer. RC filtering makes the frequency vary smoothly, and 
not step-like. We sometimes use the FM source for the rf sweeping and a synthesizer for inspecting the central· 
transition; this is a nearly ideal arrangement. We switch between the rf sources with a PIN-diode switch (as in 
Mini-Circuits' catalog). 

The probe must be broadband (low Q) for the rf sweeps. But detection with a low Q probe. would kill the 
sensitivity! So we use a probe that has both high Q and low Q ports (Fig. 3). The high-Q port is coupled to a 
tap on L; the tap position is adjusted to give 50 Q resistive. The low Q tap, up higher on the coil, is overcou­
pled; thus the transmitter's output impedance broadens the resonance. Moving the tap up (away from ground) 
further decreases Q . . To switch between the low Q and high Q ports we have used a coax relay (- 50 ms operat­
ing time). The sweep uses low Q; the inspection pulses and detection use high Q. We have also used crossed 
diodes for switching (Fig. 3), with rf sweep and inspection pulses using low Q and detection using high Q. 
Both schemes work well. Since the low Q port is never 50 Q resistive, it is tuned with an rf sweeper and a 
pick-up coil. 

. Though ~e. have ~ot _tried it, a crossed-coil circuit should work too. The transmitting coil would be low Q· 
the m~er rece1vmg cml_hig? Q. ~s sho~n in Fig. 3, crossed diodes across the receiving coil would help avoid 
couplmg ?~tween th~ c1rcmts. D10des m the 1;ansmitting circ~it would shift its frequency during detection, 
agam avo1dm_g couplmg. Most ~lass-package d10des are magnetic; one might try using the junctions of epoxy­
cased rf trans1stors (non-magnetic). 

Sincerely, 

Jurgen Haase and Mark Conradi 

.:.....-- start above resonance of outennost satellite C 
O>o•2coa 

0>0+ 0) Q stop before reaching resonance Ftj-~ / of central lino 
C: 
a, 

3 :, 00g 
C" 
~ 
u.. llme 

mo· O> a C 

co0+2co0 Inspection pulse 

r.f. 

Fijure 2. 

::; 
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The unique channel modularity design of the Chemagnetics™ CMX spectrometer gives you 
the NMR flexibility you need for solids, liquids and microimaging. The CMX offers the range 
of capabilities required for today's wide variety of experiments by supporting multiple 
channels. And the CMX design allows new channels to be added easily and affordably All 
this adds up to a "no-compromise" approach to experimental capability. 

Chemagnetics utilizes the latest technology to put multi-channel flexibility in the hands of 
the spectroscopist. Dual 16 bit, I MHz digitizers offer maximum dynamic range over the 
widest bandwidths. And each RF channel in the CMX is equipped with its own pulse 
programmer, so experiments are never limited by pulse programmer capacity. 

The CMX is designed to start small and grow, providing the whole spectrum of NMR 
capabilities as they evolve, when you need them. Multi-channel capability with the CMX -
flexibility for tomorrow, available today from Chemagnetics. 

One Channel 

Two Channels 

Imaging 

Three Channels 

E@cl¼&f "'Bbifl5FS56fil?&-% '::1:iifF. ..... vf&ii P .,... ,., . <u ·"" 

Solids 

• MAS 
• DOR 
• Wide!ine 
• CRAMPS 

Solids 

• Rotational Resonance 
• CP/MAS 
• HETCOR 

Solids 

Liquids 

• NOESY 
• TOCSY 
• COSY 
• Proton/Fluorine 

Liquids 

• HCCH-TOCSY 
• Reverse Detection 
• HETCOR 
• X-Decoupled 

Liquids 

Liquids+ Imaging 
■ JH, 19F, Gradient Field 

Spectroscopy 

Liquids+ Imaging 

• REDOR • Triple Resonance • H/X Gradient Field 
■ lH, 13C, !SN, HMQC-TOCSY Spectroscopy 

Four Channels 

Liquids Liquids+Imaging 

• Advanced 4-channel • Multi-Channel Gradient 
Solution State Field Spectroscopy 

Chemagnetics 
Dedicated to Design Excellence 

CMX 
Multi-Channel 
Applications 

Corporate Headquarters 
Chemagnetics. Inc. 
2555 Midpoint Drive 
Fort Collins. Colorado 80525 
303-484-0428 
1-800-4 OTSUKA 
Fax 303-484-0487 

Europe - U.K. 
Otsuka Electronics Europe, Ltd . 
Claro Court Business Centre 
Claro Road 
Harrogate, HG! 4BA 
United Kingdom 
Phone 0423 531 645 
Fax 0423 531 64 7 

Europe - France 
Otsuka Electronics Europe, SARL 
"Le Copernic" 
Park d'lnnovation 
67400 Strasbourg-lllkirch. France 
Phone 088 66 82 00 
Fax 088 66 82 04 

Japan 
Otsuka Electronics Co .. Ltd. 
2F Hashikan-LK Building 
I--o. Azuma-Cho 
Hachioji, Tokyo 192 
Japan 
Phone 0426-44-495 I 
Fax 0426-44-4961 



The introduction of the Variable Amplitude Cross Polarization (YACP) technique by Professor Steve 

Smith at Yale University at the 1993 ENC may completely change the approach to optimization of 
solid state NMR experiments. This technique produces high quality solid state CP/MAS data, even on 

samples where the match condition may be impossible to optimize, such as weakly coupled systems. 

This opens up great potential for effective quantitation and comparison of data from different 

samples. 

The results shown below obtained at Chemagnetics combine the unique design of the high-speed 

CMX linear amplitude modulator, amplifier technology, and the ease-of-use, high-speed double 
resonance Pencil'" spinning probe to demonstrate the power of this technique. 

This power to implement new and future techniques lies at your fingertips when you invest in the 

CMX design philosophy. While others attempt to emulate its flexibility and modularity, the CMX 

continues to evolve into the most effective, versatile NMR spectrometer available. 

Call to find out more about state of the art performance with the Chemagnetics CMX, the 

revolutionary and evolutionary NMR system. 

Variable amplitude cross polarization (VACP) 
under-2.6 KHz mismatch condition 

VACP under normal match condition 

VACP under +2.0 KHz mismatch condition 

Deliberate "mismatch" of-1.9 KHz 

Normal "ideal" matched conditions 

Deliberate "mismatch" of+ 1.4 KHz 

Chemagnetics would like to thank Professor Steve Smith for suggestion of this work and useful discussions during its implementation. 

ChemagneticsTM 

Variable 
Amplitude 
Cross 
Polarization .... 
The latest 
Technique from 
Chemagnetics 

-: 

" 



Lehigh University 
Department of Chemistry 
telephone (215) 758-3470 
fax (215) 758-3461 

Dr. Bernard Shapiro 
TAMU NMR Newsletter 
966 Elsinore Court 
Palo Alto, CA 94303 

Seeley G. Mudd Building 
Lehigh University 

6 East Packer A venue 
Bethlehem, PA /8015-3172 

December 10, 1993 
(received 12/13/93) 

Solid State NMR of the Equine Hoof Wall 
Dr. Shapiro: 

The equine hoof wall has been characterized by ,:ic solid state nuclear magnetic 
resonance. The structure and dynamics of the predominant protein component of the 
equine hoof wall, the intermediate filament keratin a-helix, were probed. Assessment 
of these parameters is preliminary to the determination of diffusion rates of solutions 
and fluorocarbon emulsions containing oxygen directly through the hoof wall to the 
underlying tissue. 

Magic-angle sample spinning with high power proton decoupling and cross­
polarization techniques provided spectra from which component carbon resonances 
of amino acids could be discerned. The hoof is composed of primarily four anatomical 
regions easily resolved by visual inspection. CPMAS i::c NMR spectra of ground and 
dried (-10-50% water loss) material from three regions of different horses (A-C) show 
nearly identical chemical shifts suggesting the component keratin a-helices between 
regions and between horses are structurally similar. Resonances (D) of an unground 
and undried (native) sample from a different region of the hoof are broadened by -150 
Hz over the dried and ground samples from that same region. Another native sample 
analyzed with the same spectroscopic parameters revealed an aliphatic region (E) 
more clearly resolved than in other spectra of ground and dried samples. Major 
resonances in the native samples (D,E) also show a hydration-induced downfield shift 
of-3 ppm. 

The equine hoof wall has a definite macroscopic and microscopic orientation. 
This orientation is clue to the horn tubules which run longitudinally from the top to 
the bottom of the hoof wall. The presence of any preferential molecular-level ordering 
of the abundant composite keratin filaments with the horn tubules was assessed with 
static 13C solid state NMR. The carbonyl powder patterns from -80-250 ppm of the 
static spectra (F,G) of samples with tubule preferential order axis parallel (F) and 
perpendicular (G) to the magnetic field exhibit features of a general chemical shift 
tensor with no observable orientation effects. A preferential orientation of the keratin 
fibers to the longitudinal axis of the horn tubules would reveal two different patterns, 
resulting from carbonyl chemical shift tensors oriented colinearly and at 90" to the 
applied magnetic field . The similarity in the static spectra do not suggest a bulk 
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preferential orientation but support the view that the hoof is an interpenetrating 
fibrous polymer network with keratin arranged co- and .a:baxially to the ;horntubules. 

Spin-lattice relaxation times of predominant carbonyl and aliphatic carbons 
were evaluated. The aliphatic resonances show an order of magnitude increase in 
relaxation rate over the carbonyl resonances which is not unexpected since the 
carbonyls residing in the helices have less conformational mobility than aliphatic side 
chains extending into the interhelical space. 

Ultimately, we wish to demonstrate the feasibility of delivering. oxygenated 
emulsions through the hoof wall to supporting tissue rendered ischemic, or oxygen­
starved by the disease laminitis. We have shown tha:t solid state NMR is a useful 
technique for the characterization of the structure and dynamics -of component 
polymeric proteins of the equine hoof wall. 

Sincerely, 

Matthew C. Szap 

200 

4~ 
/j!pv· 
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Natalie Foster 1 -- James E. Roberts 

A 
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C 

D 
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E 

100 0 PPM 

4~ 
William R. Anderson, Jr. 

200 100 0 PPM 
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This R-1500 FT-NMR spectrum of crotonaldehyde represents a 16 pulse acquisition; each pulse was 10 µsec with a pulse interval of 5 seconds. 

HIGH RESOLUTION DIGITAL 

60 MHz NMR. GET THE WHOLE 

STORY IN FIVE SECONDS. 

Digital is the new wave in high­

resolution 60 MHz NMR spectroscopy. 

That's because it's not only faster than old 

analog technology, but it extends the 

application beyond the acquisition of a 

simple spectrum. And only Hitachi has it. 

Hitachi's R-1500 60 MHz FT-NMR 

acquires a full spectrum in five seconds. 

But speed is just part of the story. 

The R-1500 will also perform FT experiments, such as solvent suppression, T1 relaxation time 

measurement, and Gated Decoupling. And you can manipulate FID data by applying various apodization 

functions. The result: substantial increases in sensitivity and enhanced resolution. 

For a simpler approach to digital 60 MHz NMR, Hitachi offers the R-1200 

Rapid Scan NMR spectrometer. It can acquire a quality, high-resolution 

spectrum in only 10 seconds. The R-1200 is also remarkably sensitive, 

accumulating up to 256 scans for enhanced signal-to-noise. 

Both systems come with a permanent magnet and our exclusive five-year warranty to ensure 

near-zero maintenance. Overtime, the cost of ownership is among the lowest in the industry. 

Faster speed, increased sensitivity and better resolution. Only in digital spectroscopy 

and only from Hitachi, the world leader in 60 MHz NMR, with the industry's best nationwide 

sales, service and applications support network. For the rest of the story, call 800-548-9001 . 

HITACHI 
Hitachi Instruments, Inc. , 3100 N. First Street, San Jose, CA 951 34-9953 



FAX Fon IMMEDIATE INFORMATION 
ON HITACHI'S DIGITAL 60 NIHz NMR 

I am interested in the: 

□ R-1200 Rapid Scan cw Spectrometer 
□ R-1500 FT-NMR Spectrometer 

NAME: 

POSITION: 

COMPANY: 

ADDRESS: 

CITY: 

BUSINESS PHONE: 

FAX to: 408-432-0704 
Attn: S. Lee 

STATE: ZIP: 

Do YOU USE AN NMR SPECTROMETER IN YOUR WORK? 

IF YES, PLEASE LIST MANUFACTURER AND MODEL: 

YEs o No o 
- - ---- - - - - -

APP LI CAT 1O N ( s): ____ _____ _____ _ _ _ _ ___ _ 

ARE YOU CONSIDERING AN NMR SPECTROMETER FOR PURCHASE? YES O No 0 
IF YES, AT WHAT FIELD STRENGTH? 

- --- - - - --- --- - - -
1 F YES, WHEN DO YOU NEED IT? 

- - - - -------- - - ---

HAVE YOU DISCUSSED YOUR APPLICATION(S) 

WITH A HITACHI REPRESENTATIVE? 

YES O No O 

IF NO, WOULD YOU LIKE A HITACHI 

REPRESENTATIVE TO CONTACT YOU? 

YEs o No o 

ALL NMR PRODUCTS ARE COVERED 

BY THE HITACHI 5 YEAR WARRANTY 

HITACHI 
Hitachi Instruments, Inc., 3100 N. First Street, San Jose, CA 95134-9953 



ARGONNE NATIONAL LABORATORY 
9700 SouT~ CAss AVENUE, ARqONNE, llliNois 604}9 

December 2, 1993 
(received 12/6/93) 

Dr. Bernard L. Shapiro 
T AMU NMR Newsletter 
966 Elsinore Court 
Palo Alto, CA 94303 

Re: NMR Imaging of Solvent Transport in Macromolecular Systems 

Dear Barry: 

The phenomenon of solvent transport into polymers has fascinated researchers for 
decades. Early on, optical microscopy revealed that systems in which a change in state 
accompanies solvent transport exhibit a sharp solvent front that penetrates the sample like a 
shock wave; such behavior has been referred to as case II transport to distinguish it from 
Fickian transport. The search for a theoretical basis for this type of non-Fickian behavior has 
been irresistible for both experimentalists and theorists; to date numerous theories abound. 

Recently, we have gained considerable insight into the character of solvent transport in 
polymers and coal through time-resolved NMR imaging of concentration gradients during 
solvent uptake. Spin-echo 2-D images were obtained on 2 x 2 x 1 mm specimens in reasonable 
times. In order to ensure that the transport process was also two-dimensional, the upper and 
lower sample surfaces were protected from solvent infiltration by glass coverslip which 
restricted the flow of solvent to cross only the exposed faces of the sample. The experimental 
protocol involved immersing the sample in the solvent for a period of time, removing it from 
solvent, acquiring an image, and re-immersing it. 
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The Figure presents transient images together with one-dimensional projections for each 
of the three macromolecular systems. The first (a) illustrates the swelling behavior of isobutyl 
rubber in toluene. In the case of a rubbery material, the transport behavior is anticipated to be 
Fickian. Analysis of the dynamic behavior of the isobutyl rubber confirms this: during the 
swelling interval a steep solvent gradient observed in the frame rapidly evolves into a smooth 
and shallower gradient indicative of a transport mechanism which is essentially Fickian. 

The second (b) illustrates the swelling behavior of PEMA in methanol. Clearly evident 
is a sharply defined solvent front which separates a swollen region from the glassy core. 
Swelling is essentially complete when the solvent fronts meet at the object center. In general, 
this behavior is typical of all polymers which pass through a glass to rubber transition during 
solvent uptake. The term case II has been used to describe such transport phenomena. Analysis 
of the transport of pyridine during the swelling of a sample of high volatile bituminous coal ( c) 
clearly reveals a sharp concentration profile during the uptake process which is indicative of 
case II type transport behavior. 

Data obtained from the imaging experiments has been used to construct a rigorous 
model governing case II transport. For solvent transport in a system undergoing a glass 
transition, we can define the uptake behavior using three parameters: a characteristic co­
operative diffusion coefficient, governing dilation of the network; a molecular relaxation rate 
constant; and a critical solvent concentration above which there is a transformation of the 
network from a glass to a rubber. 

Sincerely, 

1:;g /;r;~ ~bert E. Botto 
Chemistry Division Chemistry Division 

0pERATEd by THE l.JNivERSiTy of Cl-lic:Aqo fOR ThE UNiTEd STATES DEpARTMENT of ENERqy 
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a b 

C 

Figure. 2-D transient proton NMR images and 1-D projections of solvent transport in 
three macromolecular networks: (a) toluene in isobutyl rubber, (b) methanol in 
polyethylmethacrylate, and (c) pyridine in hv bituminous A vitrain. 
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Dr. Bernard L. Shapiro 
T AMU NMR Newsletter 
966 Elsinore Court 
Palo Alto, California 94303 
u. s. A. 

Procter&Gamble 
The Procter & Gamble Company 

Miami Valley Laborat(Jries 
P. 0. Box 398707, Cincinnati, Ohio 45239-8707 

Subject: 31~- 19F Rotational-Echo, Double-Resonance {REDOR) NMR 

Dear Dr. Shapiro, 

11/23/93 

(received 12/10/93) 

Rotational-Echo, Double-Resonance (REDOR) NMR has been a very useful technique for 
retrieving information on weak heteronuclear dipolar coupling in the presence of large chemical-shift . 
anisotropies (1). 13C- 15N, 13C-31P, and 13C-19F REDOR NMR techniques have been developed and . 
applied to the study of various biological systems and polymeric materials (2). Recently, we extended 
REDOR to 31P-19F spin pairs for proton-absent or proton-:-dilute inorganic systems. The advantages of 
31P-19F REDOR are that 1) both 19F and 31P have almost 100% natural abundance, so that specific 
isotopic labeling may not be needed, 2) 19F and 31P also have large gyromagnetic ratios, allowing a 
greater range of measurable distances, 3) the high natural abundance and large gyromagnetic ratios 
result in high NMR sensitivity, and 4) for proton-absent or proton-dilute inorganic systems, 31P-19F 
REDOR can be performed on a routine two-channel NMR spectrometer. 

We performed the 31P-19F REDOR NMR experiments on a Bruker MSL-300 spectrometer with a 
1 H/19F and multinuclear double-tuned probe made by Doty Scientific, Inc. Fluorapatite (Ca5(PO4hF, 
FAP) was used as a model sample for the experiments. 

The 19F-observed 3lp_ 
19p REDOR NMR spectra of 
FAP are shown in Figure la. 
After eight-rotor-cycle 
dephasing, the fluorine signal 
is almost completely 
dephased out A strong 
difference signal is observed 
(Figure la, top). This result 
is expected since each 19p in 
F AP has three nearest 31 P 
neighbors at a distance of 
3.60 A (3). The 19F-observed 
REDOR NMR spectra of 
CaF2 are shown in Figure 1 b 
for comparison. Under the 
same experimental 
conditions, no F signal is 
dephased and the difference 
signal is null. The noise level 
in the difference spectrum 

FAP 

100 

19F-OBSERVED 31p_19F REDOR 

a b 

REDOR • I"""' ..... , •• ,,,.,, ~ .............. ~ 
difference 

lull echo 

0 ppm 
100 0 ppm 

Figure 1 
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Procler&Gmnble 

shows that REDOR could detect a difference signal as small as 0.3% relative to the full-echo signal. 

It is not 
straightforward to determine 
the P-F distance by 19p_ 
observed REDOR due to 
multiple-31P dephasing in this 
system. The P-F distance can 
be determined by 3lp_ 
observed 31P-19F REDOR. 
Figure 2 shows the spectra of 
31P-observed REDOR of 
F AP. The amount of 
dephasing is small after two-
and four-rotor-cycle 
dephasing, and it is 
dominated by the nearest 19F 
neighbor. · The experimental 
ratios of the REDOR 
difference signal to full echo 
signal, t:,.S/S, after two and 
four rotor-cycle dephasing, 
can be translated to a P-F 
distance of 3.65 A. and 3.50 A. 
(2) compared to 3.60 A. from 

31P-OBSERVED 31p.19F REDOR NMR OF FAP 

4 Rotor Cycles 

rFP = 3.soA 

50 0 -so 

full echo 
(S) 

ppmF. 2 1gure 

2 Rotor Cycles 

50 0 -50 

X-ray data (3). This minor ' 
disparity is due to the additional dephasing by the three next nearest 19F neighbors, which are 4.9 A 
away. 

We have applied 31P- 19F REDOR to studies of the interaction of ionic fluoride and 
hydroxyapatite, a primary inorganic constituent of dental enamel and dentine. The results are being 
submitted for publication. 

Sincerely, 

Yong Pan, Ph.D 

Corporate Research Division 
Procter & Gamble 

1. T. Gullion and J. Schaefer, in "Advances in Magnetic Resonance" (W. S. Warren, Ed.), Vol 
13, p. 57, Academic Press, San Diego, 1989. 

2. Y. Pan, T. Gullion, and J. Schaefer, J. Magn.- Reson. 90,330 (1990). 
3. H. G. McCann, Arch. Oral Biol. 13, 987 (1968). 

ppm 



OVERSAMPLING AND 
DIGITAL FILTERING 
ON THE AVANCE™ DIGITAL 
SPECTROMETER SERIES 

DYNAMIC RANGE ENHANCEMENT 

It is well known in fundamental signal processing theory that the ultimate dynamic range of an 
oversampled signal after digitization and data reduction by a modern Digital Signal Processor 
(DSP), is not only a function of the nominal dynamic range of the digitizer. At sampling rates 
greater than the Nyquist rate, the increase in dynamic range is equal to the square-root of the 
ratio of the sampling bandwidth (BWsamp) divided by the effective spectr.:il width (BWe11) after 
decimation. 

dynamic range increase = JBW samp! BW eff 

Figure 1 illustrates this point for the 16 bit 400 kHz digitizer of the AVANCE DMX in 
comparison to typical proton acquisition bandwidths. For instance, at its maximum sampling 
rate BWsamp = 200 kHz, and for a typical 10 kHz proton spectral width, i.e. BWerr = 10 kHz, 
the increase in dynamic range is /20 = 4.47 > 2 bit. The total dynamic range of the 
oversampled and digitized signal after decimation and digital filtering by DSPs; is greater than 
18 bit~. 

Dynamic 

ANALOG DIOrTAL 

1kHz 101tHz 50kHz 200tHz Bandwidth 

ND Converter Resolution 

Figure I: Dynamic range theory Figure 2: DMX600 dynamic range test 
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Ultimately, NMR spectroscoplsts wish to see the "proof In the pudding", I.e. a high-dynamic 
range NMR expetiment. For several years, Bruker has used a dynamic range sample with 
proton ratios of 10,000 : 100 : 10 : 1 to demonstrate the high dynamic range of the 
SE451 ™ receiver system, even without oversampling. Figure 2 shows this sample measured 
with a single scan with analog filteting, and with oversampling and digital filteting on an 
AVANCE DMX600. The smallest proton signal has been measured with the following slgnal­
to-nolse ratios: 

Table 1: Analog FIiters Oversampling & Digital Filters 

SIN ratio: 80: 1 200: 1 

The crucial point of this NMR test Is that under conditions of high dynamic range, but 
otherwise identical expetimental conditions, oversampling and digital filtering on a 
DMX600 Increase the dynamic range experimentally by a factor of 2.5. 

SIGNAL-TO-NOISE IMPROVEMENT 

Analog filters are charactetized by relatively gradual filter cutoffs outside the passband. This 
causes both signals and noise outside the analog filter passband to be folded back into the 
spectral region. As a result, the signal-to-noise Is highest near the center frequency and Is 
lower near the edges due to noise which Is folded back from outside the passband. 

On the contrary, digital filters have extremely sharp cutoffs, and provide almost 100 dB 
attenuation, at the point where an analog filter has Its 3 dB point. Therefore, aliased peaks are 
not a problem, and practically no noise Is folded back Into the spectrum from outside the 
passband. Therefore, SIN Is approximately constant within an NMR spectrum when digital 
filters are used. This point Is Illustrated by the plot In Figure 3. 

S/N 
digital 

analog 

f 
◄ SW 

Figure 3: SIN comparison plot of analog and digital filters 



It is clear that in the standard 0. 1 % 
ethylbenzene (EB) sensitMty tests used in NMR, 
the apparent signal-to-noise ratio Increases 
signitlcantly when only 200 Hz of noise are 
measured near the center of the EB spectrum. 
A more realistic test is shown in Figure 4, where 
the noise in EB is measured over a 2 ppm region 
form 4.8 to 6.8 ppm. At 600 MHz the 
spectral region for EB of approximately 8 ppm 
corresponds to a spectral width of only 5 kHz, 
and in an analog filtered EB test significant noise 
is folded in from outside the spectral region. 
With digital filtering on an AVANCE DMX600 
no noise is folded back, and the sensitivity of the 
experiment is excellent: on a 5 mm proton 
selective probe the measured SIN is greater 
than 900: 1. 

S/N = 931:1 

- I 

& I & & • I I I 

Figure 4: 0.1 % ethylbenzene SIN test on DMX600 
with digital filtering 

Perhaps more interesting is a biological NMR experiment on lysozyme, where the signal-to­
noise ratio is measured for the amide region near the edge of the spectrum. As illustrated in 
Figure 3, at the edge of the spectrum the sensitivity advantages of digital filtering should be 
even more significant. Indeed, Figure 5 demonstrates a 30% signal-to-noise improvement 
specifically in the amide region when digital filtering is employed on a DMX600, compared 
to analog filters. 

Similarly, a standard 2 mM sucrose sample exhibits a signal-to-noise improvement of 25% 
on the anomeric protons for digital filters compared to analog filters on an AVANCE 
DMX600 under otherwise identical conditions. This point is Illustrated In Figure 6. 

+25% 
,-"-, 
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I I ~ I I I 

2000 1000 ' • 1000 ·2000 .. 
Figure 5: Lysozyme S/N with digital filtering Figure 6: 2 mM sucrose SIN with digital filter 
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SHARP FILTER CUTOFFS OF 
FINGERPRINT REGIONS 

Often it is desirable to measure only selected "fingerprint" 
regions in multidimensional NMR spectroscopy for optimal 
efficiency. Oversampling and digital filtering, due to the 
steep filter cut-off in the acquired dimension allow the 
acquisition of artifact-free fingerprint regions without concern 
about folded sample or solvent peaks. 

In the example chosen here a small spectral region is selected 
from the 2D NOESY spectrum of gramicidine. In Figure 7a 
the region from 3.1 to 4.4 ppm is selected with analog 
filters, but folded peaks and artifacts make this approach 
unpractical. On the other hand, in Figure 7b the same 
region is shown, but in this case selected by digital filters on 
a DMX600. The "fingerprint" region is free of artifacts 
and folded peaks when digital filtering is employed. 

Finally, the combination of shaped selective or band-selective 
pulses in F 1 with oversampling and digital filtering in F 2 is 
illustrated in Figure 8. Obviously, this combination permits 
spectral selectivity in several dimensions. It is expected that 
the combination of shaped pulses with digital filtering 
will be a powerful tool for carrying out efficient selective 
experiments of lower dimensionality which are equivalent in 
information content to higher-dimensional experiments 
without the need to acquire for long periods of time. For 
example, it is attractive to carry out a series of selective 2D 
( 3D) experiments, to obtain structural information equivalent 
to 3D ( 4D) experiments, when the higher spectral dispersion 
over several dimensions is required only for certain cluttered 
regions with overlapping spectral features (as is often the 
case). 

ot 

F1 

NH- Region 

Figure Ba: Combination of digital filter in F2 and 
bandselective EBURP2 in FI 

Figure Sb: Selected NOESY region of amides and alpha­
carbons for gramicidine on DMX600 (as in Fig. Ba) 
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SYNTEX DISCOVERY RESEARCH 
DIVISION OF SYNTEX (U.S.A:) INC. 

(415) 855-5854 
; FAX (415) .354-7363 

3401 HILLVIEW AVENUE, P.O. BOX 10850 
PALO ALTO, CALIFORNIA 94303 

Dr. B. L. Shapiro 
966 Elsinore Court 
Palo Alto, CA 94303 

Dear Dr . . Shapiro, 

December 8, . 1993 
(received. 12/11/93) 

Big .Shakes and 'Big · Cans 

INSTITUTE OF ANALYTICAL RESEARCH 

We recently finished installing our .new .· Bruker AMX2-600 NMR 
spectrometer equipped --with an Oxford .. magnet. During . the .installation of 
the magnet we devised : .. a method for securing the system . in case of 
earthquakes. In · the __ past • we secured ma,gnets by bolting brackets to · the 
floor which prevented the . ·ma,gnec ·stand from sliding or .tippiqg over. "The 
600 MHz magnet, -: however, ·.presented,. a. couple of more .problems. · First, 
the magnet ·is · not secured ., to its ·stand. This. is ' especially . dangerous since 
the vertical acceleration in :. an . earthquake can .: exceed the . acceleration _ of 
gravity, which would . separate the. ma,gnet . ·from its stand. . Second, . this 
magnet is substantially : heavier --- and . has .. a much higher center . of gravi_ty 
than those on · our lower · field .:instruments makiQg . ·.the floor . brackets . alone 
ineffective. We decided the ·: best · method was to ·• secure both the · top -and 
bottom of the magnet system. 'The top .. of the :.mag-net was .. attached to the 
concrete walls and ... the .steeL;.girders above . the -·magnet using , 1/2" ,Dacron 
line obtained. -from . our. local ·_ boating store. · The::mc1gnet stand· was first 
secured to the ·magnet usiqg , anodized ·_ aluminum · brackets -- made -in our 
machine .shop . and then ·steer· brackets were · bolted to the floor :. to -- prevent 
the system from .. slidi1_1g during . an · earthquake. These · brackets were 
carefully designed . to . not touch the ·stand •so · .that _ the system · remains 
isolated ·.from the floor vibrations. We figure · if these saf~ty · devices· fail rn 
an earthquake we will have .-many more things to worry . about . than the 
state of our NMR .. spectrometers (like the ·. building -falling . down). .If anyone 
would like . details of how our , magnet .is secured please write to -, me .or. Mike 

M~dox// /) 
jh-1bl~ -1~ 

Joseph ·H. Pease 



424-36 Ur~T::~ 
~ ~ 

UNIVERSITE LOUIS PASTEUR 
DE STRASBOURG 

FACUL TE DE CHIMIE 

1, Rue Blaise Pascal 

Strasbourg, le November 24, 1993 

(received 12/6/93) 

67008 STRASBOURG CEDEX !'.'t 
Telephone 88 41 68 00 
Boite Postale 296 R 8 

France 

Relaxation of quadrupolar nuclei in clusters. 

Dear Bary, 

We have recently measured the relaxation time of cobalt on tetrahedral clusters 
(sec figure below) m solution. The relaxation mechanism is largely quadrupolar and the 
experiments show a monocxponential behaviour which means that, according to 
Abragham, we arc in the extreme narrowing case where the usual formulae apply. 

On the other hand, we have all the electric and magnetic parameters from the solid 
state spectra (J. Hirschinger, P. Granger, J. Rose, J. Phys. Chem., 1992, 96, 4815). If we 
accept that these parameters remain in solution, it is easy to deduce the correlation time 
of those species. 

The table below shows that the result is surprisingly good for those molecules 
which have quite different relaxation times. The simple model of the sphere in a viscous 
liquid is a well suited model which gives a radii of gyration which agree with the 
molecular geometry. Other models does not fit so well. This type of rigid molecules, 
where the cobalt is not directly in contact with the solvent seems to be appropriate 
molecules for the theory of relaxation. 

Best regards, 

Molecule T1 (µs) 'tc X 

HFcC03(CO)i 2 839 

HRuC03(CO) 12 241 

FeC03(COt12 166 

RuC03(COt 12 293 

1011 

2,7 

2,8 

2,6 

2,8 

sec 

Pierre GRANGER 

M= Fe 
M =- A~ 



Maximize Throughput with Varian's 
Sample Management System 

And Watch Your Productivity Soar 
With the push of a button or a click of 
the mouse, Varian's Sample Management 
System (SMS) autosampler reliably 
delivers a sample to the magnet faster 
than any other system. Combined with a 
UNITYplus"' or Gemini spectrometer, 
this new-generation autosampler offers 
the highest throughput capability for 
automated NMR experiments. 

The SMS autosampler uses state-of-the­
art robotics for the fastest sample 
turnaround, continuous unattended 
operation, and long-term positional 

accuracy. Self-calibration and a 
tactile-sensing gripper provide the 
most reliable sample handling, while a 
single user interface controls both the 
SMS autosampler and the spectro­
meter for 'easy operation. 

Fully automatic data acquisition and 
processing software, combined with 
Varian's Auto•nmr probes and the 
SMS autosampler, deliver unparalleled 
automation for your demanding work­
load. Call your local Varian 
representative for details today. 

Varian Associates 3120 Hansen Way, Bldg. 4, Palo Alto, CA 94304-1030, U.S.A. Tel: 1-800-356-4437 • Varian 
Intemational AG Kollerstrnsse JS, Cl-l-6303, Zug, Switzerland Tel: ( 42) 44 88 44 • Varian GmbH Alsfelderstrnsse 6, 
D-6100 Darmstadt, Germany Tel: (0 61 51) 70 30 • Varian Jnstnnnents Ltd. Jrd ~latsuda Bldg., 2-2-6 Ohkubo-Shinjuku, 
Tokyo, Japan Tel: (3) 3204-1211 

■ var1an@ 



Varian's SMS Autosampler 

Unmatched Reliability and Flexibility 
for High-throughput Sites 

• Tactile sensing gripper verifies robotic functions 

• Self- calibrating system ensures reproducible positional accuracy 

• Compatibility with 200 to 600 MHz magnets offers flexible configurations 

• 5-mm and 10-mm NMR tubes can be accomodated 

• SO- or 100- sample racks are available based on throughput requirements 

• Easy-to-remove sample racks permit ergonomic sample access 

• A stop/continue button ensures safe operation at all times 

• Same user interface as NMR console enhances user efficiency 

: C:dl your s:1lcs rcprcscntatfrc. Australia (3) 543 8022. Austria {I) 69 55 -150. Belgium (2) 721 4850. Brnzil (11) 829 544-1. Can:1dn ( 416) 
45i 41JO. llcnm:irk (42) 84 6166. Frnncc (I) 69 86 JS JS. Gcrm:iny (6151) iO JO. Iwly (2) 753 1651. J:ipan (J) 3204 2111. Korea (2) 561 
1626. Mexico (5) 5JJ 5985. Netherlands (J40J) 50909. Non\'lly (9) 86 74 iO. Spain (OJ) -!JO 0-!14. Sweden (8) 82 00 J O. Switzerland (42) 
44 88 44. IJK (932) 24 Ji 41. US 800-356-4437. Other International (415)424-5424. varian@ 
MAG-7050/171 



Dr. Bernard L. Shapiro 
TAMU NMR Newsletter 
966 Elsinore Court 
Palo Alto, CA 94303 

Dear Barry: 

Darrell R. Davis 
Assistant Professor 
{801) 581-7006 
FAX: 581-7087 
davia@adenosine.pharm.utah.edu 

December 13, 1993 
(received 12/17/93) 

Color Figures for Sun/SGI. 

There has been a fair amount of discussion in the Newsletter about how to get publication 
quality figures. Black and white figures are necessary, but it would also be nice to get 
high resolution color figures. We have used two handy tools for this purpose. On our 
SGI boxes running Felix, we have used the Irix tool "snapshot." A more powerful tool is 
"xv" which runs on both Suns and SGis. We use xv to capture an image of a color 2D 
contour plot for example. We write out the image in SGI format, even on the Sun, and 
then convert it to PICT format with the the "topict" tool in the SGI 4Dgifts directory, 
or the "imconv" tool available from the San Diego Supercomputer Center. The PICT file 
can then be transferred to your favorite Macintosh. We have been using MacDraw Pro to 
dress up the images and then make color slides using a LaserGraphics slidemaker. 

I have made the binaries for xv _sun and xv ..sgi as well as the man page available for 
anonymous ftp from adenosine.pharm.utah.edu. Sources that go right up on the SGI can 
be found on jhunix.hcf.jhu.edu in the directory public_domain..software/SGI/xv. An email 
address for SDSC is consult@yl.sdsc.edu. 

The figure has been converted to black and white, but on the slide is glorious color straight 
from a Sparci running VNMR. RN. ATrp C H . . 

t . - m a1rp1n 
Sincerely yours, 

~ 
Darrell R. Davis 

Department of Medicinal Chemistry 

308 Skaggs Hall 
Salt Lake City, Utah 84112 

(801) 581-706:l FAX (801) 581-7087 
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TAMU NMR-Newsletter 

966 Elsinore. Court 

Palto Alto California, 94303 USA 

Faculty of Chemical Technology and Materials Science 
Delft University of Technology 

Title: A 113Cd NMR Study on an Alkylamino Sugar 

Delft, December 6, 1993 

(received 12/17/93) 

Dear Dr. Shapiro, 

As part of our research program, studying the conversion of carbohydrates, a number of amino sugar compounds 

with potential as metal·sequestering ligand properties have been synthesized. 113Cd NMR is a valuable tool.to study 

the coordination of these ligands. 

We.observed 113Cd resonances for complexes of N-donor ligand Lin.aqueous solution at ambient temperature. 

L: 

HO 
HO 

Figure 1 

I\ 
NH NH 2 

OH 

OH 
OH 

CdL. 

Figure 1 shows the 113Cd NMR spectrum at (Cd(II)/L) molar ratio (p) 1 at 

pH 7.5. At p = 1 free Cd(II) (0 ppm), CdL (108 ppm), and Cd½ (239 ppm) 

give distinct resonances indicating these species to be in slow exchange. 

The 113Cd NMR spectra carried out at pH 12 at several p values show the 

presence of Cdl.i (228 ppm) and Cd½ (276 ppm). Comparison of these 

chemical shifts with literature values suggests that both N-atoms of the ligand 

L are coordinated with Cd(II) in these species. Current research is being 

carried out to investigate the existence· of additional coordination between· one 

of the OH. groups in the carbohydrate chain and Cd(II). 

CdL 

Cd(II) 
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Yours ~incerely, 

If~_!;) 
Hendrik Lammers 

9~ 
J oop A. Peters Hemian van Bekkum 



ISOTEC INC. = STABLE ISOTOPES!! 
ISOTEC INC. offers a wide variety of N-t-BOC, F-MOC and CBZ 
protected amino acids. Below is a partial list of the protected amino 

acids ISOTEC now has available: 

82-12243-3 
83-12358-8 
83-12331-5 
83-12364-6 
83-12320-8 
83-12327-3 
85-12266-1 
85-12241 -4 
83-12353-9 
83-12354-7 
85-12259-6 
85-12244-8 
83-12322-4 
83-12365-3 
83-12326-5 
83-12339-8 
85-12260-4 
85-12261-2 
85-12267-9 
85-12263-8 

83-12359-6 
83-12323-2 
85-12245-5 
81-12258-2 
83-12324-0 
83-12337-2 
83-12357-0 

83-12356-2 
83-12372-9 
83-12351-3 
83-12350-5 
85-12243-0 
83-12325-7 
85-12265-3 
85-12256-2 

L-Alanine-3,3,3-d3, N-t-BOC Derivative 
L-Alanine-1-13C, F-MOC Derivative Monohydrate 
L-Alanine-1-13C, N-t-BOC Derivative 
L-Alanine-2-13C, N-t-BOC Derivative 
L-Alanine-3-13C, N-t-BOC Derivative 
L-Alanine-13C3, N-t-BOC Derivative 
L-Alanine-15N, F-MOC Derivative Monohydrate 
L-Alanine-15N, N-t-BOC Derivative 
L-Aspartic-3-13C Acid, N-t-BOC Derivative 
L-Aspartic-4-13C Acid, N-t-BOC Derivative 
L-Aspartic-15N Acid, F-MOC Derivative 
L-Aspartic-15N Acid, N-t-BOC Derivat ive 
Glyc ine-1-13C, N-t-BOC Derivative 
Glycine-2-13C, F-MOC Derivative 
Glycine-2-13C, N-t-BOC Derivative 
Glycine-13C2, N-t-BOC Derivative 
L-Glutamic-15N Acid, F-MOC Derivative 
L-Glutamic-15N Acid, N-t-BOC Derivative 
L-Glutamine-15N2, a-N-t-BOC Derivative 
L-4-Hyd roxyphenylalanine-15N, N-t-BOC Deriv. 
(Tyrosine) 
L-Leucine-1 -13C, F-MOC Derivative 
L-Leucine-1 -13C, N-t-BOC Derivative Monohydrate 
L-Leucine-15N, N-t-BOC Derivative Monohydrate 
L-Leucine-2-13C, 15N, N-t-BOC Derivative Monohydrate 
L-Methionine-1-13C, N-t-BOC Derivative 
L-Methionine-13C1 (methyl-13C), N-t-BOC Deriv. 
L-Phenylalanine, N-t-BOC-13C1 Derivative 
(carbonyl-13C) 
L-Phenylalanine-1 -13C, N-t-BOC Derivative 
L-Phenylalanine-2-13C, F-MOC Derivative 
L-Phenylalanine-3-13C, N-t-BOC Derivative 
L-Phenly-1-13C-alanine, N-t-BOC Derivative 
L-Phenylalanine-15N, N-t-BOC Derivative 
L-Valine-1-13C, N-t-BOC Derivative 
L-Valine-15N, F-MOC Derivative 
L-Valine-15N, N-t-BOC Derivative 

99 atom% 
99 atom% 
99 atom% 
99 atom% 
99 atom% 
99 atom% 
99 atom% 
99 atom% 
99 atom% 
99 atom% 
99 atom% 
99 atom% 
99 atom% 
99 atom% 
99 atom% 
99 atom% 
99 atom% 
99 atom% 
99 atom% 
99 atom% 

99 atom% 
99 atom% 
99 atom% 
99 atom% 13C, 15N 
99 atom% 
99 atom% 
99 atom% 

99 atom% 
99 atom% 
99 atom% 
99 atom% 
99 atom% 
99 atom% 
99 atom% 
99 atom% 

We. look forward to providing you with the. highest quality stable. isotope. 
labelled compounds for your re.search needs!! 

for further information: ........... ·-··· ... ,.,~ ... ~ ..... ,,. .. 
A Matheson; USA Company 

3858 Benner Road 
Miamisburg, Ohio 45342 

Tel. 800-448-9760 FAX 513-859-4878 



NEW from lsotec! 
~ow Available Dimethyl-de Sulfoxide ULTRA 

enriched to 99.996% 
10 x 0.3ml $100.00 
10 x 0.5ml $163.00 
10 x 0.8ml $260.00 
Prices FOB Miamisburg 

Water-170 37.8 atom % 

~0.6ml sizes for bulk order of the following NMR solvents: 

Acetone-de 99.9 atom% 
Benzene-de 99.6 atom% 

Dimethyl-de sulfoxide 
Methyl Alcohol-d4 

+ other deuterated NMR solvents! 

Under Production! 

Water- 170 , enriched to 50% 

99.9 atom% 
99.8 atom% 

ISOTEC continues to serve the growing demands of the research community for new 
interesting compounds. Below is a list of a few such compounds under production or 
now available: 

83-82009-2 Acrylamide-13C3 99 atom% 

82-20219-3 Choline-d9 Chloride 98 atom% 
(Trimethyl-d9) 

82-70041-0 L-Cysteine-15N 99 atom% 

82-70041 -0 Deuterium Oxide UL TRA-D 99.999 atom% 

82-00815-2 DL-1,4-Dithiothreitol-d 10 98 atom% 
(Cleland's Reagent) 

81-61002-4 ISOGRO™-13C, 15N Powder- 99 atom% 13C, 15N 
Growth Medium 

82-00817-8 2-Mercaptoethanol-1, 1,2,2,-d4 98 atom% 

To recieve a copy of our new catalog. technical information. price quotations. or to 
place an order please call: 

·~6a ...... ·-···--· ,.,,. .,.,~ ..... ,,.. .. 
A Matheson; USA Company 

3858 Benner Road, Miamisburg, Ohio 45342 
Phone: 800.448.9760 Fax: 513.859.4878 

't 



PENN STATE 
jii.tj 

• 
Department of Radiology 

College of Medicine 
University Hospital · Children's Hospital 
The Milton S. Hershey Medical Center 

P.O. Box 850 

424-43 

December 16, 1993 

(received 12/18/93) 

Hershey, Pennsylvania 17033 
(717) 531- 6895 

Dr. Bernard L. Shapiro 
TAMU NMR Newsletter 
966 Elsinor Court 
Palo Alto, CA 94303 

Dear Barry: 

FAX (717) 531-8486 

Application of the Simultaneous Determination of Magnesium and pH 
from the 31 P Shifts of ATP 

Evidence that the intracellular concentration of free magnesium ion [Mgf] may serve a regulatory 
function has renewed interest in its quantitation. In our studies, we preRared model calibration solutions as a 
function of total [Mg]/[ATP] and pH and numerically modelled the three 31 P NMR chemical shift differences of 
ATP (o(y-a), o(a-~) and o(y-~)) (1) . We also used these calibration surfaces to obtain improved shift limits. 
This is necessary for the standard [Mgf] method of quantitation which assumes fast exchange a.nd a single 
apparent Ko for MgATP. 

We now present a high field (9.4 T) in vivo demonstration of our 2-dimensional calibration methods for 
determining magnesium ion concentration [Mg] under conditions of fluctuating pH. The effect of 3 h of 
hypoxic-ischemic (HI) insult on intracellular brain [Mg] was evaluated using a well established 7-day-old rat 
model of cerebral HI (2). During the final hour of HI there was a significant increase in free magnesium as well 
as in the ratio of total [Mg]/[ATP] . The normal, HI, and early recovery (1-2 h) values of free [Mg] were 0.336 
+/- 0.015, 0.501 +/- 0.104 and 0.326 +/- 0.08 respectively. These results are consistent with the temporal 
decrease in [ATP] during hypoxia and its return toward the normal neonatal value of 2.8 mM during recovery. 
Despite numerous papers which claim changes in [Mg] with altered physiological state, little attention has 
been paid to the uncertainty in the final result. Figure 1 shows a graphical representation of the uncertainty in 
either [Mgf] or [MgT]/[ATPT] for an uncertainty in both chemical shift difference and pH. The small uncertainty 
in o(cx-~) for normal brain was obtained by averaging of numerous controlled measurements. With 
consideration of o(y-cx), the error in the pH of the ATP compartment may also be calculated. This evaluation of 
ATP shifts is general for most in vivo applications and will favor lower [Mgf] values than most prior estimates. 

A software package, denoted as MAGPAC (MAGnesium and PH from ATP Calculation), has been 
written to perform all of the necessary calculations and uncertainty plots from the input 31 P NMR shifts. A 
user friendly IBM PC version of MAGPAC is available and can be accessed by ftp to anonymous@ 
psunmr.nmr.hmc.psu.edu in the pub directory. 

(1) G.D. Williams, T.J. Mosher and M.B. Smith, Anal. Biochem. 214, 458°467 (1993). 
(2) G.D. Williams, C. Palmer, D.F. Heitjan and M.B. Smith, Neurosci. Lett. 144, 103-106 (rn92). 

Sincerely, ') )J: NJJJ_··, en ~J.rl : , · · (-Wl'lvl-' ~ 
., ; 

Gerald D. Williams 
jerry@psu hmed 

An Equal Opportunity University 
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Figure 1: [Mgf} (upper plot) and [MgT]/[ATPT] 
(lower plot) error representation due to 
chemical shift and pH uncertainties. The 
shaded regions bracket the standard deviation 
in chemical shift, while the dashed lines 
locate the uncertainty in [Mg] for the estimate 
of the uncertainty in pH. Normal 7-day-old rat 
brain [Mg] (lower shaded region of each plot) 
is compared with the values at 2c3 h of 
hypoxic-ischemic insult (upper shaded region 
of each plot). A pooled t-test of the final 
results support a significant difference in [Mg] 
for the two populations (P < 0.0001). · 
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7.2 

OHIO 
SfA1E 
UNIVERSITY 

Position Opening 

NMR Laboratory Manager Answer Back Code: OSU CHEM UD 

The Shared Analytical Instrument Laboratory in the Department of 
Chemistry at The Ohio State University has a position open for a 
NMR· spectroscopist at the Senior Research Associate level. 
Candidates · must have a doctoral degree in chemistry, or an 
equivalent combination of education and experience, and extensive 
experience in physical science research involving the application 
of FT-NMR to chemical problems. The NMR Laboratory Manager is 
responsible for the operation and scheduling of the four NMR 
spectrometers in the facility, for instructing students in NMR 
operation and for managing the business affairs of the NMR 
facility. The optimal candidate would have experience in the 
hardware and software associated with.modern NMR spectroscopy and 
would be interested in performing collaborative research with 
faculty members. Experience with Bruker AC-250 and AM-JOO NMR 
instruments is highly douirablo. Send resume and three letters of 
recommendation to or. Dale H. Karweik, The Ohio State University, 
Department of Chemistry, 120 West Eighteenth Avenue, Columbus, OH 
43210. The review of completed applications will begin January 1, 
1994 and applications will. be accepted until the position is 
filled. The Ohio State University is an Equal Opportunity/ 
Affirmative Action Employer. Women, minorities, Vietnam-era 
veterans., disabled veterans, and individuals with disabilities are 
encouraged to apply. 

7.3 7.4 

j 



Almost Every NMR and MRI Test 
Depends On. This Moveable Part 

. . . and Voltronics makes most of them. By working closely with this 
community of researchers and engineers for 26 years, we offer you a 
broad line of the latest non-magnetic precision trimmer capacitors. 

Features: 
• Truly non-magnetic. 

Distortion of magnetic field 
below one part per 600 
million. 

• Long life, non-rotating 
piston design. 

• O-ring seal. 
• Linear tuning with positive 

stops. 
• Tuning screw does not go in 

and out, allowing extended 
shaft option. 

• High Q to over 5 GHz on 
some parts. 

• Quartz, glass, sapphire, 
Teflon® and air dielectrics. 

Standard Line: 
Over 144 catalog parts including: 
• Max. capacitance from 
3.5 to 120 pF. 

• Peak RF voltage to 15KV. 
• Greatly expanded Teflon Line. 
• A .48 11 (12.2mm) x .23 11 (5.8mm) 
diameter 9pF Teflon trimmer 
with 1.5KV peak RF voltage. 

Custom Design 
• We'll be glad to modify a 
standard part or design a 
new one for you. 

Special Designs 
• Dual trimmers -
Differential and Split Stator. 

• Antennas and coils fused to 
quartz or glass tubes. 

• Non-magnetic slip clutch to 
protect capacitor stops. 

New Catalog 
• Our new catalog lists many 
non-magnetic and standard 
parts. It includes data on RF 
peak voltage ratings and high 
frequency Q measurements. 

For further information and our new catalog, call, fax, or write 
Voltronics or your local representative. 

~1.: It . ~. vo ron1cs~ 
. CORPORATION ~ 

100-10 FORD ROAD • DENVILLE, NEW JERSEY 07834 
PHONE: 201-586-8585 • FAX: 201-586-3404 

Teflon is a registered trademark of E.I. DuPont Co. 
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ARGONNE NATIONAL LABORATORY 
9700 Sourl-t CAss AvENUE, AR½ONNE, llliNois 604~9 

December 2, 1993 

Dr. Bernard L. Shapiro 
T AMU NMR Newsletter 
966 Elsinore Court 
Palo Alto, CA 94303 

Dear Barry: 

Preliminary Announcement 

Solid-State NMR Symposium 
35th Rocky Mountain Conference 

on Analytical Spectroscopy 
July 31 - August 5, 1994 
Hyatt Regency Denver 

Denver, CO 

1994 Vaughan Lecturer: Alexander J. Vega 

EPR/NMR Symposium Celebrating 50 Years of 
Magnetic Resonance 

Invited & Contributed Papers 
Poster Session · 

Symposium Topics: 
• Spin Dynamics / New Techniques 
• Inorganic Chemistry/ Catalysis 
• Polymers 
• Surfaces / Interfaces 
• Biosystems 
• Imaging 

For further information contact: 
Robert E. Botto 
Chemistry Division 
Argonne National Laboratory 
Argonne, IL 60439 (708)252-3524 

(708)252-9288 (FAX) 
robert_botto@qmgate.anl.gov 

0pERATEd by Tl-tE lJNivrnsiTy of Cl-ticA½o fOR ThE UNiTEd STATES DEPARTMENT of ENrnqy 



TAMU NMR Newsletter - Book Reviews 

Book Review Editor: William B. Smith, Texas Christian University, Fort Worth, TX 76129 

11 A Dictionary of Concepts in NMR 11 

by 

S.W. Homans 

Oxford University Press, Walton Street, Oxford OX2 6DP; 
revised, paperback edition; 1992; ISBN 0-19-854765-X $29.95, 373 pages. 

My first reaction on inspecting this new edition of "A Dictionary of Concepts 
in NMR" was that this must largely duplicate "A Handbook of Nuclear Magnetic 
Resonance" by Ray Freeman. But I quickly discovered that this was not so. The 
author claims that "the aim of this work is to aid chemists and biochemists familiar 
with the basic principles of NMR to understand the bewildering array of acronyms 
and technical jargon which is to be found in the literature." I think he has succeeded 
admirably. While there are the inevitable overlaps with portions of the Freeman 
book, they actually complement each other quite nicely, and I am glad to have both of 
them on my bookshelf. 

The single most obvious difference ( other than the lack of cartoons) is the 
inclusion of a considerable amount of mathematical background. The point is made 
by citing four appendices titled as follows: Properties of cartesian product operation; 
Trigonometric identities; Matrix algebra; and Rotation operators. No one would 
pretend that these are detailed treatments, but they do get your feet wet if you willing 
to wade in. 

Many entries are accompanied by references for further reading. 

W.B.S. 

424-47 
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Advanced Clinical MRI/MRS and 13C MR Spectroscopy 
Continuing Education Course at UT Southwestern Medical Center at Dallas 

Thursday, March 10, 1994 

PROGRAM DIRECTORS: Craig. R. Malloy, M.D., and A. Dean Sherry, Ph.D . 
PROGRAM COORDINATORS: Navin Bansal, Ph.D., and Evelyn Babcock, Ph.D. 

COURSE OBJECTIVE: This one day program is aimed at physicians, biomedical scientists and graduate 
students who are interested in the application of magnetic resonance spectroscopy and imaging to 
physiology. In the morning session, the role of NMR methods in the investigation of brain, heart and 
skeletal muscle physsiology, and breast imaging will be discussed by experts in the field. In the afternoon 
session, an overview of current 13C NMR spectroscopy methods for analysis of intermediary metabolism 
will be presented. 

This symposium will be held the day following the first annual meeting of the Society of Magnetic 
Resonance (SMR). 

GUEST SPEAKERS: J. J. H. Ackerman (Washington U), Jeffry R. Alger (NIH), Steven Harms (Radiology 
Associates of Dallas), Douglas Rothman (Yale), Heinrich Taegtmeyer (UT, Houston), Robert G. Weiss 
(Johns Hopkins). 

UT SOUTHWESTERN SPEAKERS: James Fleckenstein, Ronald Haller, Mark Jeffrey, Craig R. Malloy. 

For mol'e information, call: Dolly Christensen at (214) 648-8013 or Navin Bansal at (214) 648-5887. 

FORTHCOMING NMR MEETINGS, Continuedfrompage 1. 

2nd Meeting, Society of Magnetic Resonance. San Francisco. California, August 6 - 12, 1?94; Contact: SMR Berkeley Office. 1918 University Ave .• 
Suite 3C, Berkeley, CA 94704; Tel. (510) 841-1899; Fax: (510) 841-2340. 

Gordon Conference on Order/Disorder in Solids. New London, New Hampshire. August 7 -12, 1994; Contact: Prof. M.A. White. Dept. of Chemistry, 
Dalhousie University. Halifax, Nova Scotia, Canada B3H 413; Tel. (902) 484-3894; Fax: (902) 494-1310. Sec TAMU NMR Newsletter fil 44. 

36th ENC (Experimental NMR Conference). Boston. MA, March 26 - 30, 1995; Contact: ENC. 815 Don Gaspar. Santa Fe. NM 87501 ; (505) 989-
, 4573; Fax: (505) 989-1073 

12th International Meeting on NMR Spectroscopy, Sponsored by the Royal Society of Chemistry, Manchester, England, July 2 - 7, 1995 [sic]; Contact: 
Dr. J. F. Gibson or Ms. G. B. Howlett- See TAMUNMR Newsletterfil 5; Phone: (44-71)437-8656; Fax: (44-71)437-8883. 

!SMAR 1995, Sydney. NSW, Australia, July 16-21, 1995 [sic]; Contact: Dr. Wm. A. Bubb. Secretary, Univ. of Sydney. Dept. of Biochemistry. Sydney, 
NSW 2006, Australia. See T AMU NMR Newsletter fil. 26. 

Additional listings of meetings. etc., are invited. 

i: 



December 10, 1993 
(received 12/14/93) 

Professor B.L. Shapiro 

sn· 
Sm,thKllne Beecham 

Pharmaceuticals 

Editor/ Publisher TAMU NMR Newsletter 
966 Elsinore Court 
Palo Alto CA 94303 

Monitoring of Probe Heat Dissipation 

Dear Barry: 

Recently, we were interested in determining the heat dissipation ferformance of our 
inverse probe in the context of a heteronuclear experiment with 1 C decoupling. The 
experiment was performed by recording 13c sidebands of a mixture of 20% CH3OH (mc 
natural abundance) / 80% CDCl3 with centerband suppression by a difference 
experiment. As shown in Figure 1, the pulse sequence included me off-resonance CW 
irradiation with a defined duty cycle and sufficient power to see the temperature rise at 
the start of the experiment. For our mixture, the chemical shift temperature coefficient for 
the OH peak was 0.016 ppm/K. Therefore, it was expected that a temperature fluctuation 
during the difference experiment would result into a large residual OH peak. 

90x 

_1H ____ ____,n.____pacq. 
+/-1 CW (duty cycle = 0.25) 7 90 90 1 

t--t 13_c ----__....I I,........;....- :::j t, rln, : 
resonance offset = 50000 Hz n 

Figure 1 

Two series of 64 difference experiments were performed, one for a duty cycle = 0, and 
the other for a duty cycle = 0.25. The former served as a reference for the steady-state 
intensities (magnitude mode) of the residual OH peak, the residual centerband and the 
two me satellites (Figure 2). The CW pulse had a length of 16 seconds, a field strength 
of 3.5 KHz and a resonance offset of 50 KHz, sufficient to not disturb the 13c resonance 
of interest. With the residual OH peak intensity, it is possible to evaluate the time it takes 
to reach a steady-state temperature. For a duty cycle of 0.25 it can clearly be observed 
that the temperature takes about 1 O minutes to reach a steady-state value. The 
intensities were normalized with respect to the intensities of the me satellites. 

This experiment does not yield any quantitative information about the temperature inside 
the sample. However, it is useful for measuring the time a probe takes to reach a steady-

709 Sweuelanli Rc,c1cl, PO Box 1539. King of Pruss,a, PA 19406-0939 Telephone 121512704800. Fax 12151 751 3400. 
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state temperature, assuming the experiment being performed is fairly periodic. 

Sincerely yours, 

~~~ 
Jacque:1l:d 
Physical and Structural Chemistry 

PS : Please credit this contribution to Susanta Sarkar's subscription. 
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Universitat Bern 
lnstitut fur organische Chemie 

CH-3012 Bern, Freiestrasse 3 
T elefon 031 65143 11 · 
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Dr. Bernard Shapiro 
TAMU NMR Newsletter 
966 Elsinore Court 

November 22th 1993 

(received 11/29/93) 

Palo Alto, CA 943030 USA 

2D INVERSE LONG-RANGE C-H-SHIFT CORRELATION 

Dear Dr. Shapiro 

Unsatisfied with the spectral quality achieved with the HMBC·Experiment to selectively detect and measure 
carbon-proton long-range coupling interactions which is probably caused by the instabilities of our BRUKER 
AM-400 system, we tried out the subsequent inverse experiment, which starts with (NOE enhanced) carbon 
z-magnetizations and which transfers the carbon-shift modulated carbon coherences to proton antiphase co­
herences in the final step Immediately before detection. We were astonished about the high quality of the 
corresponding spectra, especially with respect to the suppression of unwanted C· 12 proton signals. The rea­
son for this are the three purge pulses, two of them applied as a "sandwich" with x- and y-phase respectively 
at the beginning and a third one immediately before acquisition. Together with the CPD decoupling at th be· 
ginning they are responsible for the highgly efficient saturation of all proton signals and the high quality even 
with the rather short phase cylce (see below): 

;rNC:Hl:Ri?D : AU 
;•2 [1 INVERSE L □r•u:;-RAliGE C-H-StHFT CDRREl:ATION 

l ZE 
c:: r,1 S: I CPD 

!14 S:2 DD 
(P5 PHt ) :D PURGE X 
CP5 PH3) :[I t PURGE Y 
(P3 PH5) : T 
[II) 
CP2 PH4) : D 

r11·, 
r,2 
<Pl PH D : Il 
D3 
(P4 PH?) : T <P2 PH2) : r, 
fl 3 
(Pl PH.:.) : D 
[12 
(P3 PH7) :T <Pl PHt ) :D 
CP5 PH3) :D . t PURGE Y 
GD=::: PH:?, 
l,IJ;• ::1 
IF :: t 
IP5 
Itl=l 

E:><: TT 

PHt=n 
PH2'=fl 2 (I 2 
PH:::=J 

PH5=(t O C· ? 
PH .:,=c· 
PH7 = 1 ::: l :;: 
PHP.= J;• 0 P;? f;•c· P 0 

• ••••••• , 1. 1 • •• •• 

Yours sincerely 

Peter Bigler 



424-52 

Table of Contents, cont'd. 

Solid-State NMR Symposium, 36th Rocky Mountain Conf. on Analytical Spectroscopy, July 31 • August 5, 1994 

Botto, R. E. 46 

Book Review 

Position Available 

Monitoring of Probe Heat Dissipation 

2D Inverse Long-Range C-H Shift Correlation 

♦ 

All Newsletter correspondence 
should be addressed to 

Dr. B. L. Shapiro 
966 Elsinore Court 

Palo Alto, CA 94303 U.S.A. 

(415) 493-5971 · Please call 
only between 8:00 am and 

10:00 pm, Pacific Coast time. 

• ♦ 

• 

• 

• 

• • 

Smith, W. B. 47 

Malloy, C.R., and Sherry, A. D. 48 

Briand, J. 49 

Bigler, P. 51 

♦ • • 

Deadline Dates 

No. 426 (March) 

No. 427 (April) 

No. 428 (May) 

No. 429 (June) 

♦ • • 

18 February 1994 

25 March 1994 

22 April 1994 

20 May 1994 

Mailing Label Adornment: Is Your Dot Red ? 

If the mailing label on your envelope of this issue is adorned with a large red dot or circle: this decoration 
means that you will not be mailed any more issues until a technical contribution has been received by me. 
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The above data is a 512 by 512 TOCSY spectrum and was obtained on an Alpha- 500 
in less than 5 minutes with JEOL's gradient probe. This same probe is also designed 
to do reverse and water suppression experiments. Pulse shaping, three channel 
operation, dynamic Rf control, matrix shims, as well as unsurpassed field reliability are 
all standard with the Alpha. 

ALPHA FIRST IN PERFORMANCE, FIRST IN TECHNOLOGY 

JEOL, USA 
11 Dearborn Rd. 

Peabody, MA01960 
508/535-5900 

FAX 508/535-77 41 

JEOL, NJ 
23 E. Brunswick Dr 
East Brunswick, NJ 

908/254-7026 
FAX 908/254-8850 

Soque/ec, Lid. 
5757 Cavendish Blvd 

Suite 101 
Montreal, Quebec 
Canada H4W2W8 

514/482-6427 
FAX 514/482-1929 

JEOL,CA 
3500 West Bayshore Rd 

Palo Alto, CA 94303 
415/493-2600 

FAX 415/493-0581 

JEOL, DE MEXICO 
Insurgents Sur #953 

Col. Napoles 
03810 Mexico D. 

525/515-2616 
FAX 525/515-3261 

JEOL, IL 
9601W. Higgins Rd Suite 220 

Rosemont, IL 60018 
708/825-7164 

FAX 708/696-2559 
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