
:.... 

TEXAS A&M UNIVERSITY 

NEWSLETTER 

Selective Excitation with Composite 180° Pulses 

Silacyclohexadienyllithium 

NMR and Collagen Hydration 

No. 375 
December 1989 

Live, D. H. 2 

Fraenkel, G., and Kolp, C. J. 5 

Bonnet, M., and Renou, J. P. 9 

Calibration of Broadband Heteronuclear Decoupling 

Long Distance NMR 

Astin, D., Garcia, J., Gaude, J.-P., and Morat, C, 13 

Proton and 13c Spectra of Some Analogs ofTRH . 

Dynamic Range, Phase Shifters, and Digital Filtering 

. Erkelens, C., and van den Heuvel, D. J. 17 

Bladon, P., and Bladon, C. 21 

Redfield, A. G., and Kunz, S. 25 

13c Chemical Shifts of New Diamantanes: -SH and -NH
2 

Derivatives Cahill, P.A. 27 

Position Available 

Position Available 

Exchanging Systems in Piperazines and Others 

Noggle, J. H. 

Gorenstein, D. 

Coddington, J.M., and Taylor, M. J. 

28 

28 

31 

Cross Polarizations Experiments on a Bruker MSL Spectrometer 

Monitoring Cellular Oxygenation by Proton NMR . 

Sullivan, M. J. 

Jue, T., and Anderson, S. 

35 

37 

Temblor Resistant NMR . 

Protein Design and NMR 

SUFIR Pulse Program for an ASPECT 3000 

Hurd, R.E. 41 

Klaus, W., and Wray, V. 43 

Tekely, P., Elbayed, K., and Canet, D. 47 

Probe Temperature Gradients and Diffusion Coefficient Measurements Gome, W. J. 51 

Probe Meltdown 

Equipment Available' 

More on Rare Functional Groups in Wood Pulps . 

Position Available 

Simard, A., Holmes, R. B., and Brisson, J.-R. 53 

Papa, L. J. 53 

Amos, L. W. 54 

Gordon, R. E. 57 

Continued on page 76 

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

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



Cat.No. 

D-11 

D-120 

D-13 

D-121 

D-129 

D-14 

D-21 

D-1 22 

D-130 

D-28 

D-31 

WI 

· ,r_1 1 • • ... , 

TABLE 1 DEUTERATED SOLVEIIITS 

VARIAN 

BOX/500 SHEETS 

I
-••• ~ JV • 

CFT-20, FT-80, FT-BOA 
All Models ,.. · t6 1/2" o· 11, 

Gridded-Two Color 
Rlar,~ 

Searching for the Unusual Requirement? 
WILMAD HAS YOUR ANSWER! 

0.551 (32) 

0.460 (20) 

;43 (20) 

·0.611 

.740 (20) 

The most comprehensive offering of "widgets, gadgets and specials" for NMR spectroscopy, including: 

Spatula tor 5mm NMR Tubes 
Three types of Valve NMR Tubes 

(including the new J. Young Valve Tube) 
Solvent Jet NMR Tube Cleaners 
pH Electrode for 5mm NMR Tubes 

Taperlok ® NMR Tubes 
A multitude of Coaxial Inserts 
Alumina NMR Tube for Si-29 Studies 
Ultra-thin wall NMR Tubes 
Throwaway "THRIFT" and "ECONOMY" NMR Tubes 

Serving the Spectroscopic Ahermarket 

WILMAD GLASS COMPANY 
Route 40 and Oak Road • Buena, NJ 08310 U,5.A, 

609-697-3000 • T WX 510-687-8911 

l<'AX 609-697-0536 

...:: 

r: 



375-1 

TEXAS A&M NMR NEWSLETI'ER NO. 375, DECEMBER 1989 AUTllORlNDEX 
Amos, L W. • 54 Fraenkel, G . 
Anderson, S. • 37 Garcia, J . . 
Astin, D .. 13 Gaudc, J.-P. 
Bladon, C. '21 Gordon, R. E. 
Dladon, P. , 21 Gorcnstein, D. 
Bolton, P. H .. 68 Goux, W.J .. 
Bonnet, M. 9 Henry, G.D. 
Brey, W, S. 68 van den l-Jeuvcl, D. J. 
BriBaon, J.-R. 53 Holmes, R. D. 
Cahill, P.A. . . 27 Hurd, R. E. 
Canct1 D. . . . . 47 Jonsen, r. 
Coddi:Jlon, J. M. • 31 Jue, T. 
Elbar, , K. . • . 47 Klaus, W . 
Erke ens, C. . . • 17 

5 Kolp, C.J. 
13 Kunz, S. 
13 Live, D.H. . . 
57 Marleen, A. J. H. . 

. 28 McQuaid, G .. 
• SJ Moral, C. . . 
.71 Noggle, J. H. 
. 17 Papa, LJ. 
. 53 Peters, J. A. . 
. 41 Redfield, A. G . 
. 65 Reinecke, M. G . 
. 37 Rcnou, J.P . . 
. 43 Shapiro, B. L. 

5 
: 25 

2 
60 
71 
13 
28 
53 
62 
25 
75 
9 

76 

Simard, A. . 
Smith, W. U.. . 
Sollenberger, J. V. 
Stark, R. E. . . 
Sullivan, M. 1 . 
Sykes, B. D . . 
Taylor, M. J. . 
Tekely, P. . 
Tsehudin, R. G. . . 
Vermeulen, J . W. A.H. 
Wong, T.C. 
Wray, V .• 
Zhi, C. 

• SJ 
. 75 
. 59 
. ?6 
. 35 
. 71 
. 31 
. 47 
• 58 
. 60 
. 57 
• 43 
. 62 

TEXAS A&M NM.RNEWSLETTER NO. 375, DECEM!JER 1989 ADVERTISER INDEX 

American Microwave Technology, Inc. 
Bruker Instruments, Inc. 
Doty Scientific, Inc. 
Fremont Magnetic Rcsomrncc 
GE NMR Instruments 
Iaotec Inc. 
JBOL 
Mirage Systems . 
MR Resources, Inc. 

55 
33 
11 
39 
7, inside back cover 
'"),9 
outside back cover 
13 
19 

MSD Isotopes 
Nalorae Cryogenics Corporal ion 
New Methods Research, Inc .. 
Otsuka Electronics (U.SA) Inc. 
Pm,grnmmcd Test Sources, Inc. 
Varian 
Vollronics Corporation 
Wllmad Glass Company, Inc. 

63 
15 
45 
3 
49 
23 
69 
inside front cover 

SPONSORS OF THE TAMU NMR NEWSLETTER 

Abbott Laboratories 
The British Petroleum Co., Ltd. (England) 
Bruker Instruments, Inc. 
Cryomagnet System~, Inc. 
The Dow Chemical Company 
Eastman Kodak Company 
E. I. du Pont de Ncmoul'!I & Company 
GENMR lns1ruments 
JBOL (U.S.A.) Inc., Analytical Instruments Division 
The Lilly RC$Carch Laboratories, Eli Lilly & Comp;my 
Millipore Corporation, Wale~ Chromatography Division 
The Monsanto Company 
New Methods Research, Inc. 

NMR Technologies Inc. 
Norcll, Inc. 
The Procter & Gamble Company, Miami Valley uihs 
Programmed Test Sources, Inc. 
Shell Development Company 
Siemens Medical Systems, Inc. 
Spectroscopy Imaging Systems Corporation 
Spectral Data Services, Inc. 
Tecmag 
Unilever Research 
Union Carbide Corporation 
VariAn, Analytical Instrument Divi~ion 

FORTHCOMING NMR MEETINGS 

Workshop "NMR and Structure of Biomolecules", March 4-9, 1990; Gainesville, Florida; Contact: W. S. Drey, University of Florida, - see Newsletter 375, 68. 

Workshop on In Vivo Magnetic Resonance Speclro~opy Ill, March 29-April I, 1990, San Francisco, California; San Francisco, California; Conlacl: Dr. 
M. W. Weiner or Dr. G. B. Matson, Magnetic Resonance Unit, Veterans Administration Medical Center, 4150 Clement Street (110), San Francisco, CA 
94121; (415) 750-2146. 

3181 ENC {Experimental NMR Conrcrence), April 1-5, 1990; Asilomar Conrcrence Center, Pacific Grove, California; Contact; ENC, 750 Audubon, East 
Lansing, Ml 48823; (517} 332-3667; Attendance: 1,200. 

Frontiers of Polymer Characteri1.ation by NMR Spectroscopy. Symposium al the American Chemical Society National Meeting, April 22-27, 1990, Boston, 
Mass.; Sec Newsletter 372, 54. 

Workshop of Special Topics in Medical Magnetic Resonance, sponsored by the Society of Mag_nclic Resonance in Medicine and the National Research 
Council or Canada, July 23·27, 1990; Whistler Mountain, BC, Canada. Contact: L Forget - see Newsletter 374, 46. 

Expandin(I frontiers in Polypeptide and i'rolcin Struclurnl Research, sponsored by the Nalional Research Council or Canada, July 23-27, 1990: Whistler 
Mountain, BC, Canada. Contact: J_ Forget - see Newsletter 374, 46. 

Tenth lntern11tional Biophysics Conference, sponsored by the International Union or Pure and Applied Biophysics and the National Research Council of 
Canada, July 29 · August 3, 1990; Vancouver, BC, Canada. Contact: L Forget - see Newsletter 374, 46. 

NI Ncwslcllcr Correspondence 
Sho uld Be Addressed To: 

Dr. Bernard I~ Shapiro 
TAMU NMR Ncwsfeuer 

966 Elsinore Court 
Palo Allo, CA 94'.\03, U.S.A. 

(415) 493-5971 

Additional listings of meetings, etc., are invited, 

DEADLINE DATES 

No. 377 (February) ------ 19 January 1990 

No. 378 (Mareh)-------16 February 1990 

No. 379 (April) ··-·-·····-16 March 1990 

No. 380 (May)---- 20 April 1990 



375-2 

EMORY UNIVERSITY 
Department of Chemistry 

1515 Pierce Drive 
Atlanta, Georgia 30322 
404172 7-6585 

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

Dear Barry: 

November 2, 1989 
(received 11/7/89) 

Selective Excitation With Composite 180° Pulses 

There has been a great deal of interest in using selective excitation in .a variety 
of NMR applications. Although shaped pulses are probably the best way to produce a 
well defined rectangul ar spectrum of excitation, the ability to generate these is 
still not a common feature of most NMR spectrometers. Many researchers have turned 
to low power square wave pulses as an approximation to the ideal. In recent years a 
number of composite pulses such as the 90°x- 180° - 90°x composite 180°, and the 
WALTZ and MLEV have been put forward to compensate for RF inhomgeneity and to 
improve decoupling efficiency respectively. These sequences have the pr operty that 
the frequency distribution of their excitation is much more rectangular than that 
of a single square wave pulse. The offset frequency dependence of such pulses is 
discussed at length in a review by Levitt (Prog. in NMR Spectroscopy, V. 18, p.61 
( 1986)). Such composite pulses have generally been used to "selectively" excite a 
wide region more uniformly, such as the whole 1H without depositing RF power 
outside that region. By the same token, reducing the power level used in such 
composite pulses, can result in cl eaner excita tion of narrower regions than is 
realized with a single "soft" square wave pulse. This can offer an improvement 
accessible on most spectrometers in the absence of shaped pulse capabilities. The 
offset dependence of the composite 180 (A) relative to a square wave 180° (B) pulse! 
is shown in the figure below. The RF power was 120 Hz in both cases. Improved 
selectivity of the composite pulse excitation has proven to be valuable for 
selective .inversion of the H3 ' protons i n ol igonucleotides without inverting the 
nearby H4 1, and H5' and H5" sites. We have apP,lied this approach to advantage in 
carrying out selective proton detected H3' to 3lp COSY spectra of oligonucleotides 
for the pur pose of measur i ng vicinal heteronuclear coupling constants (Sklenar and 
Bax, J. Amer. Chem. Soc., V. 109, 7525 (1987)) . 

Yours, 
A . . -;::;_~ 

David Li ve 

' I I I I f I I l I j I i I I I I I I I I ' I I I ' I I I ' I I ' 
o - 50 -10 0 -150 -200 - 250 -300 -350 Hz 
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OHIO 
srATE 
UNIVERSITY 

Dr. B. L. Shapiro 

Department of Chemistry 

TAMU Newsletter Silacyclohexadienyllithium 
960 Elsinore Court 
Palo Alto, California 94303 

Dear Barry: 

120 West 18th Avenu~ 
Columbus, OH 43210-1173 

Phone 614-292-2251 

October 16, 1989 
(received 10/28/89) 
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NMR difference spectroscopy tends to be used mostly by biochemists and anyone who 
deals with small changes in complicated molecules. Not so well known is anal ysis of 
crude reaction mixtures . Siladiene, D, impure, is easily deprotonated with butyl­
lithium in THF to qive the silacyclohexadienyllithium, A. The reaction mixture also 

126.20144.9 147.8 86.2 - 0--- 7.2 ~~Li I / 

33.8 s·/ ► u+ so.2 < - Si ,, ' ' - -0.4 THF '--- 11.8 
hexanes 

Diene Anion 

contains hexanes from the butyllithium solution . The 13c spectra before, D, and 
after reaction, A, look similar but subtracting the two reveal s the spectrum of t he 
s ilacarbanion, A, right side up, and si1rting material, ups ide down, see Figure. The 
numbers around the structures are the C shifts. Only in this way do we find the 
methylene resonance of si ladi ene. Al so one of the carbons of D and A have almost the 
same shift. We wondered whether the shifts in A reveal anything about possible over­
lap of silicon with the ~ system resulting in cycloconjugation. I think not , so far. 
Needless to say we have since checked all this with cl eaner samples. Along similar 
lines we have acylated A and prepared the potassium enolate salt E in diglyme in 

o- 107.9 145.8 

180·1~Si:: 
CH3 - 3.8 

~ 
24 110· 7 Enolate 

0 -0 )c · : - Si::::: 
CH3 _ 

Twisted enolate 
order to measure the barrier to rotation about the carbonyl carbon-ri ng bond. 
Stabilization of the transition state for rotation, might imply cycloconjugation. At 
first glance it seems the rate of acetyl rotation is normal for an enolate. 

Best regards from Ohio State. 

Gideon Fraenkel 
Professor of Chemistry 

GF/cag 

Sincerely, 

~t/(f 
Graduate Research Associate 
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VIVOSPEC: 
SYSTEM SPECIFICATIONS 

NORTH AMERICA 
OTSUKA ELECTJIONICS (U.S.A.), INC. 
1 Raymond Drive 
Havertown, Pennsylvania 19083 USA 
(215) 78~7474 
FAX (215) 789-8081 

RFUNIT----------------
Frequency 
Synthesizer 
Frequency Step 
Phase Control 
Phase, Discrete Steps 
Phase, Variable Steps 
Output Power 
Power Control 
Linearity of Power Control 
RF Amplifier Power Output 
Preamplifier 
Noise Figure 

5- 300 MHz 
PTS-500,Computer Controlled 
0.1 Hz 
0 - 360 Degrees 
0, 90, 180, 270 Degrees 
0.1 Degree Resolution 
Computer Controlled: 12 Bit DAC 
0 - 100 % 
±1% 
1000W 
Broadband 
< 2dB 

COMPUTER SY5TEM 
Computer D~C VAX Station 3200, 24 Ml::lyte RAM ~tandard, Up To 64 MByje 

Optional. 350 MByte Hard Drive, 44 MByte Removable Cartridge Drive, 
600 MByte Optical Drive 

Control 
Display 
Hard Copy Output Device 

VIVOMOUSE™ Control Device With Assignable Knob 
19 Inch 256 Grey Scale Level Display, 1024 X 864 Resolution 
Hewlett Packard Laser Jet 11 Printer 

--- ------- SOF7WARE-----------
VMS Ver. 5 Operating System, Graphic Work Station 
Software, Shell Environment For Easy Operating System 
Access, IDL Software For Curve Filling And Data Analysis 

PUISE PROGRAMMER AND DIGfIAL INTERFACE 
Pulse Programmer 2K X 128 Bit Word Memory, 5- 16 Bit Loop Counters, 

32 Bit Timer, 100 nsec Resolution 
Digital Interface Controls 2 Synthesizers: Frequency, Amplitude, And Phase For 

2 RF Channels, 4 Gradient Channels, All With 12 Bit Resolution. 
14 Bit ND At 100 KHz, Audio Filter 51.2 KHz In 200 Hz Steps. 
Local Memory Buffer 64 KByte. External Gating Input. 

-GRADIENTS 
Gradient Coils 2 Gauss/cm Minimum 
Rise Time (10 - 90 %) 
Power Supply 

1 msec Maximum (Uncompensated) 
T~CHRON Model 7570 

Frequency 
Synthesizer 
Frequency Step 
Phase Control 

-------- HETERONUCLEAR DECOUPLER 
5-300 MHz 

Phase, Discrete Steps 
Phase, Variable Steps 
Output Power 
Power Control 
Linearity of Power Control 
RF Amplifier Power Output 

PTS-500, Computer Controlled 
0.1 Hz 
O - 360 Degrees 
0, 90, 180, 270 Degrees 
0.1 Degree Resolution 
Computer Controlled: 12 Bit DAG 
0 - 100 % 
±1 % 
100WCW 

STANDARD MAGNET CONFIGlIRATIONS 
Field (T)/Bore (cm) 2/31 2130.5 2.4/40 
Bore With RT Shims And Gradients (cm) 26.5 26 33 
Helium Evaporation (ml/hr) 50 50 50 
Nitrogen Evaporation (ml/hr) 400 400 400 
Half Length (mm) 350 275 570 
5 Gauss Line - Radial From Center (rn) 3.4 3.2 4.7 

- Axial From Center (m) 4.4 4.0 5.9 

4.7/20 
15 
50 
400 
396 
3.7 
47 

Other Magnet Sizes And Field Strengths Available On Special Order 

Specifications subject to change 

4.7/31 
26.5 
55 
450 
460 
5.3 
6.7 

OTSUKA ELECTRONICS (U .S.A.) INC. 

EUROPE FARE.AST 

4.7/40 
31 
60 
500 
735 
6.4 
8 1 

7120 
15 
50 
400 
575 
5.1 
6.4 

OTSUKA ELECTRONICS (EUROPE) LTD. 
P.O. Box 11 

OTSUKA ELECTRONICS CO., LTD. 
HEAD OFFICE 

OTSUKA ELECTRONICS CO., LTD. 
TOKYO OFFICE 

Abingdon, OXON OX14 1RW 
ENGLAND 
0235-554454 

3-26-3 
Shodai-Tajika 
Hirakata, Osaka 573 
JAPAN 
0721}-55-SSSO 

2F. Hashikan-LK Bldg. 
1-6 Azuma-Cho 
Hachioji, Tokyo 192 
JAPAN 
0426-44-495 t 

DEC am VAY. an, Regisl«id T-MIil<> of the Dgl~ 6q,;prnerll CO,por,t~n. COpyr~r. 19118. OlslA<a Elootrori<:, {O.S,,,.) lo:. Printad ;, U.SA 
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As a pioneer of 
NMR spectroscopy with 

over 30 years' experienc~ Roy 
Johnson knows NMR systems inside 

out. That's why he personally approves every 
one of our units before it's delivered. 

And Roy is no easy sell. 
As Senior Scientist, he pushes each 

system to its limits, checking test results and 
system operation thoroughly. So you'll get 
the high level of performance you expect­
right from the start. 

Roy's painstaking approach reflects 
GE's dedicatiop_ to quality control. It's just 
one example of our commitment to your 
satisfaction. 

That's why our systems meet your 

• 

spectroscopy and imaging needs. With 
superior RF stability and a high perfor­
mance digitizer to help provide dependable 
system performance. Plus data processing 
flexibility to help you keep pace with evolv­
ing sequence and analysis applications. 

And you can count on GE service 
that includes equipment upgrades, software 
updates and advanced applications support. 

At GE, we know NMR customers 
demand quality performance-from their 
equipment and their equipment manufac­
turer. And that's what we provide. 

With help from people like Roy. 
For more information or to arrange 

a demonstration, call us at (800) 543-5934. 
Or call Roy at (415) 683-4408 . 

GE NMR Instruments 
Put us to the test. 

© Co{lyright 1989 General Electrie Compafl( 



CSI 2T Applications 
Shielded Gradients and Localized Spectroscopy 
Eddy current effects are the leading cause of errors 
and lack of consistent results in gradient localization 
methods. It is not surprising, then, that actively shield­
ed gradients, which have dramatically reduced eddy 
currents, represent a significant technology advance 
for all forms of B0 gradient volume localization and 
spectroscopic imaging methods. The fast rise time 
and high gradient strength characteristics of the coil 
used in these experiments are also important. 

Even without pre-emphasis, shielded gradients recover 
fast enough to obtain spectroscopic information at 
1 msec or less after a strong gradient has been turned 
off (Fig. 1). 

6 5 4 2 

----- -10 Gauss/cm 

5 Gauss/cm ---
2.5 Gouss/cm 

1.25 Gauss/cm ---
~NoGradienl 

0 PPM 

Fig. 1- Using an oil/water phantom, a 10 G!cm gra­
dient will create a water frequency profile extending 
from 156 KHz to 280 KHz away from normal water 
resonance. Residual gradient effects of less than 
0.01% (50 Hzat 10 G/cm) are observed in a spec­
trum acquired beginning 1 msec after a 20 msec 
gradient pulse. 

© Cow1igh1 /989 Gene,a/ Elec1tic Compart( 

As an example, a 4DFT spectroscopic imaging tech­
nique can resolve the four frequency domains that are 
associated with an NMR signal from an object x-, y-, 
z-spatial coordinates and chemical shift d. The above 
technique can be a practical alternative to single vol­
ume localized spectroscopy. This method allows 
phosphorous spectra to be obtained from well-defined 
regions as demonstrated in the following experiment, 
which was carried out on a GE CSI 2T system using 
high-strength, shielded gradient coils (Fig. 2). The 
phase-encode time is kept short (on the order of the 
dwell-time) to minimize phase-errors in the final spec­
tra, as well as to avoid loss of signal due to T2 decay, 
which is significantly short in biological phosphates. 

~ 
20 O - 20 - (0 PPM 

~ 
10 o - 20 - 40 n,.-

20 0 -20 Pf'M 

Fig. 2 - Stacked plot showing 512 phosphorous spec­
tra from 60 mm cubed region of a live rat. Each trace 
corresponds to 7. 5 mm cubed region (voxel) from 
within the region of interest. The offset traces clearly 
show the achievable spectra and spatial resolution of 
the technique, as well as demonstrating localization 
of the liver phosphorous metabolites from that of 
overlying skeletal muscle. Total acquisition and pro­
cessing time was two hours. 

GE NMR Instruments 
255 FOURIER AVENUE, FREMONT, CA 94539 
14151 683-4408 FAX: /415/ 490-6586 

IN EUROPE· GE CGR 
/441 153-874000 FAX: (44/ 753-696067 

IN CANAOA· GE CANAOA 
/416/ 475-1070 FAX: /416/ 414-4323 

7546 Ptimed in USA 



SRV Labontoire RMN 

!NRA THETX 

63122 Ceyrat 

FRANCE 

NMR and Collagen-Hydration 

Professor B. L. SHAPIRO 

966 Elsinore Court 

Palo Alto 

California 94303 

Etats Unis 

Theix, 1989 october 23 
(received 10/30/89) 

Dear Professor Shapiro 

The effect of collagen hydration and cross-linking state was investigated by Differential 

Scanning Calorimetry and NMR studies. Intramuscular collagen from animals with 

different ages had different polymerisation states. All samples were hydrated under well 

defined Aw conditions prior to NMR and DSC analysis. 

DSC determines the amount of unfreezable water, the enthalpy m and temperatures of 

transition of collagen to gelatin . 

The proton NMR relaxation times of water in interaction with protein provide 

information about the dynamics of water molecules and their local environment. The 

cross-relaxation between water and collagen has been specially studied as a function of 

temperature between -20° and 100°C. 

From the temperature dependency of cross relaxation rates (R+ ), the dynamic of water 

molecules and the exchange times were determined. The different motions were 

temperature and water content dependent (figure 1 &.2) 

NMR and DSC are complementary methods to characterize the hydration and cross­

linking state of collagen. 

Yours sincerely 

Madeleine BONNET Jean Pierre RENOU 

375-9 
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.eace on 

WISHING YOU A SEASON 

OF 

HAPPINESS AND PEACE 

Dear Colleagues: 

During this holiday season we 

would like to express our 

appreciation for your continued 

support and confidence in Doty 

Scientific and our products . 

We look forward to continuing to 

serve you during the new year . 

DOTY SCIENTIFIC INC . 

rtfi 



DOTY 

CONSISTANTLY PROVIDING THE FIRST IN 

COMMERCIALLY AVAILABLE NMR PROBES 

SCIENTIFIC 

1982 First 7 mm 5 kHz spinning 

1982 First triple tuned MAS 

1983 First single crystal probe 

1984 First s mm 9 kHz spinning 

198 4 First multinuclear solids 

1985 First 19 mm MAS 

1987 First CRAMPS probe 

1987 First actively shielded gradient 

1987 First 5 mm 17 kHz spinning 

probe 

1987 First 1000 G/cm pulse field gradie" 

1987 First 7 mm 9 kHz spinning 

198 8 First 700° C MAS 

1989 First 6 Kelvin MAS 

1989 First DAS probe 

1990 First ? Its 

HAPPY NEW YEAR! 

Doty Scientific, Inc. 
600 Clemson Road 

Columbia. S.C. 29223 
USA 

Phone: (803) 788-6497 
Fax: (803) 736-5495 

up to you! 
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L.E.D.S.S. 

UNIVERSITE 
JOSEPH FOURIER 

-----------------------. SCIENCF.S. TECHNOLOGIE. MEDECINE 
Laboratolre d'Etudes Dynamlques et Structurates 
de la Selectlvlt6 
URA CNRS n• D 0332 

Dr B.L. Shapiro 

TAMU NMR Newsletter 

966 Elsinora Court 

Palo Alto, CA 94303 

ST-MARTIN-O'HtRES. LE 2 novembre 1989 
(received 11/6/89) 

CALIBRATION OF BROADBAND Hl'l'ERONUCLEAR DECOUPLING 

Dear Dr Shapiro, 

It is well known that the introduction of the composite pulse 

sequence dubbed WALTZ-16 (J, Magn. Reson, 52, 335, 1983) has brought 

noteworthy improvement in the heterodecoupling field. For measuring 

quantitatively the gain in decoupling width, we tested the effectiveness of 

WAL.TZ-16 versus conventional. broadband decoupling (BB) on the three 

spectrometers located in our research building. 

Figures a, b and c show examples of 13c spectra of a benzene 

solution (doped with Cr(aca}3 for faster repetition time) 1H decoupled by BB 

(left) or WALTZ-16 sequence (right: MOD= 1 with Pulse Programmer or CPD with 

Process Controller) carried out on WP 80, AC 200 and AM 300 Bruker ins­

truments. 

From these results, it appears that 1/ the efficiency of WALTZ-16 

is by far superior to BB but 11/ depends on the spectrometer I ( "t a
90 

% "' 6 

times larger on WP BO; = 5 times on AC 200; "'3.5 times on AM 300). 

In fact, we verified that on the AM 300, with the 5 mm 1H;13c dual 

probe, the WALTZ-16 sequence is satisfactory~ at the low decoupling power 

mode (DP= OL corresponding to"' 0.2 watt; 't s
90 

% "'13 ppm; P9 = 143). This 

outstanding performance perm~ts us to carry out selective heteronuclear 

experiments without switching between low and high power decoupling modes, 

thus preserving the lifetime of relays 

Sincerely, 

Due Astin 

~cJ.. ---
Julian Garcia 

~ 
Jean-Pierre Gaude Claude Morat 
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Z•Spec Probes 

A Complete Line of 

High Performance Probes 

• Indirect Detection 

• Triple Resonance 1H/13c/15N 

• 4 Nucleus 1H/19pj31pj13c 

• Perfusion probes 31 P / 13c/23N a 

• I H High Performance 

• Backup 1H/13c 

Z•Spec Probes are available with Nalorac Cryogenics Quest 
4000 series NMR Spectrometers and as after-market Probe 
products for all major NMR spectrometer systems. For more 
information about Z•Spec Probe products contact Toby Zens, 
Manager of Special Products Group. 

~ [ •-it NALORAC CRYOGENICS CORPORATION 
837 Arnold Drive Suite 600, Martinez, CA 94553 

Tel: (415) 229-3501 FAX (415) 229-1651 



Z•Spec Probes 

Amnm(Q)1filml.Ce~ 11 New Levell (Q)f U IHI 
JPe1ff (Q)1fm11m1ce f (Q)Jf ~ ~ ~ ~ ~ ~ 

Example: 

Z•200 H/C (200 MHz System) 

1 i-I 70/1 0.1 % ETB 

13c 50/1 ASTM 

Our Z•200 H/C probe can more than double 
the through-put of your routine 1 H samples. 

Look to Z•Spec for all your probe 
performance needs! 

~ [ ... NALORAC CRYOGENICS CORPORATION 
837 Arnold Drive Suite 600, Martine,, CA 94553 

Tel: (415) 229-3501 FAX (415) 229-1651 
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From Drs. C. Erkelens 

10-23-'89 
(received 11/2/89) direct dlalllng (31) 71 · 27 4230 

telefax C31l 71 - 274537 

subJeot LONG DISTANCE NMR 

Dear Dr. Shapiro, 

For a special project we needed to combine state of the art hr NMR 

and microwave equipment. This raised the problem of performing an 

experiment with two immobile instruments in different labs: The 

hr NMR equipment of the central NMP.. facility of our univer::;it7 in 

one building, and a high frequency microwave source with a magnet 

of the ESR research group in another building, at a distance of 

about 300 meters apart . 

In order to achieve t his without major investments we decided to 

set up "Long Distance~"· We simply connected the two instruments 

with cables for signal transportation, purchased some low noise 

tuned NMR preamps, and installed the necessary high power RF 

amplifiers near the ESR magnet. 
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FSR research group NMRfacility (MSL~) 

L-..__.~----H----t-t HP palle1en. 97.3 MHz 

Lf putRgen. +50 MHz 

preamp 300m 
R.eceiwr 

Magnet 

Schematic view of the "Long Distance NMR" set up 

1 
NMR frequency ( H) 

microwave frequency 

attenuation by cables 

194 . 6 MHz 

128 

15 

GHz 

dB 

Since we needed to do 13c NMR at 50 MHz and 
1
H decoupling at 

194. 6 MHz, changing the frequency of the decoupler channel of 

the MSL-400 was necessary. Therefore we temporally connected 

the decoupler modulation to an external synthesizer . The 

installation is working well and the performance (signal to 

noise, pulse length) as good as can be obtained wi th a 

conventional set up. 

In conclusion: 

"Long Di stance NMR" is a relatively easy i nexpensive solution, 

whenever combination of NMR and other technique s i nvolving 

major equipment (e.g. lasers) is desired. 

C. Erkelens 

c-✓-

/ ' ,.~ 

D.J. van den Heuvel 

Ji.'--- ,_ . ( --
__ .:-,-



ATTENTION BRUKER & IBM INSTRUMENTS 
NMRUSERS 

MR Resources has purchased IBM Instruments' NMR Inventory. This stock is original BRUKER 
equipment and is fully compatible with all Bruker and IBM Instruments NMR spectrometers. 

Special Sale! Limited Inventory! 
We have for immediate sale a number of Aspect Computer Boards, Disk Drives, Probes, 
RF Modules, and other NMR Components and Accessories. Call for a complete list. 

ASPECT BOARD REPLACEMENT and REPAIR SERVICE 
We have available for service exchange.every* board for the Aspect 3000 and 2000A NMR 
Computer. Send us your repairable board ana we will ship you an exact working replacement. 

Every board in stock for immediate delivery! 

Guaranteed per-formance. 90 day warranty. 

BOARD 
• Digitizers 

• Array-Processor 

• Processor Contr9ller 

• Disk Interface (2000A) 

• Sweep Contr.ol 

• 10 Real Time Clock Pulser 

• Graphics Display.Processor Boards 

• All other 2000A and 3000 boards 

• Aspect 2000 boards 

• Aspect Power Supplies 

E·XCHANGE PRICE 
$750.00 

750.00 

7-50.00 

600.00 

500.00 

500.00 

250.00 

500.00 

CALL 

CALL 

MODULE REPAIR SERVICE 
We also provide complete and quick repair services in our shop for the following Bruker 
and IBM Instruments NMA system modules: 

• Graphic Display Processors and Monitors 

• Keyboards 

• Printers 

• Disk Drives 

MR Resources offers the best service and fastest response time in the industry. All work fully 
guaranteed. 

*Sorry, BC 130/140 Series fast digitizers, MSL, CXP, and imaging process controller boards not available for swap. 
These boards can, however, be repaired in our shop. Prices subject to change without notice. 

MR Resources, Inc. 
P.O. BOX880 
158 R MAIN STREET 
GARDNER, MASSACHUSETTS 01440 
(508) 632-7000 
(800) 443-5486 

CONTACT OUR SALES DEPARTMENT FOR FURTHER INFORMATION. 





375-21 

UNIVERSITY • OF 
STRATHCLYDE Department of Pure and Applied Chemistry 

Thomas Graham Building. 
295 Cathedral Street. Glasgow G 1 1 XL Tel: 041-552 4400 

PB/MAS 

11th October, 1989 (received 11/1/89) 

{)r. Bernard L. Shapiro, 
Editor/Publisher TAMUNMR Newsletter, 
966, Elsinore Court, 
Palo Alto, 
California 94303 
!,LS.A. 

Dear Barry, 

Proton and 13G Spectra of some analogues of TRH 

Over the years ther.e have been many reports of synthesis of analogues of 
thyrotropin-releasing hormone (TRR ) in which one of the amino-acid residues 
(usually the central histidine) has been replaced by non-natural residues. In 
connection with some work undertaken at the MRC Brain Metabolism Unit, 
Edinburgh, we had the occasion to run spectra of some of these sorts of 
compounds {see formulae). Here are the results of the proton and carbon 
spectra of four of them together with the results for TRH itself. The 
properties of the two diasterioisomeric pyrrolylalanine analogues were quite 
different (more than expected) and this difference is evident in their proton 
spectra. 

Yours sincerely, 

Peter Bladen 

TRH X=NH,Y=N 

Toi2-TRH X=S, Y=-CH 

Fur2-TRH X::O, Y=CH 

f>y?-TRH X=NH. Y=CH 

Christine Bladon (*) 
* M.RC Brain Metabolism Unit, 

University Department of 
Pharmacology, 

1, George Sq,, Edinburgh EH8 9JZ 
Scotland, U,K. 
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Table l 1H n.m.r. spectra (D2O, rcr. 1-BuOH) or TRH analogues 

TRH Thi1-TRH Fur2-TRH 1.-Py?-TRH O-i>yr-17'RH 
~ 

(6) (7) (83) (Rb) 

pGlu Ho 4.29 (dd) Ha4.29 (dd) Ho4.29 (dd) H(l 4.29 (dd) Ho 4.2'1•4.36 

J=8.9,4.8Hz J=9.0,4.7Hz 1=9.0,4.?Hz 1='1, I ,4.6Hz (2H,in) 

Xaa H-5 7.70 (s} H-5 7.33 (dd) H-5 7.45 (d) 11-5 6,7!) (,n • 11-S 6.78 (dd) 

H-3 7.01 (s) H·tOO(m) H-4 6.39 (ud) 11-4 6.12 (llll 11-4 6.12 (1) 

H-3 H-3 6.25 (d) H-3 6.05 (m) H-3 5.99 (m) 

1=4.8, l.5Hz J=3.l,l.8Hz 1=3.2,1.~Ht 

Ha 4.90 Ha 4.94 Ha 4.38 Ha 4.90 Hu npprox.◄.9 

His ll { Thi ll Fur 
/{ 3.20.1.05 

Pyr p{ Pyr p { 
ABX H 3.08,2.99 ABX H {J.42,3.22 ABX ABX H J. I J,3.04 ABX ti 2.9'1-.\.12 

system ll' system W sy, 1cm ll' system p _, ysicm ll' \ ,11-1.m) 

J=7,2Hz J=l 5.0,9. I ,5.4H1, J=l5.2,8.9,5.5llz J= 15.4,7 6,7.,11,. 

Pro Ho 4.38 (dd) Ha 4.39 (dd) Ho 4,38 Cdd) Ila 4.3ft (dd) I In 4.21)-4.36 

J=R.8. ~.9Hz 1=8.5, 5.0Hz 1=8.6.5.1 Hz J =R.5.5.4lh (211,in) 

H 
6 

{3.80 (m).3,54 (m) 

6 
H 

6 
{ 3.82 (m},3.65 (m} H 

6 
{3.n (in).J.44 (111) ,/ { 3.74 itll,m) H {3.83 (m),3.70 (m) 

6' 6' 6' 6' 6' 
The pp• 31td Y'( Pro and pGlo reson3Jtces occur as complex multiplm between 1,5 and 2.5 ppm. 

Table 2 13C n.m.r. spectra (0 20, ref.1-BuOH) ofTRH analogues 

TRH+ Thi2TRH Fur2-TRH L-Pyr2-TRH D-Pyr2TRH 
(6) (7) (Sa) (8b) 

pGluaCH 57.84 56.65 56.65 58.20 58.21 
13CH2 26.55 25.07 25.10 26.64 26.70 

ringeJJ 
30.36 na na na na 

181.47 182.18 18~.22 ]83.84 183.84 
C=O 174.56 174.52 174.39 176.04 176.15 

XaaaCH 53.12 52.78 50.68 53.46 54.01 
J}CH2 29.92 03 na na na 
C-5 136.61 r27.28 142.60 ca 120 119.77 
C-4 127.07 {110.65 f 109.0I 1109.49 
C-3 nd 125.30 108.21 108.58 
C-2 nd 138.13 150.20 127.63 127.46 

C=O 172.34 170.81 170.89 173.08 17).45 

ProaCH 61,69 60.44 60.50 62.09 62.14 

~ 
30.80 na na na na 
25.83 24.50 24.54 26.14 25.63 
47.84 48.02 47.90 49.54 49.21 

C=O 177. 13 176.61 176.64 178.36 178.45 

pGlu fc52 {30.39 r9.42 rl.10 {30.98 Xaa 2 29.42 29.04 30.67 30.82 
Pro CH2 28.99 28.92 30.16 30.32 

cis confom1ation resonances no1 included 
+ run in CD3OD 

na = not unambiguously assigned 
nd = no1.detennined 



VARIAN NMR FLEXIBILITY NOW 
RESOLVES PROBLEM DIVERSITY 

MICROIMAGING SOLIDS LIQUIDS 

UNITY lets you switch from one to the other with ease 

Varian is your full-line 
company for analytical 
instrumentation 
UV-Visible-N\R 
UMS 
Atomic Absorption 
NMR 
Liquid Chromatography 
Gas Chromatography 

Combine high performance capabilities with unparalleled flexibility using 
Varian's new UNITY"" NMR spectrometer. This unique spectrometer is a 
true, multi-capability instrument that performs high resolution micro· 
imaging as easily as it analyzes liquid and solid samples. 
UNITY's revolutionary system architecture employs a modular design that 
addresses all NMR applications with a single instrument. 

Analyze liquid samples using a variety of techniques over a wide range of 
nuclei. Perform CP/MAS, wideline and multipulse for solid samples. 
Examine microimaging samples with ease. Maximum flexibility has been 
built in to cover future experimental capabilities for every application. 

Resolve problem diversity: invest in the most flexible technology of today 
to better address the research of tomorrow. Invest in a UNITY NMR 
spectrometer. For additional information, please call 
800-231-8134. In Canada, call 416-457-4130. 

NMR W ITH A FUTURE 



PVA 1 

,, 

Run on a Varian UNITY-300 NMR Spectrometer, this PVA 
process-based sponge (courtesy of Prof. Dr Gelan, 
Limburgs Universitair Centrum) demonstrates good water 
absorption properties in use. The images below were 
obtained with a Te of 0.1 sec. The similarity in image 
contrast at two values of Te (0.1 and 0.03 sec) 
demonstrates a high level of water mobility. 
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The structure of the sponge is cellular in nature with an 
average open structure size of 600 microns. The average 
cell wall thickness is 50 microns. 

•., 
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DYNAMIC RANGE, PHASE SlilFTERS, AND DIGITAL FILTERING 

November 10, 1989 (received 11/17/89) 
Brarrleis University 
Deparbrents of Physics and of Biochemistry, 
Waltham MA 02254 U. S. A. 

Dear Barcy: 

saou~ 
F'lt..T~ 

,I. 

{4) 

Recently one of our probes was reruilt by its maker (Craig Bradley). 
'Ihe sensitivity .improved so much that we could no lol'l9'er get the water 
signal low enough for optimum S/N. 'Ibis arrl other frustrations led us to 
make some .improvements on our custc:m-b.rllt system: 

1. High pass filter arrl gain changer: Probably there are articles out 
there discussing use of a high-pass filter (such as a series c arrl parallel 
R to grOUJ'rl, passing frequencies al:ove a hurrlred Hz or so) after the usual 
low pass (KHz range) filter arrl before the A/D converter, but I don't know 
of any. You might conceivably think such a filter would remove the residual 
water signal when you have the water frequency at the carrier frequency. The 
spectrum does look better close to water, but you still can't turn up the 
receiver gain any further because the filter converts the water signal step 
(Fig. A) to a sharper spike (Fig B) whose initial size is no smaller, and 
which overloads at the same level. However, canbi.njj-q this nearly worthless 
idea with an al.rrost equally worthless one that Gupta and I published 18 
years ago (Adv. Magn Res. vol. 5) gives a really useful :rnprovement: The 
gain is decreased during the time of the spike of the signal in Fig. B, 
using a hardware "gain changer", arrl an exactly ~to:ry increase in 
gain is made by the software just after the data enters the computer. In 
initial tests the time constant RC of the filter is ~ millisec, the gain is 
changed by a factor of four usually for 2 millisec, arrl the increase in 
gain that is possible before overload is a factor of at least 10 db. '!be 
hardware is very simple-- fet•s to change the gain; a preset counter to 
change the gain at the right time.; arrl a shift register loaded by the 
computer, to load the counter. '!he A/D is preceded by a small amount of 
gain, after the gain changer, so that when the gain is set low the marimum 
filter output will still be able to saturate the A/D (which has an overload 
iooicator arrl flag) . We use this for proteins in the 20K range 'Which have 
T2's of 10 to 20 millisecs, wt even greater .improvement would be possible 
with small molecules. 

I consider this to be a siillple and useful adjunct to accepted water 
elimination methods such as presaturation and selective pulsing, to make 
these methods a little easier. It is related to a paper by Davis et al (JMR 
64 155 ( 1985) ) rut seems simpler. It also provides a way to investigate 
hard pulse spectrosoopy in H2o, since the ratio of 4 that we used might be 
increased to 64 or 128, by using a larger ratio of gain-change time to RC 
time constant. '!his seems unuseful to me because we don't work on small 
rnolecules where it would be feasible, and because I think there will be lots 
of non thermal noise associated with the water signal, due to arrplifier gain 
arrl phase variation, and of course vibration. 

2. Phase shifter based on Analog Devices AD9501 chips: We phase-shift a 
6.15 MHz carrier which is then mixed with high frequencies to 500 MHz. 'lhe 
timer's clock is switched, from 1 MHz to 6.15/6 MHz, derived by dividing 
the 6.15 MHz carrier by 6, during any proton pulse so that gatings are in 
synchrony with the carrier, and we use two physically separate sets of phase 
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shifters. one set rotates the phase by multiples of 90, 45, arrl 30 degrees 
for cllan]ing the overall plaSes of canposite ?J.lses. 'Ihe secord set 
generates shifted carriers 'Which are selected far in:lividual parts of 
canposite ?J.lses such as JR pulses, arrl it in::ludes a continuously variable 
shifter. 'Ihi.s allCMS us to set up selective pulses i.rrlepen:lent of error in 
phase shifters. '!his system did not work well, perhaps because the phase 
shifters, based on one-shots, were unstable fran pulse to puse. Recently 
we wilt a new phase shifter system based on AD9501 delay chips, arrl found 
them excellent. '1he delay on the AD9501 is controlled by an 8 bit 'ITL input, 
}::utan external potentianeter can be arrl is used for a fine continua.is 
delay. We first convert the '!TL carrier square wave to 20 ns pulses usin;J 
an edge detector, arrl then route these pulses through, or around, various 
fixed arrl variable shifters. '!here are six such delay chips in all, arrl the 
carrier is finally reconverted to a square wave Miose lergth is determined 
by a seventh delay chip. 'Ihi.s sourds complicated rut it is very easy to wire 
these chips arrl they are not expensive. 

3. Does 16 bits equal 16 bits? We have a 14 bit A/D converter, arrl 
worder whether we should get a 16 bit one. 'lhe specs for many ocrmnercial 16 
bit a::mverters lists a ±.003% acx::uracy Mlich is± tw'o, out of a 16 bit 
number, or a rarge of 4 (2 bits) . In other words, those two bits don ' t do 
anything useful. our 14 bit A/D lists the same .003% accuracy. You ought to 
ask your friern who sold you, or is tryin;J to sell you, a half-rnillion­
dollar machine about the acx::uracy of its A/D, arrl hc,.,,r it is tested. 

4. Oversampling: (What follCMS is not sanething we've done, it is 
purely an editorial.) '!here was a nice arti cle by Delsuc arrl Iallemarrl (JMR 
69, 504, (1986)), stating that dynamic rarge could be increased by 
oversampling. For exarcple, if you sairpled a 10 KHz wide FID at 160 KHz, you 
get a sixteen- fold (4 bit) increase in dynamic rarge. '!his would be a 
useful sul::stitute for, or supplement to, your 16 {?) bit converter. 'lhe main 
problem with this is that you don't want to slin;J around data sets that are 
16 times bigger than you r£M have. So you immediately think about digital 
filterin;J, to reduce the ban:lwidth 16-fol d from 160 KHz to 10 KHz, arrl the 
number of points by the same factor; this is straightforward in principle. 
It so happens that we have a digital signal processing chip arrl board in my 
lab A.T clone conprt:er, that we nc,.,,r use for fast FFT, l::ut that has fast I/0 
arrl incredible ability to digitally filter. We described our use of the 
board in another TAMU letter; it is based on a TI 'IMS320S25 chip, has 63 K x 
16 addressable mennry, arrl is made by Synuretric Research, 15 Central Way #9, 
Kirklarrl, WA 98033. 'Ibey have just announced a board for the AT&T DSP32C 
that should be nruch faster. To make a lorq story short, these boards could 
take in data, sanpled at a few hundred kHz, arrl spit out filtered data at a 
lOkHz rate, in real tilre arrl before it is seen by the main canputer. Both 
cards cost less than $1600 with mennry arrl assembler. 

'Ihe joke is that this technol03Y, 'Which is more than a couple of years 
old, will allc,.,,r us to eliminate those complicated audio filters that we all 
treasure, before our A/D, arrl replace them with a single filter, whose 
ban:lwidth can be anywhere between the NMR width am the high sairpling rate. 
I woroer hC7w many years it will be before we see the filters disa~ on 
new mac::hines? 

Best wishes, Al ~ield arrl Sara Kunz 



Prof. B. L. Shapiro 
TAMU NMR Newsletter 
966 Elsinore Court 
Palo Alto, CA 94303 

Sandia National Laboratories 
Albuquerque, New Mexico 87185 

October 27, 1989 

(received 11/3/89) 

13c Chemical Shifts of New Diamantanes: -SH and -NH2 Derivatives 

Dear Prof. Shapiro, 

375-27 

We have been interested in the structure of thin films - Langmuir-Blodgett and "selr-assembled" 
films •· of novel molecules as part of a projecl on optical and nonlinear optical materials. Systems based on 
diamanlanes are of interest for several reasons including their rigid structure, their high symmetry, and the 
availabilly of many derivatives. 

Correlations of the 13C chemical shifts of some diamantanes have previously been tabulated ( H. 
Duddeck, F. Hollowood, A. Karim, M. A. McKervey, J. C. S. Perkin// 1979, 361 -365). In this letter, we 
would like to add chemical shills of compounds which have recently been synthesized in our laboratories. 
The syntheses of these compounds will be reported elsewhere. Chemical shills were assigned on the 
basis of relative intensities and chemical shill comparisons with published dala on similarly substituted 
compounds. 

4 

11 

10 

9 

Chemical shifts in ppm downfield from internal TMS (CDCl3) 
4-NH2: (1,7,11) = 36.43; (2,6,12) = 39.05; (8,10,13) = 37.42; (3,5,14) = 46.71; (9) = 25.68; 

(4) = 45.91 
4-SH : (1,7,1 1) = 35.98; (2,6,12) = 39.33; (8,10,13) = 37.41; (3,5,14) = 48.26; (9) = 25.517: 

(4)=41 .71 
1-SH : (1) = 51.26; (2,12) = 39.35; (3,14) = 34.02; (4) = 25.56; (5) = 38.43; (6) = 36.50; (7.11) = 44.46; 

(8,10) = 37.77; (9) = 29.40; (13) = 50.07 
1-NHAc: (1) = 56.05; (2,12) = 39.05; (3,14) = 32.75; (4) = 24.58; (5) = 38.05; (6) = 36.97; (7,11) = 38.70: 

(8, 10) .: 37.29; (9) = 28.58; {13) = 41.49 

Sincerely yours, 

Paul A. Cahill 
Senior Member of Technical Staff 
Chemistry of Organic Materials 
Division 1811 
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Position Available: NMR Spectroscopist 
The University of Delaware Department of Chemistry and Biochemistry seeks a person with Ph.D. or 
equivalent experience for the position of NMR Spectroscopist. Duties include supervision and training of 
users, aiding users with the planning and interpretation of NMR experiments, and instrumental maintenance. 
This is a professional scientific staff position; the spectroscopist is encouraged to do independent and/or 
collaborative research and may apply for research support. Current equipment includes: Bruker WM250, 
Bruker AM250, Bruker MSL-300, Chemagnetics m100S, Varian E-9 ESR, with plans for adding a higher field 
spectrometer. Applicants should write to: 

Joseph H. Noggle 
Department of Chemistry and Biochemistry 
University of Delaware 
Newark DE 19716 

The University of Delaware Is an equal-opportunity employer that 
encourages applications from qualified minority groups and women. 

· - -- ~ - - -- . . -· --------·--- --· - - - ----·-

Position Available: NMR Operations Manager at Purdue University 

Physical Scientists with a strong background in high resolution NMR 
spectroscopy in the liquid state are invited to apply for the position of 
Operations Manager of the Purdue University Biochemical Magnetic 
Resonance Laboratory (PUBMRL) and the Department of Chemistry NMR 
Center. Instrumentation includes nine high field, high resolution 
spectrometers in the 200 MHz to 600 MHz range. The successful 
candidate will be responsible for managing daily operations of these 
spectrometers in support of research in progress in the PUBMRL facility 
as well as work associated with the National Aids Research Center at 
Purdue and the NSF Biological Facility Center. This individual should 
have a strong background in modern NMR instrumentation and 
applications software for pulse sequence generation. He/she will work 
closely with NMR instrumentation specialists in the Amy Instrument 
Facility of the Department of Chemistry (Dr. Robert Santini, Director). A 
Ph. D. in a physical or engineering science or equivalent experience is 
required. The candidate will be encouraged to participate in core and 
collaborative research. 

Resumes and three letters of recommendation should be addressed to 
Dr. Gorenstein, Department of Chemistry, Purdue University, West 
Lafayette, Indiana 47907. Purdue University is an equal 
opportunity/affirmative action employer. 



STOCK UP NOW!! 
NMR SOL VENTS 

from 

-~ .. 111111111 .... ·-···--· ·••--~_,. ~~,,w • • 
A m atheson~ USA Company 

CAT. NO. 
ENRICHMENT PRICEt 

PRODUCT MIN. ATOM%D QUANTITY* U.S.$ 
82-00732 Acetone-ds 99.9 

(10x 1~!1 16. 
16. 

~50 X 1 Q 75. 
5 X 10 g 75. 

~100x1g 145. 
10 X 10 Q 145. 

82-00731 Acetone-ds + 0.05% TMS (v/v) 99.9 
25~ 

37. 
(5 X 25 Q 180. 

(10 X 25 g 345. 
82-00733 Acetone-ds "100%" 99.96 (10 X 0. 75 ml) 55. 
82-05012 Acetonitrile-d3 99.8 (10 X 1 g) 25. 

10 ~ 25. 
f50 X 1 g 115. 
5 X 10 Q 115. 

82-05014 Acetonitrile-d3 + 0.05% TMS (v/v) 99.8 10 ij 25. 
(5 X 10 Q 115. 

25 g 60. 

82-84077 Benzene-ds 99.6 

(10 X 
110!1 20. 

20. 
~50 X 1 g 80. 
5 X 10 g 80. poo x 1 g 150. 

10 X 10 g 150. 

82-04097 Benzene-els + 0.05% TMS (v/v) 99.6 25 ij 45. 
(5 X 25 Q 185. 

100 g 145. 

82-84078 Benzene-els "100%" 99.96 (10 X 0.75 ml) 65. 

82-80554 Bromobenzene-ds 99.5 10 ij 50. 
(5 X 10 Q 210. 

82-80555 Bromoform-d 99.5 10 ij 30. 
(5 X 10 g 125. 

Please request prices for quantites larger than are listed. 
Please allow us to bid on your annual NMR solvent requirements. 



82-80556 

82-00540 

82-70001 

82-70901 

82-70002 

82-70003 

84-70001 

82-00807 

82-00809 

82-00813 

82-00061 

82-00059 

82-86007 

82-84081 

82-02510 

Chloroform-d 

Chloroform-d + 0.05% TMS (v/v) 

Deuterium Oxide 

Deuterium Oxide 

Deuterium Oxide "100%" 

Deuterium Oxide EXTRA 

Deuterium-depleted Water 

Dimethyl-de Sulfoxide 

Dimethvl-de Sulfoxide 
(multi-dose septum vials) 

99.8 

99.8 

99.9 

99.8 

99.96 

99.996 

<5 X 10"5 

99.9 

99.9 

Dimethyl-de Sulfoxide + 0.05% TMS (v/v) 99.9 

Methanol-d4 13 99.8 
( ~ 0.7 atom% C) 

Methanol-d4 + 1g.05% TMS (v/v) 99.8 
(~0.7 atom% C) 

Nitrobenzene-ds 

Toluene-de 

Trifluoroacetic Acid-d 

99.5 

99.6 

99.5 

(50 x 1 ml) 

100 s (5 X 100 g 
(10 X 100 g 

1 l<g 

100 ~ 

dg~ mg gj 
(5 X 100 g 100 u 

(10 X 100 g 
1 kg 

min. 10 kg 
25 kg 

10 g 
(5 X 10 g) 

1 l<g 

(10 X 0.75 ml) 
10 g 

(4 xls5g~ 
(10 X 25 g 
(20 X 25 g 

1 kg 

;:~: ~o:~) 
(5 X 10 g 

(100x1 g 
(10 X 10 g 

(5 x 1b0g~ 
(10 X 10 cli 

25 g 
(5 X 25 g) 

100 g 

;:~: \O:~) 
(5 X 10 g 

(100 X 1 g 
(10 X 10 g 

(5 x 1b0g~ 
(10x 10 g~ 

25 g 

10 g 
(5 X 10 g) 

(10 x 1 g) 

10 u (50 X 1 g 
(5 X 10 g 

10 ~ ds~ rn gi 
25 g 

50. 
20. 
85. 

165. 
155. 

20. 
85. 

165. 

45. 
210. 
400. 
385. 

3500. 
8500. 

15. 
50. 

550. 

50. 
45. 

25. 
85. 

200. 
300. 
500. 

14. 
14. 
65. 
65. 

125. 
125. 

14. 
65. 

125. 

33. 
155. 
115. 

45. 
45. 

180. 
180. 
345. 
345. 

45. 
180. 
345. 
110. 

35. 
150. 

45. 
45. 

180. 
180. 

19. 
80. 

115. 
40. 

"'PACKAGING: Organic solvents ($25 g) are sealed in glass ampoules to maintain the high quality of the solvents. 
Dimethyl-ds sulfoxiae is also available tn multi-dose septum vials. The waters ($100 g), cliloroform-d(~100 g) 
and all solvents containing TMS or > 25 g are packaged in glass screw-cap bottles, except for the 
"100%" deuterium oxide (fO g), which is packaged in multi-dose septum vials. Deuterum oxide EXTRA 
is sealed in glass ampoufes; aeuterium oxide (~1 kg) is packaged in plastic screw-cap bottles. 

tPrices are FOB Miamisburg, OH for delivery in North America; please request prices for delivery to the other continents. 
Minimum order, $50. 

3858 Benner Boad • Miarnis1>urg, Ohio 45342 
(513) 859-1808 • (800) 448-9760 • Telex: 288278 • Fax: (513) 859-4878 
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DEPARTMENT OF CHEMISTRY 

THE UNIVERSITY OF AUCKLAND 

PRIVATE BAG AUCKLAND NEW ZEALAND TELEPHONE 737-999 FACSIMILE No . 649 -33429 

16 October, 1989 
(received 11/4/89) 

Dr. B. Shapiro 
T AMU NMR Newsletter 
966 Elsinor Court 
PALO ALTO, CA 94303 
U.S.A. 

Dear Dr. Shapiro, 

Exchanging Systems in Piperazines and Others 

Here in Auck.land we have made the jump from an FX60 to a Bruker AM400. (There 
are those who now believe everything is possible, solvable and instantaneous using 
NMR). 

An early project \vas ro look at some 14N-13C couplings in heterocycles containing 
quaternary N atoms. In the 13C spectra at 15 MHz, the 2- and 3-bond couplings were 
barelv resolved1 and we decided to have a better look usine: the AM400. The first 
compound tried was the N,N,N',N' tetramethyl cation of piperazine, 1. 

1 2 

l\+,,,,,­
- N N 

\__/' 

3 

Imagine the initial consternation when our wonderful new spectrometer produced a 13C 
spectrurn with the methyl groups missing. It turns out that the cation is undergoing a 
cyclohexane-like chair-chair interconversion. The axial and equatorial methyl group 
1-'C signals have a coalescence temperature of 300K and the room temperature spectra 
showed a very broad hump buried in the baseline noise. 

We have now investigated a series of these cations, varying the alkyl substiruent and 
ring size, eg. 2, as well as allowing rapid N inversion in disubstituted cations such as 3. 
Variable temperature studies of the 1H and 13C spectra in a variety of solvents have let 
us calculate uGS, uH* and .1s· for the chair-chair interconversions in these compounds. 
Some representative data are given in the Table. 

\Ve don't observe the 15~ J couplings very well at the higher field except well above 
room temperature. Effectively, the difference in exchange regimes means the AM400 
apparently operates at about 30°C below that of the FX60. 
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Having become interested in exchanging systems, we have also been looking at 
chemical exchange in borates2, polymolybdates3, tin halides4 and gallium halides. For 
example, the Ga-73 spectra of mixed aqueous solutions of GaC14 - and GaBr4 - show 
one peak due to rapid ligand exchange. An ether extract of such a solution displays 5 
signals from each of the complex acids H+(aq)[GaClnBr4.n1 (n = 0-4). The exchange 
rate is very much slower in the less polar ether solvent. We see similar behaviour in 
the tin(II) halides, but only on cooling to 213 K. 

Please credit this contribution to Roger Meder at the Forest Research Institute, Rotorua. 

Yours sincerely 

~ ,·~ C~. cJ l " ~\ .. 
J.M. Coddington (j M.J. Taylor 

References: 

I. M.J. Taylor, D.J. Calvert and C.M. Hobbis, Magn. Reson. Chem., 26, 619-629 
(1988). 

2. J.M. Coddington and M.J. Taylor, J. Coord. Chem., 20, 27-38 (1989). 

3. J.M. Coddington and M.J. Taylor, J. Chem. Soc., Dalton Trans., (1989) in press. 

4. J.M. Coddington and M.J. Taylor, J. Chem. Soc., Dalton Trans., (1989) in press. 

Table: Chair-Chair Interconversions 

Cation Solvent Monitoring 6v Tc Inversion 6G• 
(kJ moI·1) 

2 D20 
CD3CN 
CD3CN 
CD3CN 

3 D20 
CD3CN 
CD3CN 
CD3CN 

Nucleus 

13CofCH3 13CofCH3 
1H of CH3 

13CofCH3 
13CofCH3 1 H of ring CH2 
1HofCH3 

13CofCH3 
13CofCH3 
1H of ring CH2 
1H of CH3 

(Hz) 

845 
840 
47 

430 
438 

95 
26 

970 
985 
120 
40 

(K) Rate (Hz) 

300 1877 54.7 
297 1866 54.l 
272 105 55.9 

300 955 56.4 
302 973 56.7 
288 214 57.6 
280 . 58 59.0 

294 2155 53.2 
283 2188 51.1 
266 267 52.6 
258 90 53.4 



EPRcom.es dolV11 
to earth. 

And not just in price. 
If you thought EPR to be an 

expensive, esoteric and compli­
cated technique for the knowl­
edgeable few, here's good news: 
Bruker presents the first compact, 
extremely easy to use routine 
EPR system. 

The ECS 106 is a computer­
controlled, 5th generation mag­
netic resonance spectrometer 
with innovations in microwave 
technology and real time signal 
processing. 

It makes EPR ( electron para­
magnetic resonance) available to 
the chemist for research as well 
as routine work. And at an unbeat­
able price/performance ratio. 

\.X7 
BRUKER 

(__>(_j 

If you can handle a mouse, 
you can do EPR. 

Whether you've had experi­
ence in EPR or not, you'll find that 
the additional information you'll 
get from a sample with our new 
detection methods, and the ease 
of operation are two good 
reasons to look into the ECS 106. 

Simply write for more informa­
tion and take a first-hand look at 
our 5th generation EPR. 
Its performance and economics 
will make you see EPR in a new, 
useful light. 
Bruker Instruments, Inc. 
Manning Park, Billerica, MA 01821 

In Europe: Bruker Analytische 
Messtechnik GmbH, Silberstreifen, 
0-7512 Rheinstetten 4, W-Germany 

Analytical Systems Worldwide 



Bruker ECS 106 EPR Spectrometer 

w ·~ 
II ff'.: , I 1 1 I! \ 

Main characteristics: Key Specifications: 

■ Automated tuning 
■ Automated calibration 
■ Signal display in real time 
■ Digital phase sensitive detection 

Operating Frequency: 9.0 - 10.0 GHz 
Sensitivity: 8 x 109 spins/1 o-4T 
Resolution: 1 x 10-6 or better at 348 mT 
Magnet Gap: 60 mm 

■ Analog/digital conversion with 500 ns 
per point 

Max. Magnetic Field: 0.68T 
Pole Diameter: 150 mm 

■ 32 bit multiprocessor data system 
■ RS232C standard; many communications 

options 
■ Wide selection of probeheads & temp. 

controllers 

ee 
~B~R NMR 
~ rm IMAGING 

ee 

For information contact Dr. A. Heiss, Bruker Instruments, Inc., 
Manning Park, Billerica, MA 01821, (508) 663-7406. 

Australia: BRUKER (Australia) Ply. LTD., Ear/wood, New South Wales, Tel. 02-5589747 
Belgium: BRUKER SPECTROSPIN S.A./N.V .. Brussels, Tel. (02) 648 53 99 
Canada: BRUKER SPECTROSPIN (Canada) LTD .. Milton, Ontario, Tel. (416) 876-4641 
England: BRUKER SPECTROSPIN LTD., Coventry, Tel. (0203) 855200 
France: SADIS BRUKER SPECTROSPIN SA, Wissembourg, Tel. (088) 94 98 77 
India: BRUKER !NOIA SCIENTIFIC Pvt. LTD., Andheri (West), Bombay, Tel. 22 62 72 32 
Italy: BRUKER SPECTROSPIN SAL. Milano, Tel. (02) 23 50 09 
Japan: BRUKER JAPAN CO. LTD .. lbaraki-ken. Tel. 0298-52-1234 
Netherlands: BRUKER SPECTROSPIN NV. '{former, Tel. (75) 28 52 51 
Scandinavia: BRUKER SPECTROSPIN AB. Akersberga. Sweden, Tel. (07 64) 6 80 60 
Spain: BRUKER ESPANOLA S.A.. Madrid. Tel. 341-259-20-71 
Switzerland: SPECTROSPIN AG, Fallanden, Tel. 1-82 59 111 
W. Germany: BRUKER ANALYTISCHE MESSTECHNIK GMBH. Rheinstellen, Tel. 0721-5161-141 

BRUKER ANALYTISCHE MESSTECHNIK GMBH. Karlsruhe. Tel. 0721-5967-0 
BRUKER-FRANZEN ANALYTIK GMBH, Bremen. Tel. 0421-8700-80 

USA: BRUKER INSTRUMENTS. INC . Billerica. MA 01821, 508-663-7406 
Regional Offices in Chicago/IL, Wilmington/OE. Houslon/TX. San Jose/CA 
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J ~ HERCULES Hercules Incorporated 
Research Center 
Wilmington, DE 19894 
(302) 995-3000 

Dr. Bernard Shapiro 
TAHU NMR Newsletter 
96 Elsinore Court 
Palo Alto, CA 94303 

Dear Dr. Shapiro: 

October 16, 1989 
(received 11/3/89) 

Telex: 83-5479 

RE: CROSS POLARIZATION EXPERIMENTS ON A BRUKER MSL SPECTROMETER USING THE 
"NEW-STYLE" FIFTH CHANNEL MODULATOR 

I would like to inform your readers of some results that were obtained 
recently by Bob Taylor, Bruker Applications Scientist, and myself regarding 
improved capabilities for the fifth channel modulator on MSL spectrometers. 
The fifth channel modulator on the MSL provides continuously variable phase (0 
- 360 deg) and amplitude control (0 -100%) as an alternative to the normal 
+I-X. +/-Y four phase modulator. Hardware improvements in the "new style" 
fifth channel have phase and amplitude switching times reduced to less than 2 
usec. However. the modifications to the process controller compiler (PCCOM 
890701) that are required to implement cross-polarization using the fifth 
channel have only recently become available. 

An abbreviated listing of a standard cross-polarization pulse program 
is given below in which the amplitudes on the irradiation channel (F2) during 
the 90 degree proton pulse. the spin-lock duration (contact time) and the 
decoupling duration can be controlled independently. This is the first 
implementation of such a sequence that we are aware of. With PCCOM versions 
prior to 890701. this program could not be correctly compiled because of the 
simultaneous pulses indicated in DS. The amplitude variation that is obtained 
on the modulator output is modified by the Bruker power amplifiers which are 
non-linear. Ideally. linear amplifiers are recommended for this application; 
however, the Bruker amplifiers are adequate over a limited range of amplitude 
variation and power levels. 

The pulse program reflects some of the current restrictions that are 
inherent in PCCOM 890701. The most important of these is that in the durations 
where the observe (Fl) and irradiation (F2) transmitters are on simultaneously 
and the F2 phase is controlled by the fifth channel. a phase list cannot be 
used for the Fl pulse. This limitation was circumvented by replicating the 
basic sequence four times and explicitly varying the Fl phase. 
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Dr. Bernard Shapiro - 2 - October 16, 1989 

CPCYCLS.PC 
CROSS POLARIZATION PULSE SEQUENCE WITH PHASE ALTERN.ATION 
F2 FIFTH CHANNEL PHASE 278 CORRESPONDS TO - Y 
AMPLITUDE 38 WITH DP=OH CORRESPONDS TO FULL OUTPUT W/ DP=3H 
VO HINIHUH l .35U 

PROT XT 

START, 2U 
LOOP 2 TIMES 

D11 
VD 
05 
03 
04 
07 
DO 
lH 

END LOOP 
2U 

(F2 (aPLSl RGATE) 

[F2 (278/38) Fl +X RGATE] 
(SV2 (278/38) GV2 RGATE) 
(SV2 (278/38) GV2 STA] 
(SV2 (278/38) GV2) 
(RGATEJ 
(++PLSl) 

OS (F2 (278/38) Fl +Y RGA'l'E) 

OS (F2 (278/38 ) Fl -X RGATE ) 

05 (F2 (278/38) Fl -Y RGATE] 

GOTO START 

BEGIN LISTS 
PLSl , +X -1 
;PLS2, +X +X +Y +Y -X -X - Y -Y 
RLS, +X -X +Y - Y -X +X - Y +Y 
END LISTS 

RECEIVER HOOE: RPN 
TRIGGER HOOE : NT 
DECOUPLER HOOE: DO 
HS=8*li 

Hl 90 DEGREE+­
VARIABLE DELAY 
CONTACT PULSE 
DEAD TIHE DELAY 
03+D4=2*DW 
USE NT FOR ACQUISITION 
RECYCLE DELAY 

In this particular sequence where the proton 90 degree pulse and the 
spin- lock pulse are controlled by the normal phase modulator and the fifth 
channel modulator , respectively, the phase shifts for the fifth channel 
modulator must be calibrated with respect to the normal modulator. This was 
accomplished by using a simple modification of the DECTEST.PC program in which 
the - Y pulse was substituted with a fifth channel pulse whose phase was varied 
in the foreground by the use of an additive constant. 

/MJS 
6725U 

Please credit this contribution to the Hercules account. Sinffe/ 
Mark J. Sullivan 
Senior Research Chemist 
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UNlVERSITY OF CALIFORNIA, DAVIS 

' --------------------------11 F .IU( I', 1. E Y • 01\VIS • IRVINE , U>S ANl;l(I.}'.~ • RIVt:R~mt: • SAN IIIEC:O , SAN HIANCISCO .~ANTtlflARII/\RA • S,\N"rA CRll'l, 

lllVISION OF THE SCIENCF.'i 8/\SIC: TO MF.DICINI, 
l)El'/\ltTMENT OF RIOLOGICAL CHEMISTRY 

Professor B. L. Shapiro 
TAMU Newsletter 
966 Elsinore Court 
Palo Alto, CA 94303 

Dear Barry, 

~ 

I 

SCHOOL OF MF.l)ICINE 
D/\VIS, CALll'ORNI/\ 95616 
(916) 752-2925 
(916) 752-3511\ (F/\CSIMILF.) 

November 9, 1989 

(received 11/15/89) 

Rites or passage arc always formidable experiences. Our first step hesitates with trepidation 
as we become initialed into the TAMU newsletter society and face the Lcrror of contribution 
reminders. Perhaps the hcsl way lo start is lo dust off some old research and give iL a different shine: 

The oxygenation stalus is a key parameter of cellular function. Conventional tissue 
measurements of oxygen rely on arterial-venous differences in hemoglobin (Hb) saturation or on 
substrate levels, such as laclatc/pyruvalc, which are sensitive to oxygenation changes. Electrochemical 
and optical techniques have also been used. These extant techniques, however, arc invasive or yield a 
spnlially averaged measurement in vivo. Bolh the invasive manipulations and the imprecise tissue 
localization can pose diflicultics in studying the effect of tissue oxygen levels under normal and 
palhophysiological conditions. 

Monitoring the 1 H NMR signal of myoglobin (Mb) is a way lo observe non-invasively and 
precisely the cellular oxygenation status in local tissue regions. Myoglobin is a well characterized 
intracellular protein lhal plays an important role in storing oxygen and in facilitating 02 diffusion in the 
cell. Under dcoxygcnation conditions, the heme iron in Mb is r,aramagnetic (S=2). The hyperfine 
interaction shifts the proximal NH resonance lo approximately 80 ppm,. where the lipid and other 
metabolite signals do not appear. Substantial model compound and protein studies have assigned 
delinitivcly this peak lo the proximal histidyl NH (1). Under oxygenation conditions, the heme iron is 
diamagnetic (S=0) and the hyperfine interaction disappears. Correspondingly the unencumbered signal 
intensity o f the proximal histidyl NH resonance al 80 ppm decreases with oxygenation. The resonance 
is therefore a distinct nrnrkcr or intrnccllular oxygenation. 

Fig. 1 displays perfused heart spectra between 100 and 50 ppm. Reference lH NMR spectra 
were collected while the heart was perfused with oxygenated buffer, re0ccted in fig. la. Each spectrum 
required four minutes of signal accumulation. During perfusion with oxygenated buffer, no signals 
appeared in this spectral region. After four reference spectra, the perfusion line was clamped lo create 
glohal ischcmia. A signal then appeared, fig. 1b, al 79 ppm, in excellent agreement with the 
assignment of Lhe proximal histidine NH signal of dcoxy Mb (1). Five spectra were collected during the 
ischcmia period and showed a persistent signal al 79 ppm. No other signal appeared in this region. To 
confirm the assignment and to monitor the rcspom,c of the signal to ox-ygcn ligation, the heart was 
recirculated with oxygenated pcrfusatc. The Mb signal disappeared with rcoxygcnation, shown in fig. 
le. During the rcoxygcnation period, no signal al 79 ppm was detected. 
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Clearly the lH NMR signal of deoxy Mb is detectable in heart and responds to oxygen tension. 
Optical spectral analysis of the perfusate indicates no contribution from any extracellular Mb. Its 
visibility is consistent with a previous study on excised muscle (2). Coupled with spatial localization 
techniques, the strategy lo measure tissue oxygenation with the myoglobin signal will permit us to take 
different steps in understanding the role of oxygen in regulating cellular function. 

Sincerely, 

Thomas Jue 
Biological Chemistry 

~~ 
Steve Anderson 
Human Physiology 

1. G. N. La Mar, D. L. Budd, and H . Goff, BBRC, 77, 104 (1977). 
2. D. Livingston, G., N. La Mar, and W. D. Brown, Science 220, 71 (1983). 
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System Noise Meters 

When an NMR spectrometer experiences a loss in 
sensitivity, the operator is faced with the task of deter­
mining the cause. A lower signal-to-noise ratio arises 
from either a loss of signal from decreasing probe 
performance or an increase in noise from the console 
electronics. The systematic approach to solving this 
common problem is to separate and isolate the variables 
which influence the NMR instrument's sensitivity. This 
is often a difficult task because an NMR system consists 
of individual modules, any one of which can become the 
limiting factor in the performance of the overall system. 
The NMR operator needs tools and methods for inde­
pendently determining the performance of the individ­
ual modules. 

Identifying Sources of Electronic Noise 

Measuring the system noise figure is a straightforward 
method of isolating each of the variables in an NMR 
system's performance. The system noise figure is a 
measure of how much noise is being added to the NMR 
spectrum by the console electronics, relative to a "per­
fect" console. It can be thought of as a measure of the 
"Quality" of the NMR system's electronic performance. 
Few NMR spectroscopists have taken advantage of 
noise figure measurements because the procedure was 

confusing, noise meter devices were expensive and/or 
results were not reproducible. FMR offers an inexpen­
sive Noise Meter Kit which makes system noise figure 
measurements quick, easy and reproducible. An RF 
shielded noise source is connected in place of the probe 
and the meter is calibrated with the noise source at room 
temperature. The noise source is then cooled in liquid 
nitrogen and the system noise figure is read directly off 
the meter. The entire process takes less than 5 minutes. 
Exchanging preamplifiers, filters, trans couplers, direc­
tional couplers, etc. and repeating the tests, directly 
informs the operator about how these devices affect the 
NMR instrument's performance. The meter can be 
used to determine if and how much noise is coming from 
the system's power amplifiers by simply monitoring the 
noise level while connecting and disconnecting the power 
amplifier. If amplifier noise is leaking into the system, 
the metei: reading will increase when the amplifier is 
connected. Once the system's baseline performance has 
been determined, any loss in sensitivity which appears 
can quickly be traced to its source. The time saved in 
diagnosing problems will more than balance the cost of 
the Noise Meter Kit. The Noise Meter Kit comes with 
complete instructions and is in stock for immediate 
delivery. 
Noise Meter Kit - ............................... _.___ $500.00 

Probe Repairs and Upgrades 

Improving Probe Performance 

Once the console's performance has been determined, 
the NMR operator can turn attention to probe perform­
ance. Many existing probes have substantially lower 
sensitivity than new probes. This is due to availability of 
better quality components and improved design of probes 
and/or to the degradation over time of the existing 
probe by oxidation or contamination of the coil and 
capacitors. These existing probes can be restored to 
their original performance or completely upgraded to a 
performance comparable to newly designed probes. 
And this can be done for much less than a new probe. 
Some older designs can often have sensitivity improved 
by 50 to 200%. 

To help you improve probe performance, FMR offers: 
• Probe repairs at reasonable parts plus labor costs. 
• Probe upgrades for existing probes (even to differ­

ent insert size and/or nucleus) for much less than a 
new probe. 

• New standard and customized probes at competitive 
price and performance. 

Water Suppression 
Does your probe have trouble with water suppression? 
This can often arise from either having the probe coil's 
leads pickup signal or from too long of a receiver coil or 
both. FMR can modifyyour current probe to help elimi­
nate these problems. 
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Baseline Problems.?? 

The more information a spectroscopist tries to 
extract from a spectrum, the more important a non­
distorted (straight) baseline becomes. Examples of 
areas where baseline distortion creates unwanted diffi­
culties are: 
• Small signals in the presence of larger signals. 
• Spectral integration. 
• Difference Spectra. 
• Water Saturation. 
• 2DFr. 

In some cases, "base.line distortion" can arise 
from real NMR signals. Broad signals, which can be 
wider than the observation sweep width, create "distor­
tion". Exam pies ofthis are probe background, wide-line 
2H spectra of solids or 31P surface coil spectra When 
these special cases of "real signal'' are identified and 
eliminated from the discussion, there are still many 
cases where instrumentally induced baseline distortion 
complicates data interpretation. Examples of sources of 
these instrumental baseline distortions are: 
• Digitizer overload (Clipping). 
• Preamp and/or receiver overload. 
• Audio filters. 
• Some RF stage's slow recovery from overload. 
• Probe acoustical ringing. 

These are difficult problems to diagnose and 
often more than one problem is present at a time. The 
approach is to isolate each variable as much as possible 
and repair or replace the offending module or find a 
work-around solution. An easy one to find and eliminate 
is clipping of the digitizer. Every spectroscopist knows 
how to detect and eliminate this one, but let's use it as an 
example of a particular type of baseline distortion which 
arises from "overloading''. Using a simple sample such 
as Ethyl Benzene while observing protons, when the 
digitizer is not overloaded, the spectrum has a normal 
straight baseline. H the signal amplitude is increased to 
the point where the first few points of the F1D are 
clipped, the signals will appear to sit in a shallow ''hole" 
in the baseline. The more the signal is clipped, the 
deeper the hole. 

Other areas of the spectrometer's receiver can 
"clip" or overload besides the digitizer. When there is 
too much signal for an amplifier or mixer to handle and 
remain in its linear range, the high amplitude areas of 
the FID are suppressed relative to the low amplitude 

areas. This creates an amplifier "clip" which results in a 
baseline distortion similar to digitizer clipping. Another 
problem with this type of overload is the creation of 
"extra" peaks in the spectrum by intermodulation mix­
ing of signals from the probe. For the simple case of two 
strong signals in the spectrum with this type of overload­
ing, the two signals will mix to yield sum and difference 
signals as well as the main signals. This can be easy to see 
with wide sweep widths when the signals are confined to 
a small region near the center of the spectrum. In other 
cases it is more confusing since the signals can "foldback" 
from outside the spectral window and not appear to be 
either a sum or a difference. But for this discussion, the 
main area to notice is the shallow well around the peaks. 
This type of RF overload occurs most easily when 
running strong samples such as proteins in water. Very 
slight RF or digitizer overload has been used to create a 
very slight "hole" around the residual water signal to 
reduce the water "tail" in water saturation experiments. 

Another type of baseline distortion arises from 
the distortion of the first few points of an FID. This can 
come from probe acoustical ringing or, more commonly, 
filter distortion. If the first few points of the FID are 
distorted, then during the mathematical processes of 
Fourier Transform and phase correction a baseline roll 
is introduced. When there is one large signal (water) in 
the spectrum, it's small distortion leads to a very curved 
baseline when examined at the amplitude of most of the 
interesting spectral peaks. 

To minimize this problem, it is best to use a 
good Butterworth filter set at least 50% wider than the 
acquired spectrum. A Bessel filter has a better impulse 
response and produces even less distortion but with it's 
more gradual rolloff there is a slight reduction in signal 
to noise. 

Either with the proper audio filter or without, a 
reduction in the baseline curvature can be obtained by 
adjusting the time between the end of the pulse and the 
digitizer trigger (DE in Bruker, GE and Nicolet terms) 
such that the B (first order) phase correction is near 
zero. For an FID with a distorted first point, this will 
reduce the mathematical outcome of phasing to a DC 
offset of the baseline, which is easier to correct. H the 
digitizer does sequential, rather than simultaneous, data 
acquisition for each channel during quadrature detec­
tion (some Brukers ), the transmitter phase also needs to 
be adjusted to give an A (zero order) phase correction 
near zero to achieve a similar result. 
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Temblor Resistant NMR 

Dear Dr. Shapiro: 

General EIHcmi· Company 
P. 0 . Box 4905. Fremon 1. CA .?4h39 
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GE NMR Instruments 

Although selection of coherence using B0 field gradients was introduced several years 
ago (1,2), a dearth of subsequent high resolution applications appears to be a result of 
limits in gradient technology. The recent introduction of fast actively shielded gradients 
(3) has made it possible to take advantage of the significant benefits of gradient coher­
ence selection and to devise gradient enhanced versions of the many useful 1D and multi­
dimensional homonuclear and heteronuclear nmr experiments. Our initial efforts were 
focused on in .rlY2 applications in which gradient selection of double quantum coherence 
was used to obtain spectra and images of metabolites such as lactate ( 4,5). 

A Major advant1!,ge of these methods is that since only the desired coherences are selec­
tively rephased, phase cycling and, in some cases, traditional water suppression methods 
are not required. 

In the example shown here, a double quantum cosy spectrum of sucrose in H20 is ob­
tained using the gradient enhanced experiment (ge_2qcosy) shown in Figure 1. Only a 
single acquisition per evolution time is required to select the +1/+2 coherence pathway. 
The large population of water protons remain dephased, thus avoiding loss of signal 
which can result from misuse of presaturation, selective excitation and/or attenuation. 
The receiver never detects this unwanted signal, while desired coherences, even from res­
onances at the solvent chemical shift, are observed in an optimum way. 

ge_2qcosy 

gradient enhanced double quantum cosy 

gx/gy/gz 

ff/2 ff/2 ff/2 

rf 1-- I I 
Figure 1 
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One of the most important features of this approach is that it avoids using a difference to 
select double quantum coherence and hence significantly reduces the sensitivity of the 
method to motion. Last month, the effect of vibration on this experiment was unexpect­
edly tested. A ge_2qcosy spectrum of sucrose in water (Figure 2) was obtained as a lK 
by 512 matrix with a single acquisition per evolution increment. This 13 minute run was 
started at about 5:00 p.m. in the afternoon on the 17th of October and was subjected to 
an unusually high level of vibration mid-run. The data were processed late the next day. 
Water suppression remained acceptable (not detected) and only a moderate amount of 
peak distortion was observed. 
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Although successful, we do not recommend that this vibration test be duplicated in your 
laboratory. 

Best regards, 

;{~ 
Ralph E. Hurd 
Manager, Applications 
GE NMR Instruments 
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Protein Design and NMR 
Dear Dr. Shapiro, 

375-43 

GBF 
Gesellschaft fur 
Biotechnologische 
Forschung mbH 

Molekulare 
Strukturforschung 

Datum/Dale 

19. Oc.tober 1989 
(received 10/24/89) 

Protein Design has now assumed a particularly important role in biotechnology. 
In keeping with this our institute has established a research group which is 
involved with all aspects of molecular modelling and structure elucidation of 
peptides and proteins. As a backµp to our X-ray crystallography group and to get 
additional insight into 3D structures i n solution, we have now initiated NMR 
investigations of various peptides and proteins. Although our first experiences 
using our old 400 MHz instrument were not too fruitful the work has been greatly 
aided by the installation of a Bruker AM 600 spectrometer earlier this year. We 
are pleased with the performance of this instrument; not only have we seen a large 
increase in sensitivity but the ability to perform all the modern 2D techniques 
has greatly simplified structure determination both for large and small molecules. 
For the former our efforts have been concentrated on the structure elucidation of 
a 56-residue protein which has been modelled here in the Genetics Department as a 
potential inhibitor of human elastase and whose structure has been solved by our 
X-ray group. 

A second topic was the NMR investigation of an amphiphilic helix-pept ide 
designed by Dr. R. Moser at the University of ZUrich. As 10 out of a total of 26 
residues are leucines and 10 others are of the "long side chain" type (2 Arg, 
2 Lys, 4 Glu, 2 Gln}, the spin system assignment was quite difficult. However this 
was considerabl y simplified by the use of a "Clean TOCSY" experiment (C. 
Griesinger at al., J. Am. Chem. Soc. 1988, 110, 7870} as shown in the attached 
figure. Cross peaks between the NH 's and methyl groups of the 10 leucines could be 
immediately assigned together with the very helpful correlations between the NH's 
and protons of the long side chain amino acids. Although there is considerable 
overlap of signals 121 nOe's were unambiguously determined and incorporated into 
the GROMOS 87 program package on our VAX computer. Various starting structures 
resulted in an alpha helical configuration of the peptide. This rather satisfying 
result gives added encouragement for further research in this type of design work . 
A paper is in preparation. 

-1..)~~ 

Werner Klaus 

Durchwahl / Ext. 

Yours sincerely, 

Telex Telelon / Phone 

(0531) 61 81 -0 (05 31) 61 81 - ---. 9 526 67 geblo d 

~\~(" \r\4 
Victor Wray 

Telefax /Telecopy 

(0531) 61 81 515 
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Clean TOCSY (mixing time 100.2 ms) for a 4.5 mM solution 
of the 26 amino acid peptide dissolve_d in CD3 OH at 290°K 
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NEW METHODS RESEARCH, INC. 
- Press Release -

(LAB □nE0/ 
INTELLIGENT SOFTWARE 
FOR THE LABORATORY 

November 13, 1989, Syracuse, NY. The Digit.al Design group of Paris, France, 
announces today the acquisition of a majority equity interest in New Methods Research, 
Inc. (NMRi). Digit.al Design acquired its interest in the Syracuse high-technology firm 
to complement existing product lines and to utilize distribution channels of the Digit.al 
Design group. 

NMRi is a leading developer of advanced computer software for nuclear magnetic 
resonance (NMR) spectroscopy, an instrument.al metl_iod for chemical and biochemical 
analysis, and magnetic resonance imaging (MRI). The company also designs and 
configures laboratory computer networks for its clients in North America, Europe, and 
Japan. 

The Digital Design group, with operating affiliates in Germany, Spain and Italy, as well 
as the USA and headquarters in France, will provide NMRi with an effective European 
base for sales and customer support. 

Together, NMRi and Digital Design will develop a new generation of software and 
computer workstation products. The capital invested by Digital Design will also be used 
to enhance NMRi 's new products for image analysis and molecular structure 
determination from NMR spectra and computation. 

Digital Design, S.A. was founded in 1981 by Jean-Marie Lucani, who still heads the 
group as President and Chief Executive Officer. The company has two main business 
lines - design and production of image processing systems and distribution of mass 
memory computer peripherals. New Methods Research, Inc., was founded in 1983 by 
George C. Levy, Science and Technology Professor at Syracuse University. NMRi will 
continue to operate under Peter E. Kent, President, who joined the company in early 
1988. Professor Levy will continue to be Chairman of NMRi's Board of Directors. 

Digital Design was advised and assisted by Banexi International, the merchant banking 
affiliate of the Banque Nationale de Paris. 

Contacts: 
Digital Design _Inc. 
Jean-Marie Lucani 
3060 Business Park Drive 
Norcross, Georgia 30071 
404-447-0274 
FAX 404-263-0405 

New Methods Research, Inc. 
Peter E. Kent 
719 E . Genesee Street 
Syracuse, New York 13210 
315-424-0329 
FAX 315-424-0356 

719 EAST GENESEE STREET, SYRACUSE, NEW YORK 13210 USA (315) 42iM>329 FAX (315) 424-0356 

Scientific Software Computer Graphics Laboratory Computer Consulting 



SEASONS GREETINGS FROM NMRi . 

* * * * * 

All of us at New Methods Research, would 
like to wish everyone in the NMR commu­
nity, a safe and happy holiday season. 

= 
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Labor.atoil'e de Methodologie RMN 

November 2,1989 
(received 11/7/89) 

Subject: SUFIR pulse program for an ASPECT 3000 

Dear Professor Shapiro, 

We have just been called out for the implementation of the 
S UFIR (S Uper Fast Inversion-Recovery) (1) pulse sequence on 
BRUKER spectrometers operating with an ASPECT 3000 computer. 
Originally, this experiment has been devised for a modified BRUKER 
WP 200 interfaced to a Nicolet 1180 computer permitting in an eas y 
way to alternatively acquire the two subsequences , (90°)(Acq) and 
(180°-t-90°)(Acq) in separate memory blocks with an accurate 
timing. This "one-shot" Tl determination takes a measuring time 
comparable to that of a single-pulse experiment and numerous 
checks have demonstrated its reliability. It may be also useful for 
the quick and precise recognition of the relaxation time scale prior 
to any elaborated NMR experiment. You will find enclosed a listing 
of the pulse program and the automation sequence prepared for 
an ASPECT 3000 operating under DISMSL 87 software. 

~-
P. Tekely K. Elbayed 

Sincerely yo~~ 

I ~ D. Canet 

(1) D. Canet, J. Brondeau, and K. Elbayed, J . Magn. Reson. 77, 483 
(1988) 

B.P. 239- 54506VANDCEUVRE-LES-NANCY Cedex(Fronce/ . Tel. I, M'B.J:!!."-' f J ,-1 Jo(c9 
Unite Associee au C .N.R.S. no 406 - Laboratoire d'Etude des Solutions Organiqueset Colloidales 
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------ FILE: SUFIR .PC 

; SUFIR. PC 
;SUPERFAST Tl DETERMINATION DY INVERSION-RECOVERY 
; SEE CANET ET AL., J . H. R. 77, (1988), 483 
OE=Dl-1*514 
START, 01 [Fl +X RGATEJ 

DE CSTA RGATE) 
VO TAU MUST DE Ct.5T1-3T1; VD LIST 
D2 CF1 +X RGATEJ 
VD 
D1 [Fl +X RGATEJ 
DE [STA f<GATEJ 
VD 

LOOP Cl TIMES 
D1 [Fl PLS1A RGATEJ 
D1 [Fl PLS2A RGATEJ 
D1 CFl PLS3·" RGATEJ 
DE CSTA RGATEJ 
VD 
01 
03 
D1 
VD 
01 
D1 
01 
DE 
VD 

CF1 PLS4" RGATEJ 
CFl PLSS·" RGATEJ 
tFl ?LS6" RGATEJ 

[Fl PLG7" RGATEJ 
r.F1 PLS8·" RGATEJ 
CF1 PLS9" RGATEJ 
CSTA F<GATEJ 

END LOOP 
GOTO STAFff 
BEGIN LISTS 
PLS1, +X +X +X +x +X +X +X +X 
PLS2, +V +V +V +Y +Y +Y +Y +Y 
PLS3, -v -v -v -v +V +Y +V +Y 
PLS4, +X +V +Y +X +X +Y +Y +X 
PLS5, +Y -x -x +Y +V -x -x +V 
PLS6, +X +Y +Y +X +X +Y +Y +X 
PLS7, +X +X +X +X +X +X +X +X 
PLSB, +Y +V +V +Y +V +V +V +Y 
fiLS9, -v -v -v -v +V +Y +Y +Y 
RLS, +X +X +X +X +X +X +X +X 
END LISTS 
;DS=2 

PI PULSE 

Cl=lb*N 
PI/2 PULSE 
PI/2 PULSE 
PI/2 PULSE 

PI/2 PULSE 
4PI/3 PULSE 
PI/2 PULSE 

PI/2 PULSE 
PI/2 PULSE 
PI/2 PULSE 

;Nn=Cl-NUMB~R OF REPETITIONS= NUMBER OF TIMES THE LOOP IS EXECUTED 
;NI=2- BUFFERED ACGUISITIDN 
;NS=l 
;QPF 
;RPN- LOADED BY RP 
;NE=NUMBER OF TAU VALUES IN VD LIST 

------ FILE: SUFIR 

ZE 
2 VD 

· 3 GO 
4 RE tt3 ;MUST BE CALLED FIDn.SER WHERE n IS THE JOB NUMBER 
5 t>JR iH 
6 IF 111 
7 IF D3 
8 RE tt3 
9 WR U2 
1(1 IF 112 
11 RF #3.001 
12 IN=l 
13 E>:IT 
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Introducing the PTS x10 Frequency Synthesizer . .. 

the flexibility you need at a price you want 

► 1 Hz resolution 

► fast switching, 1 to 5 µseconds 

► ultra-low phase noise, -132 dBc/Hz at 1 KHz offset 
(when equipped with optional OCXO frequency standard) 

► phase-continuous switching over 2 MHz bandwidth, with switch-selectable 
even (2, 4, 6, 8) or odd (1, 3, 5, 7) MHz-step boundaries 

► 0.225° digital phase rotation option 

► fully programmable BCD or GPIB (optional), with remote-only versions available 

• Remote-only, BCD Interface* 

• Manual controls, BCD Interface* 
*excludes optional Frequency Standard 

$1,650.00 

$1,950.00 

The PTS x10 is a 10 MHz-coverage low-noise slot synthesizer configured to cover any decade you select between 
0.1 and 100 MHz (e.g., 20-30 MHz). And, for an incredibly low $200.00, you can get the single plug-in replacement 
module which lets you shift your decade of coverage to a new decade! So, if today you're working with C13 at 
50.288 MHz, but in the future might be working with P31 at 80.961 MHz, don't worry - $200.00 will get you there! 

PHASE CONTINUOUS SWITCHING 
The PTS x10 sets new standards by offering users a 2 MHz bandwidth of ultra-low phase noise and low spurious 
phase-continuous switching range. Furthermore, the 2 MHz bandwidth can be switch-selected to span either even 
or odd MHz steps, guaranteeing phase-continuous coverage in the neighborhood of any selected output frequency. 

Example: Consider the PTS x10 configured to cover the 40-50 MHz decade. 

With switch-selected even coverage, phase-continuous spans are: 

40-41.999999, 42-43.9, 44-45.9, 46-4 7 .9, 48-49.9 

With switch-selected odd coverage, phase-continuous spans are: 

39-40.999999, 41-42.9, 43-44.9, 45-46.9, 4 7 -48.9 

PROGRAMMED TEST SOURCES, INC. 
P.O. Box 517, 9 Beaver Brook Rd., Littleton, MA 01460 508-486-3008 FAX Number: 508-486-4495 
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THE UNIVERSITY CF TEXAS AT CALLAS 

BOX 830688 RICHARDSON, TEXAS 75083-0688 

October 31 (Halloween), 1989 
(received 11/6/89) 

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

Dear Barry, 

NMR pulsed gradient diffusion has emerged as a quick and simple technique for 
measuring self diffusion coefficients of fluids. This technique has been shown to be useful 
for probing the structures of ordered fluids such as surfactant solutions, microemulsions 
and polymer solutions. The structures found.in many of these systems are temperature 
dependent, thus requiring temperature control in the NMR probe. Most commercial 
spectrometers control the sample temperature using a stream of temperature regulated air 
fed in through the bottom of the probe. When the temperature of the air is much above 
room temperature, the air cools as it ascends, creating temperature gradients along the 
axis of the sample tube. This effect is illustrated in the first figure where the 59Co 
resonance halfwidth has been used to estimate the temperature grandient s along a 
Co(CN)s sample using various cooling air flow rates. The 59Co resonace of this 
compound is known to have a strong temperature dependence of its chemical shift (about 
1.40 ppm/°C ). That the observed broadening of the resonance is due to thermal 
gradients along the tube axis was checked by repeating the same experiment on a 2 mm 
NMR sample tube. 
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Fig. 2: Calculated temperature gradients as a function of measured probe temperature. 
Experiments were carried out using 5 mm 0. D. sample tubes and a cooling air flow 
rate of 9 LPM (o), 5 mm 0. D. sample tubes and a cooling air flow rate of 17 LPM (•). 
and 2 mm 0 , D. sample tubes and a cooling air flow rate of 17 LPM (0). Notice that 
reducing the sample tube diameter does not effect the linewidth of the 59Co signal. 
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One of the effects of a temperature gradient is to create differences in solvent density 
along the sample tube axis. If the temperature gradient is large enough, the stabilizing 
effects of viscosity and thermal conductivity are overcome by destabilizing buoyancy and 
thermal, or Rayleigh-Benard, convection ensues. Critical Rayleigh numbers, determining 
the onset of convective flow, have been calculated analytically, assuming cylindrical 
geometries and various diameter to length ratios . One of the general conclusions of 
these studies is that the critical Rayleigh number should increase as the diameter of the 
cylinder decreases and the sample viscosity increases, i.e .. convection is harder to 
establish for viscose samples in narrower sample tubes. Hence, the onset of convection 
may be postponed by decreasing the temperature gradient in the sample, increasing 
sample viscosity or decreasing the diameter of the sample tube. Figure 2 shows the ratio 
of the self-diffusion coefficients measured on an H20 sample using the NMR PFG method 
to the diffusion coefficient measured using radioisotope tracer method vs. measured 
probe temperature. We find that even with increased cooling air flow rates the onset of 
convective flow brings about large positive errors in self-diffusion coefficients measured 
using the NMR method. However, as predicted by the theory, decreasing the sample tube 
diameter or increasing the sample viscosity help prevent these errors, presumably by 
preventing the onset of convection. 
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Fig. 4: Experiments were carried out on deionize water samples using a 5 mm 0 . D. sample 

tube and a 9 LPM cooling air flow rate (o), a 5 mm 0. D. sample tube and a 17 LPM 
air flow rate (II) and a 2 mm 0. D. sample tube and a 17 LPM air flow rate (•). A final 
experiment measured self-diffusion coefficients of a water sample containing 600 
ppm xanthan biopolymer using a 5 mm 0. D. sample tube and a cooling air flow rate 
of 17 LPM (a). 

i;;,7l rs, 

cl; 
Warren J . Goux 
Associate Professor of Chemistry 

.: 



l♦I National Research Council 
Canada 

Division o_f Biological 
Sciences 

Ottawa, Canada 
K1A0R6 

Prof. B.L. Shapiro 
966 Elsinore Court 

Conseil national de recherches 
Canada 

Division des sciences 
biologiques 

Palo Alto, California 94303 
USA 

PROBE MELTDOWN 
Dear professor Shapiro, 

375-53 

November 10, 1989 
(received 11/12/89) 

On our AM-200, about 50% of overnight runs are done at high 
temperature (70 C). One morning the sample was found to be 
carbonized and the plastic cap on the tube had melted. ·Irreparable 
damages to the 5 mm dual probe and melted solder joints in the shim 
assembly had also occurred. A malfunction in the VT-100 was the 
cause of the problem. THl (s.c.r.) in the heater power circuit had 
shorted. Heater power went up uncontrolled until the regulation 
fuse blew, but not before serious damage was done. 

Although such a malfunction is very rare, to prevent any 
further costly incidents, modifications to the safety circuit of the 
VT-100 were made. On one side of TR3 (transformer) in the power 
supply board there is a relay which is switched on when the heater 
power is turned on. This relay can be .turned off when overheating 
occurs, even if the scr's are shorted. The control to the relay 
will be provided by a Newport 268 digital thermometer (Tschudin & 
Bax, TAMU NMR 354-62) with option 05/06 added. This option permits 
a digital setpoint, latched operation and front panel reset button. 
The alarm output from the Newport will be used to control the 
actuating coil of the relay. The alarm temperature will be hard 
wired in the 05/06 option. More detail will be furnished if 
requested. 

Sincerely, 

/l ~ ;.tU-,_tJ. 
Andre Simard 

Rf>//4~ 
Randy Holmes 

/J,r ~ ,_ 
1/f'14U~ 

Jean-Robert Brisson 

CanadN 

FOR SALE 

Varian EM-360 CW NMR - mint condition. Great for plant QC or hands-on in a 
synthetic organic lab. Asking price: $16,000 but will negotiate. 

Aquanalysis Company 
Louis J. Papa, Ph.D. 
609-667-9047 

C.ALL 
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A Weyerhaeuser 

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

Tacoma. Washiog100 98477 
lP.I (206) 924 2345 

Weyerhaeuser Technology Center 
November 9, 1989 

(received 11/13/89) 

RE: More on Rare Functional Groups in Wood Pulps. 

Dear Dr. Shapiro: 

Our latest object of scrutiny is carboxyl group content in 
cellulosic pulps. While this is measured historically by ion­
exchange or conductometric titration, the result simply measures 
numbers of titratable groups, whether they be carboxylic acids or 
other species. Further, these procedures miss entirely on groups 
which are not noticeably acidic but may still be of interest (g. g . , 
enols arising from oxidative bleaching) . 

We are investigating 13cH2N2 treatment as an alternative. A 
bleached pulp, methylated heterogeneously in ether suspension, exhibits 
large CP/MAS signals at 60-63 6 with smaller ones at 54 and 52 6; these 
are all -OCH3 resonances . Gentle alkaline hydrolysis of the methylated 
pulp eliminates the 54 6 . peak entirely and reduces the 60-63 6 
intensity. Intensity calculations and consideration of the difference 
spectrum ( showing what was removed by hydrolysis) produce a carboxyl 
result in good agreement with the titration result (29 vs . 35 meq/kg), 
assuming that tbe 54 6 peak is the methyl ester 13c. 

More interesting to us are the methyl groups at 60-63 o, as these 
constitute some 10- 20 times the carboxyl result. our not- yet iron- clad 
interpretation is that these are methyl ethers of enol groups, formed 
by enolization of cyclic ketones in the cellulose polymer. Suppo~t is 
offered by ascorbic acid which methylates at both enediol oxygens under 
similar heterogeneous conditions, giving -OCH3 peaks at 59 6 in o2o. 
Another possibility is that some normal carbohydrate hydroxyls are 
methylated, probably in the more accessible hemicellulose fraction of 
the pulp; methylcellulose contains methyl signals in this region . We 
are c ontinuing with model compounds and fractionated pulps to sort this 
out encl contents of the magnitude indicated defy conventional 
wisdom in wood chemistry. 

Warmest regards, 

Larry Amos 
Weyerhaeuser Analytical Services 

:,-



Instant Upgrade 
of RF Amplifier Performance 
in Your NMR/MRI System 

Install an AMT Series 3000 solid-state pulse power amplifier-
6-500 MHz at up to 1000 W-into your system. Instant upgrade! 

Here's just one example: AMT's RF power envelope detection 
system guarantees full protection. That means you can operate 
at low-level CW with full-power peaks on demand. 
Pre-saturation water 
suppression? Cross 
polarization in solids? 
No problem-now! 

Additional Key Features: 

• Broadband Frequency Ranges-
6-220Mllz, 200-500MHz 

• Key Power for Liquids & Sollds -
50, 150, 300, 1000 Watts 

• Excellent Llnearlty-(±1 .0dB) 

• Low Pulse Droop­
typically less than 5% 

• Fast Low Noise Blanking­
within 20dB of KTB In 2µS 

For full Information call your 
NMR/MRI system manufacturer 
or call Lowell Beezley at AMT: 
(714) 680-4936. 

Models Available: 

3205 6-220MHz 
3200 6-220MHz 
3137 200-500MHz 
3135 200-500MHz 
3134 200-500MHz 

{ 

AMERICAN 
MICROWAVE 
TECHNOLOGY 
INC. 

an MMD company 

300W 
1000W 

50W 
150W 
300W 

1127 S. Placentia Avenue, Fullerton, CA 92631 (714) 680-4936 FAX: 714-871-2453 

e 1989Alllefican Mo-owave TecnnolOOV 1r.c 
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Instruments, Inc. 

IN-VIVO MRI/MRS Applications scientists 

Bruker Instruments Inc. wishes to recruit development, 
demonstration and applications scientists for the continuing 
expansion of our support programmes for the BIOSPEC product line 
and MICROIMAGING products. 

Prospective candidates should possess several years of experience 
and a sound understanding of NMR and its application in in-vivo 
spectroscopy and imaging together with an apt~tude for experimental 
science. 

All curriculum v itae should be sent to Roy E. Gordon, Bruker 
Instruments Inc., Manning Park, Billerica, "MA 01821-3954 . 

POSITION AVAILABLE 

375-57 

A position for a NMR Spectroscopist is open at the University of Missouri, 
Columbia. Facility includes a soon-to-be-deleivered 500 MHz spectrometer 
(Bruker AMX-500), and 300 and 90 MHz spectrometers. Duties include main­
taining the spectrometers, scheduling spectrometer usage, advising and 
training users, running occasional samples. Collaborative and/or independent 
research encouraged. Knowledge of 2D NM R essential. Familiarity with 
electronics and computer programming highly desirable. Salary commen­
surate with experience. Ph. D. preferred. Interested persons please contact 
Dr. Tuck Wong at 

Department of Chemistry 
University of Missouri 
Columbia, Missouri 65211 
TEL: 314 882-7725 
FAX: 314 882-2754 
BITNET: CHEM1060@UMCVMB 

No deadline for application. _Position will remain open until it is filled 
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Rolf G. Tschudin 
Engineer, NMR Section 
DHHS/NIH/LCP 
Bldg. 2, Rm. B2-02 
Bethesda, Maryland 20892 
(301) 496 2692 

GARP IN A BOX. 

Dear Barry 

13. November, 89 
(received 11/14/89) 

The GARPl Decoupling Sequence* has become very popular in our 
labo·ratory since it appears · to be more effective than previous 
modulation schemes. To simplify the setup and execution, we have 
liberated it from the instrument console and put it in a box. 
(Block diagram .Fig. 1.). 

A dial allows the timing to be set to 90° values from 20 to 
999 us. A switch selects between random or coherent starts of the 
sequence. The output is TTL, or RF through a 180° switch at low 
level (10 dbm). Switching between CW and BB can be done via 
1 line (gate) or 2 lines (on/off). 

Any one interested in a detailed schematic or hardware please 
drop me a line. 

CLOCk 

#I 

CONTI/a 

Fig. 1 

CoH, ~I/ND. 
0 

Best regards 

COW.ff'=R 

#2 

A.J.Shaka, P.B.Barker and Ray Freeman, 
J. Magn. Reson. 64, 547 (1985) 



GE NMRl'S growth has 
created opportunites for 
additional Service Engineers 

We have East Coast and Mid West openings for Field Insta1lation and Service 
Engineers to install NMR instruments. Qualified candidates should have a BSEE 
and 2-4 years electronic experience, as well as the ability to troubleshoot systems 
to module level. Additionally 1 you will provide. technical support and training. 
You will also need excellent customer communications skills and extensive travel 
is involved. 

GE NMRI offers an excellent competitive compensation package. Send your 
resume, including salary requirements by mail or FAX to: 

~ 
An equal opportunity employer m/f 

John Solien berger 
Manager, Customer Service 

GE NMR Instruments 
255 Fourier A venue 
Fremont, CA 94539 

FAX: (415) 490-6586 
Tel: (415) 683-4313 

GE NMR Instruments 
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PHILIPS .e 
Phillps Medical Systems Nederland B.V. - P.O. Box. 10000 - 5680 DA Best, The Netherlands 

To: Dr. B.L. Shapiro 
TAMU Newsletter 
966 Elsinore Court 
Palo Alto, CA 94303 

onoerw"re. aoonttesnummer in-d1a111ng 

Subject: Automatic shimming for in ·vivo MR spectroscopy. 

Dear Dr. Shapiro, 

PHILIPS 

afd. dept. ref no. 

datum. date 

Best, October 27, 1989 
(received 11/13/89) 

Everybody inYolved in. ~-IR knows how important the magnetic field homogeneity is for spectral resolu­
tion. This also holds for in vivo spectroscopy. Since shimming must be done prior to every examination 
and because in most cases it is done manually it is time consuming and requires a lot of experience 
from the operator. This makes shimming a critical step in the routine clinical application of MR 
spectroscopy. 

In order to overcome this problem we developed an automatic shimming method which is capable of 
optimizing the field homogeneity in a fast and reliable way, independent of the skills of the operator. 

The optimization procedure [lj uses the integral of the magnitude time domain signal of the tissue 
water as a homogeneity criterion. 
The program can either optimize on the magnitude signal or on the normalised magnitude signal. 

In this equation x 1 through :t; represent the complex samples of the MR time signal, the so called 
Fill. 
Data point x 1 is the first maximum the software encounters in the modulus representation of the time 
signal. By dividing all data points by the value of this breakpoint the total integral is normalised. 
In case of strong fluctuations in the time signal e.g. due to motion artifacts the absolute value of the 
FID integral can be used. The absolute value is simply calculated by 

(2) 

For each shim coil the optimum of the FID signal is determined in the following way: 
Starting at an initial value Io a first step is taken towards a new current I1 . Subsequently, as long as 
the maximum is not encountered the step size is doubled. As soon as the maximum of the FID inte­
gral is passed the search direction is reversed and the step size is decreased. In this way the program 
iterates towards an optimum for every shimchannel resulting in an optimal field homogeneity over the 
defined volume. 

Philips Medical Systems Nederland B.V. 

Veenplu1s 4-6. P.O. Bo, 10000 - 5680 01\ Best. The NetherlancJs 
Commercial Register Einelhovan no. 60498 

telex: 51340 pmsL nl 
Ie1.centrale nat.: (0401791111 
tet exch. ,RI.. +31407911 11 
telefax: +3140762205 
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The technique is now successfully used during patient and volunteer studies. Starting e.g. from a 
standard shimsetting, 7 shimcurrents (X, Y, Z, ZX, ZY, XY, and X 2 -Y2 ) are adjusted to optimize 
the field homogeneity over the selected region of interest. On average for a 100 - 200 cc volume of 
the human brain the method achieves a water line width (FWHM) ranging from 0.1 to 0.03 ppm. in 
about 5 minutes. Also in human liver and heart sturues the technique has been applied with success. 
The figure shows an example of a water-suppressed 1H NMR spectrum taken from a volume located in 
the brain of a ltealthy volunteer after shimming with the FID optimization procedure. The excellent 
shimming is confirmed by the fact that metabolites can easily be detected up to 4 ppm. We think 
that with the FID optimization algorithm we have found a good and reliable method for automatic 
optimization of the magnetic field homogeneity for in vivo human spectroscopy. Moreover the results 
obtained with this method exceed any result obtained with manual shimming, both in time required 
and in achieved homogeneity. 

fl] Holz, D., et al, Med. Phys. 15, 898 (1988) 

Please credit this contribution to Dr. Joost A.B. Lohman's account. 

Yours sincerely, 

an W.A.H. Vermr,Ien 
I) n .. '. l , 

i ri , 

-~ 

Volunteer 
Size ; 4.5 x 4.5 K 3 
Scans : 256 
TE : 136 

8 .0000 6.0000 

Ad J. H. Marien 

Cr 

Ch 

Cr 

Ins 

~.0000 

NAA 

2,0000 

Jpprnl 1) 

Wat.er suppressed 1 H spectrum obtained, after automatic shimming, from a 60 cc voiume located 
in thE' human brain. From left to right the resonances of Creatine (N-CH2), Inositols {H4, H6), 
Ta.urine (N-CHz, S-CH2), Choline (N-(CH3 }J), Creatine (N-CH3 ), N-Acetyl aspartate (,B-CH2), Glu­
t.amine/Glutamate (-y-CH2) and N-Acetyl aspartate (CH3 ). 
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Delfi University of Technology 

Dr. B.L. Shapiro 
966 Elsinore Court 
PALO ALTO, CA 94303 
U.S.A. 

Yom refcrenc,: and dale Our reference 
JAP/mk/703 

Fac ulty of Chomir.111 Technolo!JY and Mntcrials Scilmcu 

P.O. Box 5045 Julianalaan 136 
2600 GA Delft, The Netherlands 2628 BL Delft, The Netherlands 

University switch board: 
(0151 78 91 11 
Telex 38151 butud nt 

FAX: 31-(0)15-782655 

Olfice telephone 

(015t 78 5892 
Date 

02-11-1989 
(received 11/14/89) 

1l9jtNMR study of the salvation of 
5
0~-~~i;t~ent of Organic Chemistry 

Dysprosium(III) ions in solutions of 
Dysprosium chloride in methanol and ethylene glycol 

Dear Dr. Shapiro, 

Previously, we have observed that, for paramagnetic lanthanides, the contact 
contribution to the Ln(III)-induced shift of a Ln(Ill)-bound 170 nucleus is 
almost independent of the nature of the concerning ligand. 1 Therefore, Ln(lll)­
induced 170 shifts can be utilized to establish the oxygen coordination sites of 
a ligand and to determine the stoichiometry of the complex. For Dy(III) as the 
lanthanide, the induced shift is dominated by the contact shift and a laborious 
dissection into the contact and pseudocontact contributions is not needed . 
We now have applied this method to study the solvati on of Dy{III} in solutions 
of DyCl3.6H20 in methanol and ethylene glycol. The exchange of 1 0 between bound 
and free ligands was fast on the NMR time scale. Straight lines were obtained in 
plots of the 170 chemical shifts versus the molar ratio Dy(lll)/ligand {p, p < 
0.1, correlation coefficients> 0.999). The induced 170 shifts extrapolated to 
p = I correspond to n6 , whera n is the number of Dy(ILI)-bound oxygens of the 
concerning ligand and 6 is the bound shi f t of that oxygen nucleus. We know from 
a study of Dy(III)-induced shifts of D20 that 6 = -2267 ppm at 30 °c. Therefore, 
division of the observed induced shifts extrapol ated top= 1 by -2267 gives n. 
The values of n obtained are: CD30D 6 

HOCH2CH20H 9 
Thus , Dy(Ill) is coordinated by only 6 methanol ligands. The first coordination 
sphere of Oy(III) is completed by 3 Cl- ions, which is in agreement with variou~ 
literature reports based on a.a. 139La and 35Cl NMR. 2 In ethylene glycol the Cl 
ions are, however, expelled from the first coordination sphere. 

Yours sincerely, 

Chen Zhi 

References 
1. J .A. Peters and A.P.G. Kieboom, Reel. Trav. Chim. Pays-Bas 102, 381 {19&3). 
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[M]@[Q) ISOTOPES 
DIVISION OF MERCK FROSST CANADA INC., Montreal, Canada 

Price List 49A 



STABLE 
ISOTOPES 

'FROM 
'MERCK 

General Information 

Prices: U.S. Funds, F.O.B. nearest U.S. warehouse (St. Louis, MO, or Los Angeles, CA) 

Prices are subject to change without notice. 

Terms: Net 30 days MINIMUM BILLING: 

SALES OFFICES 

LOS ANGELES TOLL-FREE LINES: 

P.O. Box 2951 800-372-6454 (CA residents) 

Terminal Annex 800-423-4977 (other west coast) 

Los Angeles, CA 90051 

Fax: 213-723-9524 

Tel.: 213-723-9521 

Technical Information: 

800-361-0460 

Have you received 
our latest labeled 
compound catalogue? 

Do you need a 
special compound? 

Would you like to be 
on our mailing list? 

Please contact us through 
our nearest office. 

PRINTED IN CANADA 

$30 

ST. LOUIS TOLL-FREE LINE: 

4545 Oleatha Ave. 800-325-9034 

St. Louis, MO 63116 

Tel.: 314-353-7000 



BP RESEARCH 

Or BL Shapiro 
TAHU NMR Newsletter 
966 Elsmore Court 
Palo Alto 
CA 94303 
USA 

Dear Barry 

IN SEARCH OF THE LOST RESONANCE 
(OR CLOSE ENCOUNTERS OF THE SECOND-ORDER) 

BP lntern11Uonal Limited 

Sunbury Research Centre 
Cher tsey Road 
Sunbury-on-Thames 
MiddlesoK TW16 7LN 
United Kingdom 

Switchboard: (0932) 761234 
Central FaK: (0932) 762999 
TeleK: 296041 

Direct Line: (0932) 762168 
Direct Fax: 

Reference: S/SYB/377 /89 

10th November 1989 
(received 11/16/89) 

Many years ago I looked at the effect of two ( 13C, 14N) residual 
dipolar couplings on one 13C (1 1 2). In each case, the 13C NMR 
signal was split into quartets, the magnitude of which depends on 
the quadrupolar and dipolar parameters and the relative orientation 
of the quadrupolar and dipolar tensors. Recently, this effect has 
been observed for two (119Sn, 35Cl) residual dipolar couplings 
convoluted with the effect of J-couplings in 119Sn MAS NMR (3). 

To test further the effect of two residual dipolar couplings, I 
chose urea as an ideal sample for a 13C study. Urea has only one 
carbon species present and this carbon is between two amine groups 
with identical quadrupolar and dipolar tensors. In this case a 
1:1:4 triplet is expected . As the T1 was long (~2 mins) and the T1 P 

did not decay over 0.5s of spin-lock, multiple contact 25 MHz 13C 
CPMAS NMR was used. However, no signal was observed. 

Recently, I purchased a 99. 8% enriched 13C-urea sample from MSD 
Istopes. The spectrum shown in the figure corresponds to about 
seven years of averaging on a natural abundance sample on our Bruker 
MSL 100. Not all the signal appears to be present. A 13C spin 
counting experiment only saw 55% of the signal on our MSL 300. The 
spl,i tting is simulated using a program based on that of Opella et al 
(4) to X = -3.41 MHz, n = 0.31 (5), ~o = a0 = 90°. Not only is the 
total integrated intensity low, but there appears to be an incorrect 
intensity pattern for the multiplet, the centre component being the 
most intense. 

cont. . . / 
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Dr BL Shapiro 10th November 1989 
TAMU NMR Newsletter 

We attribute these observations to the possibility of an 
orientationally anisotropic 14N T1 (6), which gives three 
orientation regimes: (a) fully self-decoupled residual dipolar 
coupling (intensity at the centre of the multiplet); (b) unaffected 
residual dipolar coupling (1:4:4 triplet); (c) intermediate 14N T1 s 
(lost intensity) . I would be interested to hear from any readers 
who have any other ideas! 

A more complete account of this work is currently being $Ubmitted to 
J. Magn. Reson . 

Yours sincerely, 

?J~ 
DR P JONSEN 
Spectroscopy Branch 

Please credit this account to BP Research. 

(1) R K Harris, P Jonsen, K J Packer, Magn . Reson. Chem. , 23, 
565-577 (1985). 

(2) R K Harris, P Jonsen, K J Packer, Magn. Reson. Chem., 24, 
977- 983 (1986). 

(3) DC Apperley, B Haiping, R K Harris, personal communication 
(1989). 

(4) SJ Opella, JG Hexem, M H Frey, TA Cross, Phil. Trans. R. 
Soc, London, Ser. A, 299, 665 (1981). 

(5) CT O'Konski, K Tonzuka1 J. Chem. Phys. 51, 461-463 (1969). 

(6) A Zussman, J. Chem. Phys . , 58, 1514- 1522 (1971). 
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10th November 1989 

180 160 140 

25.2 MHz 13C CPMAS NMR spectrum of 99 . 8% enriched 
13C-urea. Recycle delay of 60s was used (with 
flip-back) and 352 accumulations. The simulation 
has not been artificially broadened. 
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Department of Chemistry 
phone 203 344 8544 x-2539 

Philip H Bolton 
Wesleyan University 

Equipment Available 

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

Dear Barry: 

Middletown, Connecticut 06457 
r.ax 203 344 7960 

14 November 1989 

We have two Varian 10 mm 400 MHz probes for sale . One covers the 
range 15N to 13C and the other the range 13C to 31P. We no longer 
use these probes both of which have a set of tuning wands and are in 
full working order . 

DEPARTMENT OF CHEMISTRY 

UNIVERSITY OF FLORIDA 
GAINESVILLE, 32611 

Sincerely, 

The Interdisciplinary Center for Biotechnology Research of the 
University of Florida will sponsor a workshop on NMR and Structure of 
Biomolecules to be held in Gainesville, March 4-9, 1990. The workshop 
will include lectures by leaders in the field of protein and carbohydrate 
chemistry, with Kurt Wiithrich as the leadoff speaker. Participants will 
have opportunity to work with hardware and software such as that 
appropriate in the use of NOE results to assist in the modeling of large 
molecules. Lectures will be di rected both toward of spectroscopists who 
wish to learn about biological applications of NMR and toward 
biochemists and biotechnologists who are interested in how NMR can be 
applied to solution of their problems of molecular structure, conformation , 
and interactions. Jnformation about the workshop is available from W. S. 
Brey, Department of Chemistry, University of F lorida, Gainesville FL 
32611-2046, phone (904) 392-0520. 



Non-Magnetic 
Precision Trimmer Capacitors 

for NMR & MRI Probes 

Every NMR and MRI Test Depends on One Moveable Part! 
Most NMR or MRI probes are tuned with variable capacitors. Make sure you are using 
the best. Hundreds of laboratory and field applications throughout the world have proven 
the reliability of Voltronics non-magnetic trimmers. Their non-rotating piston design 
provides long life, no measurable magnetic distortion and high RF peak voltage ratings. 

Features: 
• Truly non-magnetic. Distortion of 

magnetic field below one part per 
600 million 

• Long life, non-rotating piston design 
• 1.2 to 300 pF max. capacitance 
• 0-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 and Teflon® 

dielectrics 
• High RF voltage ratings 

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

New Catalog 
Our new 28 page catalog lists many non­
magnetic and standard parts. It includes 
data on RF peak voltage ratings and high 
frequency Q measurements. 

New-Non-Magnetic 
Slip Clutch-SC375 
The slip clutch prevents trimmer 
damage if it is driven into the stops, 
especially from long rod tuning of 
many probes. It also compensates for 
up to 15 degrees of misalignment 

.050 
SETSCREW 

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

Voltronics 0 
CORPORATION ~ 

West St., P.O. Box 476, East Hanover, NJ 07936 
(201) 887-1517 FAX (201) 887-3349 
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Department of Biochemistry ~1 University of Alberta m Edmonton 
~ - ------ --- ----- - --- - - -

Canada T6G 2H7 474 Medical Sciences Building, Telephone (403) 

Dr. B.L. Shapiro 
TAMU NMR NEWSLETTER 
966 Elsinore Court 
Palo Alto, CA 94303 
U.S.A. 

Dear Dr. Shapiro, 

October 20th, 1989 
(received 11/15/89) 

492-5460 

S mm 1H PHOTO-CIDNP on a NICOLET 300 MHz W,B. Spectrometer 

In response to your request we would like to tell you about the renewal of interest in the 
laser induced PHOTO-CID NP experiment on a NICOLET 300 MHz W.B. Spectrometer. 

Since we sold our BRUKER 270 MHz spectrometer we have not been able to perform this 
experiment. However, we recently modified our 300 MHz for this purpose. Jonathan T yler from 
our Biomedical Design Centre, designed and built a fibre optic pathway. This connects a Spectra 
Physics argon ion laser model 164 operating in the multiline mode to the probe using a bottom 
entry approach into the magnet. The light beam is transmitted and modulated by way of this 
network which consists of a shutter, beam reducer, 500 µm fibre optic cable, beam collimator and 
expander to a 5 mm flat bottom tube containing a 330 µI sample. A TTL level gating pulse from 
the 293 c pulse programmer is used to control the shutter. 

We are using the photo-CIDNP experiment to monitor the exposure of aromatic residues in 
proteins. The accompanying figure shows some preliminary results obtained with detergent 
solubilized M13 coat protein, a small integral membrane protein which contains two tyrosine 
residues, one tryptophan and no histidines. The protein was 2.5 mM in 10 mM sodium 
dodecylsulphate-d25, 5 mM sodium borate pH 9.0, 90 mM sodium chloride and 0.1 mM 3-N­
carboxymethyllumiflavin. Light and dark spectra were obtained alternately and stored in adjacent 
blocks of memory; a 20s delay was left between transients to avoid heating artifacts. (A) Dark 
spectrum (aromatic region only), 16 transients; (B) light spectrum, I 6 transients, with illumination 
for ls at a laser power of 3W; (C) difference- ectra, showing both tyrosine emission and 
tryptophan absorption. 

(> ·~W-
v~rry McQuaid f

. 
1\-tON-

Bria D. Sykes 
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FEATURES 
High Control Resolution 
Amplitude ........................ .. 0.07 dB 
Phase ..................................... 0.45° 

High Guaranteed Accuracy 
Amplitude 

Error .................. 0. 15 dB RMS max 
Phase Error ...... ....... 1.5° RMS max 

Wide Control 
Range ....... ..... Greater than 60 dB 
Wide Accuracy 
Bandwidth .. .. 135 MHz to 235 MHz 

Fast Setting Time .............. 150 nsec 
Wide Operating 
Temp. Range .................. 0 to 50°C 
Low Power Operation .... 5 VDC at 

165mA 
Two Simple Interface 
Options .................... .. ...... TTL Inputs 
Rugged Construction .. ............ SMT 

Technology 
Small, Light-Weight 
Pockoge ............... 160 cm3

, .22 Kg 

GENERAL DESCRIPTION 
The VMA-002 Vector Modulator is a 
precision RF gain and phase con­
trol element for use in applications 
requiring fast and precise condi­
tioning ofRF signals from 135 MHz to 
235 MHz. Because the accuracy is 
achieved without any calibration 
or use of look-up tables, interface 
and control of the VMA-002 is 
greatly simplified over alternative 
approaches. 

The block diagram shows that the 
VMA-002 is comprised of on in phase 
and quadrature (1/Q) vector modu­
lator in series with a 6.02 dB per step 
scaling attenuator. The I/Q vector 
modulator is used to accurately 
control phase between O and 360 
degrees and amplitude between O 
and -6.02 dB while the scale at­
tenuator increases the amplitude 
control range, in 6.02 dB steps, to 
over 60 dB. The I /Q vector modula­
tor portion of the VMA-002 consists 
of a precision 90 degree hybrid 

~D~~<®~ SYSTE:MS 
Precision High-Speed Vector Modulator 

VMA-002 

splitter which feeds two matched 8 
bit linear attenuators with an addi­
tional 9th bit for sign. The final out­
put is the sum of the two linear at­
tenuator outputs. 

The guaranteed maximum relative 
control error of 0.15 dB RMS ampli­
tude and 1.5 degrees RMS phase is 
maintained from O to +50°C. This 
unprecedented level of accuracy 
in an uncalibrated RF control de­
vice is achieved through the use of 
several Mirage Systems proprietary 
circuit designs. For example. the 
quadrature splitter design provides 
typical amplitude imbalance er­
rors of less than ±0.02 dB while typi­
cal quadrature phase error is less 
than ±0.8 degrees across the 135 
MHz to 235 MHz bond. The I/Q linear 
attenuator design provides 8 bits of 
phase-less amplitude control with 
betterthan± l /2 LSB accuracy. The 
series scaling attenuator design pro­
vides 6.02 dB attenuation steps with 

better than 0.06 dB amplitude error 
and less than 0.6 degrees of phase 
shift. 

The VMA-002 is controlled through 
a simple. TTL compatible. interface. 
A multiplexed interface option al­
lows control of the unit over a multi­
plexed 13 bit wide parallel bus. A 
non-multiplexed interface option 
allows control via a 21 bit wide 
parallel bus and Is used in applica­
tions requiring the minimum switch­
ing time. 

Its 150 nanosecond settling time, 
low power consumption, single 5 
volt supply requirement, rugged 
surface-mount construction, and 
small size round out the list of im­
pressive features which make the 
Mirage Systems VMA-002 a key 
component in systems requiring 
high performance conditioning of 
RF signals. 

VMA-002 can be custom tuned to your specifications. 
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INNOVATIVE TECHNICAL SOLUTIONS SUBSYSTEMS • SYSTEMS • SERVICES 

FAST VECTOR 
MODULATORS 
ASSEMBLIES 

VMA·002 
FEATURES 
• Independent, High Resolution Control of: 

Amplitude . . . . . . . . . . . 0 .07 dB 
Phase . . . . . . . • . . . . . 0.45 Deg. 

• Fast Settling Time . . . . . . . 150 nSec 
• Wide Bandwidth . . . . . 135 to 235 MHz 
• Small Size . . . . . . . 3.4W x 0 .6H x 5.8H 

VMA·103A 
FEATURES 
• Even better performance than the 

VMA-002 
• Hybrid Package . . • . . . 20 cm3, .70g 

INSTANTANEOUS FREQUENCY 
MEASUREMENT UNITS 

IFM-203 
FEATURES 
• Frequency Range . . . . 125 to 250 MHz 
• Frequency Resolution (with minimum 

delay path) . . . . . . . . . 500 kHz 
• Quantization . . . . , . . . . . . . 8 bits 
• Measurement Accuracy . . . 1 MHz RMS 
• Minimum Pulse Width . . . . . 250 nSec 
• Measurement Speed (with minimum 

delay path) . . . . . . . . . . 450 nSec 
• Input Signal Range , - 65 dBm to +5 dBm 
• Operating Temperature - 25°C to +85"C 

PRECISE QUADRATURE 
DETECTORS 

DQD•850 
FEATURES 
• Ultra-High Accuracy: 

Amplitude . . . . . . . . ± 0 .02 dB Typ. 
Phase . . . . . . . . ±0 .2 Degrees Typ. 

• Wide Dynamic Range . . . , , . >90 dB 
• Flexible Operation . . . . . . . . . CW to 

200 nSec Pulses 
• Sampling Rate . . lo 300K Samples/Sec. 
• Resolution, f & Q . . . . . . . . . . 16 Bits 
• Computer Interface . . . . . . Parallel 

or Multiplexed 
• Rack Mount . . . . . . . . 3.5 Inch Panel 

EXCEPTIONAL PRICE/ 
PERFORMANCE 
LOG, LIMITING AMPLIFIERS 

LLA·003 
FEATURES 
• Wide Dynamic Range . . . , . . . 60 dB 
• High Linearity . . . . . . . . . . . . ± 1 dB 
• Wide Bandwidth . . . . . 50 lo 250 MHz 
• Fast Rlsetlme . . . . . . . . . . 35 nSec. 
• Log Video and limited IF Outputs 
• Single +5 Voll, 130 mA 
• Miniature Size, Low Cost 

INSTANTANEOUS QUADRATURE 
DETECTORS 

IQD•003 
FEATURES 
• 70 MHz IF Module Analog Detector 
• Ultra-High Accuracy: 

Amplitude . . . . . . . . ±0.02 dB Typ. 
Phase . . . . . . . . ±0.2 Degrees Typ. 

• Wide Dynamic Range . . . . . . >90 dB 

FAST PHASE 
DETECTION 
MODULES 

HPD·202 
FEATURES 
• Frequency Range . . 125 to 250 MHz 
• Resolution .......... 1.41 Deg. 
• Repeatability (from- 60 to 

0 dBm) . . . . . . . . . 3 Deg. RMS 
• Minimum Pulse Width . . . 250 nSec 
• Signal Input Range . . - 60 to +5 dBm 

• 145- 170 MHz FREQUENCY & 
PHASE DETECTORS 

FPD·103A 
FEATURES 
• Combined Instantaneous Frequency 

Measurement and Fast Phase 
Detection Circuit 

• Hybrid Packaging 

OTHER OFFERINGS 
SUBSYSTEMS 
• RF Conversion Unit 
• RF Synthesizer 
• Digital Control Unit 
• SWitches, Amplifiers 
• Transmitters, Receivers 
• Phase Locked Oscillators 
SYSTEMS 
• Automated RF Measurement 
• Closed-Loop Antenna Controller 
• Customized Test Measurement 

1) User friendly test fixtures and PC control interfaces available. 
2) Customized tuning to suit. 
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Texas A&M University NMR Newsletter - Book Reviews 

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

" Carbon-13 NMR Spectroscopy " 

by 

Hans-Otto Kalinowski, Stefan Berger, and Siegmar Braun. 

John Wiley&., Sons, Inc., New York, U.S.A.; 
765+ pages; 1988. 

375-75 

This is an updated (May, 1986) translation, by Jack K. Becconsall, of the German version 
originally published in 1984 by George Thieme Verlag. The target audience is composed of 
organic chemists engaged in research, including graduate students, who will probably find it 
somewhat expensive at ca. $150. For libraries and more established researchers, however, it is 
well worth the investment. 

Two introductory chapters cover the theory and techniques of NMR. The latter aspect is 
restricted to pulse FT methods, and includes sufficient detail to permit the reader to keep up 
with the ever-increasing number of new pulse sequences. The major ones known through the 
end of 1985 are specifically discussed. 

The next two chapters, which total 530 pages, constitute the heart of this book. They cover the 
relation of 1~emical shift to structure, arranged by compound class, and the relation of 
structure to C-X spin-spin coupling, arranged by the coupled nuclei and by the number of 
intervening bonds. Many specific examples are given, as well as correlation rules and equations. 

The book concludes with four short chapters on relaxation phenomena, dynamic NMR, shift 
reagents, and the use of C-13 NMR in the determination of reaction mechanisms. In addition 
to excellent separate indices for specific compounds and general subjects, four appendices for 
answers to problems, a general bibliography, information systems, and abbreviations and 
acronyms are included. 

As stated above, this book would be a valuable addition to the library of any organic chemist 
engaged in research. Its major competition for the tight book dollar would be the third edition 
of the classic of the same title by Breitmaier and Voelter (VCH Publishers). These books are 
more similar than they are different, as reflected in their publication dates, coverage, and cost. 
The major differences are that the book being reviewed here includes over 100 excercises, and 
that it provides a much more extensive collection of chemical shift data for the basic classes of 
organic compounds. On the other hand, the coverage of chemical shift data and correlations 
for natural products is much more comprehensive in the Breitmaier and Voelter book. These 
differences obviously reflect the preferences of the authors and could be a factor in the 
selection of one or the other book by prospective purchasers. 

Manfred G. Reinecke 
Department of Chemistry 
Texas Christian Univertsity. 
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CSI 2T Applications 
Shielded Gradients: Theory and Design 
NMR imaging and localized spectroscopy depend on 
the use of pulsed magnetic field gradients. As these 
techniques have grown more complex, it has become 
apparent that eddy currents created in the magnet 
cryostat and other structures by pulsed gradients have 
become the chief limitation to many sophisticated 
applications. 

Figure 1a illustrates the design problem for unshielded 
gradients. Figure 1b illustrates the shielded gradient ar­
rangement. Figures 2 and 3 show the contours of 
constant flux for an unshielded and shielded Z gradient 
coil, respectively. This demonstrates that, for the 
shielded gradients, most of the flux has been kept 
away from the magnet bore. 

The dramatic reduction of eddy currents which can be 
made over the conventional, unshielded gradients is 
shown in Figures 4a, b. These graphs show frequency 
as a function of time following the application of a 
long, constant amplitude gradient pulse which is sud­
denly cut off. Soon after cut off, a 90° pulse is applied 
and the complex FID recorded. The instantaneous fre­
quency is then obtained from the FID and normalized 
by dividing by the frequency offset at the sample dur­
ing the gradient pulse. 

Figure 4a shows a typical decay of extra magnetic 
fields in a CSI 2T instrument caused by eddy currents 
in the conventional, unshielded gradient set with 
compression. 

Figure 4b shows the decay of the uncompensated 
shielded Z gradient and Figure 4c shows the Z gra­
dient decay with compensation. Note that the time 
scale for 4b and 4c is five times shorter than that for 
the unshielded gradients. 

Fig. 4a. 
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Fig. 1a-Design problem for unshielded gradients. The field in­
side the winding is specified to be a linear gradient and the 
current pattern on the cylinder is determined. Fig. 1b-Design 
arrangement for shielded gradients. The field inside the inner 
cylinder is specified to be a linear gradient and the field 
beyond the outer cylinder is specified to be close to zero. The 
current patterns on both inner and outer cylinders are then 
determined. 

Fig. 2. Fig. 3. 

Lines of constant flux for Z-gradient. Fig. 2 - Unshielded gra­
dient. Note that flux lines extend well beyond the cryostat 
bore. Fig. 3-Shielded gradient. Flux lines are kept within the 
outer gradient cylinder. 

Fig. 4c. 
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Decay of field following application of square gradient pulse. Fig. 4a-Unshielded gradients. 
Fig. 4b-Shielded 5150 gradient with no waveform compensation. Fig. 4c-Shielded S750 
gradient with waveform compensation . 

• GE NMR Instruments 

e Copyright 1989 General Electric Company 
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Symmetry Filtering. The top data .;, ID 

shows the normal NH to alpha 
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region in a double quantum filtered 6 5 5 5 4 5 4 'Ppm 

COSY of BPTI in water. This matrix ~: was produced on a GSX-400, 
processed on VPLX, and printed on 
a laser printer. The bottom data is . 
identical to the first with the 
exception that a symmetry filter has 0 

been applied to the matrix. This 
symmetry filter discriminates on the 
basis of the known phase --1 

relationship of true COSY peaks. 
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g --1 

filtering allows for the rapid 0 
0 

elimination of spurious cross peaks 0 
0 

and is the first step necessary for 0 
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interpretation. 
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