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,.. .I.;: ....;.. ·~~~ ~~· 
If you've purchased an NMR spectrom:ier recently, you know that buying 
the right instrument for your research can create quite a dilemma. Isn't it 
nice to know that choosing the source of supplies for your NMR is so 
simple? 

. ' 
It's not hard to understand why we're the world's leading producer of 

Supplies and Accessories for NMR Spectroscopy. 

we'1re/NNOVATIVE * we're CURRENT 

NEWI 
To get a 14% gain in field strength and sensitivity, you'd 
have to add at least $15,000 to the purchase price of an 
NMR Spectrometer. But a simple tool recently added to 
WILMAD's i1rsenal of NMR problem-solving-weapons can 
provide Just this kind of dramatic boost in performance at 
petty-cash prices. 

WILMAD's Ultra-thin-walled 5mm NMR Sample Tubes pro­
vide the fine structure of the very best tubes that can be 
manufactured today as well as the strength to survive the 
test of the automatic sample changers now gaining popu­
larity in the world's leading laboratories. These tubes have 
provided unparalleled results in demanding experiments at 
fields as high as 11 . 75T. WILMAD provides these and 
Ultra-thin-walled 10mm NMR Tubes in lengths up to 9". 

Specifications 537-PPT 540-PPT 545-PPT 
I I 

O.D. 5.0mm 

I.D. 4.5mm 

Camber .001" .0005 11 .00025" 

*Concentricity .002 11 .001 11 .0005" 

NEWI 
Charts for the latest generation of NMR Spectrometers are 
now provided by WILMAD including : 

Instrument WILMAD Chart Number 

XL-200, 300, 400 WCV-XL-200 
Flatbed Recorder 

Zeta-8 Plotter for WGN-200755 
ADVANCE Updates and WGN-200902 
QE-300. 

Zeta 100 on NT Series FC-60M (Blue Grid) 

GX Series WJC-14026 

FX Series 

' 
WJC-FX-3-BL 
WJC-FX-4-BL 

Watanabe Plotter on WCB-PL-501 
AM Series WCB-PL-505 

NR-80 WCl-8634878 

WP-100, 200, 270 S/Y WCl-8634879 
WCl-8634880 

WM and CXP Series WCB-WM-1* 

*Concentricity T.I.R. 'Like WCB-WH-90 but no calibrations. 

we're COMPREHENSIVE 
"Just about ·everything for NM R, except the spectrometer." 

: 

Deuterated solvents-20 different chemicals in varying iso­
topic purities. 

Coaxial Cells-3 types for your special research require-

Shift Reagents-more than 20, some chiral for stereochem­
ical studies. 

Standard Samples-the greatest variety available from any 
· source fo r 10 different Nuclei. 

Sample Tubes-Widest range of sizes shipped from stock. 

Special Sample Cells and Tubes: 
-Pressure Valve NMR Tubes. 
-Screw-Cap NMR Tubes. 
-Spherical Micro Inserts. 
-Elongat,ed Cylindrical Micro Inserts. 

ments. 

pH Electrode-for 5mm NMR Sample Tubes. 

Quartz Sample Tubes-for EPR and NMR Studies. 

Custom-made NMR Glassware-Unusual construction needs 
routinely filled , flexible designs. 

Call or write about details. Ask to have your name placed on 
the WILMAD mailing list to be kept informed of the latest ad• 
vances in NMR. 

and coming soon ... "NMR by WILMAD" a new NMR Catalog No. 851 

WILMAD GLASS COMPANY, INC. 
Rt. 40 & Oak Road, Buena, New Jersey 08310, U.S.A. 

Phone : (609) 697-3000 • TWX 510-687-8911 

• !...· 

\ ___ . 



TEXAS A&M UNIVERSITY 330-1 

C 

NEWSLETTER 

SPONSORS AtmlOR INDEX ------- TAHU NMR NEWSLETTER, NO. 330. MARCH 1986 

Abbott Laboratories 
The British Petroleum Co., Ltd. (England) 
Bruker Instruments, Inc. 
Eastman Kodak Campany 
F. . r. nu Pont de Nemours & Company 
Ge ne r a l El ec tri c Company , Medi ca 1 Sys terns Group, 

Nt!R Instruments 
IB•'i In s truments, Inc . 
J EOL (U.S.A.) Inc., Analytical In s truments Oivision 
The Lilly Research Laboratories, Eli Lilly & Company 
The nonsanto Company 
The Procter & Gamble Company, Miami Va 11 ey Labs 
?rog,~a1rr:ned Test Sources, Inc. 
Shell Development Company 
Unilever Research 
Union Carbide Corporation 
Varian, Analytical Instrument Division 

CONTRIBUTORS 

Cryomagnet Systems, Inc . 
Intermagnetics General Corporation 

Ackerman, J . J.H. 
Ackerman, J. L. 
Allen, P.E.M. 
Alter, G .• 
Axelson, D. E. 
Bailey, W.F •• 
Berger, S. 
Berkowitz, 8. A. 
Berlin, K.D . • 
Bigler, P. 
Bleichrodt, F. 
Blum, F.D. 
Diehl, B .. 
van Duin, M . . 
Dykstra, R.W. 
Edlund, U. 
Fiat, D. 
Goe, R. 
Grant, D.M. 
Jarrell, H.C. 

ADVERTISERS 

48 
12 
50 
52 
28 
38 
40 
48 
30 

2 
14 
24 
40 
14 
35 
18 
36 
36 
51 
21 

Jiang, Y .J. 
Kaplan, S. 
Kowalewski, V.J. 
Lutz, 0. 
Martell, A.E. 
Motekaitis, R.J. 
Nicolay, K. 
Pickup, S. 
Pollak, K. 
Pugmire, R.J. 
Raber, D.J. 
Raleigh, D.P. 
Saunders, J.K. 
Schraml, J. 
Smith, I.C.P. 
Smith, L.L. 
Stothers, J.B. 
Thomas, R.D .. 
Tschudin, R .. 
Wessels, P.L. 

51 
32 

6 
42 
16 
16 
10 
24 
17 
51 

9 
12 
21 

4 
21 
52 
26 
46 
53 

5 

Bruker Instruments , Inc. 
General Electric Company, Medical 

Systems Group, NMR Instruments 
IBM Instruments, Inc .. 

33 JEOL 
Varian . 

outside hack cover 
19, 43 

inside back cover 
7 

FORTHCOMING NMR MEETINGS (Additional listings are solicited) 

liilmad Glass Company, Inc. inside front cover 

8th Rocky Mountain Regional Meeting - June 8-12, 1986; Denver Convention Complex; Denver, Colorado; Meeting Chairman: 
111 I \,am E. Beard, USDA-AR$, P.O. Aox E, Ft. Collins, Colorado 80522. 

4th International Symposium on NMR Spectroscopy - June 16-20, 1986; Tabor, Czechoslovakia; Chairman: Dr. Petr Trska, 
NMR Laboratory, Institute. of Chemical Technology, Suchbatarova 5, CS-166 28 Prague 6, Czechoslovakia. 

Scuola Internazionale di Fisica E. Fermi: The Physics of NMR Spectroscopy in Biology and Medicine - June 24-July 4, 1986 ; 
Varenna, Italy; Chairman : Professor B. Marav1glla, D1partimento d1 Fis1ca, Un1vers1ta de gll Stud,, "La Sapienza," 
P. le Aldo Moro, 1-00185 Roma, Italy. 

International Society of Magnetic Resonance (ISHAR). 9th Meeting - June 29-July 5, 1986; Hotel Gloria; Rio de Janeiro, 
Brazil. Chairman: N.V. Vugman, Federal On1vers1ty of Rio de Janeiro, Rio de Janeiro, Brazil. 

U.S.-Latin American Workshop on Recent Developments in Organic and Bioorganic NMR - July 7-11, 1986; Campinas, Brazil; 
see Newsletter No. 323, p. 59. 

28th Rocky Mountain Conference - August 3-7, 1986 ; Radisson Hotel ; Denver, Colorado; Conference Chairman: R. Barkley, 
GIRE$, On1vers1ty of Colorado, Boulder, Colorado 80309, (303) 492-1158. Abstract Deadline : March 21, 1986. NMR Chairmen: 
J. Haw, Dept. of Chemistry, Texas A&M University, College Station, Texas 77843, (409) 845-1966, and F. Miknis, Western 
Research Institute, Box 3395, University Station, Laramie, \-/yarning 82071, (307) 721-2307. 

XXIII Congress Ampere on Magnetic Resonance - September 15-19, 1986; Rome, Italy; XXIII Congress Ampere, Dipartimento di 
F1s1ca, Un1vers1ta de Roma, "La Sapienza," P. le Aldo Moro 5, 1-00185 Roma, Italy. 

1986 Eastern Analytical Symposium - October 20-24, 1986; Hilton Hotel, New York; see tlewsletter No. 329, p. 23 and 
Newsletter No. 325, p . 27. 

All Newsletter Correspondence 
Should be Addressed to: 

Professor Bernard L. Shapiro 
Department of Chemistry 

Texas A&M University 
College Station, Texas 77843 U.S.A. 

DEADLINE DATES 

No. 332 (May) ----------- 25 April 1986 

No. 333 (June) ------------ 30 May 1986 
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Professor Bernard L. Shapiro 

Department of Chemistry 

Texas A~ M University 

College Station 

TX 77843 USA 

HETERO~NOE-DIFFERENCE SPECTRA 

Dear Professor Shapiro I, 

Universitat Bern 

lnstilut fur organische Chemie 

CH-3012 Bern, Freiestrasse 3 
Telelon 031 65 43 11 

6.1.1986 

in the course of developping and optimizing new techniques for 

the elucidation of unknown structur~s we recognized the great 

value of heteronuclear NOE experiments. Confronted with the 

problem to connect molecular fragme~ts .of known structures 

(COSY, C-H-COSY, ... ) . separated by ~uaternary carbons, the NOE's 

measured for these quaternary barri~is can be very helpful. 

Applying the cycling scheme recentl~ proposed for the homo-

nuclear case [ 1], we could improve ~he selectivity dramaticallyl 2 J. 
NOE's are detected most conveniently using the difference (FID, 

spectra) technique. The optimization of the experiment with 
i 

respect to selectivity and sensitivity is one important point -

the presentation of aesthetic ~pect~a is another. 

In case a) the number of entries in ~ he individual ~requency 
I 
I 

lists used for the irradiation oft~ ~ selected ~rotons is 

different. Therefore different decou~ler offsets are used for 

broadband decoupling in the acquisition part of the individual 

spectra. This leads to a bad sup~res~ion of the signals of 

proton bearing carbons in the difference spectra and more 

severe eventually to distorted intensities for the quaternary 

signals. 

In case b) the number of frequency entries in the individual 

lists is the same (or a multiple) an:d moreover tt-e value of the 
I 

last entry used for breadband decoupling during acquisition is 

the same for all spectra. This lead~ to the excellent suppression 

of most of the proton bearing cartorii. 



'---

The residual (absorptive) signals of some ~on:quaternary carbons 

are caused by the simultaneous irradiation of one of the 

corresponding satellite signals and the selected proton multiplet 

which accidentely have the same proton resonance frequency. 

This generates NOE not only for quaternary but also for some 

non-quaterna~y carbons. 

Sincerely yours 

~~ye 
Dr. P. Bigler 

l D. Neuhaus, J. Magn. Reson. ~ (19B3) 109 

2 P. Bigler, M. Kamber, Angew. Chem. Int. Ed. £1., (19B5) 705 

_.___..,._..:.-, _____ .._ ___ _,...__,. _____ OH 
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I N S T I T U T E O F C H E M I C A L p '. R O C E S ,S F U N D A M · E N TA L S 
j ·, 

CZECHOSLOVAK AC A! DEM Y OF SC IE NC E 
PR AHA 6 - SU,CHDOL 

Professor B.L. Shapiro 
Texas A&M University 
College Station, Texas 77843 
U.S.A. 

January 27, 1986 

re: Faster plotting of symmetr ~cal 2D contour maps 
. i 

Dear Barry, 

plotting COSY spectra of ~arge spin systems is very time 
consuming on XL-200 equipped w~th Nicolet Zeta plotter (e.g. the 
contour plot of a tetrasacchar ~de takes 2 hours}. Almost half of 

. ' 
this time is vasted since the contour is symmetrical around the 

I 

main diagonal. Simple modification of the Varian provided D.RXCON \_. 
I 

program allows plotting of either upper or lower triangular half 
of the data matrix which both contain the same information. 

Plotting only one half of : the data matrix saves not only 
the plotting time but also red~ces the requirements on the size 
of PLOTSPOOL (on V77-200 systems) so the software disk need not 
be reconfigurated for most of the 20 plots. The plot in Fig. l 
was complete in 8 min and 15 sec. only while the standard full 
plot of the same size took 16 min. 

Details of program modififation are available upon 
request. 

; 

Sincerely yours, 
! 

• i 

• I 

I 
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National Chemical Research Laboratory 
CSIR, PO Box 395, Pretoria 0001, Rept.blic of South Africa 

NMR POSITION AVAILABLE 

330-5 

We .currently have a position available for a research scientist in the field of 
NMR spectroscopy. Applicants should have a PhD in chemistry, biochemistry or 
other related field. Experience in the application of NMR spectroscopy to 
biochemical problems will be a distinct advantage. · 

We are the main centre for NMR spectroscopy in the Republic of South Africa and 
are, in addition to our own research activities, also obliged to supply a 
service to other research organizations in the country. The NCRL has a Bruker 
WMSOO, a Bruker AM300 with accessories for high resolution NMR of sol ids, a 
Varian CFT20 and a Varian EM390. 

Salary is negotiable and partial support towards travel expenses will be 
0 considered. Submit profession~l resume and reference list to: 

Dr PL Wessels, Structural Chemistry Division, NCRL, PO Box 395, Pretoria 0001, 
Re pub 1 ic of South Africa. 



Buenos Aires,febru.ary 3,1986. 

ONIURSIDAO DK BUENOS AIRES 

FACULT!D DK CIENCIAS KXACTAS Y NATURALKS 
Prof. Bernard L.Shapiro 
Department of Chemistry 
Texas A&M University 
College Station,Texas 77843 
U~' ~l .. A; 

Dea:-r professor Shapiro r 

!Title: The ABC case revisited·~ 

· Even since my good old times in Uppsala University 
( ~reden) with the late Ragnar ~off'man ( did you ever· meet 

him?) I was intrigued by the a~parent simplicity of the, ABC 
casre. The Hamiltonian looks so simple·! It should be possible' 

I 

to calculate somehow., the spin-::ipin and shielding cons-tents-. 
. I. . . 

di:r·ectly from the Hamiltonian,vdthout calculating the-, spec-

trum! We have the invariant pr()'.perties, of the matrices· to 
play with or, if you wish, th~· ;Vieta relations between the' 

roe.ts, and the· coe:f:fioients-.• o:f the characteristic equations:. 
During my last vacatio:ns I was able to put this 

' 
into a set of' six equations-- ( t ;wo lineal,two qua,dratic and 

two cubic) only to find out t ~at I redis-covered Whitman's . ' 
equations, (l).R. Whitman,J.Mol~Sp~ctr~vol 10,page , 250~196·3). 
lfhe only question now was how t ~o sollilve these equations,,sinee·· 

Whitman did not give an answer ~o this'. 
Modemcomputer technol;ogy gave me an answer.The '°: 

s-olution is not di:f:ficul t and a ' short note on the·· subject 
is · due to appear shortly in the! Journal of Magnetic Resonance'. · · 

For the eventually interested r bader a listing of th~ pro-
1 

gram ( in HP-basic . language) is available on request~ 
Yours, s-incerily 

I Dr . V. J .Kowalewski. 



New Advanced Function Series FI'NMR fram IBM Instruments 

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

it easier on the budget 

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

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

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

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

Integrated solutions for Science and Industry 

e 
: ,_\- \D J 1~~-:_ 

~~~~~~~~~~~~~~~~~ ~~~ 

--~· 

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

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

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

--------- - - --- - -- - ---- - - ------ ----- ·-
Instruments 
Inc. 



How to improve 
magnetic field measurement 

and control 
Hall effect field regulator 
ER 031M 

Hall effect magnetometer 
ER 031Z 

You can get a new standard of performance by upgrading 
your field regulation and measurement equipment. The 
superiority of advanced design field regulators and mag­
netometers from IBM Instruments can be seen clearly in the 
pe1f mmance curves shown al the right. Regulator accuracy 
is 200mG from - SOC to + 23kG. 

Microprocessors in each unit provide ease of operation 
and complete flexibility of application. Most units also can 
be programmed through RS 232 or IEEE 488 (IEC 625) 
interfaces. Other outstanding features include: 
ER 031M Hall effect regulator-Low noise, 0.lmG 1ms 

in lHz band width. Excellent long-term stability, 2 ppm/ 
degree. 

ER 031Z Hall effect magnetometer-Very fast, 20msec. 
measuring cycle time. Variety of probe heads available. 

BH 15 Hall effect magnetometer-regulator-Combines 
features of ER 031M and ER 0312 plus sweep capability, 
digital and analog outputs and homogeneity plots (x-y) 
with resolution of lmG. 

ER 035M-Extremely accurate NMR magnetometer, 5mG 
from 450G to 20kG. Tracking rate, lkG/3 sec. Optional 
EPR in-cavity probe. 

lntegratecf solutions for Science and Industry 

Hall effect field regulator 
and magnetometer BH 15 

NMR magnetometer 
ER 035M 

K Gauss 5 10 15 20 25 

Let us tell you more 
To get more information on these IBM Instruments 

products, just send the attached reply card or call 
800-243-7054. In Connecticut, 800-952-1073. Or 
write IBM Instruments, Inc., Orchard Park, PO Box 
332, Danbury, CT 06810. Outside the U.S.A. get in 
touch with your nearest Bruker-Spectrospin sales 
representative. 

--------- - - --- - -- - ---- - - ------ ----- ·-
Instruments 
Inc. 

I 

\___,,, 

\ 
\,____,, 
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SUNCOM : 574-2144 February 22 , 1986 

Professor B . L. Shapiro 
Editor , T AMU NMR Newsletter 
Department of Chemistry 
Texas A&M Univer~sity 
College Station, TX 77843-3255 

Temperature Dependence of Relative LIS 

Dear Bar·ry: 

Milan Hajek (Prague Institute of Chemical Technology) and I have been 
working jointly on the problem of binuclear shift reagents over the last few 
years. During his visit to U.S. F. in 1983-84 we generated sufficient data 
that we are still discovering an occasional tidbit of new information. This is 
illustrated by some data we recently analyzed for the temperature dependence 
of the relative induced shifts for the cyclohexene-AgYb(fod)

4 
system. 

Table. Temperature Dependence of LIS for Cyclohexene-AgYb( fod) 
4 

T, 0 H-1 , H-2 H-3, H-6 H-4, H-5 

30 1.00 0 . 59 0.46 
10 1. 00 0.60 0.45 

0 1.00 0.60 0 . 48 
-10 1.00 0 . 61 0 . 49 
-20 1.00 0 . 61 0.49 
-30 1.00 0 . 61 0 . 50 
-40 1.00 0.63 0 . 51 
-50 1.00 0 . 63 . 0.52 

a Ag Yb (fad) 
4 induced sh ifts; bLIS normalized to H-1, H-2. 

Joop Peters and I reported last year (TAMU Newsletter 319 - 26) that a 
temperature dependence of the relative LIS is observed when there is a sig­
nificant contact contribution to the total induced shift. The relative shifts 
repo1·ted here for cyclohexene are essentially constant (standard deviations 
are 2-3°0), and this provides further support for our arguments that the LIS 
induced by binuclear shift reagents are largely, if not entirely , pseudocontact 
in origin (D.J. Raber and M. Hajek, Magn. Reson . Chem., in press) . 

Sincerely, 

· · ~ J . Raber 
THE UNIVERSITY OF SOUTH FLORIDA IS AN AFFIRMATIVE t~I~~ lisUAL OPPORTUNITY INSTITUTION 
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Date 
Your reference 

Our reference 
Subject 

i 
-1 

State University of Utrecht 

Institute of Molecular Biology 1 

Padualaan 8 ' 
P.O. Box 80.063 
3508 TB Utrecht 
The Netherlands 
Telephone 030 - 532995, 

Professor B.L. Shapiro 
Department of Chemistry 
Texas A and M University 
College Station 
Texas 77843 
USA 

January 28, 1986 

Cardiotoxicity of the anti-cancer drug adriamycin as expressed in 31p NMR 
spectra of rat heart 

Dear Prof. Shapiro, 

During the last three years I have Jbeen involved in research on the mechanism 
of action of the anti-tumor drug adriamycin. Although this drug is very 
popular in routine clinical practice, its use is restricted by a specific, 
dose-dependent heart toxicity. In t"\le course of studies, aimed at elucidating 
the molecular mechanisms responsible for this cardiotoxicity, I have carried 
out 31P NMR experiments on the eff~cts of adriamycin (ADM) on the energy 
metabolism of rat heart in vivo (in collaboration with Dr. W.P. Aue and 
Prof.dr. J. Seelig, Basel). Despite considerable progress in the field of 
localized in vivo NMR spectrometry iduring the last couple of years, it is still 
extremely difficult to acquire high resolution spectra of deeply buried 
organs in small animals via an entirely non-invasive approach. For this 
reason, we decided to focus on the iheart of the rat by surgically implanting 
a small solenoidal coil around it. iBy this choice of the experimental approach, 
we obviously gave up the claim of ~on-invasiveness of NMR. Mor~ importantly, 
however, it enabled NMR signal to be picked up from the organ of interest 
exclusively without significant contamination with spurious signals from 
surrounding tissue. 

Figure 1 shows a series of 31P NMR ispectra (approx. 6 min each) acquirecj. ·before · 
and after injection of 25 mg ADM/kg at t=O. Spectra were collected at 32.4 MHz 
on a Bruker BNT-80 system. Clearly ! only phosphocreatine (PCr) levels are 
significantly affected. Fig. 2 is a compilation of the data obtained on the 
dos-dependency of the acute effect~ of the drug on the PCr levels of rat heart 
(as% of control peak intensities before drug administration). Increasing 
loads of ADM lead to a progressive idepletion of PCr. Although the above 
ADM-induced effects may not seem tc;>_ be dramatic (the highest dose removes 20% 
of the PCr), it should~! realized !that we are looking at the consequences 
of a single injection. P NMR data on the cardiac energy status of rats treated 

I ' 
' J , __,,, 



i\ 

330-11 

with multiple doses of ADM during a period of 2 weeks demonstrated a pro­
gressive decline in the PCr/ATP peak ratio (not shown). 

In summary, both the acute and chronic cardiotoxicity induced by adriamycin 
are accompanied by a dose- (and time-)dependent decrease in the concentration 
of high-energy phosphates (esp. PCr) in rat heart. 

Sincerely yours, 

X'.1oosl4i~ 
Klaas Nicolay 

__.__~__,---'-
10 0 -10 -20 10 0 -10 -20 

PPM PPM 

Fig. 1: Acute effects of ADM 
on 3lp NMR spectra of rat heart 
in vivo. Peak assignments: A, 
phosphomonoesters; B, phospho­
diesters; C, PCr; D, E and F, 
y-, ~- and $-ATP, resp. 

-a; 
:E 
.6 
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~ 

ADM mg/kg 

~ 
100 

80 
25 

60.___...__ _ _._ _ __.__ _ __._ _ __. _ __, 
0 1 2 3 

Time(hrs) 

Fig. 2: Dose- and time-dependence 
of acute effects of ADM on cardiac 
PCr levels. 

Please credit this contribution to the account of Dr. M.J.A. de Bie 
(University of Utrecht, The Netherlands). 
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MASSACHUSETTS GENERAL HOSPITAL C9Allr8 HARV ARD MEDICAL SCHOOL 

Please reply to 

Massachusetts General Hospital 

Boston, Massachusetts 02114 •• I 

' February 6, 1986 
i 

Ernst Angle Enhancement in Spin Echo Sequences 

Professor Bernard Shapiro 
Department of Chemistry 
Texas A&M University 
College Station, TX 77843 

Dear Barry, 

In our preliminary attempt,s at imaging a solid object 

NMR LABORATORY 

(617) 726-3081 

using NMR, we unwittingly encountered a problem incorporating 
Ernst angle (1) enhancement of the signal-to-noise ratio into 
our pulse sequence. Our one-dimensional spatially resolved 
experiment used a standard spint echo RF sequence with high power 
proton decoupling, and short, iptense phase-encoding gradient 
pulses. 

i 

Since the recycle delays n6rmally required are quite long 
- about 20 to 60 seconds - we ~ried to use smaller flip 
angles in place of the nineties:, together with shortening the 
recycle delay. The resultant fading signal forced a few 
moments of deep reflection - culminating in the marvelous 
insight (doubtless having been a~hieved independently by 
others) that the desired incr~ase in overall signal-to-noise 
enhancement is predicated on ~~aving some residual magnetization 
along the positive z-direction.; The 180-degree pulse, of course, 
inverts that magnetization, and makes the steady-state response 
of the spin system even weaker 1than using 90-degree pulses at 
the faster repetition rate. 

There are several escapes ,from this dilemma. One can 
add a 180-degree flipback pulse (2) at the end of the signal 
acquisition, which restores the z-component of magnetization 
to its proper place. This did ;indeed allow a significant 
increase in overall signal-to-noise ratio in a fixed total u 



time. Alternatively, one can use for the first pulse, 
instead of a flip angle given by 

cosoC. _ -recycle/Ti 
- e ' 

the supplement of that angle. Finally, one can, at least 
in the case of certain imaging applications, produce one's 
echoes by gradient reversals instead of RF pulses. Such 
gradient echoes coupled with small flip angles have been 
recently reported from several sources . (3), although we have 
neither read nor heard about explicit considerations of · 
Ernstian-type enhancement when spin echoes are part of the 
experiment. A short manuscript is in preparation. 

These measurements were performed at the Francis Bitter 
National Magnet Laboratory at the Massachusetts Institute 
of Technology. JLA expresses his gratitude to Bob Griffin 
for some financial support and much tolerance received 
while on (what became permanent) sabbatical from the 
University of Cincinnati. 

Daniel P. Raleigh, 
MIT 

n ~ 
Jerome L. (The Other?) 
Ackerman, MGH 

1. R.R. Ernst and W.A. Anderson, Rev. Sci. Instr. r!_, 
93 (1966). 

2. J. Tegenfeldt and U. Haeberlen, J. Magn. Reson. l§_, 
453 (1979). 

3. For example, P. van der Meulen, J.P. Groen and 
J.J.M. Cuppen, Magn. Reson. Imaging 3, 297 (1985). 
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TH Delft 
Delft University of Technology 

Your reference and date Our reference 

Subject 

Dear Professor Shapiro, 

I 
I 

Department of Chemical Engineering and Chemistry 

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

University switch board: 
(015) 789111 
Telex 38151 bhthd nl 

Professor B.L. Shapiro 
Department of Chemistry· 
Texas A & M Uhiversity 
College Station, Texas 77843 
U.S.A. 

Office telephone 

(015) 78 5879 

Sub-division 

Date 30. 01, 1986 

Aluminum[III) complexes as studied 1 with multinuclear NMR 
I 

We are· studying mixtures of polyhy~roxycarboxylates with· aluminum(III) 
because they appear to be much better calcium(II) sequestering agents than 
analogous mixtures with borate. Motekaitis and Martell (ref. 1) have 
performed pDtentiometric studies oh aluminum(III)· complexes with poly­
hydroxycarboxylates. The structure~ of several of the complexes they 
present seem rather far fetched to i us. Their suggestion that "C-13 and 
H-1· NMR should provide additional microscopic structural information" 
turrns out to be very optimistic. i 
On stereochemical principles we predict 13 different complexes for 
0-tartrato-aluminum(III) (coordinaiion number 6) resulting in 36 
carboxylate· and 36 hydroxyl C-13 NMR signals. The concentrations of the 
various complexes depends on the aluminum(III):ligand ratio and the pD of 
the solution. Ion:i:zation of u-hydr6xylgroups or hydration water complicates 
the pictures even more. : 
For an aqueous solution. of 0.5 M aiuminum(III) nitrate and 0.5 M glucaric 
acid at pD· 7·.2 we observed an incredibly large number of C-13 NMR signals 
[Fig. 11 indicating the complexity 1 cif this problem. Thus we may say 
that conclusions concerning the st~ucture of complexes which are obtained 
from . potentiometric studies should ibe considered wit~ great. care (or even 
with suspicion). ' 
Further studies to elucidate some ~f these structures usin~ multinuclear 
NMR are in progress. 

Sincerely yours, 

<;Lrz ~~ 
* F. B'leichrodt 

Please credit this contribution 

ref. 1 R.J. Motekaitis, A.E. 

* present adress: LJSM, l~er:;earch 
When-- responding please quote. our reference. 

M. van Duin 

to 1the account of our J.A. Peters. 
i 
I 

Mortell, Inorg. Chem. 23, 18 (1984) 
i 
i 

and :ratents, Gulu □ n, Tho Netherlands 

! 
' 
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fig. 1 50.3 MHz C-13 NMR spectrum of an aqueous solution of 0.5 M 
aluminium(III) and 0.5 M glucaric acid at p□ 7.2 (recorded 
on a Nicolet NT-200 WB, ·580 acquisitions, delay time 10.0 s 

and H-1 decoupled) 

68 
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TEXAS A&M UNIVERSITY 
DEPARTMENT I OF CHEMISTRY 

I 

COLLEGE STATION, TEXAS 77843-3255 
i 

February 21, 1986 

Dear Professor Shapiro: i 
' ' ! 
' 

Aluminum complexes as studied by ~otentiometry 

The letter by Bleichrodt and Van Duin (ref.1), citing the complex­
:i ty of their C-13 NMR spectra, makes the following three points rela-

' tive to our previous potentiometric study (ref.2) on this system: 
1, that our suggestion for furthe~ studies by other methods, in partic­
ular C-13 and H-1 NMR, to provid~ additional microscopic detail "turns 
6ut to be very optimistic"; 2, : that the number of stereochemical 
aluminum(III) tartrate complex isdmers possible, coupled with the added 
number of Al(III) tartrate comple~es formed by ligand hydroxyl dissoci­
ations, would lead to some 72 distinct C-13 NMR signals resulting in 
a very complex problem; and 3, · that the C-13 NMR (shown as Fig.1 in 
their letter) of a 1:1 . Al(III)-glucaric acid system at pD7.2 isso 
complex that conclusions concerning structure of complexes which are 
obtained from potentiometry should be considered with great care and, 

' parenthetically, even with suspicion. We offer the following points to 
show the scope and limitations of ; the potentiometric method, as well as 
some of the reasons why the syst~m reported by Bleichrodt and Van Duin 
cannot be compared with the potent:iometric results. 

The potentiometric method employed in the . manner reported (ref. 1) 
measures proton dissociation equilibria and stoichiometries of proton 
dissociation reactions, which iti turn lead to the determination of 
metal-ligand interactions. It doe~ not determine structures of complexes 
:in solution, but it does indica t~ metal ion-ligand coordinate bonding 
modes, and approximate geometric , arrangements of ligand donor groups 
may sometimes be inferred from wh~t is known about coordination require­
ments of the metal ion and sterid restri6tions of the ligand. Thus the 
term "structure" should be avoide4 in interpreting potentiometric data, 
lest it be taken too seriously lby non-specialists in the field. 

It is usually not possible ~o compare NMR data measured at high 
concentration (0.5 Min this cas~) with the results of potentiometric 
measurements at -0.001 M. For a , bi functional ligand such as glucaric 
acid the concentrations of polynuclear species (with the carboxylate 
functions coordinated to two different metal ions) increases as the 
square of the concentration. If intermediate hydroxyl groups are also 
:involved in metal ion coordination the concentration of polynuclear 
species would increase with a higher power of the concentra ti;:m of 
reaction species. The pH of 7.2 !§elected for NMR measurements is un­
fortunate because it is above the cut-off value cited in ref.2 where 
hydrolysis of the Al ( III )-glucar:i.c acid complex begins. Under these . I 

conditions one would expect partial hydrolysis of the Al (III) (i.e. , 
hydroxo complexes are formed), thus leading to more cross linking. 
~alid comparisons between two typ~s of measurements of complex systems 
,can be made only by careful contr;o1 of ionic strength, temperature, pH 
and other factors that affect the equilibrium such as concentrations 
and molar ratios ~f the components. Variations of these conditions 
within allowable limits are nec~s~ary to determine the various species 
present. 

I 



The use of NMR for the determination of the donor groups bound to 
a metal ion ( by measuring chemical shifts of neighboring groups) is a 
valuable technique, a fact that is attested to by over a hundred pub­
lications in the field. 

Sincerely yours, 

(pJ. <~v,:;te/4..±. 
R. J. Motekaitis A. E. Martell 

ref.1 F. Bleichrodt and M. Van Duin, TAMU NMR Newsletter, March, 1986. 

ref.2 R. J. Motekaitis and A. E. Martell, Inorg. Chem. 23, 78 (1984). 
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UNION CARBIDE CORPORATION 
SPEOAL TY CHEMICALS DIVISION 

P.O. BOX 670, BOUND BROOK, NJ 08805 

TELEPHONE: (201) 356-8000 

Union Carbide has an immediate opening for an NMR spectroscopist at 
our Bound Brook Technical Center located in central New Jersey. The position 
is in the NMR laboratory of the R&D Analytical Section. This laboratory 
currently is equipped with an IBM WP-200/SY with a C-13 CPMAS accessory, an 
IBM WP-270/SY, and a Varian CFT-20. An IBM/Bruker AM-360 is expected to be 
on-stream in March of this year. 

The successful applicant should have a Ph.D. degree in chemistry 
with experience in high resolution, high field multinuclear NMR. Experience 
in polymer analysis and 2-D, multipulse, and solid state NMR would also be 
helpful. The assignment involves co-responsibility for operation of the NMR 
laboratory and requires extensive interaction with other members of the 
technical staff. The focus of the NMR laboratory is on the structure 
elucidatioh of polymers and polymer-related materials. 

Interested applicants should send their resume to DR. K. POLLAK -
llNION CARBIDE CORPORATION, P. O. BOX 670, BOUND BROOK, N,J 08805. Salary and 
benefits are competitive and commensurate with qualifications and experience. r-, Union Carbide Corporation is an equal opportunity employer. 
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PURDUE UNIVERSITY 

SCHOOL OF SCIENCE 

February 12, 1986 

Prof. B. L. Shapiro 
Department of Chemistry 
Texas A&M University 
College Station, .TX 77 843 

13c CP /MAS of Carbanions. 

Dear Barry, 

DEPARTMENT OF CHEMISTRY 
1125 East 38th Street 
P.O. Box 647 
Indianapolis, Indiana 46223 
(317) 923-1321 

Except for changing my address on the writing paper for some months, I will 
report on a preliminary 13c CP /MAS spectrum of fluorenyl lithium that was 
obtained on our MSL-100 just before :1 left. As shown below, the 13c 

· spectrum (r.t., obtained from a THF ;solution) looks very much like the 
solution spectrum obtained at contact ion-pair condition, i.e. in diethyl ether 
(DEE) solution. But it differs signifi'cantly from the spectrum obtained in 
THF, orin better solvating media (U. I Edlund, OMR 12, 661 (1979)}. As · · 
expected, · the external cation salvation in DEE will not majorly affect the 
anion-cation interaction. Consequently, the charge distribution will be very 
similar to that present in the solid s'.tate. No dipolar broadening due to the 
coupling tci the quadrupolar 7Li nucleus is obvious at room temperature. 
Unfortunately, the Delrin signal masks the expected shift range for the C-9 
signal so we can not say if this is t t ue for this carbon as wen. But this was 
just 1;1 first shot. 

Best regi:n·ds, 

Ulf Edlund . . 
Visiting Professor 

UE:sf 

Indiana University-Purdu~ University at Indianapolis 
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Announcing the Varian VXR Series 
the ultimate in research NM R 

I I I 

Now "second-best" isn't even close. 

1 Unparalleled experimental 
I flexibility for virtually all 

NMR techniques, including 
imaging spectroscopy, CPI MAS 
and wideline solids, and high 
performance liquids. 

2 Patented zero-suscepti­
bility probes that of fer the 

highest guaranteed sensitivity 
on a wide range of nuclei, 
including the industry's only 
broadband switchable probe. 

3 Advanced RF architecture 
that sets a new standard 

in precision and stability for the 
most demanding experiments, 
including water suppression 
and multiple quantum 
spectroscopy 

4 A new modular design provides 
the flexibility to customize your 

instrument to meet your current and 
future needs. 

5 A data system and software 
that even the competition 

recognizes as the best in the industry 

6 Multiple operating modes­
from fully automated to 

complete manual control of all 
spectrometer functions. 

7 Operating frequencies to 500 MHz 
including both narrow and 

wide bore magnets, and horizontal 
bore magnets up to 33 cm. 

Varian-the first name in NMR 
for applications from materials science 
to biotechnology. 

ANOTHER 

varianil@DD5@@@il 
VARIAN NO. VIG-42371702 INSTRUMENT 

Varian's continuing 
commitment to 
excel lence and to your 
success extends beyond 
delivering the best 
instrument. We support 
you with the world's 
largest staff of NM R 
applications and service 
specialists. 
VXR systems 
are available now 
worldwide for 
demonstration and 
immediate delivery. 
For more information call 
(800) 231-5772 
In Canada, call 416-457-4130. 
In Europe, call Zug, Switzerland, 
at (042) 44-11-22; Darmstadt, 
Germany, at (06151) 7030. 
In Japan, call 3-204-1211. 

varian 
Varian Instrument Group, 
220 Humboldt Court, 
Sunnyvale, CA 94089 
• In Canada: 332 Guelph Street, 

Georgetown, Ontario L 7G 485 
• In Europe: Steinhauserstrasse, 

CH-6300 Zug, Switzerland 



Only Vari~n NMR can do this­
with a single MAGICAi: word! 

2D SHIFT COffE..ATION 

EXP!! Pll..&EtEal.lEN:E: HCCOAA 
DATE O9-t6--tl5 
SOL VENT COC1.. 3 
FILE C 

tETCC·R PU.SE SEQUENCE 
DBSEF,VE CARBCN 

FREGlENCY 50 . 309 MHZ 
SP£CTRAL WIOTH JOS.4 . 7 HZ 
2D SPECTRAL WIDTH 701.0 HZ 
ACG . TDE 0.167 SEC . 
DEUY TIME 0.933 SEC . 
Pll..SE NIDTM · 80 DEGREES 
NO . REPETITIONS 4 
NO. INalEHDITS 128 
SATED DEaJU1Lnm 

· ,SPIH RATE 2!1 HZ 
TA PAOCESSINB 

LUE BAOADEHINli 1.9S HZ 
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AUTOMATED HETERONUCLEAR CORRELATION --
MAGICAL provides not just automation, but intelligent 
automation. Here, an automated series of proton, carbon, 
0EPTGL, and heteronuclear chemical shift correlation 
spectra were performed on a sample of menthol, all by 
typing HCCORR. Each of these spectra was optimized 
by MAGICAL. The proton spectrum was checked at the 
end to ensure that it had sufficient signal-to-noise; if it 
didn't, the experiment would have been rerun. 

For the carbon experiment, where sensitivity is more of a 
problem, the signal-to-noise ratio was checked periodi­
cally during the course of the experiment, and the acqui­
sition terminated when a preselected signal-to-noise ratio 
was reached. Using this number of scans as a guide, 
conditions were then chosen for the 0EPTGL experi­
ment, and that series of spectra was then acquired 
and automatically combined (spectral editing) to 
produce subspectra containing, respectively, 
protonated carbons, CH carbons, 
CH2 carbons, and CH3 carbons. 

With 10 spectral information in hand, MAGICAL next 
determined the minimum spectral width for the heteronu­
clear correlation experiment for both protons and 
carbons (using protonated carbons only, as determined 
from the 0EPTGL experiment). The rest of the 20 param­
eters were also optimized based on the 10 experiments, 
and the 20 experiment was then acquired, processed, 
scaled, and plotted. From start to finish, the entire series 
of experiments required only 22 minutes. This time will, of 
course, vary from sample to sample, because the 
MAGICAL analysis is not "canned," but adapts to the 
requirements of each particular sample. 

Write or call Varian today to learn how you can 
achieve these results. Write MAGICAL NMR, 

Varian Marcom, 220 Humboldt Court, 
Sunnyvale, CA 94089 or call 800-231-5772. 

varian 



I♦ National Research Council Conseil national de recherches 
Canada Canada 

Division of Biological Division des sciences 
Sciences biologiques 

Ottawa, Canada 
K1A0R6 

Professor B. Shapiro 
Department of Chemistry 

-Texas A&M University 
College Station, TX 77843 

Dear Barry: 

January 29, 1986 

Title: Spectral simplification using selective pulses. 

A recent article (1) on the minimisation of Bloch-Siegert 
shifts when performing spin decoupling difference spectroscopy 
prompted us to write about the use of selective pulses to obtain 
simila~ information. The pink slips that we received also aided 
and abetted in this. 

The technique is a combination of two published ones (2,3}. 
The basic pulse sequence is 

gQo - T - goo gQo - T acq (+) 
X y y 

gQo - T - goo gQo - T acq (-) 
X Y •Y 

Protons coupled to . that inverted by the 1.80° pulse are refocussed. 
All others are not and are therefore subtracted. The final spect~um 
consists of the resonances for the inverted proton and those to which 
it is coupled. The addition of a go 0 pulse after the second delay 
(immediately prior to data acquisititn} results in coherence transfer 
to protons coupled to those which are coupled to that inverted. This 
is a 1-D selective relay experiment. The advantage of this technique 
is that there are no Bloch-Siegert shifts. The disadvantage is that 
all proton resonances contain anti-phase components. However, with 
judicious choice of data massaging parameters, followed by a 
magnitude calculation, one -can obtain spectra with resolution at 
least as good as that from a straight FT of the normal spectrum. 

The normal spectrum of the lactose derivative shown is the 
bottom spectrum. The sample is a diastereotopic mixture, The H-3 
protdn overlaps both H-3' and H-4' and therefore cannot be observed. 
The middle spectrum is that obtained using the basic pulse sequence 

Canada 
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with H-1 inverted. The top spectrum i's that obtained when the additional 
90y pulse is added. This spectrum permits the observation of H-3. The 
small peaks that occur in both spectra correspond to the glycerol moiety 
since its methine proton overlaps H-1. For both these spectra a T value 
of 40 milliseconds was used and the decoupler was used to generate the 
180° selective pulse (90° pulse 1e~gth of 60 milliseconds.) 

Best regards, 

~ 

Harold C. Jarrell Ian C.P. Smith 

7~ 
John K, Saunders 

References 

(1) M.A. Bernstein, Magn. Reson. Chem. 23, 882 (1985). 
(2) H.P. Hetherington, M.J. Avison and R.G. Schulman, Proc. Nat1. Acad. 

Sci. U.S.A. 82, 3115 (1985). . 
(3) I.D. Campbel1and C.M. Dobson, J.C.S. Chem. Comm. 750 (1975). 
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Drexel University• Philadelphia, Pennsylvani,1 ·19104 

College of Science 
Department of Chemistry 

February 1 O, 1986 

(215) 895-2638, 2639 

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

IOear Barry; 

POOR MAN'S IMAGING ON THE FX-90Q 

In response to your latest reminder, we report a technique which allows us 
to do lo-., resolu_tion NMR imaging with a commercial spectrometer. On our JOEL 
i='X-90 spectrometer, the pulsed field gradient (standard homospofl un1t) has 
IJeen used to generate the spatial resolution required for one dimensional 
imaging experiments. A single 90°' pulse is used in combination \iith the field 
gradient during data accusition. The available field gradient of 0. 05 T Im gives 
us a spatial resolution for protons of ca. 1. 3 kHz/mm. Therefore, it is possible 
to generate a one dimensional image of a sample contained in a 10 mm sample 
~ube Vii thin a 15 kHz \iindow. PMMA p 1 ugs were cut to fit into 10 mm samp 1 e tubes 
fto test the resolution of the technique. The details of the plugs are sho-.,n in the 
figure. The plugs were then placed in sample tubes containing water for 
tmaging. The images shown in the ftgure correspond to different orientations of 
the plug; with the cuts oriented perpendicular and parallel to the field gradient. 
The spectra yielded the expected one dimensional images though the spatial 
resolution was limited to ca. 1 mm. In the future we exp.ect to interface the 
:~pectrometer computer with a main frame computer. This will enable us to use 
image reconstruction techniques to combine several one demensional images 
taken at different sample orientations to generate a two dimensional image. We 
11lso plan to extend this work to solvent dfffusfon in polymeri.c sol1ds. 

Sincerely, 

frank D. Blum, 
Stephen Pickup 

Colleg~, of Busirwss and Administration College of Information Studies 
College of Humanities anti Social Sciences 'au, College of Engineering• Evening College 

Nesbitt College of Dbsign, Nutrition, Human Behavior, Home Economics• College of Science 

I -
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The Univers·ty of Western Ontario 

Department of Chemistry 
Chemistry Building 
London,Canada 
N6A 587 

February 11, 1986 

An example of acetate incorporation via the TCA cycle 

Dear Barry, 

Here is my belated response to your multicolored memo barrage. 

An examinatioj of the biosyrithesis of pyoluteorin (1), a bacterial 
phyt,:,toxin of several pJeudomonas spp, has recently been completed. · This was 
of interest because its !structure suggested its origin from a tetraketide 
having proline -(or equi~alent) as the starter unit and incorporation 
experiments with c1,2-13

1

c 21acetate have confirmed that such an intermediate 
from the tricarboxylic acid (TCA) cyc4e is involved. 

o~rl(~ ----- Cl ... < ... 11 jN 

OThe 13~spect -um of enriched-1, initial~:ta~ed l aceton•-9• 
did not provide all of the required data because of broadening of the ortho 
patt,ern and overlap of tihe para-c and C-2 absorptions. Consequently the 

I 
sol v,ent was changed to co3oo but the sample was not examined for several days 
at which time it was evident that not only were the c-2 and para patterns 

, I . 

overlapped but the latter revealed that partial exchange had occurred at the 
meta positions. This scimple was again examined a few weeks later from which 
it was clear that furthJr H/D exchange had occurred. To get a spectrum in 
which each pattern was d1early resolved, the enriched-1 was converted to its 
o,o-diacetate and examiried in coc13 solution giving the spectrum shown in 
Fig .' 1. From this spectrum it is apparent that c-4, -5 and the aryl carbons 

I 

are '.more highly enriched than c-1, -2 and -3 and the latter lacks the 
prominent satellites exhibited in each of the other patterns. The enrichment 
levels were found to be l(±0.1): aryl carbons, 2.8%; C-4, -5, 2.2%; C-1, -2, 
-3, 0.6%. These values are averaged from measurements in all spectra except 
for the meta-carbons, for which a reliable value was only available from the 
acetone solution. In the first two turns the TCA cycle generates praline 

I 

entities with the labelling patterns: I . 

OcA) ocJ::> 
·2 2 



Thus, the observed enrichment levels are entirely consistent with 
the original premise utilizing proline (or equivalent) from the 1st and 2nd 
turns of the TCA cycle. The fact that inadvertent exchange occurred in co3oo 
was a small disadvantage but did not affect collection of the requisite 
data. Only a few other examples of acetate incorporation via the TCA cycle 
have been reported. 1 

Perhaps, this will reinstate my TAMU newsletter "subscription". 

Sincerely, 

J.B. stothers, 

1. T. Reffstrup and P.M. Bell. Acta Chem. Scand. Ser. B 34, 653 (1980); 
P.S. steyn and R. Vleggar. J.c.s. Chem. Commun. 652 (1982}, 1189 (1985); 
J.E. Holenstein, A. stoessl, H. Kern and J.B. stothers. can. J, Chem. 
62, 1971 (1984). 

c-1 C=O 

170 150 e~~B 
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Figure 1 
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I♦ Energy, Mines and 
Resources Canada 

Energie, Mines et 
Ressources Canada 

Research and Technology Recherche et Technologie 

Canada Centre for Mineral 
and Energy Technology, 

Coal Research 
Laboratories 

Prof.B.L.Shapiro 
Department of Chemistry 
Texas A & M University 

Centre canadien de la technologie 
des mineraux et de l'energie, 

Laboratoires de Recherches 
sur le Charbon 

College Station, Texas 77843 

Your life Votre reMrence 

Our file Notre ,~terence 

Feb. 12, 1986 

Cross Polarization - Induced Explosive Decomposition of Certain 
I Electrically Conducting Polymers 

Dear Prof. Shapiro, 

In order to ini tiatr my subscription to the TAMUNMR Newsletter, I would 
like to share a recent experience that indicates that nmr is not the safe 
profession that I had a?ticipated it would be. It is already well known that 
sample - induced rotor failures may arise from chemical interactions due 

primarily to the presenbe of liquids . or surfactants in the sample. 1 However, 
we appear to have encbuntered an even more hazardous situation in solid 
state nmr studies of ce~tain electrically conducting polymers, including 
polythiophene, polypyrrble, and copolymers of thiophene and pyrrole. 

The polymers were kynthesized electrochemically on a conducting glass 

electrode (a 2.0 cm
2 

• r eet coated with Sb doped Sno2 ) with a 4 cm
2 

Pt flag \_. 

electrode used as a cathode. 2- 6 Th~ electrolyte was tetrabutylammonium 
perchlorate in acetonitrile. Other common electrolytes include : Agc10 4, 

LiCl0 4, AgBF 4, KBF 4, NaBF4, etc. 3 The polymers were mechanically removed 
I . from the anode , washed and dried. A Bruker CXP200 nmr spectrometer 
I 1 3 . . . 

operating at 50.3 MHz ~or C observation was used. Relevant experimental 
conditions were as follows: 90° pulse width .5 µs, 1 ms contact time, 50 ms 
di polar decoupling (at j12G) and 5 s recycle delay. 

In attempting nmr analysis of these polymers the first cross 
polarization sequencd in each case was immediately followed by the 
catastrophic failure /or the boron nitride rotor. The disintegration of the 
rotor resulted in the tachometer/strobe light attachment being blown apart, 
as was the coil. The upper section of the probe was blackened and the entire 
probe required extensi ~e and careful cleaning before re-use. The extent of 

I . 

the damage was fortuitously minimized to some extent by the nature of the 
Bruker probe design, bJ t more serious consequences could be en visioned for 
different probe designs where more critical and/or expensive components 
might be subjected to J the full force of the rotor disintegration. This 
phenomenon has been subsequently confirmed as arising from the extremely 

I violent, explosive dec0mposition of the polymers themselves as a consequence 
I 

of the application of the high power decoupling (representing several 
I hundred watts of rf power). The effects noted above resul ted from the 

detonation of as littl e as 30 - 50 mg of polymer. 
It is important tb note that prior to our attempts at nmr analysis the 

di f ferential scanning calorimetry (DSC) analysis of these polymers was L 

Canada 



/\, 

undertaken (heating rate of 20°C/minute over the range 50°C to 450°C) with 
no abnormal effects noted. 

It has been previously reported that polythiophene perchlorate films 

were not stable even in vacuum or inert atmospheres. 3 A well washed and 
dried film burned itself out in the absence of oxygen, this phenomenon being 
attributed to electrostatic sparking, when films were suddenly shocked and 

touched each other. 3 Furthermore, a study of conducting polymers by Devreux 

et al 7 included per chlorate derivatives, but employed relatively low power 
decoupling fields (6G) as compared with the present experimental conditions. 
We conclude that, at the very least, all perchlorate derivatives of these 
electrically conducting polymers be treated with extreme care. 

This experience prompts us to make several suggestions regarding 
preliminary testing of polymers that may conceivably behave similarly. While 
it is suggested that preliminary DSC and/or thermogravimetric analysis (TGA) 
experiments at high heating rates (and to high temperature) be performed on 
suspicious samples (thus sacrificing someone else's equipment, however), the 
failure of this screening process in the present case indicates that 
secondary measures be considered. In particular, we suggest two 
possibilities. First, we have found that these samples could be detonated by 
the application of a spark from a solid state piezoelectric gas igniter. 
Second, it is possible, albeit less desirable, to pulse a small sample in 
the probe while outside the magnet. This sample should not be in a rotor, 
but some other suitable temporary sample holder open to the air. 

1. 
2. 
3. 

4. 

5 . 

6. 
7. 

R.A.Hearmon, J.Magn.Reson.,63,425 (1985) 
B.L.Funt, E.M.Peters, J.D.Van Dyke, J.Polym.Sci., in press 
K.Kaneto, K.Yoshino, Y.Inuishi, Technical Reports of Osaka University, 
Vol.33, No. 1693, pp 75~79, March, 1983 
R.H.Baughman, J.L.Bredas, R.R.Chance, R.L.Elsenbaumer, L.W.Shacklette, 
Chem.Rev., 82, 20Q (1982) 
K.Kanazawa, A.F.Diaz, R.H.Geiss, W.D.Gill, J.F.Kwak, J.A.Logan, 
J.F.Rabolt, G.B.Street, J.Chem.Soc., Chem.Commun., 853 (1979) 
K.Kaneto, K.Yoshino, Y.Inuishi, Jpn. J.Appl.Phys., 21, L567 (1982) 
F.Devreux, G.Bidan, A.A.Syed, C.Tsintavis, J.Physique,46 ,1595 (1985) 

Sincerely, 

yai\,\,J It-~ 
Dr.David E.Axelson 
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[D§[lliJ 

Oklahoma State University 
Department of 'Chemistry I (405) 624-5920 I Stillwater, Oklahoma 74078 

2/13/86 

Dr. B. L. Shapiro 
Department of Chemistry 
Texas A & M University 
College Station, TEXAS 77843-3255 

Title: HETCOR 2-D AnalyJ is of 3,6-Dibenzylhexahydro~8a-methoxy-5H-4a,8-(methano-
1 -

selenomethano)-2_!!-pyrido[3,4-e]-l,3-oxazine 

Dear Barry: 

We have been able to isolate a rather complex, tricyclic system from some of 

our recent work with selenane derivatives. The title compound was found to have 

a complex 1H NMR spectruk as can be seen from the enclosed printout but the 13c 

spectrum did appear somel hat cleaner. In any event, it was not possible by only 

a perusal to assign any kignals and a HETCOR 2-D plot was originated. As can be 

f h . I 2 D 1 . · 1 1H . 1 . h h seen rom t e accompanying - pot, it is easy to corre ate signa s wit t e 

corresponding 13c signalb .for most of the atoms involved. This is a classic case 

of the utility of HETCORI 2-D plots for unraveling such complex structures. We 

know the structure is the correct one from a very recent X-ray diffraction anal­

ysis of a single crysta~ but we had predicted this structure in advance. It is 

rare for such predictions to come true for so complex a material but this did. 

We trust this meets the contribution required by the TAMU NMR newsletter. 

Best regards. 

Sincerely yours, 

K. Darrell Berlin 
Regents Professor 
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XEROX 
WEBSTER RESEARCH CENTER 

800 Plzi/lips-Road. 0114-UD 
Webster, N.Y. 14580 

January 28, 1985 

Dr. B.L. Shapiro 
Texas A&M University 
Department of Chemistry 

I 
College Station, TX 7?843 

Software Enhancements for the BNC-28 Computer . 

Dear Barry: 

Our Bruker WP-80 spect1ometer is equi_pped with a BNC-28 computer. Since this 
computer ( as we 11 asl the spectrometer) has performed so consistently 
reliably over the past 9 years we have been reluctant to replace it with an 
Aspect-2000. The software, however, has a number of inconveniences, not the 
least of which is th J absence of a horizontal ppm scale on the plotted 

I 
spectra . We have written a software overlay for FTNMR version #71125 which 
rectifies this deficiehcy with two new commands. The first, TX, asks for the 
major and minor ppm ti~ spac~ngs, and the second, PT, plots both the major 
and minor tic marks in f single pass. Our overlay also modifies the F (cursor 
ha1~dcopy) subcommand of the C (cursor) routine so that the cursor ppm as we 11 

as frequency ·values J re printed . Finally, the assign cursor (EP,C,A) 

routine and the set ri ~ht and left limits (SL or EP,F) routine for plotting 
and peak printout acdept the more convenient ppm rather than frequency 

units. I 

We would be happy to make this pape~ tape overlay available upon request to 
anyone who still posseJ a BNC-28 relic. 

Sincerely, 

Samuel Kaplan 
(716) 422-4784 





8th European Experimental NMR Conference 

This meeting is held every two years and is devoted to 
the experimental aspects of nuclear magnetic resonance 
spectroscopy. This year the scientific program will cover 
biomedical NMR, two-dimensional spectroscopy, high 
resolution NMR in the solid state, • the study of atomic 
motion in solids, stochastic NMR, quantitative measurements, 
the prospects for very high magnetic fields, magnetic 
resonance imaging, and in vivo NMR. The 8th EENC will be 
held near Spa, a resort in the East of Belgium, June 3-6th 
1986. Participants will be housed in the Hotel Sol Cress 
where all the scientific sessions will be held. There will 
be invited lectures, poster sessions and a scientific 
instrument exhibition. The Conference Secretary is 

Professor J. Reisse, 
8th E.E.N.C., 
Universite Libre de Bruxelles, 
Chimie Organique E.P. (CP 165), 
50, Avenue F.D. Roosevelt, 
B-1050 Bruxelles, 
Belgium. 

Registrations should be received by 1st May 1986. 



(\ The NMR evolution continues: 

COSY3 spectrum, 512W x 512W. The experiment 
time, incl. transform, was less than 15 minutes! 

.!5 2 . ,11 2 .3 2.2 2 

Finally-a pulse programmer that doesn't 
limit your imagination. 
Available only with Bruker AM systems. 
The model at left could repre­
sent an experiment you will want 
to perform tomorrow. With the 
flexibility of Bruker's new AM 

pulse programmer, you will 
be ready. Our new pulse 

programmer for the 
AM series offers a 

staggering capa­
bility for control of 
the RF phases 
- better than 1 
degree, routinely. 

Take the COSY3 
experiment 
shown at left as 

an example. It 
requires separate 

phase control of 
the transmitter and 

receiver; and saves up 
to 25% of the acquisition 

time compared to the more 
common experiment. And in 
respect to processing time the 
Bruker AM spectrometer with 
super fast array processor is 
unmatched-only 15 seconds 
were required for this 512W x 
512W experiment. Yet with all 

this power the AM spectrometer 
is surprisingly easy to use. 

The incomparably powerful 
NMR data system, combined 
with an unmatched range of 
accessories including CP/MAS, 
ultra-fast fiberoptic data com­
munication and a proven 
automatic sample changer, 
make it ideal for literally 
any application. 

And to complete the package, 
Bruker AM systems come with 
standard user-friendly, menu­
driven software and comprehen­
sive automation in a series 
of systems from 200 to 500 MHz. 

Our installation record is sec­
ond to none: more than forty 
500 MHz systems worldwide. 

Take the restraints off your 
imagination-ask for the full 
AM Series documentation. 

Bruker Instruments, Inc. 
Manning Park, Billerica, MA 01821 
In Europe: Bruker Analytische 
Messtechnik GmbH, Silberstreifen, 
0-7512 Rheinstetten 4, W Germany 

NM R systems designed to solve problems. 



Bru~er delivers. 
Applications Support 
Our worldwide application laboratories 
have earned a reputation for being 
responsive to your specific requests. It 
is this commitment to support which is 
your prime benefit. 

Service 
We know how vital instrument availabil­
ity is. That's why we continue to place 
our factory-trained service engineers in 
strategic locations as close to you as 
possible. We offer maintenance con­
tracts in addition to our basic full year 
warranty. 

Technology Support 
We actively support the exchange of 
ideas within the NMR community 
through sponsorship of many interna­
tional and local meetings and associa­
tions, and through participation in 
major symposia and exhibitions. Our 
newsletter BRUKER REPORT keeps 
you informed about technical develop­
ments and new applications. If you 
have any questions about NMR, let us 
know. We are totally committed to you 
and to NMR. 

Main Office...,.. U.S.A. 
BRUKER INSTRUMENTS, INC. 
Manning Park 
Billerica, MA 01821 
(617) 667-9580 

Bruker Sales and Service Offices 
West 
IBRUKER INSTRUMENTS, INC. 
e880 Zanker Road 
~uite 106 
San Jose, CA 95134 
1

(408) 434-1190 

~idwest 

1

BRUKER INSTRUMENTS, INC. 
.5111 Academy Drive 
:Lisle, IL 60532 
(312) 971-4300 

1

~outheast 
1

BRUKER INSTRUMENTS, INC. 
~411 Silverside Road 
I 

l~ebster Building 
puite 107, Concord Plaza 
filmington, DE 19810 
(302) 478-8110 

bouthwest 
1

BRUKER INSTRUMENTS, INC. 
9450 Grogans Mill Road 
~uite 115 
~he Woodlands, TX 77380 
(713) 292-2447 

!Canada 
1

BRUKER SPECTROSPIN CANADA, LTD. 
555 Steeles Avenue East 
.:Milton, Ontario, L9T 1Y6 
'(416) 876-4641 

l est Germany 
BRUKER ANALYTISCHE MESSTECHNIK GMBH 
Silberstreifen 
07512 Rheinstetten 4 f el. (0721) 51 61 O 

BRUKER MEDIZINTECHNIK GMBH 
Wikingerstrasse 13 
p-7500 Karlsruhe 21 f el. (0721) 59 67 O 

BRUKER-FRANZEN ANALYTIK GMBH 
~attenturmer Heerstrasse 122 
D-2800 Bremen 61 
f el. (0421) 87 00 80 

Switzerland 
~RUKER SPECTROSPIN AG 
lndustriestrasse 26 
CH-8117 Faellanden 
I el. (0182) 54 85 5 

D<7 
BRUKER 

(_><..) 

France 
BRUKER SPECTROSPIN SA 
34 Rue de l'lndustrie 
F-67160 Wissembourg 
Tel. (88) 94 98 77 

Nether/ands 
BRUKER SPECTROSPIN AB 
Bruynvisweg 18 
NL-1530 AB Wormer 
Tel. (75) 28 52 51 

Belgium 
BRUKER SPECTROSPIN S.A./N.V. 
Rue du Vindictive-Straat 2 
B-1040 Bruxelles 
Tel . (02) 7 36 11 38 

Italy 
BRUKER SPECTROSPIN SRL 
Via Giovanni Pascol i 70/3 
1-20133 Milano 
Tel . (02) 23 50 09 

Sweden 
BRUKER SPECTROSPIN AB 
Siigviigen 12 
S-18400 Akersberga 
Tel. (46) 764 68060 

England 
BRUKER SPECTROSPIN LTD. 
Unit 3, 209 Torrington Avenue 
GB Coventry CV4 9HN 
Tel. (0203) 46 37 70 

OXFORD RESEARCH SYSTEMS 
28 Nuffield Way 
Abingdon 
OXON OX 14 1RY 
l"el. (0235) 3 24 21 

Japan 
BRUKER JAPAN CO. LTD. 
21-5 Ninomiya 3-chome 
Yatabe-cho, Tsukuba-Gun 
lbaraki 305 
Tel. (0298) 52-1234 

Australia 
BRUKER (Australia) PTY. Lrn. 
P.O. Box 21, Earlwood 
New South Wales 
Australia 2206 
Tel . 02-5589747 

Sales and Service Representatives in 
most major countries in the world. 
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RII FOX CHASE 
l!I CANCER CENTER 
INSTITUTE FOR CANCER RESEARCH ■ 7701 BURHOLME AVENUE ■ PHILADELPHIA, PENNSYLVANIA 19111 

215/72B-6900 

Professor Bernard L. Shapiro 
Chemistry Department 
Texas A and M University 
College Station, Texas 77843-3255 

February 7, 1986 

Re: Replacement EPR Microwave Diode 

Dear Professor Shapiro: 

Since our Varian EPR is no longer being manufactured and spare parts are 
becoming increasingly difficult to get, we are establishing a stock of spare 
parts to help us keep our instrument in service. Some components are no 
longer available (sample cavity) and some soon won't be (hall probe), and most 
parts seem to be very expensive. 

A replacement microwave detector diode for the E-102E X-band bridge from 
Varian costs $495.00 and has an 8 month delivery time. Both prices, time and 
money, seemed excessive so we began a search for an alternate source. We have 
uncovered a standard manufactured device which comes as a complete .package 
with connectors identical to the Varian diode so that it can be replaced as 
easily as the original part. Our initial tests, using the weak pitch sample, 
show the performance to be equal to the original diode. 

The packa,ed shottky diode (Part #2086-6010-13) is available from MA/COM 
Omni Spectra, Inc., 21 Continental Blvd., Merrimack, NH 03054 at a cost of 
$149.80, and a field replaceable diode for this package costs a mere $30.00 
(Part #99gg':"4050-00). . 

\k would appreciate hearing from others that may have identified alternate 
sources for replacement parts. 

Sincerely yours, 

foDykstra 
RWD/m 

INSTITUTE FOR CANCER RESEARCH ■ AMERICAN ONCOLOGIC HOSPITAL 
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THE 
UNIVERSITY 
OF 
ILLINOIS 
JU 
ClHCAGO 

Department of Physiology and Biophysics (MIC 901) 
Box 6998, Chicago, Illinois 60680 
(312) 996-7620 

Dr. B. L, Shapir9 
Department of Chemistry 

I . 
Texas A&M University 
College Station, ITexas 77843 

February 14, 1986 

A Solids, Coordinate-Generating 

Subroutine 

Dear Dr. Shapiro: 

During diffJ rent calculations concerning interpretation of 
the nmr results ~n solids, we have developed and tested simple, 
b.ut very useful ~ubroutine which generate · x,y, z coordinates of 
atolllfl withi.n the !symmetric block of tmit cells. 

The input data are the relative x/A, y/B, and z/C coordin­
ates of atoms in lone tmit cell. Generated coordinates give the 
block Q:f; unit cells (NC* NC* NC) with atoms' numbering starting 
at the mos.t innet (central) unit cell. Such arrangement of atoms 

I is very convenient :f;or calculation of different types of lattice 

I 
sums. 

The encloseq listing of the program does not require 
:f;urther explanatt on. 

Dr-. Daniel Fi.at 
Professor of Phy iology 

and Biophysi cs 

RG:vr 

Enclosure 

Xo_urs . sincerely, 

Dr. ~:n~ 
Visiting Assistant Professor 
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C SUBROUTINE BLK GENERATE X,Y,Z COORDINATES OF ATOMS WITHIN THE SYMMETRIC BLOCK 
C OF UNIT CELLS. 
C NU - NUMBER OF ATOMS IN UNIT CELL 
C NC - DIMENSION OF REQUIRED BLOCK (3,5,7,9, ... ) 
C NT - TOTAL NUMBER OF ATOM WITHIN THE BLOCK 
C X, Y, Z - RELATIVE COORDINATES OF ATOMS 

SUBROUTINE BLK 
DIMENSION K~) 
COMMON /BCl , NC, NT 

*/BC4/X(2000, Y(2000), Z(2000) 
NT=NU*NC**3 
NCl=NC-1 
L=l 
Kl=l 

C STARTS GENERATING COORDINATES FOR SUCCESIVE UNIT CELLS 
40 DO 45 I=l, 3 
45 K(I)=0 

K(L)=l 
DO 50 Il=l, NCl 
NI=NU*Kl*Il 
K2=NU*Kl 
DO 50 12=1, K2 
NW=NI+I2 

~~~~:~~i~~:~~~~=ii 
50 Z(NW~=Z(I2~+K(3~*Il 

L=L+l 
IF(L.EQ.4) GO TO 60 
Kl=NC*Kl 
GO TO 40 

C CALCULATES NEX - NUMBER OF THE CENTRAL UNIT CELL 
60 NEX=NC/2*(NC**2+NC-l)+NC 

C STARTS RENUMBERING ATOMS - CENTRALL UNIT CELL WILL HA.VE ATOMS NO 1,2, ... 
DO 70 I=l, NU 
NS=(NEX-l)*NU+I 

~~~i~ 
ZT=Z (I~ 
~ i~ :~~~~~ 
z d =Z (NS~ 
X NSi=XT 
Y NS =YT 

70 Z NS =ZT 
RETURN 
END 
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THE 
UNIVERSITY OF 
CONNECTICUT 

The College of Liberal Arts and Sciences 
I 

Department of Chemistry · 
Box U-60, Ro?m 151 
215 Glenbrool< Road 
Storrs, Connet ticut 06268 

.. I 
Professor Bernard L. Shapiro 
Department of Chemist~y 
Texas A & M Universit~ 
tollege St~tion, TX 7~843-3255 

February 15, 1986 

Lone~P&ir Orientation and th• Maanitud• of On•-Bond 

t~H Cobplina Adjac•nt to H•t•roatoms 

Dear Professor Shapirl , 

It has been knowh for some eime that the magnitude of the one 

bond 13c-1H coupling bonstant for bonds adjacent to heteroatoms 

such as nitrogen and h xygen is dependent on both substituent 

electronegativit,y and \ the orientation of the C-H bond relative to 
. 1 

the non-bonded electrons of the hete~oatom. Thus, for example, 

the magnitude of 1 J a r the anomer,ic carbon in pyranosides is 

diagnostic of configuration at Ctl): 1JC-H of an axial C-H bond 

adjacent to an oxygen \ in a six-membered ring is invariably smaller 

than 
1

JC-H ot an equatorial bond112 . 

In the course of several mechartistic studies, we have had 

occasion to determine 1J for C-H .~onds adjacent to oiygen atoms in 

a wide variety ot acetals and ortho esters. As expected, the 

magnitude of 
1

JC-H in6reases monotonically as the number of oxygen 

a~~~s attabhed to the \carbon of f~terest increases: 1 J = 140.3, 

162,0, and 187.0 Hz f0r CH 30CH3 , (CH30) 2CH2 , and (CH30) 3CH, 
. .. I 

respectively. In addition, the difference in magnitude between an 

a~ial C-H bond_and an l~quatori~l C-H bond adjacent to oxygen in a 

six~membered ring remains a fairly constant 10 Hz regardless of 
I 

substibuenbs on the ring or the number of oxygens attached to the 
I 

carbon bearing the hydrogen. This useful correlation seems to be 
I 

confined to the second-row atoms. · Indeed,it has been reported 

that, very little, if J ny, directi~nal sensitivity is observed for 
1 J of bonds adjacent J o sulfur ih thio-D-glycosides2 . For this 

reason we were somewhJ t surprised ·to to find an 8.8 Hz differen 

An Equal Opportunity Employer 
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in the magnitude for the two one-bond couplings between C(Z) and 

the axial and equatorial hydrogens in cis-4,6-dimethyl-1,3-

dithane. We have been able to assign these couplings on the basis 

of spin-tickling experiments and, contrary to our expectations, 
1

JC(Z)-Hax > 1
JC(Z)-Heq This result is, of course, the reverse 

of the trend observed for 1J adjacent to oxygen (see below). 

A larger set of experimental data is needed before any firm 

conclusions can be drawn from this isolated (albeit surprising) 

example. The observation suggests that caution should be 

exercised in extrapolating from literature data on the 

conformational dependence of 1J derived from studies of systems 

containing second-row heteroatoms. 

Please credit this contribution to Professor Edward T. 

Samulski's account. 

1J 
C(2)-Hax 

lJ 
C(2)-Heq 

X = 0 

157 . 05 

167.05 

X = S 

153.7 

144.9 

1 
2P. E. Hansen, Progr. Nucl. M!.a=.. Reson. Spec., 14, 175 (1981) 

V. S. Rao and A, S. Perlin, Carbohyd. Res., 92, 141 (1981) 

;,i;~~rely, ~~/ 
·JJ JJJJOIIJL ~ -~-B1 · 
William F. Bailey 
Associate Professor 
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PHILIPPS-UNIVERSITAT MARBURG 
FACHBEREICH CHEMIE 

Priv. Doz. Dr. Stefan Berger 

I 
FB CHEMIE · HANS-MEERWEIN-STR. · D-3550 MARBURG 

MARBURG. DEN 17. 2. 85 
TELEFON (06421) 28-1 

DURCHWAHL: (06421) 28 5520 
Prof. B. L. Shapiro TELEX 402312 

Department of Chemi~try 
Texas A&M University 
College Station, Tetas 

An Increment System l for Deuterium Isotope Effects 

Dear Professor Shapiro, 

Although the detail l d understanding of deuterium isotope 
effects on 13c ch~mical shifts is still far from com­
plete some useful lcorrelations have been worked out 
recentlyl,2_ 
We want to communic::ate here a little systematic study, 
where in a rather festricted, but complete set of com­
pounds - all possifule 19 methylated benzenes with one 
deuterium atom - th~ deuterium isotope effects have been 
measured. D 

We wanted to compaFe these data with the known methyl 
group increments3 dn the 13c chemical shifts within the 
same compounds in otl-der to see _to some detail, whether a 
~arallelism exists !between thes. e data and the deuterium 
isotope effects. 
Al though a quantitative compa.rison has not yet been 
worked out, an irispection of the table reveals that 
there might be inc~emental behavior of isotope effects 
over one, two and more bonds depending on number and 
position of the met 

1

yl groJjs. 1 \ ;::...cerely yours 

(St ~~er) ;ii:~~ 
1) Wesener, J. R., Moskau, D., Gtinther, H., J. Amer. 
Chem. Soc. 1985, 107! , 7307-7311: 
2) Ktinzer, H., Berger, S., ibid. 1985, 107, 2804-2805. 
3) Dalling, D. K., Lladner, K. H., Grant, D. M., Woolfen­
den, W.R., ibid. 1177, 99, 7142-7149. 

I 

L 
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Table 1. Deuterium Isotope effects on 13c chemical shifts 
of monodeuterated benzenes 6 
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Ring Carbon Atoms Methyl Carbon Atoms 
1-deutero­
benzene 

a B B' 1 1' 6 1 ,, 6 6' s 

1-deutero- 283 111 111 11 

312 86 110 2-methyl 

3-methyl 

4-methyl 

280 106 110 11 

276 110 110 11 

2,3-dimethyl 309 79 

2,4-dimethyl 299 85 

2,5-dimethyl 304 85 

2,6-dimethyl 327 83 

112 9 

109 12 

106 2 

83 1 

3,4-dimethyl 274 104 111 13 

3,5-dimethyl 279 105 105 10 

2,3,4-tri- 306 78 112 10 
methyl 
2,3,5-tri- 316 80 108 4 
methyl 
2,3,6-tri- 340 79 87 4 
methyl 
2,4,5-tri- 298 87 104 
methyl 
2,4,6-tri- 323 83 83 
methyl 
3,4,5-tri- 276 106 106 10 
methyl 
2,3,4,5-tet- 306 79 109 
ramethyl 
2,3,4,6-tet- 327 77 85 9 
ramethyl · 
2,3,5,6-tet- 340 79 79 9 
ramethyl 
2,3,4,5,6- 340 79 79 10 
pentamethyl 

11 

7 

7 

11 

11 

10 

11 

1 

8 

10 

13 

12 

10 

13 

2 

9 

10 

4 

7 

6 

9 

2 

8 

10 

10 

7 

io 

12 

11 

11 

13 

13 

14 

61 

66 

62 

63 

63 

69 

64 

65 

60 

63 

70 

70 

65 

70 

63 

62 

63 

62 

65 

70 

8 Values in ppb, measured in solutions of unequal 
of deuterated and undeuterated compounds. a, B, 
values for carbon atoms clockwise, B', 1' and 6' 
for carbon atoms anticlockweise from the deuterium 

14 

13 

14 

13 

13 

13 

12 

14 

amounts 
y and 6 
values 

atom. 

12 

14 

-3 
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UNIVERSITAT TOBI NG EN 
PHYSIKALISCHES INSTITUT 

Prof. Dr. o. Lutz 

Professor B. B. Shapiro 
Department of Chemistry 
Texas A M University 
College Station 
Texas 77843 
U s A 

0-7400 TUBINGEN 1., den 21.02.1986 
Morgenstelle • 

Telefon (0 70 71) 29 67 14 

e2o - D2o - Sol~ent Isotope Effect on Magnetic Shielding 

Dear Barry, 

for years we investigated NMR signals of many heteronuclei, often 

in aqueous solution. We always had a look on the e2o - D2o 
solvent isotope r ffect on magnetic shielding for these nuclei. 

~or the definition of O SIE see the legend of the figure 1, 

v(D 20) means th~ Lamar freq~ency of the nucleus in question 

in D2o solution \. For a better comparison we have choosen small 

con~entrations, f ·l molal if . possible. In figure 1 results are 

given for some g f oups of the Periodic Table. 

The :following ru l es can be derived, 

Normally, the Larmor frequency of ionic nuclei is smaller in 

D2o ·than in e2o. 

The amount of the SIE increases with the atomic number. 

The .SIE is small for the alkali and large for the halide nuclei. 

But, for IIb-elements the SIE is anormal, that means positiv, 

but only for the \ IIb-nuclei in halide salt solutions. For the 

IIIb-elements the amount of the normal SIE decreases. 

. . . I . th . t. t. f th s th h th We are continuing 1n e 1nves 1ga 10n o e IE roug e 

Periodic Table aAa we hope to get more insight into the origin 
I 

of this solvent isotope effect. 

Sincerely yours 

. ~ . 

(Otto Lutz) 
(continued on page 45) 

i 
'----" 
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Only Varian 1 NMR can do this­
with a singl4 MAGICAi: word! 

50 

ETHYLENE--HEXENE COPOLYMER 
TRIAD ANALYSIS -----------------------------------------------

EHE CONTENT• 3 . 24 +I - O. 05 MOLE ?. 
EHH CONTENT• a. 09 +I- O. 13 MOLE ?. 
HHH CONTENT• a. 35 +/ - 0 . 18 MO~E 7. 
HEH CONTENT • 0 . JO +/- 0 . 03 MOLE ?. 
HEE CONTENT• 5 . 91 +I - 0 . 21 MOLE ?. 
EEE CONTENT• 90 II +I - O. 13 MOLE ?. 

HEXENE CONTENT = 3 . 69 +I - 0 . 08 MOLE ?. 
ETHYLENE CONTENT• 9 6 . 31 +/- 0 . 08 MOLE ?. 

RUN NUMBER• 3 . 27 +/ - 0 . 06 

AVERAGE ETHYLENE SEQUENCE LENGTH• 29 . 5 +/- 0 . 5 
AVERAGE HEXENE SEQUENCE LENGTH • I. I +/- 0 . 04 
NUI.IBER-AVERAGE MOLECULAR v.EIGHT • 1653 +/- 52 
MONOMER OISPERSITY• 88 7 +/- 3 . 4 

ANALYSIS TIME FOR FOUR TRIALS• 269 MINUTES 

45 ~ 
2 

22.., L..,-JL.J 
19 195 I 

66 

15 lj'M 
219 

l,J 10 
IJ 

AUTO~ATED QUANTITATIVE ANALYSIS 
I 

MAGICAL combines the functions of inJtrument control 
and data analysis. Here, a polymer corriposition analysis 
was performed automatically, with the r~sults plotted 
directly on the spectrum. I 
To run the entire analysis, the user simpl¥ typed ETHHEX­
(Filename,Analysis Time). Data were acquired under 
specified conditions, with acquisition terminating either at 
the specified limit or before, if a certain dignal-to-noise 
ratio was reached on the main-chain catibon resonance. 
The data were then automatically phase□ , baseline 
corrected, integrated, and the integrals Jf the relevant 
triad regions determined and stored in ~ file. These 
integrals were then manipulated by relevant equations 
and the spectrum and results plotted. The total experi­
ment was repeated four times to obtain precision 
estimates. 

Using MAGICAL, the user can automate virtually any 
analysis. With MAGICAL combining instrument control 
and decision making in real time, each analysis is 
performed not just routinely and precisely, but in an 
optimized fashion, allowing maximum use of valuable 
spectrometer resources at all times. 

Write or call Varian today to learn how you can achieve 
these results. Write MAGICAL NMR, Varian Marcom, 
220 Humboldt Court, Sunnyvale, CA 94089 or call 
800-231-5772. 

varian 



(continued from page 42) 

Solvent Isotope Effect as Function of 

Atomic Number 
SIE/ppm 

+10 

+ 5 

0 

- 5 

-10 

· -,15 

. Fig.l: 

' Zn 
1f1 Cd 

40 60 80 

Li • K Rb Cs • ~La 
Atomic 
Number 

©F 

®Cl tv 
, Sc 

, ~Br 

Solvent isotope effect as a function of the atomic 

number of the nu~lei of the different ~roups. For 7Li, 
89 · 

Y data are taken from: 

A. Loewenstein, M. Shporer, Chem. Comm., 214(1968); 

C. Deverell, K. Schaumburg. H.~. Bernstein, J. 

Chem . Phys. _!2, 1276(1968); 
89Y: c. Ha~sler, J. Kronenbitter, A. Schwenk, z. · ~hysik 

A280, 117(1977) 

The other data are taken from investigations of our 

group during all the years; reference list on request. 
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Department of Chemistry 

N:-CSU 
NORTH TEXAS · ST ATE UNIVERSITY 

_F 

February 18, 1986 

Pro:fessor 8. L. Shapiro 
I 

Department o:f Chemfstry Lithium Isotope Shifts · 
Texas A&M Universi}Y 
College Station, Texas 77843-3255 

I Dear Professor Shapiro: 

We were interl sted in the recent comments in TAMU NMR News-
' letter concerning ~he PERSCI disk drives on JE0L FX spectro-

meters. We have recently bought reconditioned drives :from EF 
Industries £or ourJ FX-90Q. We have had no trouble with these so 
:far and they were cheaper than JE0L's price :for a trade. 

I t-Butyllithium is a tetrahedral tetramer in hydrocarbon 
I solvent. We have found an additional pgak 0.02 ppm (0.3 Hz at 

13.19 MHz) upfield! :from t-butyllithium- Li which has a T1 relaxa­
tion timg at 26•c pf 111 sec compared to 161 sec :fort-butyl­
lithium- Li. The rwo peaks have the appropriate larger chemical 
shi:ft difference a~ 7.0 T, although we have not measured the 
relaxation at the higher :field strength. Given the reactivity 0£ 
t-butyllithium, we! immediately suspected some contaminant or 
decomposition prod~ct. However, the peak is apparently not due 
to oxygen contamination and is not consistent with Levis bases 
coordinated to thel tetramer <typically down:field of the t-butyl­
lithium peak). We think other aggregation states (e.g. dimers> 
would have a larger chemical shift difference that observed here. 

An additional possibility is ag isotopically sh➔:fted peak 
due to t-butyllithf um containing 3 Li nuclei and 1 Li nucleus. 
~i th the 94. SY. iso

1
topic-abundance o:f Li used ➔n this work, the 

Li resonance :for [the tetramer containing one Li nucleus would 
be 17.5¾ o:f the main peak. To our knowledge, this would be the 
:first observation 1

1

0:f lithium isotope s~i:fts. More importantly, 
it helps to explain the origin o:f the Li relaxation which is not 
well understood. <Wehrli,F.W. J. Magn. Reson. 30, 1978, 193) 

Assuming an ~sotopically shifted peak: 

R46Li4: 1/Tlo, s = 1/Tlother + 3/TlLi-6 = 1/161 

R46Li37Li: 1/Tlo~s = 1/Tlother + l/TlLi-7 + 2/TlLi-6 = 1/111 

I 6 Li-7 

!::~ri~~i~o~!~!=~~!
0
~:m!~~=bi~ev~~~s::c:h:£35~i~e!1calcu~:t!:

7 

P.O. BOX 5068 DENTON, TEXAS 76203-5068 
(817) 565-2713 

' 



from date for 6 Li6 relaxation of t-butyllithium containing 
natural-abundant Li, <Thomas, R. DothCP·D· Db5s6rtation, Wayne 
State University, 1981) assuming T1 = T1 < Li- H>, which 
was found to be 118 sec. 

l/T obs 
1 = l/T other+ 3 /T Li-7 

1 1 
= 1/59 

7 Apparently interaction wi~h Li nuclei plays a significant 
role in the relaxation of the Li nucleus in alkyllithium 
aggregates. We are currently carrying out isotope experiments to 
confirm the new peak as the isotopically-shifted tetramer. <If 
anyone can suggest some •experimental artifact 9 or other explana­
tion £or the observed peak, we would be anxious to hear from 
you.) 

We might add that since there is no 3-parameter fitting 
routine for the inversion-recovery data as part of the JEOL 
software, we have modified a Pascal program for the Simplex 
algorithm <Caceci, M. S.; Cacheris, W. P. Byte 9, 1984, 340-362) 
to run on our IBM-PC. We then use data generated by the fitting 
program as input to the program Plotcall, by Golden Software, to 
produce graph• such as that shown below with a dot matrix printer. 

Please credit this contribution to Alan Marchand'• account. 

Sincerely, 

--~ -<-f~~-<.,o---e,:O ~;;.ta~ 
Ruthanne D. Thomas 
Assistant Professor of Chemistry 

I I ' 
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WASHINGTON UNIVERSITY 
. 

ST . LOUIS, MISSOURI 63130 

DEPARTMENT OF C:HEMISTRY February 21, 1986 

Professor Bernard L. Shapiro 
Editor and Publisher 
TAMU NMR Newsletter 
Texas A&M University 
Department of Chemistry 
College Station, TX 77843 

PROTON DECOUPLED FlLUORINE NMR OF 2-FLUOR0-2-DEOXY-D-GLUCOSE IN SITU 

Dear Barry, 

As your readers are aware, we have been studying the metabolic fate of 
2-fluoro-2-deoxy-D-glucose (2FDG) in intact rat cerebral tissue in situ by 19F 
NMR (TAMU NMR Newsletter \no. 318, pg . 22, March (1985)). A compTTcating factor 
in these studies is that the fluorine nuclide can experience signifiiant scalar 
couplings (JFH) to neigh9oring protons which are on the order of the tissue 
resonance linewidths (0 . 2-0.4 ppm). This can result in a significant reduction 
of the achievable spectral resolution. In this case, removal of the (JFH) 
interaction, by proton d~coupling of the fluorine nuclide, will result in a 
greater apparent frequen dy resolution, and hence a greater signal-to-noise 
ratio, in the 19F NMR sp~ctrum of 2FDG and its metabolites . 

Proton decoupling of lnuorine is a technologically difficult problem in 
regard to achieving suffif ient rf isolation between two fr~quencies which are 
only seperated in frequen

1
cy by 6%. However, a geometrically orthogonal cross 

coil configuration will Rrovide adequate isolation (i.e., 40 dB at 2 watts pro­
ton power with an animal in place) between the observation and decouple chan­
nels. In addition, this type of coil arrangement will allow independent 
optimization of the efficiency of both decoupling and observation antennas. 

Sequentially obtained 19F NMR spectra, Figure 1, of functioning cerebral 
tissue in situ (male Sprague-Dawley rais, ca. 250 g) were taken ca. 2 hours post 
intravenous injection of l2FDG (200 mg/Kg) under either proton coupled or 
decoupled conditions. The top spectrum, obtained under proton coupled condi­
tions, reveals that only ~wo fluorine resonances can be observed. In contrast, 
the observation of five peaks, seen in the bottom spectrum, illustrates the dra­
matic improvement in freq~ency resolution obtained upon proton decoupling. 

JJHA/kk 

'"/Le_ 4,._0 Sincerely, 

Bruce A. Berko~1 

. ' 
.I ·. 

Jes'eph J.H. Ackerman 
Associate Professor 
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Proton Coupled vs. Decoupled 19F NMR Spectra of Rat Brain~ Situ 

a 

a 
Oppm 

a 
I 

a 

b,b' 

Figure 1 [Berkowitz and Ackerman] 

The top spectrum represents a 10 minute proton co~eled 19F acquisition . 
employing a two turn, 2 cm OD surface coil tuned for Fat 188.2 MHz and placed 
on the dorsal aspect of the rat's head. For decoupling, a two turn, 3 cm OD 
decoupling coil arranged in a Helmholtz fashion was positioned on either lateral 
aspect of the rats head; the decoupling antenna is independent of the obser­
vation antenna. The bottom spectrum represents a 10 minute proton decoupled 19F 
acquisition taken immediately before obtaining the coupled spectrum by gating 
the decoupler on, in a broad band fashion, at 3 watts during the acquisition and 
off for a set delay to achieve an average power of 1.8 watts. The resolution 
enhanced insert in the bottom spectrum illustrates the fine structure obtainable 
upon proton decoupling. The animal was under a non-fluorinated anesthetic at 
all times during this procedure and was sacrified at the conclusion of the 
experiment. 
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Professor B.L. Shapiro, 
Department of Chemistty, 
Texas A & M University, 
College Station, 
TX 77843, 
U.S.A. 

Dear Pr6fessor Shapiro, 

Department, of Physical & Inorganic Chemistry 
THE UNIVERSITY OF ADELAIDE 
GPO Box 498, Adelaide 
SOUTH AUSTRALIA 5001 

Telephone (08)-ff&-5300 228-5365 
Telex UNIVAD AA 89141 

28 January 1986 

our letter of 19 November 1985, Evan Williams 
We thought some of your readers might be 

As I mentioned lin 
has left for Palo Alto. 
interested in applying for the vacancy the details of which are as follows. 

I 
RESEARCH OFFICER IV I~ NMR SPECTROSCOPY 

A Research Officer IV lis required to manage and control the research 
support programs on tHe FT NMR spectrometers operated jointly by the 
Chemistry Departments.I 

Three instruments, a Bruker CXP300, a Bruker HX90E, and a Bruker WP80 
are utiiised primaril~

1 

for research undertaken by academic staff in the 
Chemistry Departments, but the incumbent would also be expected to act 
as a consultant to otHer users both within and outside the University 
as required, and to cdllaborate in the undertaking of research projects 
and the development of the facility. 

It is anticipated that the successfui applicant would have had several 
years research experie ce in the field of nuclear magnetic resonance. 
Some experience in the field of solid state NMR (PE/MAS) techniques 
would be an advantage. 

Qualifications: An appropriate degree from an Australian University or 
qualifi~ations recognised by the University as equivalent thereto. 
Salary: ·$(Aus) 36 728. 

Applications, together with the names and addresses of three referees, 
should be sent to Chai man, Department of Physical and Inorganic Chemistry, 
The University of Adelkide, .G.P.O. Box 498, Adelaide., South Australia 5001, 
by 31 March 1986. 

The position is also offered as an RO III at $(Aus)31866 in which 
case "undertaking of.research projects and the development of the facility" 

I • 

would not be part of the job specification. 

P.E.M. Allen 

L 



THE 
UNrvERSfTY 
OF UTAH 

Professor Bernard Shapiro 
Department of Chemistry 
Texas A & M University 
College Station, TX 77843 

27 January 1986 DEPARTMENT 
OF CHEMISTRY 

HENRY EYRING BUILDING 
SALT LAKE CITY. UTAH 84112 

An Efficient Double-Tuned 15C/ 1H Probe Circuit for High Field CPMAS NMR 

Dear Professor Shapiro: 

Recently we have developed an efficient double tuned 15C/ 1H probe 
circuit for high field CPMAS NMR, to replace the probe circuit used in the 
Bruker CXP-200. 

The features of this new probe circuit are as follows: 

(1) The tuning and matching can be adjusted separately in each 
channel and made exactly equal to 50 ohms. 

(2) An efficient isolation of the observation (15C) from the 
decoupling channel ( 1H) (about -40 db). 

(3) When the sample coil diameter is 0.38 inch, the 90 degrees pulse 
is 3.5 US, and it decreases to 2.3 US when the diameter is 0.24 
inch. 

(4) The sensitivity (S/N) of observation channel (15 C) for 90 mg of 
adamantane from a CPMAS experiment of ten scans is close to 70. 

ZOO.OZ MC/S 

lH 
.__....,__,.._~;:.__~ 

Figure 1. Schematic diagram of the CPMAS probe circuit. 

Sincerely, 

Vi Jin Jiang Ronald J. Pugmire David M. Grant 
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The University of rexas Medical Branch at Galveston 
Medical School I 
Graduate School of Biomedical 'Sciences 
School of Allied Health Science 1 

School of Nursing 

Marine Biomedical Institute 
Insti{ute for the Medical Humanities 
UTMB Hospitals at Galueston 

January 31, 1986 

ST~FF POSITION - NMR OPERATOR 

The University of T~xas Medical Branch seeks to hire an operator 
for its newly inst~lled JEOL GX270WB NMR spectrometer. The 
operator will be re~ponsible for maintenance, trouble shooting, 
and operation of th~ instrument in a multi-user arrangement. 

I 

Interactions with staff involved with our newly installed GE CSI 
(Chemical Shift Ima~ing, 4.7 Tesla) and Technicare human patient 
imaging : NMR instrum~nts will also be expected. A strong back­
ground in chemistry l and/or electronics is required; experience 
with Fourier transform, super-conducting magnets, and computer~ 
controlled spectrom~try is desirable, also an intent to grow with 
advances in NMR opetations. Salary is in the range $25-30K. 

I 

Contact: Dr. Leland L. Smith, University of Texas Medical 
I 

Branch, Galveston, TX 77550; . (409)-761-2811. 

The Magnetic Resonance Laboratory of Wright State University 
School of Medicine ~nd the Charles F. Kettering Memorial Hospital 
are seeking an MR SPiECTROSCOPIST to join its staff. A Ph.D., 
postdoctoral training in chemistry of an appropriately related 
field, and evidence lor research productivity with in vivo or in 
vitro MR are required. The successful applicant wi 11 be expected 
to es tab Ii sh a vi gor;1[ous independent research program and be ab I e 
to co I I a borate with Magnetic Resonance Laboratory users on the 
design and interpretation of MR experiments. The successful 
candidate wi I I be rJcommended for appointment to the faculty of 

I 

the Wright State University School of Medicine as an assistant 
professor in a suitJble department or program. 

The Magnetic RJsonance Laboratory currently has a whole 
animal spectrometer1 imager with a 40-cm bore 2.3T magnet, a 9-cm 
bore 360 MHz spectrometer equipped for so I ut ion and so Ii d-state 
spectroscopy, and a !human-body imager with a 1.5T magnet. 

Applicants should send curriculum vitae and the names and 
addresses of three rt eferences to: 

Dr. Gerald Alter, Chair 
Magnetic Resonance Center Search Committee 

Biological Chemistry 
Wright State University 

School · of Medicine 
Dayton, OH 45435 

To be considered, aP,pl ications must be postmarked prior to 1 May 
1986. Wright State !University is an Equal Opportunity/ 
Affirmative Action 1•ployer. 
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DEPARTMENT OF HEALTH&. HUMAN SERVICES 

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

Dear Dr.Shapiro 

Manual VT 

330-53 
Public Health Service 
National Institutes of Health 

National Institute of Arthritis, 
Diabetes, and Digestive and 
Kidney Diseases 
Bethesda, Maryland 20205 
Building: 2 
Room : B2-02 
(301) 496- 2692 
February 18, 1986 

To improve the regulation and make the sample temperature control independent 
of computer operations, .we added the circuit shown .in Fig . 1 to our two NT 
spectrometers. The modes of operation are as follows: 

MODE: COMPUTER: FRONT PANEL, S2: 

OFF VT OFF Comp 

Computer Control VT on, set Temp. Comp 

Manual Control VT OFF MAN, set Temp. 
on Rl 

On manual, the circuit uses the amplified analog output of the pyrometer, 
compares it with a reference derived from+ or - 15V, and feeds the output to 
the power controller. 

The circuit works for both standard units and units modified for O.1°c 
operation , Manual adjustment is limited to+ 1OO°c as shown, but can easily 
be changed• for different ranges by changing Rl et al. Stability and settling 
time appear to b.e equal or better than under computer control. 

Sincerely, 

.. R~ 
Rolf Tschudin 
Laboratory of Chemical Physics 
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GE Performance! 
1H, 13C, API; and2D NMR in¼ hour-autmnatically! · 

The GE QE-300 does it all­
faster than any other 
NMR spectrometer. 

A 1 H spectrum, 13C spectrum, 
an attached proton test (APT), 
and a 1H- 13C chemical shift cor­
relation map (CSCM). All these 
analyses can be performed in as 
little as ½ hour, on as little as 50 
mg. of sample, for most organic 
compounds. And the QE-300 
does them all - automatically. 

With the NMR industry's 
most advanced automation. 

This performance is made 
possible by the QE-300's auto­
mated software, hardware, and 
powerful MACRO programming 
capability. 

Set-up starts with Autolock. 
Lock on as little as 10% CDC13 in 
a 5 mm tube. 

Use Compushim for touching­
up spinning shims or complete 
shimming with both spinning 
and non-spinning gradients using 

the lock signal or observe FID. 
Autogain optimizes the re­

ceiver gain independently for 
sequential 1H and 13C acquisition. 

After data acquisition, Auto­
phase accurately phases 1 H and 
13C spectra. 

And finally, the analysis is com­
pleted with Autointegrate. 

All these routines can be 
called up from QE-300 MACROs. 
In fact, any QE-300 operation, 
including pulse programs, can 
be implemented via MACROs 
for automatic, unattended sam­
ple analysis. 

And the most complete package 
of hardware accessories. 

The QE-300 is available with 
the industry's most reliable , 
highest capacity ( 100 positions!) 
Automatic Sample Changer. 
Plus, you can add an array pro­
cessor, a variety of hard disks, 
and switchable probes for even 
higher sample throughput and 
performance. 

Structural 
elucidation simplified. 

For many organic molecules, 
the four experiments presented 
above will be all you need to 
determine or confirm molecular 
structure. For more complex 
applications, GE/NMR offers an 
extensive 13C library with out­
standing search capability. This 
library contains data from over 
10,000 compounds and is cur­
rently being expanded using 
a QE-300 in operation at the 

· Aldrich Chemical Company. 

High throughput and 
performance demonstrated. 
Get all the facts on the GE/NMR 

QE-300. Better yet, arrange for a 
demonstration. Call the GE/NMR 
group at ( 415) 490-8310. Or 
write General Electric Company, 
NMR Instruments, 2 5 5 Fourier 
Avenue, Fremont, CA 94539. 

GENERAL. ELECTRIC 
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GX Serie~ FT NMR Systems 
■ 
\X/hy do two e-"eriments when one will do?* 

I ...._______. 
COSY 
BLOCK I 

I I 

• Simultaneous acquisition of COSY 
and NOESY J 

COSY 
Ci 

II 

0 • '" II ,, 
0 e. 

II •• 
II 

• _rt,·. .. 
I 

1r 
*COCONOSY (Haasnoot, et. al. , J . Magn . eson., 
56,343 (1984]) I 

Rotenone ' 

I I 
I j 

I I 
I I 

Ci! 

-~ 

• 

NOESY 
BLOCK2 

IP. 

Cll 

fl 

NOESY .· t 
I e 

. . , 

ill> • 

• 
... 

0 

New techniques are easy to implement 
on a GX Series NMR Spectrometer. Ask 
today about your application. 

.. 

dEOL 
Serving Advanced Technology 

11 Dearborn Road, Peabody, MA 01960 
(617) 535-5900 




