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Searching for the Unusual Requirement? 
WILMAD HAS YOUR ANSWER! 

-Xv X 106 @(0C) 
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·0.611 

.740 (20) 

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

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

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

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

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

Dear Professor Shapiro, 

9 June 1989 
{received 6/13/89) 

Please en(er the following announcement in T AMU NMR Newsletter. 

Lovelace Medical Foundation is holding its anhual symposium NONINVASIVE 
TECHNIQUES IN BIOLOGY AND MEDICIN

1

E in Albuquerque on September 14-15, 
1989. The major areas to be covered are magnetoencephalography, video imaging, 
ultrasound, and NMR. The NMR related talk~ with the speakers are 

Overview II, S. B. W. RoedJr, San Diego State U. 
Introduction to NMR in Bi6logy and Medicine, E. R. Andrew, U. of Florida. 
NMR Flow Studies, A. Cap~ihan, Lovelacb Medical Foundation. 
NMR of Human Heart and !Other Organs,\ R. J. Herfkens, Cedars Sinai MRI. 
In-vivo Proton Spectroscopy in Humans, R. H. Griffey, U . of New Mexico. 
NMRS and Muscle BiocheJistry, M. W. feiner, VAMC, San Fra.ncisco. 

Please call this meeting to the attention of your colleagues, especially in medicine 
and biology. For more informat~ion, please cotitact 

Ms .. Cathy Barboa \ 
Lovelace Medical Foundation 
2425 Ridgecrest Dr., S.E. 

• Albuq.ierque, NM 87103 
505:-262-7155. 

Thank you, 

lliocnginccrin~ Research 1 

2-t.:!S Ridgecrest ::U:., Alhuqucrquc, New Mexico 87108 S0S/262-7l r 

-b~,,,L~-
Ei~~a 



A Siemens and Varian joint venture.You benefit 
from single-source access to systems combining 
Siemens expertise in cl inical MR imaging with 
Varian 's leadership in high-resolution NMR. 

Only Spectroscopy Imaging Systems gives 
you both the resources of a large corporation and 

Now •.• Explore 
Materials Science with 

the innovative responsiveness of a dedicated company. 
You also receive the combined expertise of site 
planners, system engineers, technical support 
personnel , and application scientists. 

For systems, service and support in imaging 
spectroscopy, call 415-659-2600 today. Or write to 
1120 Auburn Street, Fremont, California 94538. 

Spectroscopy Imaging Systems Corporation 
A Joint Venture of Varian and Siemens 

(415) 659-2600 

NMR Imaging! 
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Non-destructive monitoring of the 
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H-1 images obtained at (A): 18 minutes, 
(B): 28 minutes and (C): 38 minutes after a 
mixture of plaster and water (2:1 ratio) was 
prepared. The eenters of the images are 
an intensity reference made of water doped 
with copper sulfate. 
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SIS-A system configuration to fit every need 

Imaging spectroscopy is steadily increasing its field of 
application in a variety of scientific studies. To 
accommodate the diverse interests of SIS users, a wide 
range of system configurations allows you to match your 
instrumentation precisely to your experimental 
requirements. 

If your experimental needs require configurations 
beyond the illustrated combinations, our technical staff 
will help establish the appropriate equipment 
configuration. 

Center Magnet Clear Maximum Plotted 

System Configurations 

• Single-channel or dual-channel RF 

• Broadband to 200 MHz or 300 MHz 

• Standard or compact host computer 

• 300/180, 200/330, 200/400, or 85/310 magnet 
systems 

• Range of computer peripherals and enhancements 

• Additional data station(s) with Ethernet 

HHLW 5Gauss 5Gauss 
Magnet Field Bore Bore Gradient Homogeneity Resolution On-Axis On-Radius 

300/180 7.05T 183mm 

200/330 4.7T 330mm 

200/400 4.7T 400mm 

85/310 2.0T 310mm 

DSV = Diameter Spherical Volume 
HHLW = Half-Helght Line Width 
PPM = Parts Per Million 

Spectroscopy Imaging Systems 
1120 Auburn Road 
Fremont, California 94538 
(415) 659-2600 

125mm 4.0G/cm 

254mm 2.3G/cm 

324mm 1.BG/cm 

225mm 3.0G/cm 

B0mmDSV 35mm DSV 5.60m 4.45m 
±6ppm 0.1 ppm 

140mm DSV 70mmDSV 6.95m 5.60m 
±5ppm 0.1 ppm 

140mm DSV 80mm DSV 8.50m 6.75m 
±4ppm 0.1 ppm 

100mmDSV 70mm DSV 4.50m 3.63m 
±5ppm 0.1 ppm 

2001400, 2001330, and 3001180 magnets for the NMR Imaging 
Spectrometer System. 

(Photos courtesy Oxford Instruments.) 

Note: Equipment described is intended for investigational purposes, 
and is not approved by the FDA for clinical use. 



Burroughs Wallcoma Co. 

May 8, 1989 
(received 5/24/89) 

Dr. Bernard L Shapiro, Editor 
Texas A&M NMR Newsletter 
966 Elsinore Court 
Palo Alto, CA 94303 

Dear Barry, 

3030 Cornwallis Road 
Research Triangle Park. N. C. 27709 

~ 
W1llcom1 

cables & telegrams 
Tabloid Raleigh, N. C. 
TWX51092709l5 
tel. 919 248-3000 
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Reminders, Relocation 
and Zero Quantum 2D-NMR with 

Relayed Coherence Transfer 

As you've been aware for some time, and as the rest of the world has begun to learn, judging from the number 
of telephone calls that I'm beginning to receive, I've left the University of Houston and am now calling Burroughs 
Wellcome Co. and the Research Triangle Park/Raleigh, NC area home. Thus far, I'm thoroughly enjoying the change 
from academia and have found the environment here quite stimulating. 

In response to your reminder notice, I guess we also have to talk a little about science too. Since zero quantum 
NMR is generally plagued by F1=0 Hz axial artifacts arising due to longitudinal relaxation during the evolution period 

(for a discussion, see: P.H. Bolton, J. Magn. Reson., 60, 342 (1984); B.T. Farmer, 11, R. Ramachandran and LR. 

Brown, J. Magn. Reson., 73, 534 (1987)) we have been interested in exploring approaches to this problem which may 
allow expanded applications for zero quantum experiments. Recently (LR. Soltero, M.D. Johnston, Jr., R.N. Castle and 

G.E. Martin, J. Magn. Reson., 81, 406-410 (1989)) we have been exploring the combination of broadband homonuclear 
F1 decoupling with double quantum filtration of zero quantum experiments. To date, there has been only one report of a 

relayed zero quantum pulse sequence, that of MOiier and Pardi (J. Am. Chem. Soc., 107, 3484 (1985)). An 
alternative sequence which affords relayed coherence transfer using the approach of Eich, Bodenhausen and Ernst (J. 

Magn. Reson., 104, 3731 (1982)) in combination with broadband homonuclear F1 decoupling and double quantum 
filtration to remove axial artifacts is offered by the pulse sequence shown in Figure 1. 

gox 9ox 

1

180° 1180° 

90)( fro(~ox f 190~ 

I I 
90°~1 180° ~2 

l 90°~2 1 90° ~2 

Figure 1. Zero quantum relayed coherence transfer pulse sequence with broadband homonuclear F1 decoupling and 
double quantum filtration. Phase are cycled as follows:cp1 0000 1111 2222 3333; cp 2 0123 0123 0123 
0123; c!>R 0321 2103 0321 2103. 
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Data acquired using the pulse sequence shown in Figure 1 run on a Varian VXR-500 using phenanthro[3',4':3,4]­

phenanthro[2, 1-b]thiophene . as a model compound is shown in Figure 2. As the experiment in its present form doesn't 

provide quadrature detection in F1, the spectrum is symmetric about F1 = 0 Hz and hence only one half of the final data 
matrix is shown. Zero quantum response frequencies in F1 may be readily calculated by taking the algebraic difference 
of the offsets of the resonances in F2 relative to the transmitter thus making the differentiation of the direct and 
relayed zero quantum responses a relatively facile process. 
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This data was acquire'd with an excitation tau of 142 msec and a relay period of 50 msec. The F2 spectral width was 
1036 Hz with an acquisition time of 401 msec for each of 160 fids. The F1 spectral width was 1450 Hz. The data was 
symmetrically sinebell filtered and zero filled to a total size of 1024 X 512. This figure was plotted directly into the 
Macintosh using MacHP software which is available from Stevens Creek Software Ca. Ten seconds with Super Paint 
produced the labels. 
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VARIAN NMR FLEXIBILITY NOW 
RESOLVES PROBLEM DIVERSITY 

;..--~- ., 
M ICRO IMAG ING SOllDS llQUIDS 

UNITY lets you switch from one to the other with ease 

Varian is your full-line 
company for analytical 
instrumentation 
UV-Visible-NI R 

LIMS 
Atomic Absorption 

NMR 
Liquid Chromatography 

Gas Chromatography 

Combine high performance capabilities with unparalleled flexibility using 
Varian's new UNITY'" NMR spectrometer. This unique spectrometer is a 
true, multi-capability instrument that performs high resolution micro­
imaging as easily as it analyzes liquid and solid samples. 

UNITY's revolutionary system architecture employs a modular design that 
addresses all NMR applications with a single instrument. 

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

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

NMR WITH A FUTURE varian@ 



MICROIMAGING WITH A UNITY NMR SPECTROMETER 
Varian combines high-field capability with high resolution results 

Varian's ability to extend NMR imaging techniques to small samples at high magnetic field strength 
provides users with the ability to do state-oHhe-art experiments. Below are two examples of 
microimaging with a UNITY spectrometer. 

A single slice microimage of a banana. Slice selection was achieved using a selective sine RF pulse in 
conjunction with slice selection gradient. The pixel resolution is 1 0 microns; the slice thickness is 
167 microns. 

This is an expansion of the single slice microimage of a banana above. Note that the water transport 
vessels range from 50 microns to 200 microns. Use of advanced eddy current compensation 
techniques to reduce residual field variations due to eddy currents yield distortion-free results. 

f 
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THE UPJOHN COMPANY 
KALAMAZOO, MICHIGAN 49001 

Prof . B. L. ShapiI"o 
TAMU NMR Newsletter 
966 ElsinoI"e Cou'Ct 
Palo Alto, CA 94303 

Oea.r Bat"ry : 

PHYSICAL CHEMISTRY NMR LAB 
TELEPHONE (616) 385-7431 
FAX (616)385-7522 
June 8, 1989 

(received 6/12/89) 

MORE INFORMATION ON PLOTS 

In this NMR set"vice laboratory we generate a lot of NMR spectra that tend to get 
shuffled around. We routinely include some additional information on the top and 
bottom of all plots to help identify them. Often one needs to know how long it 
would take to make another copy, when old spectra were replotted, when an 
overnight experiment finished, which plot is the la.test one, how it wa.s referenced, 
etc. 

Commands for this are easily included in the macros and need only a few extra. 
pa.rametet"s which are easily added to the standard experiment file . An example of a 
c.ontour plot and a few simple mact"os at"e included in this communication. 

Th~ following changes a'Ce necessary: 

1 . Create some new parameters in each standard experiment in STD PAR . Type 
CRTINT<HRS> CRTINT<MINS) CRTNAM(REF> a.nd then set REF=NONE. 

2. Rename GO and GA in comlib to avoid them . RENAME(COMLIB . GO, OLDS GO) etc. 

3. Create a new GO a.nd GA in maclib that will note the time at starting, arrange for 
anothet" reading at completion, and then start pulsing with AU. 

'I. Inset"t the statement CLOCK:HRS, MINS into Hi, C13, GA2D and other macros that 
c:teatE: -:ind start experiments. 

5 . Inset"t a CLOCK :R1, RZ near the top of H1P, C13P, DO2D, and any other automatic 
processing routines . 

6. TMSREF is called by H1P to attempt referencing to TMS. Add the statement 
REF=&TMS after the RL(0) command in TMSREF to note if TMS was found. If the 
spectrum is manually referenced type REF=TMS, or type REF=CD3OD etc . if 
solvent-referenced. The RFP para.meter will record where you found the solvent 
signal . 

7. Inset t a call to · ID ENT in all automated plotting routines or type IDEN'I' if plotting 
manually . 

WORDPROCESSED ON AN XL-300 USING IDSTXT 

370-9 



0 REAL PEAKS ~VE(~N BLOWN OFF SCALE 

3.5 
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1-0 

3 . 0 
MENTHOL, 20X IN CDCL3 
VARIAN XL-300 6 . IE PROGRAM 
STANDARD 13C OBSE'RVE 

EXP6 PULSE' SEQUENCE. 4UTOC 
DATE 06-05-89 

2,5 SOLVENT co:u 
FILE C 

ACQUISITION □EC . S VT 
TN l3 . 750 ON 1. 750 
SW 16501 . 7 00 350 . 3 
4T 0 . 993 OM yyy 2.0 
NP 32768 OMM 5 
PW 15.0 DMF 9300 ~ I 

Pi 0 DHP N 
01 1.000 OLP 3 
D2 0 pp 15 . 5 

8 
TO 200 1 . 5 NT 512 PRO~ESSING 
CT 512 3E 0.318 

i 
0 

PW90 15 . 0 LB 1.000 
e~ 51c. FN 32768 cy 

ss 0 SN 40 . 0000 
IL N MATH F 

6 
IN y 1.0 
DP y DISPLAY 
HS NN SP -316.5 

WP 6468.3 
vs 15 . 6 
SC 90 
we 220 0 . 5 IS 500 
qFL 837 , 0 
RFP 0 
TH 92 
INS I. 000 

AI 
0 

E'O 70 60 50 40 30 

CURRENT DATE IS 6/ 7/ 89 EXP STARTED =16 : 10 PROCESSED = 11 : 45 

~1: 

PL2DW(6, 2 . 5, 9, 8, 90 , 901 
PLOT STARTED =11 . 5 FINISHED =11: 13 

6 

8 

0 

0 

20 10 

PLOTTED =11 : 5 

0 

0 

2-0 

MENTHOL, 2L~ lN CDCL3 
HETCO'i 
1024X1024 22 HRS . 
XL-300 IH OBSERVE 

EXP7 PULSE' SEQUENCE. 'iETCOA 
DATE 06-05-89 
SOLVENT CDCL3 
FILE HETCOA 

ACQUISITION DEC . 6 VT 
TN 13. 750 ON I. 750 
SW 646E' . 3 DO -700 P 
AT 0.079 OM NNY 
NP 1024 DMH cc~ 
<'W 15.0 DMF 93tl 
Pi 0 DHP y 

01 1.000 OLP 3 
D2 0 pp 15 .5 
TD -4300 
NT 96 PROCESSING 
CT 96 RE 0. 005 
PW90 15 . 0 FN 1024 
SW2 116B .6 SN 40 .0000 
NI 512 AF 0 .020 
BS !':12 MATH F 
55 1 FN2 1024 
IL N RE2 0 .027 
IN y AF2 0 . 110 
DP y 

HS NN DISPLAY 
JIXH 140 0 SP -316 .5 
JNXH 0 WP 6468 . 3 
PAES4T N vs 25 
HMULT N 502 - 102 . 9 
SPIN 16 0 WP2 1168 . 6 
GAIN 0 SC 90 

WC c20 
I~ 500 
RFL 320 3 
AFP 0 
TH 6 
SC2 10 
riC2 c20 
INS I . 000 
qFL2 10 I. 8 
R<'r2 0 

AI AV 

REFERENCED TO TMS 

·• ,,· 

w 
-...J 
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:GA will read the clock at start of the experement 
CLOCK : HRS,MINS "save current time : HRS & MINS" 
\ilNT=\ilFT A 
AU 

: GO will read the clock at start of the experement 
CLOCK : HRS,MINS "save current time : HRS & MINS" 
\ilNT=N 
AU 

: \ilFTA will read the clock at start of processing 
CLOCK : R1,R2 
WFT ' 

:IDENT<ARGl) writes identification on spectrum 
: ARG 1 = 1 for pr inter , 2 for pl o t t er , 3 for both 
: called by all plotting macros to identify plot 
IE' NOT(Sl) THEN S1=2 £NDIF "default to plotter" 
IF PLOT=&ZETA 

THEN SC=0 WC:500 NPLOT 
ELSE SC=O WC:400 NPLOT 

ENDIF 
CLOCK : S 8 , S 9 " read c 1 o ck f or p l o t s tar t in g t i me" 

IE' PLOT=&ZETA 
MOVE(520,10) 
WRITE<PLOT,0,0, 'DATA=' ,@HRS : 0) 
WRlTE<PLOT,22,0,' ',@MINS : 0) 
MOVE(50,0) 
\ilRITE(PLOT,0,0,' PLOT=' ,$8:0) 
WRITE<PLOT,25,0,' ',$9 : 0) 
MOVE(78,-10) 
PAGE(l) 

ELSE 
SYSINF<CONPAR.DATE) : S2,S3,S4,S5 

"plotter = Zeta" 
"write time on plot" 

"plotter= HP 7550 " 

Y0=-50 "allow access to bottom of sheet" 
WR I TE < P LOT , 0 , - 5 0 , ' CURRENT DATE I S ' , S 3 : 0 , ' / ' , S 4 : 0 , ' / ' , $ 5 : 0 ) 
WRITE<PLOT,93,-50, 'EXP STARTED=' ,@HRS : 0,' 
WRITE<PLOT,164,-50,' PROCESSED=' ,@Rl : 0,' 

PLOTTED = ' , $ 8 : 0 , ' ' , $ 9 : 0 ) 

' , @MINS : 0 > 
',@R2: 0, 

IF REF::::&NONE "record how referenced" 
THEN WRITE<PLOT,290,-50, 'DEFAULT REFERENCING'> 
ELSE 

IF REF :: &TMS 
THEN WRITE(PLOT,290,-50, 'REFERENCED TO TMS' > 
ELSE WRITE<PLOT,290,-50, 'REFERENCED TO',' ',@SOLVNT, 

• AT',(@RFP/SFRQ) : 6 : 2,' PPM') 
ENDI.£:' 

ENDIF 
YO = O 
ENDIF 

"restore standard plotter field" 
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DEPARTMENT OF CHEMISTRY 

UNIVERSITY OF QUEENSLAND 

6th June 1989 (received 6/12/89) 

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

Dear Barry, 

PROFESSOR DAVID :'vi. DODDREI.I. 

Address: Queensland Medical Magnetic 
Resonance Research Centre 
c/- Mater Hospital 
South Brisbane 
Queensland 4 IO I 

Telephone: (07) 846 2277 
Telex: UNlVQLD AA403 I 5 
Fax: (07) 844 8010 

The NMR-90 Conference will be held in Brisbane in July of 1990. This 
is a gathering of approximately 150 people who will meet in sunny 
Queensland to hear lectures on multipulse NMR, in vivo NMR 
spectroscopy, solid state NMR, aspects of ·pulsed ESR and various other 
goodies. 

I would hope that you might advertise this forthcoming conference in 
your newsletter, as it may attract people from your part of the world 
to come and see what we have to offer "down under". Is it true that in 
the USA people can write off visitations to conferences against their 
taxation? I would be happy (for a small fee of course) to provide 
gilt-edged invitations to anyone who might want to use that facility. 

Best w1shes. 

Yours sincerely, 

~t;/ 
David M. Doddrell 

i! 



PRICE LIST 
5/89 

STABLE 
ISOTOPES 

FOR 
RESEARCH AND INDUSTRY 

• ·-···--· ···~ ,,. •. • • 
A matheson~ USA Company 



D 13c 1sN 110 1so 
' ' ' ' 

Are you aware that ISOTEG ING. is a reliable, affordable source of 
compounds labelled with the above stable isotopes? 

Our product line ranges from the very simple - 1 H20 (deuterium-depleted), 
D2, D20, 13co, 13C02, 13CH3I, K13CN, KC15N, K13c~ 5N, 15NH4CI, 
H15N03, H217 0, H218o, 1802, etc. - to the more complex - Benzaldehyde­
a-13C,d, Glycine-2-13C, 15N, D-Glucose-1-·13c, D-Glucose-13C6, Styrene-a,p-
13C2, etc. We also have the major NMR solvents in stock-very pure and 
very highly enriched, all checked by 1 H NMR at 400 MHz. 

We now have hundreds of compounds available from stock and are making 
more each day. We are also able to carry out many custom syntheses; 
please let us quote on your requirements. 

ISOTEG ING. is also a primary su~plier of 3He and the other noble gas 
stable isotopes, including 21 Ne, 83Kr, 1 9xe and 131 xe. 

Numerous other stable isotopes, enriched and depleted, are available as 
well as most enriched metal stable isotopes including NMR-active ones 
such as 29Si, 57Fe, 65cu, 77Se, 87Rb, 113Cd, 125Te, 157Gd, 199Hg, etc. 

ISOTEG ING. provides very high quality stable isotope labelled com­
pounds at very, very affordable prices. Please call Myra Gordon or Maureen 
Ka/loo to place your orders or to receive additional information . 

. .,,~ ...... 
•-• • • ~ • IIAll9 ... ~-~~,,-•. 

A matheson~ USA Company 
3858 Benner Road• Miamisburg, Ohio 45342 U.S.A. 

(513) 859-1808 • (800) 448-9760 • Telex: 288278 • Fax: (513) 859-4878 



UNIVERSITE DE MONS 
FACUL TE DE MEDECINE 

Avenue du Champ de Mars, 24 

7000 MONS (Belgique) 

Departement of Organic Chemistry 

and NMR Laboratory. 

Tel. 32 - 65 - 37 35 20 
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May 18, 1989 
(received 6/12/89) 

Quantitative dosage of paramagnetic nitroxides 
by Relaxometric titration. 

Dear Professor Shapiro, 

Nitroxide stable free radicals (NSFR) have received a great deal of attention 

since their paramagnetism and their chemical versatility make them good candidates as 

MRI contrast agents (1 ). To compare the relative efficacy of nitroxides, it is mandatory 

to measure their relaxivitywhich is the increment of solvent proton relaxation rate indu­

ced per mM of added paramagnetic species. The measurement of nitroxide concentra­

tion is thus essential in this evaluation. Usually. the stock solutions are calibrated by 

weighing (if possible) and/or by double· integration of the first derivative ESR spectrum 

using standard nitroxides solutions of known concentration as reference. This last kind 

of measurement can be performed with a precision of± 5%. 

We propose a new method to determine the concentration of nitroxide solutions 

which combines chemistry and physics. It has been show (2) that phenylhydrazine 

reduce nitroxides to the corresponding N-hydroxylamines through the following reac­

tion. 

"'-
2 N-6 + C6 HcNHNH, / ., -

Since N-hydroxylamines are diamagnetic compounds, the value of the solvent 

proton relaxation rate R1 is proportional to the quantity of nitroxides still present in 

solution. In the course of a "titration" ofa nitroxide solution with phenylhydrazine, it is thus 



370-16 possible to correlate the evolution of the relaxation rate to the disappearance of the 

paramagnetic species. Provided the concentration of phenyl hydrazine and the volume 

of the nitroxide solution are known, the titration curve allows a precise measurement of 

nitroxide concentration. It is important to work in oxygen-free conditions in order to avoid 

the reoxydation of the N-hydroxylamine in nitroxide. 

The method, successfully applied on a large serie of nitroxides, is illustrated by 

the figure. 

Sincerely, 

P.VALLET Prof. Y. VAN HAVERBEKE Dr. R.N. Mt.JLLER 

1. Brasch R.C., Nitecki o:E.; London 0., Tozer T.N., Doemeny J., Tuck LO., Wolff 
S., Proceeding of the first Annual Meeting of the Society of Mag. Reson. Med. 25, 
1982. 

2. Lee T.D. and Keana F.W., J. Org. Chem., vol. 40, 21, 1975. 

VOLUME OF PHENYLHYDRAZINE (fJI) 
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Reduction of 
0.3 ml of 4-Amino-TEMPO 1 .85 10-2 M 

(initial quantity: 5.55 µmole) 

with phenylhydrazine solution 5.23 10-:1 M 
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Solvent: ethanol 
Temp: 4 °C 
Freq: 20 MHz 
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* The new AMX full routing system 
with PIN diodes allows micro­
second switching of the frequency 
paths and RF transmitters on the 
fly. Ask your nearest Bruker 
representative for more details on 
the new AMX Series. 

Bruker Instruments, Inc. 
Manning Park, Billerica, MA 01821 

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

BRUKER Analytical Systems Worldwide 
(_><-) 



.AMX Series Block Diagrams 

r-------, F1/F2 r-------, 
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X 
Transmitter 

'H 

Probe 
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Transmitter 1-------' 

Multi-channel RF design. 
The unique full routing 
system uses PIN1 diodes 
to allow microsecond 
switching of the 
frequency paths : and 
RF transmitters. 
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I 
I 
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I I F3 I 
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Data 
System 
Block 
Diagram 
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Frequency 
Generation 

Process 
Controller Memory 

Universal Bus (OMA) 

Aspect 3001 
Acquisition Processor 

Digitizer 

L __________________________ _ _ ____ J 

r--------------------------------------- -----, 

Digital Section. 
Integration of 32-Bit 
Aspect X-32 UNIX 
computer into console 
together with proven 
Aspect 3001 acquisition 
processor. The X-32 is 
equipped with unique 
3-bus structure for 
optimum NMR data 
transfer, processing 
and display. 

CPU 

Aspect X-32 

Acquisition 
Processor 
Interface 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Processing Computer Display 

For more information about the AMX simply call or write: 

ee 
A BQ>S2R NMR 
MS [.x:j IMAGING 

ee 

Australia: BRUKER (Australia) Pty. LTD., Earlwood, New South Wales, Tel. 02-5589747 
Belgium: BRUKER SPECTROSPIN S.A./N.V., Brussels, Tel. (02) 648 53 99 
Canada: BRUKER SPECTROSPIN LTD., Milton, Ontario, Tel. (416) 876-4641 
England: BRUKER SPECTROSPIN LTD., Coventry, Tel. (0203) 855200 
France: SADIS BRUKER SPECTROSPIN SA, Wissembourg, Tel. (088) 94 98 77 
India: BRUKER INDIA SCIENTIFIC Pvt. LTD. , Andheri (West), Bombay, Tel. 22 62 72 32 
Italy: BRUKER SPECTROSPIN SAL, Milano,_ Tel. (02) 2_ 3_13 40 139 _ 
Japan: BRUKER JAPAN CO. LTD., lbaraki-ken, Tel. 0298-52-1234 
Netherlands: BRUKER SPECTROSPIN NV, 'i,\'ormer, Tel. (75) 28 52 51 
Scandinavia: BRUKER SPECTROSPIN AB, Akersberga, Sweden, Tel. (07 64) 6 80 60 
Spain: BRUKER ESPANOLA SA, Madrid, Tel. 341-259-20-71 
Switzerland: SPECTROSPIN AG, Fallanden, Tel. 1-82 59 111 
W. Germany: BRUKER ANALYTISCHE MESSTECHNIK GMBH, Rheinstetten , Tel. 0721-5161-0 

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

USA: BRUKER INSTRUMENTS, INC., Billerica, MA 01821, (508) 667-9580 
Regional Offices in Chicago, IL, (312) 971 -4300/Wilmington, DE, (302) 478-8110 
Houston, TX, (713) 292-2447 /San Jose, CA, (408) 434-1190 
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TU Delft Faculty of Applied Ph ysics 

P.O. Box 5046 Lorentzweg 1 Delft University of Technology 
2600 GA Delft, The Netherlands 2628 CJ Delft, The Netherlands 

University switch board : 

Prof. B. Shapiro 

TAMU NMR Newsletter 
966 Elsinore Court 
Palo Al to, CA 94303 
USA 

Your reference and date 

~6Met Prof. Shapiro, 

Our reference Office telephone 

Sub-division 

(015) 789111 
Telex 38151 butud nl 

Date 

2, June , 1989. 
(received 6/12/89) 

•oUALIIY, lmproyed quantltatlon of NMR spectra. 
In our in-vivo 1H NMR spectra considerable line overlap occurs, forcing us to 
quantify our spectra by fitting the NMR data in the time or frequency domain 
to some model function. The model decay or lineshape function in general de­
viates from the experimental one, resulting in an imperfect fit. This fit can be 
improved much by correcting the NMR time domain signal, using the experimen­
tal decay function of some reference line, in our case the in-vivo water signal. 
The experimental NMR signal is given by 

S(t) = ~ A.e(iw(1/T2j)~ f(Llw ) 
J 0 

The water signal by 
S (t) = A e(iww-1/T2w)t_ f(Llw

0
) 

w w 
f(Llw

0
) describes the resonance frequency distribution resulting from the B

0 
inhomogeneity over the sample. S(t) is corrected S (t) by dividing it by S (t): 

S (t) = S (t) . e(-iww+ 1/t)t /A c wn 
wn w w 

1/t2j = (1/T2. - 1/T2W + 1/t) 
Sc(t) consists o( a sum of pure Lorentzians, and the signal amplitudes, or peak 
areas are unchanged by this manipulation. t can be chosen for optimal signal 
to noise time domain windowing, or equal to T 2w, in which case the natural 
linewidths can in principle be determined. The figure shows an in-vivo 1H NMR 
spectrum of the brain of a conscious rat without (a) and with the correction 
(b). The fit is much improved, ·but not yet perfect. The_ main reasons for this 

are motional artefacts and not taking into account in the fit the presence of 
some unknown signals in the in-vivo spectrum. 

Albert de Graaf Wim Bovee ~ 

/;

r\~ . 1/(, 
t-v 

' 

J 
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In-vivo experimental and fitted· 1H spectra of the brain of a rat before (a) and 

after (b) application of QUALITY. After a Lorentz to Gauss transformation 
the dataset was fitted to a superposition of Gaussian's , using a Marquardt-Le­

venberg non-linear least squares fit. 1:Choline, 2:(phospho)creatine, 3:13-CI-1
2 

of 

aspartate , 4:13-CH
2 

of N-acetylaspartate, S:y-CH
2 

of glutamine, 6:y-CI-1
2 

of 

glutamate, 7:13-CH
2 

of glutamate and glutamine, 8:CH
3 

of N-acetylaspar tate. 



NMR Data Processing Stations 

FMR and Hare Research are developing and 
marketing an economical alternative for off-line NMR 
data processing using IBM-compatible PCs. Software 
modules for processing and plotting NMR data can be 
implemented on existing PCs, printers and plotters for 
as little as $1000.00. 

Hare Research's Felix/PC(tm) software is sup­
plemented with a mouse-oriented, menu-based, user 
interface and expanded plotting capabilities supplied by 
FMR. Menu software greatly increases the user friend­
liness of the processing software for both new and occa­
sional users. A command line interface remains in place 
at all times for the experienced user. 

FMR can also provide a complete turnkey PC 
system starting at $5000.00. These turnkey data stations 
come configured ready to process NMR data. 

1 D Processing Software. 
Multi-D Processing Software. 
Ethernet communications systems. 
Printers (dot matrix, Postscript or PCL lasers). 
HPGL Compatible Plotters. 
Software Support 

Expanded user manuals. 
User newsletter. 
Telephone assistance. 
Software and manual revisions while under contract. 
Organized Bug report collection and feedback. 
New feature request incorporation process. 

Data transfer and translation programs. 
Getting data from the NMR instrument or other data 
stations to and from the PC at a non painful rate and in a 
form useable by the PC is a critical step in making the PC 
a useful NMR workstation. FMR and Hare research are 
developing hardware and software tools for making this 
process as easy as possible. Software programs retaining 
as much parameter information as possible with the 
coorperation of the instrument vendors and the market­
place are being developed. Hardware solutions for the 
data transfers are also being developed, including: 

RS-232 transfers 
Kermit 
Parallel transfers 
Ethernet 

Display Henu: 
• - Axi&l'Rcfcrcncc 
c - Scale factor 
d. - Dralil MOrbpace 
ur Expand/Full 
j - Stack depth 
h - Hardcopy plot 
l ✓u Lowe:rAJpper 
0 - Old IIRits 
r - Realtl.e exp 
s - Swap work. sll 
u - Data. u.luc 
• - Exit locate 
• .I'. Next.lPreu I ous 

Realtl- IOOde: 
• - ,iouc left/right 
x - expa.nd x axis 
y - expand y axis 
r - forget and. exit 
k - kccp.1exit 

PCDS-1 < 1 o second 8k complex FT 
16 MHz 80386SX / 80387SX 
1 MB Main Memory 
40 MB Hard Disk 
1.2 MB Floppy 
EGA Graphics & Mouse 
DOS 3.3 & lD NMR Software 

PCDS-2 < 5 second 8k complex FT 
20 MHz 80386 / 80387 
1 MB Main Memory 
80 MB Hard Disk 
1.2 MB Floppy 
VGA Graphics & Mouse 
DOS 3.3 & lD NMR Software 

PCDS-3 < 0.'25 second 8k complex FT 
25 MHz 80386 / 80387 
2 MB Main Memory 
8 MFLOP Floating Poiht Array Processor 
130 MB ESDI Hard Disk 
1.2 MB Floppy 
VGA Graphics & Mouse 
DOS 3.3 & lD NMR Software 

Pcalc:p ick flenu.: 
• - Au.topic• 
c - Clear all 
d. - Delete one 
h - Hordcopy plot. 
p - Pick ...,nu.ally 
s - Select •••play 
t. - set lhreshJ •• 
x - eXlt loc•t.e 
· "'. ftext.,rrtrv lous 

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

+ 

T.B T.7 7 . 6 7 . 5 T.4 7.:'I 7.2 
ppm 



Instrumentation Note. 9 

Shimming, The shims 

In the previous discussion of the receiver coil, the coil 
length and its position below the spinner were identified 
and plotted. One other item which is important to know 
before undertaking the shimming operation is the posi­
tion of the coil relative to the center of the room tem­
perature shims. The best way to determine this uses the 
same sample as was used for plotting the coil. The 
sample should be as small as possible to have useable 
signal intensity. 
1. Start with a reasonably good set of room tempera­

ture shim values. 
2. Place the sample at the 10% position through the 

receiver coil. 
3. Take and process a 16K Word +/-10,000 Hz sweep 

width spectrum using magnitude calculation. 
4. Adjust the ends of the processed spectrum to re­

move DC and tilt. 
5. Take an integral of the entire spectrum and set it to 

a value of 100. 
6. Set the frequency position of the center of the signal 

(i.e., the frequency position of the integral value 50) 
to O Hertz. 

7. Set up a MACRO or LINK to repeat this process 
with the same proces.sing and integration normaliza­
tion constants. 

8. Record the frequency value of the line in the spec­
trum at three settings of the Z 1 shim ( Z1+, Z10 and 
Z 1-). Use a valueofZ1 such that there isa frequency 
shift of 100 to 500 Hz between Z 10 and Z1 +. 

9. Repeat step 8 with the sample at 50% through the 
coil and again with the sample 90% through the coil. 

10. Plot the data and connect the three points for each 
position in the coil. You should get a graph with 
three crossing lines. The position where they cross is 
the center of the room temperature shims. Ideally all 
three lines would cross at one point. This seldom 
occurs perfectly, so take the center of the triangle 
formed by the three crossing lines as the shim center. 

At this point the size and position of the coil and its 
position relative to the center of the room temperature 
shims are known. The center of the shims should be at 
the center of the coil for minimum shim interaction and 
easiest shimming. An error of 2mm or more could be 
important. An error of 5mm or more needs to be 
corrected. 
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a ABBOTT 

Abbott Laboratori es 
Abbott Park, Illinois 60064 

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

April 27, 1989 
(received 5/ 27/ 89) 

Fully Automated Sample Preparation and Data Acquisition 

Dear Dr. Shapiro: 

In our ongoing effort to computerize and automate NMR spectroscopy, we have removed the sin­
gle most inefficient component in the NMR laboratory : the spectroscopist. 

The routine NMR spectra required in a large industrial or academic chemical research institu­
tion can number in the tens of thousands annually. In order to minimize the investment of time 
and manpower required for this task, the major spectrometer manufacturers provide automatic 
sample changers to permit the unattended acquisition of data for a large number of samples on a 
24-hours a day, seyen days a week basis. However, it has remained the responsibility of the 
individual user to prepare the sample and to give the spectrometer the necessary instructions. 
In a facility with restricted access to the spectrometers, this becomes a tedious and burdensome 
task. We describe here a system capable of the preparation of NMR samples, changing samples, 
automated data acquisition and automated data processing and plotting. 

A Zymark Corporation Zymate II robotic workstation was chosen to integrate sample prepara­
tion with the function of a sample changer. The robotic workstation is equipped with disposable 
pipette tips, four solvent dispensers and accessories capable of manipulating sample vials, 
spinners and NMR tubes . The robot is located on a platform next to the spectrometer magnet, 
allowing it to insert and remove samples from the magnet stack. 

A microVAX II computer functions as an intelligent interface between the robotic workstation , 
the NMR spectrometer and an external computer network. The microVAX is also equipped with a 
barcode printer and a barcode reader. The barcode reader is located on the platform with the 
robot. The microVAX is connected to a General Electric QE-300 via the ports for the spectrom­
eter keyboard (spectrometer input) and printer (spectrometer output) , allowing the computer 
to issue commands to the spectrometer and to monitor the spectrometer's response. 

The details of the software developed to run this system are beyond the scope of this note ; how­
ever, the system works like this: 

(1) The sample submitter logs into a dedicated account on our computer network. Responding to 
questions from the computer, he identifies his sample, specifies the solvent desired and the ex­
periment to be executed. The computer prints out a barcode label which he affixes to the sample 
vial. He then leaves the sample in a designated rack in the NMR laboratory . 

370-23 
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(2) Periodically a member of the NMR lab will take the samples out of that rack and put them in 
a rack by the robot. 

(3) The robot picks up a vial from this rack and puts it in the barcode reader. The microVAX 
reads the barcode, identifies the sample, and instructs the robot which solvent to add. The robot 
adds the specified solvent, vortexes the sample, filters it and pipettes it into a waiting NMR tube 
which it has previously inserted into a spinner. 

(4) When the sample is ready, the microVAX instructs the spectrometer to eject the last sam­
ple, assuming data acquisition is finished. The robot removes the old sample from the magnet 
stack and inserts the new one. 

(5) The robot removes the NMR tube from the spinner and replaces it in the rack. It then gets a 
clean tube, inserts it into the empty spinner and goes to step #3. 

(6) Meanwhile, in· response to commands from the microVAX, the spectrometer locks and shims. 
The microVAX then tells the spectrometer what experiment to run, sets the appropriate param­
eters and initiates data acquisition. 

(7) When data acquis!tion is complete, the microVAX initiates the transfer of the data file to our 
main computer network where it is automatically given an identifying number, entered into a 
laboratory database, archived onto magnetic tape, Fourier transformed, phased, etc. Finally, 
the spectrum is sent to whichever of a number of plotters is nearest the individual who submit­
ted the sample. These plotters are located in the chemistry laboratories in several buildings and 
are accessable to the computer via Ethernet. As often as not the spectrum will be plotted in the 
submitting chemist's own laboratory. 

This system is currently handling about two thirds of our routine 1 H spectra, and the only 
human overhead is to put the sample vials and clean NMR tubes in the racks and remove them 
when they're done, and to fill the solvent reservoirs and pipette racks once a day. Sample 
throughput is generally limited by the spectrometer rather than the robot and is typically five 
to six samples per hour. 

Beware! You, too, can be replaced. 

· Please credit this contribution to the subscription of Ruth Stanaszek. 

/fk,f:7~-> 
Steve Spanton Rich Stephens Peter Fruehan 
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HOHAHA of Strychnine on an Omega 600 

• GE NMR Instruments 





T here's only one way to be certain 
you're getting the best NMR system­
test it yourself. Challenge its capabil­

ities with your samples. Compare its results 
against your requirements. 

• 
eliminating eddy current effects for 
submillisecond settling times and better 
signal-to-noise performance. Thjey 

oil core analysis, chemical tox- , '!' 
See for yourself how GE spectrometer 

and CSI imaging systems measure up. 

also expand applications into n· 
icity ~esting, ~n. d monitoring [~· f 

of m1croscop1c processes 

In RF performance 
j j For outstanding 

I J I , RF stability in 
~ , 1 lL ~ phase-sensitive 

~1 ¾ work, inverse 
transfers and 
INADEQUATE 
experiments: 

Amplitude stabil­
ity of .043 % in 90 ° 

" ~, '·' ' ·
0,,m " '·0 

,., 
10 pulse test of single 

HOHAHA of Strychnine on en Omega 600 d d 
acquisition in ope 

water, repeated 10 times. Amplitude 
stability of .17% with 1 microsec. pulse. 
■ Average deviation in 13 ° test of 0.5 % in 
amplitude, representing stability of 0.07 ° 
in phase. 

High-performance 200 kHz ADC with 
up to 32 MByte of 64 bit on-board 
memory for direct acquisition of 
experiments into memory. 

In gradient control 
The GE Acustar™ and Microstar™ 
shielded gradient systems improve 
image quality and localization by 

• 
© Copyright 1989 General Electric Company 

and reactions. ., ,.,_ 

In data processing 
GE opens NMR data pro­
cessing and system opera­
tion to users at every level ~ ­
of expertise. 

Mouse-directed panel UNIX 
menus let beginners use the 
system immediately. And programming 
designed by GE specifically for NMR 
applications lets experienced users attempt 
the most complex experiments. 

In customer service and support 
At GE, we're with you before and after the 

l ll"llF~n.,. sale, with convenient financing packages 
1 · and prompt service-as well as equip­

ment upgrades, software updates and 
advanced applications. 

To arrange a demonstration 
or for more information, write 
us today at 255 Fourier Ave., 
Fremont, CA 94539. 

Or call 800-543-5934. 
You'll be pleased with 

the results. 

GE NMR Instruments 



Alpha HDR 
The New Standard in Digitizer Performance 

Dynamic range vs. spectral width; spectral width vs. 
digital resolution . Trade-offs have been required due to 
NMR system hardware limitations. With the Omega™ 
Data system's Alpha HOR digitizer, no trade-offs are 
necessary. As shown in Figure 2 with a 16-bit dynamic 
range, 200 KHz spectral width, 64-bit complex acquisi­
tion word size, and up to 32 MBytes (4 MWords com­
plex) of on-board acquisition memory available, the 
spectrometer is no longer the limiting factor when 
designing the most demanding experiments. Other 
outstanding features of the Alpha HOR include variable 
dwell periods, phase shifts of each sampled data point 
as small as 0.05 degrees, and segmentation of the 
digitizer memory into as many as 64K blocks. These 
features further distinguish the GN-series spectrometer 
equipped with the Omega Data System as the leader in 
NMR technology. 

© CoP'fright 1989 General Electric Company 

Fig. 1 
The Alpha HOR digitizer. 

60CXX> 40000 20000 0 -20000 - 40000 - 60000 -00000 - 100000 - 120000 Hi. 

Fig. 2 

200 KHz spectral width 19F spectrum acquired on a 
GN-500 Omega System. Note the extremely flat baseline 
obtained with the Alpha HOR. 

GE /fNR Instruments 
255 FOURIER AVENUE, FREMONT, CA 94539 
(415) 683-4408, TELEX 910 381 7025 GE NMR FRMT 

PRAUNHEIMER LANOSTRASSE 50, D-6 FRANKFURT 90 
WEST GERMANY 4969 760 743l TELEX 041 2002 GEG 

7734 Printed in U.S.A. 



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

UNIVERSITY OF VIRGINIA 
DEPARTMENT OF CHEMISTRY 

McCORMICK ROAD 

CHARLOTTESVILLE, VIRGINIA 22901 

May 19, 1989 
(received 5/27/89) 

Palo Alto, California 94303 

Omega 500 Installation 

Dear Dr. Shapiro: 

Our recent experience with the purchase and installation of a 500 MHZ 
spectrometer has been good. When trying to decide which spectrometer to obtain, 
we spoke to a number of 500 users who had experience with large molecule 
structure determination and we appreciate their helpful comments. A full 
discussion of how we chose GE would be too lengthy for this letter, but we would 
be glad to talk to anyone who is interested (804-924-3163). We were pleased 
about the fact that our Omega 500 was ordered in October, 1988 and the 
installation was essentially complete in January. The spectrometer has performed 
quite well and support from GE has been excellent. A major area of concern for 
us when deciding on the purchase was the integration of the Sun3 computer into 
the spectrometer because this is a relatively recent development by GE. We are 
happy to report that we have successfully used the spectrometer for both routine 
and more complicated experiments and have not had crash problems during 
acquisitions. We should note that we have not tried to do extensive processing 
during long acquisitions. 
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The figure contains the aromatic region of a phase sensitive double quantum 
filtered COSY spectrum of phospholipase Az (MW~14,000) obtained at 4D°C with the 
Omega 500. The hypercomplex technique (States, Haberkorn & Ruben) was used and 
256 tl values were collected, each consisting of 2K complex points. · Phase 
shifted (30°) sine apodization was used in each dimension and tl was zero-filled 
once. We will soon receive a Sun4-based data station from New Methods Research, 
Inc. and look forward to utilizing the spectrometer and data station for a number 
of projects. 

Sincerely, 

4---,4~ 
Gordon Rule 

Department of Chemistry Department of Biochemistry 
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UNIVERSITY OF LEICESTER, BIOLOGICAL NMR CENTRE 

A number of post-doctoral positions are available between now and October for nmr, 
mutagenesis and modelling studies of DNA binding proteins (!!:.e_ repressor and steroid 
receptors), _ph_ospholi.pase A2 and dihydrofolate reductase and for the development of 
nmr and computational methods. Excellent nmr (500 and 600 MHz), graphics and computation­
al facilities available. 
Anyone interested is urged to contact Prof. G.C.K. Roberts, Biological NMR Centre, P.O. 
Box 138, Medical Sciences Building, University Road, Leicester. U.K. (tel: +44-533-523054; 
Fax: +44-533-523013). 



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

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

Dear Dr. Shapiro, 

Seeley G. Mudd Building 6 
Bethlehem, Pennsylvania 18015 

(received 6/12/89) 
June 6, 1989 

GN-300 Modifications for CRAMPS 

We've been interested in several experiments requiring reasonable proton 
multiple-pulse performance on both the observe and decouple channels of our 
General Electric NMR Instruments GN-300. The present instrument configuration 
bypasses the GN-300 power amplifiers and uses an ENI LPI-10 on the X nucleus 
channel, and an ENI 51001 driving a single tube tuned amplifier (285 MHz to 515 
MHz) developed by Dick Braley of Amtron (Boston) with an ORAM plate supply. Each 
channel is capable of well over 1 kW output for times up to 20 msec. An upgrade 
equivalent to the "high resolution decoupler" has been implemented allowing phase 
coherence between the decouple and observe channels. Variable attenuators limit 
amplifier input to 1 mW, and pulse length protection circuitry has been added to 
protect the probes from overzealous graduate students (and forgetful faculty 
members!). 

The routine observe channel multiple-pulse performance is quite 
acceptable; phase switching time betters the manufacturer's specifications of 1 
microsecond. The decouple channel performs better than the 2 microsecond 
specification, but overall multiple-pulse performance does not equal the observe 
channel performance. The necessity to wait for the phase switching leads to 
longer cycle times when using the decouple channel. 

We have overcome this limitation by adding an external Daico RF switch 
(model 100Cl041) which is driven by an extra pulse programmer line. The pulse 
program is written such that the decoupler radiofrequency generation hardware is 
always on, with phase switching preceding the actual time a particular pulse is 
needed at the probe. The timing diagram for the decoupler and the Daico switch 
is shown in Figure 1. The output of the switch goes directly to the proton 
amplifier train . 

Figure 2 illustrates actual multiple-pulse performance with this 
modification. The decoupler channel generates the RF pulse train, although 
phase coherence with the ·observe channel is necessary to permit signal averaging. 
The adamantane linewidth corresponds to .18 ppm scaled, and is virtually 
identical to the observe channel performance. The spectrum is scaled up by a 
factor of 10 to illustrate the additional artifacts that probably arise from 
switching and/or timing problems. We are continuing to develop this system for 
routine use. 

More detailed information is available for those that might be interested. 
Please credit this contribution to the joint Air Products/Lehigh account under 
Bill Anderson. 

,:__d A , j 
c/lfYJl/lf~:/l(l/1 -, _,, 

/ 
Thomas G. Neiss 

fi;/P!l(;? £_, f4{r,;v 
,/ James E. Roberts 

Graduate Student Assistant Professor of Chemistry 

3/0-31 
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ATTENTION BRUKER & IBM INSTRUMENTS 
NMRUSERS 

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

INVENTORY LIQUIDATION - We have a number of Aspect Computer Boards, disc drives, and other NMR units and 
accessories for sale now. Most brand new. Once these are gone, this offer cannot be repeated . One or a few of a kind 
only. Check our prices! Immediate delivery. 90 day warranty. 
QUANTITY 

1 only 
Sonly 

7 only 

1 only 
2 only 
5 only 

3 only 

6 only 
8 only 
10 

9 
5 only 
4 only 

30 

5 

4 only 

ITEM 

PROCESS CONTROLLER Board for A-3000 
ARRAY PROCESSOR, Model M247, for A-3000 
M247P, with supplementary power supply 
FT PROCESSOR Board, Model M00946, for A-3000 (dramatically increases CPU 
processing speed) 
SERIAL INTERFACE Board, M249, for A-3000 
ANALOG OUTPUT Board, Model M03755, for A-3000 to drive Bruker Analog Plotter 

ASPECT 2000A Complete Computer System. Upgrade your old 2000! [Reconditioned] 
With trade-in of A2000 

With CDC 96 Mbyte disk drive, package price 
With CDC 32 Mbyte disk drive, package price 

With MR MDD-160F 167 Mbyte NEC Disk Drive and 8" floppy drive, special price 
ASPECT 3000 Complete Computer System [Reconditioned] 

With one of above disk drives, package price 

TEXAS INSTRUMENTS SILENT 703 TERMINAL 
TEKTRONIX, Model 608XY DISPLAY MONITOR 
CDC 32 Mbyte disk drive, for Aspect 
CDC 96 Mbyte disk drive, for Aspect 
HOUSTON 8" single pen digital/analog plotter - LIKE NEW! 
WATANABE 12" 4-pen drum PLOTTER, Model 4736. Serial or parallel interface. LIKE NEW! 

PROBES: Single frequency, dual frequency, and broadband VSP type. 80-300 MHz. 
For super-con and iron magnets. 

VT UNITS, like new 
PTS-160 FREQUENCY SYNTHESIZER [reconditioned] 

PRICE 

$8995 
7995 
8500 

3500 

995 
995 

19,995 
16,995 
21,995 
21,495 
28,595 
29,990 

CALL 

525 
2995 
1995 
2495 

850 

2498 
CALL 

CALL 
CALL 

All above original equipment units carry 90-day warranty. All are complete with necessary cables, installation instructions, and accessories. Custom 
installation available at MR's standard low rates. Prices FOB Gardner, Massachusetts. Prices subject to change without notice. 

ADDITIONAL EQUIPMENT 

• Transmitters/Pulse Amplifiers 
• Decoupler Units 
• Console Power Supplies 
• Shim Power Supplies CALL FOR 
• WM-300 reconditioned spectrometer PRICES! 
• WP-60 reconditioned spectrometer 
• Other reconditioned NMR spectrometers for sale 

SPECIAL OFFERS 

BRUKER AC-200 Complete NMR Spectrometer with 
Aspect 3000, including array processor and process con­
troller. Fully broadband. Complete with Sample Changer, 
Probes, and Magnet. BRAND NEW! Including installation 
and warranty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $195,000 

IBM NR-80 Complete NMR Spectrometer, iron magnet. 
With all accessories. BRAND NEW! Including installation 
and warranty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $ 90,000 

DON'T FORGET 
In addition to these great specials, MR Resources also 
offers parts and accessories for NMR/MRI facilities, 
including non-magnetic tools, gaussmeters, RF components 
and test equipment, European style AC plugs, and cryogenic 
services. MR Resources is one of the industry's largest 
distributors of low cost cryogens. We also repair transfer 
lines and dewars. Call for quotations and catalog . 
MR also reconditions and upgrades ageing Bruker 
and IBM Instruments NMR Spectrometers. Do you have a 
spectrometer for sale? MR Resources buys used spectro­
meters! Call for quotation. 

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

CONTACT OUR SALES DEPARTMENT FOR FURTHER INFORMATION. 



'f , 
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May 15, 1989 (received 5/24/89) 

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

A Comparison of 300 and 600 MHz Spectra 

Dear Dr. Shapiro: 
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Recently we have been involved in determining the structure and relative 
stereochemistry of a number of cyclohexene derivatives which were synthesized via a 
Diels-Alder reaction. At 300 MHz, significant overlap occurred in the 1 H NMR spectrum 
between the region 2.7 - 3.0 ppm which made structural interpretation of 1 difficult. 
Attempts to change the solvent did not assist in distinguishing the resonances in this 
region. Benzene:-d5 afforded the best phase-sensitive COSY spectrum at 300 MHz, 
which is shown in Figure 1. 

At 600 MHz, the four proton resonances were completely distinct. The connectivity via 
spin-spin coupling was straightforward with the high field phase-sensitive COSY 
spectrum, Figure 2. The relative stereochemistry was assigned with the aid of a 
NOESY spectrum at 600 MHz. 

Sincerely yours, 

' ) 
\ / 
\. · -· , • c.. ... . c:... ~-

Peter Rinaldi 

ll/a.--· .. ,,t::i...f .. =._.- •.:,-(_ 

' 
Maritherese Tokles 

·1 ht· I li,inr!->ily 111 ,\~run i-. Jn E4u.il Educ,1t 1on .ind Emp!uynu· nl ln~litut1on 
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Figure 1. (a) Phase-sensitive COSY spectrum of 1 in C6D6 recorded at 300 MHz. (b) 
Expansion of the upfield region. 

• ..... .. -· ' ... r • 
. • 
-+-· ■ ...... 

6 . 0 5 . 5 5.0 •. 5 4 . 0 3.5 3 . 0 2 . 5 2.0 

fl (ppm) 

,. 
lppa) ... .. .. •.. .. ... 
• • 7 ... 
,. 
J . 

J . I 

J . 

J . 

,., 

m -,~ 

'® 
~~ ~ ~- . ... .. . ~ . .-a 

... . 

• -~ ':i:<!!s"~ 

J . <41 ) . J J.r: J.I J .f!I l . 9 Z,8 l.1 i!: . 6 Z. 5 Z:.<11 Z . J z.r: l.l l.f!I 

r t fpp,al 

Figure 2. (a) Phase-sensitive COSY spectrum of 1 acquired under identical conditions 
at 600 MHz. (b) Expansion of the upfield region. 



Z•Spec Probes 

(0) JFJFJEJR. 

Low Cost 1H/13c Backup Probe 

$7,000.00 

In NMR Mistakes Can Be Costly!!! 

Backup your mistakes with our Low Cost lff/l3c 
probe. Our Backup Probe will meet or ·beat your 

current probe specifications. 

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

NALORAC CRYOGENICS CORPORATION 
837 Arnold Drive Suite 600, Martinez, CA 94553 

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



Z•Spec Probes 

(()) JFJFI8IR. 

Indirect Detection Probes with ... 

* High 1 H and X channel efficiency 

* Exceptional Lineshape and Resolution 

. 31 109 * Full X Channel Tuning ( P- Ag) 

* Outstanding water suppression capability 

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

~ 1.:-it NALORAC CRYOGENICS CORPORATION 
837 Arnold Drive Suite 600, Martinez, CA 94553 

Tel: (415) 229-3501 FAX (415) 229-1651 
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WASHINGTON · UNIVERSITY· IN · ST· lDUIS 

Department of Chemistry 

Dr. Bernard L. Shapiro 
TJ\MU NMR Ncwslet!L'.r 
<)(1(1 Elsinore Court 
Palo Alto, CA 94303 

June 7, 1989 
(received 6/12/89) 

Re: Concomitant Quantification of Metabolism and Blood Flow J1ia 2H/31P NMR in Vivo 

Dear Barry: 

Quantification of tissue metabolite levels in vivo represents one of the most promising routs toward the 
diagnosis of disease and monitoring of the effectiveness of therapeutic treatment. However, perfom1ing an 

370-39 

N MR measurement that quantitatively reflects the metabolite levels in vivo is difficult. Thulbom and Ackerman 
proposed a method using a doubly tuned antenna for determining the quantitative molar concentrations of tissue 
metabolites in vivo. By comparing the metabolite signal intensities of interest with the 1 H signal intensity of 
tissue water that serves as the internal concentration (and sensitive volume) reference, one can readily obtain the 
molar concentration of metabolites even with the spatially inhomogeneous sensitive volume of a surface-coil 
type local antenna. 

There have been a number of applications reported recently in the literature employing modifications of the 
Thul horn method. Our laboratory has been using this approach to examine the metabolic dysfunction resultant 
from sepsis (septic shock) in a laboratory rat model of this disorder (the number one cause of death in the 
surgical intensive care unit). In our adaptation of the Thulborn method, we employ a 2H/31P doubly tuned 
surface-coil antenna 10 study rat leg muscle in vivo. The derivation of metabolite concentrations such as 
phosphocreatine (PCr) and ATP was accomplished by comparing the naturally occuring 2H signal intensity of 
tissue water with the metabolite signal intensities. For our purposes, the biggest advantage of this protocol is 
that we can follow also via 2H NMR the tissue blood flow through the same region of tissue where the 
metaholite levels arc measured. This offers a correlation between metabolic status and blood flow within a 
specific tissue in the same subject. This prov.ides an important multiparat'neter approach:to the 
pathophysiological analysis of sepsis. An outline of the protocol we employ is as follows: 

a) Construct a doubly tuned 31P/2H surface-coil antenna or a single tuned antenna with an external tuning 
circuit capable of tuning the antenna readily to either 31P or 2H frequencies. 

h) Prepare a series of aqueous tissue-like samples (salt solutions) containing different concentrations of 
inorganic phosphate (Pi). A ferric nitrate/EDTA solution was prepared and added as a relaxation agent to 
ensure that the T1 or l\ in solution is not longer than T 1 's of metabolites in vivo. 

c) Prepare a reference "point sample" (microsphere) giving strong 31P arid 2H signals (2 M K2HPO4 in 20% 
D2O was used in our experiment) for flip angle calibrations. Pulse width vs. flip angle calibration should be 
performed for each measurement with a new sample in case of changes in sample loading. 

cl) Data acquisition (21-1/JIP) should be carried out quantitatively (TR> 3-5 Ti) with the same pulse flip angle. 
J\11 acquisition parameters arc identical for calibration and in vivo experiments: 

c) Establish a plot of the ratio of2H HOD and 3Ip Pi signal intensities vs. Pi molar concentration from the 
calibration experiments. This should result in a linear relationship (Figure 1). 

Washington l lniv<.:rsity 
Campus Box 11 54 
On<.: Brookings Dri've 
St. Louis, Missouri 65 150-4899 



370-40 

0 ... 

3 

... 2 ., 
t. 

retlo • 0 , 0!.C • (Pl) - O. Olt 

Figure 1. Calibration curve of the ratio 
of HOD and Pi peak areas vs. the 
concentration of Pi. Both 2H and 3lp 
NMR experiments were acquired under 
the same conditions as in later in vivo 
ex perimerits. IPil = 5, 10, 25, 50, 100 
m/\/. Each point represents the average 
of five independent measurements. 
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f) Obtain in vivo the resonance intensity ratios of HOD and 
phosphate metabolites of interest (Figure 2). Using this 
number (ratio) determined in vivo and the calibration curve 
discussed in e) above, find the absolute concentration of the 
relevant metabolites. 

Figure 2. / n vivO 3 IP NMR spectrum of leg muscle from a 
septic rat. Data acquired quantitatively with a 135 degree pulse 
at the center of the surface coil. [PCr]control = 29 ± 5 mM SD 
(n= 17); [A TP]control ~ 8 ± 1 rnM SD (n=l 7); [PCr]septic = 24 ± 
6 mM SD (n~13); [ATPhcptic = 8 ± 2 mM SD (n=l3). 
Reported concentrations are not corrected to the intracellular 
volume fraction of tissue. 
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g) Following this 3IP/2H measurement of metabolite concentration, employ the 2H NMR measurement 
of blood flow via D20 washout analysis (F:igure 3) to monitor tissue perfusion rate [ml-blood/(100 g-

tissue-min)] . 

Figure 3. ln vivo septic rat leg muscle 
DzO washout time course. 2H NMR 
experiments were collected :-;, 
quantitatively also with a 135 degree ~ 
pulse at the center of the surface coil. -~ 
Each point represents a 15 sec time­
averaged signal acquisition. The entire 
curve is fitted to a 3-parameter single 
e·xponential decay function . This 
accounts for tracer recirculation. 

100 
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Mnsd~ lllnncl !•" low ~ 7:271111/( 1111)~ liss11c-111i11) 
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Sincerely, 
,.. ·• l ,l 

::. 1,./j, I, i .. -/ t{,_;, '._ < \1 ~, --~ -4~: ,~·--, ·: .... --r--
Shenit-Kwei Song: \ ' 

fi{g#~lft; 
Richard S. Hotchkiss 
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llultt lllniuer.sity 
NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY CENTER 

LEONARD D . SPICER . DIRECTOR 

ANTHONY A . RIBEIRO. MANAGER 

(9191 684 -4327 
(9191 684 - 6287 

May 15, 1989 
(received 5/23/89) 

Professor B. L. Shapiro 
TAMU NMR Newsletter 
966 Elsinore Court 
Palo Alto, California · 947303 

6Li- 1H HOESY in the Aldol Reaction 

Dear Professor Shapiro: 

The two-dimensional heteronuclear NOE experiment (2-D HOESY) was first 
described by Peter Rinaldi (1) and Yu and Levy (2) several years ago. Compared 
to the wide-spread use of homonuclear NOE spectroscopy, the heteronuclear 
experiment has been used surprisingly only in a few cases to explore the 
through-space interactions of neighboring nuclei. Working together with 
Michael Nichols and Professor Ned Arnett (Duke Chemistry), we have been 
exploring the use of this effect in characterizing organolithium compounds, 
particularly metal-enolate ion pairs involved in the "modern" aldol 
condensation. 

Although the aldol reaction is over 150 years old, it is only since the 
1970s that it has become recognized as one of the most important classes of 
chemical reacti:ons. The "modern" aldol reaction uses metal ion amide bases in 
hydrocarbon solvents to form the anion for the condensation reaction . When 
sodium or potassium are the counterions in the "modern" aldol, results 
consistently show evidence of a simple equilibrium between the metal ion and 
the metal - enolate ion pairs. However, in the lithium case, the condensation is 
complicated by association effects featuring dimers, tetramers , etc. in 
solution. Since the distances from the metal ion to the organic moieties vary 
tn tre x-ray crystal structures of lithium aldolates, it was hoped that 
Li- H HOESY could yield insights into the regioselectivity about the metal 

ion in solution. While 6Li has nuclear spin >1/2 and therefore a quadrupole 
moment, its quadrupole moment is small; Wehrli (3) found up to 35% dipolar 
relaxation through 6Li- 1H interactions in alkyllithium compounds and was 
able to measure the first Li{ 1H} NOE effects. Figure 1 below shows the 
2-D 6Li- 1H HOESY spectrum for _6Li-labeled lithiopinacolonate"THF in 
cyclohexane-d12 at 12°c obtained on a GE GN-500 spectrometer. HOESY 
parameters were bas·ed on those of the Schleyer group ( 4) and phase cycling was 
that of Yu and Levy (2). The only cross peaks detected were those predicted 
from the crystal structure for the tetrameric aggregate . Identification of the 
structurally interacting species is, of course, of great interest and has 

BOX 3711 , DUKE UNVERSITY MEDICAL CENTER 

DURHAM . NC 27710 
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allowed a description of the thermochemistry of a structurally defined aldol 
reaction (5). 

Sincerely, 

~r ~;-rr 
Anthony A. Ribeiro 

1. P.L. Rinaldi, J .. Amer. Chem. Soc. 105:5167 (1983). 
2. C. Yu and G.C. Levy, J. Amer. Chem. Soc. 106:6533 (1984). 
3. F.Y. Wehrli, Org. Magn. Reson. 11:106 (1978). 
4. Y. Bauer, T. Clark and P. Schleyer, J. Amer. Chem. Soc. 109:970 (1987). 
5. E.M. Arnett, F.J. Fisher, M.A. Nichols and A.A. Ribeiro, J. Amer. Chem. 

Soc. 111:748 (1989). 
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The UCLA Department of Chemistry and Biochemistry has an 
immediate opening. for an NMR Spectroscopist in the departmental 
I n s tr u me n t a t i o n F a c i I i t y • Res p on s i b i I i t i es w i I I i n c I u d e a I .1 as p e c ts_ 
of implementation of modern NMR methods in a · large variety of chemical 
and biochemical research, maintenance of NMR hardware and software; 
and improvement of the hard.ware, software, and laboratory pol ictes to 
maximize availability and usefulness of NMR to the research efforts lot 
the department. Primary qua I ifications are state-of-the-art expertise 
in NMR spectroscopy and the ability to communicate and relate well 
w i th Fa c i I i t y u s er s • Cur rent e q u i pm en t : AM 5 0 0 , G N 5 0 0 , AM 3 6 0 , M S L 3 0 0 , 
AF200. Interested candidates should send a resume and the names of 
three references who may be contacted to: Dr. Jane Strouse, 
Department of Chemistry and Biochemistry, UCLA, Los Angeles, CA. 
90024-1569. UCLA is an equal opportunity affirmative action employer. 



the Choice is 
the Fully Capable, 
Cost-Effective, · 
Accessible 
VIVOSPEC™ Magnetic 
Resonance Imaging 
Spectrometer. New ' 

' Designed for MR Spectroscopy and Imaging by MR 
Researchers, the First Truly Accessible System that Really 
Puts Users First. 
With the VIVOSPEC SPECTROMETER, you get a full range of spectroscopy and 
imaging features and functions, includiqg-
• MULTINUCLEAR: SPECTROSCOPY AND 

IMAGING CAPABILITY 
• TRANSFORMED SPECTRA IN REAL -

TIME FOR SHIMMING 
• HETERO- AND HOMONUCLEAR 

DECOUPLER OPTIONS 
• OPTIONAL SELF SHIELDED GRADIENTS 

. . . an,d much more. 

· Discover the Savings · 

Consider the Research Challenges Already 
Being Addressed: 
• METABOLIC STUDIES 
• MUSCULOSKELETAL STUDIES 

. • NEUROLOGICAL STUDIES 
• ISCHEMIA STUDIES 
• PHARMACEUTICAL STUDIES 
• ANESTHESIA STUDIES 
• IN-VITRO STUDIES 

Low loss cryostat for reduced cryogen consumption 
Modularized design for reliability and ease of. service _ 
Full range of magnet sizes and strengths allows you to purchase only as much magnet 
as you need . 
Option;il magnet shielding reduces facility requirements 

And All at the Lowest Prices Available 

CALL NOW FOR MORE DETAILS ON THE VERSATILE, INNOVATIVE VIVOSPEC 
Magnetic Resonance Imaging.Spectrometer . .. a product of Otsuka Electronics. 

OTSUKA ELECTRONICS (U.S.A.) INC. 1 RAYMOND DRIVE • HAVERTOWN,PA19083USA • (215)789-7474 • FAX(215)789-8081 
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Faculte 
des scienc1 s 

Dr. B.L. Shapiro 
966, Elsinore Cou t 
PALO ALTO (CA) 94303 
U.S.A. 

UNIVERSITE 
DE SH ERB ROOKE 
Sherbrooke (Quebec) Canada J1K 2R1 

Department of Chemistry 

Magnetic Susceptibility Effects in Coaxial NMR Tubes 

Dear Dr. Shapiro: 

.I 
I. 

June 2nd, 1989 
(received 6/6/89) 

We have been studying the effects of hydrodynamic flows on the critical properties lof 
the binary mixture cyclohexane/aniline (1). A variety of flows are generated in the annu­
lus of two concendric and independantly rotating NMR tubes. In the early days of NMR, 
coaxial tubes proJlided a means of measuring chemical shifts of a substance in the annulus 
while the referenc

1

e was found in the cavity of the inner tube (or vice-versa) (2). While 
this arrangement ias convenient to eliminate solubility and contamination problems, diffe­
rences in the magnetic susceptibilities of the substance and the reference lead to 
slightly differend magnetic field strengths in the annulus and the cavity of the infier 
tube. When the co:axial cells are rapidly rotated single peak resonances are found in the 
spectrum of the substance. In the static case, a broad doublet for each resonance would 
result from this bllulk magnetic susceptibility effect (2). The observed splitting is pro­
portional to the difference in the volume magnetic susceptibilities of the substance and 
the reference in Jddition to the . shape of the sample. This effect is observed in fig~re 
lA where the lH splectruin is presented for neat cyclohexane in the annulus of two condm­
tric and static NMR tubes (rinner = 2.5 mm, router= 5.0 mm) with D20 and TMS in the inner 
tube. As the magJ etic susceptibility is proportional to the square of the . magnetogyric 
ratio and the numbler of NMR active nuclei, a splitting reduced by a factor of 1/3200 is 
expected for the ~l3c NMR spectrum of cyclohexane in thi•s arrangement, i.e. a splitting on 
the order of 3 mHz. Indeed no splitting is observed in Fig. lB for the 13c spectrum. 
Therefore by moni~oring the 13c resonance ·of cyclohexane in the binary mixture at critica­
lity in the annul 1s of coaxial NMR tubes these susceptibility effects can be neglected. 

(1) 
(2) 

A 

M 
! ! 
I I_ 
I \ 
I I 

__/ ~ 

B 

-50 -25 O 25 50 -50 -25 0 25 50 

Hz Hz 

. I 

Serge Lacelle 

S. Lacelle, ~- Cau, and L. Tremblay (submitted) 
J.R. Zimmerman and M.R. Foster, J. Phys. Chem. 61, 282 (1957) 

I 

I 

Sincerely, 

Serge Berube 

C 



Thomas I.. James, Ph.D. 
UCSF Magnetic Rc.sonancc Laboratory 
Department of Phannaccutical Oicmistry 
The University of California 
926 Medical Science 
San Francisco, CA 94143-0446 

~ (415) 476-1569 

FAX ADDRESS: (415) 476-0688 

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

Dear Barry: 

Uni,0<sity of Califomi,, Sm F,mdsoo ... A Health Sci,oc, ll~ F 

May 19, 1989 
(received 5/25/89) 

An important development in the area of in vivo NMR has been the advent of localized spectroscopy 
which enables monitoring the NMR spectrum of a defined region of interest within a larger sample. Our lab 
has been involved in both "high-resolution" 2D NMR and in vivo NMR. So perhaps it is not surprising that we 
would try to obtain localized 2D spectral NMR. In the few cases in which 2D NMR was applied to 
heterogeneous systems, spectra were obtained from the whole sample without any spatial localization. The 
present study explored the feasibility of performing localized 2D NMR experiment using a surface coil. In 
principle this could be accomplished by phase-encoding. The experiment consists of a conventional COSY 
sequence with a phase-encoding pulsed gradient at the beginning of the evolution Lime (t1), i.e., immediately 

after the first 90° pulse of the COSY sequence. Thus, for each increment of the phase encoding pulse gradient, 
one has to step through all values of t

1
• A 3D Fourier transform will generate a one-dimensional spatially 

localized COSY spectrum. · 

Experiments were performed on our Quest-4300 (Nalorac) instrument equipped with an Oxford 4.7T 
magnet, 22.5 cm usable bore, using the phantom shown in Fig. 1. A two-tum, 2 cm surface coil (tuned to 200.1 
MHz), was used. Four scans were averaged for each of the 128 incremental delays in the COSY experiment. 
The acquisition Lime in the t

1 
and tz dimensions were 41.28 and 81.92 ms, respectively (Fig. 2A). The resulting 

128x256 matrix was transformed with zero-filling in the t
1 

dimension, resulting in a 256x256 square matrix. 

For the localized COSY experiment, the same parameters were used. In addition, eight sine-bell-shaped pulsed 
gradients of 1.92 ms duration were incremented in 0.096 Gauss/cm steps, giving a slice thickness of 2.5 mm 
and a total field of view (FOV) of2 cm. The resulting three-dimensional matrix (8xl28x256) was processed on 
a Sun 3/160 computer using 3D FT software written by us. The data matrix was zero-filled once giving a matrix 
of 8x256x256 data points. The unlocalized COSY spectrum (Fig. 2A) clearly displays two intense cross-peaks 
from the CH3 groups at 1.30 ppm to the CH

2 
of the ethanol and the CH group of lactic acid at 3.78 and 4.10 

ppm, respectively. Fig. 2B shows two of the eight slices resulting from 3D FT of the data set. The eight slices 
clearly demonstrate that even with only eight phase-encoding steps, there is no contamination; each slice shows 
the COSY spectrum of only one compound. Slices 1-4 which were above the surface coil manifest the COSY 
spectrum of lactic acid only, while slices 5-8 exhibit the spectrum of ethanol which was below the coil (sec 
phantom in Fig. 1 ). The intensities of the 2D spectra in the different slices are as expected, accounting for the 
shape of the phantom used as well as the rf field gradient of the surface coil. 

Sincerely yours, 

Thomas L. J amcs 
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Doty Scientific, Inc. 
MAGIC ANGLE SPINNING -------------------------------

MAS PROBE FEATURES: 
Available for all spectrometers. 

Complete multinuclear range 
using plug in capacitors. 
Provides continuous coverage 
from 31 P to 103Rh. 

High sensitivity and efficiency: 
3 µs 90° pulses with 160 W 
for 1H at 300 MHz and 500 w 
for 13c at 75 MHz with 350 µl 
sample volume. 

Ultr~ high speed spinning option 
5 mm spinning 14 kHz routine 

17 kHz optimum. 
7 mm spinning 9 kHz routine 

11 kHz optimum. 

Choice of 5 mm, 7 mm, and 19 mm 
sample sizes. 

Variety of rotors and spinner 
assembly materials available. 

Standard VT range: 
-120 °C to 160 °C. 

SPECIAL PROBE OPTIONS: 
CRAMPS probes. 

Fast Flipping Variable Angle 
probes for DAS 30° to 90°. 

Fiber optics spin detection. 

Triple tuned probes. 

VARIABLE TEMPERATURE OPTIONS: 
Extended temperature -180 °C to 

250 °Con standard MAS probes. 

High temperature MAS probes to 
700 °C. 

Low temperature MAS probes 
to 6 K spinning, 3 K static. 



-----+------------------------·NMR PROBE SYSTEMS 

* . * DAS * * 

- Doty Scientific began with . 
Magic Angle Spinning. _ But we 
didn ' t · stop- there. · .You, the 
NMR .scientists, have pushed 
the boundaries of NMR in every 
direction. We in turn have 
pushed the boundaries of NMR 
probes. You need reliable, 
state of the art probes. 

We design and build them. 

FAST FLI PING VARIABLE ANGLE PROBES: 
Now avaiiable with a stepper motor and 
computerl control system! 

MICROSCO Y IMAGING PROBES: 
• I • High performance X-Y-Z gradient and 

I • • I 

cancella ion coil syst~m with a double 
tuned rf system and a H Lock. 

Now Available: NMR Microscopy probes 
with perfusing capability for horizontal 
magnets. VT range -40 DC to+ 160 DC. 

r 

. '•'11 



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

Dear Barry, 
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Monsanto 
_____________________ PHYSICAL SCIENCES CENTER 

Monsanto Company 
700 Chesterfield Village Parkway 

St. Louis, Missouri 63198 

Phone: (314) 694-1000 

June 7, 1989 

(received 6/12/89) 

Since a majority of our NMR work is done on biological molecules either 
naturally occuring or synthetic and usually of limited quanity, we are al­
ways interested in ways to increase the sensistivity of our experiments. 

We have implemented the P.COSY experiment described by Bax (D. Marion and 
A. Bax, J. Magn. Reson. 80, 528-533 (1988)). This experiment eliminates the 
dispersive character of the usual COSY diagonal peaks yielding high-resolu­
tion spectra of a quality comparable to the DQF-COSY experiment but with 
twice the sensistivity. The purging of the dispersive character of the diag­
onals is accomplished by subtracting the result of a COSY spectrum recorded 
with a o0 mixing pulse from the usual COSY spectrum. Instead of recording a 
complete 2D data matrix for the o0-cosY experiment, the same data can be ob­
tained from a single FID. By left shifting the data of this single FID, the 
time-domain data for successive t 1 increments _ of the o0-cosY experiment are 

obtained. 

In essence, the experiment consists of obtaining the usual 2D phase-sen­
s istive COSY data and a lD reference spectrum. The lD spectrum is obtained 
using the COSY pulse sequence and phase cycling but with the power of the 
second 90° pulse set to zero (i.e. a o0 pulse), with .twice the number of da­
ta points, and with 16' times the number of scans per t 1 increment. Only the -

t1=0 data are collected. The recycle times for the COSY and the lD refer­

ence spectrum are adjusted such that the length of the experiments from the 
first 90° pulse to the end of the recyle delay are equal for both. Data a~e 
processed usinq a C-program that scales, left shifts and subtracts the ref­
erence FID from the COSY data array to generate a new, P.COSY data set. 

The COSY and P. COSY spectrum of a small peptide is 
figure and a 60 hr. P.COSY acqusition for hen lyso zyme 

shown in · the top 
(7 mmol . , 90 % H2o) 

is shown in the bottom figure. It seems to us that the phase-sensitive, DQF­
COSY experiment is now obsolete. 

Sincerely, 

~~i,-i~. 
John J. Likos William C. Hutton 
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Conditions for data collection, processing and display were Identical for both spectra . There was no 
baseline correction or first data point manipulation of the fid . 
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The data was collected on a Varian VXR-500 spectrometer using 1 K x 2K hypercomplex points . the data 
was zero-filled to 4 K x 4K and the first point of each fid was muHiplied by a constant before Fourier trans­
formation. Baseline correction (3rd order polynomial) was applied in both dimensions. All data process­
ing was done on SUN 4 workstations using Varian's VNMR software. the P.COSY data set was created 
with a C-program that was integrated into the VNMR software. 



Statement of Company Policy 
Hare Research, Inc. 
14810 216th Avenue NE 
Woodinville, Washington 98072 
TEL: (206) 788-2374 • 
FAX: (206) 788-2552 

Hare Research, Inc. was created by its founder, Dennis Hare, for the 

purpose of retaining copyright to programs written for research purposes. 

The primary goal of Hare Research is, and always has been, research into 
the determination of macromolecular structures using NMR-derived infor­
mation. Since software for such purposes has historically been sparse or 
not-existant ( or non-obtainable), we have written our own routines to pur­
sue our research interests. 

It is the policy of Hare Research, Inc., to release this software to non­

profit users at no charge, other than distribution costs. We do not require 
you to justify your request other than to state that the software will be used 
for non-commercial purposes. A "grant proposal" is certainly not required 

nor desired. 
Our operating costs are mostly recovered by reasonable fees charged to 

industrial corporations. Their purchases of our software in effect underwrite 

the distribution of our software to academic users. We wish to recognize 
our many commercial clients, and say thanks. In the past two months we 

have delivered over fifty new tapes of our FTNMR to academic users at 

virtually no cost; for these users, we also say thanks. 
The motivation behind the design and writing of our software is our 

research, and not marketing. If there is some facility that you wish to see 

added to our software, please let us lmow: use either the FAX number or 

address shown above. In the meantime, remember our industrial customers. 

They n1ake excellent postdoctoral and career employers. 

□ Data Processing □ Spectral Assignment □ Structure Determination 
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' ~ Hare Research, Inc. 

Hare Research Technical Report 

Subject: van der Pitfaals (??) 

~c-vvv7 --

14810 216th Avenue NE 
Woodinville, Washington 98072 
TEL: (206) 788-2374 
FAX: (206) 788-2552 

I have recently noticed a problem that occurs in distance geometry calculations. The 
problem is most pronounced in protein structures, although the problem can occur with 
virtually any type of molecule. I thought I'd share this with TAMU readers and stave off a 
dreaded pink sheet for at least a little while. 

The problem concerns the use of a van der Waals contact distance for unknown lower 
bounds. That is, when the lower bound between two atoms is not known, the sum of the van 
der Waals radii is used as the smallest distance that the atoms may approach each other. 
The atomic radii used may be a hard sphere radius (i.e., where the potential crosses through 
zero), or the equilibrium radius (i.e., where the potential is at a minimum). 

Before describing the problem with this approach, consider what the lower bound is used 
for in distance geometry calculations. In the best of all possible distance geometry worlds, 
one would know every distance exactly. Since this is not the best possible world1 , most 
distances in a biomolecule are not experimentally known. Instead we use lower and upper 
distance limits that are chemically and torsionally possible. So what is the smallest distance 
that can occur between two atoms? Normally, the sum of the van der Waals hard sphere 
distances is the lower limit. 

But not in the case of polarizable atoms! Hydrogen bonds are typically 20-25% shorter 
than the "closest possible distance", and salt bridges are also quite short. Most persons and 
DG programs (to my knowledge) either do not or cannot explicitly define all hydrogen bonds. 
Thus many or all lower bounds are too restrictive for hydrogen bonds to form, resulting in 
distorted structures ( this is quite noticeable in helices). 

What we have done in our DSPACE program (v3.4) is to allow less restrictive lower bounds 
to occur for polarizable groups. Users of DISGEO, DGEOM, DISMAN should check to see 
how lower bounds are handled in these programs. Of course, if the structures produced by 
the DG program is energy minimized using AMBER, CHARMm, etc., this problem will go 
away. 

J would enjoy receiving comments on this problem from other DGers, especially those 
who are using programs other than DSPACE. Please call me at (206) 789-7559 or send me a 
fax at the number shown on the letterhead. ~~ 

Paul L. Weber 

1 Where we are just a heartbeat away from having President Quayle! 

□ Data Processing □ Spectral Assignment □ Structure Determination 



v.v. Krishnamurthy 

varian@ 
Instrument Group 

Dr. B.L. Shapiro 
Editor/Publisher 
TAMU NMR Newsletter 
966 Elsinore Court 
Palo Alto, CA. 94303. 

Dear Dr. Shapiro: 

06/12/89 

PHASE-SENSITIVE COUPLED CH CORRELATION 

SEQUENCE FOR LONG-RANGE J MEASUREMENT 

370-53 

My recent move from UC, Berkeley to Varian had (unforgivably?) 
delayed my contribution to TAMU newsletter by at least 2 months. With 
this contribution I hope to be reinstated in your list. 

The coupled version (sequence A) of the Freeman-Morris sequence is 
free from any modulation of cross peak intensity due to passive couplings 

H: 

C: 

90°-t /2-1 
(A) 

180° 

and it has been argued1 that the decrease in S/N is often not very 
significant compared to the danger of accidental missing of cross peaks 
due to wrong choice of~- Sequence A, without BB decoupling during t 2 , 
provides a coupled spectrum along the carbon dimension but, due to the 
presence of the 180 pulse midway through the evolution (t ), achieves 
heteronuclear BB decoupling along the proton dimension. t~is sequence 
can be visualised as an extension of the Fully coupled heteronuclear 
correlation sequence (B), also referred to as FUCOUP, with hetero-

H: 

C: 

90°------t -----90° l 

nuclear decoupling along the F
1 

dimension. 

(B) 

The FUCOUP sequence in a phase-sensitive fashion can be used to 
measure long-range CH coupling constants2. However, FUCOUP provides 
a redundancy of information in that the CH coupling constant appears 
in both dimensions of a cross peak. Since, the resolution along F 
is generally limited and the coupling qonstant can be measured mor~ 
conveniently a~on~ ~ 2 , this redu~dancy sacrifices some sensitivity 
because of splitting (or broadening) of the cross peak along F1 . On the 
other hand, sequence A (which, being analogous to FUCOUP, is designated 
PACOUP - PArtly COUPled CH correlation sequence) should give more 
sensitivity than FUCOUP, because of BB decoupling during evolution, and 
still retain the CH coupling information along F2. We modified sequence 
A into a phase sensitive fashion (sequence C) and compared its sensiti­
vity to that of a phase-sensitivite FUCOUP sequence and its use in 
measuring long-range CH coupling constants. The results are shown for 
the C2H6 and C6H2 cross peaks of nicotinamide in the Figures. 

H: 90°-t1 /2- -t1 /2-l--a1 /2--180°--a1 /2--90° 

C: 180° 180° 

Varian Associates, Inc. 25 Hanover Road Florham Park, New Jersey 07932 U.S.A. 
800/321-8134 

(C) 
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Fig. 1. C2H6 and C6H 2 cross peaks (one of the two one-bond double£ 
components) from a phase-sensitive FUCOUP (sequence B) and PACOUP 
(sequence c · with A1 = 46.3 ms) of lM nicotinamide in D20. See Fig. 2 
from cross sections. 

Even in simple compounds, where all CH coupling constants to a parti-
I 

cular carbon can be measured conveniently from a high resolution proton r 

coupled carbon spectrum, unambigubus assignment of a specific coupling 
to a specific CH spin pair is not possible without selective irradiation 
experiments. The phase-sensitive FUCOUP and PACOUP experiments, on 
the otherhand, provide a method to not only measure the coupling constants 
to a high degree of resolution (dependent on the digital resolution 
along F'2) but also assign them to a specific CH spin pair based on the 
cross peak chemical shifts and the anti-phase nature of the active 
couplings. The phase-sensitive PACOUP sequence (with judiciously chosen

1 
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Fig. 2. F (carbon) cross sections of C2H6 and C6H2 cross peaks from 
phase-sensftive (a) FUCOUP, (b) PACOUP (~1 = 46.3 ms - optimized for 
10.8 Hz) and (c) PACOUP (01 = 71.4 ms - optimized for 7.0 Hz) spectra 
of lM nicotinamide in D2O. 

polarization transfer delay) is better in sensitivity than its FUCOUP 
counterpart, when used for measuring (or assigning) long-range CH 
coupling constants. 

Sincerely, 

V.V.Krishnamurthy 
Sr. NMR Applications Chemist. 

References: 

1. V.V. Krishnamurthy & R. Nunlist, J. Magn. Reson., ~, 280 (1988) . 
2. A. Bain, J. Magn. Reson., 77, 125 (1988). 
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Texas A&M University NMB Newsletter - Book Reviews 
Book Review Editor: 

William B. Smith, Texas Christian University, Fort Worth, Texas. 

"Introduction to Pulse NMB Spectroscopy" 
by 

Thomas C. Farrar 
Farragut Press, P.O. Box 5102, Madison, WI 53705, U.S.A.; 

xvii + 211 pp; 1989; $24.95; ISBN 0-917963-00-5, paperback. 

This is the second edition of the book originally published in 1987. The new edition is divided into seven chapters, two 
appendices, a list or references and an index and is intended as in introduction to pulsed NMR spectroscopy for the 
beginning graduate student or the chemist who wants to improve their knowledge of modem pulsed NMR spectroscopy. 
While the book of necessity contains numerous mathematical equations, the reader is not required to derive. them and 
the equations are presented with sufficient clarity of accompanying text such that the novice is not overwhelmed. Wide ' 
margins and two separate pages are provided for notes which will make the book especially useful in the classroom or 
in the laboratories where numerous chemists need to develop an understanding of the basics of pulsed NMR 
spectroscopy. There is an abundance of figures which enhance the explanations contained in the text. The printing is 
of good quality, but I would have found reading the text easier if the captions for the tables and figures had been set in 
a font different than the text. The text is free of serious typographical errors. References to basic papers and specialized 
texts giving greater coverage to each of the topics are provided througout the text. I 
Chapter I, Fundamental Concepts, (34pp) takes the reader through some of the history ofNMR spectroscopy, develops 
formulae for line shapes, energy levels, transition frequencies and intensities, and introduces the concepts of the rotating 
frame and Fourier transformation. 
In chapter II, NMR Pulse Experiments, (28pp) pulse methods are explained with many diagrams of spin vectors and 
the results of pulses on the various axes. Relaxation is introduced together with methods for measuring T1, T2, and T1 P· 
Table 2.1 docs not meet the standards for diagrams established throughout the remainder of the text. 
Chapter III, Instrumentation, is a very brief (18pp) introduction to the construction of pulsed NMR spectrometers. 
Chapter IV, Relaxation Mechanisms, (29pp) contains a more extensive discussion of relaxation mechanisms introduced 
in chapter I. 

1 

Chapter V, Fourier Transform NMR Calculations, (13pp) expands on the calculation of the Fourier transform introduced I 
in Chapter I and covers the advantages·ofpulse methods and signal processing. Exponential multiplication,"zero filling 
and phase correction are introduced. There is a brief discussion of maximum entropy and auto-regressive methods as 
alternatives to Fourier transformation. · 
Chapter VI, Sensitivity Enhancement Techniques, (36pp) discusses the sensitivity problem which has plagued NMR 
spectroscopy since its inception and various methods developed for improving the sensitivity of the method, including ' 
INDOR, nuclear Overhauser enhancement, selective population inversion, INEPT and RINEPT. 
Chapter VII, Two-dimensional NMR Spectroscopy, (28pp) introduces the concept of 2-dimensional experiments, 
covering 2-D J-resolved, COSY, HETCOR and NOESY. 
Appendix A is a 2 page review of vector analysis and appendix B is a list of useful constants. "' 
The publisher's attempt to keep the cost of the book within the budget of graduate students will be greatly appreciated 
in an era where $120 books are common and this book will be a welcome addition to those who need an introductory 

1 

text to pulsed NMR spectroscopy. " 
Discounts on the list price can be obtained by contacting the publisher directly. A hardbound edition is available for a 
~~cim~ · 

Michael L. Maddox · 
Syntex Research 



igh Quality 
NMR Sample Tubes 

No. SOB-UP Ultraprecision 
for ultra high resolution work 

only S 4.50 each 

-

The 508-UP Ultraprecisi_on thin ·yvall 5mm NMR Sample 
Tube is the ultimate f9r spinniDg stability, because of the 
extremely tight dimensionai: toleran_ces · on· the outside 
diameter, roundness, and centedng.df the sample volume 
relative to the outsid·e diameter of the tube - all these are 
critical factors fo·r high conc·entricity-. 

High con~entricity results. . in- decreased spinning side 
bands and better resolution, -especially since the sample 
volume IS not osc-illq.ting_, or vibrating, within the very 
precise gradient of th_e instrum·ent's magnetic field. 

For specifications and_ pridng, see_ ofher side. 

You save MORE with us! 
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·&mrn.o.d • . TH/.N WALL NMA SAMPLE TUBES 
No. 508-UP UL TBA PRECISIO, 
for ultra high resolution NMR Our -

. Standard tube length: 178m~ (7 mches); _ ~C::.nty 
o.d 4.97_± O 013mm 10 ooo~ . ..'.n ). • • tubal -
1.d. 4 20 ± 0.025m_m (0.001 in.); 
camber ± 0.013mm (0.0005 in.). • 1·991Ubts ... S4.50 11 . . 

For addit ional length, ,......" _· • 100-299 ...... $4.25 11 
add $0.24 p er cm (S0.60/in.).~- 300 + •...•.•. $4.00 11 . . 

No. XR-55 PRECISION FOR 
· medium and high resin. NM~ 
• s i andard tube l ength: 178mm (7 Inches); 

o.d. 4.97 ± 0.025mm (0.001 in.) 
• 1.d. 4.20 :;: 0.025mm (0.001 in.); -

camber £ 0.0.3mm (0.0015 in.);. 1.99 tubff ... $2.20 .;. 
For additional length, 100-299 .. : ... $2.DO ••· 
add $0.08 per cm ($0.20/in)." · . ·• JOO + .. .. ...... $1.90 ••· 

·No. 507-HP HIGH PRECISION No. 506-P PRECISION for 
for h~gh resolution NMR . medium and _hlgh_resln . NMR 
Standard tube length: 178mm (7 inches); - · • - ~- _ "_ •• Standard lube length. 178mm (7 inches). 

• o.d. 4.97 ± 0.01 3mm (0.0005 in.);" • o.d. 4.97 : ·0.025mm (0.001 Tn.): 
i.d. 4.20- ± 0.025mm (0.001 in.); - · - •• i.d. 4.20 : o~025mm (0.001 ,n.,: 

_camber=. 0.025mm (0.001. in.).. 1·99 ~ bes ... $3.00u. = .. camber :,: 0.025mm (0.001 inJ. 1·99tubeL .. $2.50ta. 
For additional leng th, • · 100-299 .... .. $2.9511. :for addi tional length. 100-299 .. .. .. $2.45 ea. 
add S0.21 per cm (S0.50/in.). _ 300 + .. ........ $1.iO oL - -_ :;,dd S0.16 per c_m (S0.40Jin.). • JOO + .......... $2.40 e■. 

No. ·505. p PRECISION for 
medlu.m and high resin. NMR 

_Standj rd .. tube le~glh: 178m!"i (7 Inches); ---
o.d. 4.97 ± 0.03mm (0.001 in.); · 
i;d. 4.20 ± 0.03mm (0.001 in.); · 

_ camber : 0.04m_m (0.002 in.): : 
l"o'r addit ional lenglh, 

_aad so.oa per cm ($0.20/in). 

1·99 tubff. .. $1.80 ea: 
100-299 ...... $1.75 .. . 
300 + .. .. .. .. .. $1.70 .. . 

. . 
~No. 502 THROWAWAY TYPE 
· Standard tube length: 1.78mm (7 inches) . • 
· o.d. 4.97 ± 0.05mm J0.002 in): · 

i.d. 4.20 0.05mm (0.0027 n); 
camber. ± 0.07mm (0.003 in)~ 
For add itional length , " 

__ add _$0.08 per cnj lS0.20/in). 

1·99 tubeL .. SD.80 ■a. 
100-299 ...... $0.75 .. . 
300 + .......... $0. 70 .. . 

LARGEVOLU E · ·NMR·SAMLE TUBES . 
10mm o.d. THIN -WAL[- · 
NMR SAMPLE-TUB_ES 

No. 1 ooe:t,p ULTRA PRECISION 
for ultr_a high_ resolytlon NMR 

Standard length: 178mm (7 inches); 
o.d. 10.00 :;: 0.013mm (0.0005 In.); 
l.d. 8.,76 :;: o.025m_m ;-(0.Q01 in.) 
camber ± 0.007mm (0.0003- ln.). 

· For additional lenght.- ... 
add $0.20 per ~m (S0.50/in.). 

1.5 tubts. ... $14.50 .. . 
6-25 ...... ..... $13. 75 .. . 
26 + ..... ..... . $12.95 .. . 

· NOTE:Other tube sizes 
ayallable; please Inquire. 

. No. 1 005-P PRECISION _ _ _ ~ _ 

.. to~ ~ dlu_m and high resin. NM~_ 

Standard length:·178mm (7 inches); 
o.d. 10.00 ± 0.013mm (0.0005 in.); · 
l.d. 8.76 ± 0.025mm (0.001 in.); 
camber ± .013mm (0.0005 In.). 1-5 tubes .... S9..50 ea. 

· For addit ional length, 6•25.,.. ...... ,$9.25 ••· 
_ add_$0.20 per cm ($0.50/in.). -26 + .... .. ..... $9.00 n . 

. _.J:!TFE VORTEX PLUGS -
· • All sizes • specify tube slze . . . $40/lot of 5 

Rods for all Vortex Plugs ...... $1 0 ea~h. 

- -

~ 20mm o . .d. THIN WALL _ 
NMR $AM PLE TUBES 

-
No. 2005-P PRECISION 
for medium and hlgti resin. fllMR 

Standard length: -178mm (7 inches); 
o.d. 20.00 :,; 0.01mm; 
1:d. 17.70 ± 0.02mm; 
camber ± 0.03mm. 
For addit ional lenght, 1•5 tubes .... $38.DD oa. 
add $1 .00 per cm ($2.50/ in.). 6 + .... .... ..... $37.25 ■a. 

PTFE Machined Tube Caps 
5mm ... 525/25 caps; $45/50 caps 

10mm .. . $28/25 caps; $50/50 caps 

For HIGH. ePECISION and UL TRAPRECISION wor~, we recommend our No. 507-HP 
an~ .. No. ~08-UP NMR-Samp~e Tubes. 

D ·on't wa$1e ·yo~r ·m ·oney! 
Whf waste money on so called "Thrifty-Royal-Emperor" tubes when you get the same·or fietter results 
with Norell's low cost No., .502 ($0)0--Q.~_ch in Tots of·3DO) and preci~ion XR-55 ($2.00 ea~h in lots of 
•100).-- Choose·either flat botto_m (stanUatd) or reinforced-conce_ntric round bottom (by adding RB to our · 

. ·catalog number) •... -available onJy_from Norell. · 

, ·oon't 1_9-~ them f 00·1 you! 
.••· with~clajms~of infinitely better.bargains~ Such cla_i~s_ serve n_o purpo~e other than to mislead you, and 
·you end_ our ii· looser oy payin-g d·ouble or tripple the pr.ice! - · · · 

-YoU save MorE!_-with us! 
Norell has .the l~west_ p~ices _in _t~e :in~usJry. =- _ ~ 

-- _ . _ To place-your .order; ~call toll~free 
1-800-222-0036; in NJ calf =60.9-697-0020 

. Noren, Inc . . 314 A~bor A~e .• Landisville, N~-00326 us.A Tel. (60_9) 697-0020: 

FAX: 609-697-9592 _ 

., 
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In response to your pink thing, please accept this as fulfillment, 
and credit to F.G.Herring's account. 

Moisture sorption in epoxy resins can reduce their strength by 
40% so the phenomena has received a fair amount of attention from 
NMR groups in the last few years. The current picture is rather 
confused, partly because of mixed experimental methods and loose 
terminology, and partly by a possible mis-interpretation of the 
results. Unfortunately we don't have the s~ace to review all the 
work, hut we would like to give our interpretation. 

One can either soak the epoxy resin in water, or stand it in a 
humid atmosphere. We will restrict ourselves to the latter approach. 
The former approach confuses the issue with macroscopic phenomena 
such as bulk water being drawn into cracks by capillary action. In 
our case we exposed 300mg pellets of Hercules 3506 to 97% humidity 
for four months, resulting in the uptake of ~l0mg of water (or 
deuterium oxide, as the case maybe). 

Terminology also causes confusion, most workers refer to bound 
and free water without providing any real definitions. We consider 
water 'free' if it retains the same no. of degrees of freedom (DF) 
as in the liquid and 'bound' if one or more of the translational or 
rotational DF are lost (QI!. the NMR timescale). It is 'solid' if all 
the translational or rotational DF are lost. (again on the NMR 
timescale). The NMR timescale will depend on the experiment and must 
be defined separately. 

So what did we find? The water vapor uptake follows a simple 
square-root law implying a normal diffusive process into a single 
site. The proton NMR spectrum of epoxy/water is a single broad line 
(~20kHz), no separate water peak is in evidence. Deuterium NMR (done 
with great difficulty on a Bruker CXP-200) gave the spectrum shown 
in Fig.l; two peaks of equal width (80Hz) and intensity, separated 
by 4.2ppm. This may be interpreted a number of ways, each of which 
ls discussed below. 

a) It is too large to be a proton-deuterium splitting 
implying water at two sites. b) Two sites seem unlikely as the 
sites must be sufficiently different to cause a 4.2ppm shift, but 
similar enough to be equally populated. Also the proton spectrum 
shows no such doublet, which would clearly show up as a spike on the 
20kHz line. c) The proton (deutrons) maybe in different sites (see 
Fig. 2a), but this would also show up in the proton spectrum. 
Furthermore it's unlikely that in such a case the relaxation times 
of the two peaks would the same. d) The final interpretation (the 
one we favour) is that the water is attached as shown in Fig. 
2b.That is the water is bound at the oxygen, but freely rotates 
about the oxygen. In this case the proton spectrum would be a broad 
powder pattern, (albeit with dipolar broadening much reduced) and 
hence swamped by the epoxy resin protons.On the other hand the 
deuterium spectrum will be a motionally narrowed spectrum with a 
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splitting determined by 1/3-cos 20. rowever, in this case 0 is ~54° 
so that the splitting will in fact b~ very small so something like a 
doublet will be observed. This also means that the motion is highly 
anisotropic which may explain the mu~ tiple relaxation times observed 
by other workers, which is more appealing than multiple binding 
sites. 

Figure 1. The spectrum of D20 absorbed on an epoxy 
resin . 200Hz/cm, 50000 tr.insients. , 30.7MHz 
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Figure 2 . Possible binding confuguratlons 
for water to an epoxy substrate. 
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Have you received your 1989-90 s_ bscription renewal invoice? 

Have you responded to your 1989-90 subsc~iption renewal invoice ? If you have, 
thanks· for your promptness! If not, please!do so without delay - I will appreciate 
your helping with my work load by making U unnecessary to remove and later re­
add your name on our mailing list. Unp~id subscriptions will expire before the 
October issue is mailed. 

B.L.S. 
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Self-Diffusion of Water in Aqueous Electrolytic Solutions 

Dear Dr. Shapiro, 

Our recent works on self-diffusion effects lead us to an inter­
esting observation on the effects of electrolytes on the water 
diffusion. As can be seen from the figure, the self diffusion 
coefficient of water is strongly affected by electrolytes, both to 
lower and higher diffusion coefficients. There are at least two 
reasons for this behavior: Firstly, water molecules may be firmly 
attached to the dissolved ions (hydration), and hence diffuse 
together with the ions at a strongly decreased velocity. Since in a 
self-diffusion measurement according to fast exchange no distinction 
between "free" and "bond" water molecules can be made, this direct 
hydration effect tends to make the total self-diffusion coefficient 
in solution lower than in pure water. Secondly, the water structure 
is distorted by some ions. Bulk water is known to be a highly 
structured liquid, with local tetragonal hydrogen bonds to nearly 
four neighbors, for every water molecule. Ions can either increase 
or decrease this hydrogen-bonding ratio per water molecule. While 
increasing occurs only in case of hydration in the primary hydration 
sphere, structure breaking occurs on all water molecules. This 
effect tends to make the water diffuse more rapidly in solution than 
in pure water. The behavior of the water diffusion is very similar 
to what is found when measuring the water relaxation rates. 

Our measurements were performed using the Pulsed-gradient Spin­
echo method (PGSE). The gradient pulses were created simply using 
the homospoil unit of our Varian XL 200 system. Pulse sequence and 
simple modification of the homospoil unit (changing of two resis­
tors) were adopted from literature . At first we had very severe 
problems with the stability of our system, that could be solved 
running the experiments in a "locked" mode (not in the "auto-lock" 
mode!), after appropriate adjusting the offset in an unlocked mode. 
Different problems occurred with the temperature controller. Thermo­
stating the probe at 25° caused thermal gradients within the sample 
which terribly increased the self-diffusion coefficients, even after 
several hours of waiting . So we are not able to work with any 
temperature control. In addition self diffusion measurements are 
very sensitive to any macroscopic motion of the sample! Therefore it 
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is essential to run the experiments on 
more we have even found that ~t is 
minutes after placing the sampl~ into 
start the measurement. 

Yours sincerely, 

M. Geringer H. Sterk 
c::, 
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Figure. The variation of the self-diffusion coefficient (l0- 9 m2 /sec) 
of HOO in D20 as a function of molar salt concentration. 



Po1yt1on company 

Non-magnetic Capacitors for NMR Applications 

An array of Polyflon non-magnetic capacitors, many of 
which are used in NMRIMRI applications. 

Polyflon's variable, trimmer and fixed capacitors meet 
critical non-magnetic, high voltage, high power, high Q 
NMR specifications. 
A test report was recently submitted to Polyflon by a Uni­
versity deeply involved in NMR research . Polyflon trim­
mers were subjected to various tests in order to gather es­
sential data (Q, DF, L, ESR, EPR) for use in the design of 
NMR RF equipment. Tests were conducted at 10, 100, 
200, 400, 500, and 600 MHz. These trimmers were first 
exposed to a 4.7 Tesla magnetic field for detection of the 
presence of any m·agnetic particles in the trimmers . 
These tests conclusively showed there were no magnetic 
particles present. 
Maximum dissipation displayed by the trimmers was 
0.000125 with a minimum less than 0.0001 , resulting in Q 
measurements from 8,000 to more than 10,000, at 600 
MHz. (NOTE: Customers, who have tested Polyflon 
trimmers in their own laboratories, have measured Q's 
greater than 20,000 at 500 MHz.) The inductance of the 
trimmers was less than one nHy and maximum ESR at 
160 milliohms with minimum EPR at 100 megohms. 
Polyflon trimmers and variable capacitors provide linear 
tuning with no reversal in capacitance during capacitor 
adjustment. They are used in NMR pulsed applications 

Polyflon 's rugged trimmer and variable capacitors 
meet rigid NMR/MR/ specifications. 

with operating voltages up to 15.Kv peak and duty cycles 
ranging up to 1 0 %. ·standard range of variable capacitor 
designs are available with a minimum capacitance of less 
than 1 pF to a maximum capacitance of 125 pF. 
Fixed capacitors, used for 6 Kv p_eak pulsed applications, 
are available with capacitance vaiues from 50 pF to 250 
pF. For '1 O Kv peak voltage applications, fixed capacitors 
are available with capacitance values ranging from 25 pF 
to '150 pF. 

Polyflon also designs and manufactures variable, trimmer 
and fixed capacitors to customer specifications. 

Polyflon Capacitor Advantages: 
• Non-magnetic 

• Low dissipation factor (low loss) 

• Extremely High Q 

• Low ESR 

• High EPR 

• Linear tuning (no capacitance reversal) 

• High voltage capability 

• Rugged design 

• Long operating life 



Material Technology for NMR Product Applications 

Pure PTFE dielectric is used in all Polyflon CuFlorfID microwave 
substrates, assuring low loss. 

Polyflon uses only pure PTFE dielectric in its CuFlon® 
microwave substrates which provides one of the best low 
loss dielectrics in the industry. 
Since nothing is added to the PTFE, the dielectric con­
stant of 2.1 remains consistent over an extremely wide 
range of frequencies. 
The unique, proprietary electroplating technology for 
PTFE, developed by Polyflon, permits design and fabri­
cation of superior RF components. · 
An intimate bond is produced between the metal surfaces 
and the PTFE, with no other element or media between 
them. The dissipation factor and Q is then that of the 
PTFE substrate itself. 
Very low loss components are produced with this technol-

80 MHz copper plated PTFE saddle coil assembly. 

ogy that can be used with excellent results at very high 
microwave frequencies. 
Polyflon's CuFlon substrate materials, found in many 
NMR/MRI applications, are used in various coil designs 
such as surface, solenoid and saddle configurations . 
CuFlon is also used as a substrate in pulsed RF amplifi­
ers, wide-band RF transformers, and chip capacitors for 
tuning and matching elements. 
Polyflon's expertise in the PTFE plating technology can 
and does provide customers with rugged and reliable 
products for critical NMR/MRI applications. 
Call or write for information. 

CRANE J POLYFLON 
Polyflon Company • 35 River Street, New Rochelle, NY 10801 
T,:,I · /Q1.:l\R~R-7??? • !=AX Q1.:l-R~~-~RR.:l 
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please credit: Angelika Sebald, Lawrence H. Merwin 

119Sn CP MAS with high-speed magic angle spinning 

Bayreuth, June 8, 1989 
(received 6/15/89) 

Some of our work concentrated in the area of heavy metal spin-1/2 nuclei, and in this 

context we became interested in the characterisation of amorphous tin(IV) oxide gels. 

It is quite obvious that such heavy nuclei as 119Sn are promising candidates for 

structural investigations, simply because of their usually large chemical shift range. It is 
equally obvious, therefore, that for amorphous materials the chemical shift-,dispersion will be 

much larger than fore. g. 29Si in amorphous silica gels. This is where high-speed magic angle 
spinning could be extremely useful for future applications, especially if it is feasible to 

achieve satisfying cross polarisation performance at high spinning rates. 

Recently, we tri~d to establish reliable criteria for such experiments using the 
amorphous tin(IV)oxide gel, MeSn

11
O215 x H 2O. From a practical point of view we found 

the following: 

i) it is straightforward to set the 119Sn Hartmann-Hahn matching condition at high 

spinning rates using the same procedure as for "normal" 119Sn CP MAS 
experimentsfl l; 

ii) as is well known from 13c CP MAS studies, the Hartmann-Hahn match has to be 

readjusted for the different (high) spinning rates - doing this in intervals of 
approx. 2 kHz appeared to be a workable compromise; 

iii) as is to be expected, the cross polarisation efficiency does degrade at spinning 
rates of 8 kHz. However, for heavy nuclei this loss is generally compensated by 
the reduction in the number of spinning sidebands at the higher speed and the 
subsequent concentration of intensity in the centre band and remaining 

sidebands; 

[l] R. K. Harris and A. Sebald; Mago. Reson. Chem. 2i. 1058 (1987) 
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iv) the use of high magnetic field strengths for such studies is not necessarily a 

blessing: generally because of the large shielding anisotropies involved, and 

for amorphous materials also because of the increased chemical shift dispersion. In 
the ideal world one would therefore like to perform such experiments at 
reasonably low magnetic field strengths and with high-speed magic angle spinning. 
However, it should be pointed out that it is not straightforward to build such 

probes for low frequencies - and so far such low-frequency probes are not 
commercially available. 

In figure la the 111.9 MHz 119Sn CP MAS spectrum of MeSn_NOZl.S x H 2O (spinning rate 4 
kHz, run on a MSL 300) is shown, while figure lb shows the 1 Sn CP MAS spectrum of the 
same compound at a spinning rate of 8 kHz. Several features are obvious from these two 
spectra: 

i) there are at least 3 resonances around - 600 ppm (typical region for hexa­
coordinated tin in tin(IV)oxides), a forth one at slightly higher shielding becomes 
visible at even higher spinning rates (not shown); 

ii) the resonance ~f the organotin moiety can be assigned from the comparison 
of the two spectra (-387 ppm), which is almost impossible from "slow" spinning 
spectra alone, due to badly overlapping spinning sidebands; 

iii) the relative intensity of the organotin-resonance in the high-speed spinning spectrum 
is much lower than in the conventional 119Sn CP MAS spectrum (1.25 ms 
contact time is there the optimum contact for this resonance). Obviously, when 

· going to high MAS rates not only the Hartmann-Hahn match, but also the contact 

times need to be re-adjusted. 

Work in this field is being continued, and a more detailed study of various tin(IV)oxide gels 

will be published. We would like to thank P. Harrison, University of Nottingham, U. K., for 
his generous loan of samples, and H. Foerster, Bruker Analytische Messtechnik, Karlsruhe, 

for letting us use the MSL 400 at their facilities. 
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Figure 1 

.... 
a) 111.9MHz119soCPMASapecttumofMeSn11O21.5llff:iO. l.25m• 
contact time, recycle delay t Os, spinning rate 4 kHz, 6700 tranaienta 
b) 1492 MHz 119sn CP MAS spectrum• aame conditions, but apinnin& rate 

8 kHz, 800 tranaienta. 



CSI 2T Applications 
Shielded Gradients and NMR Microscopy 
In spin warp imaging, there is a trade-off between 
minimum TE and maximum resolution. Even if rise 
and fall times were zero and phase encoding occured 
during the entire echo delay, a ±2 Gauss/cm gradient 
range and a TE of 2 msec would provide best case 
resolution of 0.32 mm. This translates to a 7 cm field 
of view in a 256 x 256 matrix. To improve resolution 
by a factor of 10, TE may be increased by a factor of 
10 (which is not acceptable in a sample with short T2 
values) or gradient strength may be increased by a 
factor of 10. The long echo times required for T2 
weighted images create an undesired loss of signal in 
many non-T2 weighted image experiments. These 
effects, however, are tolerable at 2 Gauss/ cm for 
resolution at the 100-200 micron level. 

Clearly, added signal that would be available with a 
shorter TE would be useful. The current practical 
limits of high signal-to-noise NMR micro imaging are 
greatly reduced by high strength shielded gradients. A 
50 micron resolution image of an Agapanthus bud is 
shown in Figure 1. Unlike very high field ( > 7 Tesla) 
micro NMR imaging, magnetic susceptibility effects at 
2T do not compromise the 50 micron digital resolu­
tion obtained during these gradient strengths. 

In a second example, (Figs. 2 and 3), 25 micron resolu­
tion is achieved in a small phantom by using a moderate 
access (5 cm) rf coil. The phantom consists of seven 
small capillary pipets in a 5 mm NMR tube. Data was 
collected as a 32 x 256 x 256 DEFT data set. 

-~ ••'--~1 @=j1 - -~◄ 
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Fig. 1-Agapanthus bud 
Matrix 256 x 256, TR 200 
Slice 2 mm, TE 30 
FOV 12.8 mm, NEX 4, 
45 ° Tip Angle DEFT 
Sequence 

© Copyright 1988 General Electric Company 
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Fig. 2-16 contiguous 1 mm 
slices 
FOV 6.4 mm, NEX 4. · 
TR 150 msec, Field Strength 
2T, TE 14 msec 

• 

Fig. 3-Expanded view of 
four of the 16 slices shown 
in Fig. 2. 

GE NMR Instruments 
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dEDL· OSX-FT NMR Systems 

Subject: Rf STABILITY 
All of the automation, elegant experiments, and high speed computer process­
ing will do nothing for an NMR experiment if the spectrometer is not stable. The 
Rf section of the spectrometer must be reproducible and clean of spurious signals 
over periods of days for some experiments. 

One of the most demanding experiments for spectrometer stability is the reverse 
detection ( H [C1) experiment without c decoupling. Between the relatively sharp 
lines and the low magnitude of the satellites, this experiment graphically 
demonstrates the stability of the spectrometer. As the data below shows, a stan­
dard JEOL GSX Spectrometer has the Rf stability to do these experiments. 
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*Sample courtesy of Dr. Jeffrey Hoch <Rowland Institute For Science. Inc.> 

For further information call: 

cJEOL 
Serving Advanced Technology 

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




