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WILMAD NMR CHART PAPER 
TO MATCH THE EXCELLENCE OF 
WILMAD NMR SAMPLE TUBES 

As the world's premier manufacturer 
of NMR sample tubes, we have always 
recognized the need for maximum accu­
racy in products to be used in the spectro­
scopic aftermarket. NMR chart paper is no 
exception. 

We have learned that the most positive 
approach to the task of ensuring top qual­
ity in the chart paper we offer is to exert a 
full measure of control over its manufac­
ture. Accordingly, we have "engineered" 
our new chart paper line here at our plant 
and have it printed to our own specifi­
cations. 

We selected the finest paper stock 
available ... the grids were accurately 
scribed under the control of a computer ... 
the negatives were made to an exacting 
set of specifications ... ink color was 
chosen for maximum visibility ... and the 
printing a~d trimming are completed with 
maximum attention to accuracy. 

Next time you order NMR chart paper, 
be sure you specify Wilmad. If you would 
like to see a sample, a note will bring it to 
you by return mail. 

WILMAD GLASS COMPANY, INC. 

World Standard in Ultra Precision Glass 
,Route 40 & Oak Road • Buena, N.J. 08310, U.S.A. 

(609) 697-3000 • TWX 510 - 687-8911 
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For those 
who expect 

• more 1n 
FTNMR 

Spectrometers 
... it's JEOL 

Low Cost - Routine 13C System 
The FX60 features: 

■ 13C/ 1H Dual Frequency 10, 5. 2mm V. T. 
Probes 

■ (LPCS) Light Pen Control System 
■ Built-in Proton-HOMO/HETERO decouple! 
■ RF cryst3I filter detection system 
■ 12 bit AD /DA for increased dynamic range 
■ INTERNAL and EXTERNAL locking r 1od1 :s 
• 8, 16 and 32K word d<1 ta col lection 
■ Built-in Read /Write Cassette Sysle;n 
■ ' 9 F, 31 P, 15N extensions are available 

For FREE technical 
brochures. phone or write: 

dEOL 
Analytical Instruments, Inc. 

235 Birchwood Ave .. Cranford , N,J 07016 
201 - 272-8820 



THE PROCTER & GAMBLE COMPANY 

MIAMI VALLEY LABORATORIES 

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

Dear Barry: 

February 7, 1978 

High-Resolution NMR of Solids in Colloidal Solution 

P. 0. BOX 39175 
CINCINNATI, OHIO 45247 

We have been interested in the NMR of surface-adsorbed species on calcium 
hydroxyapatite, Ca5(0H)(P04)3, which is the prime mineral constituent of 
bone and tooth enamel. However, the broad lines encountered with the solid 
present problems. For example, the 3lp NMR (on our Bruker HX-90) of hydroxy­
apatite solid is about 2kHz broad due to a combination of P~P and P-H dipolar 
interactions and possibly a small chemical shift anisotropy. In order to 
narrow the resonances to observe the 3lp NMR of surface-adsorbed species, we 
decided to look at suspended colloidal particles whose rotational correlation 
time would be short enough to average the broadening interactions. 

Therefore, hydroxyapatite was prepared with a high specific surface area 
(80m2/g, the average particle size from electron microscopy being about 
150Xl50X500 R), and suspended in D20 (600 mg/2 ml). In order to form a 
stable colloidal suspension, a "peptizing agent" (a diphosphonate such as 
EHDP - see Figure) was added which adsorbed to the surface and whose · negative 
charge caused interparticle repulsion. In addition, prolonged ultrasonication 
of the suspension was necessary to obtain a significant amount of solid in 
colloidal solution. 

The 3lp NMR of a typical colloidal solution is shown in the Figure. The EHDP 
signal at -19 ppm (downfield from H3P04) is due to adsorbed EHDP, since 
addition of further EHDP results in a sharper peak superimposed at the same 
chemical shift. The solution phosphate peak arising from dissolved hydroxy­
apatite is identified by its shift upfield at lower pH, whereas the solid 
hydroxyapatite peak is insensitive to~pH (and can be removed by ultracentri­
fugation). The resonance of the hydroxyapatite has indeed sharpened from 2kHz 
to about 100 Hz, a factor of 20. The residual breadth is due to factors other 
than field inhomogeneity, as evidenced by the sharpness of the solution 
phosphate peak. 

This approach to high-resolution NMR in solids has several interesting aspects. 
One is that the isotropic 3lp chemical shift of hydroxyapatite can be measured 
accurately to be -2.6 ppm (downfield from H3P04); this differs both from 
protonated phosphate groups in other solids and from P04-3 in solution. 
Secondly, the 3lp NMR of surface-adsorbed species such as diphosphonates can 

,..---.._ 



THE PROCTER & GAMBLE COMPANY 

Dr. Bernard L. Shapiro 
February 7, 1978 

be observed as sharpened peaks. We have looked at both 3lp Ti's and 
the lH NMR of this system to try to further characterize the adsorption. 

This technique offers a means of obtaining high-resolution NMR in solids 
with conventional high-resolution NMR equipment. I hope that this 
example will suggest other applications. 

psm 

Sincerely yours, 

THE PROCTER & GAMBLE COMPANY 
Research and Development Department 

James P. Yesinowski 

Colloidal 
Hydroxyapa tile ----.,1 
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. ti ,,.,._ 

o ",l o 
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Solution 
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THE UNIVERSITY OF NEW ENGLAND 
ARMIDALE, N,5.W. 2351 

Department of Organic Chemistry 
i4th February, 1978 

Dear Professor Shapiro, 

Subject: Field-Dependent AB Coupling Patterns 

I have only recently received the· November, 1977, Newsletter and; by 
this time, you may already have received other letters on the present subject. 
I am not aware of any published detailed treatment, so here goes. 

Gareth and Sandra Eaton's "expressions" for the field positions of the 
four AB lines at constant frequency ·v0 (TAMUNMR 230-33) are correct as far as they 
go, but they are in fact equations that may be solved exactly to give the following 
explicit expressions (the spins here being labelled A and B): 

Hl = (h/2gAgB8) [ (gA + gB) (VO - J/2)] C -
H2 = (h/2gAgB8) [(gA + gB) (VO + J/2)] C+ 

H3 = (h/2gAgB8) [(gA + gB) (VO J/2)] + C -
H4 = (h/29AgB$) [(gA + gB) (VO + J/2)] + C+ 

gB,2 (VO ± J/2) 2 
1: 

where c± = (h/2gAgB8) [(gA - + gAgBJ2] 2 

I am not sure what the Eatons are saying in the statement that follows their 
equations, but probably it is related to the present result that the field 
splitting of the A lines, (H2-H1 ), is less than that of the B lines, (H4-H3). The 
difference is, however, likely to be very small. The field values may be put into 
frequency units (Hz) by multiplying by 2gAgB8/h(gA + gB). The mean splitting is 

then equal to J, and the difference between the A and B splittings is 2(C+ - C_) 
(in Hz). Put gA = g(l -+ 'd/2) _and gB = g(l ':' d./2), where d is the fractional 

' . 2 
chemical shift. Then gA + gB = 2g, gA - gB = gd, gAgB = g (1 - d2/4), and 

2 2 2 2 k 
c± (in Hz) = ½(d v

0 
± d v

0
J + J) 

2 

· d2 2 2 2 For any practically useful field in n.m.r., v
0 

>> J, so v0 >> d v0J, but J may 
2 2 

be comparable with d v
0

• In close approximation, therefore, 

2 2 2 k 2 2 2 2 ¾; 
c± (in Hz)= ½[(d v

0 
+ J) 2 ± d v

0
J/2(d v

0 
+ J) 2J 

The difference in splittings is then 
2 2 2 2 ½ 2/d2 2)½ D = 2 (C+ - C_) (in Hz) = d voJ/ (d "o + J ) .= dJ/ (1 + J "o 

The maximum value of Dis therefore dJ, and the fractional difference, D/J, decreases 
as J/dv0 increases (e.g., for a chemical shift of 100 ppm and J = 100 Hz, D - - _

5 
max 

0.01 Hz. D/J = 10-4 at _l00 MHz, and decreases to 7.07 x 10 at 1 MHz). 

Similarly, relative intensities in a field-swept n.m.r. spectrum differ 
little from those in the frequency-swept spectrum, and the differences are unlikely 
to be detected experimentally. 

Yours sincerely, 

,--._ 
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COLORADO SEMINARY 

UNIVERSITY OF DENVER 
UNIVERSITY PARK • DENVER , COL.ORAD O 80210 

DEPARTMENT OF CHEMISTRY/ 303 • 753-2436 

FebruaJ:y 28, 1978 

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

Dear Barry: Field Dependent AB Coupling Patterns Cont'd. 

Thank you for sending us a copy of N. V. Riggs' contribution 
corrrrenting on our TAMUNMR 230-33. We gave the expressions for the 
positions of the four lines in the AB quartet in a fo:rm which we 
th:mght clearly exhibited the field dependence of the transitions at 
constant frequency. The · expressions can be rearranged so that the 
field values do not occur on the right hand side. Riggs' provides one 

c...v1-1 

such form. We have used a slightly different fo:rm in a paper sub:nitted to 
J. Mag. Res. discussing the field dependence of AB patterns in EPR. Our 
point in the statements following the equations for H1,-••• ,H4 was sirrply 
that the expressions for the AB quartet are usually given at constant field, 
not constant frequency. Usually the difference is ignored, and Riggs 
provides nurrerical values which justify the usual approxirna.tions. However, 
if you consider an "extrerre" rragnetic resonance case of X-band EPR v0 ::: 9.5 
x 109 Hz, g1 = 2.0059, g2 = 2.0924, and J = 300 MHz (~107G) the four lines of 
the AB quartet occur at 3175.1, 3278.0, 3348.0, and 3454.4 Gauss. The 
spacings H4..,.H3 and H2-H1 differ in this case by 3.5 Gauss. · In Riggs' 
notation D/j = . 033. 

Although we cannot cite as dramatic an example from NMR, rraybe some 
Newsletter reader can provide one. 

copy: N. v. Riggs 

GRE:SSE:ms 

eth R. Eaton 
Associate Professor of Chemistry 

f 
y)-0.M,)~1 

Sandra S. Eaton 
Assistant Professor of Chemistry 
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Prof., .B.L. Shapiro 
Department of Chenustry 
Texas A amd M University 
College Station, Texas 77843 

Dear Barry: 

The other day, I had occa­

in CDCi3 for use in sensitivity 

opened a newly received bottle · 
\ . 

made up the 0.1% ethyl9enzene 

gas through it. The proton 

excellent signal-to-noise, a 

frequency side of it three 

these little peaks are-assign­

and the JH,D of 1.01 - 1.05 Hz 

1.1 Hz values reported by 

This is the first time 

slow exchange of water protons 

*Holmes et al, J. Chem. 
Phys., 37, 150 (1962) 

I I 

NICOLET 
. TECHNOLOGY 

CORPORATION 
145 East Dana Street 
Mountain View, California 94041 

February 20, 1978 

sion to ma~e up a sample of 0.1% ethylbenzene 

tests of a 20 'mm NT-ISO proton probehead. I 

of 99.8% CDCi3 (Aldrich, lot no. 051877 EB), 

solution, and then bubbled a little nitrogen 

spectrum of this solution showed, apart from 

rather large water peak and just to the low­

little "impul'.ity" peaks. Much to my surprise, 

able to HOD. The .- i$otope shift of 0.031 ppm 

are in good agreement with the 0.030 ppm and 

Holmes* for H20, HDO in acetone~ 

that I have ever seen direct evidence of such 

in CDCt 3 solution. 

Best rega~ds, 

~ -

Johns7 L.F. 

I 

1. 60 1. 55 
l 

1.50 

~ 

G 

' . 

.:. 

PPM 



A WIDE-BORE, FT-NMR 
SYSTEM FROM NICOLET 

FEATURES INCLUDE: 

For routine NMR and 
state-of-the-art 
techniques such as: 

• 31 P experiments on 
living organs. 

• Cross-polarization 
studies on solids. 

• 13c studies of high 
molecular weight 
polymers. 

• Two-dimensional 
FT-NMR. 

■ 3.5T superconducting magnet with 1 O cm room-temperature bore. 

■ Straight-through access to sample area. 

■ Quick-disconnect probes for rapid changeover. 

■ 5, 12 and 20 mm sample tubes as standard, 30 mm optional. 
■ Quadrature phase detection as standard. 

■ Computer-controlled audio filter from 100 Hz to 51,100 Hz in 100 Hz steps. 

■ Nicolet 1180 data system with simultaneous acquisition, processing and plotting. 
■ Digital plotter with plot lengths selectable from 1 cm to 900 cm. 

OPTIONS INCLUDE: 
• NT-150 MF: broad-band multi-nuclei observe for 4 to 60 MHz. 
■ NT-150 CP: optimized system for Waugh-Pines cross-polarization studies. 

31 P spectrum of 
whole human blood 

20 mm sample tube 

For more information or to 
discuss your applications, 
please telephone or write. 

NICOLET 
• TECHNOLOGY 

CORPORATION 
145 East Dana Street 
Mountain View, California 94041 
Phone: 415/969-2076 
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Department of Chemistry 

February 17, 1978 

Dear Barry: 

The Florida State University 
Tallahassee, Florida 32306 

~,:;,:; --- VARIABLE FREQUENCY 13c RELAXATION continued 

TTTTTT 

In our recent communication1 we noted that neat l ,2 decanediol at 54°C 
(well above its melting point of 26°C-28°C) shows a pronounced field dependence 
for all of its 13c spin-lattice relaxation times. The T1 1 s ranged from 0.55 
for C-1 to 5.3 sec for C-10 at 67.9 MHz but from 0.27 to 3.4 sec for C-1 to 
C-10 at 22.6 MHz (see Table). Data was also given for neat 1-decanol, n-heptane 
and n-ecosane showing no field dependences. 

Studies of l ,2-decanediol and related compounds have been continued. At 
all temperatures completed (30-65°C) for neat 1,2 decanediol a field dependence 
~ present. These field dependences are attributed to the presence of a non­
exponential autocorrelation function G(T) describing molecular reorientation. 
(Equivalently, this requires a distribution of correlation times rather than 
a single defined Teff·) This effect is presumed to result from complexities of 
the glycol 11 solvat1on 11

, or perhaps 11micelle 11 formation. An interesting feature 
of these relaxation data is the propagation of the field dependence through the 
ten carbon chain, in opposition to predictions of earlier theories, which 
decouple CH2 carbon segments formally removed from a site of restriction. We 
were able to quantitatively predict the observed behavior with a new theoretical 
treatment2 combining a non-exponential G(T) and existing treatment of multiple 
internal motions. Recently, London and Avitabile3 stated that modification 
of the simple independent rotation model can also bring about a field dependence 
along hydrocarbon chains. In modifying the previous theory, London and Avitabile 
assumed that the carbon-carbon bonds are in either a trans or gauche configuration 
and that any transitions between states is allowed except the g+ ~ g-. Adjacent 
g+g- states are allowed also. Since there are restrictions on states of the system, 
the carbon-carbon bond rotations should be correlated to their neighbor 1 s. 
This modified theory applies well to polymers and lecithin-type systems, but the 
1,2 decanediol data cannot really be classified in these areas. The l ,2-decanediol 
data is not explained by any of these theories including this recent modification 
by London and Avitabile.3 

Furthermore, our more recent (and still preliminary!!) data indicate further 
complexities. For solutions of l ,2-decanediol one might expect reduced salvation 
complexities (or might one?) especiall y at higher temperatures where thermal 
motion increases. As shown in the Table below, at lower observation temperatures 
there is no significant field dependence observed for 2 Molar 1,2-decanediol in 
benzene, while the ten carbon field dependence reasserts itself at higher 
temperatures. Similar preliminary data are available for lower concentrations. 

We are currently expanding these studies to gain some understanding of the 
complex motional behavior apparently inherent to these systems. Included will be 
solvent effects (to induce and inhibit micelle and other "structure" formation) 
as well as measurements on other straight chain alcohols and glycols. 
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We also plan to utilize correlated chain conformations in an improved cal­
culation scheme to better define theoretical approaches to understand alkyl ·chain 
dynamics. ' 

Table: 1,2 DECANEDIOL · 

67.9 MHz 
Carbon# 

neat 54° 

2M 33°C 

2M 45°C 

.5M 65°C 

22.6 MHz 

neat 54°C 

2M 34°C 

2M 45°C 

.5M 65°C 

(1 ) G.C. 

(2) G.C. 

(3) R.E. 

1 2 

.50 .80 

.30 .55 

. 72 1.1 

3. l 3.5 

1 2 

. 27 .41 

.39 .65 

.42 

1.8 

.86 

2.8 

3 

.60 

.46 

.83 

3. 1 

3 

.30 

.50 

.54 

2.0 

ds from sunny Florida, 

Levy, M.P. Cordes, J.S. 
5492 ( 1977) . 

Levy, D.E. Axelson, R.L. 
!99, 410 (1978). 

London and J. Avitabile, 

HOCH2CH{OH)CH2CH2CH2CH2CH 2CH2CH2CH3 
1 2 3 I+ 5 

4 5-7 8 

.65 .9 1.8 

.58 .79-.91 1.6 

1.0 1.2-1.8 2.9 

3.4 3.7-5.0 6.7 

4 5-7 

.35 .50 

8 

.95 

l . 7 . 60 l .1 

.64 

2.2 

1.2-1.1 1.9 

3.4 

6 7 

9 

2.7 

2.4 

4.2 

7.8 

9 

1.5 

2.2 

8 9 l 0 

10 

5.3 

3.7 

5.2 

8.2 

10 

3.4 

3.3 

2.4 · · 3.5 

7.2 '\, 7.0 

David E. Axel son 
Postdoctora 1 Fell ow 

Lewis and D.E. Axelson,~- Am. Chem. Soc . , 99, 

Schblartz and J. Hochmann , '~. Am. Chem. Soc., 

J. Am. Chem . Soc., 99, 7765 (1977). 
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INSTITUT FOR PHYSti< DER Uf\llVERSIT~T BASEL 

EXPERIMENTELLE PHYSIK DER KONDENSIERTEN MATERIE . 

CH - 4056 Basel (Schweizf February 2 3 , 7 8 

Klingelbergstrasse 82, Telefon 061-4!t~xx44 2 2 80 

Prof.Dr.P.Diehl 

'Prof. B.L~ Shapiro 
Texas A and M University 
Department of Chemistry 
College _Station 
Texas 77843 USA 

Title: Proton chemical shift anisotropy of benzene 

Dear Barry, 

We have lately been ·Studying spectra of oriented benzene 

in ~arious liquid crystal solvents~ As a by-product of this 

study we made a new determination of the proton chemical 

shift anisotropy of benzene which I would like to report in 

this letter: 

We used the smectic liquid crystal HAB as a solvent and 

measured the chemical s~ift diff~rence, with the optic axis 
0 0 · 

at O and 90 with respect to the magnetic field. Methane was 

added as an internal reference in order to eliminate suszep­

tibility anisotropy and local contributions. The .result for 

the shift anisotropy is 

!:,.a= - 2.59±0.04 ppm 

This disagrees slightly with earlier results, Scr'-·= - 2. 9±02 

ppm (1) measured by nematic-isotropic phase transition, 

/HJ'= ·- 3.45±0.7 ppm (2) measured with T:-variation and inter­

nal TMS reference and !Hf= - 3.05±0.35 ppm (2) with external 

TMS reference. The new measurement deviates considerably from 

an early theoretical prediction based on the ring current 

exclusively, MJ = - 4. 4 ppm (3), but is closer to a later 

prediction (4) of /:J.o = - 2.16 ppm. 

Yours sincerely 

- P. Diehl H. Zimmermann 
\__,,, 
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FACULTY POSITION 

ORGANIC CHEMISTRY, UNIVERSITY OF GEORGIA 

Tenure-track faculty position available Fall 1978. Preference will 

be given to candidates with NMR experience. Successful candidates must 

· demonstrate excellence in teaching and independent research. Postdoctoral 

experience desirable. Send resume, transcript, description of research plans, 

and three letters of recommendation to Dr. M. G. Newton, Organic Division 

Coordinator, Chemistry Department, University of Georgia, Athens, Georgia, 

30602. The University of Georgia is an equal opportunity/affirmative action 

employer and welcomes applications from women and minorities. 

0 
Laboratorium 

fur anorganische Chemie 

Eidg. Technische Hochschule 

Zurich 

An Equ11l Opportunity I Affirmatiue Action Institution 

8006 Zurich, February 14, 1978 
Unlverslt!itstrasse 6 

Post doctoral Position Available 

I should like to make your readers aware that a postdoctoral research position 

in our group is now available. The research will concern itself with 31 P and 
195Pt NMR studies of catalytically active metal complexes. The position is 

initially available for one year with the possibility of an extension to a 

second year. Salary== i 17,500/year. Interested readers should write to me 

directly at the address shown above. 

Yours sincerely 
--:Pa.v...1. ...&...., ~~~ 

Dr. P. S. Pregosin 
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obll1APCKA 
AKA,aEMHR HA HAYKHTE 

HHCTHTYT no OPrAHHYHA XHMHR 

BULGARISCHE 
AKAOEMIE DE.R WISSENSCHAf-SEN 

INSTITu·1 FUR · ORGANISCHe . CHEMIE 

Sofia 13, Bulgarien 

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

US A 

S0fla, den .. 
8 February 

13c NMR Spectra of Some Dihydrocoumarins 

Dear Professor Shapiro, 

78 
19 . .. .. .. . . 

Here is our reply to the blue reminder (and the pink one 
which is probably under way). . 

For some time we are studying the 13c spectra ot various 
cyclic and acyclic diastereomers in relation to their configu-
ration and conformation. For a series ot 4-alkyl-3-phenyl- r ~ \ _ __ ,,/ 

3,4-dihydrocoumarins, a contigurational dependence ot the chemical 
shift was observed for the first carbon atoms ot the substituents 
(3' and 4'). The; 0 -values (TMS = 0) are listed below. 

R = Et 
~ trans 

R. 
Ph 

0 
i-Pr 
~ trans 

134-.7 136.2 134.7 136.8 

22.1 28.2 27.2 33.6 

t-Bu 
cis trans 

136.2 137 .6 

35.6 35.0 

CH Ph · 
.£!2 2trans 

134-.5 135. 9 
35.6 42.4 

The upfield shifts observed for the cis-compounds are in accord -~ 
with the "O -effect" since the 1H data indicate strong predomi­
nance of the conformer with pseudoaxial substituents in the case 
of trans-compounds1 It is interesting that tor the t-Bu compound 
the difference in steric interactions tor both isomers appears 
to be small. There is practically no contigurational effect upon 
the C-2, C-3 and C-4 shifts. ~ ~ , / .,...__ _ \____ ___ ; 

Sincerely yours, _.;> v~ r~-~ 
Stefan L. Spassov 

1 s.L.Spassov, A.G.Bojilova and c.Ivanov, c.r.Acad.bulg.Sci. 
~, 1383 (1975). 





, HIGHER RESOLUTION SPECTROMETER SYSTEMS 
The most extensive range of Fourier transform and CW spectrometer 

systems with outstanding performance . .. from 14 to 83 kG. 

WP-60 
60 MHz for Protons 
2 - 10 mm Tubes 
Pre-tuned Probes 

WP-80 OS 
80 MHz for Protons 
2 - 10mm Tubes 
Pre-tuned Probes 

WH-900S 
90 MHz for Protons 
2 - 15 mm Tubes 
Pre-tuned Probes 

Inexpensive routine FT Spectrometers operating at 14 

and 18.8 kG respectively. Both have full multinuclear 

and experimental capability. They are distinguished in 
their price range by their u'nequalled resolution, sensitivi­

ty and ease of operation. 

Broadband Observation and Probes 

The industry standard for large iron magnet systems. It 

features a broadband multinuclear capability and ad­

vanced data system with multi-task capabilities. The 15-

inch magnet draws low power and insures the highest 

resolution and sensitivity. 

WP-200 
200 MHz for Protons 
2-15 mm Tubes 
Pre-tuned Probes 

Bruker's new routine superconducting spectrom­

eter - revoluti"6nary in performance and price. 

With approximately 25 I of helium usage per 

month, all barriers to the use of supercon tech­

nology have now been broken . The WP-200 ex­

hibits outstanding resolution and sensitivity and 
is fully multinuclear. The data system is the most 

advanced of its type using a 24 bit word length 

and foreground/background capability. 

THE WP-200-A NEW GENERATION 
IN NMR SPECTROSCOPY 

1 



WH-180 
180 MHz for Protons 
5-30 mm Tubes 
Broadband Multinuclear Observation 

WH-210 
270 MHz for Protons 
2-15 mm Tubes 
Pre-tuned Probes 

Broadband Multinuclear Observation 

WH-360 
360 MHz for Protons 

2-15 mm Tubes 
Pre-tuned Probes 

Broadband Multinuclear Observation 

WH-270/180 

These three spectrometers offer the highest possible 
performance available today. With optimum sensitivity 
through the use of large sample tubes (WH-180), or max­
imum field strength (WH-360), each one of these systems 

meets the most demanding research needs. The supercon­
ducting magnets used combine the optimum in bore size, 
resolution and low helium consumption. 

In addition, combination systems are available. For exam­
ple: In the WH -270/180 spectrometer, a 42 and 63 kG 
magnet is operated from a single console. 

CW OPTION Using microprocessor technology, 
any of the Bruker high resolution spectrometers can be 
obtained in a CW version, or this unit can be obtained as 
a standard accessory . Pre-programmed parameters are 
available for routine scans, etc., and through a calculator 
type keyboard, specific sweep widths and sweep times 
can be entered. The unit also incorporates a homonuclear 
decoupler and lndor system. 



CXP SERIES 
H GH POWER PULSE SPECTROME ERS Solid State FT 

High Resolution FT 
Double Resonance 

Magic Angle Spinning 
NOR 

• Frequency Range: 4 to 100 MHz 
Also available with Supercon magnet 
systems at 180 and 270 MHz 

• NEW! Completely computer-controlled Digital Pulse 
Program Generator with a high time resolution (10 nsec). 
It is capable of generating all practical pulse sequences 
known to NM R spectroscopists today and provides the 
user with the opportunity to invent and experiment 
with his own programs. 

• Accessories: A comprehensive range for high power 
pulse experiments 

1. T1pcapability 
2. Variable temperature operation 
3. Double resonance in solids 
4. Complete Fourier transform systems 
5. Multi-pulse solid state experiments 
6. Magic angle spinning 

BRUKER EPR SPECTROMETERS 

M NISPEC P-20 
A process analyzer for quality control in industry 

A routine research and teaching instrument 

ER-420 

ER-20 
ER-420 

• EPR at O-BAND 34.0-35.0 GHz 
X-BAND 9.2-10.0GHz 
S-BAND 3.0-4.0 GHz 
UHF-BAND 0.2-0.8 GHz 

• ENDOR ACCESSORY UNIT 
High power with interchangeable probe heads 
Low power with low temperature systems 

• VARIABLE TEMPERATURE EPR/ENDOR 
3.6 to 573° K 
Liquid N2/He Insert Dewars 
Liquid He Cryostat Systems(metal, glass,quartz) 

• N.M.R. field measurement/marking with 
self-tracking auto-lock Gaussmeter 

• Computer interfaced for maximum versatility 
in data handling 

TT New breakthroughs in EP R instrumentation - a routine instrument with research performance 

ER-10 

• Automatic bridge balancing • 3 detection channels 

• Push -button tuning • 1st or 2nd derivative detection 

• ENDOR and TRIPLE attachment 

EP R-M IN !SPEC with auto-tuned X- Band bridge, air cooled 4" electromagnet, 
auto-recycle power supply and variable temperature compatibility 

D<7 
BRUKER 

For more information, call or write: (_X-) 
BRUKER INSTRUMENTS, INC. BRUKER INSTRUMENTS INC 
Manning Park 539 Beall Avenue ' · 
Billerica, Mass. 01821 Rockville, Maryland 20850 
Tel: 617 272-9250 Tel : 301 762-4440 · 

BRUKER INSTRUMENTS, INC. 
1801 Page Mill Road, Suite 212 
Palo Alto, California 94304 
Tel: 415 493-3173 

BRUKER SPECTROSPIN LTD. 
2410 Dunwin Drive, Unit 4 
Mississauga, Ontario, Canada 
L5L 1J9 Tel: 416 625-2374 



UNIVERSITE DE LAUSANNE 

INSTITUT DE CHIMIE ORGANIQUE 

Dear Sir, 

. Rue de la Barre 2 - 1005 Lausanne 
Telephone ( 021) 44 42 50 

Dr. Bernard t. Shapiro 
Department of Chemistry 
Texas A.& M. University 

COLLEGE STATION,TX 77843 

USA 

February 2, 1978 

234-16 

For a junior Ph.D. a postdoctoral position for NMR. work 
is immediately available (for 1-2 years) at the University 
of Lausanne. He could be a physical chemist or a chemist 
with sufficient knowledg~ of apparatus (Bruker HX; WP 80 
CW; WP 60 FT and, hopefully, CPX 270). He would be expec­
ted to do semi-independent research with one of the insti­
tute's research groups, preferentially on 0-17. Salary : 
from Frs. 41'000/year upward, depending upon experience 
and family status. 

Candidates should write to me adding a brief curriculum 
vitae and names of referees. 

Sincerely · 

(Prof. H. Dahn) 
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Dcpar1mc111 of E1u:rgy 
Lara mic Encq.{y Re sea rcli Center 
P.O. Box :~:-m.-,. llni\'l'l'Sily S1a1io11 
La r;1 Ill il', \\'yom in~ K~07 I 

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

Dear Dr. Shapiro: 

February 23, 1978 

A Signal Averager Interface for Multiple-pulse Sequences 

In making T2 measurements on biological systems we ran into a 
familiar problem. If the echoes are milliseconds wide but the complete 
train of echoes many seconds long, the signal averager or transient 
recorder must be adjusted to place a very limited number of acquisition 
points on each echo. Most of the data points are just baseline. This 
is a hopeless situation if the averager is not synchronized to the pulse 
generator of the spectrometer, as in our Bruker BKR-322S and Nicolet 
1074 system. But even if the averager is synchronized to place an 
acquisition point at the top of ~ach echo, the data taking procedure is 
not yet optimized. · 

A higher signal to noise ratio cari be achieved by digital means or 
by eyeball if more points are taken on the echo. In addition, seeing 
all of each echo on the display scope may aid in tuning up. The scheme 
is shown in the figure, where the interface waits a time td after a TT­
pulse and runs the averager for a time t. On our system, providing for 
this scheme was not significantly more d~fficult than providing for a 
single point on each echo. 

The Bruker BKR-322S has a 11 calib 11 output which provides a variable, 
synchronized clock for the interface. In the absence of this feature a 
divider network, to be fed by the spectrometer 1 s master clock, could be 
added to the interface by duplicating one of the dividers in our design. 
No modifications were made to the Bruker or the Nicolet. This will be 
true for most spectrometers to which a signal averager has been added. 
At worst, the pulse gating and clock circuitry of the spectrometer might 
have to be tapped and brought out to BNCs. Any signal averager with 
external address advance will work. 

The interface is very simple to build, using integrated d-igital 
circuitry. It costs one man-day and about $75, including power supply 
and cabinet. We settled on particular ratios of td and t to the clock 
period, but making these va·riable would be easy for any gbod technician 
armed with a rotary switch. In this case, the interface could also be 
set to give a single point on each echo. We included an extra switch 
which allows the same sort of observation of the signals from a triplet 
sequence. The schematic, logic diagram and more details are available 
on request. 

,---,._ 
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Dr. Shapiro February 23, 1978 

By the way, if there are any other lost souls out there with a 
Nicolet FFT system based on a 4K PDP-8, we have a flexible monitor 
and relaxation data software system which fits into the nooks and 
crannies of the PDP-8 not used by the FFT program. raper tape and 
documentation available on request. 

Please credit this report to Dr. Netzel 's account. 
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Sincerely, 

.x)a-l m C/(~ 

Dale McKay 

(dot-tt({ Liv.es 

c:::wc lT- pCA.ls<s) 
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Universitat Regensburg 8400 REGENSBURG 13 . 2 . 197 B 

UniversitiitsstraBc 31 - Postfach 
Telefon (0941) 9431 

FACHBEREICH CHEMIE UND PHARMAZIE 
Institut fiir Chemic 

G. Becher 
A.Mannschreck 

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

Telex: 065658 unirc d 

THE (EJ/tZJ !SOMERS OF A HIGHLY METHYL SUBSTfTUTED BUTADIENE 

Dear Professor ~hapiio, 

a mixture of (E,Z), (E,EJ and (Z,ZJ isomers of dimethyl 
2,3,4,5-tetramethyl-2,4-hexadienedioate_was obtained by photo­
merization of (E,ZJ which was known 1). Pure (E,E)and (Z,Z) were 

isolated by a combination of thicklayer and vapour phase chromato-
1 

H3cooc1 Me3 

" c2 =C3/ Me 
"'2 ' / Me C=C 

/ "' Me COOCH3 
, (E,E) (E, Z) (Z, Z) 

graphy ~nd the configurations assigned by means of 5JHH (Table 1). 

We have confirmed the validity of the rule 2) 5JHH(EJ > 
5JHH(ZJ 

by looking at the 13 c satellites of the CH 3 signals for dimethyl 
(EJ-2,3-dimeihylbutenedioate ( 5JHH = 1.57 Hz) and dimethyl 
(ZJ-2,3-dimethylbutenedioate ( 5JHH = 1.17 Hz). Surprisingly, the 
1H nmr signals of Me 2 and Me 3 in (E,Z) are shifted dawnfield 
by benzene {Table 1). We do not. know yet the conformation of the 
carbonyl groups relative to the C~C bonds, i.e., whether the 
arrangement is s-cis ors-trans or both. Therefore, the above 
unusuaJ ASIS cannot yet be compared to known downfield shifts 
in some enones (cf. ref. 3). Comments a re welcome. 

Since highly substituted dienes are twisted around the 
central sfngl~ bond 5), the above buta~ienes should be chiral. 
In this respect, the usefulness of {+)-tris(3-heptafluorobutyryl­

, 6) 
D-campherato)-europium(III), (+)-Eu(hfbc) 3 , was proven . It 
may generate additional splittings in the 1H nmr spectrum as 



f\ 

Table 1. 1H Nmr Data (+34°C) 
5 

JHH[Hz] o(C606) 

Me 
(E, E) 

Me 3 

Me 

Me 3 

(E, Z) 
Me 4 

Me 5 

Me 
( z, z) 

Me 5 

1.5 

1.5 

1.5 

1. 5 

1.0 

1.0 

0.9 

0.9 

1. 72 

2.04 

1.80a 

2.30a) 

1.Sla,b) 

1.77a,b) 

1. 83 

1.89 

a) Assignment corresponding to ref. 4A 

0.00 

+0.01 

-0.17 

-0.25 

+0. 36 

+0. 10 

0.00 

-0.06 

b) Assignment according to o(CC1 4 )-o(C 6D6); cf. ref. 3. 
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central single bond via the s-trans transition state, · is slow. 
In fact, around -20°c several signals of (E,Z), (E,E), and 
(Z,Z) show such splittingswhich coalesce at higher temperatures. 
For each diene~ at least one of these signals was suitable for 
lineshape analysis 7). In cc1 4;cFC1 3 (2:1), using [(+)-Eu(hfbc) 3J: 
[diene]= 0.4 to 0.8, the following barriers to partial rotation, 
~Gf, were·obtained: 

( E, E) : 7 5 . 5 + L 5 k J / nio l ( + 2 0 o C ) 
(E,Z): 66.7 + 0.8 kJ/mol ( . +26°C) 

(Z, Z): ,v 60 kJ/mol ( .~ -10°c). 

The order of barrier heights (E,EJ > (E,Z) > (Z,Z) is a resonable 
one: In the crowded trans·ition state for (Z,Z) the C00CH 3 groups 
can be turned out of planarity, thus minimizing non-bon~ed inter­
actions. In contrast, the trarisition state for (E,E) suffers 
from CH 3/CH 3 interactions which are more difficult to diminish. 

Table 2. 13 c Nmr a-Values in ppm from (CDC1 3 , +3o 0 c) 

cl c6 c2 cs c3 c4 Me2 Me3 Me4 Me5 

(E,E) 169.2 122.0 148.6 15.9a) 18.8a) 

(E, Z) b) 169.2 168.4 122.8 120.0 148.0 151. 1 16.2 18.7 19.8 14.7 

( Z, Z) 168.7 120.4 151.0 19.9a) 14.8a) 

a) Assignment is uncertain, 
b) Assignmentswithin the different groups of carbons are tentative. 
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- 13 . · 
The C spectrum of (E,Z) seems to be a superposition of 

the (E,EJ and -(Z,Z) spectra (Table 2). This is in agreement 
with the above mentioned twist about the c3~c 4 bondJ i.e., 
with a low TI interaction between the two C=C units. The greatest 
difference {~o = 2.4 ppm) between (E,E) and (Z,Z) was found for 
C 3 / C 4 w h i c h a re· co n n e c t e d by the form a l s i n g l e b o n d . However , 
the origin of this difference is not understood. 

Moreover, nmr work on non-planar ketones 8 )~ chiral diaziri­
dines9), chiral donor/acceptor interaction 10 ), and ion association 
in iminium salts 11 ), is goin~ on in our group. 

Ge~1=,~ 
Sincerely yours, 

Georg Becher · · Albrecht Mannschreck 

1) W.Adam, Chem.Ber. 9?, 1811 (1964). 
2} L.M.Jackman and S.Sternhell, Application of Nuclear Magnetic 

Resonance Spectroscopy in Organic Chemistry, 2nd ed., Pergamon 
Oxford 1969, p. 326. · · 

3) J.Ronayne, M.V.Sargent, and . O.H.Williams, J.Amer.Chem.Soc. 
88, 5288 (1966). . _ . _ 

4 ) W . Ad am and S . Stern he 11 i' n ref . 2 , p . 17 2 . 
5) H.-O~BHdecker, V.Jonas~ B.Kolb, A.Mannschreck, and G.KHbrich, 

Chem.Ber. 108, 3497 (1975). · 
6). G.Becher, T.Burgemeister, H.-H.Henschel, and A.Mannschreck, 

Org.Magn.Resonance, accepted for publication. Preprints 
available. · 

7) Cf. F.Lefevre, T.Burgemeister, and A.Mannschreck, Tetrahedron 
Lett. 19??, 1125. 

8) M.Ho1,k: and A.Mannschreck; Org.Magn.Resonance, submitted for 
publication. Preprints available. 

9) M .. Mintas. Cf. H.Hakli _and A.Mannschreck, Angew.Chem. 89, 
419 (2977); Angew.Che~.Int.Edit.Engl. 16, 405 (1~77). 

10) P.Roza. 
11) F;Lefevre. 



PROGRAMMED TEST SOURCES 
offers 

e FOR NMR APPLICATIONS 

160 MHz HIGH PERFORMANCE SYNTHESIS 

T;>\, ' 

J . ) \ ·:, 

• tOCAI 

pTS160 • UMOTI 

FIIOIJ(NC\' CONIIOl 

our,u1 
ltYll 

.i, .. v-so.J\. 

,uoulNC Y SYNIHIUlfl 0 . 1, 1.60.MH• 

,100U,MMIO TfSI . sou•c1s .... . 

f~-:_____:----==------

PTS 160 DIRECT FREQUENCY SYNTHESIZER 

• 0.1 MHz to 160 MHz 

• +3 to + 13dBm output 

• choice of resolution 
(l00KHz to 0.lHz) 

• excellent spectral purity 

• fast switching, (5-20 µ-sec.) 

PROGRAMMED TEST SOURCES, inc. 

• fully programmable (with storage) 

• modular flexibility 

• low power consumption, high reliability 

• 5¼ "H, 19"W, 18"0, 35 lbs. 

• built-in or external standard 

• best performance-to-price ratio 

194 0 L D PICKARD RO AD • CONCORD, MA O 174 2 • (MA IL ING ADDRESS) 

550 NEWTOWN ROAD • LITTLETON, MA 01460 • TEL: 617-486-3731 
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WAYNE STATE UNIVERSITY 
COLLEGE OF LIBERAL ARTS DETROIT, MICHIGAN _48202 

DEPARTMENT OF CHEMISTRY 

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

February 23, 1978 

Chelation of Alkali Metal Cations by Diac etamide 

Dear Barry, 

224-24 

We have recently described an nmr method for studying chelation of alkali 
metals by acetylacetonate anion (acac) [J. Am. Chem. Soc., 99, 6527 (1977)], 
We have now extended this study to the neutral isoelectronic analog diacetamide 
(DA). While diacetamide exists exclusively in the E, Z configuration in non-polar 
sol~ents, [J. Am. Chem. Soc., TI, 5811 (1975)] both E, Zand Z, Z forms can be 
observed in methanol solutions in a ratio E, Z:Z, Z of ca~ 2:1. The ratio of configu­
rational isomers was determined by integration of the low temperature (ca. -l00°C) 

M+ ,, ·, ,, 
' 

0 CH
3 

0 0 0 0 

AA ANA A A 
_..._ ..... 

( eq. 1) 
H3C N 0 N 

H H H 

E,Z z,z Z, z· M+ 

proton nmr spectra, The increased stability of the Z, Z form in methanol solution 
can be understood by noting that the calculated dipole ·moments for the corresponding 
configurational isomers of difo:rmamide are: Z, Z 6. 46D and E, Z 3. 53D. Thus the 
more polar configuration is observed only in the more polar solvent. 

When alkali metal salts are added, the equilibrium is further shifted to the Z, Z 
configuration as the result of chelation and consequent stabilization of the Z, Z 
configuration. In similar experiments with acac the magnitude of the shift critically 
depends on which metal ion is used, Li+>Na~K+. In the present case a different 
order is observed. Addition of one mole of potassium or sodium ion shifts the 
configurational ratio from 34% to 61 % or 62% respectively of the Z, Z form while a 
mole of lithium ion causes a shift only to 48%. Thus, in this case, the order is 
Na+~ K+> Li+. Further work is underway to elucidate the reasons £or this change 
in ion specificity on going from the charged to. the neutral ligand. 

~a~~ 
Richard A. Keintz / -

AL¼t 
Morton Raban ---..... 
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THE UNIVERSITY OF WINNIPEG February 21, 1978 

WINNIPEG, CANADA R3B 2E9 

Dr. B. L. Shapiro 
Department of Chemistry, 
Texas A and M University, 
COLLEGE- STATION, Texas 77843 
U.S.A. 

Dear Barry, 

Hindered Rotation in Heptachloro-o-xylene. The Use of Covariance to 

Determine Uncertainty in 6Gf.. 

We have recently completed a study of the hindered rotation of the 
dichloromethyl groups in a.,a.,a.' ,a' ,3,4,6-heptachloro-ortho-xylene(HCOX) using 
DNMR line shape analysis, supplemented with a homonuclear double resonance 
saturation transfer technique. The rate process in HCOX involves a coupled 
rotation of the two substituted methyl groups and the non-mutual exchange of 
the three pairs of protons between two equally populated conformers. The data 
was treated in the usual way with the errors . obtained from Binsch's program 

ACTPAR (1): E = 15.3±0.3 kcal/mole, 6Hf. = 14.6±0.3 kcal/mole, 6Sf. = -8.8±0.8 
a 

cal/deg/mole, and 6l = 17.22±0.07 kcal/mole at 25°c. For 6l, which is "known" 
to be the most retiable transition state parameter for comparing data, we 

determined the uncertainty a (6Gf.) from the equation (2,3): 

a
2

(6Gf.) = a 2 (6Hf.) + T2a 2 (6S1) - 2Tp a(6H1) a(6S1) 
The · last term in this equation represents the covariance between 6Hf-, 6S-I- where 

pis the correlation coefficient from the data used to determine 6H1 , 6S-I- (i.e. 

the plot of ln(k/T) vs. T-l where k is the experimentally determined rate 

constant}; a(6i/); a(6S-I-) are uncertainties in 6H1 , 6S1. We compared
1
the 

uncertainties in 6G-I- using the covariance term with the values reported for 
similar chloro-substituted toluenes determined in Ted Schaefer's lab. The · 

inclusion of the covariance term would indicate that the values of 6G-I- should 
be more accurate than previously reported. Piease credit this to 
Rod Wasylishen's account. 

Sincerely, 

~?~ 
H. M. Hutton 
De?artment of Chemistry 

1. G. Binsch. J. Am. Chem. Soc. 94, 2770 (1972). 
2. R. R. Krug, W. G. Hunter, and R. A. Grieger. J: Phys. Chem. 80, 2335 

(1976); and reference 19 therein. 
3. G. Binsch. private communication. 
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EM-360L 
i, 

The leading family 
of permanent-mag 
has a new addition! 

MR spectrometers 

Varian's line-up of low-cost, high­
performance permanent-magnet NMRs 
now includes the EM-360L-a 60-MHz 
instrument of extraordinary experimental 
flexibility. Like the EM-360A and EM-390, 
the EM-360L offers you ease of opera­
tion, low utility costs (it requires no cool­
ing water and uses very little electric 
power), a convenient desk-type console 
with built-in 11 x 17" flatbed recorder, 
pneumatic sample handling for reduced 
breakage, and optional variable­
temperature capability utilizing Joule­
Thomson cooling (no liquid nitrogen). 
And the EM-360L is, like its cousins, 
backed by the name of the world's largest 
manufacturer of high-resolution, 
permanent-magnet NMR systems. 

Whether your lab is considering an 
analytical NMR for the first time or 
replacing an existing instrument, check 
out the leading family first : 
EM-360A 
Along with its predecessor model, the 
EM-360A is unquestionably the most 
popular low-cost 60-MHz NMR; almost 
700 EM-360s and EM-360As are now 

installed 
around the globe! Designed 
for routine proton analysis, 
the EM-360A delivers a guaranteed 
sensitivity of 25 :1 (5-mm sample; 1% 
ethylbenzene) and 0.5 Hz 
(FWHM) resolution-but it 
can also tackle research 
problems with the addition 
of lock/decoupler, variable 
temperature , and signal averager 
accessories. In fact , the EM-360A 
is the only 60-MHz NMR in its class 
to offer VT operation (- 100°C to 
+150°C). 

EM-360L 
This new, highly versatile, deluxe ver­
sion of the 14-kG EM-360A provides 30 :1 
sensitivity and 0.3 Hz resolution. As 
standard features, the 
EM-360L includes a 
built-in internal 
lock channel 

EM-360L operating console-engineered tor maximum functionality . 

with AutoShimn.1 (automatic Y-gradient 
homogeneity adjustment), 
wide sweeps (0.2 to 100 ppm) 
and dig itally selectable 
offsets ( - 200 to + 200 ppm), 
25-kHz modulation 
frequency with single side­
band detection, and fast 
normalization of spectrum 
and integral amplitudes. The 
EM-360L can also readily be 

extended to double-resonance experi­
ments (decoupling , spin tickling , and 
INDOR), VT (-100 ° C to +175°C) , 19f , 

3 1 P, and sensitivity enhancement (signal 
averager or rapid-scan correlation NMR). 

EM-390 
This spectrometer has all the functional 
features and options of the EM-360L, but 
affords the high sensitivity (50 :1) and 
chemical shift dispersion of 21-kG 
(90-MHz) operation. The latter are par­
ticularly attractive to investigators deal­
ing with limited amounts of sample, 
sparingly soluble substances, or large, 
complex molecules. The EM-390 is 
rapidly becoming the high-performance 
standard of analytical NMR spectroscopy. 

If you wish to discuss the leading 
family of permanent-

magnet NMR spec- @ 
trometers with a Varian 
representative, write: 
Varian Instrument Div ., 
·611 Hansen Way, 
Palo Alto, CA 94303. 

varian 
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In the continuing development of the FX series, JEOL now offers a 
compact, 90 MHz, broad-band, FT NMR System at a cost comparable 
to the lower frequency systems. The "OMNI PROBE" is designed to 
provide the highest performance throughout the entire observation · 
range. · 

OMNI PROBE FEATURES: FX 90Q IS AVAILABLE WITH: 
■ PERMA-BODY 

Probe head is fixed in magnet fpr 
continuing optimum performance. 

■ PLUG-IN SAMPLE INSERTS 
10mmV.T. - BroadBand (14Nto 1H) 
5mmV.T. -BroadBand (14Nto 1H) 
Micro V.T. / 5mm V.T. / 10mm VT.-
Dual Frequency (13C/1H) 

■ PLUG-IN R.F. MODULES 
Broad Band (14N to 1H) 
Dual Frequency (13C/1H) 

■ IRRADIATION MODULES 
Proton (standard) 

■ LOCK 
2D/7Li Dual Frequency 
internal/ external system 

■ 90MHz Proton/ 22.6 MHz Carbon 
observation 

■ Compact Low Energy magnet 

■ Digital Quadrature Detection 

■ Foreground/ Background 

■ "SHIMPLEX" Auto Y/Curvature 
controller 

■ Computer based Multi-Pulse 
Generation 

■ T1-rho/Spin Locking 

■ Digital Cassette/floppy disk/ 
moving head disk systems 

■ Light Pen Control System (LPCS) 

dEDL 
235 Birchwood Ave., Cranford, NJ 07016 

201-272-8820 

SEE "OMNl"at the Pittsburgh Conference 
(BOOTHS 615-621) 
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