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A monthly collection of informal private letters from laboratories of NMR. Information 
contained herein is solely for the use of the reader. Quotation is not permitted, 
except by direct arrangement with the author of the letter, and .the material quoted 
must be referred to as a "Private Communication". 
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Koninklijke/Shell - Laboratorium, Amsterdam 
BADHUISWEG 3 AMSTERDAM - N. 

TELEFOON ( 020 l - 6 11 11 

Dear Dr . Shapiro, 

NMR spectra of protonated ketones (dialkylhydroxycarbonium ions) 

The existence of an appreciable barrier to rotation about the partially double 
C-0 bond in hydroxy- or alkoxycarbonium ions has recently gained increasing interestl-5, The 
expectation that in protonated ketones the barrier must be high enough to render the two 
isomeric forms I and II 

(I) (II) 

observable by NMR has .been borne out by the spectra (60 and 700 Mc) of a series of eight of 
these carbonium ions in HF.SbF'J at -20 °C. Unsymmetric ketones (R 7 / R2) give two spectra, one 
for each isomer, the relative Intensities of which vary with the combination of R7 and R2 . (The 
isomer ratio varies from about one for ethyl isopropylketone to about 15 for methyl tert-butyl­
ketone.) Symmetric ketones (R7 = R2 = CH3, or c 2H5 ) give spectra that show the methyl or ethyl 
groups to be magnetically non-equivalent. · 

The shielding of the OH hydrogen appears to depend exclusively on the alkyl group 
~ to the OH hydrogen (R 1 in I, R2 in II); · it increases from - 14. 7 ppm for R = methyl to 
-14.4 for R = ethyl, isopropyl, or neopentyl to -14. 1 for R = ·te~t-butyl. The shielding was 
found to be .independent of the anti alkyl group. We believe the influence of the alkyl groups 
on the OH shieldings to be due mainly to steric effects on the solvation of the OH group, The 
shielding of hydrogens bonded to Ca. (the carbo·n attached to the carbonyl C) is greater by 
0 .. 05-0. l l ppm for alkyl groups anti to the OH hydrogen, whereas that for ~-cH3 hydrogens is 
greater for~ alkyl groups by about 0. 12 ppm (for R = C2H5) to about 0,04 ppm (for R = 
i-C)87, t-C4H9 ). 

There is a weak long-range coupling between the a-hydrogens of the two alkyl groups R7 
and R2 ranging from O. 7 c/s in methyl-isopropyl to 1 .8 c/s in methyl-ethyl hydroxycarbo_nium ion . 

Various spectroscopic features point to the existence of preferred conformations 
about the OC-Cca, bonds. For anti ethyl, isopropyl, and tert-butyl groups the most stible rotamer 
is probably that with ~CH3 eclipsing the OH group (III), as found with unprotonated and proto­
nated4 aldehydes. For~ alkyl groups the preferred rotamers are concluded to be as shown 

H H 
0 0 

~H 

H~H (III) 

H
3 

or H 

3 
(IV) 

CH
3 

or or CH
3 R7 R2 

in IV for R1 = ethyl or isopropyl, and similar t o IV with three ~cH3 groups for R1 = tert­
butyl. 

Finally it is of int erest to note that the existence of tto distinct isomers of 
pro t onat ed acetaldehyde, as indicated in a recent paper by Hogeveen, has been conclusively 
established. The spe c trum at -20 °C in HF.SbF5 , which appears to be ent irely fr~e from 
impuri t y peaks, shows no ~ only two OH double t s but also two CH3 double t s (each pair with an 
intensity ratio of 4: l) and two overlapping doublets of quartets fc,·_, the CH resonance. 

With kind regards, 

~~ 
D.M. Brouwer 

Ams t erdam, 8th March 1967 

1 . D. M. Brouwer, C. Macl ean , and E . L . Mackor, Rec. trav. chim., 85, 774 (1966) 
2. B.G. Ramsey and R.W . Taft, J . Arn. Chern. Soc. 88, 3058 (1966) -
3. H. Hogeveen, A.F. Bi cke l , C.W. Hilbers, E.L. Mackor, and C. MacLean, Chem. Comm.~' 898 
4. H. Hogeveen, Rec. trav. chirn., 36 (1967) i n press 
5. Th.H. Sekuur and P. Kranenburg,Tetrahedron letters,~' 4793 (1966) 
6. G. Karabatsos and N. Hsi, J. Am. Chern. Soc . 87, 2864 (1965) 
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Dr. Lee's Professor of Chemistry: PHYSICAL CHEMISTRY LABORATORY, 

SOUTH PARKS ROAD, 

OXFORD. 

R. E. Richard• F.R.S. 

Tel: Oxford 577157 

STD Code OOX2 

Professor Bernard L. Shapiro, 
De partment of Chemistry, 
Illinois Institute of Technology, 
Chicago, Illinois 60616, 
U. S. A. 

Dear Barry, 

14 April 1967 

We are at the present time extending our nuclear electron double 
resonance measurements to carbon-13 and phosphorus-31 nuclear resonances. 
The carbon-13 resonances are sometimes enhanced and sometimes reversed 
but in many compounds we are able to observe quite strong signals at 
3300 gauss. We have just added a noise decoupler to this machine and 
are obtaining sharper and stronger carbon resonances from it. We -are 
very interested in the mechanism by which the unpaired spin density is 
transferred from the radical to the carbon nucleus in the compounds for 
which the resonance is enhanced, and for the reason for the lack of this 
transfer in the compounds for which the resonances are inverted. It is 
too early yet to be able to give a definite answer to this question. 

Some of the results on phosphorus resonances are however rather more 
clear. Measurements of thirteen organic compounds containing phosphorus 
in an oxidation state of five, and seven compounds with phosphorus in an 
oxidation state of three have been studied at both 3300 gauss and 12,500 
gauss. Very strong enhancements of the phosphorus resonance are observed 
in all the trivalent phosphorus compounds except diethoxy chloro-phosphine 
where the effect at 12,500 gauss is rather small. Most of the trivalent 
compounds give a negative phosphorus resonance except for s,ome compounds 
which have hydrogen directly attached to the phosphorus. We thought that 
this effect might be dae to a ithree spin effect' in which the strong 
negative polarisation of the protons pumps the phosphorus into a positive 
enh~ncement. Triple resonance measurements have shown, however, that this 
is not so in these cases. There is therefore a fairly definite correlation 
between the nuclear polarisation in these experiments andthe valence state 
of the phosphorus. 

The mechanism by which the spin density is transferred from the radical 
to the phosphort.E nucleus is too complex to treat quantitatively at this 
stage, but Peter Atkins and Raymond Dwek have been able to show qualitatively 
that one would expect a much more effective spin transfer to occur by inter­
action with the unshared pair of the trivalent phosphorus compounds than 
with the pentavalent phosphorus compounds. 

We have a number of other topics which I hope to report on during 
the next few months but which are not quite ready at the present time. 

Yours sincerely, /'l 

Short title: 

' / 
, j .. ~ ~' 

Dynamic nuclear polarisation in phosphorus compounds. 



BRYN MA WR COLLEGE 
BRYN MAWR, PENNSYLVANIA 19010, USA 
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DEPARTMENT OF CHEMISTRY TEL: (215) LA 5-1000 

23 April 1967 1 

Prof. Barry Shapiro 
Illinois Institute of Technology 
Chicago, Illinois 60616 

Dear Barry: 

-The NMR Spectrum of 1,5-dimethylnaphthalene; or, a 
Deceptively Complicated Poor Girl's Decoupled Spectrum. 

- The analysis of the 1H NMR spectrum of 1, 5-dimethyl­
naphthalene, recorded at 60 MHz on a Varian A-56/60A spectro­
meter, reveals an unusual high-order splitting pattern, 
similar to those repqrted by DeWolf and Baldeschwieler [l] 
and by Freeman and others [2], the latter most recently 
at the 8th ENC under the title, "A Poor Man's Spin Decoupler." 

We considered the aromatic protons in 1,5-dimethyl­
naphthalene as two equivalent and uncoupled ABC systems, 
and neglected any coupling to the methyl groups. The 
spectrum is shown in Figure la (solvent, CDCl3). This 
spectrum resembles neither the usual ABX (for example) 
pattern nor its "deceptively simple" modifications [3]. 

However, as indicated by DeWolf and Baldeschwieler, 
this pattern can be interpreted as the result of a fortuitous 
overlap of an A-transition with a B-transition, each of which 
carries the same C spin state. This overlap requires the 
appearance of high-order structure in the AB region of the 
spectrum, and the possibility of new structure (analogous to 
"spin-tickling" double resonance experiments) in the C region. 
For example, if J h' J and Jb aare all positive, a high-field 
line in the A spe8~rumafias freqfiency -v - J b/2 - J /2, 

Oa a ac 
and a highfield line in the B spectrum, -v 0b - Jab/2 - Jbc/2, 

where the usual notation is used. If these lines overlap, 
-v 0b + v 0a + (Jae - Jbc)/2 = o, which is identical to the 

statement about matrix elements of the Hamiltonian, 
<aSalHlaSa> = <ScrnlI-il Baa>. Therefore, the overlap of the A line 
and the 3 line forces the difference between the diagonal 
elements of H mentioned to be muc h less than the off-diagonal 
element <aSalHISa.a> = Jab/2, and the appearance of unusual high-

order splitting in the AB region. This condition also implies 
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Prof. Barry . Shapiro 
23 April 1967 
PaE;e Two 

that, in order for such an effect to occur,~ b ·= (J - Jb )/2. a ac c 
In the spectrum shown, it is difficult to tell the relative 
sign of Jb by inspection because the absolute magnitude of 
this coupling is so small. The calculation shown in Figure 
lb offers a least-squares error fit to .the , experimental 
spectrum to within experimental error (approximately 0.8 hz); 
the calculation shown in Figure le, with Jb of opposite sign 
relative to J hand J _ gives a least-squar~s error of more than 
twice that ofa~alcula~~on lb. 

The spectrum of 1 ;5-dimethylnaphthalene. in C5D6 is shown 
in Figure ld. Here, the effect of the fortuitous overlap of 
the A and B lines is somewhat less dramatic. As Freeman 
has shown, in molecules where the chemical shift may be very 
dependent on the solvent, the "poor man' ·s (or, for us, girl's) 
spin decoupling" technique may be extremely valuable in spectral 
assignment. 

The spectrum of 1,5-dimethylnapthalene reported earlier 
[4] at resolution lower yet was analyzed with slightly different 
values of coupling constants. We acknowledge the guidance 
of Professor Ernst Berliner of this Department; the analysis 
of . the NMR spectrum of 1,5-dimethylnaphthalene was originally 
undertaken as part of his research in aromatic substitution. 

Sincerely yours, 

~B.~~ 
Jean B. Kim 

~ ~1artin Anderson 

[l] M. Y. DeWolf & J. D. Baldeschwieler, J. Mol. Spectry. 13, 
344 (1964). 

[2] R. Freeman, 1'lol. Phys. 11, 505 (1966); N. S. Bhacca & 
R. Freeman, 8th Ei1C, 2 March 1967; J. Chem. Phys., in press. 

[3] For example, J. W. Emsley, J. Feeney, and L. H. Sutcliffe, 
High ?.esolution nuclear Hagnetic Resonance Spectroscopy, 
pp. 357-364. 

[4] C. MacLean and E. L. Mackor, Mol. Phys. 3, 223 (1960). 
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IOWA STATE UNIVERSITY 

of Science chnology 

AMES, I0WA 50010 

Department of Chemistry 

Dr. B. L. Shapiro 
Department of Chemistry 
Illinois Institute of Te chnology 
Chicago, Illinois 606 16 

Dear Barry: 

April 25, 1967 

We have recently a c quired a Hewlett-Packard 5100A 
fr eque n~y synthesizer and c onsider it the finest invention 
since the wheel. Using it to drive a V-4311 when running 
3 i p or 19F on our old and unlocked HR- 60 makes calibration 
easy and s ideband ambi guit y much less troublesome. For 
quick observation on the s c ope we use a remote programmer 
on the 1 0 - 2 -10 3 decades with two banks of decade switches 
sele ~te d by a manual swit c h or a flip-flop driven by the 
linear sweep flyba c k: 

I Linear Swee p I > I Schmitt I Flip-flop 

Se lec tors 

With sample and reference peaks displayed on alternate 
sweeps of the long-persistenc e CRO rapid c alibration to at 
least ~5 Hz can be achieved b y s uperimpositi on, even for very 
lar ge shifts. 

Further tale nts o f thi s very versatile devic e are being 
explored and t·1ill be reported in thes.e letters provided, as 
~e a ll hope, that they are still extant. 

Sincerely yours, 



MELLON INSTITUTE 

Dr. Bernard L. Shapiro 
Department _of Chemistry 

. J . . too FIFTH AVENUE 

PITTSHUHGH, PA. 15213 

April 25, 196 7 

Illinois Institute of Technology 
Chicago, Illinois 60616 

Dear Dr. Shapiro: 
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A computer program has been written (Mellon Institute Report 
February 1, 1967) to solve the simple, nevertheless time-consuming, problem 
of measuring NMR spectra and determining an accurate experimental frequency 
for each line. A brief explanation of the procedure and of the program 
called 'cyclist' follows. 

As many as 20 scans (typically an equal number in each direction) 
with appropriate audio sidebands are made over the region of interest. The 
observed lines (max. 500 each spectrum) are assigned a number (1 ton) 
beginning with the line of lowest frequency. The relative position of each 
line with respect to the sidebands is measured in centimeters and recorded. 
These measurements together with the centimeter position and frequency of 
each sideband are punched on data cards. (Twelve measurements may be 
punched per card.) 

The program determines a scale factor Hz/cm for each spectrum 
sheet, interpolates the line position with respect to the sidebands and 
assigns a frequency in Hz to each line. Each line then has a distribution 
of frequencies that corresponds to the number of spectrum sheets on which 
it appeared. From this data the mean frequency of each line is determined 
and therms error for each distribution is obtained. The output also con­
tains the mean rms error of all measurements. 

Sample spectra Fig. (1) and corresponding output Fig. (2) are 
shown below. We have found this method to be a great improvement over the 
various hand and electronic approaches that we have tried in the past. The 
major advantages are that efficiency increases with the number of calculations 
involved and that consistant accuracy can be depended upon. 

A complete Fortran (63) source list (53 card images) and 
instructions will be furnished upon request. 

DEW,RJK:cac 

Sincerely yours, 

{') . (l _ . · ~ lJ O, -I, 1 -;) __ -+ Q n 
't/2<_..,.,..,,,v_ ( . vv v-----••vr,7 :)_.'( 'rr--'-"-,/J · 1) 0 -Jui. •., 11, 

Dennis E. Wisnosky Robert J. Kostelnik 
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QRTHOnlr.~LOROBE~ZFNE 

--'> -(.-- --➔ -<.--
LINE SPECTRUt-1 SPECTRlJ~ SPECTRUM SPECTRUM . LINE 

\b~7~ \~~,"\ .\ {>~~ () ,,'l~'l\ 
1 406.79 CPS 406.76 CPS 406.77 CPS 406.79 CPS 1 
2 4107.59 r.PS 407.59 r.rs 407.6~ CPS 407,64 CPS 2 
3 410.24 r,p~ 410.28 CPS 410.2,q CPS 410,33 CPS 3 
4 410.73 CPS 4'1..0. 7R r.PS 410.76 CPS 410,84 CPS 4 
5 4l4.12 CPS 414.13 CPS 414.Clq CPS 414,14 CPS 5 
6 4~4.43 CPS 414,49 CPS 414.56 CPS 414,48 CPS 6 
7 415. 76 CPS 415.72 CPS 415.72 CPS 415,82 CPS 7 
8 417.30 C:PS 4l7,28 CPS 417.20 CPS 417.31 CPS 8 
9 423,44 rps 4?3.44 C:PS 4~3.4Q CPS 423,52 CPS 9 

10 423.76 CPS 423.80 CPS 4~3.7o r.PS 423,86 CPS 10 
11 4::, 4 • 7?. CPS 424.75 CPS 424.7f\ r:PS 424.82 CPS 11 
12 4?5,03 CPS 425.07 CPS 425.1n r,ps 425,14 CPS 12 
13 431,46 CPS 431. 42 CPS 4:31.37 r.ps 431.29 CPS 13 
14 432,79 CPS 432.96 CPS 4~2.88 CPS 432,94 CPS · 14 
15 434,07 CPS 434.15 CP~ 4~4.11 CPS 434.20 CPS 15 
16 434.39 CPS 434,47 CPS 434.45 CPS 434,54 CPS 16 
17 437,75 CPS 437.78 CPS 4~7.74 r.PS 437.83 CPS 17 
18 4~8.24 cps· 438.27 CPS 438.21 CPS 438,28 . CPS 18 
19 440.92 CPS 4 4 (1 , 9 3 CPS 440.9~ r,ps 440.89 CPS 19 
20 441. 73 CPS 441. 69 CPS 441.7? r,ps 441.75 CPS 20 

' GLOBAL R~s E~Rn~_ IS • 0 2~ 

ORTHODICHLORnRENZENE {LINES WHICH WENT OFf SPECTRA 16878 TMRU 16881) 
- --> -+--

LI 1,E SPt:CTP,JM SPi:CTRUM tI NE MEAN RMS ERROR 
\~'li'll,. '~ \"~'j 

1 4:?•J. ()d CPS 419,99 CPS 1 420,015 ,041 
2 4~Q.6f1 CPS 4?0,50 CPS 2 420,546 ,071 
3 4?g,u9 r:~s 428.CO CPS 3 428.047 ,061 
4 •P-',,70 c0 s 4?8,54 CPS 4 428.623 .111 

~L83AL QUS E~~OR IS , 0 71 

Fig.2-

MEAN 

406,780 
407,611 
410,284 
410,777 
414,121 
414,492 
415,755 
4-17.292 
423.473 
423,802 
424.76:5 
425,087 
431,384 
432,894 
434.132 
434.463 
437,773 
438,251 

,440, 918 
441.722 

R~~s· ERROR 

,008 
( ,016 

.022 
,025 
,,013 
,0:52 
,028 
.ooa 
.023 
,026 
.024 
• 0 25. 
.041 
,044 
,032 

." , 0J5 
.023 
.017 
.010 
.014 

I-' 
0 
~ 
I 

"' 
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THE UNIVERSITY OF BRITISH COLUMBIA 

\' :\ NCO UV ER 8 , C :\NADA 

OF.P.\RT.\11'-:T OF CHEMISTRY April 26, 1967 

Dr. B. L. Shapiro 
Illinois Institute of Technology 
Chicago, 60616 
U. S. A. 

Dear Barry, 

We have done some studies of the 19
F magnetic resonance of 

fluoroberyllate ions in solution. The equilibrium constant for the 
dissociation reaction;-

-2 was determined from intensity measurements as Ke= 8.0 ± 0.9 x 10 moles 
Kg- 1. Line width studies show that in addition to the dissociation and 
re-association process there is fluoride ion exchange. We have 
analysed the reactions according to the following scheme and we give 
below the rough rate constants. These are correct within a factor 
of three at 33°C. 

BeF + 
3 

[BeF l*] 

[ BeF /*] 

+ F 

+ F 

BeF~- [BeF/*J 
k4 

[BeFl*] + ~ 

k1 ~ 23.8 secs- 1 

k ~ 3 X 102 mole- 1 sec- 1 
-1 

k2 
,.J 

4.3 X 102 mole-I sec- 1 

k3 
r,J 

4.5 X 102 mole- 1 sec- 1 

k4 ~ 4.5 X 102 mole- 1 sec- 1 

_(l) 

_{2) 

(3) 

_(4) 



Page 2. 

Dr. B. L. Shapiro 
Apri 1 2 6, 196 7 
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The slow process is the insertion of a water molecule in the 
tightly bound tetrahedral arrangeme·nt in BePi-. W~ also find two 
resonances in BeF2 solutions in water and evidence seems conclusive that 
a non dissociative eqilibriwn of the type;-

BeF 2~ (BeF 2~ 

occurs. 9Be chemical shifts do riot change very much as might be 
expected. 

We are preparing a paper which will ·contain these conclusions 
as well as other aspects of the problem. We have ambitions to do a 
complete line shape fit so as to get better rate constants and attempt 
a temperature study. To this end we have been modifiying in a small 
way the comparative Fortran IV program 'BLOKIN' written by Chuck Holm 
at Shell. Our aim of making this iterative is now virtually accomplished. 
Mr: Stewart has been largely responsible for this work. The basic 
program wi 11 handle up to 30 lines with sim:ulttaneous exchange occurring. 
The rates in equations (1)-(4) can be regarded as a simple form of a 
9 site problem where the spin states of the 9Be nucleus produce 
quadruplets for BeF; and BeF4: 

LWR/has 

All Best Wishes, 
. f 

/ / 

~--, 

L. W. Reeves 
Professor 
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INOED EN Ci NC::E ~/lf • •. \NEST r=:~ 1L .'.I.O( '...PHI A . PA . '19105 T ELE PH O N E 1215) 592 -3000 

_REPL Y T O : 

ROHM ANO HAAS COMPANY 

REDSTONE RESEARCH LABORATORIES 

HUNTSVILLE , ALA . 35807 

(205) 876-9042 

Professor Bernard L. Shapiro 
NMR !IT Letters 
Illinois Institute of Technology 
C hie ago, Illinois 6 0616 

Dear Barry, 

F 19 and P 31 NMR of P 2F 4 

April 20, 1967 

In cooperation with Dr. Ralph Rudolph ( F. J. Seiler Research 
Laboratory, U. S. Air Force Academy), I've been working on the P 31 

and F 19 spectra of P 2F 4 , diphosphorous tetrafluoride. This is one of 
the few AA'A"A"'XX' systems I am aware of and this one has some 
interesting quirks. 

First, the F 19 spectra are identical at 12. 8, 40 and 56 Mc: - thus 
all the F's have the same shift, as do the two P's. Second, we observe 
no changes in F 19 spectra down to -1so 0 c, implying the configuration is 
fixed. 

Proceeding on these assumptions we have arrived at the constants 
in Table I, following Harris [ Mol. Phys., 1 0, 43 7 ( 1966)] and Lynden-
Bell ( Mol. Phys., 6, 601 ( 1963)]. -

Table I 

CouEling Constants of P 2F 4 

J PF ( direct) = 1198.5 cps JFF = 34.4 cps 

J' PF ( distant) = -67.5 cps 11
FF = o.o cps 

Jpp = 227.4 cps JFF ( gem) 4'J 300 cps 

ROHM 
iHAAS 
COMPAN Y 

The relative signs of JPF and J'PF are certain - all others appear 

to be indeterminate. One of the J FF I s must be O ±. O. 5 cps - this leads 

to extensive degeneracy ( only four "characteristic II lines of the eight 
d e scribed by Lynden-Bell), and makes the calculated spectra quite in­
sensitive to relative signs and to the magnitude of J FF (gem). The 
three values in column one are all quite similar to R:nown values - the 
three in the second column appear to be the first of their kind. 
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IR and Ram:1n spectra indicate the structure is "trans" i.e. 

w,~ have tentatively assigned JFF = 34. 5 to the 'trans' coupling ( dihedral 

angle rv 180°) and JFF = 0 to the 1cis 1 (< ~ 80), although this is admittedly 

r a t her spec ul a ti v e • 

F AJ:m.rn 

I I I I 

-750 -700 -650 

Sincerely, 

Frederic A. Johnson 
( 205) 876-9037 

11 

-600 • 550 Cpl 

Fi gu re 1 - 19F Low F ield Half-Spectrum o f P 2 F 4 a t 4 0 Mc 
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THE UNIVERSITY. OF ASTON IN BIRMINGHAM 

GOSTA GREEN BIRMINGHAM 4. TELEPHONE 021-359 3611 

The Department of Chemistry. 

Head of Department: Professor W. G. Parker, Ph.D., F.R.I.C., A.F.R.Ae.S. 

Ou r Rd JH/DBB/CHEM 

Professor B. L. Shapiro, 
Departme~t of Chemistry, 

Your Ref 

Illinois Institute of Technology, 
Chicago, Illinois 60616, U.S.A. 

Dear Professor Shapiro, 

Telephone Ext. 458 

25th April, 1967 

C-C and C-H Bond Diamagnetic Anisotropies 

Thank you for your reminder that a subscription to the IIT N-M-R 
newsletter is due from us. Recently, we have been commissioning a new 
laboratory to accommodate both our existing Perkin-Elmer RlO, together with 
our new addition, the last of the A. E. I. R. &2 spectrometers. Nevertheless, 
we have found sufficient time to do some NMR research, and would like to 
inform you of some of our findings. 

Considerable interest has been shown in bond diamagnetic susceptibility 
parameters, and the possibility of using these in the calculation of proton 
chemical shifts. Because limited success in predicting shtfts had been achieved 
by calculating the secondary fields arising from the anisotropy in bond 
diamagnetic susceptibilities, we have attempted to calculate the chemical 
shifts for some compounds in which we are interested (bicyclor2,2,1] heptanes). 
Using the various literature values that are available for4:c_CC and /1~ CH 
we have only achieved moderate success when account is taken of C-H contribu~ 
tions, but we have obtained quite good agreement with observed shifts in 
calculations which account only for C-C contributions to shielding. 

This stimulated us to review the bond anisotropy situation.C~s a 
result, it was evident that the literature values .for A-x_CC and /sJ- were 
by no means consistent. This appeared in part to be due to the apparently 
misplaced necessity for making compatible the results of NMR and magnetic 
birefringence measurements. We have, therefore, deducedf1~CC and,1x,.CH 
purely from NMR measurements. Our results are certainly incompatible with 
magnetic birefringence measurements, and from our work it would appear that 
the reason for this could be due to a fallacy in the method used for comparing 

continued ... 
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the data from the two techniques :·- The generally accepted method of comparison 
is essentially dependent OH the assumption that bond magnetic susceptibility 
components are truely ~ditive. We consider that unlike some other bond 
parameters this is not the case for bond susceptibilities. 

We have devised a rigorous method of estimating both the magnitudes 
of the C-C and C-H bond anisotropies~ and the point along the C-H bond at 
which the induced point dipole acts), assumin_g that the C-C point dipole acts 
from the centre of the C-C bond.A?lL;C is found to be +4. 3 x 10-6 cm3 mole -1 
andll:x,CH is zero, or less likely to have a small negative value not exceeding 
-1.2 x 10~6 cm3 mole -1, in which case the point di1ole acts from the carbon 
atom. The nega"t:jve sign is surprising, but Zurcher_ has previously found a 
value of -0.74~~m3 mole -1 for ,tl~CH. These values, which incidentally 
agree very favourably with those obtained by Moritz and Sheppard,2 and 
other workers who have based their calculations only on NMR data, enable 
relative shifts for a wide range of hydrocarbons to be predicted. 

Yours sincerely, 

-----D. Callaghan 

1. R. F. Zurcher, ].Chem.Phys., 1962, 37, 2421. 

2. A.G. ~1oritz and N. Sheppard, Mol . Phys., 1962, 2, 361. 
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LEDERLE LABORATORIES 

A Division of AMERICAN CYANAMID COMPANY 

PEARL RIVER. NEW YORK 10965 

AREA CODE 914 735-5000 

Dr. B. L. Shapiro 
Illinois Institute of Technology 
Technology Center 
Chicago 16i Illin6is 

Dear Doctor Shapiro: 

April 26, 1967 

An Example of Long-range Coupling Across Four Single Bonds 

We wish to report on an interesting example of long-range coupling 
across four single bonds. 

1
This coupling (J

1 3
) is appreciably larger 

than is normally observed. . ' 

We believe that this large long-range coupling (J
1 

) occurs by the 
"Meinwald" type mechanism, that is, direct overlap'~etween the small 
orbitals of the carbon atoms involved.2 

The initial approximate coupling constants and chemical shifts for the 
cyclobutane protons were refined by computer analysis.3 The structure 
and refined coupling constants are as follows: 

/1 CH3 Jl 2 = + 8.2 cps 
' o_,,,.,- ---ocH .Jl ,3 = + 3-5 cps 

vH2V13 3 Jl 4 = + o.6 cps 

« 
' 

J2 ~ = + 8.9 cps 
'.) 

"-H J2 4 = + 9.1 cps 
CH

3
, 

4 
' 

J3,4 = - 12.9 cps 
CH 

3 

A more detailed discussion on the stereochemistry involved will be 
putlished shortly in Tetrahedron Letters, J. W. Hanifin, Jr. and 
G. O. Morton. 

1. A Review: S. Sternhell, Rev. Pure and Appl. Chem. 14 26 (1964). 
2. J. Meinwald and A. Lewis, J. Am. Chem. Soc., 83, 27b9 (1961). 
3. J. D. Swalen and C.A. Reilly, J. Chem. Phys., 37, 21 (1962). 

Very truly yours, 

/!")71,;,;;/~ 91,~ 
G. 0. l.forton and W. Fulmor 

WF: j es 

....... 
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AMERICAN CYANAMID COMPANY 

S T A M F O R D R E S E A R C H L A B: 0 R A T 0. R I E S 

1937 WEST MAIN STREET, STAMFORD, CONN. 06904 

AREA CODE 203 348-;'7331 

Dr. B. L. Shapiro 
Illinois Institute of Technology 
Chicago, Illinois 60616 

Dear Barry: 

April 28, 1967 

The 2kHz modulation frequency of the V3521 integrator can 
be varied approximately ±5% by making the following modification: 

. (1) Remove C201 and C202 from the V3521. 

(2) Install the following circuit: 

104-17 

--- . ·- ·-- ➔ To Junction, R201-R203 

• 
ClA ClB _, - -7 

---. 

l 1 • -11_/' .J ··----~ To Junction, R201-V201 
_L _ (pin 1) 

c2 Ir ' C2 I I --

- --~_l_~ To R202 (Free End) 
' J / 

_i:_ 

Cl - 3.6 to 52 pf (Hammarlund type HFD-50) 
C2 Approximately 1000 pf, silver mica, -selected to give 

center frequency of 2000 Hz. 

We have found this useful in eliminating interferences 
between centerband peaks in an Fl9 spectrum and their sideband responses 
when their chemical shi_fts are accidentally sane multiple of the 
modulation frequency. Homo-nuclear spin decoupling is also facilitated 
when the modulation can be set exactly to 2000 Hz. 

Sincerely, 

t I. 

· J.E. Lancaster 

jan 
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ORGANISK-KEMISK LABORATORIUM 

DEN POLYTEKNISKE L~REANSTALT 

Bygning 201 . Lyngby . Danmark 

LYNGBY .5 ~ may 1967. 

Tlf. (01) 88 25 66 

.:..,r. · .J .L.3hapi ro, 
Jc p: . o :· ::he ;T: i ~, t. r;;: , 
~ ..!.. l i L o L s 1 ~. ,::: ti r. 'vi t c of ·:. c-.; ~111 u l. lJ ~~Y , 
-· .~--- :. 8 ;_ l. • • \) , C: (.: C.:J l I~ , \..: • 0 .... · ~ • 

,.,.:.z..i~~it tL~ non-e !ui i:..;.l:...nc:\../eguivalence in 

!1: 1. : thJl enf; ;;roups. 

,·:x'-:~nplE:: o~ 1ugnctic cquivalenc.e .ot· methylen e 

r · ::tc.!1·.:=, ~ n 2 :..'a~'':" 11':i : t r-,. ~~on - t:qui v:1L ·LL:f:: 'Noulu bavc bcf::n cxpc-,ctcd . 

~riVE:'S~a:i:/a~i!;, : ~.Lt: prod.uct dL:trib·u.tion from tbe .reuctior1: 

j - (.; -C u~: -t-ih.i 
ur I 

Bu-;_;-C 1J--- -t-J3U 

ll 111 

= ... e , Et :. . ..r1.: i-1:r. 

~ C :..:.Vl' :'o ;_rnd tr1c1t tr.c 0.-methylt:ne pr:::itons in II 8.l(hib~ t mag.:.~(. ti.c non­

•:... ·:~: 'n:.:.L:L,~l N~, s n ~{ -' ,'.~e '.:lriJ l-.i-r, but, sur;risingly, not 1Nhen i.L -= :Et. 

, ....... \.-1:..:' . 2, 0..ri· ,·) 1it;r1 in Lr1t'. table 

'/ , 6 b · 1 o u ti J P L 
'7 ,1 > 

I ' • ' . 

' / i 

J 

l . CJ 
,. . ' 
,_,' i....., 



UNIVE&SITY OF ILLINOIS 

THE WILLIAM ALBERT NOYES LABORATORY 

Professor Bernard L. Shapiro 
Department of Chemistry 
Illinois Institute of Technology 
Chicago, Illinois 60616 

Dear Barry: 
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May 4, 1967 

This is in reply to your letter of April 17th reminding 
me that I should pay for my subscription. 

For this purpose I wish to report the results of a recently 
completed fluorine spin-echo study of internal rotation in liquid 
l,l-difluoro-1,2-dibromodichloroethane. This work was actually 
done by Bob Vold. 

Carr-Purcell spin-echo (CPSE) trains were observed from 
-115° to +100°c with rf pulse spacings of o.4 msec to 32 msec. 
Modulation of the echo trains was observed at temperatures below 
~6o 0 c, and the modulation frequencies were found to agree quan­
titatively with predictions of a general theory for the combined 
effects of scalar coupling and chemical exchange in spin-echo 
experiments. 1 At -100°c, effects of the internal rotation are 
negligible and dipole-dipole interactions give different relaxa­
tion rates for fluorines in different rotame~s. Above -6o 0 c the 
echo trains decay exponentially. The dependence of the observed 
decay rates on pulse spacing was used to obtain values of the 
free energies of activation for exchange between rotamers and 
values of the fluorine chemical shifts in the different rotamers. 
The free energies of activation are in agreement with values 
obtained by steady state NMR, and by analysis of CPSE trains at 
lower temperatures, but the apparent chemical shift values are 
about 25% too large. 

I hope this will fill the bill for the time being at 
least. 

Sincerely yours, 

HSG: jml 

1 H. S. Gutowsky, R. L. Vold, and E. J. \·Jells, J. Chem. Phys. ~, 
<-rl0'1' (1965). 

Subject: Spin-Echo Studies of Internal Rotation in CF2BrCCl2Br. 
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A C A J E ~-j Y O F S C I E N C E S May 4. 

Il LroL-~ Institute of Technology 

S1J.bject: Rot1::.tiont:.l Isonerisrn in o(_-Oxirriinp-Ester)? 

Detir Dr. Sb~1r iro: 

we :-t'uJ i Pd t h p NMR- s~we: tr~ of thP. svn- and P...n.tj-forrrrs of sor,e 

o( - oxi rr, ·j r; er p,~;ter;:; .1 ) : 

R coo cu ·,c.,, .3 

" N 
'DH 

0 . coocu,. 
"' C / .} 

II 
N 

H·O/ 
anti 

R=C6H5CH2 (I), 

C2H5 (IT), 

2::.: ro+,on- :;{)l1t r j r-i:'_:_: ~ rou~;~ , ::S CH 2 ;..':}1 d CH ~, o in svn-1, (spp th~ 

fj _~·1JrP ), C;:.,E :~ ,-- nli CH -~O in ;C;/~-IJ, etc. A]rr o.::;t !1~ ~hr1,ne:p~; ;-~rP. 

0 
H 

.. C R, v "o C'l C .. rr.1 
Ii j 

N H 
'o_.,, 
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Me.y 4, 1 9r-,7 

Frcir-! the nhPr: ~ __ c: r1.l shjft cJifferenne of 2 .. ~Hz (at fi UMHz) 

bet\,:een trw CH.~)0-sie;-rn~ ls of svn-II at 1 5o°C, the c,_:~J cu] ateci 

7mvAr U ~it of the rotetionaJ harrie:rAF#-j_s ?.4 koe.1./rno1e. 

'.;HrY'j er suggests thr--l.t some svn- °' -
oxi.rjno-esters sight be separated into rotati-0naJ iso~ers, 

. tl f 1 t . t t . ..j 2 ) ~ • t • 3 ) 
i '.5°j 7.D r·; p 0 6.Ses O SUDS ,l U ed 2.L lC es 8Xl(J 111 ,rOS f-=i.T'"1 JnAs 0 

Our investiga tion~:, whioh ::o:re c?rried in en] l ,-,bor2..tion 1.vith 
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DEPARTMENT OF CHEMISTRY 

EMORY UNIVERSITY 
ATLANTA, GEORGIA 30322 

Adaptation of LAOCOON-II for the IBM-1620 Computer 

Dr. B. L. Shapiro 
Department of Chemistry 
Illinois Institute of Technology 
Chicago, Illinois 60616 

Dear Barry: 

May 4, ·1967 

A recently completed project · of ours may be of interest to a number of . 
yo~ir readers. For the past several months we have been involved in 

· adapting the Bothner-By-Castellano program, LAOCOON-II, for use on the 
relatively sma+l IBM 1620 computer. The resulting 1620-SPS-III program, 
which we call PROSPECT-1, should permit 1620 users to perform many of 
the sophisticated spectral analyses that previously required a large 
comp ·_i ter such as the IBM 7090. 

PROSPECT is capable of both computing spectra from a set of trial 
parameters and also making the iterative refinements of these parameters 
in order to produce a "best" fit between the calculated and observed 
spectra. Like version two of LAOCOON, PROSPECT is written in two parts. 
Part 1 ·will calculate the theoretical spectrum of any system of. from three 
to seven 1/2-spin nuclei. Output of the theoretical spectrum may then be 
obtained on either the standard print unit or an online curve plotter. 
Part 2, whic~ performs the iterative calculations, will -operate ori any 
system from 3 to 5 spins in size. In the future we hope to extend part 2 
to even larger systems. · 

We feel that PROSPECT could be of great value to those persons who either 
do not have access to large computers or, like us, find the smaller system 
more convient. Accordingly we would like to make this program available 
to interested parties. However, there are some problems associated with 
distributing the program. First, since we do not have the facilities 
to prepare. and ship the card decks, this will have to be done by a local 
comp 1-1 ter center at some small cost to the J.ser. By far the more serious 

· problem concerns the wide variety of 1620 configurations available. There 
will be quite a few 1620 systems on which PROSPECT will not operate and 
we ask the potential user to carefully check the machine requirements listed 
in the next paragraph so that he may be certain the program will (or will 
not) work on his 1620. 
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For execution PROSPECT requires a 1620 with -a 40 K (or larger) memory, 
3. 1311 disk dri ·.;e, floating poit1t hardware in,dir'.ec·t addressing and the 
special instructions transmit numeric strip, trans~it num~ric fill and 
move flag. In addition one disk pack is needed for program and inter­
rr1ediate data storaf;e. We suggest that this' disk not be '. J.Sed for other 
pro;<rams. The inp ·.-1.t;output configuration :ts \.. flexible. The program 
'.ls writte:-1 is for paper tape/typewriter I/0. However, in the near future 
we do plan to ~e0erate the card decks , for both card/typewriter and card/ 
li: .e printer r;o·. The u.se of the -1627 plotter is strictly optional. The 
lack of a plotter will not affect . normal program ·ope·ration. 

Those persons wishin~ to obtain either 
of PROSPECT should address inquires to 
Department, Emory University, Atlanta, 

card decks of paper tape copies 
J. H. Goldstein, Chemistry 
Ga. 30322~ 

/; / .<J 
~~ 

-. J. H. Goldstein 



THE OHIO STATE UNIVERSITY 

Dr. B. L. Shapiro 
Chemistry Department 

DEPARTMENT OF CHEMISTRY 

88 WEST 18TH AVENUE 

COLUMBUS, OHIO 43210 

May 5, 1967 

Illinois Institute of Technology 
Chicago, Illinois 60616 

Dear Barry: 

l 13 
We have been interested in calculating Hand C shifts in 

heterocycles particularly pyridine. 

1,2 2 
Using the formulas of Pople · and Karplus in conjunction with 

Mataga and Nishimoto' s
3 

SCF wave function we calculated diamagnetic 
and paramagnetic terms both for a purely covalent and partially 
ionic sigma framework. 

4 
These shifts are listed in the table below. 

Also shown are the direct TTfJlectron density shifts obtained from 160 
ppm/ electronic charge for C and 10 ppm/ electronic charge for 

1
H. 

All the shifts in the table are in ppm with respect to benzene. 

It is seen that it doesn1 t matter much whether the sigma bonds 
are ionic or not. The sums of the diamagnetic and paramagnetic terms 
correlate very badly with the observed shifts. On the other hand if 
the direct rr-density term is included the correspondence between ob­
served and . calculated values is remarkable. 

In principle one should not have to include the TI-density effect as 
a separate term. It is not clear why the above treatment works so well. 
Perhaps certain effects are undervalued due to approximations in the 

· theory. We are trying other wave functions. 

With be st regards . 

Sincerely yours 1 

GF:mhj Gideon Fraenkel 

4~£·-~ 
Tadashi Tokuhiro 



covalcnt :1--

lOlllC -~-

covalent ,--, 
\, 

lOlllC 
·/· , 

covalent ,'/1 

/ I 

lOlllC J 

._,,X.. 

t~-;:.._ 

ri 
~.., 
_,.., 

ti 

? 
/. ·~· 

1. 

2. 

Calculated and Observed Shifts for Pyridine 

13c 
calc 
dia + calc dia + 

£ calc 
5 

para charge obs para 

- 7. 23 -13. 8 -21.03 -21. 9 -0.318 

-9. 58 -13. 8 -23. 38 -21. 9 -0.358 

+l.47 + 2.8 + 4.27 + 4.2 -0.048 

+3.66 + 2.8 + 6.46 + 4.2 -0.045 

-4. 20 - 7.3 -11. 50 - 7. 7 +0.051 

-1. 75 - 7. 3 - 9.05 - 7. 7 +0.027 

37, 53 (1962). 
.... ............ ~ J. A. Pople, J. Chem. Phys., 

M. Karplus and J. A. Pople, ibid, , 38, 2803 (1963). -~ 

calc 
charge 

-0.86 

-0.86 

+o. 112 

+o. 112 

-0.454 

-0 .. 454 

3. N. Mataga and K. Nishimoto, Z. physik. Chem., NF 13, 140 (1957). 
~~ 

-L Del Re, J . Chem. Soc., 4031 (1958). 

5. P. C. Lauterbur, J. Chem. Phys., -~' 360 (1965). 

6. This work. 

l 
H 

~ -- calc 

-1. 178 

-1.218 

+o. 124 

+o. 12 7 ~ 

-0.403 

-0.427 

6 
obs 

-1. 293 

-1.293 

+0.070 

+0.070 

-0. 329 

-0. 329 

1--' 

0 
+' 
I 

N 
u, 
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BRO\VN U N IV· E RS IT Y Provulence, Rhode Island• 02912 

DEPARTMENT or CHEMISTRY May 10, 1967 

Pro fe s s or B. L. Shapiro 
Department of Chemistry 
Illinois Institute of Technology 
C~1icago, Illinois 60616 

Dear Professor Shapiro: 

MODIFICATION OF THE VARIAN H.A-60-EL PROTON 
STABILIZER FOR USE WITH OTHER NUCLEI 

T~1 e Vari an NMR External Reference Proton Stabilization Controller has 
b e en a i apted for stabilization of other nuclear resonances which can 
be observed at 14.1 kG. Field stabilization is achieved by mounting 
the Varian proton control probe (the "piggyback" probe) on the analyti­
c al probe of the nucleus of interest and sweeping the resonance fre­
quencJ o f the "piggyback" sample with a 60 MHz signal derived from a 
c ommercially available voltage controlled crystal oscillator (VCO). 
Sweeping t h e resonance frequency of the "piggyback" sample has the same 
effect as sweeping the current through the set of small coils which 
surround only this "piggyback" sample (the latter being the procedure 
in the conventional system), since the field stabilization system main­
tains t he "piggyback" reference sample on resonance by adjusting the 
f-L el.l. wi1ene ver there is a shift in either field or frequency. This 
~,:impensatjng field variation is "seen" by both the "piggyback" control 
ani a nal~rtical samples so the sweep of the control sample resonance 
frequenc~,- results in a field sweep over the analytical sample resonance. 

T'.:e us e o f a VCO is a compromise between a costly and highly stable 
fr e,1_uenc.>- synthesizer, and a less expensive and relatively unstable 
cc n-.rentional swept oscillator. A block diagram of the system is shown 
in Fi c:::'llre l. The 15 MHz VCO is swept + 5KHz by + 5V. A linear sweep 
·: J lt. a~f'. is provi l e i b~j a Spectromagnetic Industries Model 9011 Sweep 
G~ne rator. At t he end of e a ch sweep the ~oltage returns to zero in a 
t i ~e wi ic!1 i epenis on the length of the sweep. For most sweep times 
,_~SE: i ~ t:-1 e fl~:bg,ck is sufficientlJ slow for the field stabilization sys­
t0~ to remain locked to t he proton r e sonance. 

In. '.J r ier to pro1i 'le 8-n ,:d,iustable starting voltag e for the sweep, a 
.ic t is.s in~ 1olta,_s e L:; a 'l de d to t:'--1 e sweep voltage in an operational amp­
li ::'i <:: r. T:V!e s'.1.m ')f t ~e s e two vo lta.l_:e s controls the freq_uenc J of the 
1 ::VH z '.JS c: i.2-1 8.t 'J r. T'.-1e VCO outpu t L ampli fie 'l to a 15V peak to peak 
l E: -.re: l :::.n ·.i f e --l int -_:,. T,>1e Va,ri en 60 MHz V- 1+311 rf unit at t h e ,junction of 
Rls· s,w.: .. R_j_') , -.-r•n~:--! is t >~e input t o F 1e first frequency doubler. The 
v:Ji ~s ~illa ~r t~b~ in t ~e V-4 ~l l unit is remo~ed. 
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Professor B. L. Shapiro May 10, 1967 

The system was tested on a 31P resonance at 24.3 MHz. The limiting 
f~ctor on the stability of the system is the relat~ve drif~1between 
t ne 60 MHz frequency of the control probe and the 24.3 MHz P reson­
ance frequenc :y·. Figure 2 shows the low fie.ld quintet of diethyl 
phosphite taken at a sweep rate of about 1Hz/sec for which the coupl­
ing constant is 8 .0 Hz. 

I wish to acknowledge the encouragement of my thesis advisor, Pro­
fessor Julian H. Gibbs, and the excellent technical assistance of Mr. 
Henry Klos, Mr. George Carnegis and Mr. Fred Bargoot. 

This work was supported in part by U.S.P.H.S. grant GM-10906(06), Air 
Force grant AF0SR 1027-66, Army contract DA-18 -035-AMC-274, A;E.C. 
contract AT( 30-1)198 3, the Advanced Research Projects Agency, and by 
a N.A.S.A. Traineeship in Chemistry. 

Sincerely yours, 

Stanley Kaufman 

SK: emb 
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SWEEP 
GENERATOR - - D.C. BIAS 

-

OPERATIONAL 
AMPLIFIER 

15 MHz VOLTAGE CONTROLLED -
CRYSTAL OSCILLATOR 

~ 15 MHz .... V-4311 
'---~,AMPLIFIER .,__.,,. .. 6OMHz RF UNIT-

CONTROL - V-4353 FIELD 
PROBE ~._~ STABILIZER 

Figure 1. 

Bl e ck diagram of the modified field stabilization system. 
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~BROTT =:, · LJ LABORATORll!B FINE PHARMACEUTICALS, NORTH CHICAGO. 111 INOIS 

Professor Barry Shapiro 
Department of Chemistry 
Illinois Institute of Technology 
Chicago, Illinois 60616 

Dear Barry, 

May 5, 1967 

I regret that we have been out of touch with IIT NMR Newsletter so long. To 
rectify this situation, I wish to submit a simple but useful .modification of an 
HA-100 system. 

A Vernier Control for the HP 200AB Audio Oscillator 

The Varian HA-100 NMR spectrometer can include a Hewlett Packard model 
HP 200AB audio oscillator which is used to generate H2 , the RF sideband 
used for double resonance experiments. The existing vernier on the 
oscillator is much too coarse for the fine adjustments needed in NMR 
work, particularly for spin tickling experiments. 

We have added a 10K potentiometer to the resistance network on the range 
switch at a point where it will be effective only when the instrument is 
used in the Xl00 range. The potentiometer was mounted on the left side 
of the front panel above the range switch. A log taper pot was found to 
provide an output frequency shift reasonably linear with angular dis­
placement of the control. This circuit shifted the oscillator by 3 Hz 
when the pot was at maximum resistance and provided a range of 9 Hz 
(the additional shift at zero resistance). There was no detectable 
distortion of the sine wave and with reasonable lead dress this modification 
did not affect the stability of the oscillator. The range of the adjustment 
could easily be increased by lowering the value of the 1.5K resistor. 

WQ] 
R6A R6 

(x200) 

msg 

ADDED COMPONENTS 
r,,_, ___ A, _____ " 

10K LOG TAPER 

--

Sit(dt/o!,. ' , 
Milton I. Le~~ 
Chemical Physics Laboratory 
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DEPARTMENT OF HEAL TH, EDUCATION , AND WELFARE 

FO O D AND DRUG ADMINISTRATION 

WASHINGTON, D .C . 20204 

Professor B. Lo Shapiro 
Department of Chemistry 
Illinois Institute of Technology 
Technology Center 
Chicago, Illinois 60616 

Dear Barry, 

May 12, 1967 

Please include in IITNMRN (LONG MAY IT LIVE!) the following two 
announcements: 

1. Position Available in Instrumentation Section 

Qualifications - MoS. or Ph.Do with nom.ro background (physical 
or organic)o Some knowledge of electronics and computer techniques 
desirable; at least interest in these areas is important. Applicants 
for this Civil Service position must be U.So citizens. 

Type of Work 
a) Research initiated by staff members of nomur. group and 

related to problems and substances of current or potential 
significance to FDA's mission. 

b) Research on organic molecules (structure, rate processes, etc.) 
originated by other groups working in organic and biological 
chemistry. 

c) Development of instrumentation, and of instrumental and 
interpretative techniques. 

Publication is encouraged. 

Equipment 
a) Available now: HA-100, A-60, and C-1024" 

b) To be built: double-resonance apparatus based on frequency 
syn~hesizer (components on order). 

c) Computer facilities: IBM 360-30 (being installed in FDA 
building; 360-40 available early 1968), access to CDC 3800; 
search capability for Preston nomvrv abstract cards. 

(over) 



2. Fourier Transform Spectrometry 

We should like to explore who is interested in having his high­
resolution nom.r. spectrometer adapted to Fourier transform 
spectrometry*. We assume that the present price for such an 
adaptation may come down substantially; if and when several 
parties join in approaching Varian on this. 

Any steps taken in this direction at this stage by anyone 
(including us) should and will not imply any commitment 
whatsoever. 

I should appreciate any response from the readers of this 
newsletter. Please indicate what type of spectrometer is 
involvecL 

* A multiple scanning technique which results in considerable 
saving of time over present slow passage methods. See 
R.RoErnst and W.A.Anderson, Rev.Sci.Instr. 37093 (1966). 

Best regards. 

Sincerely yours, 
( . 

. ·L~} 
Ernest Lustig , 
Division of Food Chemistry 
Bureau of Science 

104-31 
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University of Durham 

TELEPHONE DURHAM 3540-9 

..:~•.j ·~·e:~:·or .::j•.L.,• , ,i1.n:!)iT0, 
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