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EL PASO NATURAL GAS PRODUCTS COMPANY
POST OFFICE BOX 1161, EL PASO, TEXAS

October 1, 1962

Dr. B. L. Shapiro
Mellon Institute
4400 Fifth Avenue
Pittsburgh, Pennsylvania

Dear Dr. Shapiro:

We are using our A-60 instrument for analytical purposes. We hope that
you welcome contributions showing how NMR can be used in conjunction with
other tools to solye difficult analytical problems.

We were glven the problem of detecting and determining 1,2-epoxyoctane
in a complex mixture. We were also given as a "standard" a bottle of
octylene oxide (K & K Laboratories). A gas chromatograph of the octylene
oxide showed it to contain two major compounds. A gas chromatograph of the
unknown showed that neither material present in octylene oxide was present
in the unknown. Chemical analysis of the unknown showed that an epoxide
wag present 1n major amounts.

The unknown's major gas chromatographic peak was trapped The infra-
red spectrum had a C-H stretching vibration at 3060 cM-1 which indicated
that the compound was a terminal epoxide (Henbest et al., Jd. Chem. Soc.

1957, 1459). The NMR spectrum showed that the compound had three hydrogens
attached to an epoxy group and that there was one methyl group at the end
of a chaln of five methylene groups.

§

= 0.90 ppm area = 3 hydrogens

CH,-

3
g. = 1.38 ppm area = 10 hydrogens

-CH_-

2

é; ="2.3 ppm

= 2.6 ppm area = 3 hydrogens

(Measured in CCL), with TMS internal stendard at 60 meps )
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Cleavage of the material with periodic acid gave formaldehyde. This showed
that the material was an 1,2-epoxide. We believe that this compound is 1,2~
epoxyoctane.

The two major chromatographic components of the octylene oxide were
trapped. 'The NMR spectra of both components indicated that there were two
hydrogens per epoxy group, one methyl adjacent to the epoxy group, and one
methyl group at the end of a chain of four methylene groups. This sug-
gested that the components were cis and trans 2,3-epoxyoctane. Brownsteiln
(Mellonmr #11, p. 1) has shown that the chemical shift between

e e g

=3

for trans-2,3-epoxybutane is 82.5 cps (at 60 meps) and for cis-2,3-epoxy-
butane 1s 96.7 cps. We found that this chemical shift was ﬁ—cps for com-=
ponent 1 and 95 cps for component 2. Thus, we think that component 1 is
trans-2,3-epoxyoctane and component 2 is ¢is-2,3-epoxyoctane.

H
t D P .
rans CHs b\\o/,c\\H (CH,)—CH,
g = 0.91 ppm area = 3 hydrogens
CH
3
= 1.41 ppm area = 8 hydrogens
CH
2
g /0> = 1.22 ppu CH ,H = L.9 cps area = 3 hydrogens
CH§——C C 3
g = 2.5 ppm area = 2 hydrogens
-EJ,O\\Q:,H
g\ 0 H| — 0 = 73 cps
T, CH.— XN



cis CHg H/\O/C\H (CH,)j; CHy

S = 0.91 ppm area = 3 hydrogens
CH3

5‘ = 1.39 ppm area = 8 hydrogens
~CH,.~

2

S = 1,19 ppm J L . , _ .
CHB——Ci EC CH3 ,H = 5.5 cps area = 3 hydrogens

8‘ ,/O = 2.8 ppm area = 2 hydrogens
0L
i3

S-E/ 0\% - SCH—-C/L\C -
3

The infrared spectra of Roth compounds did not show any C-H stretch-
ing vibrations above 3000 em™. Both compounds were cleaved by periodic
acld to glve the odor of acetaldehyde. This shows that the material was an
2,3-epoxide.

Sincerely yours,

%f@é@ga

Mack C. Harvey

Latd el

Ronald Howell
Analytical Section
Research Department

MCH:ht



Notes on Computer Programs

NMRIT. I have rewritten subroutine ERROR so as to provide a
meaningful measure of the parsmeter errors. The single iteration following
the perturbation of each energy level in turn by 0.001 eps [see J. Chem.
Phys. 37, 29 (1962)] has been increased to half the number called for by
NIT on the control card. Furthermore, the perturbation of each energy
level has been reduced from 0.00l eps to 0.0001 cps. It is found that the
errors are about what one might expect from the estimated accuracy of the
measured line positions. I can supply a listing of this new subroutine to
any one who wishes to use it. However, since it is rather expensive to use
in terms of computer time if the number of spins is greater than 3 or 4,

I recommend that a dummy subroutine be used unless a good measure of the
parameter errors is needed.

I have also found that in certain highly mixed spin systems,
NVMRIT can give an incorrect set of parameters. The vinyl group of acrylic
acid is an example of such a case. However, the vinyl group of methyl
trivinylsilane appears to be at least as highly mixed a case - but MVRIT
gives the correct answer here. This problem is presently being investigated.

PLOT. This program was written to be compatible with our IEM 1401-
CALCOMP installation, which is not standard. Prof. C. H. Sederholm at U.C.,
Berkeley, informs me that he has modified this program for use with the
CALCOMP plotter installed according to the IBM recommendations. Further
details about the program can be obtained from him.

MARIPL. (Magnetic Resonance Iterative Program No. 1.) This is a
program I have written for use with 3, 4, 5 or 6 spins only. In it, revised
NMRIT, NMRENl, and PLOT programs have been combined into a single program
with an appreciable saving in computer time. Subroutine PLOT can easily be
by-passed if a plotted spectrum is not desired or if a plotter is not
available. Provision is also made for by-passing subroutine NMREN1 if the
energy levels have already been calculated, e.g. by NMREN2, 1In fact, if two
or more spins are equivalent, this is the procedure that is necessary if this
program is to be used.

If any one wants to use this program, I can supply a listing.

C. A, Reilly
Shell Development Company
Emeryville, California



NUCLEAR  MAGNETIC NMR

RESONANCE ~ SPECIALTIES

. Area Code 412
145 Greensburg Road New Kensington, Pa. 337.7727

Qotober 22, 1962

Dr. B, L, Shapiro

Mellon Institute

4400 PFPifth Avenue
Pittsburgh 13, Pennsylvania

Dear Barry:

Enclosed is a copy of an experiment utilizing our Model PD=60
Homonuclear Spin Decoupler,

Perhaps through the medium of the MELLONMR newsletter this
data could be conveyed to Organic Chemists and NMR Spectroscopists
interested in this field.,

We are hopeful that this NMR contribution will entitle us to
be included in the mailing list for MELLONHR.

Sincerely,

s /".J
7 L

Paul J, Yajko
Director

PJY/erd

Enclosure

SCIENTIFIC APPARATUS = ) ELECTRONIC INSTRUMENTATION - RESEARCH AND DEVELOPMENT



Proton—-lrotun Hpin Uucoupling dxperament with Trans-Crotonaldehyde

A, Undecoupled 3pectrum
The spectrum of itrans-crotonaldehyde cun, to a good aprroximation, be
tronted as that of a firat order system. The coupling scheme can then be

illustrated by diegran 1, the protons being labelled as below;

N H Q‘k')
\ i C =0
Cc=2c
~
CH, (Hx) R G

The spectrum of the trans-crotoneldshyde tzlken in 25 volume percent solution
in CCI4 is shown in spectrum 1l; the frequency positions are taken with re-
spect to the center of the aldehyde doublet and are accurate to about 0.5 cps.

The methyl proton line is split into a doublet by Ha' with a spacing
Jax- 6.8 cps; each of the doublet components is further split into a smaller
doublet by Hb' with spacing be- 1.6 ops (diagram la; spectrum la).

The protons Ha and }% couple to form ean AB type quartet; the gpacing
between the components of the Ha doub%et is equal to Jab= 15.6 cps as is the
spacing between the components of the Hb doublet. Bach of the two Hb doublet
components 1is further split by Hk into & doublet with spaocing ka= 7.8 cps, %o
glve an overall unsymmetrical quartet; each of these quartet components is
further split by coupling with the methyl protons into & quartet with 1,3,3,1
intensity ratio and small specing be= 1.6 cps to yileld an overall pattern for
the H.b line of four 1,3,3,1 quartets (diagram 1lb, spectrum 1b).

Bach of the two Ha components is split into a quartet witlh 1,3,3,1 in-
tensity ratio and spacing Jax= 6.8 cps; the two quartets overlap (diagram lc,
gpectrum lc¢).

The aldehyde proton, ! line is split into a doublet by Hb; the doublet

Ik'
spaoing 1s J,. = 7.8 eps (disgram 1d4).
B. Qualitative Desoription of the Fleld-Sweep Decoupling Lxperiment

The field-sweep decoupling experiment can be quelitatively desoribed as
follows: Suppose two protons, A and X, (or two groups of equivalent protons)
are coupled with a coupling constant Jnx mush less than the frequency separation
of their 1ines (1.e. much less than their chemical shift differenoe,]Fa -y

x !

in frequency units), Suppose, furthermors, that the center of the A pattern
is being observed at frequency'v;, fisld Ha (i.e. the fiecld Ha satisfies the
resonance condition‘v; = {1- g) Ha) and that simultaneously the sample 1s

being irradiated with a sideband at frequency]ﬁm, (whare\rx +Y ';\r ), such
- m a

rage 2

that the X protons are simultrneously in resonrnce at field Hé (1.0. such
tl1:w.t'\l'x=/v“(1- ?{)Hﬂ). Then, if the strength of the irradiating field,%' W,
H2 (in froquency units), i wmwch loxger than Jax' the A pattern will colleapse
into a single line.

IT the stroengtl of the irradisting tield 1s not much larger than Jnx
and/or if the irradiating frequency is somewhat off resonance for the X protons,

then, in general, the A pnttern will not collapse but may even become more

complicnted. (Tt should also be noted that satellites may, in principle, be present

cven when the conditions on the irradiating field strength and frequency are
satistied for systems other than AXm types,)

If tle A proton is coupled to other protons in addition to the X-protons,
then, if the conditions on irradiating the X-protons ere satisfled, the AX
coupling will 'wash out' of tke A~ pattern and what remains will be the pattern
corresponding to the A-protons coupling with nll protons other than the X.

The required strength of the irrsdiating fileld and the appropriate 1rradiation
trequency depend on the magnitude of the coupling constent, JAx' and on the

wildth of the A pattern. Tor example, as shovm in spectrum 6, if bne irradiates
with a sideband frequency\fﬁ- 243 cps such that the center of the methyl line

i3 in resonance as one sweepa through the center of the Hh pattern, then, for

the particular decoupling field strength used, the small coupling between

methyl and }% protons (be= - 1,6 eps) 1s washed out as one sweeps over the

whole Hb pattern; what remains is the pattern aa 1if Hb coupled with only Ha

and }Hﬂ (an unsympetrical quartet), On the other hand, when the corresponding
experiment is tried in sweeping through the Ha pattern, (that is with the
irradiating frequency set so that the center of the methyl line 1s in resonance
as the center of the H patbern is swept throtigh) (V;: 285 cps) then only partial
decoupling occurs over the whole Ha pattern, since Jax is larger (6.8 cps) 1in
this case (Spectrum 4b). However, one may atill wash out the "a— methyl coupling
by setting the irradiating frequency so that the methyl group is in resonance

as each of the doublet components of the A group is ;wept through; that is, by
using an ilrradiating freguency n of 285 cps when sweepirg through the upfield

Ila component and then changing to & sideband frequency of 301 cps when sweeping
through the downfield component, as shown in spectrum 4a.

When the width of the pattern to be observed is small, and if the Tield
strength is large enough, then the resonance condition need not be satisfied
exactly. lor example, as shown in spectrum 5, when the methyl group pattern

i3 observed and the irradiating frequency set to irradiate the center of the

Hﬁ, ]% patterns as the center of the methyl pattern 1s swept, (V; = 267 cps)
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then bath the Ha and Hb couplings are washed out from the methyl puttern; in
thils ocase the width of the mothyl pattern is smaller (ebout 7 cps) than that of
either the Hﬂ or ﬁh patterns; (about 16-20 cpa); the irradiating field strength
was the same as in the above two e¢xamples.

One should keep in wind thut when the irradiuting sidebund frequency is
kept at a .given setting as one sweeps through the tield, then the irradiated
nuclei will come into resonance at only one particular value of the field and
furthermore, other groups of nuclel way in turn be irradiated as one sweepy
through the field. Thus, as shown in spectruum 6, portions of the spectrum way
becouwe more complicated if, while aweeping through one pattern, another group
of nuclei 1s belng irradlated off resonance; for exumpls, es the Ha pattern is
being swept through, the methyl protons ere being irradiated but are about 50
cps off resonance; &8s the “k pattern 1a being swept through the Hb nuclel are
being irradinted and are about 40 cps off redonance; hers the sideband frequency
18 + 273 cps.

C, Decoupling Patterns for Irans-crotonaldehyde

With the sbove coupling scheme and genernl remarks about decoupling in
wind, one can then interpret the various decoupling patterns observed in the
dewoustration., (One should note that the above rewurks do not generally upply
to decoupling experiments with relatively weaker fivlds——the "tichling' experi-
mant or experiments involving the determination ot coupling coustant signs;
thess were not atlempted in this dewonstration.)

When the oenber of the Hb pattern is drradiated ab the saws lime as bhe
uk

2,\Em= + 204 cps, upper sideband); conversely, when i

line 18 observed, the Hk doublet is collapued to a single line (spsctiwa
" ig irradicted, “b

obgsrved, the N pattern oollapscs to the two doublet componeuts of Lhe AR

puttern, each cgmponenc being lurlher split iunto & 1,%,3,1 guartet (spectrwa 3,
V;u - 204 ups, lower sideband). Wheu bhe cenber of bhe melhyl croup is lrradi-
ated as each Ha doublet componeut 1 swept threough, the llu pattern collapaes to
the AB doublet (spuctium da, V=t 285 and + 301 ops, respeclively). ©Lhe watiyl
quartet collapses to a single line when observed while the center of the Hh - nb
pattern 1a irradicted (specirum b'v‘m— - ¢67 opn, lower sidelaud). When the
center of nethyl pattern is irvadiuted as Lhe center of the Hb patlern is swupl
through, the Hb pattorn collapdss to Lbhe uuaymmetricul guartst whicl would vs

obaerved if H, coupled only with uh and “h (spectrwn 6,V i 243 cps, upper

b
gideband), Furtiermwors, at lowel irradiating rield ailreigtihs, gach ol the tour
1,3,3,1 quurtets of the l% patbera can be collapsed geparately, corresponding
to irradiating the wethyl group as one particulur guartet group is being swept

through (gpectrum 7,Y‘m= + 234 - 250 ¢ps, respeciively, upper sidebund).

P. J. Yajko and R. J, Kurland
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Substituted Pyrrolidone

411 spectra were taken on a conventional 60 lic. spectrometer system
with sidsband frequencies wenitored by & Conn Acoustienl Stroboscope
("Acousticon"). Samples were run as approximately 10 wt solutions in
CDC14 (85 mg /1.0 wl COCLl4 for 1; 60 mg /0.4 wl CDCly for 2).

1. The undecoupled spectrun (spectrum la) of 1 is stralghtlorusrd; the
assignuent of lines for the (4) and (K) protons cowes from Lhe spectra or
& number of other substituted pyrrelidones run in the lubaxmtuxw. Thie 1e-
maining lines are assipned, then, as given in the table 1. Miks equal eis
AB and trans AD coupling constants are gopowhint surprising, since thea
molecule is probably planar. fThe molecule is peolably in the siti-form
gince no low field il line attributable to an internnlly H=honded proton
ves found, while this low field line ( ©90) hes been obyerved for other
similar, presuusbly "syn", pyrrolidones of this sort).

he decoupling alasp procesded straighitforvardly and, whidle not providing

any new informtion sbout the moleculs iz a pood wxample of this tuchnlyue.
As indicated, it is poasible Lo degouple proton A rrom B in several ways in
a given aweep; by using thas lower sidebond (upper sideband guppresyed) to
jrradiate A while obaserving B (speotrum 1b); by using the upper sidebund
(suppressing the lower) to lrradiste I wnlle obaerving A (spectrum 1lc); or,
by switching from one sidebund o the other digrdny the aweep, s0 that A 1s

observed while B is irradinted and then in the simu sweep, B i3 abserved wille

A 45 irredisted (spectrum 1d). Hote that i, the drradiating rield, 1is
stronger in 1d than in 1b and lej thie oideband modulating Cregquency was in
all the above 58.2 ops.

1.

H () HX)
& =

-

N
H I 8% mg in 1,0 ml CDCl3
@) s s N
H ]
H
(l\) T N
] ‘N ]

Substituted Pyrrolidone

Table 1
Assignment (spectrum la)
proton
X 3.81
X ca 5.65 JAB = 6,6 ops.
A (center) 6.29
B (center) 7425
L (cyclohexyl-L) ca 8,21
Captions

Spectrum la.
Spectrum 1b.

Spectrum lo.

Spectrun 1d.

Undecoupled spectrum of 1
lower sideband; A irradlated
B observed
upper sideband: B irradiated
A observed
lower and upper sidebands:

A irradlated,
B irradiated,

B observeds
A observed

R. J. Kurland
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DEPARTMENT OF

UNIVERSITY OF FLORIDA
GAINESVILLE

CHEMISTAY

October 1, 1962.

Dr,. Barry Shapiro
Mellon Institute,
Pittsburg, Pennsylvania.

Dear Lr. Shapiro:

We would like to initiate a new type of contribution, that of
"situation wanted," as suggested in HELLOMMR # L7.

We are seeking positions in the area of n.m.r. and/or e.p.r.
Industrial, academic, or post-doctoral positions will be entertained.
Doctoral work will be completed in the summer of 1963. Have had three
tq four years experience in variqus aspects of high-resolution and
wide-line n.m.r. Complete details of experience and background will
be gladly furnished to any interested parties.

As graduste students doing n.m.r. research we find your news-
letter a valuable aid.

Sincerely yours,

Department of Chemistry Kermeth D, Lawson

University of Florida : ~
Gainesville, Florida : ,é'
““Fermit C. Raugy

GATES AND CRELLIN LABORATORIES OF GHEMISTAY

CALIFORNIA INSTITUTE OF TECHNOLOGY
PASADENA

October 2, 1962,

Dr. B. L, Shapiro
Department of Chemistry
Mellon Institute
Pittsburgh, Pennsylvania

Dear Barry:

I read with interest the MELLONMR contribution of
C.L. Bumgardner on ¥ F chemical shifts of aromatic CFj;—groups,
especially those para to amino groups.

In any case, the data available on the properties of
CF, para to amino seem to indicate that the chemical shifts might
well be unusual [JACS, 72, 408 (1950)]. The direction of the
effect is not so easily prédicted. Contributions of resonance forms
such as I -

.
F "
F C H
P L N{CH;),
F
1

do not perforce lead to net shielding because,* while each fluorine
is made more like FE& in one third of the forms it is made more
like F—C= in two thirds of the forms. I don't believe the balance

between these effects can be predicted in the present state of the art.

With all good wishes,

Very truly yours,
John D. Roberts

JDR:nvl

2-67



The Ural Folytechnical Institute
The chalr of the lheoretical physics.
Sverdlovsk,USShH.

Dear Ur.iksel i.Bothner-By!

We have examined the question about the influense of
g-factor anisotropy of the molekules on the linewidth of the
paranpgnetic resonance in the solutions.

There are two ordinary mechanisms of the line narrowing in
the solutions: rotationaul and vibrationul random motions.Both
mechanisms does not explain the linewidth of the hyperfine struc-
ture cimponents in the strongly diluted solutions of the organic
free radicals.

There is another mechanism connected with influense of
the g-factor anisotropy of the molecule,

Let us conslder the molecule 1n which one unpaired electron
interractes with one main nucleus (nitrogen) and n protons,

The dispersion of the resonanse frequency connected with the
g-factor anisotropy may be considered as correlalion frequensy
that have the order

where <, —the Larmor frequency.If .4, -the hyperfine
structure constant for the protons (in the freguency units ),
n- the number oI the protons of the molecule,and "extremal
narrowing" condition ie fullfiled

7 AT -— e

the linewidth of the separate hyperfine structure components is

I PRI, /7'/[-
[
Singe /I'Q_ ~ A ,where ~ ~the main hyperfine structure
constant,so N and there is the resolution of the
hyperfine structure.At the week fields the "extremal narrouing"
condition is broken,i.e. 72~ | 2" and A7, “vﬁifi -~ .

at this case the nyperfine structure is not resolved.

For the organic free radicals,for example DPFH, we may
take xﬁ' - i sec_1, 1g.; < 0,01, <. .. 3000 eec—1
( v -gyromagnetic ratio),n = 12. We shell have
1
L

G ks Q,Jff sec

At the fields ~ 500 gauss the linewidth of the hyperfine structure
components have the value compared with A and there is no sepuru-
tion of the hyperfine structure,

This explaines the sbsence of the hyperfine structure in
the 0,001 B solution of DPPH in the benzene at the field
of 18 gaussthat have been examined in our laboratory
by A.K. Chirkov.

The more detpl calculations give the same results.

Sincerely yours

( A.A.Kokin )

-

[

26 September 1962

¢l-op



MisLLON INsYITOTE
kOO Frerm AviesNui:

Prorssuran 14, Pa.

October 5, 1962

Dr. B. L. Shapiro
Mellon Institute
Picesburgh 15, Pa.

Dear Barry:
GEMINAL (F,F) COUPLING CONSTANTS

MelloN-M-R readers may be interested in a comment on published
values of geminal (F,F) coupling constants in saturated compounds. For
non-cyclic molecules ten values have been measured.l’g’5 With one exception
these all lie in the relatively narrow range 150-175 ¢fs, in distiact
contrast tu the variable values of Jgem(F’F) in cyelic moleculES“’b and
in unsaturated Compouuds.b’Y This apparent anomaly is epphasised by the
excepltion mentioned above, (CFs)FzC.CFICL, for which Jgem = 2700 c/s.5
The explanation seems to be that all the other compounds peasured are of
the types ClF.C.C* and BrFuC.C¥, where the asterisk indicates an asymmetric
carbon atouw (such asymmeLry causes non-equivalence of the geminal fluorine
auclei). It appears that Jgem for XFoC.C* is seusitive to the nature of
X, but replacement of X == C1 by X - Br causes little change. However,

X = CF, causes an increase of @y 110 c/s from X = Cl or Br. This idea is
strengthgned by 19F resonance measurements made at Cambridge University,
Eng,laud,H on the molecule (SiCls)F-C.CFCLH, with X = §iCls, for which Jg&m
is as large as 543 c/s, that is about twice the magnitude of most reported
values. A similar two-fold increase in Jgem has, of course, Eaen observed
for cyclic molecules, from % 160 c¢/s for three-membered rings to az 290 cfs
for six-membered ouus.j The cause of these variations is a matter for
speculation — and further experimental work! The size and electronegativity
of X do not seem to have cousistent effects in the above examples.

The other naclear magneétic parameters for (8iCly)FC.CFCLH are
perhaps worth quoting. The spectrum is of the ABMX type, where X - H and

A,B are the geminal fluorine nuclei, With this notation JAM = JBM = 16.8 ¢/s,

MpLrLoN INSTITUTE

Jux = k8.1 efs, dax = 6.6 efs, Jpx - 10-1 c/s (where the resonance of

the A nucleus is to low field of the B resomance). These values are not
very different from those of BrFEC.CF01H,l in particular in the approxi-
mate equality of JAM and JBM which is a feature of many 1,2,2 tri-substituted
perfluoroethanes and probably indicates that Jg and Jt are not markedly
different. The data also indicate that the rotational isomer with Cl and
8iCly trans to each other is probably the stable one.8 Chemical shifts
were measured for (SiCl,)FC.CFClH in a 50% solution (by volume) in per-
fluorocyclobutane, using the latter as a secondary internal standard with

a § value of 135.5. The results are ¢A = 118.8, ﬂb = 125.2 and 0M = 1ky.7
(not extrapolated to infinite dilution). It can be seen that the presence
of the trichlorosilyl group caused a considerable (~ 50 p.p.m.) high field
shift of the resonances of the geminal fluorine nuclei from their positions

for BrFZC.CFCIH.l

My conclusion is simply that molecules of the type discussed
are worthy of further study, in particular to correlate values of Jgem(F’F)
with structural features. Since I shall be fully occupied with infra-red

work for the mext year I recommend the topic to anyone interested.

Sincerely yours,

Robia K. Harris

1. Lee and Sutcliffe, Trams. Far. Soc. 55, 880 (1959).

2. Manatt and Elleman, J.A.C.S. 84, 1305 (1962).

4. Crapo and Sederholm, J.C.P. 53, 1583 (1960).

L. Phillips, J.C.P. 25, 949 (1956).

5. Feeney and Sutcliffe, Trans. Far. Soc. 56, 1559 (1960).
6. McConnell, Reilly and McLean, J.C.P. 2, 47y (1956).

{. Coyle, Stafford and Stone, Spec. Acta L7, 968 (1961).

8. Harris, Ph.D. Thesis, Cambridge University (19€2).
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Dr,.B.L. Shapiro
Mellon Institute
4400 Fifth Ave.
Pittsburgh 13, Pa,
U.S.A,

Dear Barry, r I I -CDHA
|

As I mentioned during my visit at the Mellon Institute, ! l ~CD.
: 2

we have recently started to run some more high resolution O

D-spectra. Here are a few results: ; |
P a - C}a

1. Line width: -
=— i
- t ~
We have now measured the line width of dcetone d6 o be The D-isotope effects are:
h - -
less than 0,2 cps so that we are surz to have reac:ed the -~ CDH2 —aCDZH : (+ 1,2 1 0,1) .10 8 5 “ 2,18 £ 0,03 cps
i i 5 0. . F this val B -2, g
natural line width in DZO It 1s 66 cps rom s ue _ CDH2 ’?CDB C (s 2,9 + 0,1) .10 8 HD )
it 1s possible to calculate the quadrupole coupling constant
of D in DZO' Using a translation self-diffusion cgefficient Apparently, the D-isotope effects are in this case o{ the same order of
D=1,85.10"5 cm2/sec and a water radius &=1.74.107" cm, we magnitude as the H-isotope effects,
obtain "’LCH3 — CHD, : (+ 3,4 * 0,1).10"8]
2
1 y v
= eQ A ZTQ'AV 200 kc/S 3. ¢l p- coupling.
i A somewhat unexpected result was the ClB—D—coupling we observed in
2. Isotope effects: acetone -d6
As an example, I present a D-spectrum of partly deuterated JCI?D = 19,48 hs 0,05 cps

acetone:
This value enables us to join the "JClBH of acetone' competition” with

a value of
Jol3, = 126,8 0,3 cps
beeing very well centered in the region published so far {122 cps -~
133 cps).
Yours sincerely
Yk

P.D. Dr. P, Diehl
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October 10, 1962

Conparison with the ABC region of the dimer showed a remarkable simi-
larity Dbetwsen the actual spectrum and that cale., for structure I
but quite a different pattern than that predicted far structure II.

Dr. B. L. Shapiro A slight change in some of the coupling constants gave still a better
Mellon Institute fit. We therefore adopted structure I as a working hypothesis for a
LLOO Fifth Averue more rigorous proof of structure,

Pittsturgh, Pennsylvania
Dear Dr, Shapiro:

We enjoy and bensfit fram MELLONMR very much, but are a little
disappointed that contritutions dealing with purely organic applications
of WMR seem to be declining, at least in percemtage. Perhaps this is a b c d
due, at least in part, to the fact that the very rapld recent advances
wake it difficult for outsiders (i.e. people who are not doing MMR
research) to keep up. A couple examples from our own work might demon-
strate the importance of these new methods to routine organic work, and
will elicil some other examples.

(1) Computing of WM spectra. So far, most of the uses of both
the Bothuer-EBy and Heilley-owalen programs have been to the complete
analysis of spectra of small molecules. We were recently interested
in determining the structure of the dimer of 2-chlorocyclopentadisnone-
two structures were reasonable. The crux of the NMR analysis was the

2|e—£
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Figure 1. Spectra of 2-chlorocyclopentadiencns Dimer. a) actual
F spectrum of Hy, Hy and Hg. b) camputed spectrum for I with

interpretalion of the pattern of the very tightly coupled ABC protons
of the hydrogens on sazturated earbons, since these were further split
by the viryl protons. Reasonable values far coupling constants for
Loth the norbornene and cyclopentenone system were available, and we
could make good gucsses of chemical shift values directly from the
spectrum, We sinply put these estimated values for all six protans,
first for I and thenm far II, into FREQINT IIT and plotted the resulis.

folloving parameters ©y=209.1, © p=19L,7, Og=217.5, O p=385.1,
Op =37).7, © pehli9.0; Jap=6.25, Jpc=1:.85, Jpp=2.80, Jee=1.18,
Jop=3.98, JpE<7.10. ¢) computed specirum for I;0 4=209.0,

© B=195.0, ©(=215.0, © p=386.0, Y E=376.0, 9 =452.0; Jxg=8.00,
JBe=b.0, Jap=2.6, Jop=1.0, Jep=3.1, Jpp=6.0. d) compuied spectrum
for IT with same parameters as in C, sxecept Jyo=li.0 instead of Jpg
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October 10, 1962

(2) Spin decoupling: Further, even more rigorous evidence for
the structure I could obtalned by spin decoupling experiments.
First the enone hydrogen alone, and then the other two vinyl hydrogens
could be decoupled and the results were in accord with those expected
for atructure I. This type of experiment is too famillar to go into
detail, but I would 1like to mention that here, too, FREQINT can be of
ald, since 1t 1s not always obvious just what a tightly coupled spectrum
will look like after the removal of a spin by decoupling, It's a
slmple matter, however, to recalculate the spectrum with FREQINT,
removing any desired spins. This can be a big help in interpreting
double resonance experiments,

(3) signs of coupling constants: I've heard a number of organic
chemlsts say "So what" when they learn that vicinal and geminal coupling
constants have opposite signs. My own opinion is that perhaps the
physical chemists will end up saylng "So what" but organic chemists will
be extremely pleased with this result, since it now gives them a nice
method of identifying the (usually most interesting) urdque proton in
ABC or AEX systems. In a system like this the

é{+y/ é

e}
H4 (+) HC
proton H, is coupled to the other two protons with coupling constants
of the same sign, while each the other two protons has one positive and
one negative coupling conetant. Consequently, a determination of relative
signs allow H, to be determined uniquely. Welve found either double

resonance or douvble quantum experiments to be easy and extremely useful
in this regard..

54 mere]y,

C H. Dshw«*/x

£.ua\G

R, W. King /Q'D

L. B, Rodewald ,

“:{{ st Cf)) '}';chm_j

o

Dr. A. A. Bothner-By
Mellon Institute

44 west Fifth Avenue
Pittsburg 13, Pennsylvanla

Dear Dr. Bothner-By:

During the past several years, I have accumulated a
conslderable amount of data relating to the nuclear magnetic
resonance Of small ring compounds. Consequently, I am now
planning to tabulate this data Into a table which may be
useful to other workers. Therefore I would like to know
i1f any of the readers of the Mellon letters has any data

which would help to make thils summary as complete as possible.

I am especlally interested in the data for ce¢yclopropanol,
which happens to be one compound I have not been able to
obtain.

Coples of this summary may be obtained from me upon
completion 1n December or January.

Sincerely yours,

l.'\ -

)) A (),lu;(
1

Bernard J. at
BJN:ed
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PRINCETON UNIVERSITY
Departument of Chemistry
Princeton, New Jersey

Dr. B.L. Shapiro

Editor, Mellonmr

Mellon Institute

44oo Fifth Avenue

Pittsburgh 13, Pa.

Dear Barry:

Because of the rigid geometry’and high symmetry of the adamantane system,
we have been interested in analyzing, in collaboration with G.V.D. Tiers and
R.D. Nicholes, the nmr spectra of adamentane derivatives, particularly the
1-adamantyl halides. In conjunction with these studies we have examined the
60 me. spectra of more Lhan 60 ecyclic and monocyclic alkyl halides.. A
feature of this work is the inclusion of numsrous fluorides, for which few
chemicel shift data have previously been available. (Table I).

Table T.- T Values for Alkyl llalides

a-CH a-CHp  p-CH B-GHo B-CHga Y-CHz Y-CHa
Fo4.28-5.50 5.62-5.89 .... 8.14-B.46 B8.67-8.76 8.56-8.78 9.01-9 06
cl 5.80-6.10 6.42-6.75 B.06 B6.21-8.37 8.k2-8.52 8.45-8.75 8.96-9.99
Br 5.79-5.98 6.60-6.79 8.02 8.05-8.20 8.23-8.32 8.43-8.73 8.45-8.95
T 5.68-5.88 6.81-6.90 8.26 7.93-8.37 8.06-8.14 8.57-8.75 8.41-8.99

Cevenanaugh snd Dailey (J. Chew. Phys., 34, 1099 (1961) have explained
the chemical shirts in a tew slmple alkyl halides &s arising in part from a
C-C bond anisutropy shift, and in part from en electronegativity effect.
Using their general approsich and some of their datae, we have derlved &n ew-
piricel equation, siwple Lo use, which successfully predicts the chemical
shifts for substituted slksnes. The stundard deviation for bl measurements
in alkyl halides iz 0,08 P.P.M.; predictions with other functional groups are
equally goud.

y =911 - LY(9.77-7 } 4 Blc-cx) + T(e-c))

T(any cH CHaX
Where:
(9.YY(TC y - TCH5X) = the musimun possible electronegativity
Hy shift due Lo the substituent, X.

Y = an electronegutivity factor, dependent on first approximetion
only on structure; it equuls 0.93 for a-CHg in ethyl, 0.90
for a-CHz in n-propyl and o-CH in isopropyl, 0.20 for p-CHg
groups, 0.0k for y-CHsz groups, ete.

%(C-CX) = the contribution to shieldiag by the C-CX bonds, vary-
ing with X and evaluated from the measured shifts for
n-propyl compounds.

s:(C-C) = the conbribution af why other C-C bonds attached to posi-
tion under considerslion; as a firast approximation it
dues not depend ou X end has the values 0.65, 0.40 and
0.32 P.P.M. for first, second and third bonds, respec-
tively.

Oct. 15, 1962

2«

Although very satisfactory for simple elkyl halides, this equation fails
to represent the chemical shifts in the l-adamantyl halides (Fig. 1). 1In
these halides the p hydrogens become mure shielded then the y in going from
the lodide to the fluoride, while the &-hydrogens, little affected with changes
{n substituents in other compounds, become more shielded even than the hydro-
gens of the perent compound, adamantane itself! Of interest alsc 1s the
alternsting charecter of the direction of shieldlug. We hove at present no
satisfectory explanation for this behavior and we welcome comments from your
readers.

Fig, 1 - Chemicel Shifts in 1-Adamantyl Halides

X =1 Br Cl F
8.5
"
7.9
&
1.3 ! ! S— 1
2.3 a* 2.7 3.1

Sincerely yours,

Vol S

Paul Schleyer

C. Fori

8l-6p



NU CLTAR MAGNETIC RESONANCE GROUP

Division of Phyalcal Chemistry THE ROYAL INSYITUTE OF TECHNOLOGY
STOCKHOLM 70 SWEDEN
THE ROYAL INSTITUTE OF TECHNOLOGY
STOCKHOLM 70 October 17, 1962.
SWEDEN

Cable address: Technology

A3/vH Dr. B,L. Shapiro
Mellon Institute

PITTSBURG, Pennsylvania
Usa

Dear Dr. Shapiro:

In no. 46 of MELLON-M-R Scruggs & Li presented an investigation on "NME Determina-
tion of Magnetic Susceptibility". The method used is based upon the fact, that the
reference signal in case of extemal standard will turn into two peaks when the
sample spinning is stopped, the separation between the two peaks being proportio-
nal to the volume susceptibility of the liquid in the inner tube, Thus the separa-
tion n cps can be written

n=ak+b (1)

where k is the volume susceptibility of the sawple, end a and b are constants,

The values of a and b depend on the dimensions of the coaxial glass tubes and

the volume susceptibllity of the glass and of the reference substance 1),

Scruggs & Li verified the linear relatdonship between n and k measuring the
separation between the benzene peaks for ssmples containing four different liquids
(water, cyclohexane, carbontetrachloride and methanol) with known volume suscepti-
bility. krom the straight line obtained when n is plotted vs k the constants a and
b have been determined, The uncertainty of the volume susceptibility values de-
termined using this method is reported to be 0.004:10-° (c.g.s. units).

The range of gusceptibility values covered by the measureuents of Scruggs & Li

is -0.52 to -0.72-10'6 (c.g.s. units). I have found it necessary to test the
linear relationship between n and k in a wider range of susceptiblity values,

the numerically small values being of greatest interest. Using the method
described I have tried to verify the linear relationship in the region

k = -0.%91 to —1.154-10‘6 (c.g.s. units). For each substance I have made ten
readings of n, the average of which is plotted in diagram {. Between sach reading
the sample is yotated in order to eliminate inhowogeneities in the glass tubes,

I found it somewhat difficult to reproduce the readings of n, The standard
deviation was calculated to 6 cps (an average of all substances). Furthermore
it is iwmpossible to mweasure the separation between the peak maxima due to their
lack of sharpness. Instead 1 have used the method described by Scruggs & Li
observing the separation at aboul one fourth of the peak helght. However, if the
apparent line width increases at low n values due to increasing overlap of the
two peaks the plot of n vs k cannot be expected to be linear, This is probably
the reason why deviations from the struight line are observed in the region
where n passes its minimum,

As can be seen from diagram 1 there are two possible values of k corresponding
to each value of n, since

n=lak + bl (2)

Therefore this method cannot be directly applied, when the susceptibility of the
sample is quite unknown. However, through dilution of the sample with a miscible
liquid having a susceptibility greater than the greatest k observed (or smaller

than the smallest k observed) the proper k value of the sample can be determined.

Yours sincerely,

"

. . e
g Ve e LG

" kke Johansson

/

t. C.A. Reilly, H.M. McConnell and R.C. Meisenheimer, Phys.Rev. 98, 2644 (1955).
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IN REPLY REFER TO

SMUCR-WS(PR)2

n cps

250 L

Dr. A. A. Bothner-By 15 ocT 1962
Mellon Institute

oo Fifth Avenue

Pittsburgh 13, Pa.

200

7 Dear Dr. Bothner-By:*

When analyzing mixtures of compounds by nmr to determine the
percentage composition of the mixture, the least detectible concentra-
tion can be important in the accuracy of the determination. We came
across this problem when trying to determine the kineties of isomeriza-
tion reactions similer to the systox-isosystox study as reported in
J.A.C.S. No. 78 5182 (1956) by N. Muller and J, Goldenson. The relative
areas of the ebsorption peaks are related to the percent composition of
the mixture. The relative areas were determired by cutting out the
absorption peaks on four or five spectral runs, recdrded on a Sanborn

Model 126 Recogir, and weighing the appropriate peaks on en snalytical
Il balance. The _resonence was observed &t 17 me using 8 mm nmr tubes.
Under these conditions we found the least detectible concentration to
be about 5% for several compounds investigated whose molecular weights
varied from 100 to 250. Consider a mixture of two compounds, A and B,
(6% A end 9% B), each having e single absorption peak, then with the
sensitivity mentioned, it would sppear to be a mixture of 1% A and 99% B.
A mixture of 4% A end ©5% B would appeur to be 100% B. As the concentra-
tion of A 1s increased the discrepancy will become smaller until e 50 -
50 mixture 1s reached at which point this error cancels out. As the
concentration of A is increased further the error will favor component
A. This error could ceuse up to a 10% deviation of the slope of an
1somerization rate plot.

150

100 |

50

. ‘ ; K-10 .
0.4 05 0.6 0.7 0.8 0.9 10 11

We have developed an equation to convenlently correct for this error.
. Nitromet e 8 In this equatlon it is assumed thet a constant area 1s lost under each

han 8. Carbon 'tetFQChlorlde absorption peak and thet this area can be related to a percent concentration.
. Acetone 9. Carbondisulfide

In this tion:
. Methanol 10. Water eanation .

1

2

3

4. n-Pentane 11. Chloroform m = observed mole percent of 1 B peak
5. Ethanol 12. Methyl iodide - ,th

6. Propionic ACID  13. Methylene iodide £y SECTUSRROLSRpEScent (OF K mpeaks

7. n-Butanot h

ai = measured area of 1t peak

Fig. 1.

0Z-6v



SMUCR-WS(PR)2

Dr. A. A. Bothner-By 1 5 Ocr 1362
at = sum ol the weasured area
A, = area of 1th peak i nmr system were ideal

A, = sum of the areas of the ideal nmr system
n = totael number of absorption peeks

K = the weight of compound not seen in each peak of the
nmr spectrum

AK = the area which would represent K percent on the spectrum
It follows that the observed mole percent is:
a
m, = 00 1

The true mole percent 1s:
M =100 A1
At

Since we assume AK constant for ell phosphorus compounds
ap 7 Ay A
u, = At. - nAK
Using above relationships and the fact that &  equals 100, we obtailn,

t

M1=ai(l—nk)+look
Ay

Ay

Thus for 8 mm nmr tubes which we found have a minumum detectible
concentration of 5%

A = (05)8,
M =a (- n(.05)) + 5

end for a two peak system

M =098 5

SMUCR-WS (PR )2 15 0CT 1962
Dr. A. A. Bothner-By

Using e 15 mm nmr tube in these analyses, we have found the minumum
detectible concentration to be about 1%.
A more detalled report will be published later on.
Yours truly,

; oy
/ /
| . . .
l‘rh"("l_ SR UL

HAROLD KLAPFER

CHARLES R. ARNOLD

JOHN F. COTTON

M anthly
E cumenical
L etters from
L aboratories
Ot
N-M-R

A wonthly collection of informal private letters from laboratories of nur.
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 Che material quoted must be referred to as a "Private Cowmunication".
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QUEEN MARY COLLEGE

(UNIVERSIIY OF LONDON)
MILE END ROAD-E1
TRELEPIIONE ADVANCL 4811

Department of Chewistry
18th October, 1962
Dr, Barry L. Shapiro,
Mellon Institute,
4400, Fifth Avenue,
Pittsburgh, Penn., U.S.A.

Dear Barry,

Here is a first coanbribution from Queen Mary College. It concerns
the nobtution to be used to concisely describe a multiple resonance ex-—
periuent, Joln Baldeschwicler and I, after a discussion with Paul
Lauterbur, used a simple notation whith has also sppeared in lellomur
{Lauterbur, No.45; Tiers, No.48). The following remarks simply describe
and extend this notation.

One can use the normal sywbolism with the addition of brackets to
indicate which nucleus is being irradiated. Thus AK {x3 denotes a double
resonance in which the A and K trensitions ave studied while the X transi-
tions are irrsdiated., Other possibilities are handily given asfAl KX
and A{X} X. A triple resonance in which both the K and X transiticns
are irradiated would have the symbol A {KX| . Chamicﬂ syubols may be
usod to specify the nuclei in more detail., Thus H {F"7{ is concisely
differsnciated trom F19 { H}.

For molecules which have more than one nucleus of a given type, sub—
scripts may Ve used to differenciate these nuclei. The subscripis could,
in convenient casos, ba tha positional museral, either as used in & con-
ventionnl molecular formula, or as specified in a structural fermula
accompanying the spectrum (see hnluwg. For unussigned spectra, or in the
‘tickling' experiments of Ruy Freeman and Wes Anderson (Mellonmr, No.4é )
in which single trancitions are irraliated, the numbers could be used to
designate the transitions,.

Since it is important to distinguish between fieldswept and frsquenc{
swept spectra, one could use different brackets for the two cases, say
for field swept and L 1 for freguency swept. Paul Lauterbur has used ()
for the fieldewept case so it would be essential to keep the confusion
winimal by insieting thut only L 1 be used for frequency sweep.

P

Lastly we may aild Ssntonin to the list of molecules in which there
is an appreciuble proton = proton coupling through five bonds (Freeman
and Bhacca, Mellonmr, No.47). The protons involved are labelled (some-
what arbitrarilly) 2 and 3 in the structural formula and the coupling
constant is 1.3 + 0.2 ofs.

No matter how *wild' I get I cannot bring myself to draw the requisite
diene structures! The asgignment, originally due to Professor Coray,
was checked by the following experimentss {8} ,H {H,ZS y H2 {H(yl'
The last experiment was a hidden proton expe%imegt anq;"aerved to mea=
sure the shift of H6' The assignment was further supported by a study
of A -Santonin (visualised by interchanging CH (5"3;3;{ H,) which also have
the long range splitting. Other epimers were3stukl'j,ed %ut so far I gave
not yet analysed the spectra. The work was done at Harvard with John
Baldeschwieler.

Yours sincerely,

Fad  Ramdo 2l

Ed Handall
ENR/JLC
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E

Depurtuwent of Organic Chemistry,

22nd October, 1962.

br. B.L. Shapiro,
Mellon Institute,
4400 Fifth Avenue,
Pittsburgh 13,
Pennsylvania, U. 5. 4.

Dear Dr. Shapiro,

The value of NMR in assisting the structure
determination of quinoline nlkaluids has been demon-
struted by Goodwin, Shoolery =snd Johnson for the case
of lunacrine (JACS, 1959, 81, 3065). I have done an
NME survey of this class of natural products and sev-
eral correlutions emerge which will be useful for
structural work on new compounds in future. These
will be vepovted in the Australian Journal of Chem—
istry. Organic chemists face a general problem in
this series in deciding whether the side chain at C-3
(sec formulae on spectra) is cyclized to the C-2 oxy-
zen (giving a 4-guinolone) or to the C-4 oxygen (giv-
ing a Z-quinoloue). Previous methods of choosing
between the "linear" or "angular" fusion of the rings
(4-quinolone or 2-quinolone respectively) have in-
volved extensive degradntive work or syntheses to pro-
viae model chromophores etc.

A wecure uand rapid digtinctlon is now avail-
abie in the NMR spectrum. As noted in the lunacrine
paper, the signal from H-5 is shifted downfield from
the other aromitic proton signals bucause of its prox-
imity Lo the C-4 carbonyl group. The deshielding of
H-5 by the C—4 oxygzen would be expected to be reduced
when this oxygen is present as an ether link such as

happens when tlie compound in guestion belongs to the
ungular series. The NMK survey confirms this prediction
wnd it is illustrated here in the spectra of the new
alkaloid ifflaiamine (linear rings) and N-methyltetra—
hydroflindersine, a derivative of the naturally occurr-
ing angular compound flindersine. The H-5 signal in
ifflaiumine is separated tfrom the centre of the band for
the aromatic protous by 60 cps, whereas this distance in
the flindersine derivative is .only 36 cps. The magnitude
of these separations changes when the homocyclic ring is
substituted (miany compounds have alkoxy groups on this
ring) but For the same substitution pattern, the differ-
ence between the values for linear and angular isomers is
always about 25 cps.

The impact of NMR on this class of alkaloids has

been dramatic. The structure of flindersine was establish-

ed around 195% in this Department by classical methods in-
volving some four man—-years of work. The structure of
ifflaiamine cun be written just frowm NMR spectra.

Our A-60 arrived in August in time to be display-
ed ut the ANZAAS conference by Varian's Roy Johnson. It
has a variable temperature probe operating from ~110 to
+200°C and we ure still learning to drive the thing. The
inlernal geometry of this probe differs from the stand-
ard wodels and 1t secms to be somewhat wore difficult to
attain maximum performance. I willl be interested to com-
pare operating characteristics with others who have this
hot and cold probe.

Yours sincerely,
L s
Al e’

Dr. A.V. Robertson

e o
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22nd October, 1962.
Fiomre ol
Dear Dr. Shapiro,

When installing our Varian A60 spectrometer, we experienced some
difficulty in deciding on suitable British-made voltage stabilisera
and other ancillary equipment, since at that time there were only two
spectrometers available in this country. Details of the equipment
that we eventually purchased after useful discusslons with Professor
G.W. Kenner and Dr. R. Abraham at Liverpool University and Professor
B. Lythgoe and Dr. P.R. Brook at Leeds University and has given
satisfactory service during the last three montha may interest other
N.M.R. tyros in this part of the world.

The A60 spectrometer is installed togather with two Perkin-Elmgr
model 21 spectrophotometers in a 13' x 11' room maintained at 20-21°C.
by a Temkon "series N" sir-conditioner (Temperature Ltd., Londcn,
S.W.6). The three spectrometers and a spectropolarimeter incorporating
a xenon arc are fed through a TS-3 voltage stabiliser (32 amp.,

7.36 nowinal K.V.A., response speed 40 v./sec.; Claude Lyons Ltd.,
Hoddesdon, Herts.); this stabiliser is of the motor-driven Variac type.

The magnet coils are cooled by distilled water, which is cycled
by a small pump (Type Bl5; Mono Puups Ltd., London), fitted with a
pressure relief valve, through a domestic calorifier (a 36" x 15"
vertical c¢ylinder containing a coil of 24 ft. of 1" 1.D. 18 S.W.G.
copper tube) as heat-exchanger; the calorifier is cooled with mains
water. Provision bas also been made for circulating mains water
directly through the magnet in an emergency; the change-over can be
made without switching off the magnet. Flow indicators are inserted
in the mains water and distilled water lines; copper plping is used
throughout; this systew is similar to that operating at Liverpool
Universgity. Green elgae grow rapidly in the distilled water system.
We are attempting to suppress them by adding 100 p.p.m. of
streptomycin sulphate.

Coupressed air for the spimner is supplied by a Couwpton diaphragm
pump (Series 4, ECC4; Dawson, MacDonald and Dawson Ltd., Ashbourne,
Derbyshire) used in conjunction with a pressure tank (2 cu.ft. capscity)
and a pressure switch (Type HPl; Londex Ltd., London, 5.E.20)
operating at about 30 p.s.i. with a differential of 3 p.s.i. The
compressor pump, although a model recommended by the manufacturers as
especially quiet, proved too noisy, and we have been forced to move it
fron the ingtrument room. We would therefore recommend that a water-
cooled pump enclosed in a sound-proof box should be used when the pump

has to be in the room with the instrument.

J.u, Page

/ Yours sincerely,

L i v b((. N )/ H‘.// !
[ J.H. Chapman .Fll. Green
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A October 22, 1962

Dr. Barry Shapiro
Mellon Institute
4400 Fifth Avenue
Pittsburgh 13, Pennsylvania

Dear Dr. Shapiro:

Some Comments on the Letter of Bommer and Primas (No. 48)

Theoretical calculations Jf nuclear magnetic double resonance behavior
are already proving a useful aid to the experimentalist, and any improvements
are only to be welcomed. However before embarking on a rigorous general
calculation, it is perhaps advisable to consider rather carefully the aims of
double resonance experiments, so that the new information may be extracted in
the most economical manner. Professor Primasl has raised the question of the
double resonance theory of strongly-coupled systems, and mentioned some
calculations of his own which cover this case, quoting by way of example a
formula for the exact decoupling condition for an AB system . While there is
nothing new to be learnt from the very simple spin systems such as an AB
molecule, the more complex strongly-coupled cases have so many additional
parameters that a general mathematical treatment becomes exceedingly difficult.
One solution is to treat each particular example separately, solving the
double resonance Hamiltonian numerically on a computer. This has been used to
find relative signs of spin coupling constants in a situation where the analysis
method is not applicablea. Our own philosophy has been to abandon "spin
decoupling” for strongly-coupled molecules in favor of double irradiation with
a very weak perturbing radiofrequency field ("tickling"), where H2 is so weak
that only one transition is affected at a time. A general treatmeut of these
experiments is very much simpler, and the physics of the method can be
described in terms of some very simple rules, the most important being that
transitions are splic if they have an energy level in common with the

i i o4
irradiated transition .

a VARIAN

(e
i Y associates

(R. Freeman and W. A. Anderson)

The method can be used to construct an energy level diagram from
observed transition frequencies, and this is a big step towards the analysis
of a complex spectrum. A related application is the determination of relative
signs of spin coupling constants in spectra of intermediate complexity. The
principle is the same as that of the spin decoupling wethod, but in practice
the range of applicability is greatly improved. A third possibility is tor
trace out spectra that are obscured, either by overlying resonances or
because of low inherent sensitivity. The investigating frequency may be set
on the peak of a certain tramnsition, and any transitions which have a common
energy level may then be examined by sweeping the perturbing radiofrequency
through the obscured region. We have been able to record C13 spectra in this
way by monitoring coupled proton lines, and similar experiments have been
performed by Baker5

The versatility of the technique is such that for complex spectra
there seems to be no point in ever reverting to the strong radiofrequency

fields of spin decoupling experiments.
Yours sincerely,

)

: ;
R

R. Freeman\ W. A. Anderson
Instrument Division

1. Bommer and Primas, Newsletter No. 48, p.23.
2, It is interesting to note that if one were to take the frequency of the
center of each doublet as Wy and Uy s then this expression is identical
with that obtained for the weakly-coupled case -- in this sense the AB
spectrum behaves like an AX.
3. Rao and Baldeschwieler, J.Chem.Phys., to be published.
4. Newsletter No. 46; R. Freeman and W. A. Anderson, Summer Symposium on
High Resolution N.M.R., Boulder, Colorado, July 1962; J.Chem.Phys.(Nov.1962).
5. Baker, J.Chem.Phys. 37, 911, (1962).
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Ej? z0micH, October 23, 1962

Eidg. Technische Hochschule Unlversitdlsirasse
Tel. {051) 327330
Laboratorlum
lir Physikallsche Chemie ~*=
Ziirich

Dr. B.L, Shapiro
kellon Insgtitute
4400 Fifth Avenue

Pittsburgh 13, Pa.

Dear Dr. Shapiro,

the intensity sum rules valid in high resolution
magnetic proton-resonance:
m-1 m _ (m = magnetic
e¥ %Iij - %Ijk =2m quantum number)
which were published some months ago by G.Gioumousis and
J.D. Swualen (1) are very useful to find the correct coordi-
nation of the spectral lines to the scheme of transitions,

If we denote the vector of the total angular momentum by
m-1

P= (EH,F;,FB), then the intensity Iij is defined by
-1 )
(2) I;il.lj N \<m-1,1\F_\ m,j)\ 2
N - - - = + = i
where: F_ = Fy-iF, = (P +1F,) (F)

Now new relations of a similar type have been found, which
can be helpful for the same purpose.
If we write the hamiltonian in the form:

(3) H=12 +58
wherein 7 denotes the so-called Zeeman-term and S describes
the spin-spin coupling, then the following formula can easily
be derived:

4 z = [[H,FJ 5]

From the form of the matrix of Z in the basis of the product-
functions J-Lpok. ..ete., it is well-known, that:
(5) Tr,(Z) + Tr_ (2) =0

wherein Trm( ) denotes the trace in the eigen-space of F3 to
the eigenvalue m. If we substitute (4) in (5) and express the
whole equation in the eigenbasis of H, we obtain:

@ ZAT ot - vip s« Zoeinen. e )
v J

— =01

Herein Y U=l jenotes the frequency, which belongs to the transition

\m-—l,k) —» \m,i > . (6) represents a system of {n) independent
relations between the frequencies and the intensities of the
spectrum, where n denotes the number of protons and:
n/2 if n is even
<ny ={n-1/2 if n is odd
In the case of a three-protonsystem the scheme of transitioas

has the form: s
m=-%

m:——"/z

me+ Yy

In this special case there exists only one independent equation

of the type of (€), which has the form:

(M vy v Volp v Vslg = Viglis + VL + Vigls

Herein the numeration of the frequencies and intensities agrees

with that of the transitions in the above scheme.

Forwula (4) has still another remarkable aspect.
It allows namely to base a numerical analysis of nmr-spectras
on 1t. But to this consequences of formula (4) I shall come
back in my next letter.

(1) G. Gloumousis and J.D.Swalen, JCP 36, 2077 (1962)

Yours sincerely

H. Kumwer

H. Uuammsre s
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