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NMR STUDY OF THE BUTADIENE~COBALT HYDROCARBONYL REACTION PRODUCTS These structural inferences have been drawn largely from the cbserved

- the two MMR spectra. Fig. 1 shows the hO mc.
By D. W. Moore, H. B. Jonassen and T. B. Joyner spin-coupling values of the two P £ .

Michelson Laboratory, U. S. Naval Ordnance Test Station spectrum of a sample which is ca. 95% pure isomer I. Pure isomer II was
ElDe e Sl oma not available, but the spectrum of e sample containing ca. 65% of II is
shown in Fig. 2. Measured spectral parameters are summarized in ihe

Proton magnetic resonance spectra of the two isomeric addition products following table:

of 1,3-butadiene with cobalt hydrocarbonyl, Co(CO)4H,' indicate the two

Chemical Shift and Spin-Coupling Data
following structures:

Isomer 1 Isomer 11
'i“ ?a Chem. Shift*
i - CHa H >
b\) =7 i\“ < and b\c,/fﬁ\'ﬁtc<ﬁd Hy 75.7 eps +1.89 ppm. 66 cps 1.65
~ ~ ’
iy H gl e H, 149,0 3.73 134 3.35
( . /I\ H, 186.2 %.69 152 3.80
o 02 e £0 Hy 139.5 3.9 95 2.38
0 co CHa 201.2 5.03 218 5.45
I II
These compounds are formed by addition of the two starting materials at Coupling Values
o Jab 6.3 cps 7.1 cps
approximately -10°C. The reaction involves hydrogenation of a terminal
Jac 10.5 12.3
methylene with simultaneous evolution of one molecule of carbon monoxide. h 10.5 6.8
Both isomers are mobile, wine-red liquids. They are unstable in air, and Tpe «<0.2 0.6
de <0.2 1.6
decompose slowly at room temperature even in vacuum.
Ja-Me 6.5 7.0

The most significant results of the NMR study are the apparent equiva-

lence of the two allenic carbon-carbon bonds and the approximate coplanarity ¥Shift measured relative to benzene as external standard using con-

. . . e ek centric tube technique.
of the five allenic proton positions. The indicated cobalt-carbon bonds

are believed to represent overlap of three p-orbitals of the hydrocarbon We have Interpreted the cbserved spectra as follows:
Isomer I
with unoccupied orbitals of the cobalt. Three electrons of the ligand and 2ETEE S
- The doubled triplet structure arises from equal spin coupling
one from the metal are presumed 1o occupy the resultant molecular orbitals. fa ‘ H 4 v

with He and Hy and a weaker cis-coupling to Hp.
The compounds are diamagnetic.
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Hy - The pair of lines assigned to H, confirm the smaller coupling

with Hg.
H, - This doublet shows the larger trans-coupling with Hg»
Hy - Appears as a doubled quartet, the smaller up-field set being

partly obscured by the Hp lines. A 60 me. spectrum (for
which we are indebted tc Dr. John D. Roberts and his Caltech
staff) shows this multiplet clearly resolved.
Cll3 - The large high-field doublet confirms the spin interaction
with Hy. A wmuch small§r pair at higher field represents a
trace of isomer II.
The absence of observable coupling between gem-protons Hyp and He, ig appar-
ently explalned in terms of the valence-bond treatment of Gutowsky, Karplus
and Grant® in which the gem-coupling value is dependent upon the inter-
proton bond angle, passing through zero at 125°. This would indicate

that hybridization is very close to sp® for this terminal carbon.

lsomer II

Hg - The low-field multiplet is again believed to be a doubled
triplet, but with large and small J-values interchanged.
Considerable overlap with the Hy group of isomer I distorts
intensities, however.

Hy, - Group shows eight-fold multiplicity corresponding to Hy coup-
ling, weak coupling to H,, and long-range interaction with Hy.

ll, - Strong coupling to Hy is confirmed, but partial overlap with

one member of Hb(I) doublet obscures weak gem-coupling which

appears as slight splitting of peak on right.

Hy - Apparently a quintet with all lines doubled by long-rauge
coupling to Hp. Quintet structure indicates coineidenta
equality of J-values with Hy and CHs.

Cliz - The T-cps splitting is same as Jad, conflrming My multiplet

assignment.

The data we have gathered indicate the structure of allylcobalt tri-
carbonyl, reported by Breslow and Heck,3 should be the symmetric structure
indicated as IT in the communication. Its NMR spectrum can be predicted
from our data as follows:

Hy, - & triplet of triplets with J-values about 7 and 12 cps.
Area = 1.

H, ~- A T-cps doublet at higher field then Hy perbaps showing weak
splitting due to H,, Area = 2.

H, - A 12-cps doublet at highest field. Area = 2.
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THE UNIVERSITY OF BRITISH COLUMBIA

VANCOUVER B, CANADA

10 August, 1960

DEPARTMENT OF CHEMISTRY

Dr. Aksel A. Bothner By,
Mellon Institute,

L4oo Sth Ave.,
Pittsburgh 13 Pa,

U. S. A.

Dear Aksel,

In view of the laetter by Clailsen Androes aud Calvin, we should
like to summarise the results of same studies we have been making on
saturated six membered ring cm?fmmds, some of which will appear in the
August issue of Can, J. Chem. ) We have concluded fram a detailed study
of several systems and a& survey of many, that providing there are no
large locking groups, saturated six membered rings can be resolved into two
chair forms st temperatures of about -50° to -BOY by the proton resonance
method.

Our interssts have bean mainly in the populaticn studles of two
isomers in equilibrium, but as a by product we have obtiined the approximate
energy barriers for conversion from the so called tCo~alescence Temperature!
(2). In peneral the substitution of a group in the ring produces broad
psaks for the adjacent proton with very little cbservable structure (at LO Me.)
dua to many coupling constants to chemically shifted protons. It is the
proton resonance of this adjacent proton whieh pives the information on 3
populations since 1t will split into tWwo campenedts at low tempaTaturs which
overlap a 1ittle ia the tulls. Relative intenslty msasurements will give us
populations to a high degree of internal consistancy by various racording
techniques snd undor a range of magnetic field sweep rates. The method we have
used is certahly superior te varicus indirect methods so far sugpested (3) (k).

We show a few spettra and quote s few representsative results. PFlgure
1 shows complete spectra of chlore &nd bromo eyclohexans, sweeping left to
right from low to high field. The parrow résonsnce ot high field is ‘i.et.r_'ﬁmthyl
silane standard and the solvent in this cuse is CS%. Side bands on the internal
atandard calibrate specira. For the sake of hrevity, complste assipgnments will
not be given since they are in most cases ochvious, The temperatures and sgﬁutra
sre Fig. 1 (8) bromocyclchexanc 55 mole % €S 289, (b) uhlt{:rocyclmexnnu 55
mole % CSs 289C (e). Spectrum of bromecyclohisxarie at - L. SSC in samp solutien
(d) spectrum of chlorocyclohexans in the same sclution ot -91%. Figuro 2. sho«s
the 'Adjacent! -CHY- proten signal in the twe compounds at low temperatures from
which we obtain populstions. (&) bromo eyelohexane st =869 (b) brono eyclohexans
at =97% (c) chlorocsdohexine at ~g2.58%.

1. L. W. Reeves and K. O. Strpmue
Can. J. Chem, August 1960

2. J. A. Pople, W. G. Schneider and H. J. Bernstein
High Resolution Nuclear Magnetic Resonance
McGraw Hill 1959 Chapter 10.

3. B. L. 2liel
Chem. and Ind. p568 (1959).

L.  S. Brownstein and R. Miller
J. Org. Chem. 2l pl886 (1959)

S. B S. Gutowsky and A. Saika
J. Chew. Phys. 21 pl688 (1953)

-2 -

Figure 3 shows results for 1,2 trans disubstituted cyclohexanss.
3(a) shows adjacent proton signel in 1.2 dibromo cyclohexane with chemical
shift referenced against hexamethyl dislloxane. 3(b) (c¢) and (d) show
appeararce at succesively lower temperatures and 3(c) is a selected spectrum
for the corresponding 1.2 dichloro compound at low temperature.

Figure l; shows the results of a solvent and concentrution study for
1.2 trans dibremo cyclohexane. The points & represent cemcentration in CS
and the points @ represent concentration in & more polar solvent acetone. The
abscissa correspond to mele £ of dibromocyclohexane and ordinates reprasent
% axial-axial bromine form in the equilibrium, It can be seen that'there is
very little effect of coneentration in G5, but dilution in acetone favours the
form with higher dilpole woment i.e. the ee form.

Flgure S5 shows an example similar to that of Claeson, indroes and
Calvin namely 2 hetero alycyclic ring compound, NN' dimethyl piperazine. 5{a)
shows the room temperature spectrum the low field peek is due to the ring
mathylene protons the high fisld peak represents the N methyl groups. Even st
room temperature broadening of the low field peak is detectable &nd it broadens
very rapldly as the temperature is lowered until at -LiBOC ss representad in
Figure 5(e) the narrow mathyl peak remains but in place of the single mothyleue
peak  we have a Lypical AgH, case. W have e partial analysis of tha spectrum
at low temperatures in upizz of the overlsp. Without going into our interpretstions
of thuse amdl other studies we quote » tsble which sumnsrises work on the o
compounds wentioned here. Populations quoted refer to temperature region =70 to

-1209% although v(e also have the populations at room temperature from the averaged
chemicel shifts 5)3 they ars net quoted.

Yours sincerely,

1%

7 T LA )
et [((f R TR
Laonard W. Reeves,

Knut 0. Strfmme

LWR;avh

P.S3. The authors would be grateful if a reader could locate or supply any of
the following compounds: |

Fluoracyclohexane, 1.2 trans difluoroeyclohexane,
1.4 trans difluorocyclohexane, perfluorocyclohexane
or b trans dichloro and 1.l transdibrome cyclohexanme,
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Fig 2.
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TABLE
*

Compound Concentration Solvent Equilibrium % of one Energy Barrier

mole % form from Coalescence

Temperature, in
cals.

Chlorocyclo- —
hexane 5.5 Cs, Clay Cleq 77% Cleq 10,850
2romocyclo~
hexane 550 €S, BTy BTeq 82% Broq 10,850
1.2 trans Lo.0o Cs,p €10l == 35% C1,01, 11,950
dichloro
cyclohexane 29.0 cyclohexsene Cl,Clg 33% C1.C1, 11,950
1.2 trans 28.0 cs Br _Br, == 70.9 BrgBr 11,850
dibromo 53.0 cs? = S W "
cyclohexane 63.0 €3, BrgBr, 70.2 " "

21.0 acetone f L9.9 s —

34.C acetone " She2 n _—

59.0 acetons " 61.3 " —

73.0 acetone " 6L.0 " S

1

NN
dimethyl
piperazine L40.0 CS, 2 identical Trivial case 12,000

'Accuracy of results to ¥ 1.5¢ of the figure

quoted.

chair forms



F|33

-39.5°C 'kfa/’c

1
. » )
[ 28°C ¢ -6y -4los
P
(\II) -100°C ~88°C.
-4 48
Y
«t\ UNd]
-4:27 ~3-79
ooy 4os

m.
28T
= ————— I @Er

-IHST ek

P i

i A i i L ' A i i
20 w0 o 0 8o
-48°
=_
— ren

HEHT SR



THE UNIVERSITY OF ROCHESTER
COLLEGE OF ARTS AND SCIENCE
RIVER CAMPUS STATION
ROCHESTER 20, NEW YORK

DEPARTMENT OF CHEMISTRY

8 August, 1960

Dr. Barry Shapiro

Mellon Institute

4L40 Fifth avenue

Pittsburgh 13, Pennsylvania

Dear Burry,

Here is my substription to your MELLONMR, which I have
found most informative and instruetive.

Dr. Robert autrey and I auave recently investigated the
proton mugnetic resonence spectrum at 60 Mc of phlorogilueinol,
It hus frequently been suggested (see Noller, CHEMISTRY OF
ORG-NIC COMPOUNDS, p. 503, for exumple) that phloroglucinol
eéxists in teutomeric equilibrium between the keto and the
enol forms, It gives & blue-violet color with ferrie chlor-
ide «nd rescts with diazomethune to form & trimethyl ether,
charucteristic of enols; it ulso rescts with ammonia and with
hydroxylamine in & manner charucteristic of a ketona. Its
reuction with methyl iodids is also characteristic of « tri-
ketonei rather thun of the aromatic structure (see Noller,

D. 50L4).

de attempted to investigate this suuilibrium with NMR,
which would permit the observation of isotopic exchansze if
the rute of equilibration #wers slow, and would allow an
estimate to be made of the mean life of « ring proton if the
reaction were fast, If appreciable concentrations of the
keto form were present, one might either find two separate
CH proton peaks or perhaps a broadening of & single CH psak.

In neutral solutions in ucetone and deuterium oxids
there is no evidence of any methylene resonance; the ring
broton resonance occurs at 229 ¢ps below acetone, und the
line is very sharp. The ring proton line of phloroglusinol
in 0 remained unchanged in area for four hours, aithough
the OH resonunce was ubsent (as expected) due to repid ex-
chunge, uddition of traces of sulfuric and hydrochloric
acids to acetone solutions of phloroglucinol left the ring
proton resonance unchanged, s did addition of lurge smounts
of glaciul scetic acid, Sodium hydroxide, sodium carbonste,
und lurger amounts of mineral acid catulyzed the exchenge,

Solutions of phloroglucinol in concentrated sulfuric acid

-2~

gave u slngle sharp peak 306 cps up-field from the sulfuric
acld signul and & single broud peak of uwbout the same area

at L4LO eps up-fleld from sulfuric acid. These solutions were
saturated with phloroglucinol trihydrate,

These results uppear to indicate that no keto-enol tauto-
merization occurs in phloroglucinol, and thut recourse must
be had to othsr intermediutes to account for the resactlons
undergone by this molecule. sdditional work is being done to
see 1f the species present in concentrated sulfuric acid can
be positively identified.

Sincerely yours,

a/z

David J. Wilson



MASSACHUSETTS INSTITUTE OF TECHNOLOGY

DEPARTMENT OF CHEMISTRY
CAMBRIDGE 398, MASSACHUSETTS

July 28, 1960.

Dr. Aksel A. Bothner-By,
Mellon Institube,
Pittsburgh, Penna.

Dear Aksel:

We recently contributed to MELIONMR a statement that
your IBM TO4 progrem had been modified and extended to make pos-
sible displays of camputed high resolution spectra of a type
that facilitated the comparison between calculation and experi-
ment. We 1nadvertently neglected to submit a sample of the results
which can be ¢btained in this way. The following exemple is now
enclosed for the amusement of your readers.

The spectrum is one obtalned on the way to fitting the
observed spectrum of the two equivalemt ethyl groups in acetal,
in which the methylene groups contain hydrogens which are not
equivalent by virtue of thelr environment with respect to internal
rotation. The chemical shifts and coupling constants are given
in the figure, end are almost but not quite correct at 40 Me.
The upper spectrum 1s of the whole ethyl group, and is not very
useful because of the relatively low resolution of the computer
display. The lower part of the figure 1s a picture of the C‘H2
part of the spectrum blown up to occupy most of the display.
The component line width, raehge of frequencies displeyed, and

vertical amplification are at the control of the computer operator.

I hope this material willl comvey the nature of our computer

output more graphically than the remarks we sent you earlier. As
I remarked last time, coples of the complete program are available

to amyone who wants to use it.

Yours very sincerely,

“ Jdhn 8, Viaugh

A(1,2) = 9.20

A(1,3) = A(2,4) = a(1,5)
A(2,3) = A(2,k) = A(2,5)
all other A(1,j) = 0

7,15
6,70

24em
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NMR STUDIES OF HYDROGEN BONDING

II. ALCOHOLS

by Jeff C. Davis, Jr., Kenneth S. Pitzer, and Q.N.R. Rao

Depertment of Chemistry and Lawrence Radiation Laboratory,
University of Qalifornia, Berkeley

(1) Present address: Depertment of Ohemistry, The University of Texas,
Austin 12, Texas.

e

The proton megnetic resonsnce spectra of methanol, ethanol, i-propenoi,

and t-butanol in Uolh and sthaunol in benzene have been studied at €0 Mepas
in the temperature range 20°- 40° g.

fiydrogen bonding in alcohol solutions hes besn a favorite sub ject
of nar, IR, dieleectric, and other methods of study3 The observed nar shifte
of the hydroxyl proton heve been variously Interpreted in terms of a
monomer-dimer equilibrium®end & monomer-polymer equilibrium.*

In brief, the shifta observed in this study covering e wide range
of temperatures and concentrations indicete that:

(a) When the hydroxyl shift is extrapolated smoothaly to infinite
dilution (loweet concentrations measured were &bout 0.005 mols fraction)
curves are obtained whioh, for all the aleohols, have & finite alope.

At the higher tewperatures, straight-line extrapolations were poasible.
The finite values of the slopes st infinite dilution indicete thet a
wonomer-dimer equilibrium is present.

(b) The monomer shifts obtained by these extrapolatione were, within
a few cps, temperature independent.

(c) The monomer shift of ethenol in benzens was emsentially identicsl
(relative to the ethanol methyl peak) with that in Q0Lly. This would indicate
thet there wes no strong intersction of the monomer OH with benzene, at
lesst not an intersction which sffects the shift of the OH proten. This
way indicete our intorpretation of the carboxylic acid shifts®ia in error

slthough such interactions should certainly be susller for the lesa polar
aleohols,

(d) The order of increasing monoumer shielding was found to be i-propancl,
t-butanol, ethenol, wethanol. Shifts for the first two were, however,
w!thin 2 ¢pa of one enother and the i-propanol extrapoletion was uncertain.

Spparently the monomer shift is not a direct Ffunction of the “pdlarity™
of the OH proton.

Since data were collected at several temperatures an sttewpt waa
made to estimate additional thermodynamic information. Aesuming ouly a‘
wonomer-dimer equilibrium at the loweet concentrations it cen he shown

that
)Y = 2k (& -5,
(§x)x=o 2=l

2.

where X 1s the mole fraction of elcohol. The dimer ehift 5; caﬂnoﬁ ge
obtained directly becsuse of the presemce ofthighartpoly?zgz;ehi: :or,
£ tempereture E
uming both Suend Jp to be independent o :
:::d:ncs thet 3: is constent except that For the carboxylic scids t::le
calculated dimer shifts did not vary excesaively) it ﬂhouldfbﬁkpo::r
to estimate A H of dimerizstion from the slope of & plot o lt.e aﬁown
of the limlting slope va. reciprocal temperature, In‘figure tra:e
sulting graphs of log(®3/3X)y., ve. 1/T . It is seen thae
S ool xbo hpps justifying the
rensonably good straight linea can be diﬂwq'tpgrlﬁzhnlpieu s i R
: that 9% is constant. The caleulated o pies of
:::l;mli;izl& —7.A%2, -7.3%3, and -4.4*2 keel. wole L por methz_mo;,w
ethenal, i-propanol, and t-butanol in GGl and -5.1%*1 keal. mci:ihleo;n
ethanol'in benzens. Since both open &nd eyclic dimers umay be pat. :
those systems these apperent enthalpies may :ut bidthc L;T:mh::eiu:tric
eace fr
aociation for a particuler species. There iz ev il
gzszct:sbothsre ure only opsn dimers in the ethanol-beunzene aoluti9n;cal
and hence the true AH of dimerization may be assumed to be about 5 .
mole™l, ("F-( ot mnsl ia bepzeasc

0 = T T T Y
- Ethanol

Methanol

T TTTT
[

i-propanal 1~ butanol

T

=TT T

1 e
T((:)

Figure 1. Effect of Temperature on Liniting
Slopes of Hydroxyl Shifts va. Qonc, Ourves
for Alcohols in Cerbon Tetrachloride

An attempt was also made to estimute 35 5 K5, and en averag? p;;ymer
shift by correleting infra-red messurements with the umr date. The
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intensities obteinod by Liddel und !lecker-’f‘or wethanol, ethsnol, ond
t-butanol st suveral congentretions and teuwpsratures in Cclh were
snulyzed as augpgested by Becker, st, al.} and the results indicate
strovgly thet 8; 1s nt lesst approximately temperature independent in
the rengze wtudied, However, the IR dnte do not cover the hizher
concontrationa nufficiently to be sure of polymer ehifts and the

trotions reduccd the grocision of the calculatisn considerably., The
I8 renults of Liddel and Becker "or sthenol aleso do not agree antirely
with the work of Grunwald and coburnf and the posaibility of both
eyelic und open dimers reduces the significance of these ealculations
somewhat ., It iy interesting to note that our nmr meesurement: for AH

correspond closely with thoss obtiined by Liddel and Becker from IR dataz

Saunders wsnd Hyna“h.r:ve approached the analyeis of a)cohol shifts
by @ssuming a mOnoior-polymer shift and fitting the experimentel data
with 8 calculated curve to obtein frow beat Pit a polymer shift, monower
shilt, and squildbriug conatant. ¥ollowing their procedure a good fit
waa obtained for ethansl only for a monomer-tetremer aystem with e
tetromwer shift -240 cps below the methyl peak snd an gesocistisn ecovstant
in mole frsction unite of about 10%, sSinge there is considerahble avidence,
howsver, thut o dimer spscies is present in this syaten sn attewpt was
8leo wmade to it the dats with a monome r~dimer-polywsr wquilibrium,
The monower shift (28.5 cra), diwer shift (-20 cpe) and dimerization
Gonstunt (11.0) were obtained from the analysie of our nwr shifts and
Liddel 2nd Recker's 1n datz. The besl fits obtained &re shown in Fipure
5. The pentamer curve, 88 en exeuple, was Fit with a pontower shift of
=270 cpy and on sesocistion constant of 1 X 10, Cleurly, connideration
of the wonomer-dimer gquilibrium drastically atfects the interpretation
in terma of higher polymers. It seews doubtful thot wuch is to be
gained by oxpressing the eguilibrium wixture of several polymers by
8 single "sversge" polymer.

Purther work is in pProgreas with eleohol systews in which polywsera
larger then the dimer are nbsent in en attempt to elucidote botn thenus
and IR intorpretations, One iwpertont factor Yet Lo be studied adequately
is the effect of iupurities auch 22 dignolved oxygen, acid, sto., on
the shifts of these systeums. Agroswent betwesn varigus investigstors
hes not bLeen close deapite the usual preceutions of asmple prepsration,

Certuinly the interpratation ot the roaulty ia sericusly affected by
such d4fferences.

) Pimeutel and McClellan, "Hydrogen Bond", Freem:n, 1940

) Becker, Liddel, sud Shoolery, J. Mol. Spec. 2, 1 (1958)

) Seundars and Hyne, J. Chew. Phya, 29, 13519 (1i58)

) Davis and Pitzer, MELLONIR #2l, p.9 (J. Phys. Chem. in pross)
) Uuggius, Pimentel, and Shoolery, J. Phys. Chem. €0, 1311 (195A)
) Liddel and Becker, Spsc. Acts 10, (0 (1957) =
)
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{{g Ooburn end Grunwald, JAQS 80, T318 (1958)
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zUORICH, July 3o, 1960 5 )

Laboratorium Wiy f by = J’Z Cuy
fur physikalische Chemie > 5. = JJ. ete.
Elidg. Technlsche Hocnschule g Jk P ik
Ziirich Dr. Aksel A. Bothner-By
Mellon Institute There are several approximation methods for this unitary trans—
H.Primas 4400 Fifth Avenue formation to the level shift representation that are much more
Pittsburgh 13, Pennsylvania general and powerful than the usual perturbation theory. I will
U.S.A. just discuss shortly our fist approximation method: the two
particle approximation of the nwr many-body problem. It fulfils
the following conditions:
a) For the special case of very weak couplings (J Jkﬁa << 1)
the n—th order of the two particle approximation reduces to
Dear Aksel,

the n-th order of the conventional perturbation theory.
In spite of the great progress in the numerical analysis of

nnr spsctra we feel that any deeper analytical insight into the
structure of mur spectra would be valuable. From the theoretical
pdint of view the so called"direct method" (1) has many advan-

b) If all but one arbitrarily chosen J.k are set to zero, the
two particle approximation gives in first order the exact
result. A1l terms of higher order vanish in this case,

tages over the conventional method of analysing nmr spectra. Some ¢) In any order of the two particle approximation there is no
time ago we developed & general approximation method in this spurious coupling between uncoupled spins.

direct formalism. The general theory will be published scon (2) The last condition is by no means trivial, most known cluster

but this first part will not yat contain any specific applications developments (e.g. the Brickner theory of atomic nuclei) do not
to problems of nmr spectroscopy. Your readers of MELLONMR may fulfil it, (mathematically it means that the development of the
perhaps be interested in some preliminary results of the appli~ unitary operator must be unitary and a Lie function in any order).

cation of this method to the analysis of nmr spectra. In this two-particle approximation the scalars O

3’ 3Jk' IE;Skm !
It can be shown that thers i1s an unitary traneformation which are given by 4_ *3
transform the original spin-Hamiltonian H

>z ;=4 f Eiy 1 {3 . ~ Xs {5
H = 2Q. jIyz * ZQJJk(I I J i
J J<
(for sake of simplicity we asume here that the spin is ¥2
and that there ie no degeneracy, i.e. the symmetry group

should be Cq) Fop= dp- 3 jki'(‘jrhkr) DL S S B B

oy

+ terms of forth and higher order

; jr “kr * Ykr jr
oA
%
to the level shift representation 4 TA * 55 .
jk” 3k jz”k
~ ~ — i
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= {; Klj 3z " J“ jk jz Tyz Jekem JK1T 2 k2 mE + terms of fomh and higher order
If the operator of this uniary transform is known the calculation Kjkm = 0 + terms of foth and higher order
of the intensities and resonance frequencies is simple, especially
with the direct method. The following sum rules -~ first exenpli~ We have used the following abbrevations:

fied by Fessenden and Waugh (3) - holds generally:
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adjacent strong couplings the results are at least as good as

A, = = 4 = O, -
ik kJ J k a third order perturbation theory. In order to check the resulis
'35k = - Bkj = tan-l(ij/Ajk) for the worst case, we calculated the sirong coupled three
, ( [ sepin systems analysed by Feassenden and Weaugh (3) *). For the
rKJK = = 'Kkj = 24y -\_+\11 + ij/éjk - 1} vinyl group of styrene (A12 £ -0,980 ppm, A23 2 - 0,520 ppm,

A31 2 + 1,500 ppm, J,,= 17,800 Hz, Jgz= 1,200 Hz, J5 = 11,300 Hz)

The "three spin" term Kjkm glves a nonvanishing value only by we found in the third order of the two-particle approximation:

interaction of four nuclei (in our epproximation: in the forth

order) and may be expected to be exceedingly small for reasonable 40 Me/s 25 Mc/s 16 Mc/s 1o Mo/s o Me/e
high fields. Up to the third order of the two-particle approxi- = = = - : i
mation the nmr spectrum of any molecule without symmetry with T exact 43,53 31.99 23.86 18,91 11.20
N nuclei of spin ¥2 consists therefore of following lines: 2~ approx.| 43,49 30.90 24.29 20.50 8.76
o exact 19.42 11.35 T.4% 7.14 11.20
a) the "two-particle” lines with the resonance frequencies 93'n2 approx. 19.44 11.02 5.70 2.02 -0.79
iy ~ ~ od oo exact 63.0% 43.34 31.29 26.06 22.39
Qe dgy s Tt * Iy 5~ approx.| 62.93  41.92  29.99  22.53 7.97
F exact 17.72 17.48 16.26 13.41 7.91
b) the combination lines with the resonance frequencies 12 approx.| 17.74 17.65 17.38 16.75 3.55
5 exact 1.82 2.51 3.48 4.62 7.91
I~ e ) (& 2 ) 21  approx. 1.85 2.66 4.04 6.21 17.67
ST TN T Maa T Mg §. exact | 10,76  10.31  lo.56  12.26  14.89
31 approxe. lo.71 9.99 8.88 T.%4 9.08
The forth order term would further contain: (values forD's are in ppm , values for 5'5 in cps)
~
&) corrections to the third order values ofQ, and JJk in For this case & two-particle approximation is of corse not very
the forth power of the development parameter, e.g. terms appropriate., Nevertheleses the results are always essentially better

than a third order perturbation theory although not at all exciting at
low fields. In order to fill this gap (adjacent strong coupling at low
Pure two-particle terms like fielda)we started a similar cluster development that should give good
34 or 0(%2 results in the low field regiona. Expressions for the intensities,
12 clusteg@xpansions for molecules with symmetries and higher espins will
be published later.

1like
2 2 2
3,12 :713 or *q5 323 /K31 ete.

never occur.

b) There will be a further splitting due to the "three spin®
operator KjkaszkzImz' This is the result of the simultansous Yours siicerely

interaction of four nuclei (absent in three spin systeuwas}. ‘
Hans Primas

This method gives excellent results at any fleld strengdn if slg Helv.Phys.Acta 31,41%(1958), Spectrochimica Acta 25'17(1929)

9 2) "Das Mehrteilchenproblem der magnetischen Kernresonanzspektroskopie®
alikys two etifigicoupled nuclel are sgparated by only weak couplings. "I. Clusterentwicklung der Korrelationsfunktion". Will probably be ’
Notice that contrary to the conventisnal perturbation theory above be published in Helv.Phys.Acta.
expressions are not divergent at zero field strength. If there are (3) R.W.Pessenden, J.S.Waugh, JCP 31,996(1959)

%) I am indebted to Professor J.S.Waugh for making available details
of his calculetions of this three spin systems,




NMR - Btudy of' ths Deuteration process in Phosphorous and
Hypophosphoroua acids

F, Diehlx, Basic Physios Division, National Physical
Laboratory, Teddington, Middlesex, England,

We recently have studied isotops—effects in NMR-spectra of phosphorgus
acide, During the course of this work we had to investigate the deuteration
of these acids, We found that N,M.R, is a very sultable method for studying
exchange-reactions in the "winute-range" even in cases where the exchange
takes place in consecutive steps.

In fig, A we cbserve the 'timadependance of the D-resonance dus to
the exchanges

Hy (HPO;) + HDO:IHZ(DPoj) + H0
The resonsnce shown is one half of the P-D doublet, We find a half tiine
for this exchange (1 gr. H3FO3 + lca Do0) of T 14=190 + 20 min, campared to

TL = 204 min, obtained recently by means of Raman spectra.(1)

The deuteration of hyp@ﬁosphoroua acid is shown in fig, B, The
spectrum given is one half of the P-H doublet., It consists of a superposition
of a single line due to the molecule H (HJPO5) and a triplet due to the
wolecule H (HAPO2), the H- resonance being split by a spin-spin inteructions
¥ HD-

Looking at D-resonance of the same exchange (one half' of the P-D doublet;
fig.0) one recognises a auperposition of a single line [ﬁ (Dan)ﬁ] and a
doublet /H (HDPOZ)/ due to the spin-spin interactionTpp.

Measuring the areas of' lines as a Punction of time one can easally separate
the exchange into two consecutive firat order reactions and obtain the four

rate oonstants involveda(x)

H (H@P0,) + HDO "f{":l:_" H(HDFO,) + HyU
H (HFP0O,) + WO %} B(DoPU.) + I
- AU 2

The fact, that the triplet in 1dg. € is net exactly on top of the
slngle line can be explained by isotope effecta on chemicsl slifts and on

spin—coupling constants( 2)

¥ Un leave from the Fhysical Institute of the University of Basgle, Switzerland
é‘lg He Bruce Martin, J. Awer. Chem, Soc, 81, 1544, (1959)
X) 4t an acid concentration of 1,66 molee litre~! they nre of the order

of 5,10-2 litres mole=! hour=1. )

{2) These isotope offects wiil be publishsd elsewhere.
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br. I. C. Davis, Jr. submitted the material on the first
pages of this issue in plenty of time for last month's M.E.L.L.O.N.M.R.

Due entlrely to an error om our part, it was not included in that issue.

We hope that both the readers and Dr. Davis will accept our apology.
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The editor has been in sporadic correspondence with Dr. G. B.
Skrotskii of the Ural Polytechnic Institute, Sverdlovsk, U.S.S.R., who
is working in the area of N-M-R. He is at present doing work on double
resonance.

His first papers in this area are due to appear shorcly in

J.E.T.P. Are there any of our present readers who would be forced

(by security conmsiderations or otherwlse) to withdraw from the mailing
1ist 1f Dr. Skrotskii were invited to participate in this circular

letter? Please drop ua a post card or note, 1if so.

A. A. Bothner-By
ATTENTION: !
Deadline for issue No. 24 is Mouday, September 26.

******************ﬁx%ﬁ**)(-**)i*&*******
Dr. Neal L. McNiven
The Worcester Foundation
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Shrewsbury, Massachusetts
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