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M,Ii1 STljDY OF' TIIE BIITADIEI.IE.COBALT TIYDROCARBONTL REACTION PRODUCTS

By D. W. Ilbore, H. B. Jonassen and T. B. Joyner

Mlchelson Iabors.toqr, U. S. Naval 0rdnance Test Station
China lake, California

Proton oagnetlc resonance spectra of the tlvo isomeric addition products

of lr5-butadiene wlth cobalt hydrocarborlyl, Co(CO)4Hrr indicate the two

follolring structures :

c0

II
fhese compounds are forrned by atidltion of the two starting naterials at

approxfioately -10"C. The reaction involves hydrogenation of a terninal

nßetl\ylene with sinultaneous evolution of one moleeule of carbon monoxlde.

Both iscnners are rnobile, wine-red liqulds. They are r.rnstable in air, and

decompose slow\y at room teruperature even in vaeuun.

The nost signlficant results of the NMR study are the apparent equiva-

lence of the two alJ-enic carbon-carbon bonds ard the approxinate coplanarlty

of the five allenie proton posi.bions" The indicated cobal-t-carbon bonds

are believed to represent overlap of three p-orbitals of the lrydrocarbon

with unoccupied orbitals of the cobalt. Three electrons of the ligand and

one from the metaL are presumed to occupy the resulta$t molecul-ar orbitals.

the conpounds are diarnagne'bic.

These structural lnferences have been dra'wn largely from titc observed

spln-coupling vaLues of the two Nlr,lR speetra. F18. l shc'tc the llO urc.

spectrum of a sarople which is ca.91* pure isoner I. hre isomer II was

irot available, but the spectrwn of a sarnple containing ca. 65$ of II ls

shown in Fig. 2. Mes.sured spectral parameters are surnrnarized in ihe

follovring tabfe:

Chernical Shift and Spin-Coupllng Data

Isomer I Isorner II

Chen. Shift*
cita

u

t-

P.<J,}<I.
,/l\.

end Ha

Hb

Hc

Hd

Cil.s

7).7 cps

1l+9.0

186.2

r19.5
20t.2

+1.8P ppm.

3.7'
l+.6.1

1)+9

,.ot

66 cps

Ul+

rr2
9'

218

1.6t
t.r,
).Bo
2.38

,.,+,
I

Coupling Values

Jab

J""
Jad

Jb"

Jua

Jd-tttu

o., cps

10. t
10.t

<o.2
<.o.?

6.5

7.1 cps

L2.'
6.8

0.6

1.6

?.0

*Shift measured relative to benzene as external standaxd using con-
centric tube technigue.

We have lnterpreted the observed spectra as follows:

Isüner I

Ha - Tne doubled trlplet stnrcture arises fron equal spin coupling

with Hs and H4 and a weaker cis-coupling to H6.
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ilb - The pair of lines assigned to il" confino the snal_ler coupling

vrith Hr.

H" - This doublet shows the lar.ger traruj-coupllng wlth Hr.

IId - Appears as a doubled quartet, the srnal-Ler up-field set being

partly obserred by the H5 lirres. A 60 mc. spectnur (for

whi.ch lrre are indebted to Dr. John D. Roberts and his Caltech

sbaff) shovrs this multiplet clearly resolved.

Clls - The large high-fie1d doublet confirrns the spin interaction

with 116. A much sinaller pair aL higher field represents a

trace of isoner II.
The absence of observable coupling between gern-protons H6 and Hc, iF appar-

en|\r explalned in tenns of the valence-bond treatment of Gutowslgr, Karplus

aml Grantz .irr rvhich the gem-coupling value isi dependent upon the inter-
proton bond angle, passing through zero at LZJ". lhis would indicate

that hyblidization is very close to spa for this tcrminal carbon.

lscnrer II

Ha - lhe lsn-field uultiplet is again be,Lieved to be a doubled

triplet, but with large and srnal-l- J-values interchanged.

Considerabl,e ovexlap vrith the Ha group of isoner 1 distorts

interLsitle$, holvever.

fb - Gr.oup shov,rs eight-folct mu1tipllcity cot.rcsponding to Hu coup_

ling, weak conpllng to Hsr and Long-range inleractj-on with H6.

ilc - Strong coupling to Ha is confirmed, but partial overlap with

one member of lt5(I) doublet obscu-r'es 'weak gem-coupling which

appears as slight splitt,ing of peak on right.

Hd

cl{3

Apparently a quintet ryith all lines doubled iry long-range

coupling to H6. Quintet stnrcture indicates coincLdental

equality of J-val-ues wiür lla and CH3.

The J-cps splitting is sane as J46, conflrrning II4 multiplet

assignment.

2

The tlata we have gathered indlcate the stnrcture of allyLcobalt tri-

carboq/L, reported by Breslow and Heckrs should be the $Jmqnetrj.e stluctulc

indicated as II in the cornrmrnication. Its NMR spectrun can tic predicted

fron our data a$ follows:

ila - A triplet of triplets with J-values about ? and 12 cps'

Area = l.

H1 - A T-cps doublet at higher field thal H" perhaps showj'ng weak

splitting due to H"' Area = 2.

IIc - A l2-cps doublet at highest fieLd' Area = 2'
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VANCOUVER 8, CANADA

Dr. Aksel A. llothner By,
Mellon fretltut€,
Lboo 5th Ave.,
Pittsburgh lJ Pa,
u. s. Ä.

Dear Aksel,

In vleH of ühe letter by Clatson Androes and Calvln, wa should
Lik6 to slmrlae the results of sme 6tudi€s ae hav€ been roaklng on

saturab€d slx n€t[bered rlng coltpgmds, son€ of uhioh will appear ln the
August issue of can. J. Chern. (l) !'ls hav€ concluded frm a dstslled study
of sev€räl syst€ns and a suvey of nany, that providlng thero aro no
targe leklng grouPs, saturat€d six nenbsr€d rlngs can bo resolved lnto tfo
chair, forms ät-t.,,,p.iattrus of about -!oo to -8ooG by üh€ proton resonanc€
nethqi.

oE tnt€rests have baen na1nly in the populatton studles of tuo
töonars ür equlllbrlw, but as a by product se hav€ obtsin€d the approxlmate
cnorgy barrters for convorsion l\'olt tha so called tcealegcence Temperaturel
(2).--fn general the substl-üutlon of a group In ühe ring Produc€s brgad . - -
p.ats ro.-üro edjacent proton Hlth very little obsorvable structure (at lro Mc.)
äue to nany cotpung constante to chemlcally sirifted protms' ft i8 the
proton res;nilce of thls adJac€nt proton which glves th6 infomatlon on

populatlons sLnce It u111 sput lnto tuo conponents at Lou teüp8räturs vhlch
wärtap a littLs in tho talls. Belative intsnslty neasurernonts Y111 give us
populallons to a hlgh dogree of intarnal' colsistancy by varj-ous recording
i,ränriqu"" an,t urdor a range of nagn€tlc fleld sueep rates' ThB method c€ have

used is certdrly sup€rlor iorryior" indirsct methods so faf sugg€sted (f) (l+)'

Ws shoY a few spectra and quot€ a l'€l{ represeniative results' Figure
I shows conplet€ sP€ctra of ctrloro and brotoo cycloh€xan€, 6reeping 16ft to
rlght frm ior to i.igir ff.ta. 'Ih6 narro, r€sonance 8t hlgh field is tetrmetlryl
sllane standard and th6 solvent 1n thts cüse is CS2. Side bands on the internsl
staudard calibrate spectra. For the sake of l,revity, conplete assigreni,s uiLl
not b€ given alnce ühey ere ln most cases oirvious, The üenperatures and sPactra
ä." rigl-f i") u"on,*y"totexane 55 nole * cSr 28oc' (b) cnlorclrclohexene-!!
.lir-X-ös" ägoc tot. spectrutr of brorocyclohexane at -lolr'5oc in sme solutton
i;i-";;;fu oi.iio.o"y"fonexano 1n ih€ saüe solutio' at -9log. Flgur€ 2. shotr'

ihe tiaJacentr -CHI- pröton signal in th€ two cmpounds at 1ov temperatures fron
rhich uä obtslr populsülot". i") brouo cyclohexane at -8BoC (u) Urmo cyclohexane

st -g'loc (o) ciriorocdohexalr€ at -92-t"c-

1. L. !,1. Recvos and K. O. Strfrurc
Can. J. Chen. Äugust 1960

2" J. n, Popl€, l'/. 0. schneider and l{. J. llsrilstain
Hlgh nesoluiion Nuclear Magnotic Resonmce
llccrau Hlli 1959 ChaPter 10'

l. B, L. alte]
ctrenL and Ind. p56B (lgiS) -

L- i. lJroursteln an.l R. Miller
J. org. Chen. 2L P188o (1959)

5, 8, S. GutoHsky atld A' Salka
J. chelo. Phys. 21 P16BB (f.951)

Figure 3 shwc results for l.? trans disubstituüed cyclohoxarres.
3(a) shovs adJac€trt proton slgneL ln I.2 dibrmo eyclohexane utth chernlcal
shift referenc€d against hexanethyl dlstloxane. 3(U) (c) and (d) show
appeararrce at succBslyely lower tenrp€raturas and l(c) ls a selested spoctru
for th6 corresponding 1.2 dichlmo cmpoud at }tr t€mperature.

figure I shoys t]re r€sults of a solvsnt and conoentratlon 6tudy for
1.2 tr.ans dlbrqno cyclohexane. tha poinls A roproselt cms€ltration 1rCS^
and th€ polnts @represent concentratlon in a nor€ polsr solvent acetone. The
abscissa correspond to mole { of dibroro@yclohenne and ordinätos repr€sent
I axial-axlal bronin€ forn in tlE €quilibriu[, It can be seen thBtlthero is
vory littLB €ffect of corcsntr;rtion ln CSa but dllution in ac€ton€ favours tb€
lolm uiLh higher dlpole (ü€nt i.n. the eä fornr.

Rlgue 5 shows an exanple slmilar to that of Claeson, inrirms and
Calvln nanely a hetero alycyctic rirlit conpound, NNr dlnathyl piperazlne. !(a)
shors th€ roon temperatue sp€ctrw th€ loc fleld peäk is due to the ring
rethylene protons th€ high field peak ropresents tlE N nethyL groups. Evenr st
room tenperature broadenlng of the low fie]d peak ls dstectabl€ and it broadens
yery rapidly aa the tenperature is lowered urtil at -[BoC as represented in
Flgure 5(e) th€ narrow rmthyl peak renains lrut ür place of th6 single rnothylene
peak ue have a typical Ä2B" case. i,ls hay€ I partial analysis of tha sp€ctrw
ät Iow temperatures in spibö of thc overlEp, Without going into ou lnterpretatlons
of these an{l oth€r studies ile quoi,6 a tabl€ ilhich sururßri66s work on the o
cotnpoutds rrcntioued trer6. Popul_atlons quoted r6l'er to temperatule teglon -ZO to
-I20oC although ye,also have th€ populations at roon tenpeiature fron the avsrzrged
chenica-L shjfts t)lthey ar€ not quotöd.

l0 August, 1960
DEIIßTMENT Of CIIEMISTRY

LI'IRr avh

Yous sincor€ly,

4"^* -t'o'Putea
,i ,,;0, ['1. (,: l j lr /i!r,tt,.' r ,I ""." tl

l€onard hr. Ro€yss,
Knut O. Strfme

The authora would be grateful lf a reader could locate or supply any of
the follwlng coupoundsi

P,S

Fluorocyclohexane, l-.2 lrana dlf luorocyclohexaue,
1.4 trane difluorocyclohexane, perfluorocyclohexane
or \ lrane dlchloro and t.l+ tranedlbromo cyclohexane
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(a) (b)
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(c) (d)

Conpound

Chlorocycle-
hexane

3romocyclo-
he>ane

1.2 trans
dlclrloro
cyclotrexane

1.2 trans
dibrono
cyclohenne

I
ITN

dlnethyl
plperazine

Concentration
mole i

5\.5

55.1+

Lo.o

29.O

28.0
53.o
69.o
21.0
3L.c
59.o
73.o

IrO.O

TÄBI,E

SoLvent

acetone
acetone
acatone

Equlllbriun

nr"ar. q!
BrflBro

*
I of ona

forn
Energy Barrler
fron Coalescence

Tenperature, ln
ca1s.

cyclohe:<ene

cse

cs2

cs2

t,ö^
cs,
csz

acetone

cr"f cr"n

aro$'Bree

fcr"cr"*
lcr.cr"

10,890

LrrgSa

trr95a

]1r 890
n

:

7r.6
7O.2
\9.e
5\.2
61.3
6L.o

77'.' CLec, 1OrB5o

82ß Br€q

35ß cl{Le

33/ Claore

70.9 BrsBr"

il

il
l!

cse 2 idanticel
chair fo:ms

*Ä".*""y of regults w ! L.5* of the flgure quoted'

Trlvlal ease 12rC€0
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THE UNIVERSITY OF ROCHESTER
COLLEGB OF ÄRTS ÄND SCIENCE

RIVER CAMPUS STATION

ROCHESTER 10, NE\v YORK

-2-
gavs a slngle sharp peak JO6 cps up-f16}d from the sulfurloscld stgnu]- and a slngle bload psak of rbout the aane area
at, 440 ops up-fleld. froe sulfurlc actd. These eolutlong were
satu.rated wlth phlorogluclnol trlhyctrate.

These results appear to lndlcatO that no keto-enol tauto-
merlzatLon occurs ln phlorogluclnol, end th&t recourse mugt
be h€.d to other lnterued.latog to account for the react,lons
undergone by thls molecule. nddltlonel work ls bolng done to
see lf the speclos prosent la concentrated sulfurlc äcltl canbe posltlvely ldentlfied"

Slncorely yours,

p"r:r-
Davld J. Wllgon

DBIAITXINT OI CEBXti?rY

8 rrugust, 1960

Dr. Barry Sh{iplro
Ibl"Ion fnstitute
4&0 lrlfth :rvetruo
Plttsburgb. Il, peunsylvania

Doar Burry,

^ -Hero is ny subsürlpt,io! to your !.{tiIÄOMRr whlch f havefound nrosi lnformatLve änO lnstrüct,tve.
Dr. Robert Autroy end I irave recently lnvestlgatocl thoproton'agnetlc r€sonence spect*ur at 6o iac ;r pnrE..ät""iior.

L!- tryg frequentry been_suggäsi;al";; Norler, cnulltrs,ifii-öioftc,ütrc coMpouNDb - p. ro:l"rör -"*"üii"] -t;;;, p[il;;iüärilrexlsts ln tautomeriö e,rutilbrruru b"1wÄon the keto and theenol forms. It eives r* tlue_vlJl"i-äoro* wftu ier"io ;iio*_lde und reacrs *rt,n ot"zornäin*""-iö iä.r . trrrnr:t,hyr ether,ch&räctelrlstlc of enolsl tt ulso 
""""i" wlth &ruaonia anal wlthhytlroxylamlne lu a nanner characterlstlc of " k;i;;.--ft"reuctlon wlth methul lo<llde ls also characterlstlc of u tr1-

Xl.lSil.rather 
thsä or tir" "iöuaii; ;l;;;ü;-iJää üäri.Jl

ii|Ie &tte&pted to. lnvestigate thls et1ul11briun wLth Nit&,which woutd permlt the 
_ 
obserüatron-äi iciotopic-ex"ü;,"-;itho.r€ite of equlllbration lrvere 

"io*l und would allow anestluate to be mad6 of the,ur" iii"'of a rlng proton lf ttr6reactlon were fust,. If appreclaUiä concentratlons of thek€to form were pres€nt, onä nfsni-efihär flnd t*o-s.por"iecE proton peaks or periaps 
" tioäaÄ"iäs of a stnsrä ön-pJfu"

-.----I1 neutral-solutlons 1n asslen6 anrl deuterl-um oxld€thero Ls no evldence of aay-methytänu-re"on"nce; tho ri.ngproton resonanc€ occura at-.229 cls beLow acetond, oaO iilä
+1"i'^"-:::{_:lTp.. rhe rlng' präion-iinu är püiär"äiu*iäorro u"U renalned unchs.nged in.area for four hoürs, aitirougfrthe öH resonauce *rr "6s"rri--t""-r*iJ^"täa, ar,u to rapld ex_charrge. riddltlon of tlacos ör uuiirr*io änd hydrochio*f""acids to äcotone solutlons or pnirröärucrnot iJrt-;t;-;i""proton resonance uncranged, as ctld "ädiii;n-.;-i"rÄä-"räüit"of glaclal &cetlc acla.. söatun fryar-iiae, sodlum ä"rt"oui.,and larger amounts of mlnerel "crä-cai"iy;.ä-th;;;i;ü;:
solutlons of pbrorogtuclnol- in concentrated. surfurlc acld

@



MI\SSACHUSETTS INSTITUTE OF TECHNOLOGY
DEPARTMENT OF CHEMISTRY

CAMBRIDGE 39, MASSACHUSETTS

July i?8, 1960.

Dr. Aksel A. Bothner-tsy,
Mellon ltxstttuäe,
Plttsburgh, Perun.

Dear Akoel

We recently contrlbuted. to MIIIOMIR a statement ths,t
your 13M fOl prqgrarn had. been nodlfled. a.ncl extend.etl to uake pos-
slb1.e displays of ccsnputed hlgb resolutlon spectra of a tlrye
that faclJ-ltated the conrgiarlson between calcu.Lretüon antl experi-
ment. We lna<lvertent\r'neglected to subrnlt a sarrple of the results
vhlcb c8,o be oltainecl in th16 Lray. The folloulng exaxq)le 15 nov
enclosetl for the allusenent of your rea,alers.

fhe spectrun ls one obtalneü on the vatrr to flttlng the
obseryed. spectrum of the two equlvalert ettqr]. groups lu acetal,
1n vhich the uethylene groups contaln \ydrogens whlch are not
equlvalent by vlrtue of thelr environnent with respect to Jrrternal
rotetlon. flhe chendcal shlfbs artd coupJ.lng consta.nts are glven
ln the flgure, axd. are alrnost but not gul*e correct at 40 Mc.
flxe uppex epectnrm ls of the whole ethyl group, a$d is not very
usefit-l because of the I'eletlve\y l.ow resolutlon of the compu|er
dieplay. flhe l-ower parb of tbe figure 1e a plcture of the CH,
parb of tho epectruru blom up to occuqp uost of the display. *
Ihe ccorponent ]-1ne vldth, rah6e of frequencles tllsp].ayed, anal
vertlcal. enrFllflcatlon ere at the control of the cmlnrter opestor.

f hope thls nraterlaJ- !d11 corrvqr the nature of our c<rmputer
output unre graphlcaLly tha$ the rernrks we sent you earller. As
I renarked last tJme, coples of the coruplete progran are avallable
to ar0rone wbo walotg to use l"t.
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yoö2 = 1oo9.15
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by Jeff C. Davla, Jr., Konneth S. pltzor, and O.N.R. Rao

Departnent of oheelBtry and Lawr€nce Radiatlon Laboratory,
Unlversity of Qalifornla, Berkeloy

(1) Prosent_addrese: Depart,nsnt of ohemistry, The Unlver8ity of Toxas,
Austln 12, Toxaa.

Tho proton magnetlc reaonenco sp€ctra of nothanol, othanol, l_proponol,
and. t-butanol ln 0014 and athanol in bonzene have boen studrod ot 6ö lacp,in the ternperature rdnge zoo- &o c.

Hydrogen bondlng ln aloohol soluttons has been a favori.to eub.ioctof nnr, rR, dloleotrlc, and other nothode of studyl ?ho obaorved när elitrtgof the hydroxyl proton have boen varloualy lnterpieted ln ierne of a
nonouor-dlner oqulllbrlunsand a uononor-polyuor equlllbrlun.{

In brlef, tho shlfts obeervod 1n thls etudy ooverlng a wLdo rangeof tenperaturoe and 4qngsntratlonB indlcate thatl

- - (") Xhen the hydroxyl ehilt le extrapolatecl emootholy to lnfi.nltodllutlon (loweet conoentratlons neaeured were about o.oo) moto fractton)
curves are obtainod whloh, for aII the alcohols, havo a iinlte alope.
At the higher temperaturoe, stralght-Iine extrapolation" 

"u"" pouulblu.
Tho finlte valueg of' tho alopoe at tnfinlte dllutlon lndlcate lhat a
uonomer-dlner oqulllbrluE !1 present.

, (b) The Eonom€r shlfts obtatnod by theae extrapolatlone woro, wlthlna fow cps, tenperaturo lndopendent.

. (o) The monomer shlflt of othanol 1n bonzeno was egsentlalty ldentical(relatlve to tho ethanol uethyl peak) wlth that ln 0014. Thls wluld indlcatethat there waa no etrong lnteractlon of tho monouer OH'with ben:zene, at
leagt not an lntsractl-on whrch affects the ehlft of the oH proton. ihle
rnay lndlcate our lnterpretatlon of the carboxylic acld shlfiatiu in orror
althouigh euoh tntoractlone ehoqld certalnly be snalrer for tho Icse polar
alooholB.

(d) The order of lnoroaeing nono&or ehi€Idlng waa found to be l-propanol,
t-butanol, othanol, nothanol. Shifts for the first two wore, [owever,t'i"+,hj-n 2 sp& of ono another and tho l-propanol sxtrapolation was uncertain"
.i?parentLy the nononer ehlft la not a dlroat functlon of the 'rpöLari.ty'rof tho OH prot.on.

Slnce data were collect€d at soveral teBporaturas an atterupt vreB
nado to €atinate addltlonal theruodynaulo infloruatlon. Aoeunlng only a
uononer-dLnor equllibrium at the lowset conoentratlone it can bo shovn6
that , _\I-

f _dä\ - 2f,,,(5"-L)
\axrx=o

t

whore X te the rnole fractlon ol alcohol' The diner sh1ft tDcannot b€

otrtetned dtreoth* because of tho presonce of higher polynora' How€vert

;;;;;;;; ;;il-t;;"; J-, to be lndependent or teaperature (there.is no

;;;;;;;; ;ilt t; ig "Jnutant 
u*""pt th't flor the carboxvlic acids tho.

caicutatea dlnJr ehi.fte dtd not väry excesolvely)-1'c ahould^bo,fo::lblu
io eetlnato a H of dlnerizetion froo tho slope of a plot, o[ rns rog

of the llmltlng elope ve. reclprocal tenporature' In flgure I arE ahown

ihe reautttng lraphs of Iog@5,/aX)*.O .re. l/T . It ie B6€n ttrat
rersonably gäol slrarght linea can'bE drawn, perhpps Ju'tlfylng.tho,
assunution that a, f" 

"inutunt. 
The calculÄtäd onthalpies of dlmerlzatlon

ys16 l9.l1l 2, -1 .4t2, -7J* ), and -4.4r2 kcal. s6.16-r tor t":11Tt:'
athanoi, i-propanol, and t-butanol ln 0Cl1 8nd -5'ItI kcal' mole't'or
ethanol ln benzene. Sfnce Uoitr open and clclic diners nny be posslble in

thsso systens th€64 apparent ontüalploa nsy not be the true heats of

""nootoiron 
for a parilcular epecies. There le evldonco fron dlolootric

data ttret there aro onty open äiuere ln the ethanol-benzene r:olutions
and lronce the tr.ue An äf äfnerfzation Eay be ageuned to be abr:ut 2 lr.caL'

mole-l. (,&, **l-".) ;^ L" nz. ". )

NMR STUDIES O!' HYDROGiIi{ BONDI},N

II. ALCOHOLS

to

o
nx

adv
.diri to

ctloJ

I ec)
I

Figure I- Effoct of Temperaturo on Lfunltlng
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lnteneit.ios obteinod bv Liddel. and BeckeJeor mothsnol, ethsnol, sndt-butanol at sevdral cäncentratione ona t".i."otu"e,: in CCltr wereanurvzed 6s euijs€Btcd bv Becrrer, Ji.;i.i";;';i,e reuurts iri,rlcatestrolgly tnet SD ie rrt loest,upi.o*ir.iuiy iäriu."tr"" inrlependent inthe rsnEe utudlcci, I{ouever, the-IR dats aä nol'"or"" the higharconc€nt,rarions nufflciently to uu o"i"-oi"p;i;,r;" ohlfts and theEryore involved in both IR.and nnr ,r"u;;u;;;i;'.t very low concen_tratlons reduccd the prociston .e th" ;i;;1;iirn coneioorabty. ?heIR rosuttB of Ltd,tel snd.Becker ,r. lti"".i'Iiio oo not agree entlre:.ywlth the work of GrunwgId 
"na o"ouiui"äii"itr'il""rorrlry of borhcycltc and open dimers rear"ue 

-ttr;' 
";.*"iii".i"i"",'reee calcuretlonesooewhat. It lc interestlng to note ;il;';;";;" oeasur€&enrir for AHcomeepond cloeely rvj.th thoee obtalneJ i"-iinääi and Bocker from IR data]

, saunders and Hyno#have approached the anarysls of alcohol €hlftsby aaauning a uonouer_r,oIJmer ehlf^t and fittin;,ilre exi,€rimenLal datawith a calculated ourvi tä .utri"'ir.ä-r;;;";lf e rorle€r aiiift, nonoüerahtft, and equltlbrlum conetant. *"ii"ri"s-tiläir p.o"eaure a good fitwae obtalnod for ethanol_ only for 
" ;;;;;"_;;t;anor sysren rrith €tetreuer 6hlft -24o ci,e !s!ep rh, f"a;;;-;;.;";;; ", äegooiarian const&nr,ln nole flractlon unlt'e or ubout ro4:-;i;"ä";;r;;'ls conslderabr€ cvidencehowever, that I dioer soeclea lu 1,.uuuni-in'iiiJ uy"a.. an atteupt wasaleo nade to f.it the daia wlth u ,ono.""_Jlru-"]ioryru" equllibrium.

:::"fff i i,:äi'1.!30;?.:t: I' ai'".'"iiät "i:ää-:'; 
"i "'o ii"ii".ii",

illij l::.i;:f"i::":1":,tit.,ff T.ll".ii:,t;i;,;i;.:;".H ;:ii:;;i;:""
:äz<i-'"pi',"äT; IllJll,ii"ä'":;:ili:'"ll'i I'l.H:'i,:"fi;:"::;,;l:ii;ii;of the rconoocr-dioer eoulrrb"rur ailo"ii""riy'xt'i""a" tbo lnterFretatlonin, telra.a of highor potläers. rt s6eüs douuti,ul lirat nuah 1e to begalnod by oxproasing tire equlltbriu ,f"fr"n-of-"uuoraI polyuers bya s1ng1e travaregon polyner.

F\rrther work t€ io ri""e."-i;i't;"'är,ä,';,!"1f;:ff fi.:."i;::;i."{:.:'ff"i:";:';}.,,n;i:"T:"
i:.,# :ll::i"il"l,illl;r?1" luporrsnr e""ii""i"i"to-be studled adoquatery
trre er,rets oi ;;.;;';;;;*:-T;:.il,:i";:l;::"";l:i:;".:,ll;;l;;i"::---"
has not been cloee doaD{t,e the ireual p"u"orii.nr-oe eanpl.e proparutlon.
:::l"ilrl;":};"tnterpreiat ton "r tn, "i"rii" 
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There are several approxlluation nethode for thle unltary trans-
fornration to the level shlft representatlon that are mucb nor€
general ancl pouerful than the usua.l" perturbatlon theoxy. I r,'1ll
Juet dlecues ehortly our fiet appro:xlnetlon method: the two
partlcle approxfuuatlon of the nmr many-body problem. It fulfI1e
the fol-Ioslng conditlono:

a) For the speclal case of very reak coupllnge (Jjk/Ajk << j.)
the n-th order of the iuo particle approxlrcatiön röduces to
the n-th order of the conventlonal perturbation theory.

b) If all but one arbltrarily ehoeen or;1 are set to zero, tbo
two particle approxlmatlon givee ln flrst order the exact
result" AL1 te:me of hlgher order vanleh 1n thie caae,

c) In any oraler of the trro partlcle approxlmetion there is no
spurj.ous coupllng botween uncoupled splne.

The last condltion le by no means trlvlal, most knonn clueter
developrnents (e.g. the Brückner theory of atomlc nuclel) do not
fulfil- lt, (nathernatlcally lt üeans that ühe tlevelopnrent of the
unltary operator nugt be unitary and a Lle f\rnctlon in aay o-rde-r).

är' iru, ür* ,In thls tvo-partlcle approximatlon the seal.are
are giverr by * T 1I ,'+z

;;" =,;; ;tei\*'ä *.,- *"",] +

+ terms of forth and higher order

ii* = ,,o - j:-äJrf :T",+ i 'liktJk -'üirJu"
)1.'!

7
J

J1zj,i
J.,

JK

Laboratorirrn-r
für physikalische Chr.:rnie

Elilg. Tdchnischo lloctischule

Züricl"r

I{.Prinss

Dr. Aksel A. Botirner-By
Mel"lon Instltute
44oo Fifth Avenue
Plttsbureh 11, Perursylvanla
u.s.Ä.

Dear Akoel,

In eptte of the great progress ln the numerlcal analyois of
:nrnr epsetra we feel- that any deeper analytlcal insj.ght lnto the
etruqiure of ru.:r epectra nould be valuetrle. From the theoretLcal
potnt of vlev the so calied',dlreet rnethod" (1) has maa;r advan-
tages cver the convenilonal method of analysJ"ng n-ur epectra. Some

tlne ago ve developed a general approxluatlon method ln thls
tllroct formallen. The genera,l theory vt1l be publisheä soon (2)
but thls firet part vll-J. not yet contain any speci.flc applicatlona
to probleue of nmr opectroseopf. Your readers of t{ttl0N}ffi, ney
perhape be lntereeted in sone prelinln@ry reeults of the appll-
catl-on of thls nethod to the enal.ysle of nnr spectra.

It caa be ehourr that thero le an unltary traneformatlon nhlch
transfo:m the orlginal spin-Hqldltonlan II

H = iQitJ, . 
Fu;r*ti;i*i

(for ealce of otnpllclty ve asune here that the spln 1s 72
and that there le no degeneracy, i.e. tho synrretry group
should be 01)

to the leveI ehlft repreeentetlon

:rir{2 * q2+ q /.\üy dkr * /kr
[itt

tj r) +

ft = 
,Z 

ä"'u +

+

+ te:nne of forhh and hlgher or.der
+ +

If the operator of this uniie,ry tranefora 1s ktovn the calculatton
of the intensltleg and resonance fretluencies 1s slmple, eepeclally
lrlth the dlrect method. fhe follonirig sum rulea - flret exempll*
fletl by l'esaenden and iJaugh (1) - nofas generallyl

o + terßa of fqth and hlgher order*J*

l\)

lr/e have used the following abbrevations:
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fez
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adjacent etrong coupllngs the reeulte are at least ae good ae
a thlrd order perturbation theory. In ord€r to check the resulte
for the woret ca6e, ve calculated tbe otrong coupled three
apln eystems analyeed by Feeeenden arrd t/augh (f) *). For the
v1nyl group of etyrene (Ä.,Z* -o,98o ppnr Ar.,a - or52o ppnr

A1t^ + lr5oo ppn, J12= 17r8oo Hz, Jrr* Lr.\oo Hz, Jrt= 11r1oo Hz)
ne founcl ln the tblrd order of the two*partlcle approxinatlonlThe nthreo epln" term K1k glves a nonvarri€hlng value only by

Lnteractlon of four nuclel (ln our approxlrnationl 1n the forth
orcler) and nay be expected to be exceettlngty eraal.l for reaeonable
htgh flelds. Up to the thir<t order of the two-partlcle approxl-
natlon the nmr speotrum of any moJ.ecu-l-e wtthout eynnetry wttb
N nuclel of, opln 72 conelets therefore of follori-ng lines:

e) the "tno-partlclen l1nee with the resonenoe frequenclee

JJr * t tJtr

b) the comblnatlon lines ulth the regonance frequenclee

(d" +... +
J1

_rL.
J

(d- *...*K* )Jm+l J2n-1

L7.
17.
2.
2.

1o.
9.

7.
5.
7.

r7.

4o Mc/e 25 Ma/e L6 lrra/s Lo [4a/a o l(a/a

+Y+-"J1-11J

är-i

E-E
är-4

iv
i.,'
j)1

exact
approx.
exact
approx.
exact
spprox.

exaot
approx.
exact
approx.
oxact
approx.

4715,
4t,49
L9.42
19.44
67.o5
62.91

r7.72
17.74
I.82
1.85

1o.76
1o.?1

5L.99
5o.9o
LL.35
11.02
47.34
4I'.92

48
55

51
66

51.
99

14.89
9.oB

27.86
24.29
'7.45
5"7o

5r.29
29.99

16.26
T7.38
1.48
4.o4

1o.56
8.A8

tl;
8.

11.
-o.
22.
't.

18.9t
2o.5o
7.I4
2.o2

26.o6
22.51

17.41
16.75
4.62
6.2L

L2.26.t.r4

2o
76
20
79
79
97

91
55

9r
67

a

the fortb order teru noulil further contaln:

a) correctlona to the tblril ordor values ofä, ana ir* fn
the forth power of tho developnent parametär, e.g. terne
ltke &1 ttr, or *rzJZt xy. etc.

Pure two-partlcle ter:ne llke

U, or nt'
never ocour.

b) Ihers vtll be a further spllttlng due to the ithree ep1.nr

operator Kjk IJoItrIru. Thle le the regult of the elmultaneous
lntersctlon of four nuclel (absent in three epln syetene)"

(valuee forü,e are 1n ppu , valuee for J's in cpe)

For thle caae & two-partlole approxlnatlon le qf oorae not very
approprlate. Severtheleee the results are alvays eeeentla1ly better
than a thlrd oriler porturbatlon theory although not at all excltlng at
Ion flelde. In order to fltt thle gap (adJacent etrong coupll-ng at 1on
flelda)we started a elel)-ar clugter development tbat ehould glve good
reeu1te 1n the low fleld reglons. brpreselons for the lntonsltlea,
clueter'äxpanglone for molecuJ.es wlth elrnnetrles and h1gb6r eptna w111
be publtahed later.

Yours el'ncerelv
fu-- n>^-,

Hans Prlmaa

Thle nethotl glves ercellent resulta at any f1eld streneh. 1f
alwaye tvo etng coupled nuclel are separatea byorily veak coupltngs.
ilotlce that coutrary to the conventletral perturbatlon theory above
erpreselona are not dlvergent at zero field etrength. If there are

(f ) Helv.Phys.Acta 2I,41r(f958), Spectrocblnlca Acta 14,17(f959)
(2) "Dae Mehrtellcbenproblem der magnetlgchen Kernresonanzapektroeko

"I. Clueterentwlcklung der Komolatlonefunktlonr. ld11l probably
. be publlshetl in Hol-v.Phye.Acta.(l) R.W.peesend€n, J"S.Ifaugh, JcP :fr995(1959)

pls
be

x

x) I an lndebted to Profeeeor J.S.Uaugb for nsklng avallable details
of hie calculatlons of thla three epln eyatems.

tJu



NMR - Stud"y of ih! lleuteration process in phosphorous an<l
Il3'pophosphorous acid s

P. Dlehlr, Baslc Ptqrsios Division, Nationa-L F\rslcal
Iaboratory, f eddlngton, Midtil.eser, Erigland..

IJie recuntly lr-qve et'altod iootope-effects in NMR-opectr.a ol.phosphorgus

acl"deo D.ring the oo'rae of thla work rryo hacl to investigate the deuteratlon

oi' ilreec aci-de, We found that N.M.R" is a very sultable nethod for studying
exoherige-lreactions i' the rrrnr.nute-ra'gon wen i' caseg irihe'. the exchange

trücea plac€ in consecutive eteps.

In flg. A wo observe the tfu€?dependance of tto D-resonance due to
the excharrgol

H2 (mol) + rüoizH2(Dmj) + H2o

The resorunce shown 1g one harf of tbe p-D <roubr.et. t/e find. a half time

for tki.e erohange (t g. HfpOf + 1co D2O) of <C ,lalg0 + 20 eü1, cqrpared to
q+ 

= 2oir rdl. obtalled rocenttry by Eoans of Rsnan spectra.(l)

the deuteration of hypophosphoroua acicl is shonn ln f.ig. B. fhe

Fpeotrun glvon is one half of the p-u doublet. rt consists of a superpoeitlon

oI' a sfuigle line drre to the noleoule II (IIZpOd anti a triplet duü to tho

rrrolecule H (mPo2), th€ II- re.oruürce beiqg eplit by a epln-spin i'tersctions

Jto.
Lookirg at D-resonenc€ of the sene exchange (ono harf' oJ- the p-D doublet;

flg.C) orp recognleee a ar4rrposltion of. a sin6rle 1-lne ;$ (U2eOj/ a**f a

rioublet $ (lOeO21/ d.ue to tho EpirFspin interactlonfp,

Meas,wlng the a:reag or" linee as a r"unctlon of' ti.ure otle can easily Beparat€

tho exchange lrrto twa consecutlve first order ro&ctLons and obtaln tha f,our

rate oonstants lnvolved.(X)

! On leave frsn the PhyoioaL lnstitute o1' the Unlversity of Basl-e" $w-itzorland(t) n.. tnrce Martin, J. Arer. Clienr. Soc. Bl . lt{.tß. (i959\ - -----' -

(X) At an aclct-concentration,of 1.66 mofoel.litr.e:1-ttsy'a:e oI.i;he orrler
. oI' SclO-2 litres mole-l hour-l.

-1-

H (II2P0, + raro ;p Ii(HD!'0.,) + tl2u

ri (rDp02) + lDo # u(o.,,r'ur.) + urrr

The f'act, thrit the tr'5.1>1et iri t'i1;. S is nst e:cactly on top oI. the

ellgl-e 1lrre ean be expJ-airred by isur,r:gxl €J'I'ectJ crrr clrenricrl sh:iJ'ts and on

spirr-ooupl-lng 
"orr" 

t-rt.( 2)

(Z) Theee isotrrpe af'tectü ul1l- be publ-ielrd el-sewher€.

t!
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Dr. J. C. Davis, Jr. submltted the materlaL on the flrst

pages of thle issue in plenty of glm for Las! monthrg l'1'E'L"L'O'N'M'R'

Due enlifely to an error on our ParC, it uas not included in Lhat l6sue'

We hope that both lhe readers and Dr. Davls rvill accepf; our apology'

* l( * {- * t+* + * x * * * * * * * {

B

The edltor hae been in sporadl-c correaPondence with Dr' G' B'

SkrotsklL of fhe Ural Polytechnlc InsEltuEer Sverdlovsk, U'S'S'R', who

is worklng Lu Ehe area of N-M-R. He is at preaenr dolng work on doubl"e

reaonance. Hls flrst papers ln thts area are due to aPPear shortly in

J.E.T.P. Are Ehere any of our Preaent readers who would be forced

(by securlty constderatlons or othefflse) to withdraw fron Ehe malllng

ltst {f Dr. Skrot8kll were lnvited Eo ParttclPate in thls clrcular

letcer? Please drop us a Poat card or note, lf so.

A. A. Bothner-By

A1ADNTION::

Deadllne for Lssue No. 24 {s Monday, Septenrber 26.
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Dr. PauI Schleyer
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