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Table r

It nay-be loted that Jo* *d JRr nave opposlte 6lgDB lD a-ll A3B2X syBteEs
?tudleg., For the A"B20 oerles"t4 has been nearly zeto In oui äxaalples a.uadAB 

"n,l 
,Jgg have the saae slgn eiöeJt ln ethyt acetylene where the lriple

bond. 16 aloubtl-esE responsible for dgg belng negatlve. Ab6olute olgns may
be asslgned 1f one has sufflclent confldence 1n theor€tlcal calculÄtlons.
slnce recent tbeor€tlcar work supporbs the vlew that J(cHs-cHe) lE pos1t1ve,tl" "1ry o! Jtg for the tast ttriee cmpounats 1n TübIe I ä* i-U"tiy ""6horm. hof. l,lartln KarTlus has Lndeed calculated" a Degatlve coupllng
constant for Jg1(CE3-C:ö-u) fn nethyl acetylene heDce our coDcluslon that
fu1(ctta-c:C-E) ts negatlve ln nethyl acetytene recelvea edautlonal_ support.
Ittre slgns of J4.1 aact Jo" have been tentetlvely asslgned o the basls o?
recent theor:etlcal calö.ü_atlols carrled out by Narasl&han $xat Kar?Iu6 at
the Illlversity of llllno1s. It thus aFpears qulte posslble to cleie:mlnevltlx s@e confldence tJre absolute slgns of ma.nJr Gplu-sptn coupllng con_
stants by e c@blDatio! of eq)erinental and. tbeoretlcal data.

As ttre result of a.n intensive stucty of A3Bec and AsB2x systerns in these
laboratories the relatlve slgns of the spln-spln coupJ_ing constarts lna mrmber of conpounds have been d€tentrined. frcm bigh resörutlou proton
-l*etic resouance. spectra (p.T. Naraslntran and M.T. Rogers, .r. Cheü.!hys., 2I, f428, Il+to (Lgrg), anat unpubtlshed results). trrÄ irequencles
anö lntensltles of the llDes 1n the NI{R spectr:ln are calcul_atee fro an
exact solutlon of the Hani].tonle equatlon for both cholces of slgn.
Ccerpe,rlson rrith the experlneatal spectnnn then usual].y &L-Lovs one to
tletersine unequivocqlly the relatlve signs of the couplilg consta^nts.
Data accu[ulated so far are shown 1n Table I.

Slncerely,

f;f z,-*-s;rJ.-.^-
P. T. Naraslrhan+

?--fd-=z-"
lllax T. Rogers d

+ hesent Atttlress:
Iloyes Chenlcal Iaboratory
lrnlverslty of lll-lools
Urbara, flllnois

MfR:o rs

a
SIGNS 0F spIN-spIN cggEtrc coNSTffi IN A=B,C N AoBrX ffi CNpOIJffi

,bccrnpouatt J"AB JAx o" JAc JBX o"JBc

(cu.cu.)"#

(cHscHa)4sa11?

1cr.cu.;nsrrug

(cE3cH2)2Hs199

1cn cn";rmzo?

cEscE2oI{

cH3cH2sE

cEscH2c=cH

J.6 cps

8.a

8.2

7.2

8.2

7.L,

7.2

7.2

1r.7 cps

-68.1

-7r.2

LL'.2

f2l+.o

o

0

o

-O.l cps

Jo.B

12.2

-81.6

-42.o

l+.8

7.7

-2.\
a. &l-y rel-atLve signs are detemlned fr@ analysls of the spectne.b. ArBrC, or X r.efer to tfte fol_towtng:

A = CIIs protoni B = CHa protonj C = OHr SH, or =CH proton;
X = P, Sn, Hg, or Fb nucleus lfith spi.D V2.
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June 16, 1960

Dr. A. A. Bothner-By
l,1e11on Instltuto
4400 Ftfth Avenue
Plttsbursh L5, Pa.

Dear Dr. Bothn€r,-By:

{n ryry-analysls of CF.CF'CF,ICI, prepared by Hasz€l-dlners
rnethoq y161ded, upon examlnatlon at 56 nr.ecacvcles, threo dlstlncüfluorlne resonances. Tlg^9e oroup appearecl at Low'f1e1d, separateafrom the CFn group by-A1AO cps. and irom the CF,o eroup 6v-ii+ 

"p".The three fluorlnes of the gF'. grgilp appear to üe equiv"i""i;
whereas the two fluorlnes of the CF" oroup are nonequlvalent.
Therefore,_CFsCFsCFlCl can be treatäd as än ABoXy ,df"cuiu.

The CFs frolp.1s a quartet, each member bä1ne furthtr.-sp1ttlnto a doublet. T'hls, 1n addltlon to the CFo part of the spÄctrunlttp1les tl'"1. JR)L-= Jpv = o ! or5 cps. Hence] ihls portlon nay retreatod as tho'-xv naft of an AXy spectrum. S'.rch a treatnrent yleldslirvl = 2?0.4 + o.b cps., lilif-=-i4:0-t-ö.i-;o"1,"'l;;;T": 15.4
t u.J. cps., and,(o * -@y = 2,;o,4 + 0.5 cps, - 

" 

.- öo e 225F
t 3 cps.

The spectrurn of the CFu erorrp ls a dorrblet, each 11ne b€lngabout 1 cps. wlde. lnterpretatlon of thls pc.-,tlon of the spoctrumtreatlne 1t as the 86 part of an ABa proup y161d" lflnl = io.g-!-o.1 cps.
' ilslns the above data and asslenlnseo - e^ = 114 t O.E cps.the spectrum of tho CF sroup was caLcrrLate8 bv ftrst ord6rperturbatlon theory, app_1ylng the pertr.rbatlon Ht = JAXIA. IX +Jeyra:ry to tho exact solutlon fo'tho AB" case. The äii"ä""äc 

""acafc'1ated spectra are shown on the attacÄed drawlng. comblnatlon
bands are not shcv{n, but ruere obsorved. 1'he cl-ose corr"elatlonsupports olrr asslEn&ent of coupllni? constants. The addltlonal llnesln the observed spectrum aro probably due Lo isot.oprc 1mpur"1t1.es.

The nearrv zero corrpllng constant between the cF" rrrd cF" ero.,,p",J(cFscFe)r-prompted a seärch'of the l-lterature for otüen sr:ch cases.Salka and Gytoysky reported*J(cFpCF€) = 0 ln (CFs)aNCFPCF". VaDDvke 1'lers 1nplled that J(CFoCFsI 1s very snall in-Cr'"örröF"Hat).
EelJ.1y has r,oported a smal_1 coupllng constant fn CfuCii"CdCUl
J(CFBCIT') = 1.48 cps.

The h1gh rosolrrtton spectrun of CF.CFDCF,.COOH conslsts ofa trlplet correspondlne to the cr.-o rro'f, Ä qiartet corrosponcrlneto one CFs r3o11p and a slngLet correspondlrrp.-to the other bF, or.r,p.
Tn Llne wlth the other cases pro8ented here, we ass.Ert that
J(f,nocp2) c J(cFscFs)at 0, anä that the splittlnc Js due io the
o-CFa pröilp lnleract1ne wlth tho CF.s Froup.

on thr basls of the above oxamples, we put forvrard the srrr'flestionthat the spln corrpllnr constant between flilorlne etoms on the
ad,Jacent satr)reted carbon a.tons ln the arorrp -CFP-CFs- 1s rrs|slly
'erv snal1 when thls eroup ls ln trrrn attached airecilv onlv to
elelrents 1. the flrst low of the perlodrc table, or whon one end

OF CHEMISTRY

4, CALTFORNT^

UNIVERSITY OF CALIFORNIA

page 2

Slncerely,

has a thlrd fLuorlne attached elvlnn lt thr€o fold symmetry;wheroag, 1t ls slzable lf larfrer or s&a1l.6r a.toms arer attacheal toone end of the proup, and the other end ircr." irrruä-i.Iä-äi"*"t.v.Tho cause of theso sma11 coup1lnF, constants ls not ,"ääffyapparont. T'he1r wldo spread accurionce lmpllea tfrat tfrere-is amore fundamental roason behrnd them than pure chance. varlatl0n ofthe el'ectron wlthdrewlns povüer of the aitä"r,"a-äir"i" ääää-".tseen to enhance these sn"l_I coupllng constetits aa can be s6en fromth6 ceses sightod abovo. We feei that th6 car:se of thls effect mrstbo connected wlth the hlndered rotatlon about thÄ c."üo"-liioo'bond.
we suppest the fof10w1ne explanatlon. conslder two fluorlnoatoms attached to adJacent carbon atoms ln the group l_Cf,"-öf,"_n"The cortpllnp constant, J, betyreen these fluorf"ä-rtärä i""""functlon of the dlhedral analo s. Wo assume tfrat Jtoj-fs-oF 

"rrcta form-that {(o) + J(120o + a) + J(e40" +,l rlö -i;';ä 
änry rro.'g,600, 18Oo, or g0oo._Th6 potential ,n""$ ;"-" i;";;Ioi'^är o rr."three üi',lna. rf A and B are 1n the flrst räw or-trre periotic tatre,or lf A g flrrorlne slvlnq one end th.ee fold eynnetrv'. ttre lhneemlnlnrs ere noar o o 6o0: L8Oo, and -öo9",.ana aiiÄf-irä."ly Jq"rrdepth._otherwrse'- the mlnlna äre substaitlally ,"v"a-ina-ärJ orunequal depth. rf rotatlon oceura ln a sufflciontty srrort-iine, ttreobsorved coupllne constant ls the tlme welpbted avärago-of-llelnstantanoous couollng constrits. ff J(o) fs of [trÄ-iuirriäa-roonl,thls tlme wel/hted evorage.ls aory sDxal1'onr.y for tirrÄä-ä[uarry'

epaced m-lnlna'of €qua1 dopth, le.-when only ätoms fn tne-i:.retrow of the perlodlc table are attached dlräctly to the,.""p f"qrrestlon, or when A r fIuorlno. Flrthor lnvestisatton oi-iüi"hypothosls la now ln proeross.

%"rI/44
Char.lee Soderholm

"Lry A^rr-
Larry Crapo A ''4s,

D
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June 16, 1960

Dr. A. A. Bothnor-By
lTellon fnstltute
44OC Flfth Avenrre
Pittsbureh 15, Pa.

Dear Dr. Bothner-Bya

Whlle I am at the typevrlter I w111 drop yorr a second note
lndlcatlns the proeress on another plece Öf reeearch whlch 18
Just well started. In contrast to the other enclosed letter, thls
w111 not be submltted for publlcatlon ln the near future unloss f
can flnd nmch noro tlme for research than I have ln the past.

Van Dyke Tlere and Gutowsky have reported chem-lcal shlfts
of hydrocen and fLuorlne resonances ln varlous compounds, whlch
chanpea Tvhen an lsotoplc substltutlon was made elsewhere ln the
molecul-e. They have both stated that they beLlev€ thls phenomönon
comes about as a rosult of the chanse ln vlbratlonal anplltude of
some modes of the mol-eculo upon l-sotoplc substltutlon. In order to
check the valldlty of thls argrtement, r have set about measurlns
the temperature dependence of some chemlcal shlfts. Tf the above
explanatlon 1s valld, molecules 1n exclted vlbratlonal nrocles should
exhibit Clfferent chenlcBl shlfts tban slml1lar molecules 1n
their ground stetes, nnd thls shoul-d result ln a temperature
denendent chemlcal- sh1ft.

Tn order to avold a.ny varlation ln the chemlcal shlft caused
be any varlety of assoclatlon, all compounds were studLed ln the
Fraseolrs phase. The gases were sealecJ :in thin valled sample tubes
at alproxirnalely two atrnospheres F',ressure at roon tonperatur:e.
Sj-nce all of the vlbratlonal moCrS of methan€ l.le at hlfrh
freqrrencies and a::e therefore very sparsely populated at room
terrrperature, it was felt that the proton resonAnce in nethane would
serve as a pood tenperatrrre lndependent stendard. About equal
pressures of the sanple rrnder conslderatlon and rnetl'Iane vrer"e therefore
sealed into l.hc saurple tubos. l'he above ass.r.rnptjon that rLretirane has
a teinperature lnCopendent sicnsl has not I'et been chocked, howevert
jFdr.'inr' fronl other cornporrnds ',hich itave been lnvestlf,ated, thls
rnav rrot be a,.c,od assutnpt.iorr sirl(:o the cherrtical shlft associatod
wlth the excj"ted v jblatloirrl rnoiles iaav be very riifferent frorn
lhat 1rr Lhe ,orouncl stato.

Separatlorls betr,'re-.n til,; nethane resonanco and t l-ie ,slropJ-e
resnnanäo were r)rade using tl)e technique described in }'ELI,OII 14.
Even on caseous sarnples, t?rs experlrrental polnts fall on a
str,a irtrt I i.rre t.o better t-hen O.1 cps.

I'he followln:r rosrrlts herve bcen obtalned thus far:
Asslrullng ruethano to ]:e temnerattrre lnciepenclent, al1 compollnds
Jnvestj,r8ted thr:s far sh1I't to lovr field as the tsmperature 1s
incr--.jsed. firis is the o1Iection whicil woulcl be]Tec1 lcted 1f
the exlsLirrfr tireor.v l'r:r lhc isorope shlft ls corr:ect.



It 1s irrteresll:i!Fr: 1-o:.rote illat iLt ille:lerles tet.ra:uel:hv1_rialhorre, s11nne, el'.d Lin, Ih,: tetrsrr,eLit../1sl]-Fne hi-rs a Iarpci,
sltl -[t tl"]an erlt]rer of' t.he ,rtlrr:r tno, ve t' t ]rc Letrnrl4thylttä tre:rthe lowest vibratlorral freq.orls.:es.'J'irls then ixrplles t.,at in thiscase, at 1east, sorne ol't.he irlp"lrr:r frerlrrerrcy vloratiorral ,,rodesnrrst have the tlre t,reatel. ch8nr"€s :n chexrlcRl sh.ilts yr'iicl-, tllerer'or,e
<;uLweish the el'J'ect drre to the ltrri:lvirif. vltrrAtionaL rnotle in the
totra me thylt 1n.

An 1nt€rostlnF calculaLlorr hes been tlone L.n tt)e cycl-öpropnne.
Assllnilng thaL an;' exclted liode worrlcl iravr the salüe chan.e jn
chernlcal shLft fI'orn tlre prounti state of the lnolecule, ünü carl
ca.lculate *hä:f t.l.rls sl ,itt would have to be to accounl for ure
observed tenFeratur6 depenj6l'1s6.'l'his nurrber ls then sna:l1er,ilran t.helarflest acLual chanee, ani I nr-r'en tbtrn ttro sutqllesL one. ln
c',rclopropane, &t. öO tnef'ac.'rc_! es, lrlalilriq Ilris assumptlon, ihe
protons ln a lrolecule v;iilclr i:; irr an exclted vlbr,ätiorrä1 mode
resonate on the averafie 9.'r'cps. tu ttrr: lolrr fjeld sicle ol the
prot,orrs ln the unexclted rrolecufe.l'hls 1s a sizable shift, andIßkes the proposeil e.::1-.1 :rnat:i.orr 1r;r. l..he isotoIic s.lrjlt verv
roa$onab1e.

Tun Up.ronx CoupLxy
F.INE PEARMACEUTICALS sINcE 188{I

Ker.era.s,zoo, MlcstoeN
Ir[ay 1r, ]-960

RESDARCH DIVISION
SOT BENRIEMA SiEH'

Dr. A.kse1 A. Bothner-by
Asslst€mt Dlrector of Research
Mellon Institute
44oo Fifth Avenue
Pitt,sburgh lr, Pemsylvania

Dear Dr. Bothner-by:

We have oblained a device vhlch iras been very useftrl to us 1n the
callbration of N.M.R. spectra. Since nany speetroscopists cali"bTate
strEctra by interpolation.between absorptions of lsrom frequeocles
(reference roaterials and/or sid.e bands), we are submitttng this
corunurricatlon for your rrewsletter on N.M.R.

The deviee is a variable seal-e supplied by Gerbet. Sclentlflc Instru_
ment Company, 89 Spruce SLreet, Eertford., ConlecLlcut. lt ls na.de
from a sprlng vhl.:h is expandable from 2 to 20 lnches and whlch can
be üallbrated as desired. Ours measures 288 unlte in intervals of
2 (we record r:ps. at 60 nc. rela.tive to water).

IJNIVERSITY OF CALIFORNIA

DE!ARTM!NT OF CIIEMISTRY
BE&KEf,Ey 4, CALTFORNIA pare l-

Compot:nd

cvc lopentane

cyclobrrtane

cycl. üpropane

te trameLhyluethane

üetraroo thylsllarre

tetrarre thylt in

llownfleId shl ft r' lOOo C.

0.45 cps.
(, tt1

O. ciC

o. 'Jt_

t-"24

5i rrcoi.el-v,

The scale has been usef\r] for rapid calibratlon of spectra, for
area neasurerlents on electronics.lly lntegmted. spectra, and for re_
duction of spectra to hand-d.ram facslmiles fox f1l1ng purposes.

A photograph of a staldard model selling for about #tt, t" encl_osed

Very truly yours,

George Slonp
Physlcal and ArBlytical Cherolstry

d,/.,fuJ/,,-
GS:prv
Erclosure

Char'1e s Se(ierilolin
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T}IE MANCHESTER COLLEGE OF SCIENCE AND TECHNOLOGY

(Facalty of Technology in tle University of Manchester.)

UANCHBSTBR I TBLEPHONB CSNTRAL 3266

Depailmeil of Chemistry

20th June, 1960

Dr. A. A. Bothner-bYt
lilellon Instltute,
4400 Flfth Avenue,
Pittsburgh, ?4., U.S.A.

Iear 'lJr. Fothner-bY,

I hope the enelosecl aceount of the spectrum of
a fluorinated roxazeticlinä will be acceptable for the next issue of
MELLONMR.

May I in addition nake a fer other conments.
(f) Irieht authors of püblished papers be a llttle nore expltcit
äUäut äomputational pioce6ure aäopted in the analysis of NMR spectra.
Too often ito we read staternents of the kincl, rthe - x - Hanlltonian
matrtx wa6 solTed by neans of a ----- Conputerr wlthout saylng
rhether the rnethod ias a trlal and error one using estlnated ranges
of chemical shifts and coup) ing constants or whether the nethod was

some sort of iterative one on the style of Reil1y arrcl Swalen
(rfELIOltMR No. 17, p. 4). An actttitional few words coulal often be
quite enLightenlng.
iii) ttre cäntroveisial subJect of the direction of. a frequency scale
could easlly be resolvecl by 1abe11lng it

)r"f - )
The scale coultl then lnerease from 1ow to high flelclr yet still
satisfy those (lneluding myself) who think of / as repreaenttrng
the eqülva1ent racllofre{ueirey under conditions of fixed nagnetlc
ftelä'-äiä-Efiäit frequenöy. tfre latter concept then accords rith
llamil tonian eiluatlon solutions for transltlon frequenc_les under
fixed fleld conditions; r have neyer seen raagnetic fleld solutions
T6i-Tixea transltion energy.
(iii) The idea of announcln6l complete computer programmes' 4!994
chemical_ shifts, coupling constants ancl perhaps ttansverse relax-
ation tines, in'your-Newäletter 1s very commendable.- I notice that
the programmes are lnvariably for IRM Computers.. I keep hoping..
that'soneone wilL offer a prögrarnme for a Ferranti Mercury, so that
It woul-<l save ne the trouble of writing one for myself,

Flnally, T should like to thank you for sending
l'ELT,0lvMR which ne f lnd very'Interesting and useful'

Youre sinceroly,

J, Leo

F*
(b)

(r)

The fluorine spectrum of I under eoadltlona of lon and hlgh
disperslon and lts hydrogen epectrun, both at 40 l'lc/s and at roon
temperature, are shown ln ?lgs. 1 ancl 2, respectlvely.

It wll'l be aeen that although flne structure is evldent in the
-4?r and )eFW absorption, the band associatetl wlth )ela (on inteneity
grounds) is broad (ea,-30 c/s wide at half height) ancl struetureless.
One woul.d expeet tro almost equally probable envlronmente for each
of the fluorine nuefei (b) ana (e), these'corresponding to thä-tio
mlnimun energy conformatlone ln the nltrogen inverslon vibratlon.
Rapid vibration woulil average out each palr of chenical shlfts and
associatod eoupllng constants, l-.ut not öf course produce any (b)-(c)
averaging. The observed (b)(c) band is stron$ly inclicatlve of an ln-
termediate rate of vlbratlon, but gives the addett indication that the
averaged shifts for (b) and (c) dtffer from oae another by lesa than
ga. 3O c/a. Tntermediate t.N quadrupotrar relaxation rate is probably
not a prime eontrlbutor to tho bancl broadenlng since one would expect
the relaxatlon to affect the -C?r antl)C?2 absorptlon slrnllarly;
the increasecl ,broaclness of the -C?s rnultiplet bancls comparecl with
th€ >e?F banddlnay be attrlbutable ln part to the quaclrupole effect,
but it is more'llkely to arise from the inverslon vlbration (and
possibly ineompletely resolvecl structure due to (a)-H couplfriS).

We obtain additlonal conflrnation of a snral1 gem-fl.uorlne
chentcal shlft differenco Fhen we examine the flne strueture of the
fluorine antl hydrogen absorptlon associated with the )c?H group. We
should not expect equality of J56 and J"U or of JO, antl J"pr yet the
hydrogen spectrun is apparently a tloublet of trlplets (I:2:1) and
the fluorine spectrum a doublet of triplete (l:2:l) of quartets
(7 tlz3zl). In other word,e, >e?2 ts behaving f ike an AAr epin pair,

The 4o-Me/g-Spoctla-of a Fluorllgted oxazetldlne :

cFr-
(a)

H

N

I

e
i

?
c

o
I
e

+
d
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)cf, H ----+

>cFt{
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5? (n-r.r)f.ux lo6o 2+'6

\
,t

H-----+

tt 

-_-+

r"/ A+ttr*t)

efc

(--
rIG. 1

H
a\- .J-J
h$"a+4a1

FIG.2.

J. Lee

l.e. magnetlcally lnequlvalent but having fortuitously equal
chemical shifts, The spin coupling orlgins of the splittlnge are
lndicatetl ln the figures; first order perturbation theory nas
qulte adequate ln the analyeis.. We might expect the -CF5 absorp-
tion to give an incllcatlon of the near equality of the CFa
chemical shlfts, and indeed the observed splitting accords wlth
this, trrrt of course the difference between the tine averag€s
(over the inverston vlbratlon) of J.5 and J". should not üe very
great so that 1n itgeLf the eviclence from the -Clt absorption
would be lnconclusive.

The coupllng constants determined are as followsl
!q. of lnterlening bonds

'/"(J^o * J.")
Jad
1 /z(Jaa * J"d)
t /"
JaH

(Jon + J"r)
66

7.7
z.o
6.5
l.r

-4_

H ----)

t t ("rr* q*)

4

5

3

3

2

The compound wae prepared by Mr. H. Sutcllffo of this
department. Equino1ar quantlties of 0F5N0 and CF2:CFH had been
heated together at l00oQ and ca. B atrn. for 65 hours in a sealsd
tube; the'-yielcl w'as B7o/o.

o\
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the NL{R Sp6otra of goroe Fluorocyolohexane DorlvatlyeB.

I[€ havo Juet oompletett a etutly of sono mono- and c11-

substituteit fluorooyolohetanos ancl we thought you mlgbt bo

lntereeteö to hear of our flndlngs prlor to publloatton.

A llst of tbo oonpountla examlned. le glven ln Table I antl

tnolutlos sufflolent oompountlo to yloId some lnfornatlon

about the relatlv€ lmportanco of tho various faotors

lnfluencing tbe shlol"atlng of fluorlne atona 1n suob

oourpounds. Ana).ysla of the speotra of these oompounds

wag mado pogslblo by oataloguolng tho fout nearest nolglt-

bours of a given fluorino aton (oxoludlng the fluorine
atom on tbo same carbon atom ag the substituent) paylng

tlue regartl to whloh wore nolghbours through bonds ancl through

spac6. Tbls mado lt easy to rooognlse fluorine atorns wbloh

wore shieltletl slmtl-arIy. By oonsiderlng lnduotlve offoots

through bonde as weII as spatial effoots (where both the

bul.kinoss and the eleotronegatlvlty of the substltuent nuet

be taken i!,to aocouot) all the basd.s ooulcl be asslgned ancl

the following eet of empir'loal rules emergetl:-

(ai Proxir,rity to a bydrogen atom through spaoe provldes tbe

noet lrnportant sbloliliog effeot.
(b) Proxlmity to a irytlrogen atom through bonds ls only

lmportant wiren (a) is absont, ttren lt ls of the aaIF order.

(o) Proxlmlty to a fluorlno atom ln t,he CEF group through spaoo

1s lmportaat when (a) ond (b) are abeentand leatis to an

unshlolallng 6ffeot'

2

(al) In the absenoo of tbe abovs faotolsr tbe lnduotlvo offoot

of one gem fluorlne atorn on anotbor ls tmportant.

(o) Sotn tbe lntluotlye off€ot antl tbe spatlal effeote are not

ad,d 1t lve .

(f) Tbe dtfferenoe ln obcmloal sbtft for two fluorine atoos

ln equatoriaL and axlal posltlons ts lees than 20 cyolos

soo-I when otbor €ffeots are abgont. Thls ts to be orpootett

beoause tbe dlanagnetlo anlsotroplo shiertllng ta ssall fron

C-C and' C-F bonds.

In some oa8es, lnformation about tbe oonformatlonrl stat6 of

the lsomer was obtalaoal slnoe the spgctra oould only be

lnterpreted by assumlng one partloular oonfornatlon. some

aoleculos wore llkewlse shown to bs raptdly lnteroonvortlng

Erarninatlon of tbo oompounds at allfferent temporaturse (-30 to

+ I5O"C) tonaled to ooofirm the aBslgnnentg althougb tho results

were malnlY negatlve.

Interpretatlon of the speotra was nade easi€r by tbe proaonoo

of gemlnal epln-spln interaotion wblob was &290 oyoles "." 
-1 ln

all caeeg and tbls oan now be regarded 8e a eharaoterlstlc featuro

of fluorooyoloboranoB. No otber F-F spin-spin lnteraotion
was observoal. _l

tnfa gemlnal ooupling oonstant (290 oyoles eoo ) fs

oonslderably !.arger tban thoeo founil ln fluorlnatod oyolo-

propatr€s ( I20 oyole" ."o-t ) antl oyoLobutanes ( 2oO oyolee

"u"-l ) aod lt sbould be posslble to oorrelate these valuoe

wlth the ohanging bontl angles in these oornpounds'

-l



4.

The spectr.a of two typtcal compounds err.e strowu ln fLg. I /

and the chemieal ehlft data and asalgnueuts are glven ln
Table IL The 19!' htgh reeolutton M,tR spBctra were obtalned

at J.O &rc u"."-1 or, the aolten pur"6 cqnpounds and also on 5OS

sol.utlons of the compounde ln carbon tetraciüorlde at rooa

teürper.ature. The chernloal shlfts yrerc ülea$ur"erl rclatlve to
trlfluonoacetlc acid u.secl aai an exter.nal refelreilce. !.Iuorlne
atorne geninal to trJrfu:ogen atorns occur at hi.gh f lelda an'i their
äb$orption bands show a doublet eptLttLng frorn spin-sptn

interaction between the hSrdrogen and fluor.ine atosrs ( JU-f=-15

cyr:lee u".-1). The low field pair of doublets ln ihe ugectruur

of lll:|II cL.s-deeaf]-uorocyclohexane sr.e tqtcal r'I' trn AIJ eyaten

where the coupllng constant ts large corlDa,(.ed with the atrernlcal

rj hlf t.

Flqure 1.

Table I.

Oornpo und

Un decaf Luorocyc lohexü) e

OhI orourr de c af luorocycl otrexane

Perr'luoromet hylcyc I o lrcxan e

Cls lH: 2H-Dihydrodecafl uoro-

cyclohe xan e

Cls LHIJH-

CIe ]"H:lH-

hans 1lI/2H-

trani U/JH-

'labIe *II

Cornpo untl

Conf orrnat ion.

Probably fixecU H (1a).

rrlxed! 01 (1e ),
Irlxedi ori (te).
Rap irtly lnterconvert ing.

r'1xed: H(te) H (Je).

Rapl clly lnter.convert irrg.

l'txed: II (1a) H (2a).

!'lxed:H(1e)H(la).

Atotoe uurked utlth a prlrne (e.g.2t) are trano to ttre nearest

t

,

2 t

ttl-,
,ado zoog tooo <y.1.5 5a.'

May w€ say tLat we agreo wttololteartedly wlth ttro

rooomnronclatlone on etandardlsatloo of apootra mado by

Slroolory, Jotrnson aoal A$derson ln MELLONMR No'19'

J. Foenoy.

.L.H.SutoIlf fo.

_-7--)
c\cooH I

tr

Utr decafluoroc Jrs1.-

hcxane

a)

I
t

l\ss ip;nrnent Band

3e,5e
l*e , l"a
2a,6a

2er)arSarbe

Le

2'rit rlt 16'

2tJt516

ftlt

{t
Li
t2

Clierrr 1ca1 Shlf t
-t,(cycLcs sec -)

16Jr
191l
I97I
1ti2B
2110
2IBO
2Lto

1670
19)0
2U80
2)70
5r.l.o
59rt0

t
6

t1
L

{;
t,
te

i;

7

) 59L9
596C)

/tClo lll: üi-DlhJrir.'t' de c a

fl-uor.oc 1o ltexarre
6 ?

n

(

o ,Jo

5 3

hJrdrogen atorn via thc bonrls 1n En interconvertirrg riiolccule.
U)



NMR STUDIES OF HYD.iOqtI'I BONDI]IG

I. CARqOXYLIC ACIDS

by Jeff 0. Davla, Jr.I and Kenneth S. Pttser

D€pt. of Chenletry and Lawrence Radiatlon Laboratory
Univ€rsity of California, Berkeley

(I) Proeent addross Dcpartnent of Cheroistry, lhe Unlverslty of Texas,
' Auetin 12, Texae.

The proton nagnetlc resonanoe spectra of fornic, acetlc, and
bonzoic acids ln benzene have been atqdied at 60 Mcpe in the tonperature
range 2Oo- lOOo O. llugglna, et. al.r2 propoaed the rel-atlcn for a
uononer - dloer syeten that

6- ä5'+(';')Et
where n la the moles of acld in the nonomer foro and a the total noloa
of aclä uaed to nako up the golutlcn. The equltibrium ?onstant for guch
a eyateo ia glven by

K2 
= 

XD _ (a-n)(?g.a n)q
whero { and X6 are tho mole fractlons of tho Bononer and dinor epecloe
tn the öolutlofi and e te tho nunbor of noles of golvont used in proparlng
the eolutbn.

The aeaociation of those aclds 18 too great to permit direct
extrapolatlon of the obeorved shlfte to lnflnlto dllutlon to obtain
the nononer ehlFt 6", and at the hlgher concentratlone the preeenco of
polyuere greater than the dluer rray interfero wlth selsctlng a äl .
Howeverr ueing previ'>ueIy reported heate of dluerization and equillbriun
congtanta fron di.electrlo con6tant, cryoecoplc, infra-red, and diBtrlbutlon
etudiee n/a and (a-rn)/a could be calculet€d by means of t.ho relatlon
above. Thon using the observed ahlft,s and tho calculated nononer and
diner welglitinge, 5" and Es were calculated for every pair of golutlone
at a given tenperature with the firet equatlon above. The regulte for
benzolc aol-d in benzene are shown ln the Figure. Si.mllar behavior wag
obeeryed flor acelic acid. Shlfts were caloulated for forroic acid only
at lOoO. eince thero were no hoatg of din€rization availabls.

A atrlking variatlon of the nononer ehifte fron vory hlgh fielde
at tOoC. to about 47O cpe at higher tenperaturos reeultg. Althaugh large
errorg roeult in the calculatlone becauee ofl thb small anount's of uonomer
present, it ie difeicult to acribe the trend to errorg of thle eort
whlch ehould be randon. It ie suggested that aeeoclation of the monom€r
acld with tho benzene eolvent at the low€r tenperaturee nay be tho
oauee of these ehlfta. Orientation of the carboxyl proton ln the faco
of one or two benzene noleculee would produce-such a high shieidlng.
Calculatione using Johnson and Boveyre tables2 indlcate that a Protgn
along the aynuetry axlg of ths benzene nolocule rnuet be within I.6 !
of the face of the ring to experlence the observed shift ofl ca. 4tO cpg
between the hlgh and low teraperature vBlues.

The calculated dlmer shlftB at 1OoC. are -11), -148' and -42) cps
to lower fleld than benzeno for fornic, acetlc, and benzoic acidg
reapectively. ltrte le aLso the order of lncroaBi.ng hydrogen bond strongth.

(2'

fn the case of forulc and acet,lc aclde, tho dlner shlfts w€ro sono
IOO cpe to lower fleld than obaerved for f,he pure llquid aolds. ?hls
was alao obaerved by Reeves Rnd Schneld€r4 for asetic aoid in varlous
eolvonte. 11. ls eüggested that although lnfrq-red frequency ehltte
indlcate conelderably atrongor hydrogen bonds ln the higher polyoore
(particularly ln the cryatelllne eoride) the allght trond of tho rur
shleLs back toward hlgher flelde may bs caused by factora othsr than '
a alnple eloct.roststlc dlstortlon of the hydrogen electron. In partlcular,
the dletance betwoon hydrogen-bonded oxygen atone my havo deoreased
ln the higher polymere to the extent that the unbondod oKyEon eleotrong
nay contrlbute neaBureably to a dlanagnetic ahleldlng oe the prolon.
The ghort O-O dlstanc€s reported for the cryatalllne eolid aclds2
lndicate a rluch &oro eynnetrlcal hydrogon bond than in the dlmer.

(2) J. Phys. chem., <0, l-,l]- (Ln6).
(t) J. chen. Phys., 29, ror2 (1958).
(4) Trane. Faraday söT:, 2!, 1t4 (i%8); tbld, 22, 1684 (rg9).
(5) Acta oryst., g, 484 Trg>E).
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A COIiiIITLATION OF PROTON SHIFTS IN SUBSTIIIJIED ETTIYIENES

VJITH GNOUP DIPOI,E MOI-{ENTS

G.S.Reddy, J.H.Goldsteln and Leon Mendell

Mayor and Gutowskyr showad that the shlelcllng of the proton

docreasos as the number of helogen atoms on the proton-besrlng

carbon atom ls lncr:eased. A1so, Bothner-By and Naar-Col-1n2

obtalne(l s llnear relatlon bet!,reon the sh1eldlng of the o(-protons

and the dlpole moment of the molecule ln a serles of haloalkanes..

It 1s oxpocted that s slmlla! rolatl-on exlsts between the proton

shlfts and the group dipole momont of the substltuent group X 1n

th6 ser'les H2C=CHX. t'Je havo studlod the compounds wlth X as H,

CHs, C1, C=N, OCfls and CuHu. T6e proton magnetlc resonsnie shlfts

ln vlnyl chforlde, vlnyl cyanlde and methyl vlnyl ethert ,u".

obtalned from thelr complete analysls ln these laboratorles!the

others wers takon from publlshed dataa. In the case of vlnyl

cysnlde and styrene corroctlong due to dlamagnetlc anlsotropy of

nltrll-e and phenyl groups on all the protons ln these molecules

were esblmated, The clrcles ln the graph represent the plot of

the cls proton shifts vs group momonts of the group X. The squares

represent that of trsns proton shlfts. The solld clrcles and squsr€s

ln the case of ulnyt cyanide and styrene are the shlfts uncorrected

for dlanagnetlc anlsotropy. It ls lntorestlng to note that ther :

shlfts of both cls end trans protons ln these two compounds lle

on the stlalght 1lne only aftor maklng tho necessary correctlons

due to diarnagnetic anlsotropy. The shlfts of the /3 -protons 1n

methyl vlnyl ether sre not certaln and further uork ls belng

done on the analysls and lt ls hoped that thore wlll bo better

agreemont aftor gettlng eorrect values for the shlfts ln thls

compound.

From the graph it ls evldent that ln elI the compounds

except propene, cLs proton ls at louor field than trens prpton

to tho same extont wlthln oxperlmontal error. Thls suggcsts

that lt ls worthr^ihile checklng the asslgnmdnts ln propene made

by provlous, lrorke.s 
u.

Dotalls of the analysls, shlfts, coupllng constants and

anlsotr.opy cor,rectlons ln all these compounds I'tlll be glven

ln a paper to be publlshrd shortly. No attempt has been made

to corrclate d,-proton shlfts s!nce, besldes anlsotropy, othor

effects wlll be lerge and dlfflcu0,t to evaluato. F\.rrther uolk

ls belng dono for slmllar correlstlons betueen llanmott's6;constants

and other Broup propertles ln related systens.

Referencos !

l. L.H.Mayer and H.S.Gutor"rsky, J.C.P.r 57,48l (1953).

2. A.A.Bothner-By and C.Naar-Colln, J.A.c.S., 80, I72B (f958).

3. Work ls In progress by presont suthors.

l+r5. J.A.Pople, Ir/.G.Bchnelder and J.H.Bernstetn,

II{gh Resolutlon Nuclear Magnetlc Hesonance, McGraw-Hi11
Book Company fnc., New York, N.Y.,f959.
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IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY
(UNIYEEI'Y O' LONDON)

OF CHEHISTRY

ROYAL COLLEGE OF SCIENCE

IMPERIAL INSTITUTE ROAD,

LONDON - . S.W.7.

Td.eh. XENIINGToN tltt

SOth üay, 1960.

Dear BarrVr

Ilene et ].ast i6 my rreubscrlptlonl to your exce].lcnt
news letter. I stil1 believe that M.E.L.L.O.N.M.R. isuaking 

" yg"y.importsnt contributlon to the alevelopmentof our subJect anal I hope you can continue to obtaincootrlbutiona to it.

. rye hav6 !ow- bogun to apply to pr:oton spectroscopy thetechnique of tlouble reaonance using a methoct wnicn pi.. p.W.
Turnen of-our department has developed. The slgnlficantfeature of trls work la the deveJ.opmönt of rather*almpJ-c
apparatue wlth whlch proton-proton epln ateeoupllng cän becanleil out. Thls allows epin-epin lnteraction fo be
suppreesecl wlthout introduclng apurloua resonances frorn thedecoupllng radlatlon, lncleed the apectrum obtained can bJ-
maale to look Just llke the orcliaary spectrum wltir thecxeeptlon of the slnpliflcation of some nultiplet structuree.

The effoctlvcneBs of doubte irradlatlon 1n aldlng
asslgnments ln Binple proton epectra hss of couree ahtead.y
been clemonetratecl by^Anclerson ueing eeparate n.f. generatörsbut the tllfficulty of constructing anal-operating tüo sepanatetransmitters to the reclulred stabil1ty ln frequäney Alfier_
ence dld. not attnact ua and we have chosen tö -generate thedecoupling frequency by moalul-stioü of that used for observlngresonance - tho sidebancl nrothod. To BiepLify lnterpretatlon
we reqglred_a- aingJ'e sidebanai only and we have ueect äccordlngIya single-sldebancl suppre.secl-carrier mottulatorl thle, followedby s lincar arnplifier, all_owa the productlon oi a sidebandat a much higher power level than the carrier or unwanted eide_bantl. The carrier ].eve]. at 4O-bO dB below the sideband iEweak enough to avoid saturatlon wht1st the sidebanci ls strong
enough to l_rrsaliate effectlvely a proton resonatlng withlnabout 1O c/a ot ,.t.

The syatem has the princlpal advantage that an r.f.phasc-seneitlvc receivcr is readify locked on to the carrlet3
before moduLation antt lf an r.f. phase sensltive detector iealready usedr_no nocllfication is required beyond^ lncreasi.ngthe output fil,ter tiüe constant to rernove the strons audio
signal at nod.ulation frequency (usually 10-600 c,/s)I Our
moduLaton la useal with tho Varian AaBoclates If.M.R: Spectro_meter equipped with 56.4 Mc/E Transmitter Recelven anä isinserted between the transmitter outlet and the probe. Aninternal connection al'ready supplies the requlreä r.f. phaee.

The block dlagram (Fig. 1) gruilnarises the modul_ation
system used. The audio source waa B Solartron two-phaee
Buallo osciJ.lator. The system is set up by adJustment ofthe r.f. phase shlft unit6 ancl modulstion amplitud.e conürola
ultil a satlsfactory reJection of the carrier and unwantecl
sideband (and lrermonies) 1s obtalned.. Thls ie carried
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out u8ing a singLe Ilne resonance (water) and diocle detector
to show the relstive strengths of öarrier enti eidebancis.
The higb, or low frequency sldebancl 16 then eel.ecteal at wiLL
by operatlon of the reverslng awltch S. Tho conetruction
and adjustment of thie equipment will be pub).lshed. in detall
shortly.

A clulckly recogniEabl-e exampLe of itB €pplicstion 1B
pr.ovided by the ethanol epectrurn (Ffg. Z) recorded three tlroe8
wlth the decoupllng Blgnal hsving'the frequencles (relatlve
to the carrler) shovrn. Here the splittlng of the'crethyJ. protons
by the rnetlgrlene and the ülethylene by the nrethyl arc Buppresseal
in turn. Both are öuppressed in the sane spectrun 1f modulation
by a eingle phaee osclllstor is ernployed for both upper and.
lower sldebands are then generated at onec.

A nore advanced etarnple is provided by the cese of N-methylpyr/idone (kfndly suppl-leil by Dr. J.E. Etvidge). The spectrum
of tire rlng pro-ton_e coneiats of a triplet atl = O.$f (fi6) and
s doublet t = 3'+3 (H€ ) both of wlilöh show t'urther finö
structure ciuo to'long rsnge coupling with other protons. Tho
remalrlng rlng protons lls and fü give riee to a band of conplex
etructure atT= 1,/o

The Bpectra ln Flg. 0 show in turn tlre docrease In multl-
pliclty whlch arlsee wben!

9.o,

Flg.1
Suppressor grid Bodulated pentodes

Buffer Anpllfler
Class A power mPlif ier

Radlof requency oscil Iator

Probe

Recelver and r.f. phase-eenslt.lve detector
Lor-pass fllter
Audlo oscillstor (two.-phase output)

1)
2)
3)
4)

iI6
Hs
H+
lI+

1s clecoupleÖ by
Itrtr
l, tt It

lrrad"latlon of lI+ antl Herr lr H4 tt lie
t,

and ll(r are decoupled by lryad.la
Hs
tion of I{6

In 1) anct 2) the multipllcity la red-ucecl to a singlet
(apart frorn resld.uaf long range splj.ttlngl In the other two
caseB the LorrJ flo]d bBnal clue to H4 ancl IIs 1e Binplificai to two
dj.fferent ABX systems rcspectively.

Wc havc alroaciy solvcd several structural probleüs with
thl8 nethod and we belleve that one of it6 princlpä] u6es,
other than elüpliflcatlon of epln multiplete, is thst lt Boüo-
tlmes persrite tbe location of r66onancöB r/l/hich are eubmerged
ln regione of cotrrpJ.er absorptlon. ChemlcBl Bhlfts between
spln-coupled nuclc1 carr also be accurately measurecl.

I Eu 8öeding you s lumber of reprints uncler separato cover.

ri'ith bc.t wiehoe' your' slncerelrr,

_,tul
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Dr. Barry tihspiro,
llelfon Instltute,
44OO Flfth Avenue,
Plttsburgh 13, Pa.,
U. S.A.
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Sample Ethsnol,

Fig. 2

decoupllng radlatlon ati-

+ 1O00 c/s

+ L\'l c/a

-.137 c/s

Fie. l.

N*Methyl pJritlone
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Additlons to the lilaillng Llst

Dr. Oleg Jardetgky
Harvard Unlverslty
Departrent of Phamacol-ogy
25 Shattuck Srreet
Boaton, Maaaachusetts

Dr. I{alrer S. Koskl
The Johns Hopklns Unlversity
Departrent of Chenletry
Baltimore, Maryland

Note !

Deadllne for recelpt of contrlbutlong
for Iseue No, 22 ls Mondav, July 25.

****{t****

Dr. Harold Klapper
Phyelco Chenlcal Reeearch Dlv. D/R
Chenical Warfare Labe
Amy Cheulcal Center, Maryland

Addltlons ro rhe Malllng Llst
Dr, Jefferson C. Davls, Jr,
Department of Chemlstry
The UnlverstEy of Texaa
Austln 12, Texas

Mr. John Carten
Box l+6, w[Ili-re Laborarory
Penn State Untverslty
Unlverslty Park, pennsylvanLa

Dr. Willlam S. Coakley
Moneanto Chemlcal. Company
Reeearch and Englneerlng Dlvleton
Dayton 7, Ohlo

Dr. T. J
Proc ter

. Flautt
anä-EäfrE-te conpany

Mlanl Vally Labs.
P. O. Box lJJ
Cinclnnscl Jl, Ohto

Dr. Stanley A. Franele
Research DepartilEi?-
Texaco Research Center
P. O. Box !O!
Beacon, New York

Dr. C. M. Hugging
GeneraL Electric Conpany
The Knolls
Schenectady, New York

Falrchlld Canera & Instr. Corp.
JOO Robblns Lane
Syosset, Nev York

Dr. George Sml-th
General Motors Corporation
Researeh Manufacturing BLdg
llarren, Mlchigan

Dr, Robert SwarbrLck
Pr oce g e Re eäar-fi -iFl e 1 on
Easo Research & Englneerlng Co.
Llnden, New Jer8ey

Dr. Davld llbg
Unlvefslty of Rochaeter
Rlver Cmpue
Rocheater, New York

Dr. Jamee
Baalc Rea

E. LuValle
e"r.[-Iä6--
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