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UN ITED STATES
DEPARTMENT OF THE INTERIOR

BUREAU OF MINES
PITTSBURGH I3. PENNEYLVANIA

,Plttsburgh Coal Research Center Aprll 6, L962

Ilr. A. A. Bothner-BY and
Dr. B. L. Shaplro
Mellon Institute
Plttsburgh 13, Pa.

Dear Friends:

Although we have l-n the past done a consl-derable mount of proton
resonance work on coal derlvatlves, the many possibilitles of carbon-l3
spectroscopy no\r occupy our main lnterest. Using the Varian 15.085 nc/sec.
R.F. unit we are able to obtaln resolution of 1 ppm under rapld passage
disperslon mode condltions.

One of our chief lnterests has been the study of carbon atoms
that are completely substituted and whlch, therefore' cannot be tnvestl--
gated directLy by proton resonance. !üe have investigated a serles of non-
hydrocarbon tertlary butyl derlvatives and have in all caees found the single
peak for the corrpletely substltuted carbon atom (flgure 1-). The differlng
effects of the hetero atoms CI to the carbon atom are partly attributable to
dlfferences in electronegativlty as shown by Lauterbur, Schneider, and
others. TertLary butyl groups can smetlmes be ldentified ln saturated
hydrocarbons; however, the peak ls often lost ln the flne structure of the
other al-lphatic earbon atoms. Vte are novt' successfully uslng.the spln-
decoupl-lng unit of NMR Speclalties to unraveL cornplex flne structure Pat-
terns.

Our principal endeavors have involved oleflns and dioleflns' and
to some extent, acetylenes. I^le have exaurined a large nr,mrber of terminal ,
internal, and branched oleflns (figure 2). Flne structure obtalnable wlth
olefLns, such as the trlplet, doublet, "od 

slngl-et fpr --{xtr, -ft, and -f-
groups respectlyely, provide easy ldentlflcatlon. The corrpletely substl-
iuted olefins are of lnterest because of the difficultles encountered by, 

^methods such as infrared and proton Nl{R ln detecting such olefins. In GrJ

Nl{R the single peak for the completely substltuted oLeflnlc carbon atoms
ls easLl-y detected. For mono-substiEuted internal olefins therdoublet' and

sLnglet for the oleflnic carbons are easily ldentified. The Cr3 method
may become useful for functlonal-group type-analyses.

The unsaturated corrpounds of most interest are the dlolefins,
both conJugated and cumulative. There is Little or no effect ou- the chem-

lcal shlft of terminaL olefins due to cönjugation. The peaks appear ln
practlcalLy the sane regions. For exampLe, butadlene will have an
oluftnic spectrum very similar to that of l-hsrene and also 1r5-hexadiene.



For the cumulatlve dloleflns, on the other hand, there ls a
strlklng dlfference. The 1 and 3 carbon atorns ln methyLallene are shlfted
upfteld from the ordLnary oleflnlc regLon, whereas the No. 2 carbon atorn,
completely substltuted, wll1 be shlfted extremely far dorunfteld by para-
magnetlc deshteldlng (ftgure 3). Ln the allenes that we have lnvestlgated
the chemLcal shlft of the central carbon atom is nearly constant and ls
several parts per mtllton belorr that of CSr.

Conpared wlth the spectra of dloleflns, the acetylenlc carbon
atmrs produce a shift qulte far upfield, to the sarre posltlon as thpt of
the outelde carbon atoms of the allene etructurer -GC=C-. As ln II" NMR,
the absorptlon for acetylenic carbons lles ln between the absorption regLons
for alkyl. and oleflnlc carbons. tthtle lnvestlgatlng the acetylenes we have
found.a spln-spln spllrtlng lnvolving non-adJacent atmsn slmllar to that
reported by Lauterbur at the recent NI'IR Conference. Coupllng of the proton
on the ternlnal carbon aton and the second carbon of the acetylene bond,
-CrClIr produce a J value of 47 cps, which is nearly the same as that re-
pogted by Shoolery from proton spectra, 50 cps.

We are engaged Ln extensive correlation studles of hydrocarbons
and oxygenated "o 

pätrods. The C13 method wil-l be partl-cularly useful for
studylng the carbonyl structures ln complex carbonaceous substances.

Shoolery, J. N., Johnson, L. F., Anderson, I,rl . A.' Jour. of Molecular
Spectroscopy, vol. 5, t96or pp. 110-117.

R. A. Frledel

MX {"b/dL
H. L. Retcofsfy d



ftcH.tu c] o2

(cH3)3 coH

(cH3)3ccl

(CHu)uC Br

(CHs)sCNHz

(C Hs)3CC OOH

(CHu)3C C=C

*

CS 2
2

*

*

)K

*

(CH s)s )F

*

o 50 o
CHEMICAL SHIFT, P.P.m. from CSz

Flgure t.- C13 NMR spectra of compounds cont,aining t-butyt groups.

* denotes t-butyl- carbon resonanqe.

200



cHs
r-r-r-1

c
CCC=C

c

c
CC= CC

cc
CC CC=CC

=Q-

I

=c- z

=c Hz
rT-l

=Q-

I

=_ =C_

-cH2
-cHr

Soturotes

H
=Q- =cHe

rT_1r-t

c
c

CCC=C

cc
c

CCC=

HH
=Q- =Q-n

H

r--l

o 50 too r50
CHEMICAL SHlFL p.p.m. f rom C Sz

Flgure Z.- CL3 NIutR spectra of olefins.

200



H
=cH2lTr

C=CC =C

C=C =CC

H

=CHz

-cHr
rT-r-l

-50 50 too t50

CHEMICAL SH lFT, P.P.m. FROM CSz . (sweep *)
o 200

Figure g.- C13 NMR spectra of 1r3-butadiene and 1,2-butadlea,e.



\fltRtAhH ffisffi@e ffimüem
6T I F{AI{SE${ WAV PAI"O ALTO, EALIFOfENIA DAVEb{PCIRT 6-4CI$0

April 9, L962

Dr. B. L. Shapiro
MelLon Institute
4400 Fifth Avenue
Pittsburgh 13, Pennsylvania

Dear Barry,

I would l-ike to pass on some information which may
be usefuL to MELLONMR readers. In the development of the
variable temperature accessory for the A-60, the need became
apparent for a sample with a temperature dependent resonance
that could be used to caLibrate the temperature controller.
For this purpose dry ehtylene glyco1 was found suitable from
room temperature to about 2O0o C.

Ethylene glycol has tI,Io proton resonances: the CH,
peak which is essentially independent of Lemperature, and th6
0H peak which shifts about 0,67 cyeLes per degree. At room
temperature the OH resonance is about 100 cycles down field
from the CHo peak. As the temperature of the sample is raised
the OH peakomoves closer to the CHo peak, and at 1730 C the
resonances cross. Plotted on the ftraph are data obtained
using an A-60 to measure the peak separations and a thermo-
couple to measure the temperatures" The data may be represented
by the equation T = 173 - L.483lv to an accuracy of about two
degrees. This sample also may be used for estimating thermal
gradients, fot these cause obvious distortions of the OH peak.

Yours truly,

,V or-r**Fv-41
Harmon Brown

HB: iw
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U. S. NAVAL ORDNANCE TEST STATION
, CHINA LAKE. CAL]FORNIA
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IN REPLY REFER TO!

toSB/Drw:ijb
1? Apr 1952

Dr. Aksel A. Bothner-By
lvlellon fnstitute
41+Oo Fifth Avenue
Plttsbr:rgh 1J, Permsylvania

Dear Dr. Bothner-By:

The appearance of scrne unexpected splittings in N[,lR spectra of
isopropyl rnettryl signals in a series of cycJ-ohexanone derivatives led,
us to re-investigate what a nurnber of other NMR workers had al-ready
observed. - that an lsopropyl group on an asyrmetric carbon will sboiv
two metlgrl doublets.

To reassqre ourselves, and get sorne idea of the rnag:ritud.es of such
"structural splittings", we ran proton spectra of diisopropyl acetal
(for cc,mparisön with-Robertrs work on the diettryl cmpound) and ettryl
2-brcmo-J-methyl butyrate. AxiaL projections of these molecules are
shonrn below.

CHs cHg

CHs (cHs)e

H
CI{g

(i) (rr)
The gem-methyls of (t) are spLit 2.0 cps and of (II), l+.0 cps. In

the acetal, of course, the asyru'netrie carbon is separated by an ether
link frorn the groups which show the splitting, (Incidentally, I real-ize
it is urrfair to misuse the classic coneept of nolecuLar astrrumet3y in this
sense, but is there a better tern?)

TVpical- of ttrre cyclohexanone derivatives which shoned this effect
is the ccmpound below:

0

H
H

d.- cnu
brr"

6

(r*rr"
(cHs)e



The isopropyl group on tJre aqrurnetric carbon shors an 8.5 cpe structr.:ral
splltting

The recent suppleurent to the M. C. A. catalog of NltlR data contains
several examples of this type of splitting in which ttre asSrmmetric atom
is phosphorus!

0
il

(cils)ecn -P - cI(cns )eclio --i" JCn (cng)e

(rrr ) (w)

fn (fff) the uiethyls are split J.0 cps. Ttre splitting in (fV) is apparently
equal to the proton-proton coupling constant, about f.0 cps, resulting
in an othenuise r:nexpLainable triplet.

ProbLen.for the student: Now ttrat we have identified two clissimilar
mettryls, hcnr do we telL which is which?

Sincerely yourst

v O o^,[! rtl'rrYL'"*
DonaLd, Vt. Moore
Code 5058

-2-



\/ARIAN clssocicrles
6il HANSEN WAY . PALO Alro, CALIFORNIA

April 19' 1962

DAVENPORT 6.4000

Dr. A, A. Bothner-by
Director of Research
Me1lon Institute
4400 Fifth Avenue
Pittsburgh 13, Pennsylvania

Dear Dr" Bothner-by:
CHEMICAL SIIIFTS BY DOUBLE IRRADIATION

There !,ras a discusslon some time ago (Cotton and Kl apper, Newsletter

No. 28) about the correction which must be applied to modulation sideband

responses because of the presence of a strong centerband radiofrequency

field. I'Ihen observed by sweeping the magnetic field, the sideband signals
'are seen to be separated from the centerband response by slightly less than

the modulation frequency.l This correction is unlikely to be important in
most cases of calibration of spectra by the sideband method (except for those

who make immoderate claims to accuracy) but may often be significant in pro-

ton spin-decoupllng experiments where much stronger radiofrequency fields
are empLoyed. It would therefore seem natural to apply the same correction

when using the roptimum decouplingr crlterion to measure chemical shifts (or

relative signs of coupLing constants) by the doubLe irradiatlon method.

0n Looking lnto the details of spin decoupLing behavior more closelyz

we found that this tras not the whoLe story. Introduclng the convention that

X represents the proton group whlch experiences the strong radiofrequency

field of amplitude H, and frequency u:rr and that A represents the group whose

transitions are being stimulated by the weak radiofrequency fleld Hl at ct)1r

we find that the conventional correction yields the condition:
(<or- u:2) 

2 = (.rA- ur)z + (ylz)z

or by expansion, the approximate condltion:
,1- 12 u ^A- ^z* (vHz)2/ zquo- ur)

The point we would like to make here is that the detailed theoretical

treatment indicates that the conditlon *2 = or* does not produce optimum



VA AN
ossociates

(W. A. Anderson and R. Freeman)

decoupling-this in fact occurs when cu, is slightty displaced from or* to-

wards cuO" This second correction is approximately twice the magnitude of

the first and in the opposite sense. It can perhaps be understood most

easily be considering the effective fields seen by nuclei A and X in a

reference frame rotating about

Oz at uZ (See figure). If
ttr/2rr )) Itl

the spins are quantlzed a1-ong

the effective fields' vectors

OA and OX respectively. The

condition for optimum decorP -

ling is that the axes of quan-

tization be at right angles

(0x- 0A = n /Z). lüith this

Qrt)z

Qx'Dz x

I^1. A. Anderson, Phys. Rev. 102, 151
troscopyt', Pergamon Press, (1960),

W. A, Anderson and R. Freeman, J"

I^l . A. Anderson
Ra'q €vvt'w^otu-
R" freeman
Instrument Division

(1956) I "N.M"R. and E.P.R" SPec-
p. L64.

Chem. Phys., to be Published.

A

A

0x
o A2v

conditionr tan 0A = \H2/ (rl- ^r) = (uZ- or*) / VH, and therefore,.

(re- ,r) g (vuz)2/ lt o- ^*). Thus, for a fiel-d s!üeep ex-,2- rx = (yur)2 /

periment the total correction is given by the condition,

,1- .2 = oA- ulx - QHr)'/ 2 (^A- ,*) .

I,,Ie have verified this relation experimentalLy on a sample of 1,Ll2'trL-
chloroethane. This work forms part of a general treatment of spin-decoup-

ling experiments2 which extends the work mentioned in Mellon Newsletter No"

40 to cover any molecules of the type A X where n, m 4 3"

Yours sincerelyt

A>/*z-- ä-^-eäqo*^-*

1

2



VARIAN qssocicrtes
6II HANSEN WAY PALO A[TO, CAilFORNIA

April 20, L962

DAVENPORT 6.40OO

Dr. Aksel Bothner-by
Mellon Institute
4400 Fifth Avenue
Pittsburgh, Pennsylvania

Dear Aksel:

The interest displayed in proton-proton spin decoupling at the Third

Conference on Experimental Aspects of NMR has prompted us to try some experi-
ments along these lines using the existing Varian integraLor. The following
describes a sirnple modification in the system which has allowed us to obtain 60 mc.

decoupled spectra such as those shown in figures 1 and 2. The modification is
easily removed so that operation as a normal integrator is not hampered. The

method is similar to that described by Freeman and lühiffen, MoL. Phys. 4, 32L

(1e6r) .

As you know, the integrator operates in conjunction with a 2Kc field
modulator using a modulation index of 1.8, an optimum amount for centerband work.

It is possible to operate in a sideband rnode by attenuating the modulation level
and shifting the audio phase 90o. This is done conveniently by breaking connec-

tion between the modulator output and the probe s\^reep coils and inserting a 0.01

trrfd capacitor. In our system this reduced the 2Kc voltage at the sweep coils
from 9v r"m.s. to 0.035v r.m.s. Since the effective H1 in the sideband is a

function of J1H1r H1 must be increased approximately 40 db at this new low level
of modulation compared to the centerband method. Ordinary absorption spectra,

differing only in sign, are then obtained by using either the upper or lower 2Kc

e rr>1) sideband.

Since the new modulation index is very small there is a large H, power

level at the centerband frequency (however, signals at the centerband are not

detected because of the 90o phase shift). Additional field modulation aL a var-
iable frequency, a2, can make a portion of this H1 poürer avaölable for selective
nuclear saturation and hence spin-spin decoupling. The modulation index at ü2

is much larger than that used for o, but is still smal1 enough so that the center-

band component and hence the 2Kc sideband components are not greatly reduced. In
our system the variable frequency voltage at the sweep coils, when set near 2Kc,



VARIAN
ossociofes
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-$2
(var . freq. )

-2-

is 5.0v r.m.s.
I^Ihen operating on the lower 2Kc sideband protons whose chemical shifts

are at higher applied field than those to which they are coupled may be decoupled

by setting 12- ,l equal to the chemical shift (or whatever frequency difference

near this value that gives the best decoupled spectrum). This produces a spectrum

such as that shown in figure la, To record a decoupled low field group the upper

2Kc sideband is recorded after reversing the leads to the sweep coils to obtain an

upright spectrum. Alternately, the low field 2Kc sideband may be used if o1- al2

is set approximately equal to the chemical shift. The former method was used for
figure 1b.

The following diagram should serve to illustrate the method; note that the

intensities are not drawn to scale. The audio phase detector operates ralith refer-
ence voltage at 2Kc so that signals are detected only at * 2Kc.

Center

<D2- o1 =öu
(var . freq. )

tb2

(2Kc)
tu1

-(D1
(-2Kc)

$2- üL.:

Figures 2a and 2b show that the system is capable of producing acceptable

bpectra using moderatel;r weak solutions as well as neat liquids. No difficulties
were encountered in recording these spectra.

For those who are interested I will soon have available a more detailed
write-up on this method including some cornments on operating technique. A letter
to me rizill insure receipt of this information.

L. F. Johnson
Applications Laboratory
Instrument Division

Sincerel S1

R7
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FIRESIOE A-7331
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Dr. A.A. IJoLirr(ir'-llY
l,1,rl i.or] Lüs L i Lutc
\\Ou t;'ii tl, Av",,ru.
l'i Ll!bur'rr)!i, PerrlsYlvanla Dr'. B. L, Shaplro

MIILI'oNÄ{R Nev6 I€tter
Me]'lon Institute
Plttsburgh 19, Pemsylvanla

Dear Barry:
jJ, uI' U. . brLttL,cr'-8Y,

l,'ot ort" l'c:alott a1 s1l1rlltet'Dur o'!i'r' work has besu viri'rEfIy
t1t, a:iLäl!isl,i1L 1'r:r'Lhe patii, li,ivür'aI !iÖn1'h9' We do iEve !i/u trrloiecLs
r!rl\J {[y w]rich I car) bli'r'ly des(:libi'' Netl;her 1s $ultirii':rl]t'Iy
Iar uI,;Lri. to yi, .l(l evf'll 1ii'irlLtrri.riarJ !r $ults'

W(' ur'() pui'riui.rirr. our' sludy oj Uri S-lj bond (l4LULl'ONl'fR no' 22

a,,,t .l.n.C.S,'113, )r35'1 (fltiL)) rry sLtldyirlg LhÜ ill!(rrrEl e'.tivur$iorr

",, 
,,,r,. i, 

". 
r, i.u,u.,i'.,r iin!. ;:ortrpound I'2-dilhiepane' 'l'hl$ wlll'

yiei.,i ar'i ilrlepüt!'i, r1t rllrrni)tt' iof llie barrier heigtrL io| roLaLierr

llruut {,ir.5_lj riot(t. Asi(l{ r'fou th1$, the stu.1y oI th{ co.r.t'ol'iati..rrr

ot Lir, lir)1r',.:ulc it 9i tir!){: ill'ilcst in iLsell ' The lr'nt'r' ij!!i!t!uul

!)1 1-lrlr riilrl!'(:ul.i -is $plit itrLo tuo g|oupt oi IirLe6: i:otri-r'jbtll'ions
!r'oil lli!: {r I,rJ(elLi (olriol'; aL "l -'( '23, aßi colltl'lbutions lfou the

,, .,,,,f ,.1,,... 1,, oLortu üL T -ti,(r'). 'lhes' spretra are Loo '-'orrr1'licated
r,r, 1rrr,.,'rii L ( otlvtilsioll alrRlysi$ tlrr'-ruSrlr Ülrs(lrvatloII ()i Llie co]La!:ic
i)r'u:rii,11,l.r.: ri.u.r'. (|.)iii)LeL);i co(rl)Öurid's uhicll are riltjllryl subgLlluLL'il

1(r l)r'd l),)r ltiorllr df( lr, ir(; syrrtllrrslz(id'

'flrtoilrrrl'r''ii!:cl.l{rs!odovlttlttr:n'nl'r'5!c{t'l'urrot}rtg)tly
yr.,r', .lrlrrrirlryl'l a vhi<:lr has ueclr ijxtractiiii lroul planl liaL{il'l-als ülid

prir'rlr, ,1 i.r, ,,ir, libo'ut,ory' ile ur( investiü,ai;tilg.lhc e i"llalr!( piol)':i'Li':

1)i r'n, lrr'.ld'1'lJLLtt,o{rd üt wuIl. as LltU C19 p|olon 1!1 tli(r 15'lcJdIic }'ilr8'

,,, 1.i,,',,1,t,',,,1,iryl.L a rrc1u.:ilLü' ljarnpl't r:orrr:eLr1'ratioti it $oLu('ltlat oi a

1rr',,i'ir.rr, 5,, v,' ur'.: liavitrll u ]!1 !€r :ipinnqr' ßdde'

1l,r ril!Jtll!l iläv('!jouL,'lrlrtrirrrr't i'd (Iuottl Iiooll; lir)1'el'uIIJ b(:iolu

-r,rtl lL iV(. l,) rllrrl ür,.

Recently Kuntz, gclllFyer., end Allertrand (J. Chem. PhyE.
32, p. f533) reported. Iong-range NI4-HI coupllngs 1n isoclmates, where
ttle coupllng, norml-Iy broadened by quadrapole relaxatlon, ls rend.ered.
vlelbJ.e by high electrlc fleld symetry-pt lhe NIa nucleua. They stated
thab they hed. not observed. Iong range Nr4-flI coupllngs ln other molecules.
We have observed. thls, however, ln the quaternary Bal-ts (CrH5)aN+Br-,
czfls(L.E3)sN+I-, and (cH3)ecH(ctt").w+t- ln both D2o and dlnettlyl sutfoxlde
solutlon, In these cases 1t ls not Auprising that the electrlc field
gradlent 1s neer zero, but lt 18 intere€ting to note that the only couplllg
obaerved 1s with the hJdrogens on the /(ycubon aton, llhus the nethyl l-2-I
trlplet of the ethyl groups 16 further 6put lnto a l-l-1 trlplet 1flth
l,t/ = I,l cps, and the lBopropyl üethyt doublet ls slnrll&Iy spi-lt with
/J/ z Z.t .ps. the d -bydrogen coupllng is evldently near zero. Ihus lt
appears that th16 rritrogen case ls sinllar tö those already notetl for Pb,
llg, P, etc,, vhere coupu-ng to the Ithydrogens of attached ethyl gxoupg
vas founil to be larger thff to the Xhyd.rogenB. We e16o nöted that ln the
cor4)ound (C2tt")"NCE=I+I-, the slmetry we6 apptrently destroyed. sufflclently
to Haeh out the extra Bpllttlng.

lie have obeerved that the uettloxy gxoups (X ud Y) In aeveral
compoudB wlth the structure

X--,)L (2 = s or o)
_v.Y' -s - cRcoon

öxrcoon'

have u observable non-equ{valence. The neLhoxy doub].ete (the doublet€
s.rlse tröm coupllrig to the phosphorue) are sepuated. by 0.13 ppn ilhen

You|J tr'ülJ,

! a a"*-"t W

\Ct
'i^,; t lt'

0-]vl. Ari,.lr r. ,:'
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observed. in 10{ chloroform solutlor). fhe possiblllty irhsl thls extrri
doubling arose fron a long range s])ln coupllng to tbe succiilate CH ra6
dlsproved by observatlons of both the CI{ resonance and the solvent de-
pendence of the sputtlng. The non-equlvalence is evldentl.y procluce,l
by the asyürctry at the succlnate CE carbon, fhis is well. removr)d ln
terms of the nuber of lntervenlng bonds, but the mjor contTlbution to
the shlft probebly ar16e6 from the anlsotropy of the C<) groups, Hhich
nay s,ctmlly approech rather clo€ely to the methoxy groups. A conpolmd
tn the serles wlth only one 0CH3 group (X was 0CH3, Y was S-C2H5) stroweC
the apllttlng also. $lnce nov the phosphorus atom is also now an
aG)rünetrlc celrter, the two sepüate resonances would be due to molecules
havlng dcl' (or 1l') or ld' (oI d1') amangements.

Very truly yours,
Ueai l)r, Bothnor-By:

Sqne Linte ago' POPLJ et al. (Mol,ptrye. f, 547 and 557 (1960)

,. lref. I) have madc thc v€'ry uselful suggestlolr to tre&t sp€ctra of the type
4nllqildq rls a superposition of sirpl{:r' sfrcctra by lntroducing "offective"
LAIiI1OR f rc-qucnci.js,

Orr thls basis we have arralysed A2B2X spectra (B.DISCHIJR

atrd G. LNcllilll', Z. Nahrrtorsch. !!il, lllJO (f96r) = Ref. 2) and as a further
poi[t ve lrave tried to determine the relaLIve slgns of the spln-coupling,t
coDslants J45 atrd.Jgr in a caso where no lilformation from the X-spectrum
cirn bc der'lved aDd no 6pin decortlt)er l5 avallable (seg.e'g, FIIXEI{AN, MnLLONMR

40, 2 (19d2)). t
The getrtlral ideü 1s denonstl'ated in Flg' I for a 6lnple

ABX slrcctl'urtr.'fhe cellters of th(, two superimposed AB-sp€ctra are separated
by cxactLy i i Jrt t Je' I 't'lreso centers are obsÖrvable by nultiple quantum

transitions, whiclr occur urder satrrratlon conditions (W. ANDERSON, Phys'llsv-
-1O4, llo5 (1956)). Depelding on tlle relatlvc signs of JAj( utd JBX spectla like
fid. Lr, or lc {!1y be obset'ved, Ill än A2ll2 system 2L nultiple quantum taansitions
are possible (lii for LG.. 2, 4 lor ÄFt = 3 ancl I for 4f" = 4) ' Again there is
a sLl,(tr1[T Signal At ilre ce[ler posiLlou, which results fronl the superposltlon
()f Lhrc"e lir)cs, Z\

lrl thc' acluxl case of liquid pyrrote' the conplete anafysls
of llre rrorlral $pccr|um yicl(11)d l,lN(l= 2.{i aud IJBXI= 2.3 c'p.s' The two posslble
pirLtcrns ullder sattl|ati(trl ctllidlLIoDs ar"c gtveII Ln f1ß. 2c and,2d' ID several
rec()rd1üßs wc ubselvecl thü pattorn oi fj.t1. 2c wltlr 1.156 + Jo*l = (2'4 + o'1) c'p's
giving cvidence f()r Iike 51üns, (Most of {.lI!: rnultlple qumtu[ transitious are
1lq1f ied undcl' the siDgle tluatr!trln spe<:trlttn).

Si.tlce orrl laiost; pub-ticrtiHn2ll2-specttt2) *" l'ou"
cünplst()d thr? aialysris für ibou! 30 tul.llrcf conpounds, our nalrr interest ls
iI l,lio 5tu(ly llov Llre pr'ot()n oillpjinU corl51:ants ilr the benzene ritrg ale
inllucnllcd by substi Luelrts"

il/c llopt'' [() pr'!'!ir'i)lr- Llür |csul ts 1[ tr Juture contrlbut ion to
r,illl t.oNiltt, siucerely yours,

8. &i^J,L-.
iJelrrir;Lrtl Disclr I r:r'

l)r'- r\lise] A, IJoLI)ner-lty

L,lel1o0 lnslitutL-
4"1OO, Fi f th Avertue ,

l,ittsburuh l'3, Ila.
r) $A
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(Contrlbution f'roru Research and DevelotrDlFnt, I{mble 011 and
Reflnlng Coropar$r, Baytoun, Texas)

NMR @NOITIONS

SOLVENTT CCla
CoNCENTRATIONT <5%, ESTIMATED

SAMPLE TEMP.: 32" C.
INSTRUMENT: VARIAN A-60
FREQUENGYT 60 Mc
SCAN RATEr I cPs/SEC.
R- F. AMPLITUDE! O3 ßG (DIAL R€AOING)

A. 2-METHYL PROPENE

(l

8,3-METHYL BUTENE-T

C.4.METHYL PENTENE-

D. 5-METHYL HEXENE- t

CHr

I
oAtttsONIUM ION REA-BRANGEIffiM IN fi{E CATIOIYIC PoIYMRIZATION

OF tsRANCIIED AI.PIIA OI,EFINS

by

W. R. Edwards and N. I', Chilberlaln

ABS'!RAOT

'lhe polyrerizatton of oleflns of tile serles (n-1)-nethyl-1-alkenes througtl

curbonlul lorr i]üerrtsdl&tes aplEars 1jo invotve a rearrangement fIon a secondary to a

'irertisry carbonlux 10i1.

HC
+r \1.:_' I I

c-c-(ci -c-c + c-c-(c)",-c+'ttr|"'|
cc

the structue of ttre fllrdf polyn€r, as detennlned by NMR, depends on the relative lates

of re&r'rarlAteüent Md polymerlzatlon. At low temperatures the repeatlng ult

L

t._------
CH

CHz

TMS------1

["''J':'1

9.5

[.1]"

F"I] x

['""i].
t-

l'
-ü-(c) - c' '!1 

I
,, pleclourirutes. In ttre horoogeneow al-ulmrm cillorlde catal)rzed systerc

c

c

lovestlgated, the rete of reü'r'aqierent d.ecreases $lth lncl.easlng lengttr of the üonoilFr,

und 1o eoupulable to the rtli,e of lo1)nüerlzatlon for lr-methyl-l-penterre.

fhe resonatrces of bhe nethyl groups ln the repeatlrg polyner ultc appear as

dlsLopted t"lr'st order spin-spiu nu-Ltlpletrir aßf can be readlly attrlbuted to CH3-CI12-r

Cil3-tilt-, or L'H3-Ü- grouls, Uheli nrlxtul.'cs of the gl'oups d'e present, tlie coüllexbut

ctable lEtlet'Jrs produred üe e hal'uc Lellzerl by corapulson wlth strEctra of knoln coüpouds '

.!'or' thls $e1.Lc$ of polylrer$, tlte latlo ol lntensltleb of the nethyl to uetllylene reson&nces

decrer!:ies tlLh furcreaslng lelrgLh 01'Lhe nonoFl'chall, as lrs requlred by t]ie proposed

l)ol.yrE a r)i,t'uc tui'sij.

FlG. 1. NMR SPECTRA OF ACID CATALYZED POLYMERS 'N
ON INT SERIES (N-T)-METHYL ALKENE-T. L!

0,,,,^ PolYltEruzrö nr -73" c. t
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NMR CONDITIONS

SOI-VENT: CCla
CONCENTRATIONT <5%, ESTIMATED
INTERNAL REF. I TETRAMETHYLSILANE
SAäPLE TEMP.: 32" C.
INSTRUMENT: VARIAN A.60
FREQUENCY: 60 Mc
SCAN RATE: t CPS/SEC.
R. F. AI,IPLITUDE: 0.3 mG (DIAL REAOING)

A.3.METHYL BUTENE-I

c
I

l"

NMR CONDITIONS

SOLVENT: 2-CHLOROTHIOPHENE
CONCENTRATIONI <5%, ESTIMATED
INTERNAL REF. : HEXAMETHYLDISILOXANE
SAMPLE TEMP.T 12O'c.
INSTRUMENT: MODIFIED VARIAN V-43OO WITH

PROTON SIGNAL CONTROL OF FIELD
FREQUENCY: 60 Mc
SCAN RATE: 2 CPS/SEC,
R. F. AMPLITUDE: 0.06 mc (EQUIV. TO O.2

mc DIAL READING ON A-60)
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2. NMR SPECTRA OF ACID CATALYZED POLYMERS
oF THE SERIES (n-I)-METHYL ALKENE*1.
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COMMENTS ON THE SICNS OF PROTON COUPLINO CONSTANTS

Str::

A nurnber of recent pup"""l concerned wlth spln-spln cou-

p1lng of non-bonded protons flave contatred experlmental resuLüa

th€lt are lnconslstent wlth certaln quantltattve aspects of the

approxl$ate valence-bond theory for these systems '2 The egsen-

tlal polnt 13 that ln the compounds studles the relatlve slgns

of the gemlnal (l,t) ana vlclnal (1,2) proton coupllng eonstants

wene deterrnlned to be of opposlte slgn,3 whl1e the eJmple theory

indlcates that the constants should be of 1lke slgn lf reason-

able values for the bond angles are agsrured'

Although a detalled comparlson of theorT and experllrEnt ls

compllcated by a number of factors (u'g" effect of substltuenta

ulth lone-palr electrons, Iack of }crowledge of bond angles'

questlon of unlqueness of the arssrgrurents)' the nost lnrportant

problem 1s that only 1g-Ia:b:Lvg Blgrrs are provlded by the avall--

able data ln contrast to the absolute slgns obtalned front the

calculatlons. Thus, the observed dlfference ln relatlve slgns

for the gemlnal and vlclnal coupllngs does not show whlch of tLIe

theoretlcal results are 1n error' In th18 Communlcatlon' we

wlsh to suggest a nEthod for obtalnlng an lndlcatlon of the ab-

solute slgn of the proüorr coupllng constant and to present aolre

corunentsonwhatmlghtbeslgnlflcantapproxlnlatlonslnthetheorY.
It 1s Imown tbat the absolute slgns of Coupllng constants ln

no1€gu1e8 Can be debentilred, 1n prlnolplo. by a low temperatulce

neasurement of relatlve populatlons 1n dlfferent nuclean spln
Istates.' However, the dlff1culty 1n flndlng sultabl-e condl-

tlons for such experlments has thus far dlscouraged al'l' attemptg.

As an alternatlve to such dlrect measurements, lt 18 of lnterest

to conslder the followlng somewhat lndlrect approach. The the-

oretlcal results for the slgn of the splrr-coupJ"lng constant

betlreen dlrectly-bonded atoms are conslderably more stralght-
fonvard than ühose for nonbonded specles. Frorn the detalled cal-

q
culatlonsr for H, and the more approxlrtate treatments of the con-

tact lnteractlon 1n eomplex systerns (e.g. C-fl, n-u)6 ft ls ve{y

probable tflat the slgn of the coupllrrg constant 1s posltlve.

(Here ttre posltlve slgn 18 taken to slgnlfy that an antlparall,el

nuclear spln orlentatlon corresponds to a more stable state than

the para1le1 or.lentatlon.) fhls result suggests than an rraböo-

lutert slgn determlnatlon could be made by a measurenent of the

slgn of a non-bonded proton-proton coupllng constant reLatlve

to the coupllng constant between a proton and a dlrectly-bondect

carbon lJ, By means of the double-lrradlatlon iecfrntque7 tfrat

was flrst applled to relatlve slgn determlnatlons by Evano and

ManerS and tras been effectlvely explolted more recently by

Fr,eeman and llhlffen,9 M*rrrttlo, and othere, the regubed experl-

lrent should be feaelble" tr'or lllustratlon, r{e conslder the

flrst-order spectrue of the eubgtltuted ethylenei

\P
t.-

UJ

lJ
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r,rhere X and Y are non-magnetlc nuclel' For such a systentavall'-

able datall lndl'cate that the approxlmate coupllng constants are

.r(c13, rt'1a reo cps, l.l(c13, rP) I nt2.! cps, ana l'r1r$' rf )

l€a26 cps. ttre C13 spectrum conslstg of two ,f(C13, tf ) aoutfete

separated by l'60 cpsrdue to 'r(c13, tS)' conespondlngly' tne rP

spectrum conslsts of the two J(c13, tP) aouurets separated by the

20 cps. spllttlng or l(lS, rf). If one lrradlates at the appro-

prlate frequensy to collapse the up-fleld doubLet 1n ttre c13

spectrun, the up-fleld doubLet Ln the iP spectrun w111 be affected

rf J(I*, f 1 ana l(cr3, #) "tu of the same slgn and the down-flel'd

doublet wt1l be affected 13 J(IS, rf ) ana l(C13, #) ."" of opposlte

slgn llndependent of the slgn of 'f(c13, ff )]' Thus' one obtalns

an ,rabsoluterr slgn determlnatlon of .f(#, tP). Exactly cornpanable

argunents can be applled to more CompLex systems (e.g. appropnlate

substltuted ethanes) to obtaln the slgn of the vlclnal goupllrg

relatlve to that of a d,lrectl'y-bonded C13 -U coupllng'

A correspondlng experlrFnt can be done to obtaln the slgn of

the gemlrat hydrogen coupllng by use of, a systen such as - tt3L

wlth X an approprlate Eubstltuent (e.e' CN)' By Looklng at the D

lesonance whlle lrradlatlng the c13 resonance so as to affect one

o" trr" othen of the J(D, c13) aouutets, the 31gn of 'l(tt,o) reta-

tlve to l1O, c131 could be determlned. Thus, the rrabsoluterr slgn

of J(H,D) and, consequently, of J(H,H) for genlnal hydrogeno would

becorre avallab1e.

Untlltheappropnlateneasurenentgtravebeencarrledoutrno

absolute comparlson between experlnent and ttreory 1a poeslb).e.

4.

Horveven, the presently ava11able resultg thow that, whlIe the

theory 1s qual1tatlvely conect, lt sny y1eld values for the cou-

pflng constants that ane qirantltatlvely in error. Although there

are a large nunber of approxlrnatlons ln the valence-bond nethod,

the inadequacy belng consldered here can probably be traced to tha

aensltlve dependence of the 818n and rlagnltude of the genlnal and

vlclnal constant8 on the dlfferenöes betvteen a number of effec-

tlve exchange lntegrale. As 1g evldent from Es. (7) of nef' 2(b)

for the gemtnal. coupl1ng8, a cancellatl.on of terms occuls and

rather nlnute ohanges tn the contrlbutlng lntegral's can algnlfi-

cantly elter the regult. Certaln cancellatlona also are found

ln the vtclnai coupllng (partlcularly for the dlhedraL angles

close to 9oo), nhlch ray therefore devlate Bonewhat from Eq. (11)

of Ref. z(u).I2 However, a comparlson of the two caLculatlong

1ndlcate8 that, because of thelr greater oenoltlvfQrr the gemlnal

coupllng results ere nore llkd1y to be of the wrong slgn ovelr en

extended range of angl.eo.13 confturnatlon of thls suggestlon wlll

have to analt etq)erlxFntal ßEaaur€ryents correspondlng to thooe

outLlned trere, aa nel,l aB appUoatlona of the theory to rnore re-

ftlred noleoul,ar rave funotlons.

I'trartln l(a4rlua
Departrnent of Chenlstry
.and. llatson Iaboratory

Co1unbla Unlveralty, New Yonk, Neld yonk \
lil
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i\H&\$q ljth April, 1962.

Dr. A. A. Bothner-iJYt
l,lellon Instltutet
l+\oo Fifttr Avenue,
Plttsburgh 13r Pa.
U.S.A.

Dear Dr. Bothner-BYt

Mellon readel's nay be interested ln sone work which Dr.
I"lctauchlan (of the N.P.L.) and I have just conpleted on the P.l'l.R.
ipäöitiJr rryoroxy L-proline and allo üvdroxy L-pr-oline ln D20' 1

Tfiese specträ can- be ana]ys<;d to give all the coupling consta'ts
bet\,reen adjacent cH-cH protons in the rlng, from which tile precise
conforruatl-ons of these molecules can be deternined by mearrs of
the Karplus eqtn. relating viclnal couplings to the dj-hedral
angles (eqtn. 1).

ßToups, agaln thls can be done. Hor,revex, to cut a long story
short, the ccrupllng constants and asslgrunenf$ s3g5-

a. For hydloxy L prollne (f'le. la)
Jea- la = 7.66 c.p.s. J:a-trb = 1.41 c.p.s. Jrrb-Ia - l-22 c.p.s.

Jea-:b = 10.+It c.p.s. Jlb-r*b = 4.31 c.p.sr J+b-lb = 1t.09 c.p.$.

b. !'or allo hydro:.y L prollne (fig. ]b)

Jza'3a = I0.48 c.p.s. J3a-,*a = \.7L c.p.s. J+a-Ia = 0.9k c.p.s.
Jza-lb = l.ll\ c.p.s. J:b-+a = 2,O9 crp.sr Jrra-jb = \.57 crp.so

where a and b refer to protons on the opposite atrd the salue
side respectlvely of' the ring as the carboxylate group.

r{b OD

D[':PAR l l!tl1N'l OI: ()nGANIC Cltlli\llS I RY

4 4
OD

N

kr=10.5

kz-L3,7

C '=0

Ho Ho

oo

a-
k1cos2/ -c

ir.2coszQ -c

o 441go"

gcil(lno" L HoHq o
N

DDD

H-

D

In these molecules, we have the couplj-nts constants for
three CH-oH fraguents iÄ the ring. un]-y tl^ro of the dilledr'3-l
angles derlved irorn these couplings are necessar)' to detel'ulne
thö conforioatlon of the ring, thus a couvincing test ol' this et1tn.
is to deteruine whetlrer atl ihree are conslstent witlt a single
confornation.

Also if lre mahe the assunptlon tlrat cireurlcally siutilar 0tl-OH
fraglrents in dlfferent molecures have the sante values of tlte
coeificicnts in \ then these coefficients can be experinerrta.ll.y
detennined. üerely by lnsertlng the observeat coupllng constants 1tl
1. and solvlng 1'or/, krr ka and C. In order to obtairr these
result,s, lt is necesaary to calculate the dihedral angles in a
five rneirbered ring as fünctirltls of Liie :urount of buckle of the
rlng. Thls has l:een done for the two syuunetrlc deforuations ol'
bhe r'ing (tlre 02 a,ticl Cs nodes). Also it is necessary to assigtt
ttre couftinir;s tö the lädivlduat protons of the C3 and 05 ruebhylene

1 / cortb '
' Ä p,,r't ')l' l;il;:i ir{)-L'li w:.:: llr iri.i'ir((l !r't:viol.lrjly irl ri(;lirtlr ]l''. .l).

'flri.l; 11:rvr: .1,.)r;:; ir(l(lu-rirt;c .T v:; l-lt-:; :rrld :,tn ittcr-)rtei:t lltr'lirrctr-i-:rr
c()nfi.r'lr:,l,ion-

lc lb
Ihe dihedral angles obtained. froni these assignnents ar:e

a. tr'or lryclr:oxy proline Q t-, = 3l.25ord,-n * 5t.oo r{u-, = 5o.\o

b. For allo cotupound { r-, = 2.oo, {l-u = 49.0o , { o-, = l2.2Jo
and the experlnentally deternlned. values of the coefficients ln
l. ale

c e-ol C:-C,* k1=19.9 C+-Cl kr=10.1

Cl =0t, =0 \
(.rJ

p
{

/ cont.
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M<rwsaNl(r Crr n rrr rca.r- (l(lltt'ex v
(bhe value of'0=0 was obtained frolü the tJa-C5 fragftent dl(i a:jrurn(rct
ln the oblrer f'r'arir.uents ) .

Ther calculated dihedral angles for the C3 or envelope
ccinfornatj-ong shor,,n in fig. 2 aTe a. for hydroxy pr'oline (vittr
arr irrrgle or'buckle of j3o) 3L.25, Jl.O and f1.0 res. and b" fur'
itrr.ilu cor,rpound (with an angle'of buckle of ??o) 0, 4-).-1 aod
'/2.0o res.

lNoroaNto Cttuutolt,s lJtvrsloN
lüss-r*crr D!PAft altuNt

9oo Noraß LrND$Eüc{ f}otlr.Ev,\RD
Ilox sso

St. Lours 6(r, tlrssoutr

H

April 16, l!62

Dr. A. A. Bothner-By
MeIIon Institute
4400 Fifth Ave.
Pittsbuxgh 13, Pa.

Dear Dr. Bothner-By

I would like to vie for a position on your füELLON-M*R rnailing list.
As a down payrnent on rny subscription, I am enclosing two iterns
which may be of interest to readers of your cornmendable newsletter

The first is a sample of the 8-I/2!t x llI ctrarts which we find useful
for direct recording of routine A-60 NMR spectra. We simply use
the ,{-60 recorder on the 1000 c,p. s. Sweep Width and scan frorn
-500 c,p.s, to 0 c.p.s. Filing and reproduction of recorded spectra
are much easier with these srnaller shects. OveraII precision is
reduced by a factor of two, of course' but results are adequate for
most routine sample s .

The second item is a description of a special combination sar-nple

tube and probe insert which we have found useIul Ior quantitative
P3r NMR measurements. The compromise between signal to noise
and resoj.ution is somewhat more favorable ttran with standard Varian
inserts and separate sample tubes,

Sincerely yours

H H

H

H
H

b2o"

A r[ürbei' of interesting conclli$1.rrls {1ltrel'gp. }'i}st]-y the
al,;reeuent between the observed and calrjtllated dihedra.l ar-rgl.es,
e,öpcciatly ln tlrc case of Lyrirojty p1'oliIIer is excellclrL. I'hl>
coirstll"utes a qüantitati've verification o{' i,lie foru oi the h:LrpLus
eqtn. 1e AIso ic2 > 1(1 f ö{' t,he only {r'a'grrtent f or r,uhictt lr3 can be
l].:asut'()d, ilgain in agr:eelrelnt vith the p1'(rdictlons of ül1r'plusr.
Tlre facL'lhaI bire theoretical valLlers of Litesc coefficli:]ltil
(8.), '1.5 c"p.s. 1'esr) differ.'f'l'otrt the above values is rrot sui'-
pr.tsirrg irr vicr,r of the appr'ox1lj1:it;ions ilccL'Jslrf ily invoLvcd in such
i1u:,rl-nn ürcltarical calculeitiolls. ri1sc, of intcrcst a.Te the c()Jl-
tiormations obtaincd for these uol-€rcn1es, eepccially wlUh reil.ird
to ilre alrtl-I(j of buchle. 1n hytiroxy lrt.oline, a ucJlectlLi; ill wtrlch
no spi?cil'jc inl,eractlons or)c111'(al clistincE iroll the allo coulroLtlld
in r.ririch irrtratnolectrlal l]yilroüen i),rndin- ui.Ly bc presenl) r tLre
.rnJlri ol buchIr, iS 5j0 , de,!r,rrr':; l,r.;r1 irr1' <:orrclusiVcly- the pJ.(jrl(-llrlf.Iliill1,

lnlhit,nce crl' tlte otte tt/.i int(rr'i,';Li{)n:j ilvcl' tlre C-C-C aIIL:lti :j1;f iritl
in deleruirrlrlli. tl]c conl'o|l0a.tio]l uI live t(r':ubct'ed f ini,s. lrt tir*
allo coutgrclttncl thl ani'I.l ü1'bLlci(1( i:i u!en rjfi:aberI suij!,critil1tj
Cr.rllsir'ierai)le l'1ny j;tr.aitr, atiu iL liliiy b! :jigl:rif icarlt. ln this Cr.)IüIücLiOn
that lhclt: 1s ncrt, such f o'-'d arC I'{ri,t:r{'nt bcttleen titc obs er'vt:ci arld
calr:ulateci dihedreil enJlcs 111 [llis collpounci.

I,ly alrolotjlctj.lor tll13 r'rrt,llut'l-,-:irg'tily c{)nLIibi.lti'Jr}. I ';ltjUy
r'rj:l(lirrä Di'. ;ititcliil'et s l'1..0.1,.L.f .11., attcl l,isil your nL:Ir:j l-' ttcr
i v(;I. y sltccarss.

4t,etr er*tl"/'ü
M. M. Crutchfleld

Y(,llt'r": siricerclyt Encl
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(lt, J. Abr"ilh;rt,r)
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A SPECIAL SAMPLE CELL FOR QUANTITATIVE P3I NMR MEASUREMENTS

M. M- Crutchfield and R. R. Irani

Monsanto Chernical Company
Inorgauic Research Department

St. Louis , Mis souri

Due to low sensitivity to the phosphorus nucleus, the accuracy of quantitatiYe P3l high

resolution nuclear nragnetic resonance measurements is frequently limited by a small

signal to noise ratio. Since signal inteusity increases with the nwber of P3l nuclei io

the region of the receiver coil, signal to noise can be increased by the use of large

samples. However, this is usually accomplished only at the expense of decreased

reso.lution of spectral details, for it becomes increasingly difficult to maintain a horno-

geneous polarizing rnagrretic field over the entire volurne of large samples. 'fhe prob-

lern beconres critical for elosely spaeed peaks.

Colnmon practice is to use 5 m.rn. O.D. spinning sample tubes for oPtimu[t resolutioa,

and L5 m,m. O.D, nonspinning sarnple tubes for oPtimurn signal to noise. We have

recently constructed a cornbination "sanrple-cell receivet coil'r probe insert which is

sornewhat better than a cornPrornise between these two. By eii.minati.ng the scParate

sanrple tube and placirrg the liquid san:ple directly in a specially wound Probe irlsert

.rith an all glass bot[orn aud an insi<ie diamele! of 6 m-m., the filling Iactor of the

receivcr coil was inrproved Lo lhe point where signal to noise equivalent to that obtained

wilh 15 rn.ru. O,I). sarnple tubes was achicvcd with considerabty better resolution.

The cell, shown in l-igure l, was used in a standard Varian Associates Model V-4331A

Probe operatirry at 24.3 Mcps in a tyPical VariaD HR-60 magnet system'
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The cell construction was quite simple. An Amptrenol@ No. 3I-003 connectorQwas

cut off 1.4 crn. frorrr the opeD end, and the locking pins on the side of the connector

were filed off . One end of a length of No. 30 gauge Nyclaa@copper wire was soldered

to t-lxe center pin of the connector@and the wire brought out through a notch filed in the

top. Epoxy cernent@was used to bond the conoector to tl'e flat-bottomed Pyrex(D

tube@. After tJ.e cement had hardened, a seven-turn coil@ was wound around ttre

tube. The coil was coated with clear expoy resin and the entire assembly cured at

100"C. The loose end of the coil was dressed down the side of the tube, Parallel to the

other wire and then soldered to the outside of the connector@.

In use, li.quid samples are Placed directly in the cell uP to the indicated mark@ . The

cell is supported in the probe by a snug {itting Teflon collar. Since ttre cell nrust be

removed from the probe for cl.eaning between samples, ttris requires mechanical re -

balancing of the insert for a detector nuII point each time and a few extra rninutes Per

sample .

Typical results are compared in Figure 2 for a sample of undiluted trimethyl phosphite

in three different probe inserts. AII measurements were made under as nearly equiva-

.Lent conditions ae possible, with magnetic field homogeneityshim coils adjusted for

optimum homogeneity for each sample. The sweep rate was approximately one cps

per uecond. The signal to noise ratio for the combination cell-insert is equivalent to

that obtai.ned with the standard varian insert used with 15 m.m. tubes, but the resolu-

ti.on is considerably irnproved, due to the smaller samPle diameter.

Although resolution is not quite as good as ttrat obtained with tlle standard 5 m.rn'

spinning sarnples, it is suffici.ent to give essentially comPlete resolution of ttre 1>eaks

in the trirrrethyl phosphite rnultiplet. 'l'hese peaks are approxirrrately I0 cps aPartln

lact, the slight itrhornogeneity broadenirrg which results with the nonspinning 6 m'm'

sarnple facilltates nonelectrorric peak integration, since it elirninates the wiggles which

are obtained under spinning conditions.

The degree of xcsolution obtaioable with a cell of the given dirnensions may depend to

eome extent on the individual magnet with whj.ch it is used, since field gradients vary

some experimentation may be desirable to establish an optiml:m cell diameter for a

given Eragent. 'fhinner glass might also provide some additional improvement' but

some compromise must be made for adequate strength '

Attachments
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FIGURE I

COMBINATION SAMPLT CELL A ND

RECE IV E R CO IL I NSERT TOR

PHOSPHORUS NMR -24.3 Mcps

6mm l. D.

8mm O,D. B

7

(J

I
4

5

2

3

6
u
N
rt

C

Phoephorua NMR Spectra at 24,3 Mcpa for Trimethyl phoephite in
different Probe Ingerte .

a. Standard Insert with a separate 5 rnrn O.D, tiin-waII epinning
aample tube.

b. special cornbination insert with.ut a separate sarnple tube. Holde
a 6 mm O.D. non-spinning sarnple,

c. Standard insert with a separate 15 mrn O.D. non-opinning sample
tube.
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Figute 2.
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In rlc Llorr llu, lr.-l , 'tity iJl'clJldl, :lcire{V il'osller, I(l:ius Pachler' uiel I repolt"'d

tlrat vo lrad ol,r.:ileri tl,li. i.ire llelri.nal ur'l vicilEl coupling coristrnts i'rr 
"

irZ-fibuutp.,',riotr:ic ::t:i.tLu'e äi' o1i'rc'slte sitjll. 'jiliis oohclusloll uas ueaclisrl

b.', tuo $cl)itrr'al.t rr,eL, oll, accu'ate 
-^i,atyots 

ol slcctra a1" 19'086 }:c'/s uril ittt' in'"'"-'

uü,louble irf i!!iatiort, uri'ic]t botl, "t'lititt 
s1''"'ial:isc'1 s{uipuent md consiJerälllo

ef lbr't . I noir wi rilt to lcrrolt lrorv i)av i'l iilrif'ferr ad I liave obtailed tlie saie

irio",,,.t iou in al cxtraordinu'ily sir[p1-e umrer }y obsewirtg l'he rloub]e-quari'Lurl

speutmt. , \
lct us cortsi,ler & J-nLlc1ci lysteu, A B C, rvltlr cher"ical- slr-Ll'ts I 

| ,'l ):'

if,,),t,"l't ""ilfilli . fi :":il* irt' -i"+"" t'd$' 
" 

l.3T':.'"f ;::' ;-Hrl i::,
;;;i;-;i;;; o-,-= i1 io, e-t1 tliree 'trclsi. 1'' Y{e neslect seoond+rder tettrr'' uir''

enelsi€s of these.t,.tru.i-o-(-i; -); *)")/z *-(J.q:, -Jro -J*rr)'/4 and

()^ t )o *);/2 + (;* r' l*, + lu)/\', arr4 tlte trarsitiorr t'r'eqrrency Lret{r;€Ir

tlre tvo statei j.s a half tlre crrelg)i.'aifi'c|erlcc, i'ö' (lo * )rr)'/Z + ('rr-' + J 
".')i!''

[,'or t]€ collcsporrLlinll triursitlon witlr 0 in t]re u = -l'state tlfou{iinrrL' l;l}e

;;";;'.t is (lo * li)t, - t;r,t' +,rru.)z'4. cotrs':iiuuntlv lhe double-iluurtür sle':Lt1u'r

iu Lt,is rugiotr col.::j.,iti Jl bwo lincs oI'agrploxi:ulvJy equal int,ir'bjLy{ ttnbrcJ
;i ii;-'-t;tt *ifl o .*t,o,otior, ot'l (t^, " tr*r)/z | ' Tnter"p'euatior' o{ tlrc

:i.';Y;5':::ä:':ili,'rr"il;:,,!.io$i',""ii" 
l,'1äiI-.*"'J*:;':ll'";"1fi:';:ii:':

.r*.,t*ün lir,"'Jl

tlre l.igtru lltolvs tle n'>rrral 60 l'lc/s slngle-quartu! s1tccLnur 01. 1'z-'libruro-
p'opiorric,,Jid iil Lettrctre eolutiort oblaiilc'l wtllt Eh1/rt:.u':)k.f "l:"" :11"
io"irl*-iiuull.u,, one o1,l:"ir:ed^,iitl- {"1,'.,i r :?'l c's" fÄ tt'e lattol the tiorlL'l
Iirres 4!'e L|oaisrr:ii 1y srLu'rLiotr u"t'lil'rp 'iorrl'1c-'irraritun lines ae seoir'. 'i'l'r;

;;;;;,,i-;";l;;--iii,'"i, rl, 1r', 1-l airci 1u) is oouplcx slnc;e it re.'rcscrrLs tl$
,1odlr1e-cluuutrur i,'.,,.-: t,orr: ,r1,s ''w'J lzlrilst lucleus ts iE ruiject to a sLrurrg

stirrit13 l'1.',1.1. l:Üli(jvI;!'1,iü cohl]1€te sj'3r} illf'ol]|]atioII c?c!'t,e obt,a:nEd l,r.tlrr ]'lrr.,s

lJ, .llp, 1(,1 ,r'r :l r.

I sl,.'rrl i rtr'.,$5 LlraL tl,is is a vvry siullc nleLloJ ol'ol'Lairring su<:lr 1'rrlirrlrLr'-

tion wi, i.dir crur b',' rs,1rl j e tl *itf tttf" "t'y 
oiiuirulit aülitiorrdl lo tllc rFl'uüI. f i[li-'

ce$o1trl ion ;leoi: r!l!k:Lcr'.

Ä !,or'ü 1\ül uc:'::orrlrl vill aiDelrr- ill i'rr>c' Oltelr' So'l'

Y,)ru s 3il$elc]J, /
- .a.,/,.. J,lti'd;,'' ,,.t'
" 

-<.i*";rr/r"'r-I'z-. wü'l'- 'r.; i-- a' t
' t("-1- ll,lldlrulrlur

Luric i'lr3', r,lc,]ivi;iorr

Dcar' ! r'ctless.:r lioLidrcr'-l;lr,

llc:].l.l,ivc $iJ.Ilil (,t, ctlrt.,] ill i)o,.sIulitS- t?oit clcril"]c_.1lt1rltllu st,c,:,tjr:a

-

Ploi'. ji.-/,. ll0Lirrr.,r'..llj,
ijir'dcLa!' oi',icrt:rr!lt,
11.,1 Jorr lrr;i.1 LrrLe,
lltd) !'ii'hlr rrvcilLic,
iltLs-Dtüüt', 1f , 1'"-,
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CaIcul ated fron N.M.R Data

Chohi3lry 6nd Chomical €nginooring
Cmpound

cHlF
cHicr
cHlBr
cHjI
cB:*r2
CH2Br2
QHcTc
cit!1nr
cH2C1r
CHCIr
cHhi
cHcliBr
CHC13r2

ta
(ppm)

ZE
( calcd)

2E
( Huggins)

8' Jo
7.55
7.3'
7.6
B.5o
8,10
7.50
8' 30
8.00
9.t$
8. Bt
a2l.
9.o5

- 
Jctl

( cps)

]-Lei
150:
L'2D
15IP
r?80
ra5l
L730
l7el
178d
209b
206b
2c,6d
2o6d

t.?lt
6.95
7.32
?.81t
\,67
5.06
6. ro
T. B[
5. or
2.75
3. 18
2.80
2.91t

4pr1L 19, 1962

Dr. AksEl 1. Botbxer-By
Dlrector of Resesrch
Msllon Institute
lrlr00 Fifth lvenue
Plttsburgh L3, Pansylvenie

Dear Dr. Bothner-Byt

IJp to the present tlme att€mpts to correl-ate proton magnetic
resonanc€ apectra viüh electronegaüivlty have been reetrlcted to
monosubgtituted methanes and ethanes. A general ernpi,rloal equa-
t1on, whlch ryplles to compounds of the type CHXYZ, has been ob-
Berved ir thia laboratory, nmely,

2!.. L3,39 - o.556Lt -o.O1313JoH .

In thls oquatlon ? le the chenlcal ehlfü of the proton bonded to
th6 csbon cton, JCH ls the C]J-proton spin-spin coupling constmü.
end.äE 1s the sm of Hugginsl electronegativltles of the Bubstj.-
tüent6 X, T and Z bonded to the cenüral carbon atom,

As ons can see tlom the acconpdlJrlng table concerning poly-
halogmated nethees, thc agrement, betseen Hugginsl electronega-
tivitles and ühose calculated fron n.n.r. daüa ls *ce11enü,
?hls io quite surprislng since ühe enpirical equatlon does not,
ln any ury, take into account effecbs such as bond dlanagnotic
düsotropy. Äpparenüly ihe anlsoüropy correcülon for a carbon-
ha].ogm bond must be proportional to one or more of the factors
ln ühs enlPlrlcal equetion.

Furbhm calelaüions and dlscussion of the aboye equaüIon
u'I1"1 fol1or in subsequent nal-l.

Sinoerely yours,

€4-,e,.4 ft .744L;*,*"LL
&dmund R. Uallnowski

Efiü/JK
enelosure

". 9. V. D. ?lersr,dTables of Values for e VarLety of OrgmlcCorpomdsn (1958) (prtvatety clrcutatel). -'---

b. t{. Hu11er arrd D, E. prttchsd, J. Chem. phys,, jl, |LlrTL (llgrg)
c. obs€rved ln ühls laborstory by Rlchard l,{agee, NaülonCl ScLencc

Found ation Undergr alu ate ft Ls e-üc h f ar t,f cfiani, 
"if 

6f ,

d. Calculated flom zeta values, E. R. Uallnouski, J. An. Chen,soc.r !2, U{?9 (1961).

8.zl.t
7.b6
a1)
7.q
8. L5
8.15
7.13
8.35
8.2?
9.r2
8.91
9,L3
9.o5

\
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Aprl1 19th1 1962.

Dr. A.A. Bothner-Byr
Dlrector of Researcht
I,lol-1on Instltute I
LL W. !-tfth Avenue,
Pittsburqh 13, Pa"
U.S.A.

Dear Dr. Bothnor-By,

lro have recently for:nd abnor.rnal clremlcal shlfts

ln certaln phenol-s and have traced the sauso to a provlously

unrecognlzod type of hydropqon-bonding rosul-blng ln unusually

stable dlrars (e.g. I).

The effect sras dlscoverod durlng analysLs of the

nucloar magnetlc resonanoe sPectrun (60 l'tc'/sec') of nethyl-

3-bydxoxy-4-lsopropylbenzoate (Il) 1n carbon tetrachlorlde

(not deuter'lochloroform) solutlon (0'2?l'l)' The bands of th€

aJ,omatlc plotons were asgl['lned (see ]-lgure) on th€ basls of

the expected coupflng constants (Jortlro -- 6-B' Jr*ta = 1'5-2t

J < I c./sec.), and anal-ysls of the spectl?um as an ABX
pala

systenl. Ilowever; the refatlvo chemlcal shlfts thus found

for the aromatlc protons wero qulte r:nexpected' Ft'om the

effects of substltuonts, tt was expected that ll2 and 116 would

haveveryslnllarchemlcalshlfLsrwithll2atperhapsvery

sllghtly hlgher fleLd tttan I{6, whereas tho aeslgnmenbs made

on the ftaals of coupllng constaurts placed II2 at much l-ower

f leld than 116.

Thls anomaly was resolved hlhen lt was found that

the chomlcaL shift of H2 vras gtronflly concBntratlon depenilent,

although only at such extrenoly low concentratlons that the

llnilt of the dllutlon thlft could not bo observed' A nore

satlsfactory wa)' of breaklng tho sel'f-assoclstlon of II was

by tho addltlon of acetone or nethanol. The addltlon of

about one mofar proportlon of methanol (concentratlon ca !fi

vol. by vo}.) resulted (see F151ure) ln a dranBtlsruPfle)"d

shlfb 1n the posltlon of H2, wlth llttle sblft ln'H6 and

practlcally no shtft 1n Ii!. Tbe phonollc rryarixyl proton

becane broed because of excharge wlth the methanol hydroxyl

proton erd was shlfted to low fleld bocause of the baslctty

of rnethanof. inllth the addttlon oil a 1ltt1o more methanol,

ll2 became practlcally colncldent wlLh H6.

These effects are nost slnlply oxplalned lf two

molecul-eg ol II are lnvolved 1n a hydrogen-bonded dimer of

structure f. In f, o&ch H2 experlonces the rlng cu-rrent

effect of two benzono r:lngs, whereas 1n the monomer (or

approxlnatelT so ln a non-cycIlc 61nsp) II2 ls affocted by

only one benzone r'lng. i^Ihethe;r I ls planar or nÖt, the rln€i

cu:rent eflect ls of tlre requtred magnltude and dlrectlon'

ONAWA Z. CANADA
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The lnfrared spectrum of II was studlod ln care-

fully drlod carbon tetrachLorlde soLutlon at a path longth

of ! crn, Excopt at concontratlone below Lo-hMr two bands

(:h55 o*-1 and 3613 or-1) *u"" obsorvod.. By appllcetlon of
tho troetmont of Llddel end Bocker, ttro oqulllbrlum constant
(it = ldlmeyl/[rnononrnl2) wqs oalcu]-atod to bo [63 + 1"O mole/l.
and was constant over a ton-fold concentratl-on range. By

comparlson, K fon phonoL in carbon tetnachlor.ld.o has the

valus of about l" mole/l.

For. methyJ. m-hyciroxybonzoat,o, K yao equal to

5!4 : 10 molor/I. In the caeo of m-nltnophonolr hlrdro€ien

bondlng also pesslsted to 1ow concentrstlons but K wae not

calculated. The n.m.r:. Bpsctra ol' these oompounde wore too

compllcated. for slrrple analysls, although markod changeö were

obs€rved on addltlon of smal1 anolrnts of mothanol.

Youno olncer:ely,
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PuRouE UrurvERstry
DEPARTMENT OF CH EMISTRY

LAFAYETTE. INOIANA

Aprll 1!, 1t62

Dr. Aksel A. Bothner-By
Mellon Institut€
440O RLfLh Avenue
Piütsburgh 1J, Pennsylvanla

Dear Aksel:

I'Ie have Just sutrnltted to the Journal of Cherdcal Physlcs a paper calIed
rrÄnonu.lous Chenical Strifbs in the Proton l4agnetlc Resonance Spectra of the
Dimethylcyclohe.:canes and Related Hydrocarbonsril by N. l6r1l.er arid W. C. Tosch.

As the titl-e inplies, we have discovered a nurnber of rather puzzling
ttüngs. For your own use, I am encloslng a preprint which tells the whofe
story, but perhaps you oiglrt nanü to present to the readers of l,lellonmr the
following brief descrlption of two of our rather surpri-slng findinge.

1. T.rt the dinethylcyclohexanes the ring protons, whether a:dal or equatorlal,
occur at or below -1 ppn fron TI,4S wlth one exceptlon. The enclosed flgure f, fnorn
H.11 Toschts thesis shows the spectrr:m of the exceptional compound, cls-lr3-
dimethylcyclohexane. Sone of the r{ng Fosonances lie well upfleJ.d frurn the met\rl
slgnals. Anisotropy calculatlons do not explain thlsl in fact ue have no ercplanatl.on
at thi-s tfuoe.

2. The occurnence of the ring-proton sl-gnals as a sLngle, relatively narrblr
band does not necessarily rnean that the ring is undergoing rapld inversi-on. Thls
is shown uy ttreTpeEliäTt the two, confonationally -1re2s.ri isomers of
1-4 net$l-t-butylcyclohexane. The trans igomer has a ring spectrrln consisting of
tivo regions of rresonance one of which overlaps the nethyl slgnefs. Theso are
about t/2 ppm apart, as is trnornal|r for a:dal vs equatorial r€sorrarc€e. In the
cis isourer these signals appeax to be coalesced, as though ring inverolon r*ore
taking pIace, but the preserrce of the bullry t-butyl group rules out arqy posslbility
of inverslon between two, equivalent confonratione.

I shall be reporbing on some of these puzzles at the l'Ild Amer{ca Spectroscopy
Symposiun il Chicago on l,lay 2 and hope to see you there.

ilith besb regards,

Slncorely,

I'IGURE ?
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NllR Spectra of Cte-1,)-dimethylcyclohexanc
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FIqURE 1'

Nl,tR Spcc trun o f Cie-l, 4-ne tby l-!-butylc yc 1 ohoxant

at 56.4 l4c
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FICURE 14

NI|R Spoctra of lbane-l,4-ncthyl-!-butylcycLobexan.

at 55.4 Mc
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l'll'/{i fj'I'UDY ()r PYllAZc).l,J,l Ar,ll) LMl.DAZol,ii Al lt0ofi ,l' 
1rI\4 l,l'ii iA 1,ulurj

rir.w'sLudy of btre hytL'o5'crr-bonrl ritrerruLh oJ.'pJ..zot. ard .rtridaz'.te

irr chlol.oiot1n soluLiclr €rt, f.oord l,e!1pcr,aitu1,€, uuirrg u. Farr-l.r1ii V_lr-jOO Uiuil

]ieuoluLi-c'ri lri'r,Ll iipecL'ureLer vlLh rL f2-i,ch oJ.ecLrolo.lSrLeLic lyrhoui

ope'lrLed rrl l)t;]oo di.*soir ard 6o lvlL:, uo tiav.e r'ou-rrd i:lrtrt o'ry rlrurrornerü

arrcl. dirpr.s of the colr4]olull ex:ist .in ilre soltt;lolr oI. pyruzole, lihl.le

Lhl.s 1s deilnitely. not Lrtre 1.or. iruidazole.

$l.nce tlre r.iIgeü of'oui, dat€r vgl.e lilrited b;,.ilre weik sltjlirl_Lo_r:roiso

r'*Llo i'oJ'olutlolrs of rov co.cerrbr.,Llorr art one eJid, ar!d" by tile Joltr

"]olrrbillty of' Lhose courlrounds r' clir.ozofor.n ert bhe oi.her., trru uuual

leclr^1que ol oxr"r'&pora1,l.o' virg 
'e.de.ed l'r'easiblo 1' obrrrrrrirrg NI{H

clür'acLol.lstlc shlltr lor olLhol the nonontel or the dlnor. i:L Lhus

bo<;omeu lr{)o$Bibre to ob'Laln bire oqulrlbrlrul corrlLants 1or tho ailaooia.-

tlorl eqrrj.llbt.lul d.fu'ocLly fr.on the relatj.ol l.oruuLaled by t{r;;glrrs,
1

Plloe,rtul., ,trd Shooler.y. ,Io over.corue riuch d11.i,Icu1ty, Ul€ ucl;liod. o_t.

leldt üqrurf,'es warr ilron employed to ogtlua.bo olluultüreous.iy Lho Iilvlü

char'ar:l.or.ist1c shlf bs ao. tho equlltb:,11r:u corl$LtmLs I,r,oor 
're 

söts oJ.

expor'lmerrLeJ dsLo o.f NMI shlt.ts, (f : )o.gJ046, I.or.pylazolou ut 2l+,lo0)
TIie Llreor€tlc&l IiMl shli.ts, oblri]lned l},osr tho oquuLiorr clei.lveil by

l1,i;61iru , pl'rln L.ir. ' a-'d siroorery , b{uied ön the$6 estlTrfited pul.ilr,o Lc-r,ii ,

rr'e;bolrn he'e ln tiood. ag.oeuorrb wibh the erperrruer:ta] Nl,lii shrl,t,s ror.

py'uzole r-rl, rool* Le*p€:'rl[;ul'o. Iru'L]ro:. sturl1er,; at ro.wet' L€ürp'r.duur-€

a.d ol'oi;her collpo*.d.s of ttre *ure iamirles ar.o 1rr p:.oce.s lurd vlrr_

bo I'epört€d rrb a later d.obo.

C.l"t. lhrgijlns, c.
uo, lltl (19:iit).
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C. Pi'orrrtul, öilld J. j',i. ljhoolo-rJ: J. l,L;yü Clrorri. ,

Narl C. Hung

Davld J. Wllsori
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