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period 1 Sepe. L962 - 1 June L965, Insrlrur der Or
Chemie, UniversitäC l,flincben, WesE Zoae, Ger:rnany).
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2 Participants who are able to send in copies of their contributiong
are reminded that due to our increased circulatiou, they are re-
quested to send 2OO copies. All pages should ae B-tfZ" x 11'r aud
have at least Lf7tt matgLn ou the left hand side.

Since photo-copLes of various klnds do not reproduce too well.,
contributors are urged to subrn{t, their origlnals Eo us, aad we
will be happy to return these lf requested.
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Dr. A. A. Bothner-BY
DirecEor of Research
ltellon Institute
4400 Fifth Avenue
Pittsburgh 13, PennsYlvania

HO2C 111

TtLtrHoHC: \ /ara3H 5-l600

Dear Dr. Bochner-BY:

l'le have been engaged in a study of nagnetic non-
equivalence of rnethyl and nethylene groups in the past few mont,hs.

Some of our resulEs are as follows.

1.2,3-Dibrooopropionicacid.-Inagreementwit'hEhe
results of double-resonance experi-ments (Freenan, no. 41) and of
Ehe double-quanEul0 sPectrum (Mclaughlan, no' 43), we have found

t,he vicinal and gerninal coupling consEants Eo be of opposiEe sign
by analysis of the 60 mc. spectrum in various solvents. In every

cäse fhe EransiEion inlensities, Particularly of some combination
lines, calculaEed for the seE conEaining couplings of opposiLe sign
were in better agreement wiEh observed inLensities than were those

calculated for rüe sec wiEh couplings of the same sign. Alchough

the assignmenlr Br

a--:

H112

i

3

Br

was made by Freernan, our data conEraindicate his basis for doing

"o, "i". , " . ...fa1 ana JgX (J13 and J12) vary with solvenE because

rträ srarLsrical üeights-äf t[ä three rotational isomers changet

il; iAB (.lzg) remains constant and can Eherefore be assigned with
confidence-io the gerninal coupling. " Our analyses indicate all
coupling consEanEs have the same order of solvent dependence; if
va1id, ih.se resulEs have some int'eresEing corollaries'

2. (1r2-niUromethyl)benzene. - From the dibromides
prepared from d -deuterosE)rrene and Lrans- F -deuterosE)rxene,

a-
)c

H

..8-c tD
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8.57

8.70

8.43

8.44

39. 63

43.62

49.40

49.33

3

66.16

57.03

54.L6

54.6L

L2

10.92

11.31

11.36

11.0

CETBTCHBRCOTE

t3

4.53

4.38

4.06

4.5

?1

-9. 91

-10.11

-L0.22

-9.8

SolveaE

Benzene

Chloroform

Acetonetrile

Acetone

Solvent

Carbon tetrachlorlde

Carbon teErachloride

Acetone

-L0.27 ChLoroform

Sol-vent

8.55

8.59

8.4s

8.44

8.60

72.00

7r_.83

80. 28

79.92

72.63

75.76

75.90

78.22

78.60

75.89

5.24

4.28

5.59

6.33

5. s8

CttrBrCEBrCrE,

L0.86
(ro. s51*

LL.76

10.25
(ro.4o) *

9.49

-10.08

9. 99

-10. s4

10.45

10.60
(10. s0)

*

?H
(cE3) rCBrcHBrCUE, 

(c%) rcBrcHBrCorE (CE3) 
2cEcHc6E5

Cheo. shifr
of nethyls 16.5 13.1

6.0 L2.3

11.0

* Value measured from spectrum of
dibromide from trans- F -deuterosE)rrene.

Benzene

Chloroforn

Carbon tetra-
cbloride

5.1

5.9

7.L

one can make an unambiguous spectral assignmenL Lo the (1r2-dibromo-
ethyl)benzene spectrumr assuming only that bromine adds g to
the doubLe bond. This assignmenL ist

Br
E3 H2

a

Br

B1
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Spect,ral analyses using Swalenrs iEeraEive scheme and/or an
empirical scheoe devised for three-spin syst,ens afford the pararoeters
lisced. Alrhough seEs containing both positive and negaEive J23'"
are presenE, satisfactory agreemenE beEween observed and calculated
spectra wit,h the set containing couplings of the saue sign was
never obtained. Cont.inued iteration by either scheue resulEed in an
alrcsE consEanL raEe of change of Jy2 and J13, i. e., E,he iEeracive
procedure was, aE besE,, converging very slowly. The consistently
betEer agreemenE between J13 in Ehe seE conE,aining JZ3 (0 and the
observed coupling consEanE in the dibromide from Erans- P -deutero-
sEyrene gives furEher support Eo Ehis assignoent.. Again, J23 is
quite solvent dependent. Because Y3- !2)O in benzene, chloroform,
and carbon Eetrachloride but v3- V 2 

( O in acetone (and also
pyridine), one roighE find a binary solvent mixt.ure wiEh acetone
where Ehe ehemical shifE between the two nethylenes vanishes alchough
rhey will remain non-equivalenE by virEue of their different L12- and
lr3- couplings.

3. Non-equivalent nethyl groups - A table of
chemical shifts sgrnm6si2gs our observations. Each of the meE.hvl
resonances of A [c6u5crmrcBr(cH3) 2 ] and s [1ctr3) 2cBrcBrHCo2HT
are quiEe broad, but no fine sEructure was resolved. (ttre tralf-
width of inEernal Tl'{S was -,0.3 cps., thaE of the meEhyls-1l cps.)
Since long-range coupling has been observed in af,

CH2Br CHBr CO2H ,

and ics ester, and in ervEhro-CH3CHBTCHBTCO2H, a lack of such
coupling in B would be surprising. The temperaEure-dependence of che
specE,rum roight be illuninating.

Finally, if chesical shifE differences \"ere a valid
criEerion of non-equivalence, and if non-equivalence arose from
differences in conformaEional populaEion, then the larger cheoical
shift of the non-equivalenE rneLhyls in A Ehan that of Ehe non-
equivalenE roeEhylenes in (1r2-dibromoeEhyl)benzene would iroply
larger differences in conformaEional populations in A than in the
subicieuted benzene. This seems unreasonable; chemical shifts
are probably poor criteria of non-equivalence.

To make an obvious suggestion to Moorers ttproblo-tt
(no. 43), deuteraEe one of the roethyls stereospecifically. Werve

been thinking of doing this for A or B.

S incerely,

/q

ELS/ aLy

Eugene I. Snyder
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AlrDro MoDUtArroN or d1 sPEcrnA

T. J. F1autt

Tbe Procter and. GmbJ.e Ccmpany
Miarni Val.Iey Laboratoriee

Clncinnati 39, Ohlo

In tleflnlng the experi:oeataJ. eond.itions for obtainlag aud;io noörlated.
spectra, the nost important parameter is the moduJ.atioa ind.ex

p=wn,
um

tbet is, the ratio of the nodulation ampJ.ltud.e (fn frequency unlts) to
tbe frequency of modulation. For protoas, tbe Varian V-35lar- iategrator
ls ordlnarily adjusted. to obtain spectra at a g of t.B and. tbe rmr slgnal-
at uo is utilized. (center band. cletection). With the S, avallable from
tbe lntegrator, a large nodulelion,ind.ex is not attainable for nuclei
witb smarler y -- p3ll g13, BU,82, etc. In sucb a case d.etection of
the nmr signal at ue t U (first sideband. deteetion) is approprlate, slnce
B nay be small -- it only senres to reduce the effectlve radlo frequency
power.

The acccmpanfing figure shons a comparison betreen P31 spectra obtained.
r.uder conditions of (l-) no modulation and. (a) first sideband. detection.
fbe first si.deb*ld. spectra were obtained. by lnser-bing a I p,f cond.enser
1n series w:lth the probe nodulatlon coils to acbieve - n/2 phese shift
of the modulation current and. to reduce S,n to tbe modulation coils --
fine ad.justaneats of the audio phase and. anplltud.e vere mad.e by the appro-
prlate controls on the integrator. fhe criterion of atlJustnent of eud.lo
phase was the disappearance of the nmr sigua-l at uo' A::d.io amplltucle was

ad.Justed. smal-J- enough so that the slgnal.s at uo ! 2 t! lrere very sm,a]]
compared to the signals at Do t 'qß" In the ,case of tbe spectrr:m presented.
ln tbe flgure, the nodulatiori index was 0"J5" Tbe figures representing
radlo frequency power are the attenuator settlngs oo the 2l+.3 lA 43IL
radio frequency unit for pA)rimrrm S/N. _ It is to be noted. that consid.erabJ.y
more RF power is need.ed. for maxlmum S/w unaer first sld.eband. d.etectj.on
cond.itlons tban for no modulatlon. The sveep rate for both spectra was

54 cps.fsec, and. frequeney response vas 1 cps.

It appears that ma:cirum S/l{ for r:n:nodulated. spectra is better than for
flrst sid.eband. aud.io nodulated speetra ( theoretlcal..Iy lt is better by
E ) 1f long term baseline drift is ignored. Eowever, for integratioo
the baseline d.rifü must be rcinimi zed -- und.er such eonditioas first sid.e-
band. spectra are to be preferred.. A second.ary edvantage of nodulated.
spectra 1s that callbration of the spectar.mls automatiqqlly aehieved.
slnce the separation between the upper a.rrd lorler sid.eband. signals is
always 2 16. A dJ.sadvantage of modul-ation at 20OO cps. for P5I strnctra
ls that the separation betweea the upper and. loyrgr sid.ebands is not
large soynFared. to the cbernical- shift range of P3I nuclei (- l2rOOO eps.
at 141100 gauss). Eence there may be interferences betveen tbe upper
sid.eband. of one nueleus and. the lower sld.ebancl of another nucleus cbenlca]ly
eblfbed. by IOOO cps. Eowever, tbis practical'l y never happens -- antl if lt
d.oes bappen, the other sideband wllJ- aot be interfered rrith -- at least by
tbe sane nucleus.



(cH3o)3P

I

ii"Dc DETEcrtoN"
NO MODULATION
RF = 42DB

/9-2a6

"FIRST sIDEBAND DETEcnoNu
am = 2OOO cps.
RF= 26DB
*Ht

-3

36
9m

9s vof vm Jo* Zvm

9o- um

..t

q



4s-4
[J. S. DPRRTUENT,OF COMMERCE

NATIONAL BUREAU OF STANDARDS

.jash--::g*,cn 25, ).C.
ju::c 22, L952

"ii:'bi e', c:bi.rl

i{ere is another case uhere geninal and .ricinal proian-proion coupling
constanls have opoosite si3ns. The nolecule in cuestion is '",rans-J-r2-dichioro-
1r2-rjicyanocyclobutane. These are ils Iü.ü-, pararnelers:

CN
a) 0eninal coupling constanis

Jine = Jgrpr- t g.l* c/s or T r:.L c/s
b) Cis coupling constants

Jii.,= i'rrh = T Ii.L c/s o: + 9.1+ c/s
c) Tr a-ns couoling constanls (in''rcrch::6eable)

i.tr,= + 9.3 c/s; i-;r= + i+.5 c/s
d) i?.elati're chenical si"riii;: 0.lrtO pp,r.

CL

?he spectrr-r.-::, of the r23r-r,ipe, conta.ins 2 x 9 resolvabie lines, one palr
being O.E c/s broad. .\ valuä ior d i;as ob--:j-:icC fron the second. nonent, end
ihen sonc f,ucsses irere nacle on -";'le -'-l ani -.:c 6 rat-rerns. Cn\' -ra'uta :he :lrove
valucs can the entlre spec-u:'l:r be ii-"tcd. Fec;c:lcies check',.riihin O.l crls, e:':cepi
io:' ',hc pai: oi inne:::rosi lines (c:1c.: I.l; cbs.: L.f c/s), and ini,cnsitils rlo
so iii--,hin 5,i. i\:sel- lo-u--ncr-1..ts ]lecyuin'; III p:'cE:'sl rtas ö: L*-cnsc hc:l.
L:i,CjOOll ray be able i,o :'eline 'ihe ci;ria sons, 'cui lrobably no'U iruch i:o:e. lhc lincs
are not lco sha:-c (-0.5 c/s): to obserwe lhä ou-uer 

";eali 
linss, the concen-,ra"1on oj

J;".,"tia":ot*"tot 
has to be high, i'i.'uh a corresponding increase in 'riscosi-u;r -:rnc

I 'uhink that the present case is o-f inierest also lo:' other rüasons.
l-. iiot rnuch averaging of Jts can occ'Jr, as the ri-ng is quite rigid.
t r1^^ +',ro cafbons bearirt3 ihe protons are not bonded to arq'' subsCi-tuents.ga rllv

J. i distincti-on bet-';een cis and tr.ans coupli-ng consiants ca:l be n"ie.
Js1, is beüteen non-equivalent and ihe Jt"onsts are between eouivffint proions.

leil JtS are knotm lor e:'otons on four-nernbereC rings. In cyclobutanone, ani -, ^,in trircitylene o:<ide and suliide, l(;" * J.,)/? I are 8.2 anC !:9 ./" respecti\rclJ''r 1)

In B-lroniolactones, these rricinal J's range iron llr.9l to 16.! 
j.) I* F-(p-ni'rcpheqrl)-

p-Foniolactone, Jgu' is lf5.5lc/s. iYon the A3X spectn:,'n repo:tei L), ihe reralj-vu-
signs of jgen a::d the J,ric ts eannol be cieiermined, in spite of .uhe au'bhorst s-.a'Je-
nen'" that the signs are all eoual.

I hope that thcse data r.ril-l conilibute to -,,he refir.encn',,, ra'r,her. tl:.a:r io lhe
de:ro.}i',ion oI Karplust theory. In analogl I'rith the Jrs in sinila-r nolccuLe, in ihe
prescnt onc J"i" nay be !9.L c/s and Jgoo T l}.L c/s. fnc ra',her iarge ciifierence
in the Jtransts could be clue to the non-eouivalence oi tire gcninal n:'otons, but rJ-so

cA/
,
cz

HI

a

+,o tirc geonetry of the rlolecule: if the ri
illgeclecl b;r ',he plane of thc ring; oi the
oi ihcse uncertainties ii r,ray not be too
the cos2@ exoression.t^

tti: is 151anar, lhe hCll angics na;." nci bc
ring is tiristed aboui ihe Co-a'''-is. Ie rrie.,'
meanin;ful to calculate enilnc'-ers for

4t'*rJ1 {*,\
)

1) :liberg and_l;ist, JÄCS 83,L223(1961), Varian Spectra Cat.",.log

ii "il:ill":*,4*1i:"ffi: .*Ki':,ä;j,if tl ) a r .täl
Ernest Iuscig
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Dr: A. A. Bothner-BJ, Dlr€ctor of Rosearch,
l,tellon Inetltuts, 4400 Flftb Avenue,
Plttsburgh lf ,. h.

TAELE.T
rs

D€ar Dr. Bothnor-By,

In order to deternlne t,he effect of aubetltuente of
varylng electronegatlvlty and [agn6tlc anteotropy on tbe
Eagnttude of th€ coupllng

carbon a
con8tant between pro tons on ad-jacent saturated tooa,

ta of
ne bave exanlned. the Epectra

of eone Dlels-Alder adduc h€xachlo rocyc lopentad.iene

Msy 2t, L962

c

couPLt

3+ 67

and varlous oonoaubetltuted ethyl.ene8!

Ihls ayBtetr la rlgldn and there-
foro varlattone ln the Eagnltud.€ of
thg coupllng constanta are not due to

R- ON
coott

3.6

3,+

3.2

3.0

-5
1n

I*
ttssI.l\
o
o
r{

q

HA
posslble.

g
ctvarlatlons ln th6 dlh€dral angle be-

tlreen the coupllng ABX protone. Fur-
th€rüore, stnce th€ sy8ten contalna cla rolnlnuo nuuber of coupllng protone,
a coaplete, unequlvocal ABX anaLysls lE

8lncerely youra,

2",-,'r'zzA:r,",*-

OH
OAo

A correlatlon hae been found between. the sulo of Jgtg _Jtrang - Jgen and the electronegattvlty of th€ eubetltuent
for a long-aerles of vlnyl conpounds (f. S. I{augh and S.
Cast€l,lano, J. Cheu. Phys. f5, 1900 (1962); T. $chaefer,
Can. J.cheu. !Q, f (1962))I In the preeent, worL, holr€ver,
the eun of lJp6l + lüAxl + [JeAl La 24.5 ü 1c.p.e, for the-
slx conpound.s, so a elnllar conrelat,lon for t,hls saturated
syeten hae no val1dlty. A deftnlte correlat,lon doee exlst,
hoHever, b€tween the €IectronegatlvltleB of the subBtltuents(as defln€d by J. R. oavanaugh and B.E. Dalley, J. Chee.
Phye., fi, Io99 (19qI)) and th€ lndlvldual coirlrrng constantg
lJl;l I l.rsxl' lJrsl (eee Fls. 1).

In Flg. 2 tbe lnternal chenlcal slrlfts betw€en the X
and, A protone (6X -51 ) ana th€ X and B prorona (5X -5g )for the slx conpounds aro plotted agatnst tho electronega-
tlvltlea of the vartous subetltuente. Ihe daehed llne
representa the lnternal sblftg beti{een thoCandp protons
ln a gerlee of ethyl derlvatlves upon nhlch Cavänaugh and
Dalley hsve ba8ed thelr electronegatlvtty values.

A conplet€ dlecueelon of theBe resul.tE w111 appear ln
a fort,hconlng publlcatlon.

lJ^rl c,F!. lurr I
Fic. I

Couplinjrtor"fonft
lu' I

e,a
lo ö" 60 7a to ?o loo //o lzo til llo t50 160 t|o lgo t?o 2oo 2p eb

Ftg,E. lafurnal Chcnlccl Shiffe k,f,a) s\rl
I

GN
c00lt
oeHc
ct
OH
OAc

+.t
+.3
L6
3.t
2.5
EJ

a.7
4.6
6.9
8.O
7.5
7.6

t2.1-.
t2.+
t2,6
l3;l
t2.c
r33

Jar 4x tlec
c.rt.

r21
l,+6
t+3
t03
il+
il.+

t6z
r63
t72
r85
t67
t77

?o+
2t7
23?
243
278
330

6e 60 5a
c.pr fioa Tt15 rt@ro.

75
7l
ai
150
t6+

'ar5

6rie

+z
5+
60
98
lt0
l5a

5f6c

2,41
2.60
2.75
3.2'
3.+3
3.ao

Elcotr'orncftvtttrr
(6nCmrr5tr0dy'

- OAc-

o -QHr-

-coofl-
-oN-

-oH- 9

'cl -

o

61 6e

o

o

6x-6t

+C

rGN+

-ce

o

trenneth L. Wlll.lanaon
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W <;f t oroup ,Jipole mornerlt r of X, sno;ritlg a rcas<.rnlbly Iine ar plot
a

,{ *

f.l

(allorving even for disergreerncnts ovcr lrhe choices of 'bonl-mornents?)
ivith t.ire sanre slopes obLainc,l for proLolt:; on Lhe l,wo I'l aLoms as

rnit:trL be expecLed. ,i'iren tite:;c ätre illterproLed in Lerms of Lhe incra-
molecul;,r f iel(is and üire IocitI elecLric f ie ld dil.felences are

cuIcuL,Leci assuminS a ctrtdtn ficolnelry one obtainy's

vvüJ 'grs'' TDII
TH€ W€IZMANN TNSTTruT€ OF SCI€NC€

Polymer UcJ)ii rLll(:n t o
lf,tlovorli. tSRAE riof la.'rxoil.ä?tl-t

urs. A.A. ioltrner-Uy and d.L. iiiüpiro,
Mellon Institute,
r*loo Fifth Avcrlue,
PitLsburgh, Pa. ,
u,r-- J.r---j-r-

5N.rE'..trt:tn.lgtttlt-r'lrOlD' t..l.t

27.5.1962

kE(c - t{)

kE (N - rr)

=-3.O X lO

=-9.2 X lO -12
a rrd

Ueer Aksel- irnd llarry

Arnrrrul oLhur Lirini:s, I hr,ve bt:cn playing lvitil interi'reti.ng
clrtrnicirl:;hiILs irt terms of loc;rl cLecLr'osLatic (rrs,;urted hortrr.llleneousi

fielrls exLerr,linii t,lie oriliirtal i,leas ol'r.)uckitrgllirnt alrd i3uckitrglr:rmt

ljctri!:j'r:r rrn,l SclrnoiLler. f irlve;r p!pt:r'soon Lo al)pear in JüP gj'virrg
a (lu:lnturrl clrt-:r,ical rc;, Iculr't.iottr ior kO irt tftc exprcssion

I'iiis irrvolves a sli{iht clrange in !ite Att used, an,r ntlile cted the
rr-eaclioü t'ielJ.r wlrich siroulrl only ctrar4le resulbs by .v to 7- and is
excupLion.illy difficult to csLirnate in view of tire artifici':ility
of l-he lnodels LxisLing in Lhe literature.

This is rcasonably irt;rccord wlth 1"lrc ii,Lcul:rtions, wirich

dependp in lrzrrt on it I);rrafteter

Itx_rr - <a*lzlap

or Lhc boncl Ieuflth minus Lire hybrid riipole. Since L,,el'e 1s certainly
considerably less hytrr'iJ:LzaLic.'tt in i{-li i:onds thaII in C-tl iLottls

(Moft'itr, Pople etc. ), thc secotid t,errrr which is .q.l' lor carbon is
a l.rnosL zero ior nitrollen. Furtiler orrly ihe slillhtesrt poll.lrization
of a 140 itr favor of t,he rli-trogen alon61 uilh lecroased overl:rp
orovi,jes Lhe res1, of lrie ilrcl'er, sc in k, for an N-ll bun(l- IC ,Jould

be int(rre sLinü t,o oxLend this Lo non-excliiin;lirtg Oll and SH troltds.

f-ror,. t,he experirncnt.;rI knls we cirn ol)Lälin inforrnatiorr;rl,ouL !he

Ad - k. 
^u 

el'f
L7,

rrrrt,rc r\i:.olf is Lr,r' ,g1sr, I , Ir:ct.ric r'icl'l ;rl(,rli' 1.ii.; :rxi:;'; olrLiritritrg
ku --;:.5 - 5 x lo-I- (sLaLvolLs/un,)-t for;r l)roLon itt a c:irbon-
h\/,1rOfen trorril, wltcre t,lle Var.i:rt,iOl coiti(,rj frorr, po:;siille clr<.tict: of

llarrdmoCcrs. Tlris servrl; Lo ,iu:;Lily t,lrc L:ijLill:ite ol-2 x to-12 ntade

by liuckirri:,lrarr, iirid ;11!I ü(j .l rlrriLe .reLI r;iLil irvirill,bl.e {lQLir.

1'he recent data of l'roictjsor Gold:;tuin arr,-l co-workerr; (J,rC$

84, l042 (trrae)) orr uracils provi.led.rllotlr(:r'exrntTrle of lhis
electric r'i-eltl siril'L for.a proLrrtr i.rt tr 0-H burtJ, irnd Liie iirst
suctr ex;tmples; for a proton ili a L,J-il borid. 'flris r)irI)er corr(,fii Los Lir,.

chemical shifts of protort at Lhii t ,3 [lIlo 6 I)o:ii t,iul)s a:j ir fut)üLiotl

Keen up Lhe e x()e I l-cnt, service you and tirc ivletlon frrsLitui,c
orovide Lo Lhe Nr.lll world wit"]r l4ellonrnr.

clioice o1' r:ortii r ararngLers.

il.-sL reil;:rds,

iiincur'eI1',

F\tr
I

6
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%.r.r.h.r,,,..
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May 28, 1962

Dn. Ak6eI A. Bothner-By
Mellon fnstitute
1r400 Fifth Avenue
Plttsbungh L3r Pennsylvanla

Dear Aksel:

Our determination of the relative signs of the geninal and
viclnal H-l coupling constants in CH3CllrF (S.L. Stafford and J.D.
tsaldeschwielerr J.A.C.s.i 83r 4473 (196I)) seens to be emerging as one
of the few cases where theleminal an<l viclnal coupling constants have
been shown to be of the same sign. These relative signs were deterrnined
by a complete analysis of the proton spectrum at 1.5 Mc.

Martin Karplusr recent note (MelloNMR, 43, 26) that these con-
stants have rrappanentlyrr been shown to be of the Eäme sign inspined us
to check this result by proton-proton double nesonänce nethods.

CHrcllrn is a particulanly easy example for relative sign
determinatioä, 6ince the spectrum at qO or 60 Mc. consists of well sepärdted
pairs of triplets and quartets. lle find that irradiation of the upfield
quantet causes the collapse of the upfield triplet, and irradiation of the
downfield quantet causes collapse of the downfield triplet. This is very
good evidence that the tl-F coupling constants ane of the same si"gn, and
confirms the single nesonance uork.

lJe now pnopose that the signs of these coupling constants
rrreallyrr are the same.

Sinccrely,

p. G^cNl.rRE & I__qE4{J,4_8I
Chlnle Orgsnlquo Phyoique

IIOI{C-RANOE COUPLINC

o/ l,tEL-l

un c&s de atructure
Jolnte (*).

oRENoBLE. .' 2 Mel 1962

Che! Dr. BOTHNER-8Y,

V6to11 aveo quelqu€ rotardr. notre coDtrlbutlon ä lletlon-
l.{-R. I} ataglt drun caa lnte16aaant da couplago A longue alletance.

Nous avoDs 6t6 anend ä 6tudfer une g6rie de oorpe Ä eque-
Iette rlgida afln dr6tabl1r les constantos da oouplage en fonctiou de Ie 96o-
ndtrle noldculalre, et plus particullärenent la s6rle ddrlvde du 2rl dlhyilrot'
furanno.

ur_ ( Hr
t,j

ß"4 Jfir-*,A
Le epectro ö,t 217 dihydro-!-nethyl furaane (1 ) p16sente
flne du grouperoent-CtJ, alnsl qulen tdnolgne 1a flgure

ts, D. Nageswara Räo

tu Itattrlbutlon ales rai€s eet en parfalt accotd aveo ceIIe
propoo6e par L.!1. JACKMAN (1)pour Le spectre du 2r3 d.ihydrofuranneret cortresl
pond aur '( sulvant6 !

AVt
I

\t)

BDNR/J DB : br
J. D" Baldeschwleler
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Le groupenent ndthyl oot coupld non souleeent ä I'hy<tro-
gbna (t) uÄls ä d.eur autreB protona. !a r6eo1utl"ga du epoctre au prouler
gIAIgr e contlult ä attrlbuer co couplago aux hydrogänes (o) oü a pernlo
tll6tabl"lr 1o tableau cos constantea de coupl,age, oulvant.

Une 6tude plus ditalllde de ca spoctro est en courgo üalg
dloros 6t deJa oo couplags apparatt conne un couplago b longuo dlstenoo
beaucoup prua lntonoe que c€rul obtenu dans le a-Eethyl furanne (de rrordre
<lo 014 "r/u) or le 215,'ileethyl-furanno par orenple (a). Uoo" ponaona pourolr
lrlntorprotor par hyperconjugalson. $u*1r

Slncbrenent v0tre,

)

(r) effoctu6o sur Varian A-60 par Le Profasseur OURISSOX que troua renorcloua
1cl

( I ) t'.lppttoatloa of Nl'!B spootroacopy ln Organlo Chenlatryrr Porgenoa Preso
p .88

(Z) aeaay, Goltlstelr, J.Pbye.Chen. 1961,92r15r9

ü (t>JrrlFrc I"

il. \\ r '\ **.

\ltr ).-_et.' tlr

A
lJl
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In Fyrldltrc solt!tlon3

CCD,/cf r

J!r,+ctt, J)1,+ bß,

tzO4üd S',cct

Camffid gc j8, Mtsuhurces, U S.l.
A=11

I'
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,ll,

June l2r 196:l

Dr. Barry l,. Shaplro
Mellon Institute
44OO fllth Ave'nue
Plttgburgh 13, Pcnnsylvanla

Dear Barry,

Read &11 the coronents on recorder lnl( for tllc A-60, anrl anüther
opinion 16 that rrParl(er Qutcl('r blach fountal! pen lrrl{ wL\rlis as wcLl
a9 any verve tried.

Our stocl{roon nw has about e.lght (8) of the rnore u:jeful deutcratcd
solvents ln I and 2 gram anpoulos and deuterocllloroJorn ln 5 an.l l0 tjram
ampoulca. Mcrcl( of Canada charges for sul)(lI\,1ding arr orrl<rr into theso
arna1l slzos, but thc coDvcnicnce and (lecrcased watitage nral(us up for tlrc
cost. llany would balk at buying lO gr0ms of deutorp]rridlnc for a
spectrunl, but I grnm ls quJte dlfferent.

I have an lntorestlng ca6o of long-rango coupling. Tlro !,psctra
of the Schlff Bases derlved from 2-hy(lroxy-l-acctonapthorie aro qulto
ordlnarv 1n DCC 13 (nethyl region diagram€.d):

A
,l.rl

3.t 0 a.ff tfr'r

,.17 a,or. L,Sl ^,tt Prur.

J'-l+ crs
ß=l

lr{.rt $.rl T,a3 ^81 PlD,

ttty lte:3$ explanatl()n 1s that lD IJyrl(l1nc, the hJ'dr()gorl lrond ln
ttre sclriTT-Tää can be brolien and th(, acsto-lmine Srotlp rotatec 1800.
In this rotarncr, the 1.4 cps coupllng aplrears. ln thc hydroßen bondetl

chclato, thc hyrlrogcn bon(l dlsturl)s thc sYstent so the coupllng Is not
tronsmltte(I. The (:orlpling is not ol)se|ved ln 2-(N-nethyllrnlno)acetonapthone,
6(, the coupllng nalies great9r <lentandg on tho cysten tllan Just a lack ol
a hyrlrr4len borul. Itu ualllng a few nlore sornpounds in an gffort to discovcr
what a few of these a(l{litional roqrrlrements are. t

Yours trrrlyf

ba-
Gerald Du(leli

fl-/

A\tt
I

+,71 z,(3 PP'l
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PoLYMEII DDPARTMEN'T

Junc 14, 1962

Drü. t.A. BothnosBy and DoLr Shaptro
UcLIon Drstltutc
Plttsburih, P8.

Deer Aksol and BarrYt

Ä! tho rj'ck of burdcn:lnt you vith a aooond oontrlbutLon tlen our

l&borstolY for tho sanc lscuc of IIEIJONI{B uc acnd on thc fol1orfug

i,I6 Yero pleacod to sae Ted Sohaeferra papor glv:Lng XXB date on üho

cyclopropane rtng (ttutton ond Sche'efor, Can. J' Chcn' Lo, 475 (1962)) arüf

vcthoughtyourroaderl-rghtblnteroatodtnthofollorJ.rrgaddltl.onAld4ta.
Ths Doloculcr uör. YEqr klndly provlded try Prof' IL}L l{alborslry' lbe rclatlvc

algnc rcro detornlned both by tho doublo quantrn opectra ard by analyala of

thc 30 t{o cpectrun. tho abgol-utc valuea of J"ir d Jt*.rr" "Btto 
qultc vo1l'

rtth thc valucs of H. ard s. of 8.? and 5"4 cps roepectlvely. l{o aocJgn ola

and tranc protona lry obacrvtrrg that ln propylono orLdo tho ncthyl group ohlltu

theglg-protonupf!'cldarrdthotrgrrs-downfloldtoglvoadllfercntlalof
l8 opr. thlc turna out üo bc l'? ops ln propJrlcnc oulfldo and 15 cpa hcro Lf

thc prrtona aro acal'gncd ao followa. I rondor YIV thlt dleegrcco with tho

fbdtnga of Prof. Cfoeo ln JACS 82, hou Sohaslcrrl vor* lt realLy apPÖall

that onc of thsao t;;t;'r:;iii" rmat hayo tho xron6 uolcouJ-co, For th€ abovo

!!aaon, cxoludlrg atl lmovlodgc o.t oraanlo ohoül'stqrt I favur Sohacfcrlr

(concroial) :looor aaalgrucnta.

It r.r Lntcr€stlng to noto that tho 2.1 (lr*) ad ütc 3.116 (.lrn^* anil

J"i") * ol oppoo!.te a!.gnc herc ln anal"agSr vltf, cthanoE (Anot' hroaa, f,apLant

läL",,', Xclauoh1.an, ct aI.) but aa dLlfertrS frq' prcpyleno ooddeo It La

probabl-y e roasonablc gueee that the 3,Ila rrill'oh renaln rolattvoly conctant ln

aerl-eo of th€ OrNrS heterooyolcs and ths carboqrola pt3lsorvca lta olgn, lhllc
tho 2Jre cbantG 6lgn Tlro cencluglon fron thc l!.üeraturc data (parttoularly

cplchlorhJrdrLtr of, n üly end Svalen) nould be that lJ 3J lrr "th"to fs noaitlvc

;.;t;i.;;"i-i ""*ttt 
but 2J (cvclopropane) J-e pogttlve aaa 3'l (ovsro-

propano) 1" Sgtltt, whloh, to ugo the vcraracular, ie e flne kottle of fl'ch'

? t{

it^ll

Jo, - 14.3fl

JAo-T7'?o

.IBc - T5.85

/ 
t. - 9Z.L

tl B- ],22.8

/ c' r'9'o

Iouro ellcoro\rt

J.I. ltusher

c

[) i]']> ''**a.-

,4 ,9t''L
A. Szöko

F\n
I

I\J
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Proton Magnetlc Relaxablon 1n Polyamldes

by

Da ld W. McCaIl and Ernest W. Anderson
Telephone Laboratorles, lncorporated

Murray HilI, New Jersey

AB STRACT

Proton rnagnetic relaxatlon studles of three

polyamldes have been carrled out. NMR relaxatlon tlmesr Tt

and T2r have been rneasured over a vlde range of tenp€rature

and the bransltlons observed have been correlated wlth dl-

electrlc and $echanlcal loss transltlons. The lord tenpera-

ture transltlon lnvolves the entlre specimen and ls lnter-

preted ln terms of molecular reorientations about the long

chal4 axes. The hlgh temperaLure transltlon ls associ.ated

vlth the onset of llqu1d-llke motlons ln the noncxystalllne

reglons, Betveen 13O and 190oC 11, ls possible to decompose

the resonances lnto a broad and a narrol,J compcnent and to

deduce a Itrlgld fractionr!.

evallabl"e rl

June 1.5, 1962

Dr. Akacl 11 Sothaar.i8y
Mellou Instltuts
44oo ftfth Avonue
Plttsbur6h, 13, PoünoylvÄnla

Doar Aksc1..

f6atur6s caa bo ldentlflsd as traJrsltlons bctsocn etatce yLth
thc lar6eat stn€ilet fluorino rpln character. Ihlr ld.entlflcatlonof t.trc ortgln of ttro llnsr in al AAl.X,Xl cpectru! teuoves one ofthc aublgultte. ln tho spoctrel asslgment. In thts wqy the r*Iattvo algaa of .IO and .t tr can be obtalned. In Ollr0lrr J"O
anil 5f are opporlte ln elgn.

. Ua feol you nqy ftnd t,hls recult an lnt6ro8tlüg artdt_tlon !o the raDldly grovlng colloctlon of rclatlvc olgoa.

lhs protoa NUB Bpoctruu ot AH?CgZ lB the llquld pha86
lnclud.cg l0 .trarp llaor, anil tr raadtly-aaäyzod ar an Lf,r)ülcaao. ls lr usuaL för tbls problen, only tbe relatlvc rlgnsof JO, ard Jg11 can bo obtalned. frcn ü amlyelr of tln afegtru.u,
vhllo tho relatlve slg,rl6 of tbe othgr coupllaß constanta reealntndotarnlnut. ä

Sh€ proton lft4R spectrun of CXrCl" to ßhr g&s phasc
conatat!-of two sharp peakr, snd a nuebor of broad foatures. !ya careful nogsurensnt of the epltttlng of tbe tvo eharp poakr
as a functlon of preeeuro, tt ls posstble to atsoclato tira aharppeuks ln the 6ao phaco spsctnu wtth the lnnornost palr of tlnesln tiro llquld Blrctruo. A8 ylth tha lDect,ra of other fluoro_
carbong la tL€ gas ptuae (üello NMB 42, LZ (I9(,?). tne-at"rp

v
Bell

HARVARD UNIVERSITY
DEPARTMENT OF CHEMISTRY

rz Ogud Strca
Cambtid gc 18, Meudurc*, IJ S ul.

6/i
u

WnTib.a*:L6-r.u. \n,,t-
Jolur D. laldeschwlaler
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UNIVERSITY COLTEGE

W LtrNDEN, SANAOA

June 18, 1962

Dr. A. A. Bothner-Fy,
Mel1on Institutet
4400 Fifth Ave.,
Pittsburgh, 13, Pa.

Dear Akse1,

In the course of a study of the factors contributilg to the chenical shift of
forryl protons, ar. exanination of the effect of solvent r+as carried out. A m.unber of
aldehydäs were run i-n a range of solvents and the peak position of the formyl Proton
deterrailed relative to an internal tetranethylsilane marker. The nost striking effects
were observed for arouratic ald.ehydes in benzene soluti.on and this solvent shift !t'as found
to be narkedly dependent on the nature of the substituent of the solute molecuLe. Some

typical results are presented in Fig. I jl which the shift in a gi.ven solvent is shown

räiative to that obsärved in CC14 solution, except for the nitro derivatives whose shifts
are given relative to CDC13 soluij-on" Two aliphatic exanples are included for comparison.

Ttre results in benzeae solution suggested that a rather specific soLute-solvent
interaction w"as i-nvolved and. that the specificity was governed by the nature of the
substituent groupilg. For a benzene solvent molecule acting as a donor, one r+ould
expect association to occur at the electron-deficient region of the sol-ute. Thus,
in the case of a strong electron-w'ithdraw-ing group such as p-N02r the aromatic carbon
bearlng the fonryl group could be the centre of this association, wtrile, for the
p-NMe2 derivative, the substituent groupi-ng would be eleected to be most strongly
ässociated. ririth tüe d.onor mo1ecu1e. Further, a planar type of complex appears to be a
most reasonable forn for this association.

Since the shielding effect of an aromatic ring through space is r+e1] understood,
one c.rn predict, qualitatively at least, the effect of a closely associated ring on the
chenical shifts of the solute protons. Therefore, if the suggested compl-ex is actually
involved, one would predict, for the p-NMe2 derivative, that the N-rnethyl proton would
be stronäly sir-ieldedl the aiornatic prötons-Iess so, and the forrnyl proton even less (if not
deshielded slightly). [A11 of these shifts considered relative to those observed in a

non-associating nediun.J 0n the other hand, for the p-N02 derivative, the ortho-protons
would be strongly shieliled and the foruyl and meta protons less str-ielded. In order to
test these predictions a series of p-substituted benzal-dehydes was examiled in benzene
and chloroform solution and the chelnical shi-fts of all solute protons deterrriled. (nue to
solubility problans, CDC13 ltras chosen as the base case rather than_COl4. We have found
no eviderce that this solvent causeg differential shifts of.the solute protons.) the
relative shifts for the solute protons in these two solvents are shown i-n Fig. 2. Clearly
the observed trends are quj-te compatible with the suggested nodel for this solute-solvent
association. Sinilar studies were carried out for a series of p-substituted toluenes
and acetophenones a:rd the trends observed are cornpletely analogous. The d.ifferential
shifts of the soLute protons, therefore, offer strong evidence for a planar complex
nirose stereoch*istry is control-1ed by the el-ectron distribution of the solute mo1ecu1e"
yariable t€mperature studies have also been done on two of these systems and the observed
effects are in conplete agreenent w:ith our model,. Flrrther, Hatton and Richards ha.ve

recently presented e.ridenöe for a sinilar association in the case of some anides and

11u'gs orP-unsaturated. carbonyl derivatives in aromatic sofvents"

I{e have also exanlined the solvent shi,fts of the various substituted benzaldehydes,

toluenes and acetophenones in acetone sol-ution. Ln thjis ca.se the relati-ve shifts are
much snaIler, howeier, the trends are clear. our results are in accord with the suggestion
made earlier by Schaefer and Schneider for sjm:ifar systens"

OEPAffiMENT AF CHEMISff

5"W
J. B. STOTIERS
Assistalt ProfessorJBS:v1

Sincerely,
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On the &elatlve Slgns of CH and BH Coupllng Conatanta

In MELLoN-H-R No. lr1, p. 2l+, Karplus suggested that th€ abaolute
slgns of HE coupllng constants could be determlned rlth near certalDty by
cooparlaons vlth coupllnga betyeen dlrectly bonded Grg and Hr, for eblch
theory predlct8, 14 a otraight-fonard manner, Postttve stgnE. l{e have
carrled out Hr (Crs) double resonance experluentg of the type proPosed by
Ikrplus slth reaults outllned belort.

fiie tr epectru of cls-Clül=Clfl, 8kelched belor, P€Eltted an
eaay Eeat

tre.3

(TOP V|EW)

(a)

H
Jr,r -{,f

e
a

cHscH2
( cu3) aclr
( cH3) sc

I 4,

J
trana

I"c,
-1

, It

H H (b)

of the experlnent. UPon lrradlatlon of the 1or &9gg!gl doublel'ln the
Cr3 apectiu, llnes { and ! ln the H1 epectrum were obgerved to eve toward
one another arld ffnally va.iah.d under the central peak from the Crell0l*CreH0l
speclea. At an trradlation ftequency (v2) about 2o0 cPs hlgher, l1nee g-and
e moved ln and vanlghed. Since the low freouencv Ct' doublet occure at hlgh

!1gg1, and vtce yClgg, th18 result thowa that the IIH and Ct coupllngs have the
l6i-äfg"". n" gg ana -g!grC. XB coupllnga ln oLefine have been found to be of
the eme aign, wmow know that both are Po8ltlve. ßelatlve elgne of glg
and/or g!g4{ coupllngs and semlnal coupllnge have been areasured ln nany
ol.eftne, ana we can noY gay wlth vlrtual certalnty whlch of the latter are
posltive and sblch negatlve. ?be followlng table aMrlzea some of the data
found ln the llterature for vlnyl cmpounde.

Table I
IIH Coupling Conataots ln X-CH=Cll2

-Be-r

1

2
2
2
,
l+

2
4
5

- 1.1+
- 1.7
+ 2.oB
+ 1.9
+ 1.6
+ l.lr
- o.l+a

+ 19,1
+ l2.B
+ fl+,9
+ 15.0
+ 15.81
+ 17.4
+ L7.1
+ L7.5
+ 16.05

+ I1.?
+ l+.7
+ 7.2
+ 7.1
+ 10,02
+ to.!
+ lo.4
+ 1O.B
+ lo.qf

x

H

r
c1
Br
cHs

sLc 8Cs

+ 2.5
- 1.2(SIDE VIEW)

/,

X
F\t

I{

I

CCle



,.x

cla
J

tEana tem

+ 5,[o
+ 6.8

Ref

cII2=CHO
cHscoo

of the s8@ 81gn ar thoae acroa. the double bondc and therefore posttlve.

It also aeeue llkely that the ortho lllt coupllnge ln rubstltuted,
benzenee, rhlcb have about tbe aane uagnltudes as glg oleilnlc coupllnga,
are alao posltlve 1n 819n. I{e are plannlng to checatht polnt ln- the-ne6r
future.

The correepondlng couplinga ln !-renbered rlng conpounda becom
very anall, and lt 18 lnpoaalble to ilecide upon thelr probable Bigns by
conparlaon rrlth other compounda. Double regonance experlnents rtll also
be carried out on aone conpounda of thla type.

Doubl.e resonaace experlrents tere next carrled out on ClCHzClteCL
to deterulre the 8r.gns of vlclnal coupllngs between hydrogens on apg carb6t,
The apectru 1e sketched belos. (2JHI| = JUt + Jrrul)

trurtherDore, a nunber of comparLaono have been nade betseen the
olgno of coupllnga ln allyllc grouplngs as Bhosn beloir. The abaolute

8l8nr can not' be aasLßned aa shfln tn Table II

Table II

Compound Je
cls

+ 10.02

Cells
2,4,6-(CUe) sC6Aa
CN
clt?o

cHs-clt=cH2
t rans -Cllsc ll=CH-Cllo
trane -Clls-CH=CH-CoOH

c 1s -CH2C l-CH=CHCI
trane -C8eCl-CH;CtrlCl
trang -CHs-CIl=C H-C6Hg

l.o
r.6
1.8
6.8
6.1+
6.,

+ 1.1
+ 2.'
+ 1.O
- 2.2
- 1.8
- r.5

+
+
+
+
+
+

+1
+1
+l
+
+
+

r7.
18.
18.
14.
1l+.
1lr.

6
6
2
2
2
6

8
o
o
T
o
I

Jcr\
cu=cu-cH
\)\J

JrJa

7Ju,t

cla
Ju

+
+ 7.2
+ 7,1
+ 6.6

t.<

aJ. Bef.

--, ?4n 7

I
I

F

c

+

trana
+ 16.81
+ 15.6

+ 11,1

t
7
7
B,(g)
B,(g)
10

-r.75
-,:,

-o.5
- 1.8

trana

-L.r,

-o.9

Becauge of the near conatancy of the clts-cH=c coupllnge, it aee[s pemraelble
to aaaue further that the atgna rn r-chloro-1r2-Lrträtäo. are as ilven belorThe relatlve +2.1+O 4 F t{.t

.r.*\?Es"
-5. Bo

31gn data are from Snyder and Roberts (ft).

_ In addltlon, ne flnd frou the rgork of Elvldge and Jacknan ( fa) tnatthe coupllng ahorn below between vlclnal hydrogena ln dloleflne ls

J",

The Cr3 spectm rould look, at hlgh resolutlon, abut as follosg.

{,,
Lt sas fouod rhat lrradlatlon of the low field (hlgh frequency)

Peaks ln the C13 spectru caueed peake a and ! ln the Hl spectruE io rove
together, and that peake g and 5! were affected at an lrradlatlng frequency
about )oO cps (eJ6g) lower, Thirefore, the aun of the vLcinal- HH coupltng
conatanta Ia poaltlve, and the accumulated evldence makea lt aeen very
llkely that all large vlcinal llt coupltng conatanta are poslttve. trurther-
rcre, Judglng frou the relalive slgm and Eagnltudes of the coupllngs in
Table III, all large gemlnal llH couplings are probably negartve, the

s\rt
I

&

*T.=
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table III

/,coo{(,

)(173."
Ref.

L'

We are conclnulng relative olgn detemlnatlona on varloua typea
of compounda, and w111 report furiher regults and more detalls ln the
near future,

Paul C. Laucerbur
l{ellon In8tlEute

Hsc

rsc

+IO.B
H<-€H

+7.o1rfi\ -9'lo

("{p:: )".*
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R. J. Kurland
Carnegie Inst. of Tech
Plttsbufgh I), Pa.
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reault congldered eoot ltkely by Karplue.

Several. other coupltnga whoge slgna relatlve to ordlnary vlcinal
coupllnge are knorn are shoun below.
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INTERNAL C('RREgP('Nt'ENCE

UT{ION CARBIDE CHEMICALS COMPANY SOUTH CHARIISION 3, lltSI VIRGINIA

June 21, 1962

Research and DevelopmenE
Depar Erne n c

^.rsrdne 
i.ll., do!.

Dear Aksel:

For your voracious MelloNMR fraternity, I
have enclosed a Preview of a paper which, in Ehe event
of a prolonged lncerlude of comparative world peace,
may someday appear ln the Journal of Pollnner Sclence.
The Complete, Unabrldged TexE is, of course, available
upon request.

I racher hope thls wlII escape Che notice
of Paul Lindenmeyer, who somehow cannot leE me forger
thaE along about 1958, on Ehe basis of, nry own brief
but incisive pioneering experimentation in Ehe field
(vrhlch remalns unpublished), I hooted at his intuitive
conviction thaE high-resoluclon NMR studies of polymers
mighr one day yield exciEing resulfs.

Thank you, once again, Aksel, for your
valuable suggestion regarding Ehe specEral interpretation
(There, that should help distrlbure rhe blamel)

Mundane 1y ,

rrNMR Study of Molecular Chain StrucEure of Polyvlnylidene Fluorlde"
by Chas. I^L l,Illson 1II, Research and Developmenc DeparEmenc,
Union Carbide Chemicals Company, So. Charlescon, W. Va.

Svnops is

Improved resolutloo of che 40 Mc and 56.4 Mc fl9 Wm
room EemperaEure specEra of solurions of polyvlnylldene fluoride
in dlmethyl acetamlde has resulted ln a cl.earer understandlng -
of Ehe polymer chain sEructure,* The specEra lndicate thaE
Ehe sErucEure of polyvinylldene fluoride consists predomlnantly
of head-co-cail sequences of -CH2-CF2- monomer links, wiEh 57.
to 6% of the monomer llnks added 'rbackwardsrr Eo give occaslonal
-CF2-CF2-CH2-CH2- configuratlons along the chain. Idenrlfying
Ehe four principal chemically shifted lines ln the Nl"lR specE.rum
vtlth four specific local chain structures, and applying simple
probability theory Eo compare predicEed and observed specLral
intensiEles, iE was possible Eo compute the prqbabiliLies of
head-lo-cail monomer addiElon (p), head-to-head AddiEton (1-p) ,tall-Eo-EaiI addltion (q), and rail-ro-head addirion (l-q).
The values of both p and q varled some\"lhaE frem sample ro
sample, dependlng on the Cemperature and pressure of polynreri-
zation; however, boch p and q were found to be ln the general-
vicinlcy of O.94, Thls is believed to be the firsr r:eporEed
lnstance ln which the relaElve probablllEles of head-to-head,
Eall-to-tail, head-to-Eail, and Lail-to-head monomer addiEion
ln free-radical polymerizatLon have been determined.

ExcelLent earlier sLudles of F19 high-resolution Ni4R ln
polymers conEaining vinylidene fluorlde have been made
by: (a) R. C. Ferguson, JACS 82,24L6 (1960>; (b) R. E
Naylor and S. W. Lasoski, J. Polymer Sci. 44, f (1960)

Dr. A. A, Bothner-By
Mellon lnstitute
PlErsburgh 13, Pa.

f,*'P.t;* ü'*L-
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Chas . tl .Wll son, III/s
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Figure L: Room TemperaLure 56.4 ltc F19 !{igh-Resolution
NMR Spectrus of 257" Solution of Polyvinylidene
Fluoride in N,N-diinethyl aceEami.de.
CFC15 Inuernal Referenie
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Figr:re 2 Most probable sErucEure of the polyvinylidene fluoride molecular chain in Ehe

viciniCy of a head-Co-head linkage. Letters A, B, C and D below Parlicular
-CF2- groups refer to spectral llnes in Figure I associated with each
sEructrural posiEion.




