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IE. A. A. Bothnerby -2- JI:IV L1, 1959

or ne.

., heprints of the fol1owürg paper are al-so available:
"fonization of Strong Llectrolybes., VII. Tenperature Coefficlent of
Dlssociation of Strong Acitls by Prrrton Lrlagnetlc &esonance,' by
G. C. Ibod and C. A. Rei1ly.

Sincerely yours,

t,,* L.. ,r,,._ Lri
C, A. Rellly

CAR: je1

rrrcPäoNt otYiPtc 3.2t00

I ryouJ.d like to point out two irnplications of these resul"ts
for the enalysis of,_NMR spectra. Fjxst, the "cis" coupllng constant
ls larger than the "trans" one. Second, use of the inadequate AH(
approximation can Lead to considerabLe errors in the coupiirg constants
derivrd (fn tfre present cases up to al--rcst 0.5 cps) ..ret"t tfrofuir the line
poeitions are fitted to wlthin I O.O) cps by either the ABX oi tire .A-nK
appr"oximatlon. fueprints of this work are avail_abl-e ilon either Jerr1r

Dr. A. A. Bothnerby
Meffon Institute
\4o Flfüh Avenue
Pittsburgh 1], Permsylvania

Dear Aksel-:

Jerry SVa1en and I recently conpleted tbe analysis of spectra
fron some sinple epoxides of the structure:

O n..^ 
^,R

@ rrt"?"\rr 6
Analysis with the ABX approximation accorinted satisfactoril-y for the
positions of all lines (trett,er thar + O.1 cps) tut rpt for the intensities.
nrüension of the anal"ysis to an ABK (perturbed A.E() approxination accounted
for the intensities as weI1. The K proton was identified by its resonance
position in stla'ene oxide and the A pruton by its couplilg constant to
this proton. It was ffust established ilour doubly substituted epoxides
of the structure
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that the "trans" coupling constant ls about 2 cps in.these cornpounds.
The results nay be sufinarized as follows (spectra at 4O Mcps. with Siltrea
as an internal ret"elence):

T
fi

CN

COCI13

cooH

.6,
57
5I+

5.Bo
5.99
6,16
6,\7

Jax

2.1r1
2.50
2.BB
2.r9

JBK

1r.11

4.04

.84

.r5

.66

.21+

.40

.0t

rllb(1-oK)
1l+4
1ll4

1l+O

1l+O

Lt5
L*
r19
r19

66A.BX

.ABK

A$(
33r(

ABX
ABK

ÄBX
A3K

,

5
5

,
4

.1

.4
t

.1

.5

.4

.o

1.51 51.85 
'r.k6 51.84 5 4

F

117
117



Pocket Gukle for Jourrxal Referees

REQUIREMENTS TO BE MET BY PAPERS CONCIJRNED TITH NMR SPECTBAL DATA

(1)

S,t?t€ 
= 

solvgnt. co
'rrrts ts, ol' courss, most funportant whon the peak posltlons for
0H (or othon |thydrogen-bondädtr protons) are gtven.

C,tve ltsqda$,deviatl .
The stan<iard dovlatlon l9I s-@ned by
divldlng tho standard aä?Iatfpffi-sffiT6 moasurernent by
the square root of the nurnber of measu:rementg. Reaeonable
valu€s 1n 1959 are: ! 0.001+ ppm fon sharp poaks, ! 0.010 ppm
for falrly sharp analfzaute'müitrplete, aid-perträpE' ! 0.025'ppm
f,or. broad poaks.

It ls oft'on posslble vlsually to'sstlmate the posltlon of tho
conter-of-ar€a of a complöx multlpl,et even though a proper
anelyols ls not perf,ormed. Such values may be qulüo üsoful,
and should not be omlttod, but bhould be marked Itmul-t. tr to
lndloaüe thelr leesor certalnty. Bnoad poaks aLso should bo
spoc 1f1od.

pescrlbe analyzabie multlpLete. and clve coupllna constants
l.n cps. i{hgr.e posslble, lcientlfy the nuclol rrosponslble fon
the nultipl"lclty. Tho symbol J is custornarlly (ühough perhaps
unforüunately) used for the coupl.lng cönstant, the gp$
accepted unlte belng cycl-os per second.

Onlt flcur€s thowlnE NMR spectra lf data can be tabulated-
g

f,rom the pantlcular cholce of epöratlng vanlables (rnuctr more
eo than ln lnfr.arod spectroscopy.r ), consoquentl"y flgunes are,
as a rrrlo, not ospecLally hel-pful. Complox, lneompletely-
analyzed spectna merlt publ1catLon, but only lf the horlzontal.
coo:rdlnatoe are vellf cexefully gntened. solhat other workersln the future maflfrofEE-EfTEe rrburteär data.

lc a1
use o cps or

as the numenlcal values clted d.epond upon

pas
da

spectrometers operate at 6O mc , sbme at 9e.a few r.1111 remaln at lgo rnc., and to llst va

lt t

(l+)

(5)

(6)

(7)

(B)

s unacceptable,
operatl"ng

frequency Essentlally a1l NMR experts agreo on ttrisIn the t there was a tlmo when, nea:rly aII romeSpect
atlon

polnt.
tors .

sdiro
&Dd qulte
cps

operate t40 so that a tenuous Justlflc for'ttro
Ilstlng of cps

ficr
val ues could be made. Now, hol'lever,

$6 nrc,'
Ilres in

represents a callous indlfference to the convenlence of the
roader (whlch lt ls certeln that authors dolnöt-lntend.i).
Suppose for example that many chemlsts reported m.p. and b.p.
data ln mllllvolts, usually (but not always!) stattng the
type of thenmocouple used, and leavlng lt to the reader to
make the converslon to degreesJ One cannot belleve that such
lazlnoss would be condoned by the Journal,

(2) State the type of cälibratlon on whlch measurement of peak
separatlon is based. In other words, how do we know that the
peak separatlons ar"e correctly measur"od? Tho Varlan spectro-
meten 1s not callbrated and contalns no lrstandardll fon measure-
ment, -and 

-EEe - auAto:oi.;lt ra töi-ilüäTrf-sufiSfiäE-il:- th 1t mäy b e
several per cent ln ernon aü dLfferent polnts on the dlal.
A frequency counter ls strongl,y lgSg4lqg4deq. To pursuo the
f,ire rrno c oup r e*änaTöey;-o;äTonTä- noE ev en r€p o rt "illl iv o1t s "unless onets potentlometer wore at some polnt checked agalnst
a standard. cell.t

(3) [eaEUfe peelr posltlons ln a mesnlngfu]-, reproduclble way.(a) Tho use pf an rrexternal-referencorr compound ls invallit
unless measurements are extnapolated to lnflnite dilutlon(J.A,c.s. f-2, S36t (tll?)1. Tenperature should bo statedparticularly lf external H:0 ls used as a reference.
Määsuteffi;I3 made at low c6ncentratlon, (for exanple below
5%) probabJry do not r.equiro extrapotation unless iuperlon
accuracy ls needed. Measursnents made ln one solvent
cannot as a rule be compared to ttrose mado in anothe:r
solvont unless conversLon. ls establlsheil by use of speclal
tochnlques (whlch should. be explalned).

(b) Ivlany dlfflcultles are avoldod by uso of a good rtLnberrral-
referencorr such as tetramethylsllane. (Ilowever: ttrt-s
compound ls insoluble ln D2O, so that a conversLon mettrr>d
slmllar to that ln (a) is iequlred lf such data ane to
be compared. ) lühen tetramethylsilane ls usbd, lt ls bojtt
to report results on tl.e scale deflned in J. Phys. Chem.
62, L]-S]- (1958), as ttrls lb now fairly well acceptod,

The therrnocouple analogy ls helpful here älso. Mll1lvolt read-
lngs, however precJ-se and accurate, can only be converted to
degrees centlgrado lf the referenco Junctlon ls held at g knoun
temperature, If thls latter wene not done. cörnparlson of
temper"ature data between laboratorles world bocome largely
moanlngless.

George V. D. Eler6



POLYMEN NSR SPECTROSCOPY. II.*
THE HIGH RESOLUTION SPECTRA OF

ISOTACSIC AND IIATACT IC II POLYMETIITL MESHAC BTL.ATE

F" A. Bovey and G. V, D, Tlers
Communlcation No. 161,

Central Research Laboratorlos,

Mlnneeota Mlnlng and Manufacturlng Company

St" PauI, Mlnnosota

(Rqcelvod )

WE hqvo ob8ervod slgniflcant dlfferencsg botwesn the hlgh
rosoLutLon NSR spcctra of nethyl methaorylate polynrero prcpaned

wlth f,ree radlcal and anl.onlc lnltlators. Isotactlo polJrmsrc

xoro prcparod ln toluene at -600, -l-0o and 2lo, and ln toluono:
dLoxane mlxturcs aü -60o uslng n-butylllthtun as lnltlator. f

Tho rratactlolr polynens rero prspared ln tolueno aolutlon at
!0o and ln buLk and golutlon at L00o, uslng benzoyl pororldc

aa lnltlstor. A ample of oorrnorclal noldlng rosln, assrxnod to
havo boen prepared u61ng a fr,trc r.adlcal lnltlator, ras also

examlnod" Speotra uoro obtalneat on 15ß solutlons of the polyücr.s

ln ehlorofort, using 0.5 rn1. of solutlon ln 5 nul" 0.D. Pyrcx
tubes. A Varlan V-l+3O0*2 l+0,O0 !.{c por soc, spectrcgnaph was

cnploy€d, together wlth a Varian hEatod probe, samplo splnner,

audlo-osclIlator, Iieulett-PacEard 522-8 frequency counter and

Varlsn necordor. In ordor to achlevo the requlred spectral

resolution, all sanplss uoro rnalntalned at approxlmatoly 90o.

fyplcal spectra ln t]re roglon of Lntenost, onbraclng üho

notlqrleno and c-nethyl regonances, aro shorm ln Flg, l. Tha

peak at the oxtrome nlght 1s thaü of the lnternal :reforence
standard, totranethylsllansi thc scals Ls cxp:ressed ln parte
per m11lloa, r'eforred üo thrs peak ao r.o.oo. varuss on thls
scale, temod f-values,2 verc reproduclblo to gg. + O.OZ p.p.n.
standard devlstion in the present rork. The egüor methyl group
appeara at 6"[0 / tn arr the pol;rmers, and ig not affeoted by
thc chaLn eonfotmatlon. Thorc arc throo a_m€thyl pcaks, qt
8.78T' 8.95T, and 9.097, rhoeo relatlvo hol8hüs varTr greatly
ulüh ths nethod of polynor prepanatlon. pol3rmors prepared rith
n-butylllthlurn sbou a yary prcninenü peak aü g"Igf, thc othors
belng much smaller (Curvo a). polJmors pnoparod ln iolutlon
uith benzoyl pcroxLde lnltlator (c'rve b) shon the same threc
poaks" but nor the 9,O9Tpeat ls tho most pronlnentg in the
bulk and comnerclal polynreno (Cp"v" c), tlrc g.g5 T pcak ls noarly
aa large. In both bulk and solutlon polymers, the g. fg f poak
ls small-en but ls alHays cloarly dlscornlbLe

ttc lntorprct theso ver"1r mankod drffcrences as forrows.
Polynothyt nothacrxrlatc prepared rlth n-butyutthlu! lnltlator
ls bclleved to be predornlnantly lsotactlc,l as 1s also thc
polyrn.cr prcparod tn hydrooar.bon solvsnüo uelng 9_fl-uoncnyl_
tlthiun"J Ttre peak at 8.?O fnust thorcfonc be duo to tho c-
nethyl groups of monomor uqlts nhlch aro flanked on botb sldog
by unlts of tbo eamo confJ.guratlon, t' c. il d d on I I l. Thls
wc term an lsotactlc, oonfiguratlon, the ecntral untt belng
tormod an iln unlt" Tho nost promlnont pcak 1n frco radlcal
polynora, - at 9"09 T -, La attrlbutcd to a-ncthyl groupc of



contral ntorxornon unlts ln svndlotacttq conflSuf-atlgng. (trgr unlta)

L d 1 or d 1 d, slnce ln free radloal poLynera, at leest vhen

preparod at lon tomperaturesr'thls structule üends to pnodonlnato.3

Ihe peak at 8.95 f le belleved to be d.ue to o-nethy1 gnoupe of

central nonotror unlts ln hetetttactlc conflsuratlone (tths unlts),

L d d, d. 1I, d d 1, or L I d. the 8.78'f ,8.9rT, and 9.097
peaks u111 be proponttonal üo the numbers of L ts, tld g lnlte,

firs rtbackboncrr rnothyleno rolonanco vould be o4rectod to

be a slngle peak ln a ayndiotactlc po).yrner, as oboerved,

beoauso fron e1mp1e geometrlcal conslderatlodr both pnotonl

must erporlenco the aamo magnotlc envlrorment. In an lcotaoülc

polymer., horever, ühir ls not tnue; the tso protons rlLl be

dlftereatly shlelded and may ttrerofore be erpeoted tcj shor

clsctnon-couplcd apln-spln spllttlng to gtve a four-f,old reronance.

(A someuhat parallel sftuat5.on has been etudlod Uy, Wtberg. ef)

Tbll slLL conslst of tro nnon-sgulvalsntl dor:bl.ota havln6 nearlJr

equal peaks lf tho dlfferencc 1n sbloldlng conaldenably bxceedl

tbe eoupllng constant J; rhereaa lf tho rhleldtng dLffsrence lc

approxLurately agual to J, thc peaks rlll bs noro closely apaced

and tho outor p€aks rlll be r"afe+. Itl PIg. 1, b and or the

4 s. L" Hatrn and D. E" Iilarcr611, Phya. nev. 99 ro7o (f952).

rnethylene relonance ls a sS.ngle peak at 8.11+'f . In Flg. 1, a,

tbree of tbo oxpocted four peaks can be toen, tho fourth 1r

agsrared to be unden tho a-nethyl resonance. Tho centqr of tbe

qusrtot lc ln the sanre porltlon, 8.11+ T ' a! the slngle peak

rof b snd c. fho coupLlng constant J is found to be 15.5 cycler-

coc.-l qnd the thlcLdlng dlf,ferencc 0.60 p.P.n. lfho obacrvetlon

of, the nethylene rolonanc€! provldea abrolute, lndependcnt oon-

ffuuatlon of tlrc stnuoturca deduced fron l-rey flbor dlegrana.

Ouc ryatorn of nomenclaturo rhloh rc profer hal

already beon Lndlcaüod. In concldorlng the nothylonc rosonancot,

bonev€r, anothen lyrton la more convonlcnt. Thc fractlon of

methylenca glvlng a quartot noronanco rlLl be oqu6l to ths

fraation of d <l or 1 1 unlta, 1.o. re nor nusü conalden tbo

chsln rtruoturc ln termc of dyatls of, monon€r unlts rather tban

Ln terus of ürLacts as abovo. llhe fraotloa of nonomer unlta

lnvolved ln d I or I d oonflguration! re rhall dealgnatc a!

the fractlon of EgggE$E or tln unlta; ths firaction of d tl or

1 I, 1.c. &!9 unltae rc rhall dcslgnate at lqn"

NSR apoctroscoPy appears to provido a stnplc neang of

examlnlng polyner chaln conflguratlona rlth a blgh öegpec of

dlscrfunination. It chould be partlcularly valuable ln the

etudy of those polymers whlch ars not sufftclontly regular to

crystaLllzo. Ue shaLL doscrlbo oun ro8u1t8 ln groater ttetall

ln a suboequont Publloetlon.
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HAMILTON trTlLLEGE

HAM'LTON, ONTARItr

Jue 10th, ]959

Dr. A.A. Botlurer-By
Mellon Institute
44o, Fifth avenue
PIIITSBUftGII 11, PennsylvanJ p

Dear Dr. tsothner-Byi

Dr. ß.!'.M. White of University Oollege tondon
antl I &re r.ritlng a revlev on Structural Applicationo ot'
N.!l.R. in Inorganic ChenisLry. l{e vould be very gratei'ul
for any reprirrts relevant bo this topic that readers of
M.E.L.!.O.ll.l4.R. night care to send. to eil,her or both ol ug.

Perhaps you would be kind enöugh to publish thj.s
Tequest in the nert letter if you consider it appropriate.

Yours sincerely,

H. J. ple

IiJG:l,n

T, P'P'm'
vl
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