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Dr. Aksel A. Bothner-By
Dlrector of Research and gdicor,

Ttre liellon Choly
Mellon InstlEute
4400 5ch Avenue
PltEsburgh 13, Pennsylvania

Dear A2B2:

Brevlty belng allegedly golden, I dare not consume much space co
chank you for the blnders for your lndivldualistlcally punched Mell;-N-M-R
Lssueg. They work very nlcely, however..... Say, is black the only color
you have? My faste ls roore for pastel greys and greens, so lf the Hollday
Spirit should sleze you uncontrollably in the coming weeks.

Perhaps your-other Broadline reader will be interested in some
super Low Resolütton F19 work carrLed out here in recent months on fluoro-
carbon polymer samples. Theprettlestresults have been obtalned wlth oriented
(1.e.,stretched) fiber samples of polyretrafluoroethylene (PTFE). Room
temperature absorption derivative spectra at 40 Mc for orlented prFE flbers
are shown ln the attached Figure 1 for rhe cases when the fiber axes are
orlented (a) paralrel or (b) perpendicular ro lhe applied static magneric
fleld, H6. The oeasured spectra are clearry uns)rmmetrical, a facE at first
puzzllng but later (and I believe correctly) atEributed to Ehe magneric aniso-
cropy of the C-F bcrrds. Based on studies at both 40 Mc and 56.4 Mc, rhe
nagnetic anisotropy,Ao-=lcir-oZ.l, in PTFE is found to be abouE 216 + 6 ppm.

An indirect consequence of this work is to obtain the estimate lirat
the unshlelded Ft9 nucrear ie"onan"e posltion*Ehe hypothetlcally lsorated
F- lon posltlon-should be about 272 + 6 ppm upfield irom CFC13, or abouc
703 J. 6 ppm upfield fron the F2 nolecul-e päsftfän. comment on rhese numbers ls
invi teil .

For impatient souls, skept.ics, and ttrose without enough to read
othervtise' preprints of two papers submitted for publicatLon in the Journal of
Polymer Sclence are avallable on request, Ihese are entltled: I'Magnetic Anlso-
.tropy EffecEs in Broadllne N-M-R Spectra of polytetrafluoroethylene'r andrrobservation of chemLcal shifts in a Bulk crystall!,ne porynrerrt. prompt
delivery. satlsfactlon guaranteed or your money back, They wlll be ient ro
you Ln a plain wrapper. No one will call.

Yours truly,

C,rr-.Ja U.4rr!;L
ö

Chas. H. ülllson, III
cltw/dEf

fl9-N-tl-n Derlvarive SpecLra of orLenred pTr.E FlbersaE 26oc and 40.0 ttc. (ä) Flber Axes parallel ro Ho.(b) Fiber Axes perpendlcular to Ho.

(a)
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(Ray Preo"rtt')<rsrocioles

PROTON SPIN DECOUSLING

our interest in the application of this technique to the detemination
of relative signs of spin coupling constants (ltelloa Newsletter No. 33) 1ed Dr.
phiffen and I to enquiie a little more closely into the mechanism of multiplet
collapse in double irradiatioa experiments. The theory follows the general lines
of the rreatment of Bloom and Shoolery (Phys. Rev. 97, LZ6L, (1"955)) but there
are some special features which appear when the auclei are all of the same species,
and we find that they are most conveniently represented graphically. We shall
consider here only the simplest cäse, an AX type proton spectrum where X is
subjected to an ri fietd E, ax frequency v2 while A is investigated by meaas of
r .rÄry weak rf field H1 aL-frequency ul. Observation of a resonance transition
inpliäs a relarion betrieen v1 and lio (Ehe static field) so that wilh v_l as

oräirr"t" and Ho as abscis"" fr. have represented the positions of the four possibl-e
A transitions öy the four branehes of the curves in Fig. 1. Nusrbers inside the
circles indicate the trend of inLensities expressed as pereentages of the intensity
of one of the lines of the doublet observed when
taken to be the cross-over point so that strictly
and the abscissa A = ZX Ho/Zr ' v2.

At Lhis point $/e musC distinguish Lwo ways of investigating the spectrun.
Experimental simplicity is the great merit of the t field sweepr method where v1

and v2 are constant and I{o is varied. These spectra may be predicted by laying
a ruler horizontally on oäe of the figures at a height appropriate to Ar and by
reading off positions and intensities. The second method $/e may call the
tfrequency s\,reept method for now H,., and vJ are held constant while v, is s$rePt_

over the A spectrum. Theoretical ittt"tt6 are then given by drawing'a vertical
line on the figure at the appropriate value of A. In the figures A, At and

yH2/2* have all been expressed as multiples of J4ra.

Dichloroacetaldehyde is a good example of an AJ( system and Fig. 2 shows

a comparison of the experimentally obtained spectra of this substance with the
patteins predicted Uy fig. f. The tfrequency sriTeepr spectra have been obtained
by *"r.t" of a field stabilizatLon system of the type described by Professor Primas
(Me1lon Newsletter No. 33).

Some general rules can be deduced by consideration of Figs. I and 2.

First, an rexact resonancer spectrum (2\r = 0) of atfield sriTeePt experiment
contains only a single line, for the satellites have moved right out and gone

down to zero intensity. Otherwise rfield sTreepr experimeats give three line
spectra thag are not syrrneCrical about their centres, and which do not obey an

intensiCy sum rule. On the other hand tfrequency srr/eept spectra are always
syrnmetrical and the total intensity equals that of the unperturbed sPectrum.
Careful inspection of the figures shows that it is easier to discriminate begl^/een
t exact resonancet and a small offset of v2 in a I field sweepr experiment than in
a tfrequency sweepr, a property that is es-sential for aceurate measurement of
chemical shifts by spin decoupling, and very desirable in the determination of
relative signs of spin coupling constants.

Ez=
the

0. The origin has been
ordinate is Ar - v1 vZ -8 aX
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We have found these and similar curves almost indispensible in under-
standing various double irradiation experiments. If anyone is interested in a

more complete description, this work has been subrnitted for publicaEion in
Proc. Phys. Soc.

Yours sincerely,
Pag ?rVtt",a.,*

R. Freeman
Instrument Division
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THE MANCHESTER COLLEGE OF SCIENCE AND TECHNOLOGY
(Faculty of Technology in the Univeßily of Manchester.l

MANCHESTER I TELEPHONB qslrner 3266

DcPartwt of Chmütry

5th Jan. ' L962

Dr. J. Loe

Dr. A. A. Bothner-BYt
l"lel,1on Institute t
4400, I'ifth Avenue,
Pittsburgh, I31
Pennsylvania,
u.s.A.

Dear Dr. Bothner-BY'
In our investigations of inter4af motton kinetlca'

by observations on "ü"o"pti"n "pecfra 
arising from nucrel exchanging

betvreen tvro eouaLly-populated environments oi near equal relaxation
;;;;;;"',#ütiä-Lä"ä0"ifiä-enctosea graphs more usefur than those
p"üiiÄnJä freviousry." iln""ä.= t^he"cuiton has been to plot such

spectral parametera ;" f;"7i;; ö;;/5"";;ä i*rr,/^t*.* agäinst k/6o (or

its inverse) for various Äelected values of t2f<J' where
5- = separation of maxina betore coaloscence'

5o - cherilical shif tt
6La = UanA width at iralf height after coalescenc€'

I*irr, Ir"J = central nialmum and maxillum intensities before coa].eacence,

k = kinetic rate constanl (= 1/'Y where
Y- mean riruii*e in either environrnent)'
Ta= transverse rel-axation time-'

we would prefer to repl-ace the 5cJ by öor' ' the separation of bancl

maxima at infinitery"Si;;'";;t."äu-ir =bJ, since-this is the d.irectlv
measurable quantitv (il;; iü" iutp"iuture is nuch less than the

coalescence 
-value).

I'he rel"eYart al-Sebraic expressions (sone of which

have been Presented before I ) are:
(a) T" = cc

(tv) rnin/Inax=1612 -64r' tt- t,(t) 6a1/Ea = [t - 8r2 + (6414 - 16ra + 2\'tef-I'z
(b) Ta I a'

(i) rd/rd.= lä - -frsü,*ä[, - ärq * #;ff*l'^
(ii) r,r"/Jd = 28, G * +r* +,)(r.+ 

2 y')
* (? : #'- #l;C1)r" * *xr'-r 2)'hlh

ffia'

ffi
N

( li.

(lv

(v)

_t_f --o

r rtf)

&

.4s -zzq/

5 r)"( t l-+ t-
-t

8t 8ur" /S,r) l"+
-t

e/t

where r =q--
p=

k/E\n
Ta 6-u-l

:- f =l- -2t!yrn-
1,

1
+ (t"" I t^)

_L- + L
2 tr 8{"

Itle should like to thank you very much for sendi.ng

MILLONI{R, whlch we finct useful and interesting. Please accept my

apologies for the delay in sending my contributlon.

Yours sincerely,

\\
t'

(i) tcr/tdd = I
ittl S""Za" = (1 - or'1'/"
(iii) At coalescence, r = I/ 2J'2

See for exarnple, Gutowsky and Holrn, J. Chen. Phys.r 1956,22, I22A
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Sederholn (contlnued)

Chemlcal
shlft
(cps )

o.o
94. 9

]t_6. O

205. 5
2t-4.2
264.5
286. Z,

368.1

S of Total
Integrated

Area

23.7

10.0

50.4

9.5

b_ b

Asslennlent

IIb

Ib and Ic

Ia
IIa

Ib and Ic

IIc

194"K
1O. O kcaL

9.5
10. o

207"K
10. O koal
10.0
10.5

233"K
10.5 koal

9.5
ro. 0

Best value
10.2 kcal
s.7

10.2

-3-

Rotamers Ta, IIa, IIb, and flc should y1eld slngle
llnes. Rotamers Ib and Ic are rnlrror lmages of each other,
and hence have ldentlcal spectra. Ttrey should yleld a palr
of doublets. Thls ls preclsel-y the Bpectrum observed at
-96"C, as shown 1n F1g. 1. Chemlcal- Ehlfts and lntegrated
areas of the severaL llnes are tabulated below. By falrly
stralght forward reaaonlng, 1t ls posslbLe to make the
followlng asslgrunents of the low temperature peaks.

Ihe helght of the lowest barrler 1n lsomer l.
The helght of the barrler between conflguratlon8
IIa and IIb.
The helght of the lower of the othen two barrlers
1n 16omer IL

In the encloeed flgur:es, the calculated spectra are
compared wlth the observed. The foLlowlng välues of the
above tabul-ated parameterg were chosen as the best flt
valueE.

I
2

Parameter
Llne 1

2ä
p

c
D

E

F

G

H

PotentlaL energy aB a functlon of rotatlon conflguratl-on

fsomer I Isoner II
ConflFuratlon-. EnerAy-

Ia O cal
Iab 210.2 kcal +
Ib 438 cal
Ibc .>Io.2 kcal d
Ic 438 ca1

Ica 210.2 kcal {

ConflguratLon Energy
IIa
IIab
IIb
IIbc
IIc
IIca

119 cal
9.7 kcaf

O cal
>IO,2 kcal x

45O oal
)IO.2 kcal x

It ls lrmedlately apparent that the coupllng constant
between the fLuorlne atoms whlch are gauche to each other
ln rotamers Ib and Ic 7s 2I-I/2 cps.

Fron the l-ow temperature areas, the re]atlve energleg
of the three potentlaL mlnlma can be cal-cul-ated, and are
tabul-ated below. Uslng the Eyrlng egltatlon for estlmatlng
rate constants of lnterconverslon between the three rotamers
as a functlon of barrler helghts, an IIIM program was wrltten
to calcul-ate the observed Bpectra as a functlon of ternper'-
ature, uslng the low temperature data and asaumlng varlous
bafflers to rotatlon,

One flnds that all- of the barrler helghts do not affect
the cal-culated spectra. The cal-cuLated spectra depend only
upon the fol1owlng three parameters:

{ The energles of conflguratlons Iab and Iac are equal.
The energy of elther lab or Ibc 1s egral to Lo.z kcal.

* The energy of IIbo or IIac ls equaL to 1O.2 kcal-.

From the low tenperature data, one can draw some con-
cluslone about the chenlcal shlft of a fluorlne atom as a

functlon of the reLatlve onlentatlon of the other end of the
molecuLe, A fluorlne aton gauche to a fluonlne and a chlorlne
atom 1s to the hlghest f1eld; a fLuorlne atom gauche to a

fluorlne and a bromlne atcm 1s to lowest fleldl and a fluorlne \s
as
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atom gauohe to a bromlne and a chlorlne atom 1s at lntermedlate
f1eld. In order of hlgh t'1eld shlftlng ablltty, thls 1mp1les

Cl >F > Br, Suoh an order' ls somewhat Burprlslng.
At the present t1me, we are contlnrlng thls work on other

halogen subetltuted ethanes. It 18 hoped that efter vte have

lnvestlgated a fet more auch compoundg, 1t vtl11 be posslble to
at lea8t put the sterlo part of the potentlaf errergy on a
sound, emplrlcal basls.

fl
o
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Slncerely,

c# /,/,6/,,
C. H. Sederhofm

f*-f*- ltu-f:,
Dougl-as Thompson /

ftr/-/ 7ba'/'a42e-

Rlchard Neumark
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cFelBr qt p33.1<o+ eFctEr' llaher uä Evans, Proo. Cbem. Soa., 2OB (1961 )r
trbsenan anal lb1ff6n, ldol. Pbye. r lt 52l- (fg6f).
trboenan, Uol. Phys,r 4r ,85 (196f).
Turner, J. Chen. Soo. (in the preeo).

_(-

Dr. A. A. Botbner-By,
Usllon Instltutet
4400 I'lfth Avsnue,
Plttsburgh lJ, ?a.

Dsar Dr. 3oübnox-By'

D€partnent of Chemlsiryl
fnperlal College,

London,3.S.?.

lgth Januery,1962.

D. Xr. EVang

Althougb my name dosa not appeer on you! na1]lng llat,
Profegsor Wilklnson suggosted T eand tbe followlng roBulta as a
oontributlon fron tbs Inorgenlo Cbemlatry a€otlon of tho !€pertmont.

f bavE been applylng tbe reoently ileveloperl ilouble lmadlatlon
method for tho doternlnatlon of rolatlve Blgn8 of epln ooupllng
oongtantalt2': to F-F and II-F coupllng oonstanta ln fluorooarbonc, antl
Bono reaultB obtalneil for txifluorootbylene alorlvatlv€s eI€ glven bslow.

cF.-spsl r,. . .rff,: I r,, ..rff" r I ,r., - .rff*" r .

cr.-s511 .1,. - rlf, t I r,, - rff": I ,r., -.rff*u T I
.r,. -;ff.: r .r.. -;ffu+ 1 r,. - rfl"n" J .

cF.-strstr', .r,. - rfL: I r,, -.rff": I r., = rfF n" ? 3

r,. - .rff;; r "r.. -.iff3: r r,. -,r{f;"3 .

Tho double lrretllatlon appalatus oonstruotad by Tutner'ras uged.
Sinoe all the EDeotra erer to a very good epprorlnatlon, fi.rot-oraler et
56.4 Ucs., tho lnterprstatlon of tbe (loooupllng €rperle€ntE wcs
Etrelgbtforward. In the naJorltJr of oasea, ths neaeurenentE r€re
oerrloal out In palrs (e.g. g"oup I war lrradlatoal whlle group 2 raa
neaeur€d, anal vloe verea) anit heno€ a knotlEalgo of th6 dsooupllng
frequencier was not nornally lcgulT€d, althougb lt provlaloa a usefuL obsok.

Youre elnoa:roly,

O'1.tt*

\
\
\
:
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THE JOH]{S HOPKINS UNIYERSI'TT . ßAL'TIMORE 18, MARTLAND

It A H nI tt EXr OF CE tuUtS'IAt January 9, ]-?62

Dr. Aksel A. Bothner-By
l'bl1on Instltute
44oo nirtn Avenue
Pittsburgh f3r Pennsyl-vania

Iber Dr, Bottiner-BJr

We have contlnued our vork on the hlgh resolutlon nür spectra of porphyrlns
anal trave recently exanined. rather carefirl-l-y peaks ln the high-flefd (f = 1I.4 - 16.3)
slile of the spectru.n, llhese !eak6 are nov genera]-]-y agreed to result from protong
bond.ed to the nitrogens at the center of the rlng 8lrtt their hlgh-fle]d position 16 alue
to ring current effects, Becker, hacLley and. lJatsonl bave also stutllett the nnr
speetra of porphyrlns, and 1n all conporrnds.that they have stud.led, the N-H peak ls
Bingle and falrly eharp, Ttrey concJ-uded that there 16 a raplal tautomerlsm of the
NH protons naking afl four pyrrole rings equlvalent on a tine average baals. We

have obser-ved that the NiI peak 1n many of these compound.s 1s slngle vithln J.lnlts
of our resolutlon; hoffever, we have also observed. that lf one va.rles the el-ectro-
negativlty of the groups substltuted on the periphery of the molecul-e, the NH peak
ie often broadened, presumably due to r.mresolved rurltlplets antt/or NI4 quadnrpole
interactlons. In one case, hovever, 2, l+-bis (2-carboxycyclopropyl) deutero
d.euteroporphyrln IX lr[elr the NH peak ls clearly a doublet vlth{; = 14.15 Bnd 1l+.36.
The spectrum is shor,rn ln Flg, l-. In thls case, at leaet, it appears that lf
tautonerism exlsts between the N-H hJdrogen6, lt is 6.lov.

Very truly your6,

{.
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Walter S. Koski

WSK/ka1

I [. n. Becker, R. B. Braalley ancl C. J. I{atson, J.A.C.S.,83, 3?{3 (]96f)
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EtGndon 3s

DEPARTMENT OF
INORGANIC AND PHYSICAL CHEMISTRY

VINE STREET, LIVERPOOL, 7

rHJi NMR SPIICTR"I OF SOME PEII.bILUOROAIKYL IIALID]iS

b$ N. Bodenl Jr W. Emsley, J. Seeney and L. lL gutcliffe,

Donnan Laboratorles, Llverpool Unlvers lty, llngl'and'

Our. pr.ogramme on fluorlne resonance spectra hae beon

furthered by the examlnatton of, 6everal fully fluortnatecl all{yl

balldes some of which are new compounduft2' The Bpectra tdere

obtalned by means of a Varlan Irioo B spectromdten operatlng

at 56.1. ivi" ""c-I. Below are llsteil the chemtcal shlfte (ppm)

of tlre neat ltgulds rneasured r'rom the external rel-erenco trlfluoro

acetlc actdi posttlve shlft6 are to high ftelds of the refer€nce

ä

trlro
as soLvent whlch^eenved as an lntornal refeltDce. The hliah

f161cl banci r€conded above occurred at tfr€ aame cheßlca1

shtft whlle the Low fleltl banct wae ellghtty affocted (fon

a 5}'fr soLutlon, 6ar., = -2.!1 ppra from orternal C!iIJOOH;

dcr.f = 76jO ppm fnom lnternal Crc15). Because of tbe small

effect the remalntng compoundB wer€ oxamlned as neat }lqulds'

Sewra1 tnterestlng polnts emerge from the clata glv€n

above. Flrstly, the lsopropy1 brpmlde ancl loallale have CF

group shtfts thowlng large magnetlc anleotroplc effectsJ.

Socondlyr the replacernent of a fluorlne atotr by'a chlorlne

atom ln 0.!'3Cl'Iiifr2CI has an enormouo effect oil-the thteldlng

of the clr groupc (nerng of ttre Ce - CI tyB"f thls Bol€cule

hae magnetlcally non-egulvalent !'atone ln tG C!'2 8ro{Pr

lrrespectlve of ttre rate of lDterla1 r\otatlon.) A almlla:r

large effect le obeerved ln the 
"**üüt 

shlft€ of the CF

sroupe of, (u$i)20!'.c!'(üs3)2 and 
o!.zc''co.t*o"lo,

Iluorlne-!Iuorine Spln-sptn Int€ractlon8

'Ibe couptlng constanto derlved from a flret or'der

anal.ysls of the spectra are llsted below ln ths unlto

cycJ-eo eec-r.

(ci'J)2c!'Br.

( ür'3) zclll
Crrl,Ol'20l'2I

C!'301'I 0l'2C1

(.)!'- C.b' r)c.0. crn r
0!'201 ol'2o1

( ur, ),cr'. cr'(or3) 2

= 66.9

_ 70.,L

= ^[,0. 6 JcI,2

= -r5. u [""
= -2o.6öcF

I = -L7.2

= -1e.5

= Bl.5

ä

ö

ö

6

üsf

0dJ

cl'J

ct'J

c!'J

= 1.15

= -2.00

= 2.25

= -5.65

= -8, BJ

äro

A

6

C.t]^A

0Fe

6 =*.tL]I'I

C!'

ö.",

ä

ö ='5.5L öa" = loJ.J
0.bl)

\s
I

w

A dilutlon expertment wae conalucted on (C!'J)201'I wlth ul'rol5



(crno),tlr'.Hr,

/ctt ) c r't\ li' 2

cl.,,cl' c.b' Iag2

CF C}IIÜP OIöä

(ctn") oi:l'.ctt(ol") , there j.s evidenee for more than one coup]ing
corrstant sur:111esting the presence of lr-!a corrp]-ing tretween atoms

four L,onds rernoved. The wltre variatlon of the na6lnitude of
the J vlrlues wlth ct,ailge irr the rrurubel' of bonils sepalatlng
the i.^teraLcting nrrclei ln c!r"ctr,"cFrr prolably lnclicates that
the couplirr;4 constu.nts are not all of the sarue slgn. If the
couplins con$tant$ are all- of the same slg,n in CF.CFIüP,CI

then tire r{ro1€icu1e most likery exists as an 1'terconverting
nrixtu.r'e oi'Lhe tr^io rotationä1 isomers sitown.

It is intended to stu(ty the effect of ternperatuls en the

epectra of i;he al)ove cterivati-ves which can exhibit rotatjonal

i somerlsm.

The .ll-F coupling constant having the value 0'B cycles scc-r

appears to be the smallest reported to date and the absorption

bands of C!'öC1,'sCtr'aI in which this coupling constänt featurcs

vrill clearfy be useful for checkinli the resolutlon of tl

spectroneter for ao !i' resonemce'

'rVe woulct ]-1ke to thank Prof essor Yi'K'it' Irusgrave oi

Durham University äor ploviding all the compounds discrrssed'

it.]). Chanbers, 'i'l.1{.R. }ilusgr'1ve and J' Savoryt

Proc. Chern. Soc., lU, 1961

11..D. Chanberrir \/.?-.I1. liusgrave ancl J' ljavoryt

J. 0hern. lJoc., 3779, 1961 '
ll . Spieseclre anal \f .0. Schneider,

J. rllrem. }'hys., 35, 722, 1961 .

J. Lee and l,.il. Sutclilfe'

1lrans. li'ar:aday Sjoc., $!, B8o, 1959 '

Sutcllffe (cont{nued)

Jg1'.-cF=8.9J0.5
Jt;Fr-cF = 12'5 I o'1

Jo!,.-crn.= o'B + 0.1, Jctr'.-c!'"r

Je,n _r]r,r=4.7 + o.e
"E "a'

JCl."-c!. = 11.8 l o.lrJcFu_CFt

Jqpu-cFg= 11'B + o't,Jcr-cFA

Jot-ctr'" = 18.1 -t o.5,Jg1,o_cp,

= 9.11 + 0.2

= r.[ 1 0.r

= 1B.B J 0.5

=116+2

OF
"Ul'.ctr' " 1" colnplicated

cn cl
6

ln 'Lhe spectrum of

[or.) *ctr'.t-l'(cr)" Jrl !. -0f'=9.0+0.1ö
CF

'Ihe hiflh resolution spectrun of
c!.acl

and ]rirs not yet been t'ul1y analysed. I
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Chenlcal Shlfts of Some Organo-Slllcon Compounds

C.l[. Huggins
General Electrlc Researcb Laboratory

Schenectady 9, New York

As part of a general program on the NMR propertles of organo-
sllicon conpounds, an assortment of proton chemlcal shlfts have
been neasured and tabuLated. In general, we have been interested
In the nethyl resonance in series of [eaX3-aSi, where X - -CIr
-OSl, -Pb, and -OR. Thls sharp, dlstinct nethyl resonance has
proven eost useful ln NltR analysls.

Spectre were recorded by standard techniques on a Varl-an
Associates Dual-Purpose Spectroneter operatlng at 40 ncps. AI1
shifts were treasured wlth respect to C6H12 or (CH3)aSi, TMS, 5%
by volune ln CCI4r using double side-band technlques. Each neasure-
ment was tbe average of 5 up-field and 5 down-field sweeps through
the sanple reference and TUS slde-bands located at ca. +5 cps on
each side of the sanple resonance. Sidebands were inJeEted through
magnetlc fle1d nodulation and sldeband frequencies were measured
to +O.1 cps. Shift neasurements were made at 3 or 4 sanple con-
cenTrations of l-2O% by volume and the reported value is the
inflnite dilutlon value obtalned by extrapolatlon. Tho conblne-
tlon of the double slde-band measurenents, averaging, and extra-
polation results in chemical shifts which can be considered reli-
able to at lea6t A1 = +O.1 cps or Aö : +O.O025. The qulte snall
variatlons in shlfts an6ng some silicon sErles nakes thls degree
of preclsion essentlal for analytical purposes.

Table I llsts the neasured shiftE of a varlety of slllcon
compounds. The nomenclatur€ used for the nethyl siloxanes ls
consistent wlth Rochow(1) :

-2-

Aelde fron general analytlcal lnpllcatlons, the nost
interestlng feature of this data lB the effect of substltutlon of
eLectronegatlve groups and lts conparleon wlth analogous carboD
serl.es. Figure I sbows the effect of chlorlne substltutlon on the
lle+Si resonance vhlch snootbly shlfts to low f1eld, conalstent
with general concepts of chlor!4g vE. netbyL electronegatlvltleE.
Tbe simllar reEults of tfebster(2) on H,rSi iesonancee are 6hov'n
for comparlson. llovever, oxygen substltutlon effects only ninor

2. D.E. gebster, J. Chem. Soc., 5132 (f96O)

shifts as shovn for üe*glxe;(ont;3-*. The flrst €thoxy affects
only a 3.1 cps shlft to lo!f,--field; tbe second and thlrd etboxy
groups eacb 6hlft the Ue*Si resonanc€ by I.O cps upfleld. Tb18
1s probably not unroasonable when considerlng that the p-protone
ln ethers are only sbifted by a sllght amount. Llkevise, tbe
Enall shift asaociated vltb -O-Sl substltutlon Ls sbown ln the
slloxane series ![eS1l[e*(-O-S1-)S-x' Further a snall chain-lengtb
effect can be aeen. Tfiis chain-Iength effect makes lt posslble
to clearly resolve the varlous M and D units for nolecular weights
up to 500-600,

There is a small rlng-slze effect ln the cycllc nethyl
alloxanes, probably easoclated wlth rlng strain in tbe 6ma11er
unlts. TLe-series-appears to level off at'D5 to a value ln
good agreement wlth tho central D units 1n the llnear serles.
it is ünprofltable to speculate ebout the signlficance of the
one detum for the lleT compouDd.

The ue*Sl resonances are partlcularly usefuL for ld€ntlfylng
Etructural lsonerg ln the netbyt-phenyl systens as typlfled by
the data for c1s- aod trans-cycllc trimers. ThIa senaltlvity
to stereo or structural configuratlons on tbe adJacent Sl atons
bas proveu to be of slgnlflcant aDalytLcal lntereat.

Thls data vlll be lncorporated in a publicatlon to be sub-
nitted to AnalytlcaL Chenistry.

si(cü, (ille)r-*

(cl)r(tne)

7

Ct Cl at","r

I E.c. Rocbow, Chemistry of the Sillcones (John Wtley and Sons,
New York, 196Tr:-

;;]_c%)zsi-O-, D= -0-s1(oI3)2-O-, and r= -p-srtue)1$. rhe shrft'
are reported as cps fron internal Tl[S at 4O rocps and are shlfts to
low field ln all cases. For shifts of <1O cps, neasurenents were
üade with respect to lnternal C6II12 and corrected by v (COHfZ)
-v(TlfS) = 57.9 cps, In the mixed nethyl-phenyl sy6tens, tbe eharp
nethyl resonance has proven most useful; the natural widths of the
phenyl resonances are considerably larger than the shift dlfferences
ln sone serles. Ilowever, the frequency of the domlnant peak of the
phenyl resonance was measured to less preclsion and ls reported for
cornparison.
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TABüE I

Io*St(Ie)3
Ie*81 (tte) 2Cl
le*81(Ie)CI2
Ie*SlClg

Iothyl chloro sllaneg llothyl etbory all.nea

Ie*Sl(Xe)g (O)
Ie*s1(xe)r(oEt) 3.1
Ie*sl(Ie) (oEt)2 2. I
IetSl(oEt)g 1.1

Cycllc perEethyl sllo:ratos

(o)
17. ä

32. ä

46.5

Ph€ryl chloro Ellaoea
pbrslclg 3024'
Pb*st1POr"a, 3OOE'

Ph*sl(Pb)2il 2g7a'

D3

D4

D5

D7

5.5
3.6
3.O
2,9

L1ttoar perpethyl alloxanes
IT.I
I*-DI
IT.I'2I
IT-D3I
II-D4I

2.6
3.9
4.O
4.O
4.O

o.8
1.6
2,O
1.9
2.9
2.O

I-DÜ-I
I-D*-DI
F-D*-DZI
I.D*-D3I
IIFD*-DT
IIFDT-DzI

Clrcllc nethyl-phonyl elLora[es
t(re)sl(Pb)-o+3, "ctaI
l(re)81(Pb)-o+s, rtrana"

20

lle
4

Pb

2904
293r

zgos

L7.6(2xl
15. o ( 1r)

fsr(Pb)z-ol*
[srtre*11s16111-s+a 5.6 + o.2

(no ovidence for or,s-taana sbltt)
fre+rgr, 4.7


	Scan_24012023_1425_001.pdf
	Scan_24012023_1426_001.pdf

