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Obs€Ireal ve1u6s of the C15-E oouplü€ oonotants, Jg-g
013 gpltttl!8B t[ Proton 1da6letlo Rosola[oe Speoürar

t" flYdrooarbonf

iilorborb l,{uller and Don.rlc E. Jältchard

D€partnent of Cliantst$'r Purilue Ünlversi.tyr Lafayetbo, Indlana

(Reoelvstl I

Iaitlrect spln-spln cou]lllnge betrtoon protons and c*g [uolel bavo

beea neaguroil for a nunbor of hydJooarbo4s. llbe reeults aro lllter-

pr€toat oa üho basle of a si!rylo sr"dompirlcql oquatton rolatb€ tbe

ooupl{hg ootratatts wlth tho anoult of s-obaracter of th€ oarbol-

atonlo orbltals llyolyed ta tho bolde. lio gvl-lelco lE foulal for a

dop€nat€aes of tho oouplttg ooostatlts on aup.?oeeal clranges 1o lonto

obaraot€r of ühe boudler

An eo-uation 18 also presentoil r6l"rü1ng tbo coupltng coasüatrts

aat! tho C-8 laternuolear tllstalcos. thig provltloo a aelr bötrest

Jlaans of ovaluatln8 C-H dlstalo€s, viltb a rellablllty apparently

at teast @oparable wlth tbat of Ä€übods ld current u6o.

t fbls rvork l{a€ naclo posplbl€ by Grents flox'r tho Purdue Roeearch

loundatlon, E. L du Poot cte ltröäours a.nil Codlpany! and tbo

Naüloaal Solencs lounilatlon'
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Cl5 Spllttl€s ln Ploüon Magrrtlc Rlsolrancc Sp€ctrr

II. Bonding tn SubsülluLcd I'lethanee*

* Thl.c work uas uade
Fourdatlon, E. I, du
Scl.ence Foundaüton.

possible by grants fron the Frnduo Researclr
Pont ds Naours 6rd Coopany, ard the National

Table I

( cH3lat$l(BII3l
OHg0H
cH3oc6H5
H2C( CNle
P-CHgO-Coüs-CHO
cH3N02
(cH3-üc(o)cH2-)2

CH3CCls
CH3CN
( clt3 )?so

a. Jr-* (ethflolcl - L55i J._, - 1.2 I O.1

b. Jr-, . ?.? 1 o.2

c. ür_, trtrg)ave . llJ
d. JO_r1 (alde\rde) - l?3

o. JH-sn . i3 (fld€bsnds tü,re to srP? ard Snü9 9v6!lap)

f. .Ia-g (CHa groups) - 155i .lr-, (-CHa-CHa-) . ?.I 3 0,4

!r ,lr-5. . 41.6 1 o.5

C3-ti coopfirg Coßtahts for Sr.rbstLtuted Methaneg

-1 -1Ccnpoud .Ia_r{Seo:} Capound .Ia-r(Sec-).."-
I'lorbert l4uller and Doreld E. Pritcttsrd

Dcpsrterü of ChorJstry, Pur.drre Unlverstty, Iafayetüe, Irrdlam

(Reco{ved: Jrurs L9r9,l

!{c bave neacued irdlregt spln-spln coupltrgs betuecn protoru

and Clt nrclel tn a var{.ety of arbetitrf ed müranes, Aa found

sarller for hyclrrocarrbon!, th€ ccnrpllng corBtantr, Jg_g, appear üo

bc J,fuoarly related tpüh to ühe parceit g ctraracter of the carton

atotc orbltal pa*tcd.pattng tn the C-H bord ard to the bond l€ngüh.

0n ths baslg of tho large varlatlons of the rIq-H valueg and of the

C-ll bord lcngths ln theeo aoupourds ne conclude that ttre eüate of

hybrldizatlon of, thc certon aton cannot |s jer{q!}3r lnf,crred frun

the oboeorvcdl oesentla$r üetrahednl valence angleo. ThLg reana

thaü tlro bodg nust ln nany cases bs conslderpd as soneuhat bent.

llc lnveet'tgated thc dependoncE of tho C-H bord hybnl,altzatton

tn cdpourds of type Ol3f, upon the prop€rtlos of th€ substituenü

grdrpr fte resulüa can !9 elplated on the asanptl,on ühat ürc 
.

otfcctlYo rlectionegatlvlty and the stze of the atü dlrtctly
sttachcd to the nethyl carbon prlmrily detontrc thc tryör{'dlza-

tton
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Fteld eradi.ent colls.

In order to obtain a degree of facile control over the magnetic

field gradlent ln the vertlcal direculon, we have mounted a pair of gradient

adJustlng coils on the sl.des of the Varian blgh resolutlon probe. The

coils are wound from enameLed copper magnet wtre (28 gauge), and are

wouod accordlng to sketch fI. (one coil only shown). The eoils are

easlly centered using the l{elntroltz coll groove as a guide.

1/fa/r*tA

r=linch

FRON T
OF F ROBE f.

I

Z ,tu'"vt skerch #1

Curlent ls supplled from a ffi acy ce1l, uslng the crrculE snown tn sketch fh

5000JL lort 20on-
to colls

Sketch fh

The col1s are si.mple to construct, and may be afflxed to the probe with

cement or gcotch tape. A rapLd, smooth and convenlent, adjustmenC of the

vertl.cal gradlent ls posslble thereby.

A.A.B.

l.r;4"?ö
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c External Refereaclan

A PrellmluarJr Report

The probleu, of externa,l referencl.g has been re-eramlneÖ rtth

a vLer to

(i) cl'etennlnlng the 'tlrrr{te of preelglon obtelra,bl. IrErng tlre

t captllan'lr teeh.lque t .

(ff) erral"uati-ug the reLatlve nerlts of the eapllJany techn{que

ancl the nethod. usitg Wt]raö preclsion eon'cfaf- ceLLE.

(fff) ctlscovering other factors, iaclrrÄlng l-nsttrnentel oues,

nhich can af,f,ect the Breelslon of LLne separatLon measul@eats.

A nunber of sets of sarpJ.e tubes yere prepareit; v.ithln a glvea

set (grg, tubes go. 6t-68 rnc.) there nere fou,r'trrbes of substance A

rrlth a capillary of substance B (Agr6f-6b) anö four tubes of substs,nce

B rrtth a cap{lLarTr of Eubstaace A (g, 65&\. lbe substances lsvs n'l'l

pr:re l.lqul.ds (at least 99.5 moke S pr:re by r/PC o'l^l;rsls) ee,ch glvlng rLse

to a single, Bba,rtr resonance Ll^ne (Tbe letter eonsid.eratlcnn preclucled. the

uee of toluene - ef . !{.E.L.L.O.f.M.B. ilo. ?r p. 2.). Iüh,ere poeslbLe the

pairs of subgtances rere choseu so tba.t thetr nagnetlc susceSrtlbi-l:Ltles

vere as differeat as possible. AIL tubes anö capl!.arles Trere fll.leö on.

tbe vacurm tlne wlth cüegasseö subetsJo.ceg a,nd. rrcre sealeö off Ln vaqlo.
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L
Precision-bore tublng and. capilJ-a"r;r stoek were not used.

lfif,hjn a glven set of tubes there vere d.:i:fferent llquiit co].rm

helgbts ln both tubes and. capillaries and. illfferJng tube and. capl]-fary

lengths as rrelJ. ae varylng caplJ-lary ölaneters.

Line separatlon de.ta obtalnecl here at MeILon lastitute ve"e

d.eternlned. and. processed. as fol-lsrs:

(i) Separatioos were detertlned. by the sld.e-barod. 1gah"'lque b5r

vlsually d.eteralnlng exact superposLtion of rreal' a.ad 'Lua,get peaks otr

the oscll-Loscope, as judged. by per:feetlon ln the trlatte::a of the rlngJng

d.ecay.

(i1) A non-resettable, caBacltor tuned. (Li.) aud.io-oscj.Ilator

vas eraployed..

(iif) Ihe aud.io-oscillator frequencies vere counted ry a frequeary

counter, and. xere reaö aad. record.ed. by a second. persoa to avolö operator

prejud.ice. Reatlings once uad.e rrere lrrevocable.

(fv) Five read.ings wele taken on eacb. tube, a.nd. five lo-seeond.

frequency counts nade for each readJng.

Measureneats on one set of tubes rrere run by Dr.G. V. D. Tierst

who used. a graphieal method. to dete:nine the separatioas. fl1s data are

lncl-ud.ed. below, rith our prelr'rnJnar;r results on tvo sets of tubes,

te
The ted.ious and. costly selection of lengths of "5 m 0.D." $rrex tub'ing

cen be avoided. read.ily by orderlng sarrrF]-e tube stock cllrectl;f frcm Corr.lag
($o. fi4o tubing, 4.8 m o.D. + o.oo4" x o.o32 äa].1 I 0,005" (tn 35" lengtbs)
at $f3.53 per 1b.), lhis cost is essentiall.;1 tbe sa,me as thst of rrslng that
part of stock 5 w,. tubing vhlch ls aetr:a.lJy of the corect size. Comreaient
capi]lary stock ts Corni.ng So. 953O nelting point tubes, eapillary2 T€" Ieagth,
1.5 m 0.D.
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ConclusLoas"

(f) $re captlLary technlque of sste:rral" referenclng ls btgb\y precise,

evea vltbout recourse to tbe use of preclsion tublng end capl]-lary stodc.

(2) Otber factors than Bosslble perturbatloss causecl by turyer:fect

caplLtary strrsten gemetrT are probably of greater Lrporbence ln ctete:ßlnrng

the prectgLoa of, separatlon Eeasur@ento. Ihese factors lnclucle:

(f) The preaence of, dLlesoLvect orygen ln botÄ the saupl.e anil

tbe reference. (".-L)

(rr) lfbe resolution at the mment the seperatLon neasurenent

l.e nade"' It tE found tbat a vezy suall, teuporar;r tLeterlor"atlon of

resolublon preneatd the posslbltLty of an rmequivocal choice betveen

(Eay) 237"L and" 237.2 cps settlngs of the modulatlon frequency"

(fff) The rrtctths of both sauple anÖ reference llnes"

(3) tro systenatlc error ls lntro&reed ln cha',g{ng fron a caplJ.lary

o'f, A ln a tube of B to a caplllary of B ln a tube of A.

(tl) There le no pereeptibl.e depenclence of, precl.elon on unifo:nlty ln

length of, the captllary or of the coLumo of refereace substance contalnecl

therel'n. OeptJJ-arles of J-engths aE tn tJre present study (at least two

fncUee) ere sufficlently cyl.inclrleaJ. ancl praral-le1 to the a:cls of the

sarple tube so tbat errors do not arlse f,rom this source. In practlce,

lt ls formcl that 1f, a capiAlarT ls tnadequateLy eonstnrcted", ftl-Lecl or

seal.eö, its unaultablLlty ls reac113.y alparent, and ls na,nlfeeted by naJor
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perburbatlons ln the appearance of the speetrum, gjgJ Bp{nnJng slcle-banös,

spLtt or cllstor.bed. J-laes, etc"

(:) Erüe:mal referenclng by the lllLnacL precislon coaxlal ceIL tecbatque

srdfers frm the follorrtng d.isadrrantages:

(i) It ls expenslve, trnrtlcuJ.ar\y for the often hlgh3.y cleslrable

ualntenance of a elzeable tlibraryt of sarple tubee over pertod.s of ttne.

(ü) rt ls very crlfflcuat, if feasible at aal, to degas tbe

refereace substaace ln the q,nnrr'lus. An un-degassed. ref,erence substance

gtves rise to a s1gna1 broader thanr and sblfted. rith respect to, tbat

frcm e' clegassed sanple. rn aclül.tlon to Enans' find.lngs (cnen. eFd lgl:r
,26 (L958)), tne folS.orrlng data, obtained us{'g glrrnn{ tubes ancl the

measuriag technLques descrlbed. above, nay be cltecl: (t = 48"c, R" r. = 50 nc.)

&rbe (a): Degassecl cycl-ohsrane tube, arnr:lus of aLr-equilibratecl benzeae:

Ilae separatlon = 3LT.!2 + O.Op eps.

fube (t) i kgassed. benzeae tube, annalus of alr-equiLlbrated ql.clobe:raae:

].lne separatioa = 318.9O + 0.02 cps.

Differenee = 1"38 eps,

(6) llhea peak separations are roeasur€tl by the srrpe:positlon of, a

noduLa,tion slcle-banÖ, it l"s necessary to use en eud.1o-oscllls,tor v.ith a

eontlnuousJi; variable frequency" capacitor-trrnecl osclllators (e:g:,

m 2ooAB) satlsf$ thls requirement, but the one reslstor-tuned. osct]-ls,tor

teetecl (m aOan) Jrmped several tentbs of a cyele as tbe ntre-normct narlable
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reslstor ras tlrnxeü Such ogclllators can be used. i-f a srnelt 'vet:nler"

reslstor ls ecLd.ecl for flne tunlng.

ft) Errors can e,l so be lntroduced. by the use of slne Eaves (or other

broad. vavefo:ns) to trtgger a frequeacy counter. For exa,rapre, nben

reasuring a freErency of 100,21+ cps rrlth a ten-second gate, the coqnter

1{'i1l" most oftea reacl 10O.3 cps, rlth an oceasLonal ].0O.2. fbe resgLts

Ere a buaehing of the avenrge readings aromcl the teath-cycle polnts

anrl a.n upnard shlft of the average by as auch as one-teath of a clrele,

depencllng oa the arplltude of tbe slne rave" Thus, la aclclltlon to latro-

ducin8 an error in the f,requency, the statistlcs of the measuremeat are

ba&Ly cllstorted.. Ebese effects d11, of eor:rse, be tea tilnes rrorse lf

a one-secoao gate ls used. Trlggerrng of the counter gate by a ns,]jrotr

pulse eJ-rmJnetes a'11 of these troubles.

He would nelccme collaboratlons lrlth other laboratorleE in

pursuing thls lavestlgatlon, lle are preperecl to fir:culsh (oa ]-oan) these

tubes or add.itlona.l sets fsr the purpose of cross-cbeckJag the rneasqreueute

thus far nacle. We rlorrlil aJ.so ne]-come firrther suggestl.ons on ro". sX!.tngeat

tests rdrlch nlgbt be applled..

A. A. Bothner-By

a

t

a

€-z66wy
P. C. Ie,uterbrrr

MeILoa fnstitute
!4go gifth Aveaue

Ptttsburgh LJ, Pa.
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8. L.


