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PETROLEUM AND ITS PRODUCTS

Gur,r RBsnencn & DEVEToPMENT Coupervv
P. O. DRA\TER 2038 . PITTSBURGH 3(), PA.

t, o, coGGEsa^LL
August 27, 1959

Drs. A. A. Bothnerby md B, L. Shaplro
llellon Instltute
4400 Ftfth Avmue
Pltt8burgh L3, Pa.

Gentlsen:

In nany ,.natancea the quetlty of emple avallable for m
nu analysls nay be llnlted. One such lnatmce 18 in deallng wlth
fractlons obtalned frou a eeparatlon by ga8 chroBatograPhy. The ueual
smple requlrement when uslng standffd 5 m O.D. glase smple tubes is
approxlnately Q.2 cc. A Varian Techn1cal Informatlon Bulletln (Vol. 2,
No. 3) descrl.bes a technlque whereby the 8eP1e requlremste cs be
reduced aorewhat by the use of nylon plugs, aLthough attdPts to carry
thl8 too fc result in a decrease in reaolutlon due to the dlstortlon
of the uagnetic fleld bY the Pluga.

We have had good succeas by ualng a dlfferent approach to the
probl.eD, Thls conBlats ln raislog the smPle tube ao that the bottom
of the tube la very near to the bottom of lbe recelver coi1. In order
to allow splmlng of the 8ePle, a nylon bushlng le lneerted Inlo the
probe lnaert above the receiver coil as sbom ln Lhe accomPmylng fIgure.
The bushing ls nade to flt tlghtly lnto the ln8ert and the hole is made

large oough to allow the smple f,ube to rotate freely ln lt. The

bottom nylon bearlng normally used le rmoved. The emple tube ls kept
froE slldlng down ay further after tt is poelt{oned by a tight flt ln
the Epinner rotor. The oPtinun Posltlon for the sanple tube is found
by trlal md error. (The dlnaslons on the flgure are for the 40 nc
probe tn uee here.) There Le very llttle adverse effect on reaolullon
Lven wlth very small ample voluee. Sati'6factory sPectra cm be obtalned
on smplea of a few hmdredths of a cc in ldeal casee. The bottom bearlng
is no longer ueed even for conventlonal samples.

We trave lngtalled the fteld gradlent co116 deacrlbed by Dr.
Bottmerby ln üellon NMR No. 9 wlth excellen! results.

Very truLy yours,
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1 Saraple volulne greater Ehan 0.3 rnl with sample tube in
normal posilion,

2 Sample volume equals 0
gain 5 times that of L

03 rnl. Sanple tube raised' Recorder

...a.L-:.:-'-

3. Sample volume equals 0.05 ml. Recorder gain same as 2

Spectra of ethanol + tlCl obtained using nylon bushing Eo minimize saraple
requirements. Sauple is not degassed. The magnetic f ield \,las not readjusLed
for any of the sPectra. R. J. Martin

Gulf Research & Development Co.



HARVARD UNIVERSITY
DEPARTMENT OF CHEMISTRY

Aügust 25, 1959

Dr. Bernard L. Shapiro
The Mellon lE8titute
4tt00 Flftb Ävenue
Plttstxrrgh 13, Pennsylvn'la

Dear Barry:

Please forgtve thls rather tardy cotrtriblrtion to M.E.L..L.O.N,M.R,,
hrt my receut urarriage hae prt ne Bomewhat behlnd h rny correepondence,

Usere of deuterochlorofonn may be lnterested h a method we have
developed for the preparatiou of this peerless nmr solvent, It la a modificatlotr
of tlemethodof Lord, Nolin, andSttdham, l-, Äm. Chem. Soc., lJ, 1365
(re55).

IHexachtuoac.tone t{rag obtalned a8 a glft from Baker aud Adamson, The ma-
terlal a8 supplled was lurifled by fractloladon at reduced preesure through a
68 x 1.5 cm vacuum Jacketed column packed with l,/8 inch glass hellces. Thoee
fractions showlngDegllgible nmr absorptlon yere used in the preparation,

Dr. BernardL. Shaplro Arguet 25, 1959

By evacuarlon of rlle reaction flask about 20 g. deuterlum oxide may be
recovered.

As a pardng shot I mlgbt mentlon that we ftDd it somewhat mote con_
venlent to use hexametfiyldlslloxane a6 an hternal reference rather tltan tetra-
methylsilane for two reasons: tle former ie conelderably lees volatlle than the
latter, making lt easler to handle and measure outi aod the slloxalre leede uo
purification to remove ether as does the sllane. The eingle oharp peak of the
siloxane falls 2.0 cycles (wiggle-beat merhod) to tfie low field etde of the ellane
at 40 mc.ir Incidentally, the ether irnFtrity ln teframethylsilane can be most
slmply removed ln an apparatus consistlng of two flasks connected together
thlough a wash bottle cortaini.Bg cotrcenEated sulfurlc acld, The silare le
placed in one llask and allowed to diEtlll at room temperature through the
sulfurlc acid into the other flask whlch ie cooled tn e methauol-dry lce bath
and ls protected from moistuxe by a calcium chlortde drylng tube.

D

Youre alncerely,

-T;-
Thomas J. Curphey

*

-2-

tz Oxlud Strcct
Cambrid gc a8, M uuch rsc ut, I),5, A,

In a 500 cc three-necked reaction flask fitted wlth two dropplng furmels,
a Dean-Stark moioture trap, atrd a condenser connected to a vscuum line, are
placed l5 g. anslyttcal grade calctum carbonate and 15 g. analytlcal grade sodium
carbotrate. The sollde are drled for twenty hours at l45o C. and 100 F presaure.
The flaek ls cooled and dry alr admitted. Thevacuum corurectlon to the condeoser
ls replaced by a calcium chlorlde drying tube, and 33 g. (30 cc) of deuterium
o)dde (99.8 per cent deuterlum) are run lnto rlte flask through one of the dToppjDg
funnels, The flaek ia lmmersed ln a head:rg batb held at l15o C, aIrd 70 g.
(d0 cc) of hexachloroacetone. are added dropwlee to the carbonate mixture
oyer a perlod of 1.5 hours, The temperature ie held at llso for an ad.lttional
1.5 houre, then raised to 1600, and held there untll no more deuterochloroform
dlstiUs lnto the rrsp (about four hours). The product ls withdrawn from the
trap, drled over Drlerlte, aud plrtfied by a bulb-to-bulb vacuum dletlUatlon.
The yteld le 50 g. (80 per cent based on hexactrloroecetone) deuterochloroform
of 99 .6 per cent deuterlum content (mass spec) .

Determlned on a sample conEalning )voI.S each of hexamethyldtsiloxane
and tetrmethylsllane in carbon tetrachiorlde (not degassed ) __esttmaiea
accuracy plus or minus .lcps. This value ls ln good agreenent withthat of Tiers,. M.E.L.L.O.N.M.R. fi6, page 1.



Sepieübex 2, L9r9

Dr. AJrsel. A. BoLhne!-tsy
Mel1o0 Instltute
4Lo l'ifth Avenue
Pittsbur*t !J' Pa.

Dear Aksel;

You arid your MELIONMI reslers may ire lntelested ln a NI\ß
süutty cooplete<l here by Dr. A. Ioe{ensteln (lleiz[ann Instltute) of
the lonlzatlon öf cltr.lc ac1al. fhe problem $as to detennine the se-
quence of }oso of the lonlzable protons ltlth lacreaslng p[ tu aqueous
doluülon and. lras orlglna"lly poseal to us by Dr. Donald L. Glusker. So
far es I sln alare the Ntr{R method 1s alnost unlque ln lts ablllty to
handle this pToblen.

Dr-. IDewensteln nreasuled. tthe cherulcal shlft of the methyleoe
hydrogens (whlch appear as sn AB quarbet) itr clbrlc acld ae s, functlon
üf pH concerltratlon al 60 Mc, On the assmptlon that all lonizable

to cmpute the chenlcal shlft aseociated vlth each lönization 6tep
uslng a set of stutrult€neous equatlons of t}le type

5= *. j', + xaf z + xsJe + x+.i +

uhe?e x- represent the mole fractions of non-; nono-, d1- and. trl-ion-
lzecl citrates and ä 1s the overall cheltrlcal shtft of the nethylene
hydrogens. TetrarBethylannonilntr bromlde r.ras usetl as an interval standard,.

Itie resul"ts vere as follows. the flrst lonlzatlon canrceg s,
chenlcal shlft of 9.2 cps; the Eecontl, 2O.2 cpsj and the tblrd., 22,6 cps.
Since the chemica,l shlft of the methylene resona.rrces assoclated $ith the

(:'l
cll2-coi: 9fi2-co2H
lel

IIO2C-C-Ots OzC*C-OH
ll
cll2-cozt{ cII2-cozII

AB
lonlzetion at the outside carboxyl (e) fs targer than for ionlzatloo, at
the central cer:boxyl (s), the flDding of two successlve LarBe chmlca].
shlfts folloueal by a soaller on€ argues 3or the fllst tlro ionlzatlons
occurrlng nalnly et the enals of the chaln.

Strong support for thls concluslon wea obtaioetl fro& a, stuaiy
of the pE dependence of ühe nethylene resonances ln the synrnetrlcal anö
unsyuetrlcal mononethyl estera of cltrlc aclal. Since the nethylene
resonances ln *CH2*CO2H and -CH2-COg*Ci{s were founö to be practi-
cally ldentlcal (4cps) in those cltrete speCles nhlch could bo com-

Fred d.irectly, ve were abte to a,s61gn apparently letiable J - values
for eech citrate species and calculate the percentages of eabh present
at d1fferont pH values. the resul-ts lnd.:icate fo:mati-oa ot BIS of I
a^d, 19% of B ln the flr8t lönlzatton and excluslvely the eyrmet$cat
fonn 1n the seconal ionlzation.

At thls t!ne, I should. llke to put ln e very strong plug
for Jh $roolery's polnt of view }egardiug publlcation of M{n data
("f. MELLONMn Nos. l-O and 11). As a chenlst uho regard.s NMn es 6
means tc obtain chemical lnforma,blon, I malntaln that no one should be
requlred to get üore or better apectral date than needeat.for the prob-
lem at haÄd." tr'urthennore, 1f a figure ls the noost revealitrg way of
dispfaying the d.ata so obtalneö, then the figure should be publlshed.
CertainLy, mloor resonance 1Lne9 of pooslble chenlcal funportance can
be displeyed in a figuTe rhich mlght be regarded a.s too tine- or sps,ce-
conswing to be vorth measuring accurately foT a table, 6 course, lf
one vants Jo set up a catelog of Nlm 6pectra,, be can requtle any set
of 6tand.ard.s he thlnkß ls €rpproprlate but Let ua hope thet the chFn.rcel
journals esches fulfill-lng catal-oglng fuctions ]est they becone even
blgger and rtrore ind.lgestibl-e than they are nor,r.

I'i.oally) I hope you wlll contlnue as best you cm to list ln
you bibliographles al..l artlcles uslng NMR even as an adJunct to s).n-
thettc oI structu.ral slrud.i.es, [hese atre often extrenely useful.

Wlttl &L] good wlshes,

Very txuly yours,

JorL

CALI FORNIÄ. INSTITUTE OF TECH N,OLOGY
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drd iorrircd cpecles axe rapi.d,ly irttercenvelueo ]n &{ueous soluLlori
d)d vlth tbe ai.d. rf the known iolizatlolr constüts, lL was pos6ible

Il;w

J. D. lloberts
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Molecular Orbital Approximatlon to spln couPllng of vlclnal Protons

BY HAROLD CONROY

RECEIVED

A slmple molecular orbltal approximatlon is shown to give good
results in the predlctlon of the order of magnJ.tude and the
form of angular dependence of the coupllng constant, JHH/,
lnvoLved 1n the hlgh resolutlon NMR sPectra of vlcj"nal proton
pairs. The results are compared with a number of experimentally
determined coupllng constants frorn the spectra of rigid
molecular systems.

to

I

4

Footnote to Fig. 2

spectra were determlned at 6O nc/sec wlth a Varian Assoclates
Elgh Resolution NI{R spectrometer eguipped wlth field stablllzert
the solvent was ordlnarlly deuteriochLoroform but ln a few
instances deuterioacetone was used, The experimental Points
are identlfied as follows3 (l) enao 5,6 protons in l-nethyl-f-
oxabicyc lo [ 2, 2, I'l -2, 7-heptene-gäe-5, 6-d icarboxyllc ac id anhydrlde ;
(21 7,8 protons ln J.-nethyl-z,125,6-dlbenzobicyclo
tZ.z.bl-2,!-octadiene-7,8-q!s-dicarboxyllc acid anhydride; (7)
2,, protons ln F-bromopLcrotoxlnin; (4) 4,5 protons ln p-bromo-
picrotoxinln; (5) 4,5 protons in picrotoxlntn; (6) (Average of
four close points) a. Ilbr12 protons ln diacetylaPoPlcrotoxinlnic
dLlactone; b. 4,5 protons in nethyl acetyl-p-bromoplcrotoxlninatet
c, 2r1 protons in acetylneoplcrotoxLnLni d" 2r) protons in
picrotoxlnin; (7) lIa, 12 protona ln diacetylaPoPicrotoxlninlc
dilactone; (8) 1,4 protons tn p-bromopicrotoxinln; (9)(nverage ot
t\iro close polnts) a. 2,1 protons ln methyl $-brornopicrotoxininatei
b. 2,1 protons ln nethyl acetyl-B-bromoplcrotoxlnlnater (fO) 2,t
protons ln methyl picrotoxatef (1I) 2,] protons in dtacetylaPo-
plcrotoxintnic älläctoner (ra)(iveiagä ot two close points) a.
l1"b,t2 protons ln diacety!-ipopicrotoxinlnic dilactonei b, 4,5
protons in l-rnethyl-J-oxäblcyc Lo 12 . 2 . I I -2, r-heptene-e;9-!, 6-
dicarboxytlc acld anhydrlder (Ir) 1,4 protons in netn-yl
F-bromoplcrotoxlnlnate, (14) Jr4 protons In methyl acetyl-p-
bromopl"crotoxinlnate; (t5) trans 5,6 protons in dimethyt
l-methyl-7-oxabicyclo [2. 2. tl]reptane-!fgns-5 r6-dlcarboxylate t
(16) 4,5 protons tn methyl picrotoxate,,(LT),J,4 Protons 1n
dlacetylapoplcrotoxlninic dilactone; (18) f,8 protons in dlmethyl.

J*.

I-methyl-2, J : !, 6-d ibenzobicyclo [2. 2. 2 ] octadlene-7 . B_trans_dicarboxylate;.(19) 4,8 protons in diÄerhyl f-metüyf:2JJ5,6_
d lben zobi cyc lo [ 2 . 2 . 2 ] octad j-ene-|, B*lggng-älcarboxyi ate'.'''

o204060 loo r20 t40 160 t80

6
FIG.2

u



NMR Spectra of Methvl Thiophenes
by Irvllrg v'Ielnberg

SOCONY I4OBIL OIIr COMPAIIY, XNC.
Research Department, paulsboro Laboratory

Paulsboro, New,tersey.

we recently have been lnterested in the 60 megacycle
apectra of geveral methylated thlopbenes. During ttre course of
thls vlork lt became neceEsary to obtai.n approxlmate value6 for
cbemlcal shlfte and coupling conntants. These are deatlned for
eventual use aa gtartlng paranetere ln the exact caLculatlons.
In partlcular, approxitnnte metttods result ln a reasonably good

flt f,or the case of 3- methylthLophene. The ring proton spectrurn
for thls compound is shown ln Flgure 1, together $rith the
theoretlcal gpectrum. Considerlng only th16 portlon of the
spectrurn, the relative positlons were calculated uelng eecond

order pertubatlon theory, vrhlle the relative lntensLtles äre
obtalned to flrst order. The methyl group coupleE to all three
rlng protons but ls ca 28O cps removed from then. Ohus its
effects on the rLng proton spectrum can be adequately treated
to flrst order. Ehe results, uslng posltive value6 for all
coupllng conatants. are tabulated ln Table !, Lncldentally,
sLnce the small.er splittings ln the four low fleld quantltles 16

0.4 cps, thls compound 16 usefuL ln checklng spectronreter
performance.

Further conments on thLs and other methylated thlophenes
are scheduled to appear as a note, by Paul Corio and myself, ln
the August J. Chem. Phys. ThiB vrlLl no doubt have appeared in
prlnt by the tlme your current ner,rsletter is ln ttre malls.

TABLE I

Coupllng Constants and
CheElcal Shlfts for 3-Methvl Thlophene*

coupllnq constant

chenlcal Shif,t

Js4
Js2
J2a

J"n,-y5
o.u]->a
JcHr->2

Measured Value

5.3 I o.r, cps
2.9 t 9.1
r.3 t o.2
0.38 ! o.o3

o.42 t 0.1

r.r t o.r

l{eaaured Value

r5.8 t o.B cps
zo.s t I
4.1 ! o.7

tsa
Ssz
642

* Table does not lnclude rlng-methyl proton
chemical- shlfts.

cl
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PIiCtroN l,i. s- R. sp};c{Rosco}y. xI. A CARBoI'I-13 I,SüDO"I,E T|EFECT.

By George Van D5rke Tlers

Oontrlbutlon No. from tho Contral Rosoarch Dopt.,

Mlrurogota l[lning & ]ilfg. Oo., St. Paul 9, Mlrmesota

ReceLved

(Abstract)

Hlgh-preclsLon moasursment teotrriquos are elployed to
dornonstrato a very sxdall carbon-13 "lsotope offoctr' upon proton

!I. S. R. shlolctlng valueg foe CH013, CHAC12 , and (CE3)USi.

tho shl-ft ln posltlon of tho doublot centor for protons attachod

to C13, rolatLvo to tho slnglo peak for protons attachod to C!2,

Ls ln ths di:rectlon of lncroased striol-d.lng by the hs&vy lsotope.

Sur:h hag been observed pr€vlously tn N. S. R. spectral. süudles

of tho eff€ct of C13 upon attached fluorLno, and of the effocü

of douto:riun upon adJacent pnotons and fluorlne atoms" Tho

pröton N. S. R. shleldlng shlft, produced by the hoavy lsotopo,

Ln both oasos 1s about ölxo-fortLoth of thaü for the oorrrespondlng

fluorlne compound.. somo vallablltty ln the cI3 proton shlft ig

not6d, but no slmp).o correlatLon wlth spln-spln coup1lng constants,

wlth re].ative shleldings, or utth structuroris apparont.

i9iJiii-.,i

Reccrrtly a nucl-eirr spin l.osorrance (Il .S.tt. ) rrisr:to1ie cll'er:trl

of' C13 u[)on ]i Ltac]red fluorlne at,rms häs been cliucovor..:ci.1 llre

(1) !.C. Lauut',r,bur, 1rr'lvlte coilnllunicäL1onj also

I arir i.nduüri 1:,r'rrteful for l,hls advrnce j-nfortnal,j-on, wlLhor"it

'which lt.Lr'; u4lil<ely tl:rl,t Ltte i)r'esönt vror'lt wou}(l lrnve bcen hcilun.

ciirectlon correspondlng üo 6roater shlelding fy C13 than

uy C12. Thougir no stilft was found. fon pr:otons, the muctr

smal-ler eff'ect anblciprrted by antrlogy wlth the deuterlu:n shlfts2

(2) G.V.D.Iters, J.Arn.chern.Soc. 79, 5585 (.l-957r, J,Chen.Phya.

29,963 (1958).

would not have been detected.

As both the slgn zmd tho nelatlve rnagnltude of such a

CI3 effect mlght prove theor:etlcally l-nterpretable, a more

elaborato cxper,lmentrrl llrocodure has been used. ln the present work,

L!x-I)erllnental

'l'he compoundsr studled wele exarrlinod neat 1n the customary

5 trlln, O.u. s,]nüle ttrbes, I'rotn wltlch a1r hetd been swept by rneans

of a brlsk sl,rean of bubblcs of prepur'lfled nltrogen; howevor',

alr-saturabed CHCf3 ancl (CH3)4Sl were founti to give the samo results.

lne CfJ lsotoplc lsomers 'rtol'c prosont at their natural abundancos.

'-0he N.S.ll . spectrometer artd tneasurelrcnt technlques havo

been ,fescribed.' For Lhe t)resent sbudy separate rel'eronce

( ]) c.v.D.Tlers, J.fkrys.chern, 62, 1151 (1958).

compountls were not em)Ioyed, the excoedlngly sbrong rlparont-peakll

I'I.o]0 t,bo not'rrraf ccrili.,ound belng used lnstead. tllmrlgell peaks

(also ctrtlcilttsi(le-bt)rclsrr) r.Lrtl rr::Ltlify I',l'odLrced f'rom it bry audlo-

oscrlrerLor, illoilulrtion o.i' the magrreblc f ield. lvhen c13 1s presont"

üire tpn|cnt ire:rltt' ls spllt j-ni;o a doubl-eb, Lire coup l.ing constant

bcirill cri. l-00 to Zt-iO c/s. Tlie posl. l,1ons of tlieso tlvo unu,,}. Cl3

pcar.ks rrrc Incrt:illr'c(1, scll:rrr'tcly, relltivo to bjle stro"g Cfa

ceni,rt-Ll L)elrI( i):,' u::rc oll bl'rc rrltnallell peirks.S
t,aLller. Llnojir,r-:r/i l,ed1y 1t'rtle r;irif Ls uel'e ;tlways ,l'otrnd t,o bo 1n the

@



The snrrll but reproducibl€ dlfforonce found Ln each case

resulbs frotn tho lsoboplc shlft, as otherwlso the hlgh- and

Iow-fleLd t]3 corrponents wouLd bo oi1ually spaced from the

clz central peak.

Emors rartdom in nabure vtore count€ructed by multlple

repetltlon; e}l dcr.ta hcrs been usod and welghtod oqually.

Measurements $rere mado oven a threo-vreek porlod. At each session

six swoeps vlore run en each of the two C13 peaks for each of tho

compounds stuctled. In addltion to the routlne alternatlon of

sweep dlnectlon3, wtrlch vr"tur1tv^#etu""o"" duo to dlffenen -
oY to

tlal saturatlonpntrrlnglngrr of tkre pea-ks, 1n most casos care was

taken in the magnot cycll"ng to obtain a ltflairr fleld and henco

very slmuneirlcal peaks for both dLrectlons of sweep; sweep rates

also w6re controll-od to be oclual (wlthln fOl) fn both dlrectlons.

subsequent exarnlnatlon of the data falled üo revaal any slgnlflcant

effect of over- or unden-cycllng or. of unoqual sweep rates, or

of ti:e dogree of resolutlon upon the rnagnltude or dlrectlon

of the 013 effect. F##T#{##xrrfl.üirrfiF{z{x4dxr.;{öderrxFrorr{rrf Jt

s}roul.d be emphaslzed that optlmaJ- nesolutlon was not attalnedt

nor was bad resolutlon toloratod. tlRlnglnglt \i/as never observed

for any of tlre lnage peaks, o:r for tne c13 peaks of (CHj)i+sl,

but luas attalned. at the g13 peaks of the other compounds 1n

about half of' Lhe measurenents. 'Ibe wldths cf the lmage peaks

at half-ma.xlmurn were 0.?O to O"B5 c/s. ln noarl$ all cases,

whl1e the c13 ,realcs (when not rlnglng) lvere' if anythlng,

narrower than Lhe correspondlng C12 lmages, excopt for (CHq), Si,
'4

for rvhlch they averaged ca. O,L2 c/s wlder. llhe offect of

sweep cllrectlon ls falnly J.arge, tfre C13 lsotopo effect appearlng

to be larger by o.O02, ppm. when the sweep is toward docreaslng

flel-d, or strraller by the sane amount when the opposite sweep

1s used excluslvely. Although such orror rvas avolded, l-t would

not hnve concoal.od the lsotopo effoct". Oühon poss!.bllltlee

for dlrocted error may be pnosont but lf so thoy havo noü been

rocognJ-zed.

TabLe f

Tho Excess N.S.R. Shioldlng,Äf, Produced ty Cl3n ReLatlvo

to Cl2rLn soveral Compounds.

r( cTut shleldlne
c/eo Valuo,t E

aNo. of
Compound Moas.

A

(crr3),fsi 18 + 0.0042 118.20 1o.0oo

cH3r 18 + o.o012 L5r.L7 7.8h3

cfr.zc]-z L2 + O.OOh2 L?8.21+ l+.72O

csc13 18 + o.oo59 2o9"L7 2i75

(a) Standand dovlatlon of tho avor.aged. value was iO.OOI2 ppm.

ln each oase. (U) Süandard devlatlon of the avenaged valuo

was 1O.09 c/a tt each caso. (c) Moasured ln dilute solutlon

X.n CCI4, as described. ln ref . 3.

u


