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Mnr,r,orv flvsrrruln
l.tOo Frfrrt AvBN(rrt

PraraBueaE 13, P.l.

*'F.hr^t rf q.^;ity.
tr+qilL'ry,

tnFdd/, tut;t',tt ßqd'

Dzr,. A .&oürrür-$y 3 D'L 1$o:
ilentl emen t

Ploton resonance sp€ctra are oft€n helpful in stu<iyitrg the transition
netal hyd.rldosr noat of whlch aeem to hava a sharp proton resonance line ln R

Teßlon about 7-2O p.p'n. on the high fleld Blda of eillcon tetramethyl'
Tn partlcular, a sharp llne ln this region ehowg the pxesence 01'thase hydrldee
i. aqueous solutions where thoy are not easily deteot€d bl/ other mothods'

However, since the resonanoes of protons bonded to aomB atoms
(e.g. rn HI) which ara not transition netels alao occur at falrly high fleldst
we are lnvestigating certain other hydridaa of non-transitlon elenents' -!r
exmple ls th€ hyd.Tides of tetravalent tin. Tn the n-butyl hydri.des th€ Froton

"""oir"n"r" 
are centlail on th€ 1ow flelil side of gl11con tetiamethyl, their

position ilepeiilin8 on the nunb;-of alkyl groupe bondail to the tin ston. So

i proton is not always greatly iliamagretically shielde4 when bondad to e heavy
atäm' it nay b€ si.Fnlfjoant that tho tin d-orbitals are filled and not great:l.y
invo'lved in bonallng to other PTouI's 1n the hyalrid€ moleorlles'

The values of ths ahifts suggBst that there nay be two oplrosing
effects modifylng the hycirlde shift positlon. To explaln a slnilar phenomenon

in the !'re re.eonancas of alkyl silloon fluoriites ISahnell and Rochow, J']t'C'5't
?S, 4l?8 (1956)] it was suggosted that an iniluctlvo €ffect was opposed bv the
6?i."t" of Si-F dtr-pn bondin*. Thls typ6 of lnteractlon is ülikely in hydrlileq
and snother posni.bllity i8 that stsrLo inteTactions ilo not allow tha molÖoule8
to have a regular tetrahedral oonfigurati.on at the tin atomr and thai this
irlter6 the contrlbutions from anisotropic lnaluo€il rnoments ln the sn-c bonde.
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Dr. Aksel A. Bothncr-By
Mellon Institute
lrl0o Fifth lvenue
Plttshilrgh I3, h.

Dear Aksel:

PC,Iauterbur:pok

Th6 plug atteched abovB has been found to be very
handy as a temporary stopper for 5 rn. O.D. sanpLe ürbes.
It is mde of poLyethylene and en be obbalned at $6.O0 per
thousand (tn any quantity) frnrn

Caplugs Division
Prntective Closures Co., Inc.
22Of Elwood lvenue
hrffalo 23r Ner lork

Thls parüicular plug is No. K-3. The company nakes sj.eilar
pfugs and caps in nany sizes and shapes.

Yours truly,

'Ihose moleoules contalning the lsotopas Snrrz (I = tr F =-0'9949r
abundanoe l.6'l*) end. snrte (I = !, 1r=-1.o4@, abuildrioe 8.68F) give rise to
palra of Batelfits lineg'with spl.lttings of about 20O0 o-p.s. The ratloa of
ihe splittines are const&nt anil, as exteoteit, are oqual (within the linlts of
error) to the ratio of the mag,nBtio mom€nta of the tin lsotopos. Tho spllttlngs
axe somewhat lRrger than thoas obseryed for protons bontled. to ltghter atoms
whoas nuclei have ma8n€tlc nonentg of about the sffio magnltude as those of tln.
Possibl.r the contr.ibrrtior8to sucb sl'llttlng from the electron itlpoJe and

electron orbltal intersctlons are relatfvely mors lmloltant jn the tin hydrliles.

As wjth the shifts' ths value of the s!'litti.ng of tho dihvdride does
not lle betwsen thoss of the other two. Pople (?ople, Schneiiler and Bernsteint
p. 195) har derived a relation between the orbital contrjbutions to tha splittjnB
ana iUä Bhielding enisotropies, which we hope nay be applicabl.e to moleoul.es of
this type. !.part fron the conparlson with transltion met&l hydride-sr the
re..nances of protone bonrled to heavJr atons are of lnterest since they nay Fro-
vide inform.-tion aborrt lnteractions rvhich are of oinol lmlortance in lle.hter
nol.eortl es.

Yours slncorely'

/ß#
P. E. Potter
L. Prett.
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üs€ has been nade of the forinulaA< -Al(f - f -"2e).ilevelopeil
tR5

by UcConneII (f) for th€ predlctlon of the dlrection anil approxlnat€ nagnLtuale

of hydrogen leaonmce ahlfts caused. by megtretlc fleläg frcu lnduoeil cuxrents 1n

grcups of neighbouri-ng eleotrong. Besently ys have beeü exanlnln€ soue oleflne
&nd ketones ln the pinane (f) (fieure 2) aerles and rie find thet thelr specüra

can be explain€d. qualltetively wi-ttr the ald of thls foruule.
There have been sone recenü speoulatlona on the stereoche8lBtry of the

plnocanphones (2) and lt has been suggested that the nornal and 1so coopounda

hava ttie confomatlona glven by (ff) ana (III) respectlvely. Earller workera

have propoeed II and IV ae probable confornatlone (l).
Calculetlons ofAd for ühe nethyl gloups 8' 9 and lO fron the above

eq)ression indlcates that a reody distinction ghould be pooslble between the
rruprr and {downi ring confomations (III) and (IY) respecti-vely. tr'igure } shows

the dependence of Ad (ln terna of IO-2/\X ) on the d.egree of planarlty of
the ring.

First conslder the iluptr confornation (III). Here the g-methyl shoulil

be stlongly shielded conlEred with that of plnane antl the reaonance mst
therefore oocu at hlgh fleld stren8thsl the 8+ethyl ehould be relatlvely atightly
Bhleldeal and the reaonance should therefore only show a üall shift to hlgh fleld.
3y comlnllBon, the 9-nethyl l-n ühe ,rdowo confornation of ühe cyclohexane rlng (II)
ana (fV) shoutd be only slightly shielded anä the 8-nethyl slightly deshteltleal.

It can be geen fron the apectra that the well separated I anal 9-nethyl
group resomnces Ln the two ketones occur at alnost identical frequenciea. Using
cls-pinane as a reference conlpund, the g-nethyl shows e shlft to hlgh fleld of
about 0.15 ppn (6 cps) and the 8-nethyl a Bhlft to low field of nearly the sane

auount. The great Binllarity of the two spectra (Ftgure 2) yrith Tespect to these

two nethyl groups suggests thet the ring conformations ale the sane and the
relatl-ve magnitudes of these shifts indicete thet the rrdornrr confomatloil la to be

preferred.

Th€ above expression aleo predicts thst the lo-methyl group ls deshielded
in an equatorial configuration but not significantly shielded ln an axial
corflguretion by the.induced monent of the C = 0 el.ectl.ons.

@

The doublet chaacteriatng the lo-methyl SToup occurs at a hlgher fielil

for l8opinocürpbone than for plnocamphone (ftgure 2) ' Thls w&s conflrloed by the

spectre of their benzene solutlons when the doublets Üele weII separated fron the

I anat 9-nethyt reooüanceB. A cornparison of the spectra of cl8-Plnane and

ieopinocamphone reveaf.s that the doubleüe of bhe ]O-netl\yl groups oocur at

virtuallythesanefrequencleg.Theoorreep.ondlngdoubletofpinocanphoneocflta
at O.L?, ppn (5 cps) üo lov fielal.

A conparison of these reaults wlth the predlctlons seü out eboYet Eould

favou the confomatlons glven ln (II) and (IV) reepectlvely'

The differences in ppm betueen the }o-nettlyl resonanoeE of struotures

(II) end (rv), ana the d.lfferences (suitt to hlgh fleld taken as positive' to low

fleld negative) of the lncrenental thlfts for the I and 9-nethyl groupa can be

usetl as scaling factora to conpare predicted with observed Bhl-ftg' It can be

seenfrontr'igurelthatthebestfltlsobtalnedf,hentheplan€contalnlngerbon
atons I, 2 an<I 1 is ileflected down by approxlnately 2Oo fron ühe Pl&ne coBtaining

carbon atons L, 1, 4 and 6, i.e. about l0o less than the nexlnun value' It

therefore follovg that the lo-nethyl group in lsoPlnocanphone nust be near exial

and in pinocmphone near equatorial.

.f.%n4r-
S.A. KIfICI{I

/l/^J0e
R.L. ERSKI$E

neferencest

McConnell, H.M.' J Chern Phys' L957' 4t 226.
Shatt' U.V.' Chen and T\d' L959t L4r2.
Boser A.K.r J Org Chenr I955r 20' I00rr I0l0
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CALIFORNIA INSTITUTE OF TECHNOLOGY

Mnrch 16, 1960

Dr. A. A. Botbner-By
Me].l-on Instltutc
l+l+O Flfth Avenue
Plttsbugh 1r, Pernsylvanla

Deü Dr. Bothner-By:

T1red. fron chaslng "that certaln spot " 1n the flelö a.nd. plagued
by splnnlng sldebandg, verve bul-lt a set of x, y md. z cwent shins pat-
terned after yoü deslgn (Iüß Letters, Wo. 9). fhe probe nov stays put
and natüa]. abudance 13C satel].ltes have no splnrdng stdeband. companlons.
Wlthout splnnlng, the nethylene quutet of alcohol- ls sufflelently velI
resolved (each pealr back to basellne) to suggest that for some lov tenpere-
ture vo"k splnl1ng coul.d be dlspensed rrlth, greatly sinplifylng the lsua1
Del€r apptratus. For those vith slnllar problens ed a d.ay or so of free
tlme the comtrutlon and" insta].latlon d"etalls se outllned. below'

The "flgure 8" x and. y colle and. clrcüJ-sr z coLJ- of a set are
vouid consecutlvely on a slotted. Lucite forn and the lead.e are l-abeleA
r'rlth tabs. The rdres are tled at each slot and ü.ere they cross türough
the fo]lItr vith No. 5o cotton th"ead.. After removLng the set, lt is tled
at additlonal polnts, coated. v'lth q)on Resln (8ZB), tafea (fOo') ana tuen
pressed flat and. reshaped. as necessarlr agalnst a pattern draYn on a plece
of paper.

A sei öf horlzontal and. vertlcal cross hairs l.s accuately centered.
on each po:i.e face vlth the ald of a ].evel placed on the probe cdxiage, a
ruler md" a plmb llne. The colIs are al-lgred md. fastened In place vlth
Scotch tape. The le&ds üe brought out to the stablllzer coll blocks and
sol-dered to co]'or coded. hookup rLre. The x and y colls are lntercormected
so that cürent passes through correspond.:l-ng loops in the gme dl.rectlon
rtll].e the z coils are comected. ln opposltlon. The leacis to the control
panel Exe fltted- rdth pin Jacks to facllltate reversing the dlrectlon of
gradLent correction,

the probe ls centered ln the gap sith sptnnlng off and a rErrov
sveep fleld. so that the slgna]- on the scope does not shlft ilhen the x md y
coaxse controls axe moved ful1- range. fhe ftefd trlmer 1s ad"Justed in the
usrnl llay vlth splfftJ-ng and. the y coüse control at n.ldrange. Sptnning i-s
shut off md the x and. z ed flrEIIy the y controls ue ed.Jreted for näd-
nrin rlnglng, Preclse fleld cyc].lng ls essentlal fo:: mxlmw resolutlon'

The coil deslgn ls a compronl-se betveen ttre needs of ow nEgnet
and the avall-ab1e spaee behlnd the lnsulated pole face covers" The probe
flts snugly but wlthout bind-ing or lateral pressue on the pole faces.
The accompan)dng dLagrms a]]d chart a'e hopef\rlIy self-eq)lmtorX..
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Pover: SVDC fron 8-t.5 VDC cella, eerle*pua1].el-,

Drah: 6-8 na, no:rual- settfnga.



Dr. A. A. Dot$er*-By
I€Ilon Institute
44OO Flfth Avenue
Plttsburgh 1J, Pennaylvanla

BAEII
Uppsalaruarch 2Or1960 lt seens to ne tbat ln the forrnulae USf'l=1||--

frll"*pu = E of Dr. Rellly's letter ü anit u-r

RAII:2

and
sboultl be

Dear Sl.r:
In view of Dr. Relllyia letter ln MEIION-NI'R No 1?

I wlsh to tlraw the attentlon to a closely relatetl nethodl of
lnterpretlng spectrarwhl.ch nay be understootl 1n terns of
perturbatlon theory (f) .

Just as ln the nethotl of RellLy and Swalen (here

-after calleat nethotl f) rthe analysls starts by obtalnln8 ln
some way approrinate values (screenlng constants d*o anA
couplla8 oonstanta Aln) for the NüR paraoetera.llhä Mm
Eanr.ltonian with these values lngertetl (caLled Eo) is dfa-
gonallzetl on a coqputer and the e!.genvaLues anal elBenvectols
obtalne(l;Fron here on the two nethoals follow different paths.

we üay note that the coueot gamlltorian E tlepentls
llnearly on alil Nl[R paraneters.ft nay thus be tleoonposedl

H = r9*sl
EI 1g of tb.e same form ag H but wlth all screenlng constants
d, replaced Uy (dr-li\ antl all coupllng corstarts Jtt by
( l*dit ). tlow lf our trial operator Eu cloes lnalsetl

approrlnate E,then El r.y b€ treateal aa a perturbatlon.
The repreaentatlon to. be useal for the perturbatlon calcula-
tlons Ls tbat la whloh Ho ls dlagonal.Oorrectetl to flr8t
oriler ( n dflo bto.) tne elgenvalue lo t" tuuo

-' ll"li*Cl["lFlU"). /L/
wlere rtfl anA{ are el.genvalue antl e!.genvector no k
reopectlvely as ilerl.vetl fron d.By taktng tbe appröprlate
tlifferenoeg we obtaln the lst ortler approrlnatlon to the
tlansl.tlon frequencLes aott ftnally tb.ese are compared. wlth
obgerveal energies.

In oraler to see the relatLon to rnethorl I we nay of
wtlte h/ ln natrlx torlo/J=tLo* A;here A ls the dltagonal part

the natrk U-lg1 U . U ls the unltafy natrlx built up
fron the elgenveotors of Eo as colunn vectors.(Inclclentally

lnterchangedl).
Ihe relatlon between the two nethotls ls now ob-

vlous.In first oraler the present nethotl uses the slmllari-
ty transforroatlonrwhloh ls used to tllagonallze Ho also fol
transfornatlon of the remanlng part ( Ul ) of the trrue
Eamlltonlan.In rnethotl I on the other hantl tbe @ t?ans-
formatlon 1s useö to transfom the glBgrleeglgl energy

natrlx.In both caees only the atlagonal elenents are retalnetl.
Both rnethoils have the attractlve feature that once approxl-
nate values of the NMB paraneters are founil one obtalns
llnear equatl-ons relating the correcteal values of these para-
neters to observetl quantltles.

Althor\jh I have not haal mrch tine to compare the
trvo nethoAsrsone prellninary remarks on the differences be-
tween then nay be atlaleal.

I/ r:ne calculatlon of the natrlx eLenents Afll"tlYi ) althougb
trlvial w111 ln 6eneral be rather more lengtby than the cal-
culatton of the corresponcllng step ln nethotl f : {,{rOt)"*.
e oomputer program for thls step ln the present nethotl la
feaslble however.'
2/ f:lne setting up of an experlnental enerty natrix I as i.n
raethod I ls not neceasary wlth the present nethott.In partl.cu-
lar for a least Equares flt thts process nay becone tlne
oonsunlng.Moreover the present nethotl works even 1f the
lnltlal asslgnment ls extrenely lnconplete.For exanple 1n the
40 Mc/s spectrum of Thlophene (f) aff paraneters ooultt be

estiroatect from the nonert nethod (2) antl by use of tlata fron
substltutetl tht ophenes( r) ln partlcu!.ar the dldeuteratett
compounils(1).Ilowever a first step fn correlatl.on of oal-
culateü anil observetl spectra wae only matle by consltlerinE
the total wltlth of the spectrun.
3/ tn Nb.e prescnt nethoil there is an obvlous way how to ln-
clutLe hiEher oraler correctton terag by neans of 2nd and

higher ortler perturbation theory.The resultlng expreeslons

u



IIAII:3

t'iII usually be too ccnplicateil to be useful ln the lnter-
pretatlon of a partlcular spectrum.Hol-,reverrthese terrns
coultl perchal:s be useful ln ttre study of the dependence
of the spectrun on one o! several parameters.For exanple
the change of the spectrum for a partlcular molecule on
sUght varlatlons ln one or more chernlcal shifts dlue to
solvent effects coukl posslbly be best stualied by use of
the preseut nethotL.

$uch a stutly of the solvent d.epentlence of shifts
ln sone'nonosubstltutett thlophenes is under vray.

THE UNIVEI{SITY OF BRITISH COLUMBIA
vtNcouvn,t 8, (:ANÄDA

I)TPAf,lMENT OF C!IMIJTIIY 9 March, 196O

Drs. Paul C. Lauterbur
and Aksel A. Bothner By,
I{el"lon Instl.tute,
lüoo 5th Avenu€,
PITTSBURGH, PA.

Dear Paul- and Aksel,

I nas v€ry interested to read the letter of
Porte, Cutolrsky änd Hunsberger ilr I'{sf}on UR.No. L7. I would say
that such rosuLts ape sirnilar to ny oun work hore at U.B.C. which
is the subject of a note h the Canadlan Journal of Chenistry to
appear il May 1!6O. In vieu of the difference in compounds used in
my work it nlght be opportune to quote tho figures that uiLl- appear.

The general approach here has been to mBasure
nuclear shielding parameter relative to cCrH"o 0.5 nole I in CC1, as
a solvont systern. The substance under stu8y+' is dissolved to a

about L nol€ f and the position of the -0H peak measured. The
advantage of measuring nuclear shioldlng paraneter for an irltra
rnoleculerly bonded systen in I dilute solutj-on b€ing that the entropy
tenn due to dilution is not dominant ür causirg dissociation, as in
inter hydrogen bonded rnolecules. One obtai-ns consistont vatrues of the
chernical shift for tho -0H pee-I: whiclr are not dilution dspandent wer
the range a.5-2 no]..e /,. The molecuLes have th6 general strr.ctures belowl-

Sincerelv YoursW!Wfnstltute of Phtrslcs
EPPSAlA,Sweden -

RtrERENCES:

l.Eoffq,an,R.A. and GronowltzrS. Arkiv Keel l: 45(L9j9)
(For sone reason this issue has not yet been aHstrlbutett

by tbe publlsherrbut lreprlnts are avallable fron the auth-
ors. )
2.4ndersonrvr'.A. andl Mccon'lell,B.M. iI.chen.phyg.36 1195(195?)
S.Gronowltzrs. and UoffnanrR.A. Arklv Kent IZ 279 (1958)

PS. I apologlze for the batl tSplng.In order to have the
letter natletl ln tlne I hatl to wrlte lt at hone wlth a slck
tJrpe-wrlter.
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transazobonzene or naphthalene and nonnal phsnolic C-O and (FI{

distances and angles are used to locato the trroton under study in
the nolecule. The cmparlson of the azobenzene and azonaphtha:Lene -OH
shifts 1s then put on a cqmon basis.

The naln featue of the results is ths large shift
J p.p.rn. to ]qt field ln the nephthalel€ derivatives irdicatlng a

nüch strong€r hydrogen bond. the electron Hlühdrawing action of the
langer naptrthatäno resonatce system öausas the B naptrttrol oH proton
to be a much stronger acceptor' 6.9.p naphthol is a stronger acld
than phenol.

Withln each serios there is also conelation cith
hydrog€n bonding strenBth since th8 di-hydlolry colpound 2 has greatest
shleldi.rlg and is thus the woakest hydrogen bond in the axobenrene series.
It is to be expected that the douor prop€rties of one nltrogen uil-l be
affectod to p $aalt degree by the use of th€ other ln a hJdrogen bond.
In ths Shtftrs basa 5, the hydrogen bond is stronger becaus€ tho difference
in eloctrcnegatlvlty of the nitrogen end the -CH= group lncreases the
donor prop€rty of tho nitrogen. Methyl substitution on tha rjxgs ls
appsrently inoffective In changlng the hydrogen bonding strength as
measured bythe nwlaar shl€ldirg trEratret€rs.

In the - Ofl naphthalene derivatives substitution on
the benzene ring only was studied. Chlorjne substitution has littl€ affect
but the lnductive effect of the rnethyl group appears to increase donor
properties of the conJugated nitrogen. Several other feattres of these
results uiLL epp€ar l-ator but durlng the course of the study f rscelv€d
reprlnts fron a third group of workers ln Stockhol-n xho hav€ conelatad
proton shlfts in chelated trrollc fonos of soveral- molecules uith the
c=o stretch frequency (Forsen s, arrl N113ormi l'[, ,.cta Chonica Scandlnavlca
ll. pr383 (199).

Yous sfuicerely,

Inonard l,I. Reoves

Llffravh

f,n"r"rr'% I o.n.* [ *..rrr - ror] o.n.,.Cqnpoud

I )t9 DlnethYl

r .3 Methy}
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