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Dc. Akeel A. Botbner-By
l,lcllon Instltute
l+l+o H.fth Avenue
PLttsburgh 13, Penn6ylvBnla

Dear Aksel:

Eererrlth &re dravlngs of the mgnet coollng-yater 6yster0 deslgned for
us by l{r. S. Shener of our Phystcal Plant Departnent for the use of anyone
vho nlght be laterested ln tben.

Srlefly stated, ou problen Es that ve have the NMR equlpment }ocaied
on the.thlrd floor of a buildlng vhlch tBs extrenely poor regu]atlon of
vater presaure, partlcularly ln the Blmertlme. Or nany occaslons, open-
tlon of the 60 Mc equl'pnent ms abost lnposslble, because of poor heat
dle8tpatlon. Aleo, ve had. occeslonal pressure dropo oo large as to cauae
the Preeeurtrol to shuü off the uagnetlc pover oupply. Added to thls, the
Pasedena sater ls nc'!3a11y celclw carbonete setut€,ted vhlch has led to
sub6t9,nt1al trouble vlth depo8lt8 on the coollng colla.

lbe8e altfflcultles argued for e closed-clrcult water-coollng systen
yhlch E!"ght ln sone .Loca]-ttle8 be servlced blr tap flater trEsslng tbrowh e
heat exchauger. Hovcver, lt 18 lILegaI ln Cellfonrla to use drlnklng uater
for coollng ln excegs of 5 gallons per Blnute so that se vere forced to
elther a refrigemtlve or evapomtlve coollng scbeme to avold urdue vater
consuptlon. Ve chose an evapoEtLve 6y6teo slnce lt aeened qulte clear
Lhet refrlgeratlon vould be too expenglve if suf'flclenL celaclty uere lnstalled
to 6et titrough ou:: hottegt su@er days.

the systen (eslgn ls besed on the follorlng nethod of opentlöu. Heat
ebsorbed by the ':oollng mter in the closed-clrcul1, sysLem la tranal'erred
by means of the reet exchmger to an open-clrcult systen and dlspoced of ln
a forced-draft (oollng tover. ltle cooLlng tover coolg tlle mgnet mter lo a
low enouglr teuprrreture to pennlt nlxlng vlüh a gtream oi' hot mLer so as to
obtaln e constart tenpem,ture supply enterlng the nagnet.

the ü1x1nf occurs ln tt.o stagesi flrst, f,hrough the Eter b.Lender (ttem
B of the enclored dravfng) vhlq} dlechargea vater at 8?-Bi+" Fi 6econc.l., the
control wlve .lten 2) lntroduces any necessary addltlonal hot uater to ralse
the flml teoplrature to a sel value (+ 0,5" F) betyeen 85 and 90" l'. A b Kl.l

lmerslon lreet:T lntroduces a con6tant-re}lable enomt of beat lnto the systero
lor nlxlng pupo8es.

Dle 6yst€u (tur vtrlcir a trErts tlet vlll be oupplled for anyone tnterested)

ls nadc of 
'tendard come'clally &varlsble and very rutged controt devl.ie6cultablc for contrnuous operaLton. water 16 c..rrontty-iuppried to ilio----eagnet at LiO psl an<l 65 + O.5' f. Ihe systen hae been runofng for about. aBonth noy vllh no mlntefiance required. eicept for occoslonar 

"te"tro on itrevater revel ln trrc exFnslon tsnk and oervrcr'g of the flLter Bouted on uremgjtet.

Wlth the a1d of thtB appambus, re have dlElnlshed the degree of drlfbln our ugnetlc fteld by oeveral orders of Dagnltude anO wurliy the only
odjrrstment requlred fron day to day for. good. resolutloo 1e a cright mnrpura-
tlon o.f the fleld tri.mer.

I am not really eure aa to vhether thla degree of mter tenperatuxc
regu-latlon 16 re&Ily requlred. lovever, noy that ve hsve tt, ve l-1ke ltvery much and lt has cerfalnly golved our btggest ol)eraulng probLeo to date.

l.llth aI.]. good wlshee.

Very tru-ly yours,

AprLL 2'l, I)5j

Ja',1"

John D. noberta
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ANOULAR DEPENDENCE OF ELECTRON-COUPLED PROTON

INTERACTIONS IN CHa GROUPS*

H. S. Outowsky, Martln Karplus and D. M. Orant/

Noyes Chemlcal L&boratory, Unlverslty of Ill1nole

Urbana, I1l1nole

(Recelved Aprll , 1959)

Experlmental and theoretlcal studlee have been
made of the dependence upon HCH angle of the electron
coupled proton-proton lnteractlons 1n CHa groups. A
valence-bond approxlnatlon ls used ln the theoretlcal
üreatrnent whlch predlct8 that the coupllng constant,
Af;f;r, ou"r"ases from )2 cps to o cps fon HCH angles of
röoö to re5o. Fon engles greater than I25o, Aä!,n 1L
predlcted to be negatlve. Experlmental values of nii*
have been obtalned from analyses of the pr.oton magnetlc
nesonance spectra of a nunber of compounds, lncludlng
several partlally deuterated specles. Insofar as the
HCH angl-es ane known ln these cornpound8, there 18 good
agreernent between the theoretlcal and expenlmental
coupllng constants, especlally for angles Bmaller than
1200, for whlcr. Aä:n changes rnore rapldly wlth angle.
Moreover, a negatlve value ls found experlmentally for
n$^ at an HcH angLe, ln vlnyl bromlde, whlch 1s approx-
lnately bhab at whlch the theory predlcts the coupllng
to become negatlve. The substltuted ethylenes constlt-
ute the largest group of compounds studled experlment-
ally. In ttrem, nll* nas been found to vany fnom J.&
cps to -1.8 cps, fiüru tnu nlfu varuee range from 6.!
cps to 12 cps and the'Ot}..," from f4.) cps to 18.4 cps.
The var.lous results presented lndlcate that the value
of the coupllng constant can serve as a measune of the
HCH angle. However, further work ls needed to conflrm
the rellablllty of the metlrod and lnvestlgate the
effects of sub8tlbuen! perturbatlons.

25

A{H

cps lo

5

o

5
I ooo llo'

H-C-H

120"

ANGLE

130'

Flg. 10, A comparlson of theoretlcal and experlmental veluee
of the H-H coupllng constent aE a functlon of the HCH angle.
The llne repr"e8ents the reeults of the theoretlcel calculatlong
end the polnte, the experlmentel data. llhe three open ci:.clea
are ca8ea ,.n whlch the coupllng constent was obtalned from a Bub-
Btltute(l form of the compound fon whlch the HCH bond angle we8
deternlned. The polnts, golng from the upper left to the lower
r.lght, are fon the followlng compounde: (f) malononltrlIe,
(2) p-(p-nltrophenyl)-p-pqoplolactone, (f) Äcetone, (4) methane,
(5) methylene chlor1de, (6) propylene oxlde and styreno oxlde,
(7) N-metnyl ethylenlmlne, and (8) vlny1 fluorlde.

\

\

\

o

o

\



Compound

I. neLhylene
chlorlde

. rnalononltrlle

. ace torre

. methanero

. cyclopentcne-7,5-
dlrrne

. trans-
-?{Tfrarnaldehyde

. trans-
-t?ä*f,onaldehyde

tä?o"o*oo"opene 
-ra0

9.2,)-dlmetfoxy
butadlene

10, o-methyl Etyrene
Il. benzal acetone

(cle and tnans)a7
12, methyl (c1o and

trans)'B-
cyanoacrylate-'

L). 7,1-atnethyl I-
butene?a

7.1+O.2 cp8

20.7!O,'
t4.)L0,1
la. 4+o.6

2l .5+o,7

2,r

I .4d

Table III. Surunary of H-H coupllng con8tants arid HCH bond angle8
determlned experlmentally, The bond anglea 11Fted fop compounds 17 to
20, 1nclus1ve, were determlned for the unsub8tltuted parent conpound.

ür

(Talte III contlnued)

"R, J. Mäyers and W. D. Owlnn, J. Chem. phys. 20.1 f42o (1952).
bN. Mr.llu" and D. E. Prltchard, J, Arn. Chem. Soc. &, :+gl OgSt),

"J. D. Svralen and C. C. CoBtaln, Symposlurn ol'r Moleculan Spectroscopy, 0h1o State
Unlverslty (June, 1958). We thank Dr. Swalen for calllng our attähtlon to thls
value.

donly relatlve slgns of coupllng constants were determlned from the ob8erved
spectrel the ab8olute slgns glven were a8slgned on the baele of theoretlcal cal-
culatlonE v'rh1ch lndlcate that the larger H-H coupllng constantB ln hydrocarbons
are pooltlve.

uB. B"k, D. ChrlstenBon, L. Hansen-Hygaard and J. Rastnup-Anderson, Spectrochlmlca
A,cEa Lj, 12O (1958).

fThu HcH bord angle glven 1s that fon the uneubstltuted parent compounai.

gl, n. Turner qnd J. A. Howe, J. Chem. Phys. 24, 924 (L956)t the bond angle glven
ls for ethylene oxlde.

hN, [rur. , J. H. co]dsteln and J. tt. S1ryrons, J, Chem. phys. 25, I2o) (I956)i the
bond angle glven 1F for P-proplolactone

ln. E. qurner, V, C. Flona and l{. M. Kendrlck, J. Chem. Phys. 2J, f966 (L955lr
bhe bond angle glven ts for ethylenlmlne.

"Hndc1 s L HCH^mAtrans

cps cp9 Il2
r05
loB
r09

deg^aU

5b
-c)
5

2

4

5

()

7

8

2.2
€x.5

l), o

ro.2

- ).6.5

+4. o
*2..4

+5,9

r2, O on {-r.4

r1.5

+10.8

10 .8

+6,9

-LQ

+2.6
,'9.o

+4.9

15.0

+L7,5

18.4
+r4.7

14. phenyl vlnyl
ketone 2.1+O. I

15. vuyl bromlde -r.{o.rd
16. vlnyr fluorldeso (+r;f.{o.rd
l'f. Btyrene oxldef +l.4io.rd
18. propylene oxldef S, -O.L
I!, B-(p-nltrophenyl)p-proplolactone- +t6.6+o.ed

r20.5"
116. ]s
TT6,'8

N-methyl r 
^ethvlenltnlneLzrL +1,+ or. +2.O* ?

F

20

- Tabte III contlnued on p. )4a -

112h

-{116.'l-
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f requently al so convenlent
slrlfts viz: tn, f^ and dchenlcal formula are nmbE

to dlstlnqulsh ortho, seta and para
. Sometlmes Lhe nuclel ln the
rerl (and here I would endorse Shool

ce !.re are not
as f,r, tr,
tndlcated by

all
ds

orqanlc chemlssu!gestlon of a rrplcturell st,i'i
and the shlfts are ldentlfled
too the specles of nucleus ls
etc.

a subscrtpt as
etc. Somet lmt H

es
f,v

erYl s
r3)

OIYISION OF FURI CHEXI6IRY

OrrAwA 2,

May 13,1959
vihen we conslder chemlcal shlfts relatlve to arbltrary

neference sl$nals we lnrnedlately get lnto a number of dlffl-
cultles. In the flrst place, lf the above notatton for rrtntra-
molecularrr chernlcal shtfts ls rnalntatned (and tt ls very useful)
we have already used up the subscrlpt, leavlng us only a super-
scnlpt to ldentlfy a host of posslble condltlons, namety

What ls the reference?
Is lt lnternal or external?
If exLernal, was lt corrected for bulk susceptlblllty?
ls the shlfL for the pure conpound or has lt been
extrapolated to lnflnlLe dllutlon?

Thls ls a tall order for one llttle superscrlptt Puttlng the
chemlcal formula of the refelence ln the form of a superscrlpt
appears rather clumsy. 6lnL' mlght be confused wlth trtnternalrr
oi- lntranolecular chärntca-l shtftsl lf text. ls used lt sttll
leaves (c) an<i (d) above unanswered.

$lhlle thls may sound somewhat dlscouraglng I belleve
some progress can be made. I thlnk there ls some meflt ln con-
slderlng a second syrnbol, as suggested by Shoolery and by
Bothner-By et al. One symbol could be used for the prlnary
measured data and another fot corrected data. Thls second symbol
could be deslgned so as to answer questlons (c) and (d) above,
leavlng (a) and (b) to be deslgnated by the flrst symbol tn some
sultable manner. Thls ls stlll not entlrely satlsfactory, but
ln any case lt ls dlfflcult to see how one synbot alone can be
used to deslgnate everythlng that ls contenplated.

There may be some advantage to uslng frequency unlts fon
the prlmary measured data, slnce thls ls slmply recognlzlng the
laboratory scale. (The compartson wlth lnfra-red practlce loay
noL be pertlnent stnce ln M,{R the ffequencles are relatlve only).
I thlnk the questlon of dellnlng a standard state would be dlffl-
cult and perhaps premature. lt ls becomlng tncreaslngly apparent
that sotvent eflects are rathen large, and as suggested by
Bothner-By, Lauterbur and Shaplro, the ldeal would be the gas
sLate. One could deflne as a standard envlronment lnflnlte
dllrttlon ln CCla, but not all substances are soluble thereln.
whether on not a sultable conrectlon factor can be arrlved at to
convert all measurements to such a standard sLate remalns to be
seen.

Dr. A.A. Bothner-By,
lvlel lon lnstttute,
l+lPo Ftfth Avenue,
PITTSBURGH, Pa. 'u.s.A. '

Dear Aksel:

a
b
c
d

I should llke to put ln some comments on the sug
atternpts to dress-up the ordlnary 5 symbol dlscusse.J by S

and Bothner'By, Lauterbur and Shaplro tn MELLoNI\'1R No. 7.

gested
choo I e ry

[4y ftrst comment ls a general plea agalnsL loadlng down
thls useful symbol too heavlly. I thlnk we should remernber Lhat
publlshed papers ln whlch NMR has been used ln a pantlcular
lnvestlgatlon are apL to be nead by qulte a number of chemlsts
and physlclsts who are not speclallsts ln NMR. It ls therefore
tmportant that the paper be readable and we should avold putllng
our termlnology ln such a conplex bode that lt is understood only
by a companattvely few speclallsts. Perhaps such a code mlght be
tl<lIen but at the monent lt would appear to requlre a rather complex
symbol to sattsfy all sltuatlons, assumlng such a sJrmbol could be
agreed upon.

I would go along complelely wtth Jlm Shooleryts deflnlLlon
of 5 and lts slgn conventlon. If Lhts can be agreed upon lt vrould
tn ltself represenL some progress. One would nol obJect too strongly
to an added subscnlpt or superscrlpt' provlded Lhese would always
have a unlque meanlng and could be asJreed upon. But thls ls where
the dlfflcultles atIse. Aötually thts whole dlscusslon ts really
only concerned wlth chemlcal shlfts ln cllfferent molecules or ln
dtfierent samples or solutlons. Vlhen we refer to rrlnLernaltr chenrlcal
shlfts ln the sarne molecule there ls usually very little amblgulty
and for Lhls DurDose the shlfts between nuclel A anrt B can be
reierreo to al äog o" to- tr. In aronatlc compounds lt ls

Slncerelv vours.

ßE?-nä't,
at W. G. Schnelder



lrNlvrRstTY ()t, wAstltN(ilr)N
,'llP^xl iil!Nr ot (Iilhilsrr)

st{^l"l l.n 5

l4:r1,,i'(,t, 191(.)

llr'. [rF I nflr(l 1,. llt'1p1 ,.,,
Mrl.lriD Inrrl,1 t.rrl.r.
4 )100 [l ['Lh Av{ir]uf,
l)l l.l,$l,lrrUll 1 lr, I'ernn,rylvarrlir

l).i n l' Iilrl rry I

[{c,r,r, ,Jrrlt, trnrlel' t;hc vtll'r, tlr nry cOnt..r'.lt,ul; lolt I'ol'
lllill,l,ollMll . T. lropo l.t lfl whsl yorr vl;rr.rt;, i)rJ I $h()uld llkc Lo
,r()nt,tlllc my trrbsr:r'lpt,lorr, '1"'uo, rrl)J',.rct;lcaJ'r a1r1rl.1caLJorul--
1.0., nl"t'rrr:l,ut'o (lcl;{)rrnlil;rt. lrLtr, il(.,m Lo h'rvr got; ohorb rr}trll'l:,
lrt.tt I t, ln ßt, l ll Vory ltrl.r)l()rrt.l.t),4.

'l'lt'tr<: g[rc:r: Lt'n vrcl.rr rltn l.u iirrcltrrrulitt,rr l()ny' lnJ()riltär t.lol]
irt:orll; thn porll tlon of' lrt,rrrrrgl.y lnl,l'alr().1..'crjtar.l,y hyrllolir:n-
t r)nd*{l ltyrlrox,yl andao plrrt; o{' tl noI'lcrr (Jt' ox.yßrn hr:t,e|o0yt: lcn
o1' fllilrllnr Lype," 'Iil(f rihl{'ts whtr:lt rnay 1,. nirhirrve'd hy tttilB
t.yl)t, 61' hytlrollrn t,otrrl lnt,i {rro J rill)r('8rr.l vo , 'l'l). f v;rl u.'( r.rcl'e
rlctrlnrlnr'd by nrcssul.lnrl Lhr, $pnc lr)t, ol' ir l?O0 t-.po br:,at; artri .

1rflflutnlnt1 l.lncru'awe(jJ) hahirvlot.; ßo l;llcy nny be ln c.r'r'or, Iry
nrt nirrclt &$ 2 or )',ß.

I have: trot lr'1fid t.o unl,rrrq:1lc l;llr' rontl)l('x o{'.[1r]CR
tthlrlh arc tlrr: nryl hydrogr:ns ox(l('l)t, wlrcrr l.lrc lnLorpr'oLat.l.on
{}Jrpc'Br'8 obvlous. 1n fir'ncrnl., l;}rt:trp;l'r, lrr thgOe cnrrr:sllt wh1r:lr
l.,he nryl trytirr:51r:rr peirl($ ;)rc BI).1..1 Ir lrtt,o t:wr-r I,ll'otlps, f frrr..1
thnt. thl.B rr:pr'()ßr:nt;o Lhc rll.f f rlIr,ill,Jatl(,lt f,cl,w(,(:t) tlrq h.yrir'01rens
r:rt Lltr,olc,)LI'on-poor cnr,hotrrr ot't.ho arrrl l);tr'& Lo Lha (:&r'honyl
( low f tt: Icl ) nrrrl those r'rn l.lre iöiiljär'a tt vi'$-elcr: t.rorr--l'lclt cB rl,or'lH
.c)r'tho &nd I).r|a t.o tho hyclroxyl(n). f.L 1s tr.rrc: thaI Llre lry(lno-
t;enH orLho bo l"he ca|bonyl f1roup frI'c prot,ät)ly l.owor tll.Ül thoFe
pnra,-Tä1-Lher{'!lor}6 RppcBr to bc r! LrnnomlLL(fd, conJugal,lve
cf'J'cct ns vrell aB a local, ltrr.ltrcblvc ont'. InclrlcrrLnlly, I
l'uHpect l,lrnt aome oI' Lhe ßh, J't of Lhe ]ryrlj'ogrlnB orthc Lu e
r:arlLonyI rnoy be <luer tb h.y(lroijcn bonrllnll e{t ( r ) olldüil-n 1io<-rrt
rlorrbleb at t - .O,09, whtch can roaomRbly be aLtrrlt)uLed only
I,o tl'to lr.ydrogen pell to the cartronyl,
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If thle ls the eorb of nraterlal you wanb, leL nre know
and IrlI aend aorro more, part;lcularly of ml.xed oxygen heterocycleo,

Dest regardo bo yourself and Aknel, Any chancc of
youn t)elnß oub here for Uhe Olganlc Dl.vl8lonaL Meeblng?
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Intomatton ClYen by Symbol
nefercnclng meLhod (lntenral or external).
Resonanc€ used to deternlne acale zero, 1ndl-
ceted by bü.
Scaic, by deflnltlon. PutB per nl-lllon, 1n-
creeslng ln directlon of lncreaslng strleldlng.
Dlsplacehent for b8.ridB (chernlcal ehLft), by
deflnl. tlon.
I6otope belrrg studted, lndlcated by bar.

Sa-oe as Bbove except Bcal,e unlts are cps a'ral
dlsplaaeDent ls for lndlvldual- peaks.

Sme m ebove. Uaed. to obtaln posittve diB-
placerent values vhen StMeL ts usecl to deter-
nlne scale zero.

Referenclng rethod,.
Resonsrce d.etermlnlng scaf-e zexo,
Scal-e
Dlsplacement for beld.s.
Solvent md coücentretlon.
Reference conpd.. concentratlon,
TenlEature,

Synbol

or
ö ext.
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Ch^rRr^d' €. J nodetBiuM' .ut olr co.. I^ßc!. iood. tr'
vGr-cflrrnNril' L, €. KUENTICL, UY^lDortl cH[rE^la CO.t.' WY.iOolll. rlci.
SacRtt^rYr n. F. 8066Y, raao il.r^ic6 

^tO 
tiald.r.tno co..

carrE^la rt.l.isi Dlv.. lor !1. Llxoar. l. J.

AL1d.ro6s reply to:

Mr. N, F. Cha[t)er]-altl
Ilt:searcL md Developüent Dlvlslon
l]unrble 011 & Reflning ConP*ty
0üy Low, '"lexrls Msy 21, 1959

Dr. A, A, Ilc,tlüier'-by
rlLe MelIoIr fnstltute
4!oo Fj"fth Avenue
Ptttsburgh ll, Peiirreylvmla

DeaJ'Akael:

Thc thoughtful" dlecusElon of norcnclature ed referenclng
pro.:ed.urea whlch have epPeared. 1n MtrX.LONMn rr11l be very helpful to the NMF

$ubcoumlttee of ASIM Corüdttee E-f3 ln fonu1atlng 6tsndüd8 vhlch v1ll be

vtdely accepted ldth1n the thortest tlme. The need for 6uch Etmd.ardlze-
tlon is recognlzed lnternatlon€Ily, md. ve heve the unusua]- oPporbulty
of achievlng lnternatlonal agreercnt on lmportant ltems 1n the eexly 6tu€e6
of ttle developnent of Nlm. I ho)e that mny nore workers ln thlB fleld
vlII express consldexed oplnlonF soon.

One thlng that must be declded early 1r] the procesB of settlng up

üonenclature 18 Just vhat tnforoltion the syxrbols 6hould' convey' The Ys'14-
bJe6 involved in detel1d-nlng reacnance di6Placeüent6 ale the nature anal

concentratlon of compounde 1.lr th€l sai0ple e,nd ln the reference, referenclng
technlque, teüpe.rature, operatlng frequency, lsotope obserYed', 8,nd scaJ-e unltg
uded. It ls 8l"eo d.eslreble to d.lfferentlate betveen dlsplacements of lnallvl-
itual peakB and dl.Gplecenents of band'8 (chenlcal shlfts)' It seems unllkel"y
$rat a slngle sylrbol of naJrageable slze cs.n be de\rlsed to öeflne al] the6e
yarlabLes, but lt ts po6slbLe to devlse €ymbots whlch expllcltly deflne
gore varlables vhlle lnp}lcltl.y Epectfylng vafues of other vsJlables by

deflnltlon.

6one dlrlplacenent Bymbols whlch have been propooeÖ 8nd the lnforea-
Llon they convey e3e llgted belott.

v cano

1nt

The flrst 6)mbo1, lt 6eems to me, conveys tbe lnfomatlon one need.6
to d.etermlne uhether one 6et of data 1s conBlstent vlth srother Bet or
vbether converslon or naJor coxrectlon vll} be requireal. For conveylng addl-
tlonal lnforutlon I favor the use of addltlonsl- staterentg or nmbers follov-
1ng thlB baslc symbol but not uecessslly fondng a part of lt. The psren-
thetlcst nmber or letter follovlng the sJmbolrvlth approprlate dlagrm (ae
suggested by Shoolery, !4EX,LON},IR J), seens Ilke a göod vqy to ÖeBlgnate lndl-
vldual resonece pea.ka or bmds,

I bel-1eve that slmpllfled sJmbols wlth the complex ttefinltlons,
such as the last tvo Etrovlr above, se nore setlsfactöry th8n the conplex
sJrül)ol system proposed by lhe Melfon group ln Mtr.LONMR 7. I af-eo l1ke the
ldeu of deflnlng a Etandaral state such a€ lnflnlte dlfutlon ln CCL4, but ve
nay have to coll-ect much nore lnformstlon about solvent effects before a
eatlsfactory stmdard. Btate ce be deflned. Meevhlle, perhaps lt rould be
gooai to uge the MeJlon sugge8tloa of a Euperscrlpt ludlcatlng the sol.yent to
vhlch the lnflnlte dllutlon rlata refer. Thls voultt nake the beslc B]@bo.}

iccrr,
fO+ \ (") for the dlaplacenent of reaonance bqnal ,'a', fron(J s1(cn3 )[
(S1Me4 -.fO) et lnf1n1te ,l.tlutlon Ln CCl,f, vhlch ce reduce to the epeclal
eynboi o(a).

Slncerely,

N. F. Ch€mberlal'n

6F.S. The nonthly blbllographles are very convenlent and helpfu]. Tbanke.

Nrc



Departnont of Ch€mlBtrJi,
füpsrlal College,

Lonilonl S.lY.J.

22nd llayl l!Jg.

Dr8. A.A" Bothner-BJr en{ B.L. Srnplrol
ll.allön Instl tut6,
44OO nifth Avonust
Ptttaburgh t8r Pa.

oantlenan r

Se heve notloeal thet ths proton r6Bonano6 Bpeotra of or8anonetalllo
compound. often cannot be lnterpreted on the basls of tho normal oorrsletlon
ru}6s. 1be compourd,s xe hav6 been looklng at conr,eln oleflne mol€oulss
bonded to netel etonal eaoh olcflne group lc rrsually regerded as donattng
two r-6laotrons to tho nrtal etoB to g1v6 the lattor an affeotlve lnert gae
conflguratl on.

In sone oonpouldr, luoh as sone sthJrl6n6 il.rl.vattver of plrtlnun,
th€ resonances of th6 protons on tbe bonded ol€flno group eppeer tn about
the sams rogiorr rs those on rtmplc oleflnee, but 1n oth€rs the roleflne

Ilownver, the lnfrereil epeotra tlonrt agree tlth thlr. Thcy rhor
the preeenoe of oleflne-tyi'o C-ll bonds but not, lhe llner:htoh rould br
erpscl,qd for nllphailo-typ8 C-ll bonde at the terrinal oerbon atoni.
The lrrfrareil oorr€l.atlons are falrly rell cgtebllebeil end 1t loeoa thit ihr
four oarbon BtoftR ln the oorrJrrgeted Eroup ara opl hrbrlallesd. fn oontrett
üo elmple ol€f1ne moleoul.as the oarbon n €leotronn h olrFi{-ndat co6l.taa
Ot€ hvo[vc4 h b"^dt"5 to l.k mtql ctm r tock
1n pro6rese by Dr. L.M. Jar:kmgn lndloatac that th€ magnatio enleol,ropy ultlng
fr.om lhe l eleotrong prodrroeg a paranagnetlq oontrlbutlon to th! ehlft of
normal olefln€ protons, and 1f thlB oontrlbutton rere tleoreased by bondlng tro
the metal, theee proton reeorranooB rould appeir at blgher flelrla. (t 

"1r1ler€ffsot oould. erplaln Bhifts lo hlgher flelde of protons on en ero6atlo rlng
when the rln6 ls bonded to rnetal etoms ln eanatrloh-type atruoturer.)

Tha aeparaülon oI the resonanooa of the oonJugated oleflne groupr
1nl,o hlgh- anal low-ft6ld groups roey lndloete thst I eleotron6 are looall6sd
over the oentral etoms of the group, but we oanlt ba sure of thia. Thc
shlftE oannot be lnterpreted eolely ln terrns of I oleotron6, slnoc thcy depend
on ths al.eotron olroulatlon6 1n the rhole molaaules lnolurllng the notel
orbltüls. Dven lf the C-ll bonds ware all allke, tha nagnotlo ahleldlng
erperlsnood by t,h6 t€rmlnel probons oould ba qulte dlfferent lron thet at tbe
oentral oneal daporrdlng on the reletlv€ orlontatlona of th€Be 6roups. At
prsaoni. we have fow daüa on tho orystel struoturss of theae oompoundr.

Älthou6h the n.n.r. sp€otra donrt te1l nuoh ebout the bondlng in
these oompounds, they have been ueeful ln datornlnlnß the nolcoul.ar
oonflguratlon and l,ho nrrnbsrs of oqulv&lent protonr. For orüiplgr ln the
oobalt oornpounils the a{n6lo llne (lntenelty r }) oonee fron th€ 5 aqulvalent
protoDa on the C!lI, oyolopBntadlsnyl rlnrr. The trlple llne at lor floltle
oomes frnm the two equlvalent protons H, and H.; eaoh la spltt lnto s
iloublet by the nenreat proton of (tlr + Hr) anit agaln lrto a atoublet ty the
furthsdt proton of (ll. + H.), the oierali spllttlng betng the run of th6 Iro
doublet EFllttlnßo. Tho reet of tho rpootrun 1a rlnpleet rbon ona proton
(H<) of ülre )Cllr group 1a replaoed by.a nogattve EubBt,ltuont whoae prerenoc
BhlftE th6 ttna irorn the other proton (ttg) aufftolently far away fron the
(tt. + fr) llneo to allow arr rlnnooent ftlat-ortlerr lntorprolatlon to bo nailo.

Tn lhe -CCl, dsrlvatlvo, tha Hp llns ls ap).!.t, l!!to a tr1p16't, by tho
two equlvalont protono H, anrl llll ln tbo -CF! dorlvatlva tt lE furthor ßpllt
by tho l,hros fluorlno nuol.el. torglva & quertet of trlplstB. Tbe f-luorlno
resonanoo of thls oonpoud 1s a doublst whona epllttlng (7.4 1 O.t cpa) lr
tho amo ao that ln tho quart6t. Tho protone (H, + gr) ahor a qrartat ]lnc
whloh ahoulrt bo a trlpl.o doublett tho overull rplltting 1s ths san6 al tho
rum of th6 opltttlnllo ln tho olher two groups. In tho paront conpound, rlth
tho Crll. group, tho (u, * llr) frn." lle oloue to those of llc(arr<t llp.
Iiowovor, Ho( 1ß 1n !I illfl'6r'ent fnvlronment to Hp1 beln6 c]os6r to the metal
atom, and trhBao iwo protona cafi be ragardod roughly ar &n l'B palr. Whon M
ls replaced by douterlun, tho ltwo llnen aae{6nod to lt dlrappoar &nd th6 Hp
llno appoare at the pooltlon 

faloulatod 
for lt from an AB t*ttorn.

(The lron butadlsne/ trloarbonyl raa klntlly 8tv6n io ua by-Dr. Peuron
and tho tetraphenyl dorlvatlvla by the European Rogearcb Aauoclataa, )

Yours Blnceroly,

I

[0orproton resonances appo&r at hl5hs! ftelits by about 2-6
this b€haviou xeg found ln thi oonpound (I-CTHTXCO)

ln qhlch the bondod olofinc protona appear ebout 2 ppn

.n'{Ql

.toeh

An ermpl

lgher flelrl
then tbe non-bond€d onoa. l,nothar sramplo, shosn ln ths attaohod illegrm,
is the norbornadlono dertvatlvc of lron trloarbonyl.

fn oompormda dsrlvett from conJqated. olefinas (oyotopontadfenJf)
cyolohept&trisne onat butadlcqo), only sone of ths iolcflner protons have
noved upfiold, elthough &ll the a{loctronc ason to be lnvolved ln the
bonriing, The effect is soen best in tho oyclop6ntadlens and butad.len€
d.erivatives, a fer of whoB6 $psotre are ghorn. Th6 multlplet atruoture of
ths bs.nds can bo lnterprstod to ahor thst tt ta probsbly the termlnal protonr
of the /f\\ group xhloh nove upflold. AlBo, in tho lron trloarbonyl
Corlvative of It2t,r4-tstr&phorry]-butsdlenB tho tro tsrmlinal prototr6 6ga1n
ippoar at a falrly htgh fteld (2.)B ppm. on the aoala of the cliagrmo).
In both typ6s of conpound the metal eton probcbly llsE sbove tho plane of the

/f\ group, rblch causqs the two protorla of the )CH" group ln the
cyclopontadlone compound"s to be non{qulvalenl. Tbo \no protona of eaoh
üllr $roup ln tho butailiene compoud &r€ slso probsbty non-squlvel€nt.

ft is tsnpting to sqy lhat the n.m.r. spootre ghor that thego
conpounde h8v€ I structur6 llks thlst
netsl-carbon bönda.

Ä-
"Y1
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t, Orsen and. Wilkinoonr,I. Chem. Soo.r 4]14 (

2. oreonr Prrtt and Wliklnson, J. Chom. Soc.

+
19?3).
(in ttra praoo),



L2

3P9'7rr^ f
ttfrfurnad;eme

Hrr

t I loO"F 2r 
rlffc

H h( acctta)4

2pOcps
'9ffd

o
rn.mru l

(tr+tt 
r

7: f4<fs)

Ir

H
tlH

H

(^*ro; (gh G+w i
T*17c?t)

frr,/r\H H 'd.r*.
hrJt-rs

B,rru.etr

frfo*rno.arare ümtr&orhngL

:Termrirg,l' 'Chr

^^*oh, -JtÄ
(co). =c<Htl?n.inol <(H,

(curu)
Co

(cuH"

-+r[-

&rrcdrr,ne
irs1t Crico'rbot5t

Cyctopnhndrcnc

q' )ca,

Hp (H"*ttt)
%Hs0t'tt*)

LÖ
Äpr

6'+,f

(._u')

6?,ce)

l{ (H.+u+) ft.* Hr)
G,Hs

tlp
JirpF - 7'4As
JHBHI= 2'4ns

#
Lo

0"tfi+) GHs (q"* H')

tl(3

6'+rfl

Ho(

(cstts) lr

G
(cutte) .->

="$..
tk

P
5

.:of'3COc7s.

F$s^ßU 4omcs; ? 2ltl"ct FblÄ incea-sL5

tF^
s(tt')4
INT€ß{v{L



70-
60-
30-
ao-
T-
,o-

HIGH RESOLUTION PR,OTON R.ESONANCE SPECTR.U,'A
oF TH€ CHe GROUP {N pIJRE ETHYL ALCOHOL (3O.5 l€5)

T11€C)R gTICAL
lr{UKE tl6x FOR +rr-or

sO Jc{t - or

rr{EoReTICAL
L|KE St6R FOe. -L*r

aHo Jctsi_ OH
Cr:

L'

-90

F
tt
U
F

oo-
a0-
?0 -
aO-

uJ30 -

i'o -
d"o-!

20-
tO -

-60 -65 -70 -75

FReeueNc'r (cesr\
Ref ; l/ ur- Q

-45

EXPER,IAEI{IAL
SPECTQUA
(rr ARNOLO)

-€lo

I
{

s
K

N.

.\

!

$
o

€{

d

o
to

n
t
t
o

Eä ." i 5 'og : Eir:! i. o fs EiEj,il äiE;= =ä:;: ;iisiäi 3äir:n dE!;i.sf iEg,iäl "!B:1" 
Eo

;5 igj?Ed qj.E":i34l3ps=
=i Er-:t :l dIgIS-clii;i'r
5i i::eIF :ir*:i:?e'€":;j äg;::: ;ä;!€;j:!ti:
Er sriEsä E3:,irB.:'igü'
:; *s;ärä Eä:;ssll:?i;
3: äi;;! :E::,iAiiEEE äil
;E ;;Ei;:"rE:: ii!!s äi'5i
2. o qd aJ äi :-3 t E f, o'1 -i o-'i

gi;$iE I ;: i; r!€;:äii:i:äqi siri i iai i: ä?! *;i *_-äi i! riEr r; i *?ss 8:-E E e, o;!-* r: "e B--.i--8.ti: *€;I F- 8 05 2{2i 33 35?::3b E4ä;i::j gI i ii eiE Ii 3;'r** .' j3= I E ; i i,äI -" : I B :3"!ä"9=3orB-'

i!: iäEä;iiis ii:; s i: äri
;E Erä ;äExs s,:ii:ii E" q 3?

i iiii:qrs; i9;!ä: g:ie;i:
' i:*;äi?; $'!;is;- g:iäg
E: r*5rFi liEei ::;€:E

6
a4

a

ö

Lo?,1=,
=-a

ota cD50t

L2!

i
a

't

a

a

ci

ti
-ii1

F:

>z
z'-

i4 a

Zi<:.. ,
-i

9
ax
L
d
o
:l



Dr. S. BrovnsteLn
Departnent of Cheml6tr:y
Cornel-l Unlverslby
Itha.ca, New York

Mr. N. F. Ctmberlaln
Ilesearch,and Devel.opnent D1v,
Hmble Oll ud neflnlng Conp&ny
Baytovn, Texas

Prof. E, J, Corey
Departrnent of Chen16try
Unlverslty of llllno1s
Urbana, flllnolc

Prof. D. J. Cram

Depert&ent of Chenlstry
Universlty of Calil'ornla
Ios Angele6 24, callfornla

Dr, L, Cronble
DelHrttnent of Cheni6try
Unlver8lty of London
King'6 College
London, W. C. 2, England

Mr, T, J. curphey
Departnent of Chenl6try
Itrarverd Uni-verslty
12 OKford Street
Cenbrldge 38, MasgachuBetts

Prof . WlUlsJ[ G. Dauben
DeparüDent of ChenlBtry
Unlverslty of Cellfornle
Berkeley 4, callfornra

Dr. R, J, Glllesple
llepertßent of Chenlstry
Mcl'laste16 Unlverelty
Ilsrllton, Ont&rlo, CarEda

Prof, R. E. Gllck
DepartDent of Cirenlstry
Whltrnore Iäbo]'etory
The Pennsylvanla State Unlverslty
Unlverelty Park, Pennoylvanla

Dr. :i. M. Coodrin
Natrlonal Heart In6lritute

Mrtltul3 Li5t - CunLlnued

D,. C. Nalr'-CoIlrr
l.lell-on InritlLuLe
\4oo !'lfth Ave:nue

Piltsbur{Jh 13, !a

Dr, L. I'ratt
Depertüent ol' Inorganlc Chenl6try
Inperlal College of Sc:lence and

techlologr
London, S. W. 7r [ngland

'flerrn. H. PrIms
Iaboratorim fur Organische Chemle
Eldgenosslsche Techllsche Hochschule
UniversitÄtsst,rasse, 6
Zürlch 6, svltzelland

Dr. W. E. Putnm
Iiouston llesearcl! Iaboratory
Shell 011 Conpany
Y. O. Box 2521
!!ou6ton lr'I'ens

Dl. C. A, ltelIl,y
SheIl Developnent Company

Eneryvii-le, Calll'orrrla

I'rof, Ii. E. RIclErdg
Llncoln College
Oxford, nngla[d

Dr. Wluiaü M. Bltchey
Chem, and Phys, Sesearch Dlv,
The $tandard OII Conpany
4l+40 Warrensv'ille Center Road
Cleveland 28, Ohlo

Prof, J, D. Roberts
Depertment of Chenlstry
Callfornla Institute of Tech,
Pasedena, Callfornla

Prof . l,lax T. Rogers
Department of ChemlBtry
Mlchlgan Suage Unlverslty
East lanslng, Mlchlgan

Dr. M. Saurders
IJeIra,rtnent of Chenj sLry
Yale Unlverslty
Nev tllverr, Connectlcut

Dr. I'1. O. SchnelC.el
Dlvlslon of Pure Cherolstry
Natlonal Resear0h Councll
Ottam, ontario, Canad!,

Dr. N. Stteppard
Unlverslty Chenlcal Laboratory
Lensfleld Road.

0ebrldrie, England

Dr. J. N. Shoo.lery
Varlu Assoclates
6It llansen |Jay

lalo AIto, Call{'orDle

Dr. 0. Slonp
Ilesearch DepartnenL
The UpJohn Cornpany

301 [enrietta Stxeet
Kalmzoo, Mlchlgan

Prof. G, IL stout
Deparlraent of Chenlstry
Unlverslty of Weshlngton
Seettl.e S, WashLngton

Dr, L. H. Sutcllffe
Dept. of Inorgrrnlc & PhJrslcs,I Chen
Vlne Street
Llverpool 7, England

Dr, L. F, Thorpas

Depertnent of Chenlstry
Univer€1ty of Blrnlnghan
Edgbaston, Bllllnghen l5
England

l'lr, D. Thomton
BP TNIOIJ{G LIMITED
BP Reseerch Centre
Pebrolerun Dlvlslon
P, o. Box I
Chr:rtsey Roed
Sunbury-on-Thaoe6
Mlaldlesex, Dngland

MAII1NG LIST FOH M.lt.L.L.0.N.t'1.R. No. B

Dei;hesda 14, Maryland

P|of. Salo Cronoultz
lnstltute of Chellistry
UniYerslty of Uppsala
Uppsala, Sveden

Prof. ll. S. outovsky
lleparLment of' chemlstry
Universlty of I11lno16
Urbana, Illlnols

Dr. Richard Huijhes
Oulf Reseurcir & Developnent Co

P, O. Draver 2038
Plttsburgh lO, Pennsylvanla

Dr, L. M. J{ickrB0
Deparluent of Orgarrlc CbenlBtry
I&perlal- Co}l.ege of Sclence

aud Technolog/
London, S. tl. 7, England

Dr, Jolu E. lancäsLer
Anerlcan Cyunrold Conpany
I93'l H. Maln streeL
Stmford, Connectlcut

Mr. P. C. lauterbur
MeIIon Instltute
i+l+OO Flfth Avenue
Plttsburgh 13, Pa.

Prof. L. l{andell
Depertnent of ChenleLry
BDory Unlver8lty
Emory Unlver6lty, Oeorgla

Dr, S, Melboou
Departnent of Applled l'{r}themtics
The llelznann In6tllute of gcl"ence

Betrovot, Israel



16

Mailine List - Continued.

Dr. G. V. D. Tiers
Minnesota Mining & !'tfg. Co.
Ceatral Research le,boratory
23OI Eud.son Road..

St. Paul t, Minnesota

Prof . J. S. lfaugb
Department of Chencistry
Massacbusetts Institute of Tech.
Canbrifue 39, Massachusetts

Prof. K. B. Wiberg
Deparbment of Chenlstry
University of Washington
eattle 5, Washiagton

f. R. Zimre:ma.a
f.ia PetroJ-em Ccmpany

leseareh Is,boratorie s
Texas

Dr. R. F. M. I,lhlte
Cbenistry Deparbnent
University CoILege Lond.op
Gower Street
Lond.on W,C. I, Eagland.

Prepriat Available:

"lü,ß Spectra of Peataeycllc lblterpeues'
llaurLee Sha.rrna, Ralpb 0. !,fr.rzrma, and. Richaril E. G]-ick

Departnent of Cbealstry
fbe Pennsylvania State Unlversity
Unlversity hrk, Psnnsylvanla


