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We would llke to remlnd' reciplents of I'1.E.L.L.O.N.M'R' of

the condition on pubIlc quotation of ltens appearlng ln the Nevsletter

as set forth ln lssue No. 1, Ila,
t' It ls understood tbat appearance of naterial ln this

letter wiIL be construed in no way to constitute

offlcial publication. l4aterial appearing ln this

letter ls to be so1ely for the read,ers t persor:al use,

and quotatlon of results ls to be made onJ-y by direct

arrangement wltb the orlginators of the work' I'

Leon i{andell anil Jake Golctsteln of Enory UnLverslty have informed

us of a convenient purificatlon of comerclal tetranethylsilane (cf ., Wiberg

in M.E.L.L.O.1V.M.R. No. 5, Ij€|ge 6), Thls conslsts in shaking the tetra.nethyl-

sllane with concentrated sulfurlc acld and tben distlJ-llng from the mlxture

lnto an ice-cooled recelver. For the dlsttLlatlon, an all glass system

and a vara water heatlng bath ts used. fhe illstlllate shovs no CHs-CEa-X

llnes ln lts 40 nc. sPeetn:m.

AAB BT-S



#1-

The above spectrun 1s that of the aroünstlo hyclrogens in a alegasoeal

ulxture ot -J:!fi benzene and -8!$ tol-uene obtainetl at 5Onc', i{ltha sveep

rate of O.2 cps/sec. The eharp 1lne on the left ariees fYon benzene and

the nultlplet on the rlght fron the toluene armatlc hyclrogens. lltre struc-

ture antl rrldth of the toluene arcmatlc t'J-lnertuae qulte reproduclble; PauI

Iauterbur leports slüdlar observatlons at 4O nc. In vlel'l of the aayornetric

charaoter andl conpllcatecl nature of the toluene rllnerr, 'lt woultl seem nan-

datory to reBove lt I'r8 the 1,18t ofacceptable reference slgna].s.

A ReLatlonshlp Between Chernlcal g$$g

and, Substltuent Constants

(An extended footnote to Et-gure 16 of tt$one Appllcatlona of CIJ Itualeer libgnetlc

Resonance Spectre to Organlc Chenlstryrt' Aruralg II. Y. Acad. $c1. ?O (l+)r 84f (195S)j

It has been brought to qy attentlon that the above-nentlonetl flgure le
nlore myst1ry1ng than lnfomatlve. l1llg ls true. In fact, 1t represente a good
exanple of hov not to lntroduce an ldea lnto the llterature. the urlsslng Justt-
flcatlon 1s glven_beIow, pend.lng lts posslble lnclusion 1n a nore detalled ttle-
cussion of the CIJ spectra of armatlo compoundg,

Flret, a partlal reylev of tbe situatlon is presented. It bae been
found tbat the ortbo-eblfts 1n the fluorobenzenee caruxot be oomelatedt by the
I{a,ronett g_pareneter (1) or ty the eeparatetl o1 and oo para.neters (2). Tbe
net\yl CIl shifts are slnllar1y anoualoue. fbe lmpllcä\blon le tbat ln both
serlee of compouads l.arge proxlnlty effects are present. flhe.cerbon end fluorlne
shlfts are cmparecl 1n Flgure 1. lbey seen to be roughly proportional, but the
relatlonshtp ts not very goocl. It viJ-l be notetl, however, that the polnts for
groups vhlch are electron-wlthtlravLng by resonance lnteractloa (poslttve og)
tentl to lle 1n the upper left part of the graph, antt those vhlch are elr:ctron-
reJ-eaFtng by resonance Lnteractlon (negattve oR.) tend to J-Le ln the l,Jver rlght
portlon. lltrls suggests that the scatter of the polnts nlght be caused by the
tlifferent susceptibllltles of the rnethyl group end fluorine atm to resonance
effeots. f,n oraler to put this lalea on a more quentltatlve basls, conBitler the
followlng derfvatl-on.

Let us flrst assume that tbe ehlfts lu theee cmpouncls can be oeparatetl
lnto lnttuctlve, reeorunce, and [nelghborrr contrlbutlons as sh,own 1n Equetlons (1)
and (2).

(1)

(2)

Nou, 1et us further aasume that the
Equatlons (]) and (4).

(r) ö3 = *ror t oR%

(4) bä - frt + rnon

af caa be representecl ae o, orr Bivln8

o$tI

* fislv

The coefflclente ate those for ortho-lnteractions, anal are not !.ecesearlly the
sane as those for meta- and pera-lnteractlono, but the aclttltional subscrlpt 18
onrlttetl for ginpllcity. the 1 antt oR are llaftle separated eubstituent constants,

s3=s:*ufi*u$
r.F,F'Fö;=öi+ö;+6;

+
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ls an analogous constant for the speclal effect of an ortho-substltuent.
nou rearrange (h) :.nto

1r'(5) 0r = n (ao-roou-tro*)
t tT

ancl then e]-lnlnate o, bv substitutlng (5) fnto (J), eivlng

I taä - rnh - ,,f*) + cR% * .,ou

If tlre rel-atlve eueceptlblJ-ltles of net\rl groups and fluorine atme
to lntluctlve effects and nelghbor effects ere about the earne, the tetu ln the
perentheses viII be surall. tte nay thlnk of the Lrductlve effect ae a polar-
izatlon of the atom or group 1n the dlrectLon of the r1ng, and of the neigtrbor
effect as a slmllar polerlzation at about a 60" angJ-e to that dlrectlon. The
trro effeot8 mlght we]-]. be nearly proportlonal to one another for groups of
slnrller slamebry, such as nethyl anal f].uorlne.

We can nake our estJmte of the slgn antl nagnltuale of tat, ae fo]-lovs.
from (?) ve see tbat the slope thl fe crhr. Ih€ eoefflclent of q le, there-
fore, given by

(11)

fbft glves a vaLue of fo for the parri pcsltton of -18.8 (tn our unlte). If ve
assune that the resonanöe llteractions ere about ihe sgJne at ortho and para
poslttons, and lnsert the vel-ue of m - (O.rO5) frm our plot, re lmve

(12) a ! 1.28"n + 18.8

(r) H. fJ" Gutousky, D. I{. McCaII, B. R. McGovey and L. II. l,{ayer, J. An. Chen.
soc. 74, I+809 (1952).

(2) R. v. Taft, Jr., J. An. Chem. soc. T9r 1045 (195?).

(6) ö:

6:

vhlch can be reerranged to

4 l.ä. 
(:*

J

af
IN

a fn"n
m

(7) - ra)oa + (c,, - )o"

Thls 1e the equatlon of a stra-ight l-1ne of the fornr

(8) o[ - *(uä + eoo) + b

tf b 18 e constant. fn oraler to test the vallallty of (B) we nu6t bave a value
for t'ar', ff ve aseume that rtbtr le a constant, fle can calcuJ.ete 'ht' by solutlon
of the tlree slnul-taneous equatlons derived fron (8) f'or s,ny three substituents.
Tlxe best value ie fourd to be about 2). Ftgure 2 sbowe tbat e].l" but trro of the
trlne baslc polnts faII on a stralght l1ne uithln experLmental error" (ttrts
Flgure 18 entlrely equlvaleDt to the orlglnal Flgure 16, as can be seen by
rearrenglng gq. (B). The polnts are more even\r placed vhen the nev forü of
the equatlon ls usett.) 'Ihe exceptl-oüs are the l5rdrogen and lodlne polnts.
The latter t'al.J.s e@ewhnt low, posslbly because of a much atronger steric effect
on ttre met\yL group. Itie polnt markecl "I(ru-CIIs)'r 1s for 2r6-allnetbylloclobenzene
and appeara to dernonstrate a Fbuttreeslng'r effect by the other nethyl gxoup on
the lodlne. Tbe notmal effect of a m-CH3 ean eccount for oDl-y about one-f1fth
of the Bhlft dlfference.

fire fallure of the ]-lne to pass through the hydrogen polnt neans that
rrbr' 18 not zero, but has e snall neerl-y constant vaLue of about 2 ppm. fhls
lmplles that the percentage varlatlon ln qn for different substltuents le rather
gualL. Slnce the scatter about the stralglt l-lne is Lese than I ppu.., thls
verlatlon 1s les6 than JS. The fact ttrat the ortho-sblfts thenselves cerurot
be conelated at all uell by an equatlon of the fono

(9) 6o

ff cor the resonance coefflcient for the nethyl sh1ft6, ls üuall re have a value
of a6out ltj for t'at', compered nlth tbe experimentel value of 2]. Ihe Blgn of the
ooefficienb ia oorrect and lts size 18 8,bout rlght.

The euccess of ttre treebnent outllnecl above wou-l-d seem to be fruther
evläence for the usefulnese of Taftts Beparatlon of the substltuent constanta,
and suggeete tbat proxinlty effects are rather llelL bebaved 1n unreactlng
no]-ecu.]-ee.

fr

e c'.cl

neans thst the addltlonel effecte, vhlch have been lurtpecl untler 6r1J,

Iarge. fhe EnirU slze of tbt' then requlres that the coefflclent
be seall. Thls seeme reasonable, elnce It can be rearrangetl ee
fol.Iows.

r+ Fan PBu]. C. Iauterbur
Me].Lon Instltute

nust^bE qulte

r"*-ä)

f,'n 
(d(ro) alJ -

o rfNrt-
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Laboratorium

für organische Chemie

Eldg. Tochnlsche Hochschule

Zürich Dr. A. Bothlrer-byt
Mellon Institute,
4400r Fifth Avenue,
?lttsburgh,
Pennoylvania,
u. s. A.

--+-

Dear Akeel,

In hle recent book J.D.Roberte mentlons some tlifficulties
wlth the lntegratlon of nmr spectra arlslng from very cllfferent
relaxatlon tines of the varloue nuclei ln a mo1ecu1e. If the
rel,axatlon tlne T., 1o very long (e.g. l0 sec.) than lt will be
of course sonewhat dlfflcult to perforn a quasi-statlonary
experlment. But by no means 1t le neceeeary to work r:ndei quasl-
etatlonary contlitione to get very exaet lntegral values. Suppo-
slng the correctnesg of the c1aselcal Bloch equations one can
ftnd the foIlowlng expresslon for the lntegral of the absorpti.on-
moae v(t)

Increaslng the sweep rate a and holding all other pararuetere
constant would not be the proper solution of qourser since
this would make worse ttre signal-to-nolee ratic of the lnte-
grated spectrum, It 1s well known and cern also be seen from
eq. (l) that, if one j.ncreases the sweep rate over the quasl-
stationary conditj.ong (a!"' << 1), one can also lncrease tire
strength of the rf-fiel-d 8., r llVorking out the expression for
ttre signal-to-noj,se ratior-R, one gets

R = constr St f{"*r*" ) (power ratio) (4)

zÜRrcH, April 2lst, 1959
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arnplltucle of the high frequency fleld
(1nr)"fal, (attlabatlc saturatlon pararneter)

E,= ikb"
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I /a-

3..6& tte-L
I

,i?
f(k) t {ern(t).cl(k) , cos(k).ul(k)J
All other s l-s have the usual

Uslng a hlgh sweep rate the integration euor | =
becomes thelefore aeymptotically independent of the
tlnee lI, ancl fr.

Because of the llmitutlon of the stablllty of the nagnetic
field it is often not reconmendable to work with a srveep rate
essentlally slower than aT.,T, = 1. the loss of signal power
by sweeping faster tlran qua$i-stationarily ls not very sevexe.
Tlrerefore, lf you l-lke the best possible integratecl spectrat
you have to proceecl as follows:

1. Choose the requirecl integration error e (aay L fi)"
2. Choose the slowest possible eweep rate on yot.r spectro-

meter, so that the flelcl fluctuations are ln accorclance
wlth your lntegration error (a too rapitl sweep rate.
spo11o the signal-to-noise ratio and the resoluti.on).

7. Choose the hlghest possible strength of the rf-field
'rwlthout satulationtr. Halve tlre strength of the rf-fie1d

(L

J_t
ü. - 'ia;y1. ilt;
/ ) , ./ i. ,'
/:- : j;J^@ i? '(.:-

* e.t(k)
-relaxatlon

\JI
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and check whether the saturati,on is 1n accoldance
with the chosen integratlon error € "

6I I HANS€N WAY . PALO ALTO, CALIFORNIA . OAY€NPORT ö".IOOO

Aprll 7, 1959

t.
Drs. A. A. BoEhner'by' and B. X ShaPlro
Mellon Institute
4400 FifLh Avenue
PlttsburBh, Pennsylvania

Dear Aksel and Barry:

AfEer lengLhy consideratlon of the pros and cons of lhe maEEer, I

have flnally concluded f.hat the ordlnary 6 uy Uof for chenlcal shift d,oes

not carry enough lnformaElon to satlsfy qe and, rather reluclanEly, I have

experlmented wlEh some compound 8)nsbol notallons. I thought thal lt uighE

be worth descrlbtng chls ln MELLONIIR 1n order Eo ge! Eoue Feact{gns Ea lt.

One superecrlpt and one subecript dq nct seem to qe to be too un-

wleldy, 1n splEe of George Ilerrs coruerrts ln MELIONUR No. 4 co the effep!

thac some chemlste wlll not take ktndly to such Botetlon. Thle le probably

truej however, LheFe sre ofher chenlste who do not egJoy Selng left tn a

confused etate trytng to flgure whar klnd of $ rE belpg referred Eo and

perhape the6e Er.ro groups wlll J$st about cancel ost.

Although no rrstandardrr state has been defined ln NMR work, it,aeems

to ne the! rhere le general wllllngnesa Eo accepL a dllste CCl4 solurlon

(or better, an extlapolaElon to lnflnlte dlLutlon) es a set.lsfacrory eub-

sElLule. The eLandard staEe le usually deslgnefed wiCh e euperscrlpt o;

cherefore, I would propose Ehat, üegsurenents ln oufflclently dlluEe CC14

eolutlon be wrlEEen u. 6o. Two other poaetbtllEtes alee exlstl flrsE,

thaL the reference ls added lu snall quaptity tq the Fe4t 8e!0ple. I would

chen propose $int. Ftnally, s caplllary or caneentrlc cell Dlgh! be used,

leadlng to Ehe s)nubot äu"',

(IYSnONS, tMVrilNG W^Vf IU8fS,8AC(WAIO WAVc OSCIIIAIORS, tiNfAt Accft6RAloß5, MlcßowAv€ svsIfM corltfoNENls'

f. f. stfclÄoMIriß5. M^cNfrs, n^cNftqMfr6Rs. 5tAtos, fowfß AMfUflrRs, GfAPHTC ßfcoßDfRs, ßfsEAßCH ANO D8V6IOPMENI SfivlCfS

9upposing thnt the rest of the equlpment is rlppropri-ate
for integration (flne linearity of the electronic equip-
mentl good zero stirbility of the output - preferäbly sorne
üodulablon method - i very pul'e absorp.Lion node; preferably
electroni.c lntegratiolr), 1t slroukl be possible to ge.t very
exact iiitegrul vtrlues in the nmr-spectroscopy of gry.
substance.

As soon as we have a pure sanlpl,e of cyclobuterle we
wil1 send you an lntegrated spectrurn. I am qulte shure
that the lntensities will be exactly as 2 : 1 artcl not
(as quoted in J"D" Robertsr book) 2rB r 1.

Slncerely y.ours \
u^ns prinfu /rt^::u

o\
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The aubscrlpt poses more of a pfoblern, IE ls raEher attract{ve to

ga EathemaElcal and conslder Ehe sample as consleElng of 1, 2,3 ..... I

eets of non-equivalent nuclel and to denofe the chenlcal ghift of the 1Eh

"uo u" Jf ln very dilute CC14. We are then lefL wlth describing the

reference lrhlch we do by placing it ln following perentheses, i.e.,

3i (tt".d. However, r^rhen vre bggln ro use Ehe eyubol ve flnd thar the

conpact eubscrlpt l" must, often be replaced by some unwleldy descriptlon,

e.g., rtthe CH2 group nexE !o lhe carbonyl ln the 7-oeübered rlng" unless

we haye had the foreslght ro number all of the carbon atoms and draw a

nlce llEtle plcture nearby (whlch rntght not be e bad ldea).

Än alLernatlve echeme is to put the reference as eubscrlpt slnce lE

Ls alwaye falrly easy to wrtEe and to save the descrlption of the compound

for parenlhesee vhere there ls plency of rooo. Then che shtelding of the

1Eh ntrcleus relaEtve to benzene ln an annular cell sould be \{rltter

6ü;u (a). some people nlght prerer th{s.

I an bringlng thls narEer up slnce I have found thaE ln wrltlng

materl-al for lnclusLon l-n a book on Ehe subjecE 1! ls rather frustr atlng

to Lry !o develop & system of notatlon wlthout knowing wheEher or not Lt

uould be generally accepEable. I do not feel that e book 1e che pl"aca to

advance guch tdeag but that lnslead lt should adopt lhe most ryldely

accepled sysEem. But lf ne donr! geE some general agreeBent soon thele vtll

be no cholce. I vould appreclale any and aLl viewg on (a) ghe aceeptabiltty
of guch a compound ayuboL (b) whlch forrn la preferable (c) other beEcer

ldeas.

It ls perhgps worth mentlonlng Ewo other polnEs. FlrsE, ln ny

hunble optnlon Ehe Eern rrchemlcal shiflt' is too good for either 6tnt o.

Ju*t "r,a 
ought to be reserved for ,fo, Ehe others perhaps called rtrelatlve

shieldlng". lleasuremenLs "f äo aeem to be about as close as we can cone

to JusL the LntramolecuLar parc of the shlelding (allop;Lng a conFEant

effect due to the CCl4 environment). The second polnt has to do wlth Ehe

slgn of the shielding d!-fference. I senge that the 4d:lortfy (but cer-

talnly not aLl) of workere Prefer that lhie number lnprease as the apPlled

sweep field lncreases (perhape matnly Lhrough force of heblt). Thls can be

accompllshed by defining

Jl = roo (Hi - nlef)/Hj"r wtrere J = o, lnE, or exE

and where the factor lO6 has been chosen arbltrar.r.ly again Eo canforlB Eo

whaE I believe is most generall,y ueed. IE ls lnterestfng to noEe thaf we

can then wriLe

dr = 10.00 + f,l qsiu"o) with J * o or ,-nt.

WheEher er noE a compound $ eynUof le needed barlly enough Eo

justlfy lEs exlgtence, and assuning lt ls, whether an addlLional eynt,olrf,

la needed ln view of tts siuple relatlonshlP to $ | "t" questlons chat only

Ehe mass of NMR spectroscopists can angwer.

If thls ls loo Long for !ßLLONMR I apologlze.

gincgrely youre,

vArr trtr
doc

JNS:roJr

,rt ü-4
J. N. Shoolery

--t
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PrTTsuuu(lrt ltl, r.l.
Aprtl 2?, r9t9

Open

Dr. J. N. EhoolerY
Varlan Aggoclateg
6II llansen t{ay
Dalo AlEo, CaLlfornta

Dear Jlmt

olv to Lelter froru J. N. Shoolerv

Thank you very much for your rhoughtful leccer on synrbole and

referenclng. tle feel väry nr.,cl. l"n agreenenc wlth rhe vlewe you have

expresaedr-and have arrlvld a! a nunber of the sante concluslona'

one of the dtfftculttea we have experlenced lg keeplng clearly
ln'nlndthcoPeraltonaldeflrrlcloneofourowunleaaureneotSrakenunder
a vartecy of äonrtl'clone, le! alone everyone elsere' In aE[emPllng co

a"uufop ä notacion whtch would deflne clearly and urmlslakeably. exacrly

Hhac was befng nteasured, sre have evolved rhe follow{ng acheme whlch we

vould llke Eo Presen! for dlecuaston and crlltcfern along wllh yours'

FtrBEly, we would Ltlce Eo Polnc ouc llte necesslcy for dlotlngulehlng
bellreen lhe exPerlBeotal daca, 1.g., aeParaclons beEv'een fhe tndtvldual
llnea obeerved ln a glven apecciuut, and lhe naEhemaElcal conacruct
i'cheufcal shlf!il whtch ts eo end re6ul! of rhe appllcaclon of cercatn

"oo,g,.caElonal 
procedurea !o the rae, da!a' lt woultl aeenr co ue hlghly

deglrable!ohaveapectralrePorlslncludetheobservedllnePosltlons
(tn cpu ar I Parttc;lar, dealgnaEed R'F') aa well aE qaElgrureucg nade

froo Eheee daEa.*

We sug8esr a nofaElon uslrrg ßhe symbol v for expertnrenfally-
urcasured oepara!lülrs 81ven ln cyclee per eecond and E for lhe calculaced

cheurtcsl ehtfre g,tven ln Parlo Per nrllllotr'

* AnanalogouesysceulgotcoureealuogcurrlversallyugedwhenrePort'"og
ir,f..-r"ä opo.rto. In rhts caee abeorp!lon nraxlma are rePorced ae

raw daEa, uiad u,.y daalgtuite]rEa 8a Lo grouP abeorp!lotla' force conaEanE6!

and sEructure 6re rePorred eeparacely'

Dt|5r.!.crN trxaa'rTrrtu

J. N. Shoolery 2- Aprtl 2?r 1959

In order Eo sPectfy complelely lhe referenctog sysceu lt l8
neceBsary !o scaEe expllclcly the fotrlonlng daEsl

f) fne ldentlty of the conpound and of Efro group of
nuclel glvlng rlse !o the elgnal obaerved.

2) the phya!.cal acace of the sanPle.

,) The ldentlty of the reference and of ßhe group
oi nuclet rberef,n Stvtng F!'ao !o lhs reference atgnal, and

CoHe
CaHa

would repreaen! lhe separaclon beEween 8tgna18 frorn pure benzene and Puro
chloroform neasured exEernalIY,

4) fne pbyalcal arace of lhe referenco"

Ao a posalble means of, repre8entlng che meaaurenencs, we Ehereforo
deftne che evnrbäl vT,,' ae Ehe eeparaEton (tn cpa) of a algnal arlefng
frorn the Jrh group r\J/o6 nuclet 1n compound t tn s medtum of conpoetrlon
k, fron any arbtriary (not necessartly stared) exlernal reference'
Experturenril Beparaclono are alwaya represen!ed aa e dlfference between

Ewo euch Bymbolo. For exanPle,

vv
l3
lg

cHc
cnc

CC l+
"c.Hu

- CCla
"l.tuns t

would repreeent !he separstlon beEween benzene and teEramethylellane bofh
ac tnflnlEe dlluC{on ln carbon tecrachlorlde* and

,,C6H6rMeaSl _ .,C6Il6rMeaSt
'coHo 'lleaSl

would represenf lhe separaEl"on beEween lhe 8lgns18 from benzene and Eetra-
roechylatiane ueed as an lnternal reference. In Ehe laller case, che

concäncra!lon of lhe tnternal reference should aleo be specLfled.

Tlera hae tho$rn Eha! tf boEh aaurple and roference are ln ihe eame phyatcal

"a"lu 
(""V tnflntre dllurlon ln iarbon lelrachlorlde) tt doea noE Dake

any difflren"e tf they ara mtxed or aeparaged by concenlrtc cell nalls
or caplllary walla.

*

o



I|l rl r.r.ol{ INlr'rr t''uTü

J. N. ShoolePY AprLl ?'1., L)))

The samo syscen of superscrlpce and subscrlpts can be applled
toö

To uae auch a eynbol palr roullnely could be gulEe awkward and
rdpetlllve, The problern nlghr be eolved by deflnlng a v or a ö once
ln Eerne of theae aymbole, and Ehen ualng rha! ln rhe body of a paper
or reporE. The al,gn convenElon mus! 61so be glyen; llke noeE oEhero
we are now qulte accusEonred ro havtng nunrbere lncrease vrlEh shleldlng,
and suggee[ EhaE rhac practlce be followed borh for y and for D.

Once agaln, t.hank you for your otlmulaclog lecEer'

Slncerely yours,

Uee of super8crlpE rrorr for sEandard EcaEe ls f1ne, proytded
e',rerybody agrees on a gEandard ecate. We would llke to hope chaE tc wlll
eveucually be posslble Co correcE Eo ö$as or bYscuum for all aubacancea,
tn whlch case Ehe latEer nlghc take ovär ae 'BLandard sEaEe.

ilr/..4A,4.**" 6-Akgel A. Borhner-Dy

Paul C. Laucerbur

L. $haptro
r
/n.

{Elqe-,
/.L 

-.- /'
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