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IEIJ PÄ.SI(O \TA[UET..ä.I' GÄ.SI PEI.(ODS(oINS COMPÄ'\IY
P0sT 0Ftlct B0x ll0l,El' PAS0, ITXAS

October I, 1]62

Dr. B. L. Shapiro
Mellon Institute
44oo mrth Avenue
Ptttsburgh, Pennsylvanla

Dear Dr. Shapiro;

We are using our A-60 instrrrment for analytlcal purposes. We hope that
you welcome contributlons showing how NIr{R can be used. i-n conJunetion with
other tools to solve d.lfflcult analytical problems.

We were glven the problem of d.etectlng and. d.etermlnlng 112-epo;ryQctane
in a complex mlxture. We Were also giyen aS a t'standard.rr a bottle of
octylene oxld.e (f a f laboratorles). A gas chrornatograph of the octylene
oxid.e showed it to contaln two major eompounds. A gas chronatograph of the
unknovn showed. that neitber material present ln oetylene oxid.e $as present
in the lnknown. Chemlcal analysis of the unkno'wn shoved that an epoxld.e
was present ln major amounts.

The unknownts major gas chromatographic peak was trapped.. The infra-
red spectrum had a C-H stretchtng vibration at 3O5O CU-f which incl-lcated.
that the compound. was a termlnal epoxid-e (Henbest, et. al-., J. Chem. Soc.,
W. f\59). The NI4R spectrum showed. that the conpound. had. three hyd.rogens
ätdäched. to an epotqf group and- that there was one methyl group at the end.

of a chaln of flve methylene groups.
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ar€& = J hyd"rogens

o,r€o = 10 hyd.rogens

&re& = J hyd.rogens

(Measured. ln CC14 lltth Tl4S lnternal stand.ard at 5O ncps )
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CJ-eavage of the material wlth perlod.lc acld. gaye formald-ehyd.e. fhis shoved.
that the materlal- was an 1r2-epoxld-e. We belleve that this compound. is lr2*
epoxyoetane.

1lhe trfo uaJor chronatographlc components of the octylene oxid.e .were

trapBed. fltre N]4R speetra. of both components ind.lcated. that there vere two
hyd.rogens per epoxy groupr. one methyl ad-Jacent to the epo)ry group, and- one
methyl g-roup at the end" oi' a ehaln of four methylene groups. Th1-s .sug-
gested. that the components were ci.s and trans 2r3-eporyoctane" Browrrstein
(Me[onmr fitt, v. 1) rras sho:wn. tEat tne EEem-feaf shift between

and.

for trans-2r_3-eForybutane is 82.) eps (aL 6o meps) and. for 9$-2r3-epo:qr-
butane ls 96.7 cps. We found. that this chenleal- shift was fJ cps for com-
ponent 1 and. 95 cps for component 2. Thus, we thlnk that cornponent 1 is
trans-2r,3-eporyoctane and- component 2 is els-2, 3-epo>ctsoetane"

trans (cnr);cn,

= 0.p1 ppm ä,reä, = I hydrogens

= 1.41 ppm ä,T€-€,, = B hyd"rogens

= 1.22 ppm

t"3
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JcHrrR 
= 4.9 eps ärea, - 3 hyd.rogens

= ?.) BBm €,f€€[ = 2 hyd"rogens
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cH^-

J
c/o\c = JJ cps
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cis (crr)u-ctt,

tH3

-cH^-
z.
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n
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t

= 0.p1 ppm

= J..Jp ppm

=i 1.1p ppm

= 2.ö Bpm

JcurrH 
= J.J cps €'r€ä, = J hyd.rogens

a,reä, = J hyd.rogens

äfea = B hydrogens

are& = 2 ttyd.rogens

e.
tr4ack C. Ilarvey

Ronald. Hovel].
Analytieal Seetion
Research Department

r%r fug

[f;-*$ -\^t = )J eps
cEf c

The lnfrared. spectra of poth compound.s d.ld. not show any C-H streteh-
1ng vibratlons above 3O0O cn-r. Both eompour:d.s rrere cleaved. by perlod.ie
aeld. to glve the od.sr of acetaldehyde. Thls shovs that the materlal was an
2r 3-epoxid-e.

SlneerelSr Yourst

/"./4/dz(

MCH:ht



Notes on Comouter

M/IRIT. f have rewrltten subroutine EnnOR so as to provide ameaningfdT,ffiwe-of the parameter 
""ror". ftre single iteration folLowingthe pertrirbat_lo1-9f-eaeh energy 1eve1 in turn ty o.oöl cps [see J. chem.

.P,Ht. 4: zg (]962)l has been-lncreased to half the nunbär calred for by
NIT on the control card. Furtherrnore, the perturbation of each energylevel has been reduced fron 0.001 cps-to O,öOO1 cps. ft is found that theerrors are about what one might expect frorn the estimateO accuracy of the
measured line positions. I ean supply a listi:cg of thls nevr subroutine toany one who wishes to use it. Hovuever, sj.nce t{ is rather expensive to usein terms of computer time if the.nrmber of spins is greater tnai-5'o"-[r*-I recommend that a durnugr subroutine be used iroJ.""s a good measure of theparaneter errors is needed.

r have arso found that in certain highly mixed spin systems,MqIT-can give an incomect set of para^neters. The vinyl ä*Jup'of acrylie
?"id-i._"texa.np1e of such a case. Honever, the vinyl äroüp oi: methyltrivinylsilane appears to be at Least, as rrilrrly mixeä a-"."ä - but NMnrTgives the correct ansvuer here. This probreä iä presentLy being irnrestigated.

PLOT' This progra.m was uritten to be compatible with our IEM thol-
ca-tcOMP inFEäItation, wniäh is not standard. prof. c. H. sederhotm at U.C.,
!91keley, informs me that he has modified this program for use with the
CALCOMP plotter instalLed according to the IEM iecornmendations. FLrrtherdetail-s about the progr'?n can ue obtained from him.

MARIPL.-($agnetic Resonance lterative kogram No. 1.) This is aprosran r EäiFvvritteä ror use ;ith-r,-t;-t;-6-6i;;;ä;.t'in i.t, revisedNMRI?, NMRENI, and PLo? programs have neän combineä into a single progranwith an appreciabl"e saving in computer time. Subroutine pLgT öan easily beby-passed if a plotted spectrun ii not desired or if a plotter is notavailable. Provlsion is also made for by-passing subroütine NMRENT if theenergy levels have already been caLculatäd, e.g. by Ni\lREN2. in faet, if twoor more spins are equivalent, this is the procädure that is necessary if thisprogram is to be used.

rf any one wants to use this prograrn, r can suppJ.y a listing.

C. A. Rei1ly
Shell Develc,pment Company
Eneryville, California



NUCLEAR MAGNETIC
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145 Greensburg Rood New Kensinglon, Po.
Area Code 412

337-7727

Ootober 22, L962

D?. B. I,. $hapl,ro
L{eL1on Instl.tute
4400 tr'lfth Avenue
Pittsburgh 13, PennsylvanLa

Dcar Barry:

Encl.osod J-s a copy of an experlment util"5.ztng our Moclel PD-60
Ilononuolear Spln Deooupler,

Porhaps through the ncd,Lum of tho I'IEI,LOMß ncwsLcttcr this
data eoulcl be conveyecl to Organlc ChenLsts and. NMR SpeatrosoopJ.sts
lnteresteal in thls fieLd,.

we are hopeful that thtg NIm, contrlbutLon wl.Ll entitle us to
be incl"uded, ln the nalLlng list for }IELLONMR.

D

Paul J, YaJko
DLreator

?tIY/erb

Encl-osure

NMR

SCIENTIFIC APPARATUS E TTCT RON IC'NSIRUilENT AT ION RESfÄRCH AND DEVELOPIÄENT



Pr\Jti,r-l':r"c'tun :iplrr r)!:sorrplirrg l'lxpclLuelit uj-tll Trans-Crotonelalehyde

A. Undeooupled Spectm
thc spectrot of trans-crotonaldehyde canr to e Sood lrpl.'rcxirnation, bo

trcrrtotl &s tlr€rt of a first oralcr syst?m. llhe coupllng aclterne can tllon be

iltustrated by diagruu I, the protons being l"abelled as bclov;

H (Ho) * tt"'
\^ 

- ^/t:o,/\cHt iH.l 11 (rr,.)

Tho spectnun of the trans-crotonaldohyde t€:lien 1n 25 volue pelcent solution

ln CC14 ls aho\m ln spectrlü I; tho frequoncy positlons are teken vtlth re-
speot to the oenter of the aldehyilo Aoubl-et eltd are aecuLate to about 0.5 ops'

The nethyl proton line 1s spl1t lnto a doublet by lla' t'ith I spacing

,I*- 6.8 cps; each of the doublet components is further split into a snaller
doubl€t by Ih, wlth spaolng Jbx- 1.6 opa (illagrau Ia; specbro le).

The plotons H" and llo oouple to fom an AB type quarteti the slacirrg

between the cortrpon€nts of the H. doublet is equal to J"o- 15.5 cps as 1s the

spacing bstween the coeponents of the \ doublet. llach of the two llb doublet

oonponents 13 futtror split by U,.lnto a atoublet with spaoing JOn- 7.8 cpsr to

€l.vg an overal-I uns)rustxlcel quarteti each of these quartet componerlts Is
fBther split by coupllhg wlth the nett4rl protons lnto a quartst vri-th lr313rl

tntenslty }atlo and sü411 spaclng Jo"- r'6 cps to yleld an overall pattern for

the IL Una of four lr3rlrl qualtets (dlagran lb, spsctm lb).
DQoh of the tilo lla cooponents ls split lnto a quartet wltll IrJrJrl 1n-

tensity ratio and slraoing Jr*= 6.8 cPs; the two queirtets overlap (<11a6rau Ic,

spectru 1c).
The aldebyd€ ploton, Ii*r line ls sp1lt lnto a doublet by \i the doublet

epaolng ts Jbk- ?.8 cPs (diagru 1d).

B. QELitative Deaoript{on of the Fl€ld-Sveep Decoupling llxperimerrt

Th6 fislal-sweop deooupling cxperllrent can be qualitatj'vely dosoribed as

followar Suppose two protons, A and x' (or two groups of equivalent protons)

are coupled wlth a coupllng constant .ld Euoh less than the froquency sepaldtlon

of thoir 1lnes (1.e. nuch lesa than tbeir ohenlcal shlft dlft'erenoer.lra -Y" '
ln frequency ruits), Suppoeer furtilennor€r tlat tlle oenter of the A pattem

1s being observed at frequencyY, fi€1d H (1.e. the field lle setlsfies the

xesonano€ oondltlonYa - (1-g) Ha) and tlnt sleultaneously tlte seuple is

boing lrladlatod e/ith a sldeband at fr€quencylrm, (wherelfx.!\f,o;yr), suct

Page 2

thrt the X prtrtons are slrttrlt,'noorr3ly in re:oni,ncc at f1cld H" (1.o. such

t1r; t1--= './ (I-.-?-)ll^). llr('n, 11' tl.c iitren{ith of tlre 1l're'llatj-ng f lold,} F:X:r.- X &

ll2 (iu froqrrency ults), 13 rmtch lirrller tltan Ju"r t)re Ä pattem rvil1 aollapso

lnto a, slnAle ]lne.
If the stxcntltil of tl!) 1rradint1n11 flelal 13 not nuch lerrgor thd Jax

and/or if the lrredfatin5; frequency 13 aornoi?hat off Tesonance for the l( protons,

then, in general, the h prLtern rvil1 not coll.apso but nay even bocone noro

conplic&tod. (It shöuld a1.jo be noted tlrlt Eatellites mayr ln prlnciple' be present

oven \7bcn the conditionij on thc iffildllrt1ng fleld strength and fre<luency are

satlsfled for systeilrs other thDn ÄXn types.)
If tlre A proton is coupled to othor protons in a'ldltion to the X-protons,

tlrcnr lf tile couLlitlone on lrrirdiirtln{l the X-protons ere $€ltJ.sfledt tho AX

coupliu:! v/111 tvash orrtr of the A- pattern and \Yhat f,enuins rvI1l be tllo pettom

corxespondin{j to tlte,{-protons couplln8 vlth aI1 protons other t)rän th6 
"(.

The xequired strensth of the lrradlstj"nß field and the appropriate lnadiatlon
trequency depend on tiro nognltudo of the coupllng sonstentr JA*r and on the

lvirith of tho A pattem. ltor examP1e, as shovm in spectru 51 lf bne lrxadlateB
ulth a sldeb{lnd frequencyYm- 243 cpe such that the center of tho nethyl }ln6

ls ln resonence as one slv€ops thxough the oent6l' of the lt pattem, thenr for
the partlcular decoupLlng fleld strength u6edr the snall coupllng b€tw€en

nethyl and IL protons (Jo*- - 1,.6 cps) 1s vashed out as one svreeps over the

virole IL pattern, wlEt ren.lin,l 13 tho psttern aa lf \ ooupled lYlth only IIa

anti I\.r (trn uslnunetrical quartet). 0n the other h&nd, whon tho oorrespondlng

experiment is tried in svreeplng through ths tL nattemr (that ls v/ltb the

lrradlEltlng frequency sBt so that tire oenter. of the nethyl llüe i8 ln r€sonance

as tlie center of the H p&tüern ls awept th$ügh) (.]rn- 285 cps) then only partlal

decoupllllu ocouls over tlte wholo I{ pattem, since Jax is larger (6.8 cps) ln
'bhis case (Spectru {b). lloweverr one nay atl1l rvash out the It.- nethyl coupling

by settillg tbe lrxadlatlng frequency so that tLIe nethyl group l-s l.n resonahcs

.rs each of, the doublot conpon€nts of the A group j-a lrvept ttrrcugh; that 13' by

using &n lrra,ilating frequency , of 285 cps whon sweepirg through the upfleld
Ila component and then clnngltlS to a sideband froquency of lol cps vhetr sweeping

thror4lh the downfield col4ponent, as shom ln spectro 4a.
\[hen the viidth of t]re psttern to be observed is amallr end if tho f1el'l

strerrBth is 11rr{go erlough, then the reaomnce condltion noed not be satlsfled
exactly. lor exarnpfe, aa show in spectxM 5, lvhen tlie methyl gloup pattorn

1s observed arld tho irradiatinia frequenoy set to lrradlate the centor of the

llur lf, pattem$ &s the center of ths metilyl pattern 1s svept, (vn. Z6Z cps)
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then both tho Ha and \ ooupl-lngs are vashed o[t froru tho nlethy] prittol'4i ln

this oase th€ wldth of tho rrdthyL pattoln ls sßa1lor (ebout 7 cpe) tLan tlnat of

oither the lla or \ pattömsi (about ).6-20 cps); tlre 1r'xadlattnei fleld Btrerßtlr

was tho saxie aB ln thc abovo two dxaruplee.

'One should lteep in [lnd ttüt when the luadiailtu sld€bend jrdquerroy ie

kept at a,ßiv6n settlng &a one swedps tlrrou€h the flold, tLen tLe irradlat,ed

iluc161 w1Ii oone lnto rcsonatrco at only ono p{rrticular valu€ of th€ fleld uill

futhcruos'o r other groups of nucf ol oay J'n turil bo lraudiatcd as one sweei)s

thagu€h ths f1e1d. 'Ilrus, as ehovflr 1n speotlu{ 6, portiorle of tli€ Epeotru o&y

becoqe nore oonplicated lf, whl1e cwöeping thIough one pettern, anottrer group

of, nuolei ls b61r€ lr'radtqted off re$ouanoo; for oxanplc, ae the Il pattsrn le

bol-ng ews.pt through, tho ncthyl prwtorro ero b,tltrg ißadiatsd but ale about ,O

op8 off resonanooi es the llk pEttcrn 1s bcing stvept throu{ill thö Ilb riuole.l ar€

belrUj lrradletee ed are about 40 cps ofl't'ed,)natlos; llere the eldeband frcquslloy

ts + 273 ope.

C . Dosoupllng Pat tor[s f, or Tt'arra-orotonald.c]rydo

Wlth th€ abovo oouplin6 eoLorne and gerenil rdroarhs about deoouplfilg l"rr

u1nd, one oaa tlren lntörpret thc varlouc docoup.llng pattcrns obsorvod 1rr tho

dc!0olrstratlo!. (On€ sLoulil rrotö th&t the &bovs r€üurks do not geircftrlty upplJ

to döoorrpllilg oxperillerts wltlt rel.aLlvo1y vsai{er fiuldg--tlte 'ticllllriejr caperl-

D€nt or expgrinents lnvol.ving; üils detenlLlat1('n of coul)1iriü ooilatant 9lgrls;

th€cu wolo not attoropted 1n thia denoostratlon,)
tlthEn the oelrter of the llb llatter'ü is 1rräd1&ted at th6 6uure t1r0s aE tlte

{k ltng la obcenod, the IIk doulrlet iB collePsed to a B1!S1d llrto (rpoctnua

2rYm- + 2o4 cps, upper slrlobalrl); conYcrsglyr wlLcl l:lo ic ilr'adlatedr lib

obgervod, tlto lib Patterrr oollapsvs to tlrö tvlo rtoub.ld! co0lpolterttjj of the All

psttcln, aach cöNponent belng jrtllllcr spJ..tt irri;o a lr3r3rl quartet (speotnu ),
V - -- ?O4 ope, lowur gr<tcbung). llirurr Iiru uoirl,c,l u-t tlre ucl,hyl .r'üul) .iü ii'r'i,,11-

atod. as erroh llB doublet oonrPo[sut lr ewdpt tirrrri4lir, the ]lE pütldril oolltlpaes to

the AB doublot (spect!u 4orY,o- r ?ts, air.l + lOl ops' r'"upecLivoIy). Thc rrblirJj.

qudrtot collepsöd to a €iut:le 11uo lvllerr obeorvs(1 vrh11e tlle oolrtel'of tllc ila - h.

pattern L6 lrradlEtsd (opocirur 5rV",,r- - 26'l oqtt, lorvs} sl.ioLstrd)* l'/lteA lilro

oontdr öl netlryl !atier.n 1e 1!r'adr.tted aB Nli€ cd11t91'of tlrd !lb pultLe}n is errupL

throqgh, üho tl.b pbütorn üo1lapaos to Nlrü urrgrluuotl;lohl qudr'l,€tj vriricll vrould uo

obsorved 1f Hb oouplöd or1ly wlth 1lä etrd llk (gpeobrua ii, Yr- + 241 ols, upper

sldeband). lurtllo&rq}€, at iowd! lxr&dlftü1lg f1cld etrclrdtlla' eircll ol thc iour

lr3rJrl quartdts of thü 1f, prtber( catl bs.iol-Lapsdd sep,rr&te1y' oorleslrottdlrig

to lrredlatlng tlio üöthy1 61'oup.rs oue pdrbrculbr quariet gJoup is L:oll6 snupt

ihlough (spectro ?rYr. + !34 - 25a cps, respco'livcl)' upper sidebaild).

l'. J. Yalko ttad ll. J. !.uläno



L

DIAGRAM I

HB

JAB

JBK JBK

NO DECOUPLING

(t

HB

o o
la

JU

lg lc

H

ax

JAX JAX JAX JAX
JAX

rl
f-'".- FIELD 70

IRRAOIATING

(d 
'PE.TRUM 

r
!J

(b)

HA

cn3 (x6l
447 C.PS.

FIELD

IRRADIAT] NG

CHO DECOUPLED

ItE

HB HA
?o4 c.Ps r54 c.Ps.

Hy
o c.PS-

!-t o



FIELD 

- 
CHr DECOUPLED 0

\__] RFIA DlarlNG

SPsiTRvF4 7

z43 ;=_:^+=

4B

48 FIELD4h
FIELD

rm = 293
c.P3.

. 285 C.P S.

cPs.

26

6l

c.Ps

Zt2 afs

z5g qPl

a+g rPt

FIELD.+

<P5

'_-'! --.-

N:

DEcouprru i
21

IRRADIATlNG

4A

\- IECOUPLED

c.P.s.

CH



All speotra Y/ers taken on a oonvcntlorlal 60 llc' spöctlorueter system

wfth siaetana frequoncles monltored by a Conn Acoustical Stroboscope

f;i"."rii".""1. danples were xun as approxlmat"ly^L9,i v/t sulutiorrs ln
inci3 (85 ns'/r.o ür cDCl3 for 1; 6o ns /o'4 mI cDcrl for 2)'

l. The rmd.ecoupled speotrm (speotrrln la) of 1 is stralSlrtforward; the

aas:-gnnent of l-lnes for ttre (aj äna (K) protons cotues from the spectra of
u r.räbo" of othsr subs'üituted py"xolidones rarn in tlle laLoraloly' 'llre ?e-

mainlng llnes are *"urg"ua, irt'"it, "t 
glven in tlre table 1' ('Ihe ectual cls

AB and"trans AB coupllng cänstanlt are sotnowhat surprislng, since tl.re

^ofu"rfu 
ls probably plärrar- 'lhe noJ.eculü is pi'obaLly in tlie anti-fornt

slnce no low field l'U{ Ilne attrlbutable to atr lrrtelnally }I-bonded Protorr

"."-i.*al 
-ftllo this lovr fiold 1lne ( O9o) has boen obselnied fox ottrer

.irii"", irosunably 'sJmrr, pyrrolldones of tlris sort)'

Ths decouplilrg a13o proceeded stxal{glrbfonvar'i1y and, w}Ille trot providin}{

any uerv infonrätlon about the nolccule is a good el-arltple of thl-s tocLmique'

As lndlcatecl, lt i-s pogslble Lo decouple prototr A l-rour I] 1rr sevelal rvays ln
I given sweepi tv 

""r"ä-iilä 
i"*-"-"iä"i'.itf (urrrer si'leband suppressed) to

lrradlate A wh116 on"eriltg B (spectrLrn lb); by using the uppor sideband

iä"oiiä""tri, l["-t"-""j io"rrraaiate 
', 

whtle obirerv1-ng ]r (spect*rm 1c)i orr
ty l*ftoftf"S fron one äiOet^nO to the othor durinfJ the svr'eep' so that A 1s

observod whl1e 3 is j-r.rad1atGd and titerr ln tlre saüo svicep, B is obsexved wlrl[e

e-r"-rr""arated (spectro ltl)' Noto tlrat ti2, the irradiatind fierd' 1s

stlonger 1n Id tlau f-tr iU rrä lo; the si.ie6Än,l r.odulatillg frequency was 1n

all tha above 58.2 oPB.

sub sti-tut e d I'yrrolldorte

H ('() H (x)

Ässigrmont (spectnrm l"a)

proton

cenüer )
oenter)
cyoJ.oheryl-),)

Speetru la.
Spect:'m 1il.

SpectTm 10.

$pectr'ün 1d.

$ubstituted Pylrolldono

tablE 1

Jla' 6'6 oP"'

Captions

Undccoupled opectrun of 1,

)-orver sldeband; A lrradlatcd
3 obseryod

upper sldeband: 3 lrradiated
A obsorved

f,ower and upper sidobarrrla:
A lrradlated' 3 observedl
3 irradiated, A obsert/stl

n. J. Kulclantl
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UNIVERSITY OF FLORIDA
GAI N ESVILLE

CALI FORNIA I NSTITUTE OF TECHNOLOGY
PASAD E NA

0ctober T, 1962.

Dr. tsarry Shapiro
Mellon InsLitute,
Fittsburg, Pennsyl-vania.

lear Lir. Shapiro:

We would like to inj"tlate a neu type of conLribution, that of
trsituation wantedrrr as suEigested i.n l.1El1,0li1,iit # lr7.

l,le are seoking positi;ns in the area of n.ni,r. and/or e,p.r.
fndustrial, acaderiic, or post-doctoral positions uill be entertained.
Docloral work rill be completed in the sunxrer ot 1963. Have had three
to four years experience in variqus aspects of high-resolution and
wi.de-1j.ne n.rn.r. Conplete details of experience and background tilf
be g1ad1y furnished to any interested part,ies.

As graduate st,udents doing n.m.r. research ue find your ne!{s-
Ietter ä valuabl"e aid,

SlncerüIy yours,

/(r'../ä/ A /*ur*
Departnent of Chenistry
Universlty of Florida
Gainesrrille, florida

Dear Barry':

I read with interest the MELLONMR contribution of
C. L, Bumgardner on 19 F chemical shifts of aromatic CF3-groupe'
especially those Para to amino groups,

ln any case, the data available on the properties of
cF" para to amino seem to indicate that the chemical shifts might

effect is not so Jasily pföti.t.d. Contributions of reeonance forme

October Z, L96Z

. Kenneth D. l,alrson

**ffifuq"o-

Dr. B. L, Shapiro
Department of 'ChemistrY
Mellon Institute
Pittsburgh, PemsYlvania

euch as I t.

John D. Roberts

@o
I'

F',
\c

F

do not perforce lead to net shielding because,\while each fluorine
is madä more like r€ it o;"-151;6-of the forms it is made more
IikeF_C:intwothirdsoftheforms.Idon|tbelievethebalance
between these effects can be prädicted in the Present state of the art'

With all good wishes,

VerY trulY Yours,

{*t,

F.o
I

F5

JDR:nvl



lhe UraI .llolytechrric:rl lnetitute
Ilre chair of the lheoretical physics
Sverdlovsk, USSR.

)ear ljr.eksef r!.8othnef-By !

llle have exaüineal the question about the influense of
g-fnctor anisotropy of the molekul-es on the linewldth of the
parnrnagnetic resonance in the solutj.ons.

there are two orclinary mechanisriis of tbe 1-ine narrowing ln
the solutlonB: rotational and vibrertional random notionts.tsoth
nechanisms does not explain the linewidth of the hyperfine atruc-
ture cimponents in the etrongly dilutcd solutions of the organic
free radicals.

There is another mechanism connected with influense of
the g-factor anisotropy of the molecule.

let us consider the molecule ln which one unpaired electron
interractes wi.th one roain nucleus (nttrogen) and n protons.
the dj-spersion of the resonanee frequency oon-aected with the
g-factor anisotropy may be consldered as correlation frequeney
that bave the oraler

rJ( -l 
r) J.-t '

where .J- -the -Larmor frequency.If ,J. -the hyperfine
gtructule con6t&nt for the protons (in tUe frequency uni.ts ),
n- the niJober or'the protons of the moleculeraIld "ertrema]-
narrowin6'r condition ie fuflfiied

n 'it- l"

the Iinewidth of the separate hyperfine structure componeuts ls

- 1..r- 'r n'i''

Slnse /),tt " A ,w.bere t -the roain hyperfine structure
conetantrso .J 1.

tryperfine structure.At the week fields the 'rextr.enal narrouing'l
corrdition is bxoken, i.e. 4 -7 . .' -- 

I and s.. ,.., - " i-,-t, , -.-i .

rLt this case the rryperfine structure is not resolved.

!'or the organlc free radlcalsrfor erauple DPIE, we nay

take ,i,, 
-- 

l,; sec-1 , ".1, .: , 0101 r r ).. 1tt0o eec-1
( ;i -eVromagnetlc ratio) rn = 12. We shell have

n - . 1.., '-.: ,r, , .- gec-l

At the flelde * 5OO gauss the llnewldth of the hyperflne structure
components have the value conpared wlth A and there 1e no sepir'ra-

tton of the hyperflne Btructure.
Thio erplaines the absence of the hyperfine structure in

the 01001 &I solution of J)PIH in the benzene at tbe field
of 18 gaussthat have been erarnlneal ln our I&boratory
by Ä.K. Chlrkov.

the more detpl calculatlons glve the eame results.

Slncerely youro /, - /
( A.a.Kokin )

26 Septenbet 1962

s.o
I

fI)



M r! r-r-()N lNsrr tutg

lvlir ll"on [N s'r' t'r'tt'[' tr
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l)rrrsDLrn<ril tit, l)a.

Dr, B. L. Slrapiro
Mel lon Inscitute
PiLtsburgh I5, Pa.

Dear Barry;

GUMTNAL (l',!') COUPLTNG CONSTANTS

MelloN-M-R readers rBy be interested in a coruient on Publlshed

values oi geurinal (l'rIr) uoupliug constants in saturated courpouods. Iror

non-cyclic Nolecures ten valucs ltave been ut"o"tr*d.1'2'J with one exceptiort

tlrese aIl lie iu Lhe rclativcly narrow range l')O-l(') c/s, iß distinct

colrtrast to rhe variable values of Jsem(!rF) in cyclic n.1."*1u"!') otd

in uusaluraled .ou,1rurn,l".L'f This aiparent atrouraly is euPtrasised by the

excepLiolr lleIcioned auove, (cF3)F2c.cFICl, for whictr J.,,-.-. ' 'z7o.Lt c/s-)
gcul

'lhe explarracion seclls E.o be tha[ all the othcr coulPounds qleasured are of

the types CIF"C.Or arrd llr['2C.Cx, where the asterisk indicates an asyruetcic

carborr atour (such asyuuretry causcs non-equivalence of the geniual fluorine

nuclet). IL apPeaf,s thal Jgenr for XF2C'C* is sctrsitive to the nature of

X, bue rcplacenrent of X." Cl by X - Br causes little chalrge. flowever,

X - Cl'r causes an iucrease of ry :[lO c/s fron X = C] or Br. This idea i6
l\r

6crengtlrened by */! resonauce nieasureurents iltade a! Caltbrldge Univcrsity,
A

Englarrdr'' urr the orolecule (SiCIr)F:C.CFClH, with X = SiCI;r for which J*.n

ls as Iargc aE 5\) c/9, that is about lwice the ftagnilude of nrosl reported

values. A ciorilar two-foIcl i[crease 1. Jguo, lras, of course, been obseryed

for cyclic uolecules, trou.Y 160 c/s for Ehree-üeurbcred rj'tlgs- to,v 2yO c/s

for six-orenbered orrcs.) the cause of these variaLiotrs is a matcer for

speculatloß - and further cxperlüeoral work,i The size and clcclronegati"vlty

of X do llot seem to have cuusistelt effecls in lhe above exauples.

The ottrer nuclear nEBnetic parareters for (Sj.CI3)FaC.ClClH are

perhaps wortir quotlng. The spectrur is of rhe ABI4X lype, where X ' H and

A,13 are che geurinal fluori-ne nuclei. t\tith rhls notatlon JeU'= JfU = "16.8 c/e,

JMX,' l+8.I c/s, J*'- 6.6 c/s, JBx -- to.l c/s (where the resorlance of

lhe A nucleus is to low fietd of the B resonance). These values are oot

very different froo those of tsrl'2C.CFClHrf in particular in the approxi-

nate equalily of J* and Jtsl4which i6 a feacure of nany 1r2,2 tri-substitutec

perfluoroethanes and probably i.ndicales that Jg and J, are not uarkedly

differeni. The data also indicale that the roeacional isorrer with CI and

SiCl3 trans Eo each other is probatrty the stable o.*.8 Ctt.*i""1 strifts

were lreasured for (Sic13)f'ac.cFc1fl in ry )0% solution (by voluure) in per-

fluorocyclobutane, using fhe lafter as a secondaLy irlLernal standard with

a 6 value ot I)).r. The results are 0O = flB.B, 0ß = I2).2 aLrd 0" = t\9' 1

(not extrapolated lo infinite dilution). lt can be seen that the presencc

of ttre rrichlorosilyl group caused a considerable ('.90 p.p'n,) hiSh field

shifE of the resonances of the genlnal fluorine quclei frour thej-r positioüs

for BrF2C.CI'C1H.f

My conclu6ion is siorply thac nolecules of the type discussed

are worthy of further study, in part.icular ro correlate values of,g,"u,(tru)

with structural features' Since I shall be fully occupied with infra-red

work for the next year I recomreud the toPic to anyone interested'

SlncereLy yours,

("e^ rc' {'("rnt

october 5, Dü2

Robin K. Harris

-t. Lee and Sutcliffe, Trans. l'ar. Soc. !), BB0 (19t9).

2, l4anatt and Elleman, J.A.c.s. U L,o, (L962).

J. Crapo and Sederholn, J,c.P. 5J, Ir81 Q96O).

4. Ptritllps, J.c.P.25. 9t+9 Q-9r6).

,, Feeney and Sutcliffe, Trans. Far' Soc. f, I5)9 ]96,J)-
6. McConnell, Reilly and Mclean, J.C.P, 4r \79 09>6).

7, Coyle, Stafford aod Stone, spec. Acta LJ 96fJ (ry61).

B. Harris, Ptr.D. Thesis, Caorlrridge University (1962).
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VORSIExIAT PfiOF, OR. P. HUaEn

The D-lsotope effects ar€:
- CDH2 + CD2H : (+ 1r2 t Orl) .

- CDHA *>CD3 : (+ 2r9 t Orf ) "

-2-

Dr.B.L. Shapiro
MeIlon Instltute
4l+OO Flfth Ave"
Plttsburgh 13, Pa.
u. s. A.

Dear Barry,

As I mentioned during my visiü at the Mellon Institute,
we have recently started to run some mor€ high resolutlon
D-speetra. Here are a few results:

i

ll
,l

I

I

.!
rl

l.i
)i
ii
Ii.,l

-c3rlr

- clrrl

-c),
I Llne widl;h

!/e have now measured the Llne wldth of qcetone - d6 to be

less than 0r2 cps so that we are 6ure to have reached the

naEural line width ln DrO. It ls 0.66 cps. From thls value

1t ls possible to calculate the quadrupole coupling constant

of D ln D-0. Ustng a translation self-dlffuslon coefficlent
o=t,85.to15 "^21u"" 

and a water radius A=1.74.10-6 cm, we

obtain
I .2,,
t "Q ftb - zookc/s

1o-8

ro-8
JHD - 2rl8 I o,OJ 

"p"

t.

Apparently, the D-lsotope effects are in this case of the same order of

2. Isotope effects:
As an example, I present a D-spectrum of partly deuterated
acetono

mqgnltude a6 the H-lsotope effects.

i cHr -* cHDz : (* l,r* t o,r).to-tl

r- c13-n- couDrins"
A sonewhat unexpected result was the clJ-D-coupllng we observed in
acetone -d6

Jcr?n = r9,4d t o,o5 cps

This value enables us to Join the ttJ'll, of acetone' competltionrt wlth
a value of

Jcf-lH - 12618 t 0,3 cps

beeing very well centered ln the reglon pubtlshed so far (122 cps -
lll cps).

Yours sincerely

?o-,t.o*

F\o
G

P.D. Dr. P. Diehl



IOWA STATE UNIVERSII-Y
öf Science ec hn ol ogy

AMES, IOW,A.

October 70, L962
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Dr. B, f,. Shapi:ro
Page T\ro
october l:O, L962

Department of Chenistay

Dr. B. L. Shäpjrt
Melfon Instltute
UIOO Flftli Avenue
Plt tsirurgh, PerüEylvanla

00ar ür. Shäpljo:

H

Conparison with the ABC reglon of the dirnr *rcned a rernarkable sirnl-
Iärfty betlr€en the actual opectrun and thät ca1c. for stauctwe I
but qult€ a djJferent pattern than that pr€dict€d fcn etructure II.
A sllght char€e l:l sorrc of the coqpf1.ng const€.nts gave stll1 a botter
ftt. We therefore adopted atructure I as a worldng t[rpoth€sl€ for a
ltore rigorous proof of sbucture.

l{e euJoy alrl bencfl-t froa MELLOI$fr very mrch, but are a llttl-e
disappointed that contrabutloru dealJ.ng nith pr:re\ organic applicatlons
of llMR oeern to be declinirrg, at least ln percenbage. Perhaps thls ie
due, at leasü lrr part, to the fact ttrat the'very rapid recent advances
rnake lt difflculb for outsiders (1.e. people 1üro are not dojng NllR

research) to !:eep up. A couple exatpleo ilom our own uork rd,ght dolrori-
str'at€ the furi)oftanco of 1hos6 nsw nethods to routirl€ organlc uorkr and
ull1 elicit sorr) other exars,les.

(f) Colrputiry-r of N!1R spectqa. So far, most of the uses of both
tltc Bothre@oglanö have b€ol to tlo corplet€
arialJsis of spectra of sütall nolecules. lte lrcle r€cently interestod
1l dote&ünlrg the etructure of ttre dlner of 2-chlorocyclopentadieno:ne-
tvo structuxos vere reasorlable. The crrrx of the NüR analysls uas t}r€

dcbo

HD

lt(oo'
NR

cH
I

|o
o

lt(D(')ilR
I

tr)
(D

tt(o (t)

NR
I
tr)
o)üd

$lN
ol

H
ct

lntorl,r'etatiön of the patteln of th6 verXr tightly cöupled ABC pt'otons
of dhä hydrogers on saturated carbons' since theoe were further spltt
by the viryl protons. Reasonable values for coupllng constanto for
boüu tt,e norl,ärnone ard cyclopentenone syst€m r'rere avaiLable, and ue
could malce good gueeses of chemical shift values directly from ttie
spcctrun. lle sinqily put these estJrnated values for al1 sl.x protons,
first for' I and tLen for 11, into FREQII'IT IIl and plotted ttte resuLts"

5(trrlS) cycte#ec. ; 6o Mcfec.
Figr:re J". Spectre of 2-chloroqrclcpentadienorrc Dlner. a) ecüuaL
spectarur of H4, IIg atd-il6. b) corq:ut€d spectrum {or I vjth
f-oLloning paräetärs t)aäZOg,t, ög=1:9t'.1 , t)C=21?.5, d D-385.1",Dr -3?lr.?, Ö r-üLp.o; las=6.25, Jsc-lr.B5, J4p=2.Qo, Jctj=I.?B'
JC,1.3.98, Jnn-?.t0. c) conputod spectturn for f;r) A-209.O,ö n-r95.0, Oc=2r5.0, oo-386.0, rE-376.0, Jr-lr52.o; JeB-B.oo,
Jnc*lr.o, ü1i2.6, Jg6-r"o, J6p=3.1, Jpp-6.0. d) conputed spectrun
for II witli same p&raü€ters as ln C, except JnC-l+.0 lrutead of Jgg

cl
CI

I HF I

,F
\.o

6
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Ür. B. t. Shapiro
Page Threo
October 1:O, A962

october 8, t96Z

Dr. A. A. Bothner-&y
Mellon Instltute
44 West Flfth Avenue
Plttoburg L), Pennsyl"vanla

Dear Dx.. Bothner-Byl

Durlng the past Beveral years, I have accumulated a
conslderable anrount of data relatlng to the nuclear magnetlc
re8onance of gma11 rlng compounds. Consequently, I am now
plannlng to tabulate thls data lnto a table whlch may be
useful to other workera. Therefone I would 1lke to loiow
lf any of the readers of the Me1lon letters has any data
whl-ch would help to nake thls surunary as complete as po8slble.
I a.n especlally lnterested ln the data for cyclopropanol,
whlch happens to be one compound I have not been able to
obtaln.

Coples of thls autnütarvJr roay be obtalned from me upon
completlon. In December or January.

Slncerely yours,

r\ ,1,,;(
l{1et

BJN:ed

(2) Spin docoupllng; Fur:ther, ssen rnr€ rigorow evldenco for
th€ structree I could be obtalned Ly spil decouplirg experlments.
Flrst the enone lrydrogon alone, and then tho other trio winyl hydrogens
could be decoupled and the results llere in accord sith tJrose expected
for structure I. this type of experiment ls too fepl11ar to go into
detail, but I souLd l1kü to nentlon tha.t here, too, FREQf$T can be of
a-i.d, slnce 1t ls not al$rays obvlous jnst vfat a tlghtly coupl-ed spectrum
w111 look li}ce after the r'enoval of a spin by decoupllng. Itrs a
olmple natter, horever, to recalculate tho spoctrun witn I?EQlllT,
renrovllg arSr deslred spirs" Th16 ca! be a big help ln lnterpreting
doubl-e resonance e4erlrants.

(:) Signs of couplJ-ng constarrts: Itve h6ard a nümber of organlg
chtrnrists saJr ilSo whatll $hen they loarn tlut vlclnal and geri.inal couplirg
constants have oppoö1t€ slgns, $ out cpJrrion ig that p€lhaps the
plrysical chemi6üB w111 end up saylng llfio whattl but organlc chenlsts w111
be exüreno\r pleaoed rglth trhls lesult, 91rce it nca glvee then a nlco
m€ühod of identi.f)rlng ttre (usuiny nost lnterestlrg) unlquo proton in
ABC or AH( sprsters. In a systen I1ke thl-s 1äe

ff
proton Ho 1s cotpled to the othor tvo proturs tith coup).lng sonotants
of the säne slgn, rtrlle each the ol*rer tlro p:'otons haa one posltlve arxt

one negative coupling corratant. Consequsnt\y, a d€ternd.nation of relatlve
elgn6 allow H6 to be determlned unlquely. tJelve found either doubl-e
r€sonaft:o or äouble quantun e:rperinents to be easy arid extrenre\r usef\rl
fui this regard..

Slncerely,

O6üex'P4^^^,,
C. H, DePqy I
[..trc \c.; I
n. hI. tr1ne ' 1"*o

Lr*y'L;-tE
Holai

))-tt,,, ,,Q
Be$lard J.

L. lr.Rodowald 71 ..

4/: 'rliii;4,,G- f,. Mcrr'1s

/""{h'""-
+'.o

I



PRINCE] ON UIVIVEFIJITY
Departnent of Che4j-stry
Prillceton, Nev JeTseY oct. L5, 1962 -2

Althougti very 6atlslactory for sinple alt(yl halides, this equatlon fail6
to represenL the chmicel shlfis ln tbe l-adsnantyl halldes (fig' f) ' fn
the6e halides lrhe B hlnlrogens becone nore shielded than the'Y tn golDg froo
the lod.id,e Lo the fluorld-, vhile the 6-hydrogens, llttLe affected sith changes

in substituents in other conpomd.6, becone nore 6hi-elde'l even than the hydro-
geno of the parent coppomd, ad'tuüantane ltself: Of interest elso is ihe
äIternatlng lharacter of the dlrecllon of shleldlng' lle have at present no

satisfactoryexplanationforthl6behefiorg,n.lvevelcomecoro}entafromyour
Bec&use of the rigld geoultsLry.and high synueLry of the adarlaltane Eystem'

we have bee! inleresLed ln analyzlrig, in collaboratlon vith G.V.D. Tlers and
R.D. Nlcholaö, the ruff specLra of adtu€.ntane derivaLives, partiqularly the
l-ad.meniyl halid.es. In conjmcl,lon vjLh these stud.ies we have exsJti[ed' the
60 uc. spectra of uole Lhan 60 acyclic mü monocycuc alkyl halldes,' A

feature of this vork iF tlhe lnalusioll of nmctous fluorides, for thlcti fev
cheuicsl shlft dalra have previously beeD evellabli. (Table l).

'-labte T.- r Values for AIkyI llalldeg

tr-9Ir.

8.67-8.
B. 42-8.
8.2).-8.
B. 06-8.

Dr. B.L. Shaplro
Udllor, Mellomr
Mellon fnstltute
}+4oo Firth Avenue
Pltt6burgh 11, Pa

Dear Berry:

0-cH

Ilhere:

(r-L:H2 F-CH F-0ltp

8.I.1+-8.46
B.06 8.21-8.17
8.oa 8.05-8"20
B.a6 7.9t-8.jl

Y -CHe Y-cHg

readers

Flg

X-I

2")

I - chenlcal shifts ln l-Adaeantyl Halid'es

Br CI

l'
cl
Br
T

)
6
6
6

,
()

6
6

,
5
5

6

5
5

5o
t0
9B
B8

28-
8o-
T9-
68-

.62-

. l}2-
- bu-
.8r-

ö9
71
79
90

76 8.56-8.18
52 8.\r-8.71
1a 8.\)-8.'(t
LI+ 8.i7,8.71

or-9. 06
96-9.99
\ 5-8. 9t
\I-8.99

9
B

L

1.9

"l

-O- * *- AÖanantsne

o

t.L

Sl"ncerel-y yourc,

cavananaugh &nd. Dailey (J. ch.r. Phys , J\, ro99 (r95r) hsve expl&lned
'Lhe chemlcel. shifts in a fev sllrple eIKyI häl-ides ds arising in parh from a

C-C bond snigutropy shrft, arrd in part from an electronegallvity effect'
Uslng their general epproech arid some of their data, ve heve derlved an eü-
plrtcal equetlorl, siüple to use, wltich successful-ly predlcts the cheuicel-
shlfts for subsbit,uLcd alkanea. The sb&ndard d.evietion for 44 neaeulements
1n alkyl halides 1g 0.OB P.P.M-; pledlcülDns with obher fmrtrtionaL groups are
equ&IlY good"

1 . ^.., - t). 1 - l\lt.'t(-r,,,, .,) , a(c-cx) ' D(c-c) l
( aly L;h, urteÄ

O.'( 1, -..,. \ - TCH3X) = Lhe ru/lrtrun possible elecLronegatlvlty(run4' shlft due to the gubstituent, x.

Y - an electxoneguti.vity fecLor' dependerlt on fixsL approxiuaLion
only on s[r'ucturei it equuls O.)) for ü-CHs in ethyl, O'90
for o-cHa 1n n-plopyl and o-CH ln isopropyl, 0.2O for P-Cfl3
groups,'O.O\ for Y-CI{3 gruups, etc.

t(c-cx) = 1,he conbrlbulion to shieldlng by lhe c-CX bond"s, vary-
ln$ sittt X and evaluated fron the $eaBul'ed' thifbs fÖr
n-ProPYl con4roud.s.

}l(c-c) = tlre coübribution of any oLher c-c bÖnds attached to poBl-
tloü üder cünsideratloni as e flrst approxlmtlon lt
dues not depend ou X and' has the values 0"65, O'l+O and

0.i2 P.P.M. for fir6L, second and thlld bonds, reaPec-
tively.
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NU.:LTAR |"|AGNEIIC RESONANCE GROUP
THE ROYAL INSIITUIE OF I€CHNOLOGY
SIOCKHOI.M 70 SWEDEN 2

October 1?, 1962

Dr. B.L. Sllapj.ro
!4e11on fretltute
PII'TSBURG, Pemsylvmia

USA

Dear Dr. Slupiror

In no. {6 of }4ELION-M-R Scrugge & Li presented si inve8tigatlon on I'NI{II Detemlna-
tion of Magnetic Sreceptlbilityil. {he nethod wed is based upon the fact, that the
reference siernl ir case of extemal gtandard will.turn into tvo paaks yhen the
Mple spiming is stopped, the separation between the two peaks being proportio-
na1 to the volme susceptibil.ity of the Uquid in the lmer ürbe. fhug the separ&
tlon n cps can be wrltten

As can b€ sean frou diagr@ I th€ra axe tvo lnsslblo values of k correspondlng
to each value of o, Bince

n=la.k+bl (z)

fherefore this ßethod camot be directly appHed, nh€n the ausceptlbillty of the
sanpl€ ls quite utrmom, Hovever, through dilutlon of tbe smple rlth a &iscible
llquid having a susceptiblllty greater than the groatest k obseryed (or snal-ler
than the smllest k obsewed.) the pmpor k value of üre s6üple can be aletemin€d.

YourB sllcerely,

. ,i, ;.; ;:; t,' -Äke iol*n"s.

l. C.l, Rellly, H.l'1. ltcCorvrell and R.C, lleieenlEiner, Pl4re,Rev. W, 264l. (1955).

n=a.k+b (r )

where k is the volue sreceptlbility of the saple, md a and b are constets.
The values of a and b depend on the ilinensions of the coaxial glass tub-es and
the volürc awceptibillty of the glass ancl of the reference g5ulaqg(l).
Scrugigs & ll verj.fied the liaear relatlorehi-p betveen n ard k neasuring the
sspemtlon between thc benzene peaks for smples coataining four diffarent lj.quids
(water, cyclohexane, carbontstrachlorlde and nethanol) with knoun volme suscepti-
bilj-ty. !'ron the straight line obtained when n ie plotted vs k the constents a eal
b have been deteruined, The mcertainty of the vo1rc e,uvceptibility values de-
t€ralned r.rsing thls rethod is repolted. to b6 O.OO4. 10-6 (c.g.s. mits).

t'he r'üge of suseeptlbility values covered by tlre reasur.erents of Scruggs & Li
ls -0.52 to -0,?2.10-5 (c.g,s. unlts). I have found 1t trecesaary to tsst tho
Iinear relatloBshlp betweerr n and k in a.wlder rmge of suscepbibfity values,
tha nunerlcelfy a@11 valuea being of greatest lntersst. Using ttre nethod
described I bave tried to verify the linear relati.onship ln ths regton
k = -0.191 to -1.154.10-6 (c.6.s. uits). lbr each substance I have nade ten
readirgs of n, the average of l&ich is plotted in diagm 1. Between each r€ading
the smple is roteted ln order to elidnäte inhouogeneities in the glass bubos.

I fowd it souewlut difflcult to reproduce the readiügs of n. '1'he standard
devl"atjon was celculated to 6 cps (ar, aver.ge of all substeces), furthelnoro
it 1s iopossible to reasure the separetion between the peak mx1@ due to their
lack of sharpiess. Instead I haye used the uethod described by Scruggs & L1
obserwütg tle separation at about otre fourtb of the peak height. Houever, if the
apparent line uldth incre&ses at low n values due to iDcreesi-ng overlap of the
two peaks the plot of n vs k cmot be oxpected to be l1ned, This is probably
the reason nhy devlatiore fron the stratght 11ne are obaewed in the reg:ion
whera n IEsses its uiriuu.
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U.S. ARMY CHEMICÄI. RESEARCH AND DEVETOPMENT TASORATORIES

{)&l.t*Jou66rt&tjl4tptrtxJuffi rt ll{X

Edgesood Ar6enal, l4arylanil

sMUcR-r.IS(PR)2

Dr'. A. A. Bothne!-By
l4ellon Instltute
lr.l+oo tr.tftb Avenue
Ptttsburgh IJ, Pa.

16 ocl tgoz

Dear Dr. Bothner-By:'

When analyzlng nlxtures of corl)orrnde by nnr to tletermlne the
IErcentage comlrosltlon of the mlxture, the least tletectlble concentra-
tlon can be lüI)ortsrrt 1n the accrracy of the deterninatlon. I,Ie cam
across thts problen Dtlea trylng to detemine the klnetlcs of lsonerlze-
tlon reactlons almtlar to the systox-1so6y6tox stuÖy as relorteal ln
J.A.C,S. No. ?8 ,fBz (f956) uv N. Irluuer anat J. (;otd.en6on. The relatlve
areas of the absorlrtl.on lEaks ere related to the perceut conposltlon of
the mlxtuxe. I'he relatlve areaF eere deterniteal by cutthg out the
abEorlrtlon lEaks on four or flve strEctxal runs, recöItletl on a Sanborn
l,to<lel 126 Recor49r, anat velghlng the agproprlate pea"üä on an mallülcal
balance. Ttre y''.reeonmce res observed at 17 mc uslng B nm nntr tubes.
Itrüler these condlttons we fountl the least detecttrble coBcentratlon to
be aboub !/p f,or several conlbrmalE lnve6tlgated l.,trose no}ecular rrelghts
varied from IOO to 250. Conslder a mlxürüe of.tvo conpounds, A and B,
(61 a ana 9l+y' 3), each havlng a slngle absorlttlon IEak, then u1th the
sensltlvlty nentloned, lt vould aplEar to be a ntrbure of 1/ A alrld. 99,4 B.
A ul:cture of e.y'. A arta fi/" B voulal appear to be lOO,v, B. .{s the concentra-
tlon of A 16 lncreased the dliscrepancy vlll becore smaflei untll a 50 -
50 Elxture ls reachetl at vt)lch lotnt thts error cBrcels out. As the
concentratlon of A ls lncreageö fü'bher the error rrllf favor conponent
A, Thle error coultl cauae up to a loi tlevlatlon of the sIotrF of en
lsonerlzation rate Blot.

I{e have developed an equatlon to convenlently conect for thls error.
In thls equation lt 1s asBtuneal that a constant sxea ts lost untler each
absorptlön IEak e-rd that thls area can be relatetl to a lElcent concentratlon.
In thls equatlon:

n, = observetl nole percent or lth peu]<

M, = true nore percent är rth puar.

a, = reasureÖ üea of ttn l"*

0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1

1. Nitromethone
2. Acetone
3. Methonol
4. n-Pentone
5. Ethonot
6. Propionic ACID
7 n-Butonot

L Corbon tetrcchtoride
9. Cqrbondisutf ide
10. Woter
11. Chtoroform
12. Methyt iodide
13. Methytene iodide

.s

..o
I

FOö

oo.o
C

2
o

3
o

t1

12

- K.10

t,
5

7

I

l0

6

250

200

150

100

Fig. 1



sMucn-l/ls(PR)2 1 5 ocT rs62Dr. A, A. iloüllnet'-By

at ä auü of the reasure'I ilee

A, = rrrea of lth peak if nnrr system vere itleal

At * sun of the meas of the ldeal nml systen

n - total nunber of absorpblon trEsh6

K = tLe velght of cong>rmd not seen ln each IEak of the
nff BlEctrrxu

t< = ttr" area nhictr vould lepresent K percent on the spoctrun

It follovs that the observed. lnoile trErcent 18 i

n- = Ioo al
tt

The true uole percent 1s:

M. = ru.; Ar
, -At

Slnce lre aBsurc lK constart for alL ptrosphorus conpounÖs

ar-41:fu
a"=Aa-\

U61ng above reletloushlp6 autl the fact that e.t equa18 lOO, ve Öbtalo,

M,=a,tr-nk)+root(1I'EE

Itlua t'or B rn D[rr tubes whlch ve found have a ulnumu[ detectlble
conceutratlon of 5y'.

AK - (.05)At

M1 = ul (r - n('05)) + 5

anö lor a tw) peak gysten

Mr_O.9a115

sMucn-r,ls(Pn)a 16ocT ls62

Dr. A. A. Bothner-BY

Uslng a 15 nm ruor tube ln these ealyses, we have found the nlnunun
detectlbl-ä concentratlon to be about Ii.

A uore detalleal repor! wtl} be publ"lshett later on'

Yours truly,
'l

tl',, , ,,tl

IIAROLD KLAPPER

CIIARLEfI N. ANNOLD

JOHN F. COTTON

f!\ onthlv
E "*enical
L etters from

L aboratorlee

0r
N.M.R

col on of 1e

olmtion cout hereln is s use reader. ation
perniEEed, excePt bY dlrecL arrangement ['i!h the author of lhe letter,ls not

and-tlre daterial quoted must be referred co as arrPrivale Comunlcatlonrl

2

s\Ö
I

FJ



r{
{l

-2-

QUDEN MARY COLLDGE laot1y we nay add Sartonj'n to the llst of molecules in which there
ie an appräoiable proton - ploton coupling through five bondg (!'reo'na
and Sbac-a, ldellonrm, 1io.47). The protons involved are Iabelled (oome-
what zrrbitrarilly) 2 and 3 in the structwal formula and the couplin6
consbart is t.J + O,? c/s.

ftl )

(tJNtvlitiSff Y ()t I-()Nl)oN)
N,Ill-l.t IiND li()^D ts I

' alrvAN(rr iarl
lopartnent of CherristTY

l8th Octolerr 1962

Irr. Barry L. Shapiro,
Ilellorr Incti tute t
4400,l,'ifth Avenuet
Pittsburghr Penn. r U.S.A

lear Banyt

,j Äi

n G-)

HTD

c$J ctcs.,
(r)

o -'-
o

llora is a first cc,ibribuLion from Quoen I'lary Collego. It concerns
the nobation to bo used to concisefy d.escrilre a multiple resonanc€ ex-
periment.Jolm !:Llcloschwieler ald I, after a discussion with Paul
Lauterbur, usod a sitnple notation which has aloo appoared in l'{el}onrr .-
(Lauterbur, I{o.45; Tiors, 1{o.{8). Tho follovring rernarks sinply describe
and extenil this nobation.

One car use the noilna'l sylbolisrn with tho addition of brackets to
indicato whioh nuoleus 1s beiirg lrrad.iatod. Thue AK {Xl aenotes a double
resonance in which the A and K transitions are studied w}xllo tho x transl-
tions aro imadiated. Othor poesibilitiBs axe handily given as[A\ KX

ard A{K}X. A trlple resonance in which both tho K a:rd X trangitions
ae imaJiatod would havs tho synbol A {KXJ . CherJc4] strmbole may be

usod. to specity the duclei in tnote detail. Thus H ll'r7, is concisaly
dlfferenciatsd ttom Fr9 .l H j .

for moleculeg which havs more thar one nuclaus Öf a given tJ4le, sub-
scripts may be used. to differenclate these nucLei. Tho oubscripts could't
in convenient cilgosr be the positional nuoeral, either as used in a con-
ventional ruol-ecular lornular of, as specified in a etructural fornula
accourpurr;dng tho spectrul (see below). For wassigned' 9qe9!rar or.-jn.the
rtictäinär äxporimlnts of tiay trlreeman and fles Anderson (Melloruor'r t{o.46 )

in whictr einglo transitions €üe irradiatedl tho numbers could be used to
clesi64ate the tla.nsitions.

Since lt io iuportant to distiil€uish betweon fioldswept *d fo:1:"1"{
swept opectral one couLd uso different brackets for the two casest say/t\
for-fieid. """it *dL I for fbecluency swept. Paul Lauterbrr has used ( )
for the {ieldÄwept case so it would be esgentiaL to keep the confusion
minimal by insistin,E that only L I be used for frequency sweep'

No matter how twitd.r I get I carnot bring rn;eelf to draw the requislte
diene structuresl The aseigment, orlginally due to Profesgor Coreyl
was checked by the followlng experiments: Hr {HEJ rH1 {H2\ .t.112lH*
The last exparimerrt was a ]ridden proton expoiimeft ag-serve(t to mea-
sure the shift of H'. The assignment was further supported by a otucly
of li -Sartonin (rrisu8lisea by interchmging CH.$\g.ri H.r ) whlch also have
the long r'm6€ splitLinS. Othor epinrers uererstudied üut so far I gave

not yot analysed the spectra. The work uas don€ at Harvarrd with John
BaldeschwieLer.

Yours sincerely,

f=a 'Ku-,l^!t!

Ed Ranrlal]
EWll/Jr,c

F\c)
I

f\)
f\)
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SYIJNEI
h:rlipens wlterr llie cotnpound 1n question belongs.bo the
rlnijufar ser'ies. Tho NflIIi survey confirrog ttris predictlon
rind it js ilfusLrated here in the spectra of the new
a]kalotd lfflaiarrrlne (linear ri.ngs) and N-mebhyltietra-
hydroflintlersile, a derj.vatlve of tlte naturally o(jcurr-
ing angular cornpound ffirrdersine. The H-5 si8na1 in
it'flai:lnline is seprrrated from the cenbre of the band for
lhe aronatic protorts by 6O cps, wlreretrs thls dlstance in
ttie flinderslne derivertlve is ollly 36 cps' The nagnitude
of bhese sep;rratiorts chilnges when the hornocyclic ring 1s
$ubstitutect (nrrny colnpounds have alkoxy grouilg on thls
l'ing) but for Lhe sane substitution pattern' the dlffer-
ence betvreen bhe valueo fov linear and angular isomers is
alwär.ys about 25 cps,

the lnpnct of NI''IR on thi$ class of alkalolds has
t,cerr drilr0atic. The structure of fllvrdet'sine was establls]'I-
ed around 'L955 in tlris Department by classical rnethods in-
volving goue f'oul' üa.n-years of work. I'he sbructure of
lffleriamine cal be wriüten Just frou Nil{R spectra.

Our A.-60 arulved in August in tlme to be display-
erl at Llre ANZAAIj conference by Varian's Roy Johrtson. It
has a variable ternperatwe probe operatirlg f'rom -1.1O to
+:lOOoLr :rrrd we ure still learning to drive Lhe thtng. The
internal geoixetry of this probe diff'ers froüt ttre startd*
ald uode]-s arrd lt se(,ns to be sotnewhat more illfficul"t to
attain nzrxirnuri perforruance. T wl1I be i.tL'berested to corrl-
pare opel.urting char'.icter'lstics wlth othors who h:rve this
hob and colti probe.

Yours sincerely,

I)epartnent of Orgirrlic Ohenistry'
22rrd 0ctober. 7')62-

l)r'. B. L. ShaPil ct,
Nlel Lon Jttst j.tuLe,
4400 I'ifth AvetLue,
'Pittsburgh IS,

vernla, tJ. ll. A.

Dear Dr'. Shapiro,

Tlre value of Nillli ln erssisting the structure
deterniniltion of qulnoline alhllloitls has b'::en dernon-
str{rted b.y Gootiwi.rt, Shoolery snd Jo}rnson for tlie case
of lunrrcrine (JAos, 1959, 81, 1065). I trave done an

Nlvlll survey of bhis c1ass of riatnral products and sev-
er,ll correlatiorrs emerge which wlll be useful for
s truc tut-ill work ott !re!v colllF ounds irr futule. Thege
wi l I be lepolbeti irr the Austrr'r1lari Journaf of Chem-

istly. Organic chelnists face a general p:nob-Lern in
tiii s series irr rlecidlnt{ whe ther ttre side chai}r at C-J
( see forurulae ott slrectr'ir) is cyclized to Lhe C-2 oxy-
gen ( givlng a 4-i{,rirrof one ) or to ttte C-4 oxygen ( 81v*
irrg ia. 2-quinolone ). .Plev j.ous uretlrods of choosing
betrvr:en the "l ineilr'" or "artgtrlilr'" flrsiolt of the rings
(4-rlutl,rlone or' 2-qulnolorte respectively) h';Lve in-
volvcd extensive riegradrltive wof'k ol syntheses to pro-
vioe fuocle-1. chronoPhores etc.

A secule;lrld rapld dlstitictton is now avail-
al I e irr ttre NMli s l)ectl'uo. As t-rclted ilt the futtacrine
päper', the sir4na1 frolr I'l-! 1s shlfted downfield frosl
the oLher at'ontiibic proton signrrls bccause of its plox-
ini.ty to the 0-4 carbortyl group. fire deshlelding of
H-5 by the C-4 oxygetl woulcl be expected to be reduced
wherr thi s o-yyticn i s presen t as an etlter link such as

. ) /L".-..a-v-r
/1u*

])r. A. V. ]lobertsr:l

,F.o
I
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Glaxo Rescarclt Lirnitetl

(ireellbrd ' Middlesex
i bYRON qA IILlGRanS. Gberh., Lond.il, Idlu COD€; l.w St.nd.rd, &.1öv!

22nd Octobet, Lc)62.
+ttrrsä+.f+!

Dear Dr. Shapiro,

Uthen lnstalling our Varian A6O epectro4eterr we e:qrerlenced some
ttifficulty in deciding ou sultable Brltleh-naale voltage stabillsarg
ald otber anclllary equlpnent, gioce at that tine tbere were only tuo
epectrometerg available in thie coutrtry. Detalls of the equlpnent
that we eventually purchasecl after ueeful dlecusslons with kofeeeor
G.W. Keürer and Dr. R. Abraharo at Liverpool Unlversity aad. hofeeaor
B. lytbgoe and Dr. P.R. Brook at Leeals Unlversity and has given
satlsfactory eervice during the laet tbnee monthg nay int€rest other
N.I{.R. tyroe ln this part of the worlÖ.

the A6O spectrometer le lnsballed to6ether with two Perkln-Elnpr
uodel 2l apectrophotoneters in a l]t x 1Ir room naintainecl at 2O-21"C.
by a {tenkon ttseries Nrr air*conditloner (Teilperature Ltd., Iondon,
S.W.6). Tbe three spectrom€ters And a spectropolarl.metor iucor?olatl[g
a:c6non arc a.re fed. through a TS-) voltage etabiliser (12 anp.,
/.16 nonlaal K.V.1.r reaponse speeal 40 v./aec.i Claude Lyons Ltd..t
Eocldesdoa, Hertg.)i tbis stabillser ie of the notox-drivea Varl"ao type.

Th€ magueü coLls are cooled. by dlstilled water, wbicb is cycled
by a snall p"mp (Type Bll; Mono Ptlups ltd., Londou), fitted wlth a
preasure 

'el-ief 
vaLvo, tbrou8h a doneetic calorlfier (a 16" x L5't

vertical cyllnöor contalning a coil of 24 ft. of l" I.D. 18 S.l,v.G.
coppex tube) as heat-excbangerl the calorifier ls cooled. with nalns
water. hovlslon bas also been nad.e for cirsulating nalns water
directly tbrougb the rugnet in ar emergency; the change-ov€r call b€
macle without switchlng off the üagnet. F1ory incllcators are ineerted
in tbe nains water a'ntl clistilled water lines; copper plping le used
throughout; thJ"s eysteu is sluillar to that operating; at LJ.verpool
Uni"versity. Green algae grow rapldly in tbe distllleil water system.
We are atteiopting to suppress theu by adding 1-O0 p.p.n. of
streptomycin eulpbate.

Conpressed. air for the spinner is supplled, by a Colipton d.iaphragot
puop (Serlee 4, tsCCA; Dawsou, MacDonald. and Dawson Ltal.r Ashbourne,
Derbyshire) used. j'n coEJ rnction with a pressur€ taak (2 cu.ft. capaclty)
and a preseure swltch (Type BPl; Londex Irtd.., I,oadon, S.E.2O)
operating at about 10 p.s.i. wlth a differential of 1 p.s.l. fbe
compressor punp, altbougb a nod.el recommeodecl by the manufacturerg ae
eepecialJ-y quleb, provecl üoo noisy, ancl we have be€n forcetl to novo lt
frorc ttle lnetrunent roon. We would therefore reconüend tbat a water-
cooLed pump enclosed ln a eounal-proof box should be used. ubet the pump
bee to be ln the rooo with the j"uotrunent.

Tour's siucerely,
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(R. Freeman and t\t. A. Anderson)

The method can be used to constluct an energy level diagrm from
observed Eraosition frequencies, aod this is a big step towards the analysls
of a cornplex spectrum. A related applicatlon is the determlnatlon of relative
signs of spin coupling conqtants in spectra of intermediate complexity. The

principle is the Same as that of the spin decoupllng method, but in practice
Lhe range of applicabillty is greatly improved. A thlrd possibility is to{
trace out spectra that are obscured, either by overlying resonances or
because of low inherent sensitivity. The investigating frequencli may be set
on the peak of a certain transition, and any transitions which have a comon
energy 1evel nay then be exanrined by sweeping the perturbing radlofrequency
through the obscured region. We have been able .to record C13 "pu"ar, ln Ehis
way by monltoring coupled proton lines, and similar experirnents have been
performed by Bakers.

The versatility of the technique is such that for complex spectra
there seems to be no point in ever reverting to the strong radiofrequency
fields of spin decoupling experiments.

Yours sincerely,

6II HANSIN WAY PAIO ATTO, CATIFORNIA

October 22, L962

DAVtNt0Rr 6-4000

Dr. Barry Shapiro
Me1lon Institute
4400 Fifth Avenue
Pittsburgh 13, Pennsylvania

Dear Dr. Shapiro

Some ConNents on the Letter of Boruner and Prinas (No. 48)

Theoretical calculations df nuclear nagnetic double resonance behavior

are already proving a useful aid to the experimentalistr and any improvements

are only to be welcomed. However before embarking on a rigorous general

calculation, it is perhaps advisable to consider rather carefully the aims of
double resonance experiments, so that the new infornation üray be extracted io
the most economical manner. Professor Prirnasl has raised the question of the

double resonance theory of strongly-coupled sysEems, and mentiolred some

calculations of his own which cover Ehis case, quoting by way of example a

formula for the exact decoupling condition for an AB system2. l^lhile there i.s

nothing new to be learnt from the very simple spin systems such as an AB

molecule, the nore ccmplex strongly-coupled cases have so many additional
parameters that a general nathematical trealment becomes exceedingly difficult.
One solution is to treat each particular example separately, solving the
double resonance Hamiltonian numerically on a computer. This has been used tcr

find relative signs of spin coupling constants in a situacion where the analysis
nethod is not app1icable3. Our own phllosophy has been to abandonrrspin

decoupling[ for strongly-coupled nolecules in favor of double irradiation with
a very weak perturbing radiofrequency field (r'tickting"), where IIZ is so weak

that only one lransitiou is affected at a tide. A general treatmerrt of these

experiments is very much siorpler, and the physics ot the method can be

described in terms of some very simple rules, Ehe most iilporcaot being that
transitions are spliE if they have an energy level in conmon with the

irradiated t.a.sitio.4^

R, /,''., .,.",../ /' ( t -' - 
(t r..:L-,.e

R. Freenan
Ins trument

'. [,l. A, Anderson
\D ivi s ion

1. Bomer and Primas, Newslerter Nö. 48, p,23.
2. It is interesting to note that if one were to take the frequelcy of the

center of each doublet as oA and oB, then this expressioo is identical
with that obtained for the weakly-coupled case -- in Ehis sense the AB

spectrum behaves like an AX.

3. Rao and Baldeschwieler, J.Chenr.phys., Lo be published.
4. Newsletcer No. 46; R. I'reeman and l.l. A, Anderson, Sumer S)mposiun on

High Resolution N.M.R., Boulder, CoIorado, July 1962; J.Chem.phys.(Nov.1962)
5. Baker, J.Chem.Phys. 37, 9f1, (f962).
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Herein Y denotes the frequency, which belongs to the transitlon
ln-I,k) + In,i ) . tOl represents a systen of (n) lndependent
rel-atlons betvieen the frequencies and the iIItensities of the
spectrun, where n denoteE the number of protons and:

(") L/2 If n 1s even
xr-I/2 it n ig odd

In the case of a three-protonsysten the schenße of transitlons
has the formr

il z -97O

n - -4/L

rl,

yiil riü) - ä, ,;!'.1)r;f'*1)- y lr tf:ü

-Dr'. B.L. Shapiro
lrel1on Institute
4400 I'ifth Avenue

Pittsburgh lJ. Fa.

Dear Dr. Shap1.ro,

the lntensity sum nules val-1d in high resolution
nagneti.c proton-resonance i

(t) ftf;t- ZrT' =2m (m..=masnetic

[ ,J t -Jn quantum number)

which were publisheri sone ütonths ago by G.Gj.oumousis and
J.D. Swalen (1) are very useful to find. ilre correct coordi-
nation of the spectral llt}es to the scheüe of transitions.
ff we denote the vector of the total angular momentum by
r= (!i,%,\), then the intensi.ty tf;l is definecr by

e) tt;t = l('-r,i lr_i ',J>l 
2

,ahere: F* = F]-IFZ = (F1+1Fe)+ = (F*)*

Now new rel-ations of a similar type have been found, which
can be helpful for the same purpose.

If we write the hauiltonian ln the forni
3) H=z +s

wherein Z denotes the so-ca1led Zeemarr-tern and S describes
the spln-spin coupl-ing, then the followlng fornula can easlly
be derivedr(4) z=[[n,rJ,i_l
Fron the forn of the natrix of Z It the basis of the product-
functions .{.(FoL..etc., it is well-known, that:

(5) tr*(Z) + Tr_r(Z) = 0

',rrhereln Trr( ) denotes the trace in the eigen-space of F, to
the eigenvalue n. If we substltute (4) in (5) and express the
whole equation in the eigerrbasis of H, we obtainl

m-+t4
r3 s

r, . + 9/2,

In thls special case there exists only one independent equatlon
of the type of (6), which has the forro;

(7) tal, + Ver2 * 93Il = lt.,rt. + rlrOrao * }ltilt5
Herein the nuneration of tl:e frequencles and intenslties agrees
with that of the transitlons in the above scherne.

Forruu1a (4) has stiLl another renarLable aspect.
It allows nanely to base a nunerical analysis of nmr-spectras
on 1t. Ilut to thls consequences of, for&u1a (4) I shall cone
back in Ey next letter.

(1) G. Gloumousis and J.D.Swa1en, JCP 29. 2077 0962)

Yours sincerely

ll. Kuurer

t
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