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Dear Professor Shapiro,

$TdTF MODE DIAGRAT TOR VAnI4N-IIA_STSEEUE

The proton stabj,lised modes of operatj.on in Varian lIA spectrometers
eupJ.oy moörlatiän side-bands generatecl by two ind.ependentLy varlable.aud:io
ttäqulncy oscillators. The stabilisation systern locks the field. to a

sidäta3ö of the jnternal reference pe*r generated by oscillator No.1. The

spuctntr of the sample is then recolded-by detecting the siöe-bancls generateö
b! oscil1ator No.2. One oscillator has its linear frequency sweeP lockect to
t-he x-travel of the recorder. If tlris oscillator acts as No.l above a
fielcl srfieep is pr.oducetl; lf acting as No.2. the frequency swe€p node results'
Ttre other äscillator frequency is set by a manual- control.

Calsulating the nanual osciLlator setting needed'_to bring a

particrrlar region of {tre spectnrm on to the record"I "rytl cloes. not always

äome easily. The Var{.an tranaUoot shows a sl-iile-nrle that can be used' for
cal-culatlng 

"*urp 
rertgoso necentty we have done some hetenonuclear (Utn;

6h-ü;öfine ärcperfments using the locked nodes, and tt-re calculation of
Ni4 chemic-aI "flifti firom the mealurect clecoupling fueque_ncies requiredl us to
thinlt nost carcf\r11y about the principles involvccl. We therefore ilevised'
a chart which has the threefoLcl purpose of

(r) helping us to think cl.early about rchat we are ctolng rvlrern

we use IIA nocles,

illustrating the principle of operation to new operators
or to anJrone else Lnterested,

(") rqrl-acing the slide-nrle nethocl, lf the atrart I's
accuratelY ctrawn. 

I

11hc du,agran ts a üro-dinensional rqlresentatl.onr_rrlth nagnetl,c
fielct plottcit on the X-axis anil frcquency on the T-axls. The rcsonancc
concg.g.ons for a nucletrs wittr a parficuf-tr screenl,ng constant-ar€
ripresented by a strai.ght sLopin! Lino. We have shorn a fanily of such

iiru" .o"o".6,ätcU.ng to-clifferint-ö-valueg; those llnes ara as noar

tarallef "" 
-r.Lrs äo aiffu"ence for og pürtrnsc, (tn fact, lf cxtrapolatcd,

ih"y .ott"ergc to an origin about 2 nilcs away).
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the llR noile of oPeration is represented. in the centre of the
'ltagran by the horizontal Line through O ön the Y-axisr inri,icati:rg thefixeit nonlnal 1oo Mc/s ooerating fre{uency. The L zo@';1s-si.äe-uana
fbequencies used. in llR nod.e cl.ecoupling expcriments are al,so shown.
fweqlns lhe app:ropriate fteLcl region then gives the spectnrn. rn the
tTo HA modes, the point to remenber when using the dLialnam is tlpt the
control looo arrtomatically fixes the *lelcl to the resonance con&ition ofthe choscn Locking peak at the sid.e-band. frcquency corresnenclilg to thecontrol channel.

In the Freguenc;r Sweep Mod.e (top right of cliagran) trre control
charurel detccts the manual osoillator freqüettcy. the väIue i.f this
frequency anil tl:e choice of lockjng peak (e.g. nrlS) determine the fixed.
vaLue of the magnetic fielcl. 1'1".e swept osciilator now generates the
spectnrm as shown by the verticaL black df,rowo

In the FieLd Sweep Mod.e (bottom left of d.iagran) ttre controL
channeL d.etects the swept oscillator frequencl.r. Dependtin6, upon the sweep
wiclth and the locking peak chemical slr-if{, a portion of the mägnetic fielä
wi]l be swept therefore. The d.iaeram shows TMS as the locking peak w:ith
a 10O0 c/s swept oscil-lator sean and tire 45o white arnoy definäJ the sv,,-eot
field. region (vertical dottecl lines). 'fhe spectrrum channel d.etects the
manual oscillator frequency and. the value of this fre.$rency govenr,s the
chemical shift range of the obserrred. snectrum (f:ack a-r.ow).

In order to replaee the sli{e-1rle method. of ca]cn,'lating sweep
ran.{les.r two aitditional nharts can be drawn aeeurately on a larger sea'le
eovering tt',e field sweep and. frequency sweep regjons respectively.

Yor.rrs sincereLy,

-2-

Iuil,L
fr 

a'",*-w

A.Mathias. E'Ia sorl. J,K.Beeconsall.

tu,/*y'na/xx.
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K^^ = -25Ä6.Rr3 
q

where s(o)z ts the
t

x++

Pople and santryrs equation [t] ror the reduced coupllng
constart betueen atons A and B, K* is,

CalculatLon of couplins constants.

P.G. PerkLne,
Depar[ffi]l":f#:ä'fr*:.:tiYilH, 

ryne r
England.

'p'bol f,"o ls"JLs. lgral sJ
C,. sn c j.. c...a ca a.

A L+J

t<nß'

electron density at nucleus i and = fS,_ I Sr' I S.l

TR13
h ^6n'ü,=

e L

$tnce s--electron dansity only is Jqportant s^(o)2 ana s-(0)2
nay b substltuted w-t!e corresponding e:cprässlons trof; theFerniJegre equation [e ] ühen,

t(ar=d -+ -tvzrzlzl z*^, If _ H ') .14'(r-*:l
,L- o L Y Y

3
o n4 nBt

c c c cLsR Jsn 1- sct

-l

x II Jsa

LJ 3ar ._L-ä 
J
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F\rther slnce Z^* and
field of which the ele

.-Y zt o
LL LL F

= -J-5L

Z,* ur. the eharges of the lons in the potential

"trots move then,

o( (Pi. - l)

?i P^, ?r)= t

You z2tz;'-o ( ?^^ r))'( r -

I
^

t
and ,j

*o
Z, is the effective nuclear charge taking into account only internal
(äon-bondlng)orbitals. o( is the usual Slater shielding constant for
electrons in trre sane shell (0.35 or 0.30).
Thusr
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X TL =ar ._L.+JL J

t1] Pople and SantrS Mol. Phys. ..9, 1, (nA41.
IZI Ferni and Segre, Z. Phys. g, 729, Ogn).
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STOCKHOLM 70 SWEDEN

Septenber 21, 1965

Pnofessor Dr. Bems.rd L. Shapi:o
Department of C?reraistry
Il-linois Institute of Technolory
Technolory Center

cHrcAC,o @616

USA

Dear Dr. Shapiro:

fhslk you for yor:r kind r"eulnder of the subscription dues.

rn the course of an NMR study of water fixation in cellulose r and rr we

have found. reason to reconsj-iler sone of the questions related to the con-

figuration of the poly-saccharid.e chains and the intrachain hydrogen

bonding. Attenpting to satisfy the rR demands for fulr intranolecular
hydrogen bond.ing in the Meyer and Mischl straight chajn nodel by neans of
the very reasonable coupling of the c6 and cä rryaroryls suggested by

l'l,ann and Marrinan2 we found. that an jntranoleanlar strain would preclude

the appearance of the bond. To rened.y this we decoupled the bridge oxygen

betwöen the pyranose rings, relaxi-ng the straight chain conclltion until
the proper Ce/Cä hydroryl d.istance srd bond üirections were obtained whil-e

retailing the proper valence bcnd angles and directions of the o:rygen and

the 4 and 1 
| carbons. To our surprise and great satisfaction we then for:nd

that the CJ hydroryf had arrived at the proper position for a second intra-
nolecular hydrogen boncl with the ad.jacent ring orygen as suggested nany

years ago by HernarrsJ and recentry ad.vocated by Liang and Marchessault4,

nho try to refute the cSoEOCä uona on the basis of rR crata. trior reasons

that cannot be elaborated in this letter we believe thaf both t5rpes of
bondlng are correct, and if by any good fortune these lines should fi:rd
a read.er of a different opinion r would be delightecl at the opportunity
to p::esent our case a:rd have a peaceful private arguneert pending the

conpletion of the investigation.
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Startiag from our nodified chain stmcture and the associated proton

lattice we have made use of the theory of OrReilly and Tsang5 to compute

the second moment of the cellulose I proton broad band. Ttre theoreticaL

value obtailed by R.P. Gupta of our Group for the waterfree lattice anounts
,)to 24,6 (gauss)'while the prelininarTr mean of the e:perirnental second

moment value at 1. J fr regaia is 25.2 (saus")2. No corrections for thertal

notion and randon interchain water brid.ges have so far been made.

Higher moment conputations are in progress and any info:mation on OfReilly-

Tsang coupling coefficients for the nonoclinic lattice is gratefully re-

ceived.. Lattice coordinates for the nodel are available on request.

Yours truly,
-\

E. Forslild

References

Meyer, K.E.
Misch, Lore

Helv. Chirn. Acta 20, 2721 1977

2. itlsnn, I.
Marrinan, II.I.

J. Polyner Sci. 21, 301, 1956

3. Hernans, P.H. Kolloid Z. 1O2, 169, 1947

4 liang, C.T. J. PolYner ScI. 77, 785; 1

Marchessault' R.H. 45t 71, 1

0tReiJ.1y, D.E.
Tsang, [\rng

959
9&

5, Plrys. Rev. 128, 26t9, 1962
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UNIVERSITY OF EXETER

TeL l,Tgrr

Dr. K. G. Orrell

Department of Chemistry,
Stocker Road,' Exetef

8th Septenberl 1!51.

Professor B. Ir. Shapllo,
Depa.:frnent of Cheni.str'5r,
Illinois fnstitute of Technolo3y,
Chicago, IllLnois 60615,
TI.S.A.

l)ear Professor Shaplro,

I rould like to present some results f obtained phile at l\{arrehester of
sorne perfl-uoro (nonomethyl piperirllne) conpounds, whieh f feel will- be of
lnterest to f;f.T.r{.ld.R. read.ers. the spectre. of tho 2-, 3-r snd {-substitutert
eonpounds were iwestigatect at 60 l,[e/see at anbient ternpera.ture, that of the
2-substltutecl ccrnpornd being depieted in the Figure. ALL three speetra were
founcl to conslst of a large nrunber of l.jnes which can only be i.rtterpreted as a
series of overlapptr\g AB ty:pe patterns drre to the non-equiva.lent aria.l. ancl
eluatori.al flrrorineg of the -CFa- groups. Thls aaßrrnes, holever, that, unlike
pe:rfluompiperl.d.lne'1 these noläcrrles are not rapicll.y intereonver*ing befmeen
their two chalr conformations. Furthermorel although the::e are two possible
i soneric fo:ms for each of the,se conporrndsl the speetra are eonpa.tible with onl.y
a single rigid stnrcture in each case. The speetra were essentially unchangerl
in the temperature range IOO to -90 oC, thus supporting the suggestton of
eonforrnaticnally rigirl. stnretures. The fulI assigrunent of the spectral bands
is glven in Table 1..

It w111 be obse:rred flrom the table that the geninal coupting constant
values, Jae, are smallest for -Ctr'2- gloups atljacent to the hetemeyclic aton.
the values for the 3-r 4-r antl 5- ngsi.ttons in the ring agree with corresponcllng
values obtalnetl by Honner anrl Thonasz for substituted perfluoroeyclohexäflesr
Whereas the geninal couplings renain virtually constant wlthtn the series of
cotpcnrnd.s, the internal gpminal chmical shlfis, (/ob)e4, are depenrlent on the
lresence anct locatiol of the CF3- substituent. In perfluoroplperidine, (loO)""
for the c-fluorlnes is consldteräbty smaller than for the g- andl y- fluorl.nes.--
In the eubstituted ccmpound.sr this relative orcler still holcls but the CFr-
grorp d.eshields the brtho fluorines ln such a way that (uoö)", i" reduced by
5-8 p.p.n. from lts value ln perfluoroplperidl.ne (see Table ä).

TtrJ.s table indticatee tbat the effect of substltutlng a CF1- goup for a
fluorlne atom is to deshlelcl the acljacent equatorlal fluorlne ti g. 10 p.p.m.
a.n<t the aÄjacent a+ial.fluorine by g. 4 p.f.n. (with the excepiiöi of the-
2-substlüuted. conpound.). ftre anma.lous values aesociated with perfluoro
(2-nethyl plperlar;e) äan trnssibry be explarned as forrore. nrä crr- goup.
can be ettachetl elther as an axial or an equatorl.a.l substLtuent. &n-gtertc
consideratlons it is nore likery for this.6uuv group to be equatorlally
orlentecl. llhis reasonLng ls supportetl by the nature of the nultiplet sünrcture

/contt d
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Professor B. IJ. Shapiro. -2- Bth Septemberl L965'

of the CF3- Arcmp in the 3- and 4--substituted^compound-s being a qrrintet of
d.oublets. This implies eo^ual coupling to the fotr.r f}.rorjne nuclei in the
adjacent ring posilions anct this would be most probable if the CFr- Sroup were

eqüatorially-orientetl.and tlms symmetrically d.isposed torvards the"-CFr-^9to,p*.
ftt tt" 2-sutstituted. bonpo'rnd, however, the multiplet structure_of the CF3: 

.

gtoup indicates non-equivatent coupling to the adjacent -CIZ-.fluorines' -fhis
öUser:vation is ther.eföre suggestive of either a departr.rre by the perfluoro-
piperitline ring from its normal chair fo::rn or possibly of the Cf3.-.ff?Tp being.

"*i*1y ortentäa with respect to the ring. Either of these possibilities wouldt
of eou-rse r exlrlain the arrämalous rLeshielrling effect of the substituent in the
2-position (Tatte z).

Yours sincerelY t

l(.G.od
K.C.OrrelL

Referenees

1. Ir. If,. Reevesl E. J. Wells, Disc. Far. Soe ', Lg52, 3A, J77'

2, J. Hmer, L. F' lfhomas, frans. !'a.r. Soe^, 19631 52r 2ßf'

[ttle
Confo:matlonal Stud.ies of Sone PerfluoroplperlcLine Conpounds.

Kafrfir',
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Veluee for perfluoroptperiül.ne obtalned at -?4 oC.b.
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TabLe 2

Deshielclrng of n-fluorines by CFr- 8trouP

Defined a^s the ehange i.n the geninaL internal ehemical. shj.ft of

-CFe- fLrrorines on replaeing an a-flrrorine by a.n n-ffi3- eFoup.

Defined as the ehange in the axial or eogatorial f}rorine chernical

shifts 6n replacing an .t-flr,rorine b;r an a-CFr- ,SouP.

Figure- Spectnrn of Perfh.lor( 2-netlrylpiperidinc)
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N. D. Coggeshall
9rvr5'ON DTRECTOR
PNVS CAL SCIENCES

P. O. Drawer 2038
Pittsburgh. Pa. 1523O

September 22, 1965

Ref erence z 625-2TEOO

Professor B. L. Shapiro
Department of ChemistrY
Illinois Institute of TechnologY
ChicaBo., Illinois 6O6L6

Dear Professor Shapiro:

I,le wish to make a contribution towards receiving again
the IIT NMR Newsletter.

We have been interested for some time in wide line A127
NMR meaSurements of organo-aluminum compounds and complexes.
Recently r^7e have completed a s tudy of the NaF.2AlR3 complexes and
have found the following.

1. The line widths of the Al27 NMR spectra of the
NaF.2A1R3 complexes Idere f ound to increase as the
si-ze of the R group increased ?t a given temperature.
This increase has been attributed in part to an
increase of the effective molecular radius and also
to an increase in the viscosity as the size of the
alkyl group increas es.

The increase in the activation energy for nuclear
relaxation as the slze of the R group increases in
these complexes has been attributed to an increase in
the energy required for molecular reorientation.

By using AI27 NMR it has been shown that the alkyl
groups will not interchange when NaF'2TEA (tfA =
triethylaluminum) is mixed with NaF'2TNBA (TNSA =
tri-n-butylaluminum) at 15OoC. However, a NaF'241R3
complex prepared from a mixture of tl'To different
aluminum a1ky1s exhibited a line width intermediate
to the line widths obtained from the NaF'24lR3

2

3



2

complexes prepared from the individual a1ky1s. This
also is evidence that an alkyl interchange takes place
when tr^ro different aluminum a1ky1s are mixed.

It has been demonstrated that Al27 NMR can be used
at room temperature to s tudy the reaction between
donor molecules and the MF.2A1R3 complexes.

Andfinally, the Al27 NMR spectra of the NaF'2A1R3
compl,exes show a single line (- 3-3O gauss) suggesting
that the aluminum nuclei are equivalent. We feel
this observation supports a proposed structure with an
aluminum- fluorine-aluminum collinear bond instead of a
proposed structure where two different types of aluminum
nuclei exist.

Our measurements \^rere made on a Varian V-4200-A wide
line NMR spectrometer with 12 inch magnet equipped with a Varian
V-FR21OO Fieldial to regulate and sca.n the magnetic field. A
BC-22L-D Bendix Corp. frequency meter and the Fieldial vrere used
to calibrate and measure the peak to peak line widths of the first
derivative absorption curve. Most of the measurements v/ere made
at 1O. O Mc/s radio- frequency and a corresponding magnetic field
near 9OOO gauss.

The aluminum alkyls, being pyrophoric, must be handl-ed
in a nitrogen-controlled atmosphere.

4

5
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nail down the
high res olution
muc h narr o\^Ier
s tudy

To obtain more information in an effort
struct,ure of these complexes, rve intend 9*rrying
studies of the Fr9 resonance s ince the Fry lines
and saturate at the high r-f field used for the A

to
out
are
L27

Sincerely yours,

,y-oXz( € -/,lr
Harold E. Swift

? G,

J. F. TtzeL

sq-[

r{DC
.,4IRB /ABK'/
HE.s/JFI:vb
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0
Eidg. Technische Hochschule z0RrcH 6, 27 )9.1955.

Unlvcrsltätstrassc 22
Laboratorlum

f0r'Phyelkallech. Chöml€

Zürich

Prof . lI. Primas
11r

?rofessor -T. 3.I,. Shalriro
Idito r ll?-i{l,lli i'i ewsl,etter
Jkreni stry re;oe.rtment
Illinois Instiiutc of' Technology
ci{I:JAGO, r,llinoi-s

"Any si.rnple theory of chemica.I shift iuust be wrongr', (r'r. r:loral lesson)

-l nr,r refen.iag to the {ntcr'csti.n6 Ie'tter' oJ:' iiorber:t iluller in
;r'l'-il1.;R-licvslet'cer llo, 85, especially to iris staterxent !'r.. . aJty
simi:}e theo::y of tr e ör'i1in oi cheraical- shif'ts must be r.rrong" .

I d.oubt vrhether the situation is so rosy.'ihe best thing I can rJo

is to c{uct:. Karl- P.. Popl:e r' [ " üon; ectures and ;tcf utatiorrsir r 'P . i5
(Fioutleoge errd liegen ?aul, London, L936')l on 'bhe,. criteria of *ul:te

scientific status of' e. theory:
" (I) ft is easy to obtain confl::n:+,ionsr 01- verifications, for

nearly every theory - jf lte loolc f or c.-'nfir:lations.
(Z) Confirrnations siroulci count on'ly j-f theJr are il:re iesu-Lt of

rts].ü Jr'g.f-i_etiqry; tha.t jsi to säV, ili, unenli-gtrter,ed b3r the
theor;r in qu'estlonr we shoul-d have exitccteC.an event i,rhj-ch
lras incornpJtlble with ihc tireo:.'y - än event irhich. wouli, have
rlef'ut ecl tl:Le th.s el't

3) tlvery "good'r scientific thcorlr i-s er. proi'Iibition: 1t forbid-s
certain things 1;o happen. t'he lxol'e a 'cheory forbicl.s, the
better it i$.

(+) ;r theory which'is not refutable by any conceivabl-e event is
nonscientific. Irrefutabillty is not a virtue of a theory
(as people often tLr-ink) Uut a vj-ce.

(5) EVery genuine test of a theory is an attempt to falsify it,
or to refute it. Testabil-ity is fafsifiability; but there
aTe clegrees of testability: some theories are more testabfe,
more ex.oosed to refutation, than others; they taker äs it
uere, gr'eater' t:i sks

(6) 'Jonfj-rnling evicrence shoulcr no'c count except t'rhen it is the
result of a F-enuin:'teet of the theory; and this neans th"-,t
it ean 6? presenteC as e serrous but unsuccessful attempt to

(?) ä*:'ääJl;"131:Stabre theories, vdren ro*nc to be rarse , are
s+;i1l=u.ohefd üy their a.dmirers - f or exa.nple nf introCucing
ad hoc some auxiliary assuroptions, or by re-interpreting the
theory aC hoc in such a. way that it escapes refutatlon. Such
a lrl.oceCrre is always posslble, but i-t rescues the theory
from refutation onty at the price of Cestroylng, Or at least
lowering its scientific status.fl

Trl. (061) 32 73 $0

u. [i . -'r.
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Accepting these roroposi-tions of one of the forernost philosophers
of science, it J-s, accorcling to my opinion, mi-sleaCing to speak
of a genulne,t'theory of chemlcal shift". rnle have the rigorously
Cepiväd Ralrsey-formul-a lrhich r.re cannot evaluate for ntolecufes anC

thärefore not- test; we have hopes, vaBne anC half-baired" j-ieas, a
l^dD.; oI excaTrng rnOdels; but i,re CO not have a quantum nechanical
theorv of nol-ecufal shielCing, rl.istinguished by nathematical rigor
ancl-fronest appraisal of the val-id.ity of a.ssumirti-ons. ?hat taakes a
great Cifference. I shoul-C Like to plead for rcodestyr ärnl propose
to use the term'rtheory'r if and only if rve can Stand up most con-
scientiously for its sclentific status. lo cluestion the scientiflc
status of a niethod" is,'of eourse, not at all equivalent to asking
whether these methods are clesirable or useful. I'ly issue is not
lrolenic but e ee1-' so rrol{. o

',{ith best rep;ards

yours sincerely

a

#r%0.;u,
0 ilans Primas

O

A
VJ

O

e
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NUCLEAR MAGNETIC

RESONANCE SPECIALTIES

INCORPORATED

lflo Grocnrburg ßood Now Kencington, Po. Areo Code 412
337-7727

Pnoreggon B. L. Sxlptno
DeplRruENT oF CHEMtSTRY
lLttNols lnsrtrurE oF TEcHNoLoGY
CnrcAeo, llttnots 60616

Dean BanRv:

SEpremeeR 22, 1965

D ELECTROI{ACNET
L LABORATORY USET
BE DESTRABLE' rT

lr'le ARE tNTERESTED lN PURcHAStNc A usE
gysTEM, INCLUDING POWER 9UPPLYT FOR GEI{ERA
Ar.rv VlRtaH TYPE 5 To 12 tNcH sYsrEM uouLD
NEEO NOT BE A HIGH-RESOLUTION MAGNET.

PenHAps soMEoNE tN THE NMR coMMUNlrY HAs A sPARE
MAGNET, OR WOULO LIKE TO SELL THEIR gYqTEFl FOR THE PURPO3E

OF MODER}IIZING OR UPDATING THEIR FACILITY BY PURCHASINE A

NET{ ONE.

IT WOUTD BE APPRECIATED IF YOU COULD 
'{ENTION 

THIg }IATTER
IN THE NEXT ISSUE OF IIT NMR NgWgLgTTER.

Stn ELY,

Plut- J. Ya.lro

PJY/cx

NMR

SCIEN.T I F,C APP AP,AT US E ITCT RON I C'NSIRUA{SNI Af ION RESfÄRCH AND DEVELOPüIENT
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TTELLC,JTONTHWEI PACIFIC NORIH\\JIST TABORAIORY

P,0. Box999 Richland. lvashington 99352

lelephone, Area C0de 5@. 942-llll, txl. 6-5400

DA,tlFtc \oRTHwtST LABORAT0RIES a division of BATTELLE Mtl\10RlAL INSTITUIF CAbIE AddTCSS: BATNORLAB

September 2B, J-goi

Dr. Bernaro L. ShaPiro
Departmerrt of ChemistrY
Illirrois Institute of Teciurology
Ciricago, Illinois 6otjfd

Dear Barry:

For our contribution to the IIT NNIR Newsletter, r,re i+ouJ-cj.

tike to give resuats of a stucty involvirrg metirarrol exchartge
in clil-ute solutions of neptr.rnir.rnr(V) ions.

The relaxation of the methyl anci hyciroxyl
protons of metlunot by neptrtnium(V) fras been ex-
änrined. over the tempereiture range of -BOo to +50o.
The resuLts inclicate that the rate of methanol
exchange between the coorclination sphere of
nep,tr:nitrn(V) u,na the buJ.k solvent is ru-easurable
anu has a rate constant of !.0x104r""-1 at Oo'
AlIx anci AS* for t]:is reaction are J. j lceal,/mole
and -B e.u' respectivelY.

Preprirrts will be available.

JLB:bt

Sincerely yours,";/:-'ä":ha"tr*" /
'.doi:n C. Shepparo
,,L

fr""
7ae.-

L. Burdett
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Monsanto
COMPANY

INQRGANIC CHEMICALS D IVISION

800 N. Lindbergh Boulevard
St. Louis, Missouri 63166
(3,l4) WYdown 3-1000

October I, 1965

Prof . Bernard L. Shapiro
Illinois Institute of Technology
Technology Center
Chicago, lllinois 60616

Dear Barry:

Since Ray Freelnan e>.pressly invited it, I cannot
help proposing an alternative acronyrn for his new NMR
technique C U S P I D O R (Carbon-I3 Unravelling by
Slowly Pulsed Internuclear DOuble Resonance ), described
in the August Newsletter.

I suggest the narne E XP E C T O R A T E
(gp.rirnental Procedure for Enhancing Carbon-13 To
Observe Relative Arrangernent of Transition Energies).
ÄtthougfrT""" flash-y, it fits .pp"opaiately witf,in his orig-
inal concept.

FACETIOUSLY(Frantic
Application to a Cornrnendable

Iditor infheJnterest of Obtaining
an Uninterrupted Subscription to
these Letters of Yours),

4*
M. M. Crutchfield
Scientist

crn
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Eh, Lcc'e Pro,tclq'l of Cttalrrlgtty3

R. E. Rchüd! F.R.S.

Tcl: Oxford 67767
SrO Codc OOXz

PHYSICAL CHEMISTRY LAEORATORY'

SOUTH PARKS ROAD,
OXFORD.

28 September 1965

Professor Bernard L.ShaPiro,
Illtnois fnstitute of Technology,
Chicago, 60616,
U. S.A.

Dear Barry,

Dnring the past year we have devoted a good deal of effort on the

improvement of the quantitative accuracy and reliability of orrr "":-f"A 
electron

doubte resonance apparatus, working at 9 l{l[c/s and at 35 KMc,/so llle have used

the machines to test various physical models for the behaviour of solutions of
certain free radicals in organic solvents, and to find information about

molecular motion. One striking result we have obtained is that solutions of
radicals in fluorinated solvents often show scalar coupling between radical
electrons and fluorj-ne nuclei. The models for the interaction have been

considered, and with the help of a theory developed by Paul Hubbard, we have

shown that a model of diffusing spheres is reasonably satisfactory, in which the

scalar coupting varies exponentially wlth distance between radical and solvent
moleCule. Triple resonance experi-ments have shown that the tt3-spin effectt'
a;i;.. Faraday 

-soc. 
g1, 96; Phys. Letters %- otl 1: usually unimportant

in relation to the sälar coupllng. An estirnate of the magnitude of the

scalar coupllng constant can be obtalneO and for hexafluorobenzene this would

imolv a scalar shlft of the fluorine resonance in the solution used of about

J i-io-7. e. shift has indeed been observed of about 1 in 10' but it is
oniy 3ust wlthin experimental error. The shift is partially nullified when

the electron resonance is irrad"icated. D'etails of this work are in a paper

to be published in Proc.Roy.Soc.__4.

Yours sincerelY,

(4n

Short titte: Intermolecular Scalar Coupling'
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MIAMI VATLEY LABORATORIES

THE PROCTER & GAMBLE COMPANY

P. O. BOX 3917s
ctNctNNATt.oHto 4s239

September d+, I%5

Dr. Bernard L. Shapiro
Associate Professor
Department of Ctrenistry
fJ-linois Institute of Technology
Clricago, Illinois 6O6f6

Title: C-LOAl+ Adjustments and
HA-100 DecouBl-lns

Dear Barry:

I would. like to pass on a few comnents about the IIA-100-C-1024 eqnbi-
nation. rt nas interesting to read. last mqcth (rm lü,ß-83) that connor
reports cal-ibration dlfficulties with the read.out of the C-1@4 be-
cause ve have been plagued. with the sa.me problem for a long tlne. lte
had a hard. ti-ne finding out hosr to change the readout tlne. Perhaps
scrme of the other read.ers would Like to know the procedure.

Calibration can be acconplished. w'ith the frequency counter and. the
oscilloscope on the spectrometer. The scope and counter are connected.
to card. Sf4 (tfre first 2-Binary cara). There is a lug at the top of
the card. frorn which a square uave is d.erived. wtren the C-J-ü2l+ is read.ing
out the analog signal. This square vave causes the 1@l+ channels to be
read. out successively. The frequency of the signaf d.eternrines the rate
at rdrich the channel-s wil-l- be scarured.. In ord.er to measure the f?equency
accurately, the period f\:nction of the counter is used. For the various
read.out settlngs the appropriate period. is given by the equation: Period.
(msec.) = Setting (in sec.) X I.9532. Afiustrnent of the readout frequency
is acconplished. on cara #36. There are six trimpots for the six read.out
times

Dropping counts from the core memory can be a problem. This can be
mininizecl by adjustment of the porer sutrpJ-y voJ-t;,ge. The voltage is
monitored at the 'hd.d." cunent jack. Go to "Display" cltr the f\rnction
sel-ector and. adjust the RoJ.lover switch to "Add. " Ttlen adjust the trin-
pot or #Sg n one direction untit points are clropped.. Record. the voltage
vhere this happens. Then adjust the trimpot in the opposite d.irection
until points are erratic agaln. Record. this second. voltage. The proper
voltage is hal-fr*ay between the two record.ed. voltages. It is inportant to
make this ad.justment r+hen the instrr:ment has warmed. up, si4ce the set
poiat is tenperature d.ependent. lte have gone to the trouble to driJ.L a
hole in the cover above the trinpot so that the affustnent can be mad.e
with the interior enclosed..

Spin decoupling is another special feature of the IIA-100 which is still
sqnenhat more of an art than a science. lJe have found. that the choice
of an aud.io oscillator ls perhaps the most ertrcial feature of this ercperi-
ment. I{e have tried. several units: a Hewlett Paclcard.2O0AB, an HP ZOI+B

oscillator coupled to a lr.57A povrer a,rnplifierr and an IIP 2OOCD matched.
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THE PROCTER & GAMBLE COMPANY

Enc

Dr. B. IJ. Shapiro Page 2 Septenber 2I+, 1965

into the moduLation coj-ls with a Stancor universal output. transfo:mer
Göioij-*i; ;;" 16 n tap attachect to the oscilJator anil 4 n attached
io trrä-sweep coils and floating. Of the three, the l-ast ccmbination
seems to work best. It is very important to have a snooth spiruling of
the sa,4rle tubes. This means that they should' be straight--a check can

be made by rolling one on a plate of sooth glass. The Varian tubes
are genera}ly satisfbctory. Spinning rate is equafly important' We

find that a rate jüst barely fbst enough to give high resolution is
best.

lJe have incorporated. a eouple of nod.iflcations suggested. by Roy Johnson

to help with decoupling. fhe first is the ad.dition of an attenuator
(eO fn-nax. is enougtr)-between the receiver and. the ]ock box. This is
üsea utren the ctecoupling enerry excites a signal so large that the lock
box a.nplifier beccnes non-linear. The attenuator d.ecreases the a.üpl:i-

tud.e of the signal, but there is usrrally enough audlo gain to reach
instrument noj-se. The second. "fj-x" is the ad.üition of a swj'tch to turn
the receiver detector diod.e in and' out. Remorral of the cliocle seerns to
d.ecrease a cerbain anount of the beat notes between the rrarious modu-

Lation frequencies which are present (sweep frequency, loc[' frequency,
spinning fY"q*etcy, and 5O cps.).

Finatly to shon scne results of both spin., $ecoupling and using the
ö:i6ti; I au enclosing a picture of the Cr5 satellites frd the.vinyl
region of nethyl oleate. The blolr:up shows the vinyl region ('O'), fifty
srms of tbe loner C13 satelf:-te (B), and' twenty-five sultrs of the lower

C13 satellite decoupled- frcm the a].ly]. protons'

SincerelY,

TIIE PRoCIER & GAI'IBLE CoMPAIIY

Research & Development Ibpartment

Tnt
T. J. Fl-a.utt
Researctt Dlvlsion

ctI
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Bruxetles s, tc Septenber 27; 1965.

sor,vEN[ EFFECI (COCrr-nnNzENE .16) 0N $m

SPECfne. 03 I]SSUBSIISUIED POITYCYCIIC AROMA-

TIC HTDROCANBONS BEI,ONCINE !O 8HE NSHENSII

gERIE$.

FACULTE DES SCIENCES

Avenue F.-D. Roosevelt, 50

S^.v : - Organi,c Ch*enlst-Iy
Dir. : Prof . R. E.lrIl,RTIN.

(A roppeler dons lo rdPonsc)

Associate Professor B.!rSIIAIIR0 t
Deparfuent of Chenistryr
IUinois Institute of fechnologTt
lechnology Centert
ChicaEo {6, Illinois 50516

Dear Dr.ShaPi"rot

ue bave compared the NMR spectra taken ln cDolt and ln benzene

d, of elr polycyclic aromatic hSrclrocarbons (f - Vf) rhloh have dlf-
ferent types of a.ngular hydrogens z E-e!t H-s4 antl II-45"

E-s4
g,45 4

5

12 1

III

E<,5
12

E<5

1

1

14

5

H-s5

III
E<,7

nr
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H-s4

8

v

-)-

4

H-s,
5

E-a7
12

ff-s4
16 1

H-a4

VI

H-s7

1

1 4

8
H-s5

As a rrrle, the spectra of r,rnsubstltuted aromatic hvdrocarbons

recorrilecl ln CDCJ-,, CCJ.4I OIACH-CHCIAT CSA, ctioxanne and C.DU are

veIT slnllar; one essentlally obsenres a general shleJ-dlng or

cteehlelding of the spectral without a speclflcally narked. effect on

partlcular protons.
For exanpler ln the case of phenanthrene, the entlre spectnrm

und.ergoes a shi.eltling of 12 c/ s ln passing from CDCL, to benzene

dG, wlthout variati-on of the spacing between the nultlplet of the

strongly deshielcted protons (II4 and E5) and. those of the ofher pro-

tons of the molecu1e.

0n the contrary, in the more hlndered hydrocarbons of the
Hphenen serles, such as benzo[c]phenanthrene (II) and ttibenzo[crg]

pbena^nthrene (fff ) r we have obsenred a speclfic effect of benzene

on the angrrlar hgrd.rogens.

Althowh, in these two bydrocarbons, tb.e non-algular hydrogens

are norrally shj-eldled from 10 to 12 c/s i-n benzene (with respect to

CDCIS)r the arigular byd.rogeü.s (El anö H12) of benzofc]phenanthrene

(tt)-are essentj-aIly not d.ieplaced and those (81 and H14) of tllben-

zolcrg]phenanthrene (III) are d'eshieLd'ed.

fhus, with an increase of steric hlndrance, one obselsres an ln-
crease of spacing (AC6DG -ACDCI, la the tablel belor) between tbe

nultiplet of angular hydrogeng a.nd those of other hydrogens (0 c/s

for I t 9 c/s for II a.ud 18 c/a for III).
[hls phcnonena is aIEo obseryed la hydrocarbons rhich posEess

angular hSrd,rogens of different typee (V ana VI) '
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1

9

18
rl

0

9

1

1ä

zE-s,,

2E-s.4

2E-9,5

6H,-e5

14H41

)
Izu-o+

4tuc7

4H-a4

508

546

516

506

502

5r1
507

519 =

520

549

510

516

517

{

51t
518

5 1 I

45'
45'
440

445

452

442

464

467

452

456

465

454

I
II
.III
IV

v

VI

c6D6c'JfI,c.D.oocDcl,

***

A crnr- cwL,Angu}.ar
fype H

** S,* 5'

* ff = csnter of grrlncipsl nulttpJ.et in c/s at 60 lIco (gMS = 0);

** .tä = senter of nultiplet of angufar \ydrogensi

***f\ = EZ-8
lhesc prellnlnary reerrJ-te encourage us ts contj'nue Our research in

this BTGso

Uith kirrÄ regamls,

Iours. slncercJ.Yr,

(Ln \*uf YÜ re'a'*6,.v
L

D . BOCIEBIT-ITEEEO OE8U. N.DEFAYO 8.E.!IAß81S.
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Dartmouth College

Department of Chemistry

Professor B. L. Shapiro
De
I1

HANOVER . NEW HAMPSHIRE . 03755

October 7, 1965

p
I
artment of Chemistry
inois Institute of Technology
cago, I l-linois 606ßchi

l9_'r Ll-ne vvroths in NaBFr+ Solutio-ry9-

we have been using our DA-60-I (a lp-60 with v+35+ Internal-'lo
Lock Unit) for frequency sweep -'F spectra. It is fairly
inconvenient for this, because of the fairly limited sweep

range and the fixed base frequency on the swept oscillator
(ca. 2.5 KC). However the chemical shift of BF+- ions in
water relative to external CF3COOH are such that we can get

respectable spectra by locking on the high field sideband

of CF3COOH and observing the low field sideband of BF+-

sol-utj-ons. One gets bona f ide frequency sweep spectra from

this setup, i.e. reversed from bona fide field sweep spectra.
The accompanying figure is a spectrum obtained in this way of
a solution of NaBFa in water, degassed by flushing with nitrogen.
The spectrum consists of u llgr quartet and u lonr septet.
The centers of these features are shifted by 2.9 cps (56.+ mc)t

the foBF', being less shierded. The rrgF' coupling is 3.o7 cPs,

indicating a concentration of -8,. 3.5 M NaBFa. The integrated
intensities of the two Ilef peaks uncomplicated by 10gp peaks

are equal as woul-d be expected. However, their peak heights,
and thus line widths are definitely not equal. If the 19p line
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Professor B. L.
October 7, f965

Shapiro

were being broadened by llB quudrupole relaxation, one would

expect equal- widths for all four fines. My guess is that-!h"
19- L,oi nn ]rrn:der 

'l I 
the 11g'/b l-rnes are being broadened by "B relaxation, but

relaxation is dominated by a mechanism which produceg
1l

Ar(IlB) = I I transitions with equal (or nearly equal)

transition probabil-itj-es. In the case W t Z/4f>lt/ 2

= W t,/l* -4/, = W, the contribution of the rrB rel-axation

to the width oi fluorine lines would be W for lines origi-nating
. , l--l-^.r-n m( b) = - 3/2 states, and 2W for lines originating in
,n(118) = + I/Z states. The most likely candidates for the
11g 

""tu*"tion 
mechanism are llgF' dipole-dipole interactions

and spin-rotation interaction.

I plan to investigate the concentration dependence (if any)

of this effect, and possibly to try some Overhauser effect
experiments. This work will in general paraltel efforts to
better understand the concentration and sol-vent dependence

1l
of the -*BF coupling.

Yours s1n rely,

Karl F. Kuhlmann

Assistant Professor of ChemistrY

KFK: lc

I

Enclosure



@\
ÎN
o9

JBrrF = 3.O/ cps

F(1rB) = 73.2)+ ppm

Ref. CF3COOH

F(11B)_ plrog) =

.O5t ppr

tt+r{?
Frequency sweep spectrum of g. 3.5M NaBFa in water
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Dr. Bernarcl Shapiro
Assoclate Professor
Illihois hlstitute of Tschnolory
4hicago,60616.
U. S.A.

Refl H.R. freq. slveep
with the D?-6O.

Dear Dr. Shapiros
Through the kindness of Dr. W.?roct'or I spent

last year a month working at the Varian R.search lrab. in
Zurlch (Swltzerland).there I got acquainted vrith thelr ex-
cellent A,6/60 and HA-1O0 instnrments.Sack home I introduced
some of the HA-10O ideas into my primltive frequency swept
D?-6O.It works splenilid Bow.Besides: the ad.vantages of, repro-
ducibility of the spectra the tnternal lock nethod. of prof.
II.Primas conpensates for the short term frequency fluctua-
tj-ons of the "tyJt"f oscillator anA sweeps'ds s1äw as 2O mn/cps'
are readlly macl-e.The contj-nuous'monitoring of the hornogene'-
ity rnakes it posslble to have_alrya;rg a-resolution of O.2 gPs.
I include a "ön{ 

of the signal of the OC}I proton of 2r4 di-
nitrobenzaldehyd"Sy"tu* 

l"re use is basi carly tlg- o+g described
elsevrere by. Ray Fräeman and_lYsston Andersonrwith tbe follo-
wing variaiion-s: The Internal Refergnce Stabllizer Controller
was"buil-t here and is sim:llar to the one of J.H.Noggle (R.S.I.
75._tL66, (1964).The several modulation frequencies are intro-
ffiea iirto- thä V-4250 A Sweep Unlt through the Ext.Osc. input-t
*itft aii amplitude contro,ls. ät naximum.From !ltf" it goes to the'
Srcäp-i.toal inpui of the V-4152 tr1near Sweep:This givös_enough
powe'r for the'produotion of the necgssaly sidebands- and chan-
äing from fielä to frequgncy sryePP ig Tggqil-ly.accomplished.
Eäiiaes trre input capaöitor-s of the V-4352 unlt inplgve somo-
what the phase-charabteristic o! tle sys-tem.\he Y-431X R.F.
Urrit is u?rual1y used with only 30 db of attenuation and with
the receiver ln Porition 4.

We üse several aucli-o oscilatorsoal-l fed' f rom
a constant voltage transforterrbut the heaff of our equlp-
nnent is a t,luirheäd-Wigan H9O-A Decade Oscillator.This has:
an excelLent stabilityrbetter than 0.L opst per houl and i$
nainly used for caliUration.It also has an interrnsl 20OO c-ps'
crVäiär s'tanilard anil a monitorins- ln s99Pe:w-9 Isg tlis-! {c.osäiflator for field lockingrustrally wtth E.M.D.S. (heräme-
trrvrais.r].oxane)orar1y-othei'peak'the.1ocking,signa}.I9ITg
feä atrectly to the pick-up coils of the SuperstabLlizer;
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2ooo cps'ri bhtl*,,l33"lffiloi""iliil"f5l':*f,*";":o:l"i"*
renarjcable stability and is fairly 1i-near at this parti-cuar
T?ng?.I_t i-s drlven tirough a 1:40-reduction gear (br-rrplus
dial-) plus the rellucing ijear's sei; ani reversible n:.o'uors o.ftlro V-428O Preces::ion ?ie1d Sca.ruüini; tJnit.The s\'/eep isperfectly con'i:inuous and a preclsion r,f 0.1 cps can beeasil;' gbialned.The spect::a ar.e cal:Ltra"becl xith the Vigan
Decade "scj-llator ( b:r llssajr:u"s figureo) ancr tire events
r:rarlier oi the G-11 recorcler.we are now builcline (folIo-
rving -'rrionrs) en Ir-R. oscilla'uor (tinear) 'thouf,h've sbil-Ij-rrtencl (unlike Varlan) to loclt- alwa;rre at 2000 öp".

l{e fou.nd tlrat dor-rble and triple resonance
e::perinents can be easily done ivi-th this äetup *"a :'ru irave
!-een-ablerfor i-nstancer;o d.eteimlne the rerative signs of
lhe lonE rarlge coupling;s of 'bhe saiiple spectmm3( JOCit _, = f 0.62 cps ) JOC'I _ j -= + O.fg cps )

or Etrcngl'. 
"3:,äi.1"il3:??,.:;il: i::ili',ä';#"lH *::3"tlt"tjunp off.lhis 

"vas 
solve<l rvi-tlr. the aici of ä rrarro\r banrlselective a.,rnlifier tuireri to tlie_ 1oc1<in3 frequencl/ (t..l.Seed,

Ii,.S.'1. T2r47'st (fge +).liow ihe s'l;a.bili-Ly Is exdellent'ancl
the fierd stays loci;ed e>:cept for very severe llne trane-
sients. ltrevertlleless rvritli 1,his sysiemrwhich is eqirivalentto frequency nrodulation, strclir:; eicleband.s fol: daöoupling
cannot be ob-i;ained , since the power goes into just nore
number of siriellan.is of multiples of the noclrrtät,ing fre-
quenc;r anC our liinit for decouplins; seens to bera- an
e^xampleeihe p)'rid.iner:ü=-"h can be reCuced to a near1.',r per-
fect-413, spe-ctmn I'riih the R.ri'. unit at only fO db o'i at.:-i;enua*ui6'' 

yourr :;i:rceri-1.1r,

//?y'?
a a ovralervslclI
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UNIVERSITY OF CALIFORNIA, IRVINE

.8E]REEI. T. DAVIS. NVINE.I.OSA}IGEI.ES. RNIE:RSIDE O SANDIEGO ' SANFNÄNCTSCO SANfA A.ANBARA . SANTA CRI'Z

DEPARTMENT OF CHEMISTRY InvrNE,cALrronMA 9265c

October 8, 1965

Dr. B. L. Shapiro
Department of Chemistry
[.linois Institute of Technology
Chicago, [.linois 60616

Dear Dr" Shapiro:

As our first contribution to the IITNMR Newsletter, I would like to describe
our recent work relating to the n.m.r. spectra of some vinyl sulfides and
vinylsulfonium salts. These compounds were of interest to us in that we hoped
to obtain some information from the n.m.ro spectra concerning the nahrre of
the ruIfur-carbon bonding in the grouping -CH:CH-ge (CIII )2.

To date, we have only'had a close look at three methyl vinyl sulfides and their
corresponding dimethylsulfonium salts. The chemical shift data of interest
for these compounds are tabulated below.

Compound Chemical Shift, ppma Jgge cPs

nJ HB s-crr'

Co IIs S-CHs

c: 5.98 6" 30 2.01 11

Hd

C6II5
.zHa

C:C

I

04
I

HB

HB

u 6.68 6.20 2. 16

S-CII3
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Dr. B. L. Shapiro

Compound

P CILO-CoII+ S-CII3
\/
,ZC:CI

HB Hd

e
s (crL b

ry c:
HB Ho

Co IIo

HB

c:c-.
s(crb ),
o

October 8, 1965

Chemical Shift, ppma Jgg, cps

Hob HB Fcr[

6.47 6.20 2.25

-2-

m 16

V

CoIIs

p-cILGCo IIe

\
/

Ha
P

Hd

Hd

6.45 7" 63 3" 00

6.95 7.64 3.02

6.97 7"64 3.04

9.5

15

16VI C:C
S(cE b
e

The interesting feafure about these rezults is the pronouneed deshielding effect
the dimethylzulonium group has on the B-vinyl proton (i. e. , beta to sulfur)
in each of the three sulfonium satts sürdied. The chemical shifts of the F-vinyl
protons of the salts ff, V and VI zrre respectively 1. 33r 1._44_and 1.44 ppm to
iowe" fields than the snifts of the F-viny[ protons of the zulfides, I, II arid III.

L. Relative to TIlr'ISl

b. Identification of the resonance lines with the o- and B-vinyl protonswasestablished
by deuterium zubstifution.
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Dr. B. L. Shapiro October 8, 1965

Itn comparison, the deshielding effect of positive sulfur on the c -vinyl protons
is less pronounced. The o -vinyt protons of the zulfonium salts ff, V änd VI
are shifted respectively only 0.47, 0.27 and 0. 50 ppm to lower f ields than
the a-vinyl protons of the corresponding sulfides I, rI and III"

These rezults are indicative of a conjugative effect in the vinylsrlfonium salts
involving overlap between the 2p orbitals on carbon and a vacant sulfur orbital.
The positive charge on sulfur is, therefore, delocatrized to some extent and
effectively deshields the B-protons.

e e
Ar CH-CH-s(cIL), 

- 

Ar CH-CH:S (CH"b

The nafure of the acceptor orbital on sulfur (as 3p or 3d ) is an interesting
question in itself. We are engaged in trying to ailswer This question by shrdy-
ing the temperafure dependence of the nom.r. spectra of vinylsulfonium salts.
Assuming that satisfactory 2p - 3p zr-overlap requires a planar configuration
whereas 2p - 34 overlap doeilnotr-we anticipated non-equivalent methyl
resonances to Fecome evident at low temperahres if the bonding were of the
2g - 39 r-variety.

-3-

CIIS

"-.'F
lt

0H"

{-- crr,CIIB

/

e

c
I

cc
H G 116

CoIü

(planar framework)

However, there was no perceptible broadening of the methyl resonance of
fV from 3@ to -600. We have not as yet recorded the spectra pt temperatures
Iower than -600.

Yours sincerely,

l/a;u)z 0' eaoa''ur/J
Marjorie C. Cagerio
Assistant Professor of Chemistry

H

MCC/mp
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ILLINtrOIS I\TSTIItrTJTE OF IrECH}TOLO(}Y
cHlcAeo, €to616

DEPARTMENT OF CHEMISTRY

Tetrarnethvlsilane Source Needed

Until nor,v, we have been buying TMS f rom Anderson Chemical Co",

now a division of Stauffer Chemical Co. The quality of the T14S has

been excellent and the price - until recentLy - has been reasonable.

When we wished to replenish our supply a few weeks ago, we found

that the price had gone up - since we had last ordered, ca" 15

months ago - from $14"00 per L/4 Lb to $25.00 and from $192.00 per

gallon to $516"80" (They will offer a substantlal discount - if

your11 buy 100 1b.) I find these new prices rather steep and the

amount of the increase (for a chemical whose use must still be

expanding rapidlyt cf. The price of CDCI, whtch has plurunetted as

use has increased during the l"ast few years) unreasonable, and I

would therefore appreciate hearlng from anyone who has another

hiph-qualitv TMS source which is still reasonable in its prlce

schedule"

Annoyedly,

tslfu*
Bernard L" Shaplro
Associate Profesgor of Chemistry'

BLS: afc
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THE ROCKEFELLER INSTITUTE

A Graduate Uniuersity and ResearchCenter

NEW YORK, N.Y. 1OO21

October 11, L965

Prof. B. L. Shapiro
Departrnent of Chernistry
Illinois Institute of Technology
Chicago, Illinois 606ß

Dear Barry:

Isotope effect in H2-HD-D2

The letter of Anders, Balschwieler and Lauterbur on isotope effects
prornpts three cornments.

(f) fnelr gas phase result of 0.038 + 0.008 * I0-6 for HD-H2 agrees
quite well with the liquid phase - in CCI4 solution - re.sult of D. F. Evans,
chern. and Ind. p. 1960 ( ifer; , of 0. 036 + 0. 002 x 10-6.

(Z)Using rny non-symrnetrical zeroth-order wave function for the
hydrogen rnolecule IJ. Ctrern. Phys. 42, 2633 (L965) ] I obtain the zeroth-
order shielding as

eL{
3n..f.

q Lr r Cr+f)rsJ

(q) o.(lc) + #e-?'( r(t-f') * !-(t+r)(r-PJ1 )

where g = ?nR. If we wished to evaluate this as an average over vibra-
tional levels for each rotational level then we would use for each rnolecule
(H., Ho and D2)

where P = ZaR for the equilibriurn internuclear distance R .Je e ' e
Since



85-37

Z--Prof.. B. L. Shapiro

there is no sirnple way to evaluate the terrn in bracket" O using readily
available data, we have taken the easy way out of deterrnining ("0) by
rnerely substituting the.values for 9^ of the three isotopes into the expres-
sion c6( f ^) and neglecting the secönä terrn. Herzberg gives Re = 1. 4245,
L.4ZI7 and"l. 4L84rao for H2, HD and D2 respectively. We obtain for two
values of a(xlO-' )

Äc (mo -t+z)

e (D,- HD)

cCHr.)

/=l
o.dlc
o.olb

2-t.1

r.= l.L
o.ol8
O,olb

z{. *

4.
0.o36r o.o39
o€+8 lb o-o3 r-

2L.{

where for cornpletion we have included the total chemical shift for H2 and
considered the best experirnental value that of Saika and Narurni I Canad.
J.P}irys. 42, 148i (L964) ] since its isotope shifts agree best with the NMR
shifts. (rhey give for rn = -1.9( -)rO.036 and 0.043 for the respective
shifts. ) tn fact the rernarkable point of their paper is that based on the
isotopä shifts one is able to choose, sornewhat at least, between the pos-
sible experirnental values. Therefore, at least until wq have better evi-
dence, we rnust assulne t[4! this value supercedes Rarnseyts value of
26. Z *,0.3 and likewise rHF fto.., the spin-rotational constant should be

-5. 5 rather than -5.9.

We feel the agreernent of our sirnple calculation with experirnent to be

quite good a.s firstra factor of tworin and of itself is not bad, and second the
average over vibrations should increase the Acrs. Incidentally, using what
I called the Covalent Approxirnation IAnn. Phys. N. Y, 24, 188 ( I9fi)) a

sornewhat different expression for a was obtained which gave 0.018 and
0. 024 for the two Aors.

( 3)Note that atl but a very few calculations of chernical shifts etc. do

not consider the average over vibrations and rotations, and in fact choose
differing values of R for the static picture, e.8. R^ = 1. 42as or Ro = 1.4oas.
Thus the error in calculation is also at least " fe*ep.t cent assurning every-
thing else is done correctly, while that of experirnent is I%.

Best regards,

JIM/ ks s

Je y I. Musher
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DO\ T CHEMICAL OF CANADA, LIMITED
SARNIA, ONTARIO

September 21, 1965

Prof. B.L. Shaplro
Illinois Institute of Technology
Technological Center
Chicago, Illinois 606t6
u. s.A.

Dear Barry:
Tube Cleaning Apparatus

A technique that may be of interest to IITNMR readers is
a rapid method to clean NMR tubes. A simple tube cleaner and drler
has been described previously (fffmUn No. 71-6) in which solvent is
pu11ed through the tube. We have found the following method more
adaptable for cleaning a large number of tubes in one operation with
little time expenditure.

The apparatus shown in the diagram uses an intermittent ex-
tractlon technique. Fifty to seventy tubes are inverted in a wire
basket and placed in the extractor. Both heaters are turned on un-
til the solveht in both the round flask and the extractor 1s boiling.
Fresh solvent distils into the extractor, the lnverted tubes expel
solvent and the excess overflows into the round f1ask. When heating
i-s stopped, the tubes fill completely with hot solvent. The cycle
is repeated and the tube contamination concentrabes 1n the round
flask. At the end of one day of operation the tubes are qulte clean.

On-off switching is provided by a repeat cycle timer
(Flexopulse HG 96) which is connected through two separate Variacs
to the heaters. For acetone, a 12 min. on and 12 min. of,f cycle
was found sufficient.

/.^

Yours slncerely,

H. Mak

J. S. Maelntyre

Lw" (L14N

JOH'{ . CA'LC ADDREIT' gDOWCAN"
ExEcurlYE orrtcilr aaiilla . tllrr oFFrcEtr vailcouvEi. cALcAFy, wtxHlFEG, Tonollro' xoNTREALT IAINY
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CONDENSER

EXTRACTORI

5OO ML
iTOUND
F L AS K

NMR TUBE CLEANER
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ORGAN ISCH.CI{ EM ISCH ES

INSTITUT
DER UNIVERSITAT ZORICH

aool 2orlch, Rämlttra.le ?6
Telephon 212160

Dlrektlon Prof. Dr. H. Schmld

Dr. W. v. Phllipsborn October 12, 1965

Prof. B.l. Shaplro
Departmcnt of Chemistry
Illinois Instj-tutc of lcchnolory
Chicago, Illlnois 60516

Dear Barry:

rn this Letter r take ad.vantage of the poseibility to subnlt
a very short communication only ( ttbrevity is goldenn ).
1. rncrudcd you will find in a Brinted. form a summary of somc

of our work ön the proton spectra of complex C4O indol_c
alkalolds and of catalposide and. fulvoplumiertne. Ihe
second part of thie brochure contains epcctra of d.erlvatives
of A2-fureniaonc-(4) (=,, P-byd.roxyfurann)a.nd. the detemin-
ation of the proton-proton coupllng constants'in p-cyclo-
hexadienones. Altogethet 5'l moetly unpubllehed epectra
are ghown.

A few coples are stll1 available for thoec eubd-bere of
the rrr-süR Newslettirs who arc interestcd, ln these topics.

2. A request: Who le able to obtatn 79t81Br spectra of a
very lntereeting tricyclie tetrabromld,c, thc proton spectra
of whlch we arc etutlying at prescnto A heJ.pful ad,vlcc or
cooperatlon ln thls matter would. be most gratefrrlly acceptcd.

Youre slnccrcly

l/,6L
[. Y. pttripsuonr

With best wlehcs,



ORGANISCH.CHEMISCHES INSTITUT
DER UNIVERSITAT

Albrecht Mannschreck

Professor B.l.Shapiro
Department of ChemistrY
Illinols Institute of fechnologY
Chlcagor Illinois
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6eHErDELBBq6, October 13t 1965
Tiorgartonstraßs
"f ol, 27121 (ilbor Chirurg, Klinik)

Concerning the SePar ation of Rotational- Isomers
1)Thioanides and Nitrosarnines( )

Dear Dr.Shapiro:

Ihioanid.es2) "rra 
nitrosa.urinesS) t"u known to exist as rotatio-

nal isomers in equilibrium, but their separation did not attract

chemlstsr attention, although the activation energie s2'4) nigfrt

be high enough for the isolation of such lsomers" The only excep-

tlon until now was N-benzyl-N-methyl-thioformanid.er one isomer of

whi-ch was obtained in pure fo"*5), whereas no nitrosamlne at a]l

seems to have been enriched hitherto"

1) Results reported at the rrHauptversammfurtg d.er Gesellschaft
Deutscher Che.miker'r, Bonn, September 16, 1965'

2) Aolroewenstein, A.lllelerar P.Rigny and WoYfalter, J'PISrsic'Chem"

&, 1597 (196üi R.C.NeumanrJro and L.B.Toung, J'Physic'Chemo

g3., 2570 (1965)"

t) HoWoBrown a31d. D.P.Ho1l1s, J.MoI.Spectry. Et 3O5 ( t964);

GoJoKarabatsos and. RoAoTaller, J'AmeroChem'Soc' 99, 4t77' ( 1964) '

ü CoE"looney, WoDoPhillips and E.Ir.Rellly, J.AmgroChemoSoco H.,
6176 (1957) i W.DoPhi}lips, CoEolooney and C'P"Spaeth, JoUiolo

spectry" Lr 35 ( 1957 ) .

5) W.Walter and GoMaerten, Lriebigs Annochem. 9fr-, 66 (1965)"
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For the separation of tEioamid.es those of mesitoic aeiä have

been chosen, since the nesityl group proved to be especially

sultable for the enrichment of the correspondlng oxygen com-

pound.s6 '7). Niiss A,Mattheus and tVIr. lYoseitz prepared. and. sepa-

rated. A anil B (Fig.t). Both compound.s are stable in the crystalllne
state; in solution, however, they equilibrate (0A% A, \-a 1Z/" y)

accord.ing to a fj.rst ord.er process with a half-Llfe value of

(24.7 t 2.8) h in cDcl, at 5oo, evaluated by lntegration6); From

this we obtalned. the free energles of actlvation Atf = 27,3

and. Atf = 26.8 kcal mole-1. For the correspond.ing oxygen derl-
vatlves we neasured. 22.g and. 22,3 kcal mole-1 """p""tive1y6),
io€o they isomerlsed much faster than the sulfur compound.s. The

d.ipolar fornula II

R Rr R

,=P1
Rr

r'C-N .+
s RI es Ril

II

is more lnportant in.the case of S, as compared. to 0r because

of hlndered ll-overlap between the S and trr-e C atom in structure Io

[his vlew is supported. by some other thioenides whlch we have

not yet separated. completelyo

Rotetlonal i.somers of nltrosa^nines nay be enrlched. very nlce-

ly by a proeed.ure whloh wil-I be described for A and tr, (l'ig.Z):

The crystalsr oop , 2Q-22o t obtained by routine synthesis, con-

sist of 94fi A and 6/' Br approxinately. I measured thts eomposl-

tion by d.lssolving the crystals and running the spectnrm imme-

diately (F1g.2, top)o The equllibrirrn B1y'o I <+- 1)y'o B waa estab-

I

6)

7)

AoMannschreck,

AoMannschreck,

Tetrahedron Lretters W., 1341 .

rrlNN @, 44 ( 1964) .
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cHg

\arrqr,

A,Fp 5 5- 60'

T= 1.62

cHz cHg

(=7,22

e
,CH2C6H5

"(r",

fHkz
N_M

o" o 
tcu2c5t 

g

B, Fp 98-99'

cHz cHg

T=5.53 7=6.58

Flg.1 : Isomers of N-benzyl-N-methyl-mesitylenecarboxa^mid.e in CC1O

cHz Me

Fig.2: Isomers of benzyl-isopropyl--nitrosa.mine ln CS, at t7o
o

Iop: 2 min after dlssolving the erystals.
Bottom: Filtrate of a crystalllzation at -600r see texto

Spectrum taken 2 min after filtering.

'r
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0

Lished with a hal-f-life value of (8r2 t Z.O) min in CC14 at 160,

co*esponding to Atf = 23.2 and. Ätf = 22.3 kcaL more-1. From

an equi-librium mixture in CS, at -600 the crystalllzatlon of A is

favore6. The filtrate contains up to 75/" B (Fig.2, bottom) , be-

cause B isomerises very slowly at this temperaturen Ihe cheqi-cal

shifts were correl-ated to the structures A and B according to the
z\

literatu""3); surprisingly, the phenyl proton absorptions of the

isomers (fig.Z) are quite d.ifferent" I have been able to observe

the equilibrations of severa] other crystalline nitrosa^ulinesr PIe-

pared. by Mr. GoAlbert, and. to enrich both lsomers of them in some

cases:

0

/
N-N

r'

-_>

-Rr

N-N

CH CH
2

oy'
N-N

N-N r'

ft = CH(C

ft = CH2C

f = CH(C

R Rr Ht)

oH5
Hl)

2, Rr = eYclohexYl

, Rt = 2r6-dinethY1PhenYl

2, Rr = cH(c6H)2R0

0

-S r' N-NN-N \
o0

o0

r' N-N
\ N-N

CHZ- t", \
cH] ,"{

2\ zN- NN-N
cH3

\
CH o

7

\ /

aH;cH, 0

0 /
N-N

cEl a$l
N-N /
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From svmme tricallv N N- d.i substitu ted compound,s I obtained the

f otrowing &+ val-ues by means of the coal-escence temperatures of

the nethyl signals:

CH

cä

NI\

oy'

CH-

ALIv t.t
r' N-N

cH(cli 7 2)l/i

S
r' C*N

r' C:-N

3

7

C-N

)zl kcar mole- t ,, ", kcal mol-e-1

()1T50,coctu ) ( 1600,c4c16 )6 )

( lt = 2 ,4 ,6-trimethYlPhenYl ; C4C 16

1 r ooo,c6H5ocoHr)

= hexachlorobutadiene )

r'
cH(cHt) 2

N-N

0

22" kcal mol-e
6

a.

H
3

ci{ c H
a 6 5

CH( CH 7 2

These energies are slmilar to the &f values measured by the

above mentioned equilibration technlque:

-I.!i

S

cä-,)

cf,zc 6H5

M

C-Nz ctl^c -H-zo?00

27 "3 kcaL mol-e
I 22"9 t<cal mofe

( 5oo , cDCrS ) (5eo,cc14)6)

The results obtained by the line broadening technique ar:.d" simi-

]ar results in the lj-terature vfere the starting polnt for the

attempts to separate rotational isomers' Sometlmes it 1s ad'visabl-e

to take such energy values seriously!

1 23"2 kcal mole

3ao , cc14 )

,rfu,r{"kM
Sincerely Youlis t

Albrecht Mannschreck
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Departnent of Chenistryt

The University,

GLASGOY, Y .2.

I2th 0ctober, 1965.

Professor B.L. Shepiro,
Departnent of Chenistryr
Il1inois Institute of Technologprt
TechnologSr Centre,
Chicago 60616,
IlIinoist
U. S.[.

The ABCD ctra of a) tne a I reson&nce of p-nitrosa-N,N-
d.inethvl Iine in trifluoraceti c acid, onö b) tne arvl resonance

of salicv a.ld.ehvd.e.' The re lative sicns of the aromatie

couplinr congtentg in these compounds. A -lover linit to
the free €ners\r of act ivation. AC+, for rotation about the

C=N bond. in an oxine.

Dear Barry,

Becently rb have had, cause to enalyse the tvo compler

ABCD rystema, a) the aryl reson&nce of p-nitroto-NrN-dinethylaniline
(I) üissolveil in trifluoracetic acid., and' (U) the aryl retonence

of ralicylald,ehyde (ff ).

"\ qb
{'

:.4f;
a*(,q
fiY HA^

\-()t

Lr) lt

itr) o

It
N

lt I\ otlr\o
l[q

H

It1

tt tt
Ho

tyb
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These spectra have been fully analyseü and in both cases the

four protons involved are tightly coupled. so that the relative
signs of the gI3.br meta and pg4 coupling constants can be

obtained. fron the spectra; these a,re ++- in bot'h compounds.

The actual chemical shifts and. coupling constants

extracted from the spectra. are as follows.

I. Chemical Shifts (r units)

II(2) - z'5t; II(3) - l'83; H(2) - 2'L9; H(6) = 2'58

Couolinc constants (c/s)

J(2,3) = Il'18 J(2r5) = -0'5ri J(2,5) = 2'2Ti

J(3,5) = r'99i J(316) = -0'49, J(5,6') = Lo'77'

II. Chenical Shifts (t units)

H(r) = 2'92i H(2) = 2'9oi u(f ) - 2'38i H(4) = 2.36

Couplinl constants (c/ s)

.r (t12\ = r'4Ti J(rr3) = 8'4g; ,r(rr+) = -o'36i l'l(r,cgo)l x

= 0.6i
J(2,3) = 7'L6; l(zr4) = 7'84i l(l ,+) - Z'Lz

* The relative sign of this coupling constant can not

be deduced. from the sPectrum.

The ABCD spectrum obtained. from I and' the magnitud'es of the

coupling constants shorr t,hat in trifluoroa,cetic acid'

solution.this compound. exists in the form of the oxine

cation III. Tl" proton absorption peaks obselred' at

about room temperature are rather broader than should'

be expected,, and if the broad.ening can be agcribed to the

interconversion of IIIa and. IIIb then the lifetines of

these species may be estimated. Magnetic coupling to
14N nuclei, incompletely collapsed by quad,rupole relaling
mechanism, and. hindered. rotatiön about thelc(r)-u bond'

noy eccount for some of this broadening but if the
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broad.ening is a,ssumed to be entirely due to slow rotatiÖn
about- the C(+)-U bond. then a lower liurit can be placed. on

the rate constant .k". This turns out to be 6'3 sec-l.
The lover linit to the free energr of activation, AGt,

for rotation about this bond. at 303'5oK. can therefore be

set at 16'9 k.cal. tole-l.

With best wisbes,

D.D. llacNicol,
A.L. Porte,
B. tlallace.



"Favorsky Rearrangements, III. Syntheses of eis-3-Halogeno-
acrylic Acids from L,1,3-Trihalogenoacetones"

C. Rappe
Acta chem. scand. l-9r 31 (1965)

"NMn Chenical ghift of the Hydroxyl lon"
R. Gra.hn
Acta chen. Scand. 19r Ln 0965)

"Favorsky Rearrangements. VIf. Attenps to Retrrange 21215-
Tribromocyclopentanone j the Preparation of 3-Bromocyclo-
pentane -1, 2- dione "

C. Rappe
Acta chem. scand. l9r 27a (1965)

"Proton Mobility of o-Haloketones"
C. Rappe
Acta chem. Scand. l9r 276 (L955)

"Synthese von S-Chlomethyl-2. 2-dinitrotetrahydrofuran,,
E. Steininger
Ansev. Chen. 77,\27 0965)

"Nuclea Magnetic Resonance Spectra and Structwes of Some
C_- Glyco sylf lavo noi ds "

"The Synlrhesis of rlslAmulen Trioxide and of ElSlAmu-lene
Oxlde Disul-phide"

c. M. Badgerr J. A. Elix, G. E. Levis, U. P. Singh, md
T. M. Spotsvood.

cben. com. 269 0965)

" 1, 3-Diphenylisoindoles"
J. C. Ermett, D. I. Veber, md W. Lwowski
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