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iProfes sor E.L. Shapiro,
bäpartment of Cheni-strY,
Itf:nois Instj-tute of lechnologY,
Chlcago,6O616,
u.s.A.

Imperial Chemical Industries Limitecl
DYESTUFFS DIVISIQN

P.O. Box 42, Hcxagon Housc, Blackley, Manchester, 9

95- r

Your Rcf

cur Rcf : Pj,/ÄRG-!5
.lesearch DePartment

6th Jr-r:y,1P66.

Dear Professor ShaPiro,

Inthepastwehavesubmittedcontributions-totheNIIRNews].etter
concernlng trre aoulre """orr*r"" 

nethod of obtaining 13c chemical shifts
fron proton spectra. i;,le have ,rou, roJiii-ed. a second probe for our liA-1 OO

spectrometer so th;l 14N data can be obtaj'ed. by similar neans' Here the

transmitter coil ""ppri." 
toth tlie 1OO Mc/s proton-observation frequency

;.ä:ä:"i""zz'in 7" r4N .lecouP]ing frequu"tv: - The decoupling fbequencies'

ä.i i.in'iJg-;d-reN work ui",räu, gerierated by a Schonandl frequency

srmthesi,zer, which gives a contil1uously variable output frequency from

O-lt U./, uÄtft t setting accuracy of + 1 c/s'

Thel4Nnuc]-eus.'.rithspirrl=lisexpectedtosplitthesignalof
any attached proton into a triptlt. Trris splitting.however, is only seen

when the electric fi"iJ"t the nitrogen nucleus is highty symmetricalt

e.q. in 
^*torr1116 

ions. In most o"g;;;i" compouncls' where the fie]d is

;:är;;.i;äf-;a quadrupole ""r*^?ion "rieäts 
,tuü.tty cause the attached-

proton signal t. ö;; äs a broadet'eä t:-ngt"t:.-- lo^uble irradiation at

the 1aN resonant frequency ""*ot'""r--o" 
*i ioou, tnl*f,pclver modifies' the

triplet spli_ttilg o"ät"in.tive1y'"tu.pun" the broadäned singlet peak of

any attached. protoi^"rd-;;;-ittt ctemicai shift can be determined from

this critical irrailiatilg fbequency'

The doubfe resonarce method has advantages of sensitivityt
precisionrconvenience and fovrer "o"l-o""t 

tbe diräct observation method'

li,oivever, to compensate, it ).as. the follor"-inE d:sa'fvantagt", (o) only laN

nuclel coupled to protons can b,e r-tr.r""tig,utea, (t) if tt:e 1aN nuclear

quadnrpole reLaxation rate or ,.tternat:-.räry tt-t" labile NH proton exchange

rate is fast enough to effectir"fy ä.""rpiä the proton and the 14N nucfeusr

i.€e &rI already sharpened oroton ";;i;;-;"ak 
i-s observed'' the laN

i"t.ai.ti.n uiir havä no furtirer effect'

In the amldes, tire two compli'cating effecis above ale not

serious and the aä"ii"-i.r""a:-ation *Ltttoa was successf\rl for al' the

prirnary anc secondary aroides "*t*ittä' 
'''he results are g.iven in the

Table. lhe solvent throughoutt t"="ät :i:*l-for formaraide itself-

rvhlch beirg insolubfe in cmL \.ra. examiäed in sgst'sn€o Tests shovrecl

thattlreresu]'tsarefYeeof-so]veirtandconcentrationef,f'ectswithinthe
present level of experinental error' fhe 1aN chemical shj-fts were

reuex osrsz/a/a
TELEPHONE: CHEETHAM hIIL I46O i.FUIIK OIALLING O6I CHE I46O IELEGRAMS BRtDYCOF, MANCHESTER
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2.o
1.5
2.2
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2.O

2.o
9A

trr)

3.5

obtaj.:ned. experimentally relative to that of the anmonium nitrogen of a 4.5 M

solution of Analar IIä4NO3 irr lN aqueous HCI. Richard.s [t 1 used. the nitrate
ni-trogen chemj-cal shift of this solution as the reference for iris col-lection
of raN d.ata and. our results were converted to the same scale using the value
of 351.5 a O.5.prpooo for the shift d.ifference betureen the two nitrogen
signals. The main source of error in the quoted. shift values arises from
the uncertailty jn d.eterminjng the optimum 14N decoupling frequency d.ue to
quad.n:po1e broadening of the nitrogen resonance itself. Instrumental
instabilities r',rere found. to be negligible. The quoted. emors are the
rnaxirun uncertainties and also incfud.e t|_re 0.5 p.p.m. ulcertainties in'
Richard.s conversion value. Richard-s [1J has g,iven laN chemical shift values
for formamide, acetamid.e and. benzamid.e obtained. by direct obserwation. lhe
agreement bett'reen his results and our determinations is satisfactory.

. The results shotm in the Table ind.icate that the laN chemical
shift values of the primary amides cover only a small rarge. Also if the
values irt formarnj-d.e and acetanide are taken as a stand.ard, then all the
roeasured sirifts are to Lr-iglre-{ field. as cLranges are mad"e in the group o to
the carbonyl group. The largest skrifts (up to 14 p.p.*.) ."" found'when
the carbonyl group is conjugated. as in acrylamide, cjlnarnamid-p and" benzamide
and. when the alIry1 protons of acetamid.e are successively repläced. by
chlorine atoms. The raN chemical sl:ift range in the secondarlr arnides is
larger and here d-ovrnfield. shifts are found. in all cases relative to the
correspond.i-ng primary amid.e. A fairly regular large d.olvnfield" shr-ift is
found. (- lO p.p.rrlr) when a primarl' anide is converted. to the anilid.e, but
the chanqes in the l aN chemical shif t on N-allgrLation are su.rf)risilg.
N-methyle^tian has little effect on the raN amid.e chenical shift, but going

267.8

269.6

272.8

272.+
, 272.8

278.5

2EO.B

28t.5
27)+.5

27t.1

276.4

277 -t
282.1

shift
P oP o I11o

269.7

:)). )
246.6

21v8.6

27A.3

261+.1

2)+8.7

215.o

243.1

n$.6
251.6

253.3

2)+5.3

25i+.1
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fbon an N-methyl to an N-ethyJ- d-erivative prrcduces downfield shifts of
about 1! p.p.n. These clclvnfielcL shifts leveI off at the N-buty1 derivative,
to give a fina1 value about 22 p.p.n. cLownfieLcl fron that of the primary
amide.

hevious work has ind.icatect that laN chemical shift variations are
controlled largely by the paramagnetic tern 6A'. In the arnides, it is
proposod that itre snalI charrges in oA are governed largely by the effect the
sutstituonts on the anide unit have upon the nitrogen lone pair of electrons.
Tentative explanations of the observed. shift variations carr be put fonvarr&
j3 these terns with the exception of the shifts observed. on N-alkylatlon.
A paper has been preparcd ln vyhich these results are discussed in detail.

Yows silcerelY,

4ry ü ll"tL
P.Hanpson.

if ] Herbi-son-Evans and Richard's. 1io1. Phys' 9, 19, 19&'

,{.Mathias.
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STANFORD UNIVERSITY
STANFORD, CALIFORNIA

DEPÄRTN{ENT OF CHEN,TISTRY ilune 30, 1966

Professor B. L. 'shapiro
Department of Chemistry
Illinois Institute of TechnologY
Chicago, Illinois

fitle: Hatide Ion Probes for IMR Studies of
Antibody-Hapten Binding

Dear Barry:

Professor Thomas R. Stengle and I have recently described
the use of halide ions as chemical probes for NMR studies of
biomolecules in solution. (Proc. Nat. Acad. U.S., Vol. 55, IO2O '1966). Professor Stryer (Stanford Medical School) suggested
that the technique might be applied to study antibody-hapten
binding and offered to supply us with a sample antibody-hapten
combination.

For nuclei with spin greater than L/2 such as c135 the
interaction of the nuclear electric. quadrupole moment with
fluctuating electric field gradients af the nucleus can provide
a simple and dominant relaxation mechanism. Irlhen a chloride ion
is slzmmetrically hydrated in solution, the electric figld gradient
at the nucleus is very small, and the corresponding Cl" Iü.,IR

signal is sharp (about 10 cps for I M aqueous NaCl.) On'the
other hand, if CI is chemicallg bound to a large molecule with^a
Iong correlation time, the c1'" Iinewidth can be as much as I0"
cps. If a quadrupolar nucleus can be located at different kinds
of sites in solution, then the resulting lineshape depen$s on the
relative concentration of various sites, the values of e-qQ and
Tc at each site and the exchange rate of Cl- between various
sites. In the limit of rapid exchanje between two sites, the
resultant linewidth is given very simply by

AV= (Av")nr* (AvO)eO

where Av_ corresponds for
(10 .p") I Avh corJesponds
macromoleculö (I0" cps) P

ion is in solution and P.

to the macromolecule. D

example to the linewidth of solvated Cl
to the linewidth of chloride bound to a
is the probability that the chloride

equals the probabilityrthat it is bounda
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From this equation it is apparent that for a I M aqueous
solUtion of NaCl a concentration of bound sites of the order of
1O-o l,t is sufficient to give rise to a 1 cps change in the
average linewidth. Ttre binding and exchange of chloride ions
thus acts as a chamical amplifier and permits various inferences
about the gross structure and conformation of macromolecules at
very low concentrations.

It is clear that the choice of the chloride binding site
on the macromolecutre is quite re.stricted. The ion must form a

chemical bond to the macromolecule to give rise to a large value
of q. The CI must remain.bound for a time long relative to rc
but it must exchange rapidly relative to Various

TTA V.
b

metal-Cl bonds inctuding Hg-Cl satisfy these conditions. fhere-
fore, if suitable sites on macromolecules ean be labelled with Hg,

it^is then possible to infer the properüeof these sites from the
clr) NMR spectra of the macromolecule in saline solut-i-on. Since
the organo-metallic chemistry of mercury is rich, it is possible
to prepare a wide variety of Iabels.

^The antibody-hapten binding experiment proceeds as follows:
the cIrf, NIvtR of a l.o !I aqueous NaCl solution is showp in Fig. la-
Ttre tinewidth is about 10 cps. The additioq*of l'I0 " M anti-z,4-
dinitrophenol antibody gives rise to the C1"" signal shown in
trace b. Anti-2, 4-dinitrophenol antibody binds specifically with
molecules containing the metadinitrophenol qdoup. Addition of the
antibody has little apparent effect on the "-CI linewidth.'iHowever
titration of this antibody with a solution of

2

1

HgCI

in acetonitrile yields the traces shown in Figs. lc and ld. If the
antibody binds the hapten such thaf.the Hg end is exposed to binding
and exchange with Cl , then the CI" linewidth is expected to
increase. On the other hand, if the hapten is bound in such a \day

that the Hg is in a hydrophobic region, then the binding of the
hapten should have no effect on the Cl linewidth. Addition of the
Hg tabelled hapten evidently causes an increase in linewidth, indicat-
ing that the tabel is exposed to binding and exchange with the CI in
solution. It appears possible in principle to place the label at
various interesting places in a hapten moleculerland thus obtain a

crude map of the antibody binding site.

NO t-o-2
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üIe have not yet been abre to obtain a crean cuttitration curve since we donrt have an antibody fractionof convincing purity. rf professor stryer's räbbits willcooperate we wirl soon be able to obtain some morequantitative results.

with best regards,

JDB: la
'John D. Baldeschwieler

A

B

c

D



95-7

THE UNIVERSITY OF CONNECTICUT

THE COLLEGE OF LIBERAL ARTS AND SCTF.NCES

c t
cu

3

July 14, 1966

Dr. B. L, Shapiro
Department of Cherr,istry
Illinoj.s Institute of Technolory
Chicago, Illinois gJ6I6

Dear Dr. Shapiro:

Tsomeri of Acetone Anils

In studying the isonerization rates of imines we chose the
synr,etrical äcetc,ne anil systen,, where the cOnsequenses of r:nequal

r cHt *
c tl-

J

gHt

ItIV

F
population of clifferent sites coul-d be avoided. Rate constants
were measured. fron line broadening, Iine separation, and maxirnunrl

mini;l,uli ratios using Gutows,iyrs forriula.tion. Da.ta reduction is
consicierabl.y- complicated by a temperature dependent chemical
shift, urnicn i-s äasily denonstrable by measuri-ng iine separations
at thä gnj-t of slow exchange. In some of the substrtuted anils
the chemica-,- shift decreaseÄ b), as McI'r as 3 cps. frorn 0" to 6O0,

w'itn the nean s:;ift being 20-25 cps. Such behavi-our is at lgast
rarti.y responsibre for the rerati;;irt i""g" (1 3 x"at. nore-I)
unceriainty in the rneasured. activation enerqies. our results are
pore or le,ss in acqorcl witrr those of Curtinf and the veri' precise
ones of r;etterm.arkz, althoueh we are t,,ot abLe to specify a P for
this reaction as the other workers did. The activation energy
seenis to be deciciedly solvenl ciependent althougn again the
sca1,Ler in lhe data ieduces thi-s to a qualitative statement.

STORRS. .ONNE,CTICi_rT {}62ob
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x+t

Dr. B. L. Shapiro
July 14, 1966
Page 2

He N= C

lle
N = c."rut. q43

Splvent

nitrobenzene o-dichlorobenzene quinoiine

16.5

Perhaps the most interesting observation of all i_s that
X=CI the aromatic proton pattern is not AzXz, even up to the
point of' coalescence of the methyl signals. Since the samples
studied had present unreacted amine witn the i:nine/amine ratj-o
about I' no detailed study of the aroruitj-c portion rras possible.
However the nonequival-ence of the ortho protons requires slow
rotatj-on of the aromatic ring about the c-N bond axis. Further-
more, it wou-td requ,ire a very speci-al s;mchronous rotation of
the aromatic rj,ng about tnis axis if the j-somerization proceeded
via a rrruaggingtt motion of the aronatic, i.€.1

29
23

2I
16
T9

I
2T
20
16

cHt

e
LIE

Measured Activation Energies for

l$**(ctts)e (kcar mote-I)

HB

N= ct
cHt

t J'

cl-
Br
CH 3

llc

x
ae,H3*!

H,

\
lln

Such a rrwageJ-ngtt motion seerls to bp.rtlg: on_e implied by Curtin wtren
he writes tle transition state as L-r-d[=C ( . Perhaps a reasonable
altern;-'tivejtnis process is one where the Ar-N=C angle remains
invariant and the motion involved is that of the gen-di:nethyls about
the N=C bond axise i.e.1

u)c
Cllt fttt

An
\+

cAt Ar"

N= c
cil.3
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Dr. B. L. ShaPiro
July 1l ' L966
Page l

This nay not bQ so implausible as it initially seerns, for if the
rrii"o,lu" is sp2 hybriäized the N=C bond has characteristics both
;-;-ö; ;;"ä:fr'iätr rotational ba*ier) and a CEc bond (cvlindrical

"yr*ri.yl. 
Th; tiansition state coui$ then be one where there is

consicierable overlap between the N-"pt orbital and the C-p orbital'
The lrr-p orbitai remajns in conjugation with the.arornatic, but
since i.t is now doubly occupieä tfte delocalization would be favored
by electron withdrawing groiips and a i-rositive p value voul-ci be

observed.

This entire hypothesj-s is quite speculative, but neasurernent

of rotation;;l rat,,,s- a.bottt tire ar17J -nitroget-i bond should help clarify
the situatj-on.

SincerelY,

/u,* / J^,/.^/ 'v--
Eugene I. SnYder
Assistant Professor of Chernistry

LIS:bld

(t)

(2)

D, Y. Curti-n, E. J. Grrrbbs, md C' G' lu:c0art)rr J' AE' Che$'

G. i^letterrnark, J. t,teinstein, J. Sousa and L' Doqliotti, ü-lbE?'
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TATA INSTITUTE OF FUNDAMENTAL RESEARCH
Ndtional &ntra of the Coocrnmena of India for Nwlecn Sc:lllrcc and Mathcmotbs

Telcrama: zETEsIs colrtBt, BotBAy i lbtophonc: lrsrrl
j

t"*\ 1''vb*
July 16, 1956

Professor B.L. Shapi-ro
Departnent of Chenistry
Illinois Instiüute of Technology
Chieago, Illinois 60616

NMR 9tudies of the rnteraction between polndluoroacetones
and Protor>donors:

Dear Profesoor Shapiro,

There io a group in this institutb uorking on the High

Resolution NMR and we wou.ld ljJce to be included, on the m,iJing

ligt of rrr-Nla Newsl€tters. As olrr first oontribution, we

subcit the folloning work done b;r us recentJ;r.

We have studied the lrteractions between poJyfluoroacetones

(tr1rt trifluoroacetone and sJm. tetrafluorodicirloro aoetone)

and' proton donors of the tlpe Rtl (n ueine Ho, cH3s, ffigffiz Grt2cHas,

ffigo, (ürr)rr'r and (c%cHe)aN) fron F19 ana r* nagnetic resonanc€s.

rn pure solute on\r one nl9 line is obsenrod as expected. but on

add.ition of the solvent we observe an add.itional line at higher

fields, the reLative intensity of which increases with an increase

i.tr the amount of the sorvent a.dded untjJ. the orig;inal line
disappears. The results have been interpreted. jn terrns of tb,e

fornation of addition products in which RH group is ad.ded to ttre

aaaa 2
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carbonyl .Broup ( >C = O + RII'+ >.{ä) because of the enhanced

electropositivity of the carborryl carbon aton due to strong

elecbron-withdrauing eapacity of the po\yfluoroaltgrl group. It

ney be pointed. out that although there are two llydroxyl groups

attached tö tng sane carbon aüom in the ad.dition products forned

by interaction rith water, the adductg are so stable that they

requi-r'e nery sbnong dehyclrating agents to remove water from thsrn.

He also find, evidence of i5rdrogen bonds between fluorine and the

\rdroxyl grorp in these compounds. The j.nfra red data obtained

on these systems also confirt the NI'IR results.

Iours siacene\r,

UfNtuv
( ü.R. Kanekar )

C.L. !u*t+_.1a
(C.t,. Khetrapalj
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Aldcltng voor
Theorotlrche Organttcho Chcmlo
Trblooa 3ltO6
Prol. dr L. J. Oortorholl

nt.:

Hugo do Grootrtraat 25, Lrldon
Trbloor 26457

l,eyd-en, July 2'l . 1966 JH

Dr. 3.L. Shapj_ro,

Department of Chemistry,
Ill-inois Institute of Technology,
Technolory r,cnter,
ühic,ago, f J linois, 6A$ 6.
TT C 

^

ORGANISCH CHEMISCH TABORATORIUM, RIJKSUNIVERSITETT LEIDEN

onderwerp: lI.l'{.R. of Oyctopropvl Ions.

)ear Dr'. Shapiro,

some of the results we obtainecl in our stuJ.ies of positive
c;rclopropyl ions d.iff :r from the observatlons reported b1 pittman
anJ. olah (J. Äm. uhem. Soc., 87, 5123, (1g6il).

The T.ebles r anc rr collect our ii-at:. on the lüiß spectra of
t'ifteen cycloprocyl ions, Two of the ions are af so cescribetl by
Pitt;oan anl ol-ah. rlur data:r.nü spectra on these two ions are rlif-
I'erent

The specbrun of' the cycl-opropyl-g-tolyl-carbinol, in HSo.F-
sbFq-sO2, recordeo at -?9ou (Fig. 4) is comparatively simpl" irra)L

can be usecl as a key to the interpretation cf the more complicated
spectra. 'lhe absorption lines crn er:.sify be attributerl to the
d-i-fferent (groups of) protons in the molecule. The signal of the
exocyclic proton is found as a:loublet at approxim;rtely;..00 ppm

downfield from'lr{s with J-ll cps; the signols from the o( - an,l
p -trydrogens on the cyclopropylring ir.re shii'ted 2-3 ppm d-o.onr.-

field vrhich is ir.bout the same vafue pittman and of ah report. The
phenyl absorptions are note'worthy as they show posiii.rely thil.t
the hyJrogens at the ortho positions &re non-eouive.rentl the non-
equivalericy of the meta protcns is'rs expectecl , less pronourrcecl .

{ere, as irr t}ie co:npar;i.bl-e speclra of the other cyclopropyr aryl
ions, the .rit'i'erence of' t.he chernicu.l shii t ot' the ortho protons
is about 0.5 lpro. lloreover in all *ul-rose coLnpounds the doiibletss
of the g_!r_Lg- protons shovi a',lditiorr,,rl splitti.ngs (t-z cps) irrecaure

of the diff'ererrt rneti:, coup1in;s. 'rhe specrrum of the cyclopropyl
pherryl ion i; sho"'.'n in irig. 1. The :rbsorption r-ines cue to the
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Table 1
x)

chemicar shifts of cysl6propyl .r.ry1 carbonium rons

o(

;rcS.oprop;rl-
ro l;on.sn

exocPhenyl -crotcns

Che::rica1 r:hif ts i:: .:prn fror:l Tl,lS

r(oc)

iarting carbinol

Cyclopropyl phenyl -TO ' B.O2 i ?,.L?i
8.jji 8.42ig.??; B.go

Cyclopropyl'g-toly1

9.23 4.Og

8.94 j.8? sigr.
frnni 4 vr..

' 2'92
io

- zo2')!

^I: ..> :1,.-v--_ . L...

8.41 j.z? si;::. cC:,i4.2:
f ro:l )
) ,12L a +g

+uO
-, oa1o.rV

g.oo 3.89 2.9? ii]. ).'aJc
a

1

t.Lili
i.60

Cyclopropl/I .

. p-anisyl

Cyclopropyl
g-ethyiphenyl

Cyclo.oropy1
propylpheny

-50

-,74

-70

p-is.g- -?o
I 3.84 3,c?

to
z rQ
). cv

Ci{: ob sc .
vLL_. L. ):)

?.?o;
8.02 ;
8.5?;

7 .82;
Q 'tE.

B.7o

n l,z.
R c.l .

8. zB

?.33
Q rova4a

8.63

/. /2i
B. io;
B .64;

7.67;
? .93;
8 .50;

n Qo.

ö.rz;
Qnn

7.95;
P;.2? i
QQz

8.9?

:1

o Lq.
Q rl,
U o l'i

8.69

Cyclopro^::yl I,4-di- -7O
nre thylphenyl

CycLopropyl
3-chlorophenyl

-75

xr) -75

3.89 3.77 2.8?
to

= -1.).)+
-a/2.YO 5:;n.

f-^-+ r V...
z?O
).L/

to
z c,)
J . -/-

9.18 4.o7 si3n.
f roni
3.42
tol

- a-).o)
9.2O 4.10 sign.

fron
3,50
to

7"o7

7.?,2;
I ao.''avI,

8.52

aTi .a cOv-r_. L. ),-;
CY,2 z 2.4?-
( dSub 1e t)

Cyclopropyl _*\
g-fluorophenylj* / nultiplets at 9.08

P qa. Q zov.vt/, l).)(

and 7.65

o Qo.
Q rz.
Q Co.

8. oo;
8.Jo;
B.8o

3;.rcloprop;rI
n-bronophenyS"

-80 8.ro;
8.10; 8.19;

8.54i 2.69
--)

1! rr) In HSO,F-SO,
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?able Ii
riL^,.-i ^^'1 c'-.i -er.- ^! n-.^1 ^.^--^.-,,'1v;lgl.i.Lv3I v-I_r uD vi rJw Jiv-,_ u_.J a

*l

7 .?2; ? .?'!+
P,.58(br.couble';) :.88 4.a3

l--e.:,-.i.ca1 s:r:f t s 'i:i pp::' iron T. Ii

CJrclopro*oyI
g-toiyI rretiiyJ-

C;,'c 1op r opyl
r-anisyl nethyl

Cyclopropyl p-
ethylphenyl nethyl

C;rc1opro.)yl !.-iso-
propylphen;vI

nae thyl

. 7.12; 7.ti7
-85 B.r9 ;8. 25 ; B.9o 2.59 3 .62

_prO v..-., .v I

7.gli
br. sing. ) a.9t

ATT

4.oj j.a5 c;i:)

C:I
4.06 j.a? c\i

2
) i.o, a.n:- . !' .)

.\/V vv--?. . aLu)

Qc
?. 81
a (a t

-Bo
7.8o; 7.9!+;
8.55(lr.sing. ) a.88

: ob sc.

Cyclopropyl !.-tgl!.
butylphenyl

methyl -80
? .94; B.10;
8 .52 (b r. sing. ) 2 . 89 4 .oi 7 .L5 c'1, .1 Lq

Cycloprop;'J-
- g-chlorophenyl

me thyl, -7o
o a-.(.( ()
8.45 ;

t o).( a .tL t
QcQ 2.92 4.06 3.i7

Spectra !..,'ere record.ed at 60 }ic.

The ( Ci:- ) ,.;''i+ 1on vras used. as ari intc':'ni.I ref erence . The
)+

Cifferer:ce in che;,'.icaI shift bet,vree:: tl:e rcference ancl.

Tl{S ( e:r'i.:r'::.aI ) vras e:timate r). as -J.2i ppn.

for muiiillets cente:'eC positicns a:'e given.
The conpounds were dissolveC j:r nixtures of I{SC-F and SO-tt
containing less than 2C'/ sbF.(b.w. ).

ß0(irhenyl protons
:-o 1. cn s/r T-T

)
e iIOC o

m / O^ r.L\ v)

Starting carbinol

-)
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of ü-vciopropyl fons.

exoc:,rciic protcn.:ini to tb; ortho r'henyl hylr-cgeris c.itr Lr''. Jistirrguishea.
),z.t,a oc, the eyclopro;,y1 a.ryl ioirs are coflectetl in T.lb1 e 1.

Th: slecira recorJed at -6OoU are icie;itical r,,ith those i:ecord-

el ai lower tenper:' üures, . hovrever, ,r.s it is our exi1erience tllr'; tire

ions .iecJ.ilrrose ex breurely r,.rpicll;,r ,t thi s teinperi?.ture, rve thi-nk bhlt

the irff'er.errt results of Fittman:rrrLj. Cl-ah iinC tl:eir orlgirr it, the

i'.r.c i ih:rt ;1 1 their iipectra r\rere recor.ie.i at -6OoU. rt -l jou

jecor:ig,ositlcn; tl-rougih less rapid, is still ob:;ei:ved. ''hel'ej'cre l;o

te;:,.er,j.tur-e tretr'€nd.ence of these specira c:rir ile shoinrn, in co,'iii:,rst

c:'tlrose oi t1-.e cyclopropyl ary'I methyl iorrs.
!'i s , eh^ws the spectrum of' the cyclo"oro;yl-g-airisyl methyl, 15.

c.:rbotlj rm j-crr recor.iei at -g5oC. T1:e -lo':' :-'it,l.1 si5n,-rls ,lue to tl:e

o -tho protons especi*lry .are b.rot.l,,l ertei. 'i'he phenyl si5r,':1s (i:Iiow

:rJtlin'.,hen tlt,-; ten.cer:ture is l':Lisel . The spectra of the o-Uher

c;'cloi;ropyl aryl methyl ions ilvestig.-tea shovu lhe .;;lnt+ I;ic brire.

Ll:e difieience betvreeri ou.f si,ect:'uLni oi' u\z cycloprc,.,r;J--1-to1y1

tneihyl i cn an,i -uh tt recorti eJ b.,' Pi-Ctrn:n an.i uiah is yro i'rhrI,y , e

zg,e:,:i tO ',,he i:"Ct tllai theil S!eüt i,r:n i:i ll ?oorje,i :li :,:. consi-''erab1';f

l:i,;:h:r t,e;rpei,.[,ire. äere the riSidity o;' t]:'.: ilof er;ul-e pl:.ys the mcst

i11rro-t:rnt lole, r':ther th'.irr t1'e c.ecom;;osition.

''ourr Since :e);1 ,

-1L
Kr,r,.tenbu cg. ) I il 1..

\J. -)er-Iril'C. /
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THE OHIO STATE UNIVERSITY
DEPARTITIENT OF CHßl{lSTnY

88 WBST ItTII AVENUß

CoLUMBUS, OHIO , 43210

JuLy 22, L966

Dr. B. L. Shapirc
Chemistry Department
Illincis Institute cf Technclcgy
Chicagc, TIlinois, 6O6t6

Dear Barry:

We have dcne scme work on the n.m.r. spectrum cf pyridine and find with
CastalLcrrio that the results differ scmewhat frcm those in the literature
pyridine ,'i in ether: ReilLy-Swalen prcgram.

I,r(

I,/(
I'i(

r) -0.76 Hz
z) B:-. rB
i) ir.BL

J:L 4 l,
96 -o.

c)t
L.2l+

,2
+. at

As is weII known the ccmpcnents of the o-hydrcgen muLti-plet are ccnsid.er-
ably wlder than the cther Lines in the spectrum. Hcwever, rnie have found
severaL cases where the cv-hydrcgen Lines are quite narrcw-in the presence
cf hydrcgen bcnd-ing sclvents or of small quantities of crgancmetallic ccn-
pci:nds. For instance a lM sclution of pyridine in ether ccntaining 0.05 M

cf bj-s-(2-methytbutyl)-nagnesj-um yields a single n.m.r. spectrum, due to
rapid metal-nitrcgen exchange. The s-Llnes in this spectrum are abcut. O. L5

Hz wide. Apparently the line-narrcwing we cbserve comes frcm changes in the
T1 cf N14 due in form tc different electri-c field. gradients arcund this
nucleus. IrIe are checking this idea with spin-echc measurements of T1.

The chemical line-narrowing effect describeä abcve is brought abcut
even by ratics cf RM/heterccycle cflmcle percent. Hence the extrleriment
amcunts tc chemically deccupling N14 from the q-hydrogens.

Spectral parameters fcrlM pyrid.ine + O.O! M bis-(2-methylbutyl)
magnesium in ether were determined with the Reil-Ly-Swalen prcgram ald alsc
by Axel Bcthner-By

-0. ho
69.99
\>. rz

R-S

L'1
L,TT

2

Bo
((

L,
o.

D<
7.61

5
I4

I
2
1

!J

I',i

iI

-o.1c'
69. 89
\5.>t

I
0
0

L
o
o

L
I
I

J I
,
)

2
L7

l+

9I+
BB

,
L1
L9

DZ
L))

T. UT

7.\o

2 4
)B
al

R-S
B

RvidenilT the twc prcgrams are sensitive tc d.ifferent kinds of errors which
is reascnable since they emplcy different arithmetical procedures. The inter

-prcgra;n deviatlcn beccmes impcrtant when the n.m,r. parameters are small.

Sineerely Yours,

29
l.
l.

Gideon Fraenkel
Asscciate Prcfessor cf ChemistrY

cF/dc

p. S. Note that the prcgrams gi-ve identical results i-n fitting an invented spectrun
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ttlql\ZER STTY OF IIJIJTITOIS

THE WILLIAM ALBERT NOYES LABORATORY

Juty 2J, 1956

Dr. B. Lo Shapiro
Departr.rent of Chemlstry
Illinois Institute of Technology
Technology Center
Chicago, Illinois 6O6t6

Re: Ring Inversion in Trihetero-cyc lohe,xanes

Dear Dr. Shapiro:

I hope this note will put my name on the mailing
l-ist of your NMR newsletters.

This academic year I have been working in
Professor Gutoi,vskyrs group, rnalnly on the ring lnversion
of sSrmmetrical trihetero-cyclohexanes j in particular,
trioxane(I), hexamethyl-trithlane(ff), and N-trimethyl-
hexahydr otriazine ( III ) .

Only III can be easily studied with steady-state
nethods. Prelimlnary yesults of a high resolution strldy at
different temperatures are reported in this letter.

As expecteoL'2'3, the axial-equatorial chemical
shj ft difference between the methylene protons is quite
large:^ 0.896+O.OOl ppm in a 1OT,/" v/v solution in CUpCtz
at 240"K. The coupllng constant between the axial and
equatorlal methylene proton , dt the same temperature,
is JAB = 10.4+0.2 cps. The rate of rlng inversion was

<ietermined by a complgte lineqhape analysis method for
temperatures from 24Ou to tI5"K. The activation parameters,
as determined frorn a least squares treatment of the data,
are glven in the following tabLe:

7.111.2+O.215.1+0.2(6tz )xl01al5.6+0.2267.9

AS

I
I

+
ca

(eu )

ALI

+
+
cc

(rc )

(r,car )

AH

+
+ (r )

( xcar )

A

/ 
-i 

\(sec - )

Eo

( kcai )

T

oK
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Universi'cy oi' ILlincis
Page Nc. 2

Dr. B. L. Sha,oiro--

l,Jhi1e
appearecla ln ivh
as determined
This datum is
ported in thi
is obtai-ned i

'i q rrcoÄ'

L
IJ

i
r
n
1
L

L

f
l-

S

t

July 21, L966

his hrork was being completed, a note has
ch a value for the free energy of activation,
on the coalescence temperature, ls reported.falrly good agreement lvlth the val-ue re-etter. In fact, a stil-l better agreement
he correct expression

T

(ot + 6t2)t/e

Si ncer'e1y ycurs,

+
+

AG
.t

= 4.57 T^l Io.2T4 + 1og
UL

c

M
Pi-erc A. Temus:si-

Perrnanent address:
Iästitutc di Chlmlca Generale
vi-a }lezzocannone Ll, Napoli, Italy

lH. P. Homlow, S. 0kuda, N.
Tetrahedron Letters N. 77,

2F. Bchlmann, D. Schumann, C

ibid, N. f!, 2705

Nakagawa,
255i (rq6+

. l:\rrnc t

)

a-"J . lJ. Larnberc, H.
J. AiTI . Chem. Soc.

G. Keske
BB, 6zo 0gAA)

4nAll c \ro
Chem.

Riddel and J. M. Lehn
comm. titc. 72 , 175 (1965).
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Dr. B. Hanpel
i. Fa.

E. MERCK. DÄRMSTADT
AKTIENGESEITSCH.AFT

FORSC H U NGS.ABTE I LU NGEN
H o u p tlo bo roto riu m

61 Darmstadt, 22. Juli 1966
Herrn
Professor Dr. B. l. Shapiro
Department of Chenis.try,
Illinois Institute of Technology,
Technol-ogy Center
Chi-cago, tr1Iinois 60616

Sehr geehrter Herr Professor Shapiro !

Für d.ie Aufnahme in die mailing ]ist der IIT-NIVR-
Newsl-etters danke 1ch Ihnen ebenso herzllch wie für d.ie
ersten beid.en Hef te !

fm Zusammenhang nit der Aufnahme d"er NiviR-Spektren von
Steroiden in verschied.enen lösungsmittel_n haben wi-r uns
auch'mit der

Kal-ibrierung von NlvlR-Soektromet ern unter
Verwendung von lösunEsmittel-mischunsen

beschäftigt. hlie viele organisch-chemische laboratorien
haben wir nicht die Möglichkeit, unser A 60-Spektrometer
durch ei-nen Freo,uenzstandard zu kalibrieren. Wir Werendaher sehr daran i-nteressiert, die von Jungnickelr,)
angegebene und genau vermessene lösungsmittetmischung auf
ihre Zuverlässigkeit zu prüfen.

Ich habe eine gröBere Menge dieses Gemisches der
Zusammensetzung: 3 % Tetrametirytsilan, 2 % Cyclohexan,
1 7' Aeeton, 9 7; I,1,1-Tri-ch1oräthan, 2 /" p-Dioxan,g % nicnl-ormethan und IB % Chloroform (Votunenprozente )hergestell-t und an drei Kollegen verschickt, d.ie die Mög-
lichkeit zuy KaLlbrierung ihrer Geräte durch Seitenhand-
methode bzw. Freouenzzähl-er hatten. Die anliegend.e Tabelle
der Ergebnisse zeigt, daF t'rotz der Bedenken, die sich
auf die Anwesenhelt von Chloroform und Aceton i_n dieser
lösung beziehen, ein brauchbarer Standard. vorgeschlagen
worden ist. Die l4ittelwerte der vier MeBreihen sollten
bis auf + 0,005 ppn sicher sein.

I) ;\nal;'f,.Chem. 15, I9B5 (t9e';) -1.

Vorstond r Hdnt Horms, Vorslr.cr; Wllheln Stelgcr. Emonucl W. Merd John Nlcmqnn, Jon Thoslng Vorsltz€r dss Autslötsror€s ! Prof. Dr. Hons Wolfgong Kohl:dr0ttar
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Unsere Zelöen Tog Elott 2

Den Ko11egen, dle auf meine wünsche elngegangens'ino, möchte ic[ aüch an dieser stel]-e noch elnmalherzlich dan.ren.
Mit den besten GrüBen und

vorzugl-icher Hochachtung
Ihr

Bearbelter: J W M B Mi_ttell,omponente
TMS
C;rclohexan
rrceton
f , 1 , 1-Trichloräthan
p-Dioxan
Dichl-ormethan
Chloroform

7 ,326

d

0
I,433
2 rLLz
L t-t3I
3 ,62r
5,10L
7 ,330

0
r,433
2 rl-l-3
2,'i3O
1,62r
5 ,297
7 ,725

0
,433
, l0B
t -i2)
,620
,296

0
L r'r37
2,111
2,-(30
3 r623
5 o29B
I t )z I

7-a
t )aa

I
2
z.

3
5
7

11
30
2I
98

0
Lr4
2rI
1s t

3r6
5r2

Chenlsche Verschi e der lös smittelkom onenten in cier
Referenzlösuns nach J ickel in ppm (von letr amethyl-
silan ) .

J : J.L. Jungnlckel, A 6O-Spektrometer; angegebeneGenaulgkelt + O,A3 Hzi Meptemperatür 77'"C. -

\'/ : G. .Walz, Farbenfabrlken Bayer. A 6o-spektrometer;+ 0,1 Hzi Meptenperatur niötrt angegebön.
I{ : A. Melera,_ varian AG, züric]n. HA-lo0-spektrometer;

l{eBgenauigkeit nlcht angegebenl 27 o C. 
-

B : r/. BrügeI, g4!F: Mepbedingungen: A 6O-spektrometer;+ 0,05 Hz; 4to C.

I : Aus den Ergebnlssen cler vier Beobachtergebildeter Mittel_wert .

All-e Werte slnd soweit möglich auf 77oMeBtemperatur umgerechnet .

141t t e
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Dear fla,rry,

The follorring infornia,tion might interest sorne of the
sugar chemists of the I.I.T.N.l,l.R, brotirerhood., The
problem originated. witir, and" the comL)ouncls \{ere supulied. by,
Dr. Peter schwarz of tire universit.y of .llclinburgh, *.ta most
of the ha,rd work in inte'rpret-Lng the sirectra was d.one by
i'ir. l(enncth l/. ltioore of thi s d.epa,rtlnent.

0bs 10 s on conforririr,-bion rlncl confi rtiti n
-d.erivir,tives of sorne sup:ilrs

Profe s so r
Illinois
Chi cago ,
Illinois,
u. s. Ä.

Proton magnetic re sollance spectrt:. of
solutions of the following four compounrls

A. Th
jj. Th
C. Th
i). Th

_ 'fhe proton chernical shif'ts a.nc1 coupling
frorl these spectra are tisted in Table I.
Cl cortf orrrtrr,tions ArB, C a,ncl D, shown beIow,

rl\ e

/,OAt-
QcO \-

Departrnent of Chemistry,

The University

GLIiSGO\{, *\:{ .2.

Sco t1 and.

22nd, JuIy, 1966,

IJ.L. Shapiro,
Institr-rte of TechnologJ',

60616,

saturi:.ted 0DC1
have been ana.Ilsecl"

e rnercrrri ac e terte o f' r -methyl -3 ,4 r6-Lriaceto-13-gluco se .e nre rcuri c,rrl o rid-e o f 1 -rne thyr -3, 4 r6-tri tr.c eto -[3-gluc o se .
e nrercurichloride of l-lnethyl -3 ,4 r6-triaceto-g-maili)o s€ re rnercuricirl-oride of I-meth.1.] -3 r4r6-triaceto;0-ta1ose.

ll
I

consta.rrts extrii,cted
In a.f i case s, the
predominiute.

llh Hn

I

C-OAc

o

,l
qßO o

}l

t
A

QsO

rl\

ll

Hr

odr

anO

3

t
dl

ocflt
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Hh ll1
I
g--QQc-

o

llr.,

OQe

uo

hR

l.-Oac
Itd- lt\

ttd'
o

Or-O

t

H tlg
ocrls

O..O
tlr eCüt t

D
c

The peaks in the spectra of comTJound.l ArB and c ilre cluite
*fr..ri ancl these coäpounc1"s er1:pear to 5e confor:rr*t*tiona,lly puret
äiirrä"gi, breerthing ;rotions müst occlr-r sj.nce the spectra are
not quite as sfrnri &s should be expected from the homogeneity
oi tfi" 1nl:.gnetic fie1d. üha.t was used' In this context' ring
syste,n c äpp"u.r" to be the most rigid" of the four systel's
studied".

In eaclr' cerse, that per'rt of t'he spectrum which arises
from HI:)*"""""" Lt Ioweit applied, !iela, antl this provitles
;-;;"y'siopf u ""a rapicl methää of clistinguislring between the
rrlucose. mallnose and-'talose systemsr since in these contpounds

fit;); 
"ti(l 

i--""ä-fr( Z ) are in aaä , aae, arrcl eae relertionsirip
respectively, in the Ct conf.rrirations. In a,Il of the compound's

exarilined., the nlercury atom substitutes at posj l,i" ot 2. of the
pyranosid-e "y"i;;; *itg. retention of confi-guration at C(Z )"
,t'he tI(2) resorrarlce is <Lisplr.c"a "l{1etd. by the Hg(II ) substitution'
That pir.rt of the spectrum*4ue to ii(Z), wh-en taherr in conjunction
with tha.t po"i--ä"""to H(3 ), immeclieutely tListinguishes between

it " d.- and g- anoneric f orms. Th.e anorneric form is of course

specified once the absorlrtions due to H(f ) hiive beerl iclentifiecl'
but 1,hese vould. not be imnied.iately obvious from a sinrple
inspection of the spectra'

I99Hg(I=*) qnd'ot"*(l=J/2), occur in na,tura.I abund'ance of
t6. g67o an6 y; )a7; re spe"ii.r"1y. The expected couurlings of
äir)l'-n[ä) ""a-nill *itrt these xt6**3att nercurv isot6pes nave

rrot been oltsc".r"ä, almost certainly as a result of solubility
dif f iculties in ttru case of lggitg änd, a com'bina,tiorr of sorubility
d.if f iculties and quadru,l)olirr relt]xation ef ' ects in tire cüse of
20111g.

i{ith best wj.sires,

l-l+e
-/

ilndre rs lr. lo rte
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TÄBL.EI I. PlüTviv citr:r,rlü:rI, sHrFTsa eND cOL,PLfr\G ü0li$1',r.r,rTSb
l'01? SOLUTIuIJS 0F ü0itr-i,0ut{Ds A,BrC and D Ii{ CDCI 

3

Compound. A ß c E

Ht
flz
Hl
H+

H-)
H,A
H._

)J

OCH^-)
-c00 cSr

5 -3)

7 ,40

4.78
5 .05

6.29
5 .68

5 .88

6.49
7,92
7.96

10.01
r0 .93

8.9
9'0
5'8
3.2

l1.g

5.23
7.38
4"72
4.99
6.L)
5 .60

5.78

6.39
7 .82

.7g
t) '6
.49

.3g

.6r

.7g

L2.5d

4. gg

6.69
4. L5

5.0r
5.96
5.76
5.76

6.6r
7 .89
7.94
1.5

o

4,95
7,L7
4'28
4.7L
5.75
5.93
5 ,93

6.68
7.75
7.98
40

I ] 1 ]
Jtz
Jz)
Jr+
J+s

J.
)A

tto
Jag

.35

.0_

.3_

gd

8'1

9

I1
9

7

4

2

c

o

O

o

5

9

9

5.r
3.0

^tO
7'O
7.O

e

6

Ic

e
3
.f
ta

&. Che;,,icill sl-rif ts in Tunits i)re givcn to th.r n()ä,rest 0.ü1r unit.
b. Coupling constants it.re in units of c. / s. , and except f or

those rna.rked crd and e a.re accurate to wittrin +0.2 c./so
c. Less than lo.ll"./r.
d-. These cottl.rling constants c;r.n be altered. by rela.tively liirge

ariiounts without serr sibly aflf ecting the cillculated. s;iectrum.
e. ,iot availa.ble f rorn the sl,ectr.unr.
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sil.tcoNE

COMPANY PRODUCTS

WATERFORD, NEW YORK I2I88 AREA 5I8-TEI.EPHONE 232-333O DEPARTMENT

July 25, 1966

Simultaneous Measurement of NMR Spectrum and Int egral

Professor B.L. Shapiro
Dept. of Chemistry
Illinois Institute of Technology
Chicago, Ill1nois 60616

Dear Prof essor. Shapiro

Recently we had an opportunity to try some dlgital integrators designeld
for measuring area of chromatographic peaks.

TVo pieces of equipment made by rnfotronics corp., z8o0 westglen Drive,
Houston, Texas, 77042 were connected to our 4,-60. Both integrators are based
on the technique of vortage to frequency conversj-on. The cRS-lrH is fulry
automatic. It detects the peak and prints out a number proportional to peak
area. The electronics are designed so that the integrator prj.nts out after
the slope logic changes in the following sequence: zero, positrve, zero,
negative, zero. Thus on sharp peaks where ringing is observed a print.out is
observed for each "peak" due to rlnging. In order to obtain the correct peak
area the integrals of the ringing "peaks" must be added to that obtaj-ned for
the main peak.

The CRS-3O prints out integral data after specified time intervals.. T?rus
aII "peaks" due to ringing are automatically added to the main peak. Although
the CRS-30 can be used to obtain integral data it is not too practical to use
the time interval for integratlons must be longer than the time required to
scan a given peak. rf there are two crosely spaced peaks the sweep must be
stopped between peaks until the integral- is obtained.

The following data was obtained:

Mixture Relative Area

CRS-11H cRs-30 A-6O Theory

GENERAL@tELECTRTT i

I
d

t

r
I
i

I

II

III

filcfli"
("un,

I
cH3clr cH3/H

gr gr c_w=cH
CH2=C - CH, C-W=CH:

1.O0
0.89
o.73

1.00
.87
.73

2.98
2.97

3.O 3.O

0.493

o.473

0. 536
I

o.464

o.5
o.5

From a price standpoi-nt neither of tirese integrators is practical
unless a large number of integrals must be measured. fire CRS-3O se1ls for
about $2ZOO.OO and the CRS-flH seIls for about $6r00O.OO including printers.
If the price can be reduced there would be an advantage in being able to
simultaneously measure spectra and i-ntegrals.

Sincerely yours,

C"*0 C zJ,*
Carl A. Hirt
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ANORGANISCH -CHEMISCHES LABORATORIUM
DER

TECHNISCHEN HOCHSCHULE MUNCHEN
B MUNCHEN2, den

Arcisstraße 2l
RuI-Nr. 5592/330

331

26.7 ,l-966

Herrn
ProfessorB.l. Shapiro
Chenistry Departnent
fl1lnois Instltute of Technology
C h i c a g o , I11., 60616
USA

rrYariable fre quencv equipme nt for HR-100"

Sehr geehrtei Herr professor S h a p j_ r o !

Gemelnsanmlt derFa. sc homandl KG., Mi,inoheng,
3el-fortstrasse 6-8, wurde unser HR-1 OO fiir varlable Frequenzen
von 2r5 15 ulHz bei 27r4}o KG r.rngertistet. Dle Frequenzen d.er
den Sende- und Mischquarz in Y4711 ersetzenden trschomand.l-Frequenz-
dekaden" NDTOMQ4 u4d ND]0M können in 1 Hertz-Schritten bei einu,
Konstanz ''ron 5.10-8 pro Monat tiber den angegebenen Bereich variiert
welden. Die Schwingkrelse in Sender und Ernpfänger werden mit
4 Sätzen von je + geeichten Steckspulen über den angegebenen Be-
reich abgestimnt-. Als probenköpfe genügen für den angegebenen
Sereich eln 14N- und ein 1'c-ropr a"t Firna varian.
Zwischen 7 unal 30 NftIz wurde mlt ! verschiedenen.Frequenzen pro-
tonenresonanz betrieben, ferner wurde bereits 14N, 59co, unil 11g-
Resonanz gemessen. Die Enpfindli.chkeit wurde mit einer vari_an-v-+111
ftir 14N .r""gllchen und war bei dieser Frequenz (7 r22 MIIz) mehr als
doppelt so groß.

Mit freundlichen Grüßen

lqr,ag
(H. p. F11tz )

li-'{ tJd"^4La,,\^
(K. E . Sc hwar zhgns )
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THE UNIVERSITY OF MANITOBA

OEPARTMENT OF CHEMISTRY
YYINNIPEGI CANADA

July 25th, L966

Professor B.L. Shapiro
Department of Chenistry
Illinois Institute of Technology
Chicago, IJ-linois 60616

Dear Barry:

Perhaps you wiLl accept the following as a contribution to the IIT NMR Newsl-etter.
we have finally gotten an internal- lock on our Dp-60 and have tested it by dolngtlckling and decoupl-ing experiments on 2-brono-5-chl-ororoLuene (10 mole %" i ö;7.The shifts'(rel-ative to internal- Tl[S) and coupling constants go as fol]-ows:

3 (x)
Hc

cü

Br

Hs

VA = -6.91-9 1 0.005 ppn

VB = -7.317 t 0.005 ppn

v = -7.097 t 0.005,

ABC analysis
on decoupled

spectrum

0.03 c/s
0.03 c/s
0.03 e/s

c
He

JAB = +8.48 t 0.0: c/s (raken posirlve)
JAc = +2.55 t O.Og "/"
JBc = r{.33 t o.og "/"

Jcx

Jnx

Jex

t
t
t

= -0.63
= *0.40

= -0.58

Note that al-l signs are relati.ve to Joo. The nethyl-ring proton spl-ittings havethe slgns expected from theory - r dofft think they had äciualry been determj.ned
before.

Yours sincerely,

TS/ds

Ted Schaefer
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CALIFORNIA INSTITUTE OF TECHNOLOGY
PASAOENA, CALTFORNTA 9lt09

GATES AND CRELLIN LABORATORIES OF CHEMISTRY Jlrly 27, 1966

Professor B. L. Shapiro
Departrnent of Chernlstry
Illinois Institute of Technol.ogy
Chicago, IlLinois 60616

Dear Barry:

A Two-stage MEF Prograrn

Prelirninary Results from the DFS-60

We have recently rnodified the Ferguson rnagnetic equivalence
factoring prograrn (l), so that it can be used in two stages instead of
three. The first stage is unchanged while the input to the second stage
includes the assignrnent of the transitions in the observed spectrurn as
well as the usual pararneters which are inctuded in stage three. After
a check is rnade on the correctness of the energy-level solution, the
prograrrr goes directly to stage three without operator intervention.
If tlie solution appears to be incorrect, the iterative portion is suppressed
and the prograrrr continues on to the next problern. No interrnediate
storage on magnetic tape or punched output is required. The systern
requires three scratch tapes ln addition to the standard FORTRAN I/O
package. A listing of the prograrn is avallable upon request.

Sorne prelirninary resutts frorn the Varian-produced DFS-60
(Digital Frequency Sweep) spectrorneter rnay be of interest. The sample
arrangerrrent in this spectrorneter is sornething like that described by
Shooler y (Zl. With its internal-lock systern the spectrorneter is stable
enough to be used in conjunction with a tirne-averaging cornputer to
obtain slow passage, high-resolution l3C and l5N sp""f"". In light of
a recent report by Bernstein (3) we would like to present a prelirninary
natural abundance l3C spectrurn of benzene. The spectrurn is basically
a doublet, JglL11 = I59 Hz, but shows a great deal of fine structure
presurrrably due to long-range C-H couplings.

The spectrorneter is now being modified to sweep both up and
down frequency and, hopefully, this will alLow us to estirnate saturation
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B. L. ShaPiro July 2?, 1966

effecte and cornplete an analysid of the spectrurn'

Because of this fine structure the center of each of the two
multiplet" i, ot""itain and the use of benzene as a standard for l3C

chernical shifts is not advised. Carbon disulfide gives a single peak
and i6 rnore suitable.

R.c.FergusonandD.w.Marquardt,@,!,z087(|964).
J. N. Shool"")r, IITNffi, 9, 8 (1962)'

H. J. Bernstein, IITNMRN, gZ, 12 (19661'

z

(l)
(zl

(3)

JDR:bi

Encl.

4'L

Sincerely yours'

Frank J. Weigert
Y^^^f\ üt?.;

John D. Roberts
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The low frequency half of the benzene spectrurn:
Sweep width 100 cps
Srreep tirne 50 s'ec
170 scans

tH
2 cps

I



' oepaRtuerr oF cHEMrsrRY

BRYN MAWR COLLEGE
BRYN MAWR, PENNSYLVANIA 19O1O, USA

30 July 1966

95-3 I

TEL: (215) LA 6-1000

Prof. B. L. Shapiro
Department of Chemistry
Illinois Institute of Technol.ogy
Chicagor Illinois 60616

Dear Barry:

Your reminder about our contribution to IITNMR Newsletter
cought us in the niddle of some new work; this lett_er will
theiefore be only a progress report and a sketch of our- plalls.
Our work has become more experimentaL (at last!) with the
installation of a new A-56/60A spectrometer herer

NMR of some Substituted DifluorobenzerLes

The three comp ounds shown below have been the s ized
(by us physical cheni sts ! ) as illustrations of r- sp 1n

syn
fou

systems w 1 th slightLy different symmetry. We are just be ginning
F F

l{ gl H e.l cr l{
f: IIr

-ä1,

cl H Bt r{ r{ F
F clF

the analysis of their NMR spectra. The AAtX.Xf system (I)
happens äccidentally to be än A2X2s/stem: that-isr.by-chance
thä'ortho and neta h-f coupling conbtants are identical,
and both fluorine and prot,ön spectra giYe a L:221 triplet..
marysis of the ABXY aird lnxt !)"t"tt- (Ir and III) are under
vay.' Our ultinat,e pLan is tö dö some relaxation time il€4s-
uränents in these mölecules with the idea of seeing what
relaxation mechanisns are operative, and to what extent the
iyrr"t"y of the molecule af?ects thä relaxation.

NMR of Anmonia and PhosPhine

just beginning new NMR and NMDR st'udies of
lhosptriie. wä'd like to foLlow the relaxation

rärn näar the rnelting point through the critical
nto the gas phase tö iook fol a change- in
et*"un liquiä and Sasr and what that all night
re having some difficulty in containing gas
t igh preisure, and would-apprecLate any helpful
is-soit of teöhnique. I

SincerelY Yours,
\^)

ffu^ttin Anderson
Assistant Professor

Itle are
arunonia and
mechanism f
point and i
nechanism b
mean. lrle a
samples at
hints on th
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DEP-ARTIIENT OF CHEMISTRY

LWR/ru

Dr. Bernard L. Shapiro
Departnent of Chenistry
Illinois Institute of Technology
Chicago, 60616

Short Title - 29Si magnetic resonance

Dear Barry,

2g_- we are doing quite a bit of work on a negrected nucleus-"si, in natural abundance. we use the rapid pmr"gä nethods intro-
duced by Lauterbur for 13c. our frequency is ^z.ss 

ü.H2 and field
9.41 K. gauss. signals are very good as you can see fion the
enclosed figure. The sanples are 15 mn 0.D. tubes and the signalfor hexanethyl disiloxane is taken for the pure compound. uslng
an 8 n.m. tube of T.M.s. as an external standard thä signal to
noise is still impressive. The chenical shift of tetraäthoxysiloxaneis 84 + 1 ppm. to high field of T.M.s. as measured in the lower ofthe two spectra in the figure. At the present tirne ure can only usethis denonstration as a general request to anyone who is interestedto send silicon compounds which are liquids or easily soluble in
greater than I grzrm quantities to us for neasurenent. we will be
pleased to^return shift rneasurenents to then. The only reference
I have on zvsi chemical shifts is that of Holzman, Lauterbur,
Andersen and Koth, J. Chen. Phys. 25, I7Z-S (1956)

All best wishes

THE UNIVERSITY OF BRITISH COLUMBIA
vANCOUVLK g, CANADÄ

July 28, 1966

L. W. Reeves
Professor of Chemistry
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DEP-ARTMENT OF CHEMISTRY

THE UNIVERSITY OF BRITISH COLUMBIA

vANCOUVER 8, CANADA

[c x3)r sl"o

TM.5 (ero)asi
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TELEORAMS: TECHNOLOOY

37121
37122

INDIAN INSTITUTE OF TECHNOLOGiY KANPUR

rer-rexoxrs , !ll!!
37t23
36t 80

l. l. T. Post Office

KANpuR....Ju.ly....?6......... ............ t s6

Professor B,L. Shaplro
Pepartment of Chemistry
I111no1s Instltute of Technology
Chlcago
IllLnols 60616

Dear Profe ssor Shaplro:

-{'

Hope this letter 1,/111 serve as my subscriptlon for the

le tter.

t onA cht oton in l-1n 1n the ne
nt

Recentlyr I'{r. P, Chardra ard rnyself nave beep able to
d.erive a general expression for the long-range proton si;ln-
spin coupllng constant (JHHt) ir: a six-electron (tnree cord)

case by V.B, perturbation theory.

!,Ie use the Dlrac vector mod.el f s. u1"*unn""r J. crrem.

Ph]'r. t 34 r 106 (1961); s. Kolde and E. Dwal , ibld.. t 4!t
315 (1964)J and treat the exchange lntertlcticns between

eLeetrons ln lnter-boni orbltals as a peyturbation ( y' ) on

the nain part of the Haniltonlane wtrlcn conslsts,of intra-bord
excnange lnteractlons ( ilo ). An expresslon for
( * I 3*'3*,lE > ;, tnus obtalnecl ard Jslr calculated.

The earlier work of Koide and DuvaL, vrho corrsicered the
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ttrree bord caser fb1led to bring out the deperdence of Jggr on

the dlhedral angle ( 0 ) slnce they lrcluded only lntra-bond

and lntra-atomle'exchange lnteractlons. The also used only

foug slnglet firnctlons ard evaluated (U I 3-.3r,1 p> 
o

Howerrerl the correet basls set for the slnglet state conslsts

of flve ftnctlons. hle use, ln our treatmentl all these five
functlons and exterd.'the perturbatlon upto fourth order in }}1
vatues or ( p t 3r,,?*, I t > ror all these orders ean

be. expressed in terms of all the aPproprlate exchange lntegrals.

Uslng thls perturbatlon approach we lrnrestlgated the

deperd.ence of JHHt on dehedral angle ln the ethane fragnent.

An analytlcal expr€ssion.for J*r as a functlon of 0
be given consid.ering contrlbutlons upto third order 1n

In the Ramsey formalism we get (with AE = 9e.v.) foq the

etirane fragnent the followlng expresslon:

J | = - 0.2033 - 0.62?5 cos E '+ 8.4869..or2 iF (c.p.s. ).
HH

Thls equatlon 1s in good agreement wlth the earller V.B. .results

of KaIpIus (J. Anpr. Chern. Soc., 95,r 28?O (1963). Detalls

of our calculatlons are to be found in a forthconlng paper.

l'g. tt m* ard P.T. Narasimhanl Mol. Phys. I 1966 (1n prlnt )].
Our perturbatlon resuLts are valld for the general three

bord case and vre are at present lrnrestlgatlng proton spln

couplings in fragmests of the type H - X - Y - H wherc

XrY=CrNrOetc.

Slrrcerely Jtours t

can

)l t.

7r'
P.T. Naraslnhan
Professor of Chernlstry
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CZECHOSTOVAK ACADEMY OF SCIENCE

INSTITUTE OF ORGANIC CHEMISTRY AND BIOCHEMISTRY,
. cYtatitt 2.

DRAIIA 6 July 291 Lg66

Dr. B"L. Shapiro
Department of Chenistry
Iliinois Institute of T
Techuology Center
Chicago, Il-linois 60616
USA

echnology

Dear Dr, Shapiro:
Thank you for sending the recent issues

of IITNMR-lLetters. I have been unable to send the adress
forn.required_before the deadline May I st since I only
received. No"9O on May 6th and since I was absent fron the
Institute for some time, I am sending it only now.

0n this occasion I am sending another
eontribution and I should appreciate it if yoü could accept
it to appear in a further series of IIINMR-Letters.

fn the course of our investigations of the
nethods of analysis of NIvIR speetra, my collea[ues studied
the convergence properties of the currently used proced.ures.
In the standard least squaers analysis of the NMR speqtr.un
of an N-spin system the-ninimizati-on of thie fuActioirf
le::ds to a systern of ncnlinear equations

Qc7, t ?zt ." ", ?n) *
14t

i a,l
the

a( yih- Y,"L')'

in l'hich p 2Q is th
The Matrix (JI\|/J + p
For p.roo this nodif ic

i-el-d
)

e d-r,ping
E) v ill be
d equation

',,Lrichi is linearized to
in thre form (see ref .l

systen of nornal equations

faetor and E the unit m-,trix.
regu.l.ar for appropriate p7O.
can be v.'ritten in the form

,2

J'vJa = JkR
(J - rectangular nx M Jacobian niitrix, W -weighting matrix,
R- colurnn vector of residueJ-s, A - column vector of
ccrrections). tfre conveniional iteration process based. on
repeötedly soJ-ving thi.s equation (Castellano-Bothner-By
(ref" 1), Arrata-Shimizu-Fujiv,ara (ref. 2) and Sv;allenl
Reilly (ref. 3) for. the corr,ections A converges only if
the ccrrections to the initir] values of the paranet-ers e;:re snal-l ind if the n:tr.ix JrWJ is re6ular. Otherwise -
the process wiltoscillate or diveröe" Levenberg (ref. 4)
has sho'ln hov- both oi these restrictiorrs can be renoved;
in this fornul-tion ( the meti.od cf danpe.l le:.st squarec
see ref . 5 ) the '-:.bove equetion t akes on tire f ormg

(l\*l + pE)A -J'L(R

I llt t;ig g

/Continued..ooo
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( gradient-me thod )

öA 3 (/illkB '..' flra'J

in which the condition- for smarl values of the componentsof the column vector A i-s fulfilled.
It was-foundr-ir in"-d;ti;g-iäöto" ip. choosen asp = const, ö rapiä 

"on-r""gencä 
cän be 

""n13"a--ä"ä"--i" the
ceses wherd-the initial estimates of the NMR parameters werequite rough. For the Case where the columns of the matrices
are normalized_to gnity, approprln!" values of the propcrbionality
constant were found to be about 0r5 to 0rl" This nethod proved
especially valuable in investigating multiple solution ih
Ntr[R analyses (see ref ,6) o

A slightly more detailed account of this nethod will
eppear in the J.Mol.Spectry.

Yours sincerely,

n
/J k V.Spirko

(Department of Instrumental
S.Tonan(Institute of Physical

Chemistryr Czechoslovak
Acadeny of Science,
Prague )'\_z
V@/4

Analysis, Institute of
Chemi c alr- Technology, Prague )

, lV t

rilütu,

1.

2

REFERENCES

9:Cqstellano, and A.A.Bothner-By, J.Chem.Phys. 4.1, 3863
(1964 )

Y.Amata, H.Shimizu, and S.Fujivu'ara, J.Cliem.Phys . 36,
1951 Q9(;2)
J.D "Swa1len, and C .A .Re il1y, J. Chen.Phys . 3J-, 2L (1962) 

"
K.Levenberg r Quart .Appl .Math. 2 , L64 (L944 )

D"PapouSek, S "Toman, and J.Pl-iva, J.Mol.Spectry ff, ,O2t
(L965)
S.Tonan, V.3pirko, and J.PlIva, to be published,

3.
4.
5"

6.

suggested title :, Damped feast squares. anal.vsis of the
Ntr[R spe c tra .
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ffin* ?4n lTal
TH€ WEN{ANN N5NTUT€ OF 5CIENC€

I,CHOVOTH. IS R,A C L
t O r tÖ .'PHo[E' 9!i1?rl-t

ISOTOPE DEPARTMENT
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EtEl9ltr$n npbnE

July 31, 1966

Prof . B.L. -ehalciro
Department of Chernistry
Illinois fnstitute of Technology
Chicago, fllinois 60616
u. s. A.

Dear Professor Shapiro,
L7Ile are enqaged for some tiqre in O Nlln studies of

metal-ion hydration. tlsing the method of !'molal shifts"
lÄlei and Jaciison, J. Chern. Fhys., 4I, 3402 (1964) ] for
the C.etennination of coord.ination numbers, soi;ie interesting
results t\rere obtainec'].

gor the Vo++ ion a hydration nu:rrber of 4 was obtaineC,
r,rhich was assigned to tire four tnolecules in lte e'-luatorial
plane of the coinplex. Thei:: life-tiroe in the first coorrii-
nation si-rhere was d.eterr,rinec'l using the linc-brr:adenin'g rirethod

of Slvift ancl Connick" ['1. Cherr. Pltys. , 37 , 307 ( 1962) ] ancl

foun<i to be 1.3x10 'sec (at 300oI() .

rn the rnethod of rlio1al sirifts the vrater 17o 
"ltu-lical

shift rlue to ny3* is neasureci in ahrsence and in 1:resence of
tire ion, the hydration nunber of rvhich is to !:e deternined.
':fe found that the shifts cltre to Dy-'are very seusitive to
the anion present. Thus, for exar.ple1 the nolal shift is
rec'ucecl by 33? in presenee of an exccss of nitrate or of
sulf ate ions. r,Je are now irrrzestiqatinq the nature of the

comple><es fornted in solution. The results suqcest that the
presence of anions other tira.n perchlorate shoulC" be avcided
vrhile using tiris methocl. 

I

'i;e hope that this contribution vrill put us again on the
nailing tist of your very he$pful l.'!ews letter.

Yours sincere,Iy,
t-t r,i/ rt'iJ '"/'^24''*'Y,
i:äniel liat and. ilacli Reuben

JFls a
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N

hofe ssor B.l.Shapiro
Departmcnt of Cheäistnrflli.nois fnstitute of technolog;r!ech:rol-ogy Center
thicago, fllinois 60616
Ü,SA

Dear Professor snapirof
![e v'rant to conrnunicate some nevr d-ata on the unpaired. spin d.elo-

caLisation in pararnaßnetic coord.inabj-on compound-s s-bud.i-ed. by ]ilx{R.
we measured' trre il14 shifts and. calculated the hyperfine spli tting
constants A ancl nitrogen spin ct-ensi.t-ie" dT in four pararoa_gnetic
complexes of Ni+2 an.L Co+2 (see table).

No Complex Solvent shift

Co (en)3 (NOr)

I,Ti (en) (r{or)

so$e (No, )2

Co@, , z *L{egi

lr2o

Heo

CHrl'TOr+Pi

CHTNOT+acMeftr

- Hy 1gV
H

14'14

12 16
,ö 

r,
916

-P

1

2

7

+

a

a

a

o

2

2

7rg

12 19

tr7/rJ

517

o'061

o'r067

o ro71

o ro31

en-ethylend.ianine, Ry-ppid.j-ne I ac -Uie$r _ /,_ plcoline.
[he relation betvreen the spin d.ensi'by attenuati-on for clefferent

'är*2o # ancl for free rarlicals vrith a sj.mil,;r stnrcture

frJ ffi is shovae fj,g 1. rno splitting in the rnethyl rad.ical
has been corrected. for "p' hyu"id.isation follorving schrad.er and.
Karplus [l]. The f -protons spritting in the ethyl nadjcal has
been taken for the saJne conformatj-on as j-n ethylen d.ianj-ne complexes
rvith l{i+2 and. co*ected. for 

"p, hyb=id-isation. From fig..l we con-
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e1ud.e that spin d.elocal-isat,ion in molecules acting as ligand.s in
parana-gnetic complexes a.rrrl in co:respond.ing free 'rad.icals i-s si-
nniLar. It is interesting to point out although the clata are gi-ven

for tirree clifferent i-ons @rfrC& ana lliz) arrd. the d.elocalisaü:Lon is
transrnitted. 'bhrough two d.ifferent atons (m in coinp'l exes a.::d. C in
ra.J-ical-s)the correlation tangent is close to uni-ty,

A d.eta.iled- accounts of this work are to be published. in J.Struct.
Chem.USSR anrl- DAN USSR;

1Ve are inclebted. to Dr.Proct-or (Varian AGrZllrich) for giving one

of us (Yu.l'[o ) tne possibility to measu-re N14 shifts in his labora-
torY' 

JL/o(t \ yu.Iü.i,,,{o1in

./.Ztty' E.E. Zaev

{r/'rn'* ,/ V.V.Voevodshy

Shor,' ?itlel 'Ihe t{14 shifts
in para*na-gnetic complexes of

t) t)uo ano r\ l_ .

Refrences!
t.O.t,'t.Schra<1errl,{.Karplus, J.Chern.Phys. r4Or}To 6 11597 (96+):
Z.n.W.f'e s senCen, n.H. Scfruter, J. Pir.)rs.Ciren., 68 rNo2 r74? (1 964) .
,.V.A.To1kachev, I,I.Chkeiöze, l{.Ya.Buben,

J.Stnrct.Chem.,USSR, 2r|o O, ?Og (1962),
4. J.R.l,iorton-, Chem.Rev', , 64r4Jj (,964).
5.G.1./l.Trarin, J.St::uct"Chem., USSR, 6rlTo 4, ,48 (1965),
6.E.8 .Z4e.r, G. I.Slcoobnervskalrl Yu.I[.1,1o1i-n,

J.S-brur-ct.CheniUSSR, 6rNo 4, 619 (1965).
7.Ii.I.Za:naracvrYu.l'T.Lio1j-nrG.I.Skoobner,rskayr 

I

J.Struct.Chera., USSR, (to Ue published).'
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Carursrus CoLLEGE
BUFFALO, NEW YORK I4208

DEPARTMENT OF CHEMISTRY

Augusü 2, 1966

Dr. Berrrard Shaplro
Depa:rüment of ChemlsüryIlllnols InEülüute of iechnoLogy
Cl:.1cago, IlIlnots 60616

Dean Dr. Shepiro:

As our contrlbuüion üo ths News1etter, I wouldllke. üo glve the resurüs we obtarned tn correlätrng tr."posltlon of the slgna)- of üho cH3 group aütached tö trre
lT?tnat_lc rlng r+tüh va:rious subsürtüenti on thä ning. wedld of course compare -the posiülon unden the same äamprecondlüions. some of tho siecüra Eere run at canlstuswhlle_others were from the varlous referenco splctra. Thocorrelatlons lLsted berow are al-r for the cns ilgnar-onryand we use ühe deLta scaLe wlth rl,IS slgnal--a$ zero. someof the correl-atlons rlsted. ane weL1-kröwn but ;the;" ray-be new üo sorne of your readers.

l-. Comparing liqulds üo solutlons the shlft lshlgher ppm values for ühe soLuüions.
üo

2. Ustng the CHg slgnal of tol_uens as a reference lfühe substLtuent ls an actlvatlng group the shlfüls to lower ppm and Lf deacüivattng tö hlgher.
3. Acülvatl_ng groups ln order of decreaslng shiftarei M2, MZ, 0H > SH > OR 2 R.

Deactlvattng groups in ord.er of docreaslng shlfüane; Noe , CEN 2 SoOE > haLogen.

4. Actlvaülng groups ln üho ortho poslülon shtft üho
CHg slgnal to lower ppm values to a greater d.egree
üban lf the acülvatlng group 1s ln ühe meüa or parapoelülon. The meta and para subsüiüuenüs shlft thoslgnaL about tbe same magnltude.

5. Doactlvaülng groups ln tho ortho posttlon shlft tho
.C-Hg slqna] t9 blgler ppm valuos to a greaüe:r degree
ühÄn lf the deactlvating group ls in tne neta oipara posltlon. The meta and para substiüuenüs shlft
ttre slenal abouü ühe same magnlüude.
These correlatlons were from the work of qsunmer research student who w111 enber hls J'nlor yearin September 1966. Hlg name ls L. Marabellä.

Slncerely,

iJ.l#t A/./.4 /,/\ 6,

Dr.-Hernan A. Szyrnanskl
Chalrman
Departnunt of Chenlsür1y
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I'L\ZERSIrIIY OF IIJIJI]:|TOIS

THE WILLIAM ALBERT NOYES LABORATORY

Angust 8, 1966

Dr. B. L. ShaPlro
Departanent of Chenistry
IJ-Ilnols Institute öf TechnologY
Chlcago, Illtnols 6O6t6

Dear Barry:

At long last we have gotten around. to observLng Cag RrreeIL

"pf" ""iro 
(öeSn1 tralns ln systems somewhat nore eompllcated- than

the equa|ly popglatedl two site gncoupled system. [hless the A

matrlx for the system (see J. Chem. glty". g, t+fOf (L96r)) ts syrn-

metric and. two ty two, we have not been abfe to derlve analytical
forrula,e for the eeho arplltucles in terrns of chemical strlfts,
coupllng eonstants, exchange rates, etc. whLeh apply over the
entire rsnge of exchange rates antl g:-lse rates '

Therefore we have clevelopecl a fortran progrm, ECHO-G, for
ealcuLating transverse relanation rates as a firnction of rf pulse

repetttlon trequency (vhieh we caIL a ttrelaxatton curvet') from a
giien set of inpqt paraneters. The program proceecl.s by diagonal-
izing the corpJ-äx, non-ner"mitlan A matrlx, ancl is linlted" by tine
conslderatloni to-systems with flfteen or less first order llnes
in the spectl:m ( a ifrpfe notlification allovs combination lines
to be treated. as well). In ad.clition to sinple test cases, we have

used. the program for a nrrmber of two spin substitutecL ethanes,
an6 for the case of n spln I nuclei coupled. to a spin J- quadruple
orasplnlouadrulole.

A linited. nunber of fortran source d'ecks and' instruction
sheets are available.

Yours trulY,

Robert L. Vold
H. S. GutowskY

RI,V: IJ Z



9s-44

From Dr. R.K. f,anis.

University of East Anglia

School of Chemical Sciences

Vilberforce Road, Norwich Non 77n
Telephone Norwich 526; r

btl August,, Lg6,6,

Dear Barrlr,

ncank you for the rernind.er. Ttre troubLe with your systen is
tbat itts too efficient! About a nonth ago it occurred to ne that
it vas tine I contributed to IIT (nde MELTO) NMR, but 4; lack of
initiativg ca,ne to the rescue and I re-assureat Br conscience by
saying ttltll rait for Barr3rrs reoindertt. Antrrray, non I have no
ex,cuse for further preyarication, so here goes. Among quite a
fer topics of current interest here there are two which perhaps
nerit mention. To prevent possibJ.e sub-titles by BLS, ItlL
give each a clear heading. I shoultl atld. that ELliot Finer is
ny coJ.league in tbis work.

ARE c ATI{AYS FOR SPECTRAI

Ansrer - No. We have been exa.mining the problen of tetra,nethyl
cliphosphine, rbich gives a deceptively sinple XaAAtXar spectrui,
fron whicb at first glance only lJ^., * Jn.,, I = Il+.l5"c/s can be
obtained. Ibe proton spectrum is"ä trifitet, although the central
line is broader than the outer ones. Itre obvious solution to.,!he
problen of obtaining al.l the coupling constants is to look at "C
satellites, which rrshould.rr be first ord.er. Unfortunately they again
are triplets, though with even broad.er centraL lines. From this I
previously ttren ?n erroBeous concLusion, brp! in fact it is clear that,
for erauple, if -Jo., = -Jo.. = O, then the *'C satellites roulcl still
be tl.eceptively sigfle. frE aeciaed to investigate tbe cond.itions
under wbich the *'C sateLtites would. be tgiplets i.e. nben tbere is
no splitting in the ceutral line of eaeh trC satel,lite. Ttre answer
ie that this is so for :-

rhere Lc 2t

I3

Ec

2Jpp

1

2

Jpc

Jpn

PC

3J
PU

eud Alt is the natural line-width.2t
.$appily we bave solvqd our problen in olher ways and, have obtained
f*Joorl = t7g.5 clsr tJoo 

= ! 2.g, c/s, 5Jo,' = + Il.2 c/s, i.€. th€
Eiös of tvo (prä) couiting-constat,s are'the Eane. Moreover we

fina t1 betgronuclear double resonance that tJ* is negative with
respect to -J, 

^
^JcH.

As far as ve are avare, (PrP) coupling constants are the oaly
directly-bonded ones rhicb have been shosn to be negative except
for those involving fluorine. Naturally re have bad sone thoughts
on the subject and results vill appear rhen theee thoughts are
forualised.
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CONTRIBI.ITIO}I. PANT B. SICNS OF (P.F) COTJPLINC CONSTAiTTS

As is apparent fron PART A, re are intereEted in tbe nagnituctes
and. signs of any cotrpling consta,nts involving pbospbonrs. anong the
conlnuncls vhose epectra ve heye stuoied. are (cF.)^pF and (cF^)^pscr'^.
IIre letter involves a single-bond p-s rinkage, 1.5. the phosfu5^r" 5

is trivalent. Partial d.ecoupliag and tiekling shorr tlrat for tbese
uorecuLes the rerative signs of the coupling constants are asfollors :-

'lDtto 
, rot3 c/s ttr" + 83.g and g9.6 els t"r, ! pL.9 c/s

3- ^ t. , q
'tr" I 3.h6 c/s ,t 

,, I t.lt c/s

I{e hope in tbe future to relete these signs to a knornr absolute sign
sucn as JcF,

The heteronuclear ttouble resonalrce experiments were ca,rried. out
at the NationaL Pbysical LaboratorT. lte are extrenely gratefqJ. for
use of the NPL facirities, for ttiscussion rith Dr. D.H. whiffen and,
especially for being taugbt tbe heteronuclear business by
Dr. t{. McFarlane.

Best nishes,

fu,h
R.K. Harris.

Dr. B.L. Shapiro,
IUinois Institute of Technology,
Departruent of Chemistry,
Cticago, 5o6L6,
u.s.A.
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Monsanto
COMPANY

INORGANIC CHEMICALS DIVISION

80O N. Lindbergh Boulevord
St. Louis, Missouri 63166
(314) WYdown 3-100O

August 9, 1966

Dr. B. L. Shapiro
Department of Chernistry, IIT NMR
Illinois Institute of Technolosv
Chicago, Illinois 60616

Dear Barry:
'w'e wish to report sorne 3lp and tH nrnr rneasurelnents onnitrilotrisrnethylenetriphosphonic acid [0. 33 M] and nitiii;;.i_acetic acid [0. 2s tvt) rtra trt"it N-oxidls io.-rö'ru, Dzo] at 25".

The data are sumrnarized in the attachedligrrt", which shows thechanges in chernical shifts as a function of äe extent of neutrali-zation of tfre parent acids with sodiurn hydroxide. rn conj*nJlo'with acid-base titration curves, the datj perrnit sorne conclusionsas to the relative acidity of. alternate prottn sites in these rnolecules.
The J-argest changes in shift are attributed to equilibria involvingdipolar ions with protons bound to nitrogen, thi.s is confirrned.üythe rneasurernents on the correspondinglN-oxides which cannot bindprotons dire_ctly to the nitrogen, and thus do not exhibit the suddenchanges in chernical shift whlch are observed. with the parentnitrilo cornpounds.

The use of nrnr to detect subtile changes in rnolecular structureas a function of ionization, cornplexing, sol-vation, €tc. is an appli_cation which we feel has not yet received sufficient attention, 
"r.r,though there have been a nurnber of published studies of this:gen"ralkind.

Full details 9f the present work are contained in a paper whichhas been subrnitted ror püblication. A lirnited nurnber of'pieprintsare available.

Sincerely,

R, P,

a

R. P.

pl.fh,
M. M.

KR
R. R.

Carter

Crutc

/crn
Atta ch.

Ir n1

eld
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INSTITUT FüR oRGANIScHE cHEMtE DER TEcHNIscHEN HocHscHULE BRAUNscHwErc

PROF. DR. PHIL., DR. MED. h.s. H. H. INHOFFEN
Dr. Hans Brockmann jr.

33 BRAUNSCHWEIG
S CHLE I N I TZST RA 5 S E

TcL Hoördrule 47El
Du.öwahl ln6tltut 4282225
Votrahl OS3t

3. August 1966Herrn
Professor Dr. Bernard L. Shapiro
Department of Chemistry
Illinois Institute of Technology

CHICAGO, I11.60616
== ==== == =========== ===
U. S. A.

Sehr geehrter Herr Professor Shapiro !

Diastereomere 1 0- Methoxy- methvl rbide

Zuordnung der Methy lsignale

Im Zusammenhang mit stereochemischen Untersuchungen an den im hiesi-
gen Institut (1) erstmals hergestellten 10-Methoxy-methylphäophorbiden a

( 3 una ! ) durch oRD- und NMR-Messungen war es notwenig, in den NMR-
Spektren von ! und ! die sechs scharfen Methylsignale im Bereich von 3. 10

bis 3.?5 ppm den sechs in Frage kommenden Methylgruppen eindeutig zu-
zuordnen.

fr
H

H

R.,' a
coR

R

R=H;
R = OCH';

R = OCH,;

R = OCrHU;

3

R' = OCH

R, = OCH
3

3

R' = OC,HU

R=OCH

R=OCH
= OCH,

= OC,HU

H5ionC

1

,
=

4

0

3

g

a
I

=

3',

3

R
I

R

3

/v H^/

NHN

HN

NHM

R' = OCH
3

R = OCrHu; R' = OCH

2



Dr. H. Brockmann jr. .lo
Prof. Dr. H. H. Inhoffen Teönisöe Hoösdrule Braunsöweig
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Blatt 2 zumsdrreiben 3.8.1966

Derartige Probleme sind bei Chlorin- und Porphyrin-NMR-Spektren

recht häufig und können, da Weitbereichskopplungen kaum auftreten,

nur durch den Vergleich von Spektren strukturell ähnlicher Verbindun-

gen gelöst werden.

Gestützt auf Angaben von Closs et al. (2) und eigene Korrelationen

scheint die Interpretation des NMR-Spektrums von Methylphäophor-

bid a (1) im zu untersuchenden Bereich gesichert. Die Einführung

einer 10-Methoxygruppe wird die C-Methylgruppen nur durch allge-

meine Ringstromeffekte, z.B, Einebnung oder Verzerrung des Macro-

cyclus beeinflussen. Daher werden die in den Spektren beider Diastereo-

merer (! und !) fei gleichen Feldstärken auftretenden Signale (3.15,

3.37, 3.72 ppm) offenbar durch die Methylgruppen an C-3, C-1und

C- 5 hervorgerufen.

Die starken sterischen Wechselwirkungen zwischen der Methoxy- und

den Methoxycarbonylgruppen verursacht jedoch Abschirmeffekte, die

nicht ohne weiteres vorausgesagt werden können. Gelöst haben wir
unser Problem durch Darstellung von vier weiteren Verbindungen,

den diastereomeren 10-Methoxy-äthylphäophor.biden a ({ und !) sowie

den diastereomeren 10-Athoxy-methylphäophorbiden a (Q und l).

Der Vergleich der NMR-Spektren von ?, ! und Q einerseits und von

g, ! und ? andererseits gestattet nun, wie aus der Tabelle ersichtlich

ist, die eindeutige Zuordnung a1ler Signale.

3
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Dr. H. Brockmann jr. .lo
Prof. Dr. H. H. Inhoffen Tedrnisöe Hodrsöule Braunsdrweig Blatt 3 zumschreiben 3.8.1966

3
Chemische Verschiebung (ppm) der Methylprotonen in CDCI

I

3-CH3 3. 11 3.15 3. 15 3. 15

53642 n
I

=

3. 15 3. 15 3. 15

1-CH
3

5-CH
3

10-ocH3

10-c02cH3

7' ' -CO2CH3

(1)

(2) G. L. Closs, J. J
und H. H. Strain,

3.33 3. 3? 3.37 3.37 3.37 3. 38 3. 37

3. 64 3.72 3.72 3.71 3.72 3.72 3.71

3. 50

3.45 3.45 3.31 3.31

3. 86 3. 63 3. 64 3.62 3. 68 3. 68 3.67

3. 56 3,55 3. 56 3. 50

H. H. Inhoffen, H. Biere, H. Brockmann jr. und H. Wolf,
Liebigs Ann. Chem. in Vorbereitung

Katz,
JACS

F. C. Pennington, M. R. Thomas
85, 3809 (1963).

Mit vorzüglicher Hochachtung

Ihr

lrl

d
{, ßrroilktna,rrn
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Chemistry,
Institute of TechnologY;
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LONOON, EANAOA

August 8, L966

OEPARTMENT OF CHEMIEiTRY

Dr. B. L
Dept. of
Illinois
Chicago,

Dear Barry, 8ttr ptlc Pneliminarv Announcemeqt

Following the lead provided by Herb Retcofsky in
the preceding newsletter, f shoul-d like to take this opportunity
to anno,rnce formally that the 8tfr eUC will be held at the
Mel-lon Institute, Pittsburgh, Pa., March 2-40 L967. These
dates are the end of the w6ek preceding the 1967 Pittsburgh
Confe,rence on Anal. Chem. and Appl. Spec.

As in the past, the Conference is devoted to advances
in instrumentation, äxpenimental design and techniques and
does not compete with l{orkshops or courses offering an
introduction t,o the f ield. It ts a little early to construct
an outline of the sessions which will be held but I wish to
make the time for the meeting known to all so that you can
reserve these dates

A detailed first announcement will appear in the
November issue of the IITNIIR newsletter.

Sincerely,

J. B. Stothers
Chairman, 8th nHC

JBS:vl
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tatlrrxcr A rarrlltr r

o/coP.L/66-642

REPUILIQUE FRAN9AISE
PREMTER MINISTRE

COMMISSARIAT A L'ENERGIE ATOMIQUE

CENTRE D'ETUDES NUCLEAIRES DE GRENOBLE
iuE D.a xArryis . Ag. GRENOBLE

COrilatONDAxct 'aottt
rlL. at.tt.tt

totir ll". r

Dr. B.L. SHAPIRO
fll-Lnois Institute of Teehnoloqv
Department of Chemistry

cHreAGO,rll., 50616
u. s.A.
GRENoBLE. LE g aoüt 1966

Cher Professeur SHApIRO,

''STGNES NEGATIF'S DE COUPLAGES t' BENZYTTOUES'' ORTHO
ET PARA"

Toutes nos exeuses pour le d6rai d'envoi de eette
lettre qui r6sirme une eommunleation ä naraitre au Burretin
d,e Ia Soel€t6 Chimique rle Franee.

Dans le di.bromo-A,6-o-er6sor existent <Jerrx eounl-aqes
ä lonque clistanee (',benzrrliques,,) entre le m6t-hrrle et les
protons aromatl.oues :

-eH
o
a
i

?

i
a

d
;
I
t,

Br

(s) H

(3)

3

3-cH

| "",

| ""u
3

OH
2 ,i .'-.. n. s.

Or6 e.n.s.

JH3-I!S Or8 e.n.s.

En solutlon d6qa zl,e, et en ,rr6s"rlee 11'aeide trif luo-
roacEtlque, le sneetre est du tyne AKX3

Br



Par deux exnErienees de t{ouble
on oetrt obtenir les sirrnes r:elatifs des

irradiation
96116]6rr€S r

95-53

s6lective,
.soit :

_J
II3-H5 li -eH3 3

.T
H -cH

3

{
3

BrBr

H

' Les sianes n/:qatifs r:btenus

^(Iiaues *J et oJ sont eeux rrue l'on
Dar la t\6ori-e de l'!e CONN''L sur la
de, lr interaetion Cr - Tt'

(surrpos6)

pour ces eounlacres benzv-
neut nr6voi.r th6oriauenent
eontrihution atr eounla.re

bien vouloir agr6er, eher l\'lonsieur

sentiments les meil-l-eurs.

o

o

4J

5

E:n sunnosant le eorrnl.oao ,THa-It= nositif , on tretlrle Äonc

r?ue l,es rleux eotrnl.a,-es i l.on''itr,4 eiaiu"3" 4,1 
"t 

u", entre ]"e

erl^ et J es nrotans arernatiques ortho ou rrare , s;ont tous Cnttr:
3

nositifs, soit :

II

llous vous nrions de

SIIAPIRO, 1 'assut:anee de nos

D. GAG}IAIF.TTRT\III-IIT'U IEH

\
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lOth August, L966
Professor B.L. Shapiro,
Dept. of Chenistry,
Illinois Instj-tute of Technology,
Technology Center,
CHICAGO ]LLINOIS 60616 u. s. A.

Dear Professor Shapiro,

ACID INDUCED IIPF]ELD SHIFTS IN SC&E CASBONYL COMPOUNDS

During work on some acid-catalysed rearrangements it was observed that
in the p.m.r. spectrum ol the compound

cH3- 0 -
Ph

one aromatic proton showed a marked upfield shift in acfd, solution. This prompted
examination of the spectra of a few "sheff" chemicals in a IOlo v/v solution of
CF3C00H in CDCI,: and again after the extraction of the acid with water. All
compounds studied exhibit complex arornatic patterns and the chemical shift(s) of
the proton(s) under consideration are only approximate.

I
The resul-ts obtained may be summari

Compounds that showed a marked upfield
proton in acid solutions. The proton

0..
c -0 - CH3

zed as follows:
change in the chemlcal shift of one

under consideration is marked with an x.
0\c

0
- l.l

t(. -0-clr3

lf It

Ph

Compounds that shor^red a snafl upfield change in the chemlcal shift of one
proton in acid solutlon.

0..
-0 -cH3 0

It -0 -cH3

It

3. Compounds that showed no change j-n chenical shift in acid sofutions.

0

cH^-o-// Ph

fosrr
2

er-
0tf

2-C -OH c0 -cHz-cH3

) ,

It will be noted that the compounds which exhibit the large changes in
chemical shift have at least four connecting bonds in a common plgne between
the hyrlror.gen atom under cbnsideration anrl the carbonyl group. Therefore co-planarity
of the carbonyl group and the C-H bond could be a prerequisi-te for thj.s effect.
This hya,othesis could explain the apparently exceptional behaviour of l-benzoyl-
r.aphtha.lene

A plausibte explanation is that in neutraf solutions a weak hydrogen
bonC exist:: between the peri-aromatic proton and the coplanar carbonyl group,
and on the a.ddition of the äcid lhe pref'erred bond.ing is between the carbonyl
Jroup ancl a proton d.erived frqm the acid, thus causing the observeC upfi-eld

Yor-rrs faithfully,

/ (''^a
P., Cgltin

shifts in acid sol-ution.
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PROCTER & GAMBLE COMPANY

P. O. BOX 39175
ctNctNNATl.OHlO 45239

MIA,V I VALTEY LABORATORIES

August 12, L966

Dr. Barry ShaPiro
Department of ChenistrY
Ill-inois Institute of Technology
Chicago, ILl-inois 606t6

Dear Barry:

We have a few cornments qr the use of the C-1024 which night be of
interest to sme of the read.ers. We have recently been using the
C-fet+ in conjunction lrith our wid"e-fine spectrcrneter r+trich is
equipped with the Fieldial sweep unit. It is Quite easy to ac-
ccmrodate the C-I024 to the Field.ial. The x-d,rive pot on the
sweep unit provid.es a linear voltage output of 0 to -11 volts over
the sweep rar€e. Thj-s vottage is used. to trigger an electronic
retay which "1o""" 

an additional- 110 V relay to trigger the C-f024
at the beginning of the sweep. I'Ie have forxrd. that the Sargent
s-8190 therrnoregulating relay works very nicely but there are
probably others lftich will- do just as well.

The sweep times of the Field.ial and" C-l@4 are different but this
presents no great problem. The Field.ial sweeps in multiples of lO
leconds and the C-I024 sweeps in multiples of 2! seconds. As a
result the C-102[ oiff ena ]-ts sT'Ieep Uäfore the Fieldial and must

rait for a period before retriggering. The carly d.isad.vantage in
th:is is that a porticar of the lange covered by the sweep unit wilt
not be read. into the computer and. the signal position must be
pos itioned. ac cord.ingly.

The stability of the Fieldia1 regulator is such that no broadening
of Iines 0.5-f.O gauss wid.e has been noted for overnight runs. For

nost wid.e-Line späctra the read.out of the C-fOAl+ cart be caLibrated'
accurately enough by simply scanning a line of known r^rid-th for a

couple of tirnes, read.ing out the spectl:m and. obtaining the scale
in iauss/length frcrn the chart. For more aceurate calibration the
nethod d.escribed. below can be used-.

Qre caution we will nention about averaging rrid.e-Line speetra. Most

of the comrercial inserts contain enough residual protcns to prod'uce

a significant signal after a few scans. The signal from.ope of our
i: ö \o mrz inserts is shswn in the enclosed' Figure (n) ror a single
scan and. af'ter 179 scans. Other inserts, both 15 rnn and.5 nm shorr

similar signals. fhese signals are out of phase with respect to any

signat from a sanPle.

We have found. that the insert si-gnal can be removed by sinply sub-

tracting j-t with the C-Iü24. Shcnnr in the Figr:re (e) are spectra
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THE PROCIER & GAMB(E COMPANY

Dr. Bamy Shapiro Fage 2 August 12, 1966
obtained before and after subtracting the insert signal. This methodof renoving the insert signal does produce sme probrens hovlever.Eirst, the amourt or tiroe-necessary to obtain a spectrum is increased.by a factor of tvo. second.ry, the signar-to-norse suffers by a factorof Jr since twice as n*ny noise specira as signar spectra are averaged,

",ä:ä! l?"l!"ä-ffif fr "äil'sJ::":r#3
NII{R Newsletter. 

..Th€ my }rhich we- feel is. superior is to use the ,,read. outwhile reading in" catrnbirity of. the c-r@4:--tts reature is discussed inthe C-1@4 manuat in-paragäpt -t*.[.S-"6tuitrr,ätus 
mta Aceunulation andRead ort.'r For read äutr-neierv {+ orr" ,*"--spectrun to the conputer(turs spectrum m4y ue a äero signar) and. flip t-he spectrometer switch onthe IIA-1O0 to l&/EpR. (ror otnär spectrometärs, there are probablyanalogors settings.) This places t19 anarog-signar ftom the eomputer onthe recorder of the spectroileter. since *ri 

"orraitiqrs are the same asnben the spectrum is read. in, the record p""a""La is id.entical in scalecaribratior, and mone irnportäntly, in offiet so that the chern:ical shiftnay be read d:rrectly fron the record.er read. o,rt. 
---ri"-ära"^'äüi,on 

to ueobserved is to nake sure that the spectrun is on scare properly for thelast rea'd'ing' this can be done by iheeking it" 
"ppearance of the spectr'rnusing the c-r-@4 0scill0scope. Reading orr in trri" manner nill raise thed.c level of the sn99tn:n sü.ghtly atouä its rralue in the display mode, butit shoutd not be objectionable if na.ny spectraTa* u"ä ;;:ä:"

Sincerely,

TII0 PROCTER & C"AIVIBLE COMPANI
Research & Develqrment Depar*Ument

K. D. Iawson

J i"t "1,

Lm
I. rJ. utt
Research Division

clf

Enc.

Suggested. Tit1e: C-l@4: Use with and. of CaLlbra ted S ctra
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THE ,IOHNS HOPKINS AJVIVERSITT BALTIMORE 18, MARTLAND

DE PA tt't,u t:-\'T 0t.' cHt:M I.s'n r

Aruugt I\ t966

Profearor B. L. Shaplro
uIUI{
Dcpertrasnt of Chenlrtrly
frllnota InctLtutc of Technolonnr
Chicago, f1ltnolg 60616

Dear Barr5r,

I hope thls letter reaches Srou beforc Dy nanc,Ls renovcd frm ttre lffl{Nnatllng ucil r rüsh to rcport ä" "*i-oi ö rfltR aeü.vltresr

A. Sptn-Ecbo Apperatus

r haw r""."jtry recelvpd a $g1f-on sptn-Eoho systen operau.ng at10r 30' and 60 !!Hz. r bave vo*y. ritlr" lääp"tt on it yet. rt seens to beof a basLceLl3r good .resr.gn. .trtuougbitl"-i-itror porerr systern, r baveobtal'ned 90 degrce prrlec- of lesg tün to nlorocccond,s at 6ö-ü2, ani r sus-pect tt rrrtr bc posclble to do qulte a blt u"lt"t rrr.th a fsr ni.nor modlflcatlons.On thc othcr hard, tfierc ere a fog" *-b.r-;i dnoT "bqg;;- "rrC 
lnoonvenientJ;r,locatcd adJustabl'e corpornnts. As-recolveär-i oorr"lder the systen far rlo'satl'sfactorlp but potentra[y vcry good. r üop" to be aure to'report on sonaocpcrlnents ln the neer futurc.

B. rbeonetdcel arpcotc of sprn-Echoes ln solr.ds.

Rcccntll Ogtroff 
-and lfaughl obseflrcd that ln a modlf:led Carr-purcarlcrcpcrl[ent* on a colLd 1n nhtöb diporar rnteiactrons ere a*rät, tJre magnet-tzatLon nsy b observrd lor perlodi.r*"u-i""g"i trra" rn an iäuctr.on decay

ffi*ä3t":ffififffi"::it#ffll;*iril*ü crreat *"-pi""rousr.v ob-served

Ecrc r r'tgh to rcporlt brleflv on sonrc carcuretl.ons for a fsn mod,el systensfor rhleh crogcd soluu.ons arc calily out rn a, end on r-p.oiuruatlon treatnentfor nod!'flcd cert)-Pur'ocll e:rpcrtnsntä* ratu eaät ptrLse rcpctltlon ratcs (sne117).
?hc cxect oalcüetlorul wont-pcrfortcd.ustng_e- procedurc prerrtously enployed4for ca$-Pnrcerl cxpcrlncntc on-li.quld "ilt"r;ätrr-scair.r ooüpurre. 1.1e ass1'oettbong rf pulecs: üil ry*lcot drp"i; h'[;;;üons drrrtng qutsäs. The forlowlngrccultc are obtal'ncd lf anltr atpärar rntrreiü;* ;ö.Jnt-t"ttr"cn ptü.ses.
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For an lsolatcd üro-rpln ryrta la r r.Lgtd letttoc (both cpinc *), thccffcct of täc dlpol.u lntcrectJ.ons dl'erppcerl et tbc oaho ENrdü (111ä-=2n f).thla cffcot ll lrdcpcndont of f end la rn cxtcns!.on of thc rcrult of pwiäs'-
3rd l{srufiolda for hro prkc c*pcr{.ucntr.

For rn laoletrd ryata of tbrcc eplnr I et tbl cotrrr of en oqglletereltrlrnglo roor'l.cn!fug repldly abont tib-Ca ercler'tÄr uplltuüc of tbi n;g ccho1r propor.tlonel to r

L + 2+:::tää (-1)n (+ 
i#Zl{#'z oos2al (1)

rhcrc | = t( fa;zt-3(1 - 3cosä)r g 1r tho angro thc norueL to tho
tr{'angl,c ndrcc nlth tic ctstlc nregnctLc tlcld rnd thc otbm qurnü.tlcs hevtthctr curtmer5r ncenlng. Alaor l ts dcf;lrpd bystn l,= -Jtllrlltr, -tfT<f.( *f6

ft 1r euusfng -tnrt. -et lcest threc aplna * arc rrodcd for tho dlpolar
lntcreati.onü tlo rtfcct thc ccho nr:dlr at lergc lnd urdlrn I. lpprfurnetcntttodr mrrt of courtc br uscd for largc spln spretrur. ff onc ntäirea to epp{yü? tlrp" of carpenclon uecd bpr lom anf norLrgf fon lrduofi.gp dcorys, end 

'- -
.rt nd lt to rpln rohocr as ücr doru by porLci ard Strengc ,h ll träuia U,
n?g?Trly to rcaret tlrc pnoacdurc a ti,nca rucoesclvrly for thc n![ ccho,
rrltrh lnlrcrcnt dlfflsnltl.cr ln tüc derlvatlon of gcruraL exprcrclds. -

I bavu uscd e smorhat dlffcrent perturbatlon cxpanrlon bascd on thc Balrer-
Hrurdorff tbcoren. ft rppoers t'o bs norc g'nttlUtc to- the anrlysta of Carr-
Frrocll curpcrLmntc on colids. Onc rearlt thrt cocr out nfoc\y is, trtret thccffrot of dlpoJ*ar lntoraetlonc on thc ccho nn:dna of e nodtfl.edi Carlll-Puroclltrrln of cchocs can elrqrc bc nadc to 4lceppcer b5r.naldrry,faufflclcnü\r sraetl,
ln rgrrocnt nlth thc rcürltc of Ogtroff and flaugbr,

tlore dctalla end otlpr rcrultr nlLL coon bc avatLablc ln pcprtnt forr.

lflth bcat t

Adra Allcrbard

. Puh rpralngr erc tbc ten tt tn an ordlnrrly Clrr-Rrccll trelnl but r1I
pu.lace uc of täo 90 dcgrcc ver{.ct6r. t}cro lc e 9Oo.pürmc ctrlfü bctrcon tbc
lrrlüld pulao rd th. rctt. l'hc rpeoilng boürcn tlhc flrat tro pulccc tc f .

1. B. D. Octroff rnd J. S. lfeugh, Phy!. Rcv. Icttc".-!!, Lon$g66).

2. (e).I. G. Porlcs and P. l{enrflcldl Phg7a. httcrr ?" fi (L962h (b),t. G, Pouloc
ürd J.'8. Strangcl Proo. Phgrc. 9oc. (Lodor) 9L-6 (1963).

J. D.9. t{otzgcr rnd .I. B. GeJ'rrr, Pbgrr. Rcv. !$!1 (ltl+ (I%6).

ll. l,. Allcrhende J. Cha. pbyr. !3,, 1 (1966). 
I

5. L .t. Im rnd R. B. f,orbcrg, P\ra. Rcv. !!11 ,5..$9n).

lVlp
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