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R E S EARCII IIATIORA1IOR I E S

GENERAL MOlIORS CORPOR.AIT'ION

August 7, L96Z

Dr. B. L" Shapiro
Mellon Institute
4400 Fifth Avenue
Pittsburgh, Pennsylvania

Dear Dr. Shapiro:

Since tJre appearance of the article by Diehl (HeIv. Chirn Acta 44, 829 (1961))
there has been considerable interest in the add.itivity of substifGnt effects
in the high resolution PMR of substituted benzenes, Diehlrs work is also
described in MELLONMR 29. Brey and Lawson have presented regults on
substituted benzenes in MELLONMR 36.

Diehl shows that.the effect of a substituent on ring proton resonances can be
described in terrns of constants characteristic of the substituent. These
constants - So, S-, and. 51, - represent the effect of the substituent on the
chernical shift of the protdns or-tho, rneta, or para"to it. For rnonosubstituted
benzenes the Srs are just the shifts of the ring protons with respect to that
of pure benzene. In para disubstituted benzene the chernical

shift (wrt benzene) of the proton ortho to X is the surn of the So of X and the
s:rn of Y' thus: 

do,x - so,x + srn, Y. (r)

Sirnilar relations for other types of substitution can readily be seen. Diehl
has shown that in ortho substituted benzenes a different subgtituent effect
exists. The results of Brey and Lawson d.iffer frorn those of Diehl in several
ways which they point out.

This present letter describes work at General fulotors Research on para
disubstituted benzenes which has been in progress for over two years (off and on),
Para disubstituted benzenes were chosen because of the ease of spectral analysis.
(The spectrurn is a good approxirnation of that of an AB cornpound).

The sarnples were usually run in (jCL4 (5 - f Oflo) with internaL TMs as standard.
Good agreement with tlre line positions of Dieihl was found - except that a srnaIl
correction of five parts per,hundred million (pphrn) was needed due to differences
in experirnental rnethods. Because of the good agreement, it was possible to
use Diehlrs S values as a basis frorn which additional values of Se and Sry1cou1d
be found using rny corrected results and equation (1).

,
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The enclosed table (which is frorn a private internal report) surnrnarizes So and

Srn values (in pphm) as found by Diehl, B1ey..and Lawson (B & L)' and the presenf
work. In sorne cases, it was necessary in the present work to use polar solvents'

s values found using d.ata taken using polar solvents are followed by an (',k). In
parentheses is given the nurnber of cornpounds used to derive each set of Se and

Sr' values. It can be seen that good agreernent is obtained between the present
work and that of Diehl. The biggest deviation occurs for OH (6 pphrn) for which

polar solvents were used.

Also includ.ed in the table are S values derived frorn the rnonosubstituted benzene

data (5Olo in cyclohexane) of Corio and Dailey (C & D) (JACS, 78, 3043 11956))'
and that of Page and Jakobsen (MELLONMR 39 in CDC13 wrt TMS). Using the-

present work as a basis it was also possible to derive further S values frorn the

( -T ^Arc 
of Tiers (Minn. Mining and Mfg. Go., St. Paul, lvlinn, 1958) in (CCI4

wrt TMS) and. frorn the Varian catalog (Varian Associates, Palo Alto, Ca1if. , L962')

in CDCI3 wrt TMS). These derived values are ä1so included in the table for
cornpariäon. It can be seen that the largest deviations occur for the work using

polar solvents and for that on rnonosubstituted benzenes at high concentrations in
cyclohexane. Actually, however, the polar solvent data are quite acceptable for
estirnates of line Positions.

The present work has continued beyond the stage reported here' 'W'e hope to

publish in the near future rnore detailed results, including S values for an

additional twenty substituents.

Yours very trulY

Vl, .g&
Ge orge 14/. Srnith
Physics Departrnent

f
Encs. (2 sheets)



TABLE VI

S6 and Sm From Various Workers

Subst.

cL
Br

-lt=NBF4

NEz

frHcH3

N(cH3) 2
s

r,rn8rvn-fylclr,

9FzH
NH-N=C-CH2C@C2H5

80 (1) 82(2)

-s3 (1)

-22 (2)

46 (41

46 (L)

6e (r) 7A

-4s (1)

Present
!üork DiehI

68

-35
L7

from
Ti.ers

18 (1)

-7 (3),-34

-24(2),-
-3e (r)
-96 (2')

(pplun)

from
Varian*

e13 (1)

-88 (1)

from
B&r, P&ta*

-69
-63

-56
-51
-13

23

20
13

Present
Work

24 22

2L*

2*

(pphm)

from from
Varian* B&L

L7

20

Di Tiers

I
6

I
20

-23
I

23 (s)

- 7(e)
-18 (8)

-38 (s)

-e6 (6)

-I0 (2) *

25

-5
-22
-47
-98

30(2)
o (4)

-10 (2 )

-33 (r)
-er (r)

-5
-t1
-22
-93

40

0

0

-30
-9'l

4

6

13

23

-18
-17 *

I
6

1l
22

-2L

9

1t
T7

2L

-1i

6

8

19

-25

-47*or
-67*

13

0

0

L7

-30

13

30

20

HCL
No2

NH2

-r45*or
-L25rt

72 (4)

eo (1) *

-16 (1) *

77

80

50

37

23

-L2
4

34

22

NHCOCH3

OH

@H3
Oc2H5

oc@H3

oso2Sclr3
SO2F

s02cl
so2-OcH3
so2NH2

so2NrrcH3

s6 (4) *

44 (51

4s (3) 43 (1)

2r (1)

-62 @\
-68 (1)

*58

50

50

42

L2

12

15

-33
-r5*
-r7*

-32
-27

6

-18
-L7

37

23

-10
-20

16

10

L4

9 3

t3 23

2

2s (1)

-62 (4J

-58 (1)
*to
(2) *

(2)

70 (3)

7 (1)
(2)

3s (2)
17 (e)

-76 (t')

-8s (1)

-74 -80 (1)

6

-80 (r)
-6s (r) *

-60 (1) *

so3c I -27
-24

-I5

/!L
-10

s%+c.4
SO3Na
SH

cooH

coocH3

COOC4Hg

cooc2H4N.(c2H5) 2
cHo
cocH3
COCH2BT'

7s (1) *

73 (1) *
7e (r.)

-63
-93

-73
-63

-90

5*
-31*

-20*
-9*
_2r

-2L
-10

-18
-15

-10

-7s (r)
-s7 (3)

-3
-L4
-5
-11

-32 -23
-20

-23

-30
10

7

-13

-17

52

co-@-N(cH3) 2
coc^[L

-324
15(3)J2a

10a
ro(D,lF

3a

47
-65 (r)

rs (3)

ro (D,74

o (1)

coNH2
CONHCH3

coN (cHt)z
CN

cHs

CE2cH3

cH (cH3) 2
c (cH3) 3
c(cH3)2crl2c (cHd3

cH2c9_

CH2Br

cHBrcH2cc(3

cHc42

cc23

cF3

-30
10

7

-r7
L4

-13
l3

-17
9

5

3

II

7

-s (1)

(1)

11

9

I
-64

-54
-L4a

0

1r (4)

-380),+ea -30 (1)

13

80

-18 -10



TABI,E VI - {Conttd-) S^ and From Various Workers

Present
Vtork

6 (1)

-]-2a

-27 (4\

-la

4a

from
Tiers

-3ra

5a

from
varian*

-3 (1)

c+Da
Present
Work

-6 (r)b

-9

-10

from
Tiers

-2

-L2

(pphm)

from
Varian*

11

-]-2

c+Da

(pphm)

n-C3F7

C3H6Br

cnp(cr3\ zcL
CH2OH

crfnln
cH2c,cH2-g
cH2ocH2+cH3

,/0\
-cH-cH2
c2rI4ococH3
cH2NH2

cH2N (cH3) 2

cr{cn}H2
cH2N (cH2cN) 2

clr2wf,:nso2{
cH2-N (cH20) cH2N (cH2{) 2

C2H4NHCOCH3

Subst.

CH

cH (c) cocH3

c(cH3) zg-o:,i'
cH(-@N(cH3) 2)z
cH (/) Nccr (co) s
cznsQ
c (cH3) 2cooH
C2H4COCH3

-CH=CHCH3

ccH3=CH2

cn=cH-cH=cHl
CH=CHCHo

CH=CHCOcH3

(PFcn,
CH=CHBr

toa
5a

4a

6(

7
7

I
-24
1(1)

4a

3a

2a

7a
ga

7a

7a

r1a
7a

2a

gacH2

33

16 (1)

lla
-104
rla

-26 (21

I
-ga

-244
-L4a
-24
-la

cHZcH-y:cH f
Fe (co) 3

oH"'9
-C=cH-coC2H5 -9

10
-7e (r)
-r2 (r)Ferrocene

c 
=cHsiH3

-114
-l5a

frigrrt." in ( ) are number of spectra .,r.t.""{
* - Data taken in polar solvents only

ä From monosubstituted benzenes

B & L: BreY and Lawson

P & ,f: Päge and ,Jakobsen

C & D: Corio and DaileY

b Derived using Tiers value of So

0



Department of Chemistr,y
University of Utah
Salt Lake City 12, Utah
August 30, 1962

Dr. B. L. Shapiro
Mefl-on Institute
44oo pirth Avenue
Pittsburgh, PennsYlvania

Dear Barry:

In view of the recent vork of Anetl and of Lauterbur and- Kurl-and.r2 negative
geminal H-H coupling constants seem to be r^refl substantiated" experimentally.
The d.irect contrad.iction of these redults with theory, suggests a re-examination
of the val-ence-bond- calcufations of geminal coupling constants by Karplus and-

co-vorkers.s It is to be noted" that these cal-culations ard extremely sensitive
to one of the exchange integralsl K(C22H1) between a carbon hybrid orbital and
a non,bond-ed- tryd-rogen orbital, and- which is d.eterrnined from the d-ifferences of
c::ud.e empirical "x-hrrrg" 

integrals of the form d.escribed. by Van V1eck.a tr'le have
estimated. that an error of only ten percent in the vafues of these integrals
coul-d. give an error as large as + ,0 cps in the geminal coupling constant. It
appears, therefore, that even semi-quantitative VB cal-cul-ations of geminal
coupling constants wil-l- not be feasibte r.mtiL a better method- of independently
estimating K(C2rH1) is avaifable

The pi efectron effect on the geminal coupling constants can be treated-
theoretically, either by the vafence-bond method.6, or in a manner analogous
to that used" by Holmes and- Kivel-sonz for the ind.irect pi electron effect on

the long range H-H coupling constant in acetone. The fatter treatment is
based" on the approximate theory of Karptusa for long range pi electron
coupling constants in unsaturated. moJ-ecules, and has the advantage that o-n
exchange terms are estimated from experimental e.s.r. h;rperfine constants.
Since the geminal protons in a rnofecular fragment of thä type CH3-C=X 

"recoupled to the g pi electron, tire geminal protons are expected to have
parallel spin orientations, and- the pi contribution to tbe geminal coupling
constant is the negative of the one reported. by Karplusra

,friTC'r)- - Z.Lx ro-15 P (r)

where Arr is the triplet state energ-y and all is the hyperfine eonstant for an
H.C-C' radical, which was sho'wn by Mclachlane to be proportionaf to the sigma-
pi exchange term in the VB perturbation cafcufation of the hytrlerfine.inter-
action. I/üith the val-ue of +1)O x tOF cos2cp cps reported. by Karplus8 for this
quantity, Equation ( 1) can be vritten

{fiTf .l = - k cos2 cp cosz(q + l2oo) (2)

Equation (2) emphasizes several features of the pi electron contribution to the
geminat coupling consta,nt. First, it is negative in agreement with experiment,
and- second., it explains the enhancement of the rr contribution to the geminal
coupling constants for methylene groups in "planar" ring systems such as pro-
pioiactäners malic anhyd-r'id-Lrto ,rrd- cyctopentened.ione.3 The geminal coupling
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constant, estimated. from Equation (Z), ape to "free" rotation of a methylene
group ad.jacent to a d.ouble bond- is apBroximately -1.5 cps. This result is in
agreement vith the six el-ectron VB cal-cul-ations based. on the above approximate
form for the sigma-pi exchange integral.

!trith the acquisition of more geminal coupling constant d.ata, an inter-
esting trend. has become apparent. In Figure I experimental coupling constants
of cornpound.s having adjacent 4 bond.s are plotted. as a function of the nunber of
ad.jacent pl bond.s. An examination of the slope of the straight l-ine d.rar^rn

through the experimental circles in this figure, ind.icates that the contribu-
tion is ad.tLitive within the experimental- error of the measr.lrements, and. that
the contr:ibution is about -1.9 cps. per adjacent pi electron bond. This val-ue
is only slightly lar:ger in magnitud.e than that calcul-ated..

F. A.,L" Anet, Symposium on High Resol-ution Nucfear Magnetic Resonance
Spectroscopy, University of Colorad.o, Boulder, Colorad.o, Juty 2-\, 1962.

2. P. C. Lauterbur and. R. J. Kurland-, J. Am, Chem. Soc.r in press.

t, M. Karplus end D. H" And.erson, J, Chem. Plrys.r SOr 6 (L95il
H. S. Gutowsky, M. Karplus, and. D. M. Grant, J; Chem. Phys,t L.t +78 (f9r9).

4. J. H. Van Vleck, J. Chem. Phy's ., ?, 20 (I91q

5. M. Barfield. and. D. M. Grar*, J. Ar/1. Chem. Soc., 81, 4726 (f96L).

6, M. Barfield. and. D. M. Grant, J. Chem. Phys., 36, 2O5\ (f962). M. Barfield.,
Ph. D. Ihesis, University of Utah, 1962.

7. J. R. Hofmes and" D. Kivelson, J, Am. Chem. Soc., 83,2959 (1961) .

B. M. Karplus, J. Chem. Phys. , fr_, L842 (1960) .

9. A. D. Mclachl-an, MoI. Phys. , !, 213 (1958).

10. L. E. Erickson, Ph. D. Thesis, Universlty of triisconsin, fg|g.

Sincere\r,

Mlchael- Barfiel-d"
David. M. Grant
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Figure t. Geminal- H-H coqpling constants plotted- as a function of
the ngrnber of ad-jacent rr bond.s. The correspond.ing compor:nd.s, listed.
in ascend.ing ord.er 2 g;TQ methane, Irlrl-trichl-oroethane, 2rJ-hexane-
d.ione, acetic acid, acetone, acetonitrile, phenyl-ace-tonitrile, ethyl
cyanoacetate, vinyl-acetonitrile, artd mafononitrile. Circl-es indicate
eXperimental error in coupling constant measurements. Some coupling
constant d.ata was reported. in Ref . l and" 6. Data for lrIrl--trichJoro-
ethane from the unpublished"l,qork of H. J. Bernstein.



C oxTTNENTAL O n C ovtParY
P. O. DRAWER I267

PONCA CITY, OKLAEOMA

Sepbenber 20, Lg62

Dr. B, L. Shapiro
Mellon Instltute
4400 Fifth Avenue
Pittsburghr PennsylvanLa

Dear Dr. ShapLro:

l{e have studied t119.60 *e lH spectnrm of lrtrans-3-dinitro-9$-2,
trans-4-diphenylcyclobutanetf)(I) as a 5 per cent solutlon in 10 per cent acetie
äfrä-/acetone. 

-Ihe 
A2B2 spectnrm wao analyzed uslng the prograns NIlmfT and

NMREN of J. D. Sr,ra1en.

The followlng NMR pararneters were found:
H

)CL Chemlaal shlftel
(H") = 6.15 ppn (or 5.2I
(Hu) = J.21 ppn (or 6.15

CoupJ-ing constant's
Jab* t 10.0 cPs

'Iaü- ! 6'2 ePs
Jgu J6 = r 1.0 cps

a

ppn)
ppm) Ph

b)
(r)

a

The average devlation of caLculated and observed line positions was
0.L! cps. The llne posLüions were equally uell reproduced when a13- coupling
consta.nts wer.e taken wlth the same elgn; howeverl the calculated intensities were
unaccoptable "

In this lnvestigationr it was not possl-b]-e to determjne r.rtrether Jcis
or Jtrang is largeri but they are definitely of the sane slgn" )1rrather large
difference between these constanbs and those deterrniried by Lustig\zr may indicate
that the geonetry of the cyclobutane rlng ls highly dependent on the nature and
position of substituents.
(f) The stnrcture of thls compound. is lmor,rn, Donald B.' Mi[erl Ph.D.

Disserbatlonr Ohio State University, 1957. Dr. Miller kindly supplied the
sanple.

(Z) Ernesü Lustlgr Mellon Nl{R 45' 6'

Y')Y"Hry
4"KF. cox
Central Research DlvisiotlcoPiestor 
mr#m

PIONEERING IN PETROLEU/'A PROGRESS SINCE 187



-2-
I(/rRl--lvtARX-U N IVE RSIT;\T
PHYS I KALI SCH F5 INSTITUT

Herrn 

-l LElPzlccl'LlNNEsrR'5'TEL65150'65J4e'65156

Dr. Barry Sbaplro " 4'9'1962 ^'' Dr'Kl/Gae'
Me11on-Instltut e

P 1 t t s b u-r g tr / PennsYlvanta

Sehr geehrter Herr Dr. Sbaplrol

In den vergangenen zweleinhalb Jahren befaßteo wlr uns sowohl

experlrnentetl als auch theoretlsoh nlt der lndlrekten Spln-Spln-

Kopplung zwlsohen Protonen und schweren Isotopen uber zwel und

dlel Büdungen (s.z.B.flJ) . Von den experlmentell untersuohten

Verblndungen rnöchten w1r bler dle Ergebnlsse mlttellen' dle wlr

fllr dle n-Propylverblndungen von Cd, Snt i{g und Pb n1t elrem

Tr{lb{'äuber-Spektrometer bel 25 lü1". erhlelten'

Dle Spektren dleser Propylverblndungen entstehen duroh dte Über-

lagerung elnes ArBrC2- (an dLe lr{etalllsotope mlt dem Spln Nu1I

gebundene lropyfärupien) und elnes A,B20f-Spektraltyps (an dle

Metalllsotope m1t dem spln /2 gebundene PropylSruppen). Dle

exakte Analyse elnes ArBrCr-Spektruns 1st sehr schwlerlg'

DaB ASBAC2X-Spektrum kann durch ElnftthruriS Yon vler effektlven

oirerr""oiei Versohlebungen (s.Bezlehung (1)) auf zwel Ä5BzC2-

gpektren zuxückgeftihrt werden' Es lY1rd besonclers elnfacht wenn d1e

Bedlngun8en

JBr, t" lo's, a !/Jt:o ./t*)l (1)

Jan (< lo',,a ! ! 1./a^ -./,tr ) |

erfüllt 81nd. Dle or -Ilethylen- und dle l'lethylprotonen ergeben

1 G. Klose, Inauguraldlssertatlon, K[lU, ['lai 1962

dann bel J,q.c = 0 Je zwel Trlpletts eymmetrisch zu 9" bzw. ü^untl
dle,/t -Methylenprotonen zwel Sechstetts symmetrlsoh au td.

Dle Analyse des Spektrums yon n-Dlpropylquecksllber aua dem

Satellltenspektrun lst rel-atlv etnfaoh. Dagegen 1st d1e Äuowertung
der tibrlgen Spektren wesentllch schwlerlgerr y{e1I eln Tell der
schwaohen Satellltenllnj.en von den lntenslven llnlen des Haupt-
spektrune tlberdeckt w1rd.

Dl-e erhaltenen Drgebnlsse slnd ln der Tabelle zusammengestellt.

iCdSnHgPb
-l

Jx-c-u

Jx-c-c-u

Yorzelohen-
VerhäItn{s

,1 ,6

60 12

entg. -
gea.

*7t4

714

16 rg

'24 12

4e ll
67ß

entg. -
ges.

9"Q
'l10 r1

ent8. -
8es.

*7 s2

712

22 rz

-19r1

40 15

1O2 r+

entg. -
ges.

*7 17

7t5

13 re

- 8r5

r(cHr)-g -cHz)

J(7:*cur)*(x -cur)

/(cnr)-9'-cnr)

J(i;-cnr)-(" <nr)

-7rB

715

18r8

'11 14

Sänt,l-lohe Werte tn IIz

Dle Kopplungskonstanten JX_C_S und JX_C_C_fl besltzen entgegen-
gesetzte Vorzelohen und dle glelohe Größenordnung w1e d1e der
ent sprechend en Ät\ylverblndungen

Dle angegebenen Zahl-en für d1e li-F-Kopplungskonstanten, J.nsbeoon-
dere fllr J{Crfr)*{p-c"r) "tnd nur grobe Näherungowerte. Um d1e er-

hal-tenen V{erte f{lr dle cherillschen Versohlebungen au tiberprilfen*
und geÄauere Ylerte filr dlo H-H*Kopplungskonotanten zu orhaltent
wlrd d1e exakte Analyse der llauptspektren von llyp ASBZCZ vorberel-

Hochacht ungsvoll

fhr ergeben er ,'l l'i;""/ A2iat

(Dr. c. xlose) E6
I

,.o
ll, Idl.r! ?zr[ ]l0nl I I, 3r 'rrn

o"d,!rc N.LlrLdi, !ülr,'t. [nrLö Nt l l!/d/t Pon5J^dtorrr J- !\'{'ür!r Nlrvdftl l!'!]'' rü ld

f"'rtrn'- Jd A'rl_^to'r-U"ivtrttrül l{'o5r rn

tet.



STEVENs INSTITUTE OF TECHNOLO6Y
HOBOKEN. NEW JERSEY

Dr. B. L. Shaplro
l{el-l-on Instltuüe

protons tö be o.!2 : O.o1
moleculeg 8e lrdependont
predlot a vs,lue of O.0!O
la 1n agracment Fith the

-2- August 2?, 1962

ppn. if the elfecte of both laltc uPon the nater
then, fton the date ghou! ln Table I, re toold

! 0.02 pm. l{lthla orcperlJrent&l en'or t'hls Y3lue
observed velue.

Doporimonf of
Chomirtry and Chomic.l Engineo'iiq

Iugust 2?, 1962

h, B. L. Ilhaplro
üel"lon Ingtl"tute
lrlr00 Flfttr lvenue
PlttBburgh, PglnsYLygtla

Dear Dr. thapirot

Thle note Ls ln referenoe to tho recent Letter- of Forallnd and B€rgqvlst

"on.""nlne 
aquoouB s8'1t rolutlone (UELIoN!ft, L2, 21 (1962))' We xould l-lke

;-;;p;;-"";" of our flndlngü uslüg an lnterfilal Etonderd technlque'

To test the offectr of lntornal- 8t&dard3 on chenlcal thlftsr three intern&l
sirnaerae rere used to ctudy proton chenical Ehilte of H2O 1n llagl solutlons'
The least sousr€ rlopeg of chen1c81 shift Yersus nolatr ooncentratton are aa

i.ir.tri-."äto"u 0.o?l+ I 0'00! ppu, ethvl alcohol 0'069 t 0'0o5 ppn' and

""ätoJ.t"ifu 
O.0?8 t 0.005 ppn.--Xtteoe va1u.B are identlcrl rlthin experinon-

i"t "r"o, and consequenüly ii carurot be certatn that the lnternal etandards
fr""" ifg,fff"*tly d-lff*-ent effecte on the proton chenlcal shlft of ueter.

[o rvold an 6xce8ö of acetone 1n the salt solutlono, th€ follorlng procedure

waa errpfoyeC. A gtuäl]- beaker saa rlnsed lrlth acet'ne md drled wlüh s hot
atr tlower for otre nlnuts. The sanple under lnvestlgatlon was introduced
f.,to tirfu beeker md then treneferräO to atr N,l{.R. tubo. 'l' mtnute traoe of
a"eLne (f"s" than li) couLd be detected ln tlre N.M.B. spectra and it' slgnal
$as uged aa tho reference.

Tn Tabl-e I we conpare our resulta rlth those ol Forsllnd and Bergqvist sho

*'pr"y-aarrert"rnarstsndardtechnlque.Notl.cegblyourrcgu}tgareconsl"g-
tätty forur töalr ühoBo rcported by Foroll-nd 8nd Bergqvlst'. In fact, t'ho fo1-
iä"ä qp""":rate relatio'nshlp 

"oitlO 
b" fornedr 6(aCetone) 1nüernal . 0.83

5 (uh)'äternal_. tIe sond€r $h€thor ttre dlfferonce ob6crved 1s due to an

"fJc€-6f tbo hternql referenc6 6tandard on the uater noleculesr. or a failure
of tlre Ioreuüa cavlty model nhich xould alter the coefflol,ent 211/3 tn tte
forrute 

[!_:-{=g _ aff (* _ x ""r;l 
. ro6 

uhlch ls used to corract

[- Hrer ] )
'for exten4l Etandarda.

Even ühough the leart-square alopee for the thxee lntertral stsndards do egree

üttrfn ""ierf.rnentrl 
error, lt nould be lnterestlng to see thether aloohol

"ooia 
gr"ä proportionately Lorrer l-€s6t_square slopes rnd acetonitrlLe propor-

tlonatJly trighär least-cquare tlopes for the varlous selta'

Sclgntlftc curl-ollty pu'ompted ue to neasure the chenlcal shlft of an aqueoua

ioioiton contalnlng a ntriure of potassluu iodtde and aodlurn chloride. For

rgoluttoncontalnlngtwomolalsofeachgelt.ilefoüldtheshlftoftheyater

salt

KCl"

I$r

KI

LhCl-

nbcl

CsCl

NaBr

N8I'

NaCI

Table I

Proton Chemlcal thlft {ppo) per

Internal Stand$d

(Pressnt Uork)

0.06r. J 0.005

4.o99

0.128

o.o22

o.065

0.01+8

0,1c2

-0.01!

o-o7L

!lol-al" Concentratlon

Ext€rna]. St&drrd

(Forcilrrd and Bergqvtat)

0.099 ! 0.003

0.123

0.150

0.01'/

o.o75

a.o59

0.11"9

-0.016

0.086

Reopectfully youra,

f.n.W.l;*-L"' + P. \Je*1

E. R. M&linorrslcl and P. llelner
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Herrn
Dr. B.l. Shaplxo
Mollon-Instltute
P 1t t s bureb/PenDsylvanla
ffi

I l-ElPzlC C r, LlNNE5TR.5.TeL.65r$,6534e,65156

" 4.9.1962 &, Dr.Ra,/cae.

Tabelle I (entfernte C1)-ti-xopplungskonstanten naoh f2"l)

Substanz J^1t ..u-n i.iubstanz Jcll+-H Jc15-c-c-tr

_.iL

cIISCII0

HOCIIO

cH4

cHr0H

cHrcl

173

222

lcH"cHo; ocl 
]o

curinritio.go,

I1ür";,cir; oc15o

tcttri rirclior.iänr
q I r': lt

iz4' c1lnr-+1cr,) iurrn,
141 .-.fd, i:

c ''nr-c(ou)cH2cH5

1,o,, (ctrrcn,)nc1 5{ on;nr-o

(c:f'rcr.ic1t (clxcHr)2

,r7 + or1

614-615 + Or5

4t1

, ,2-5 ,6 + O r,1

4r7 + Or1

,rt-rr, ! or2

,t1 + ot1

5r4 - 
"8

4rr-614 + Or2

,t7 + or1

Sehr geehrtea llerr Dr. ghap1rol

Dle Abhänglgkelt der dlrekten und entfernten C13H-Kopplungskonstan-
ten von den Substltuenten lst wesentllch koüpllzlerter als bei den
H{-Kopplungskonstanten. Naob. elnfacben VB-Berechnungen erglbt slch
bekanntllch für dle Clf-R-fopplungskonstanten ebenso wle filr dle
H-H-Kopplungskonstanten elne Abnahme mlt stelgender Polarltät der
Blndung, d.h. m1t zunehmender Elektronegatlvltät der gubstltuenten,
Bel den H-H-Koppl-utrgskonstanten Uißt slob dlese Abnahee mlt zuneh-
mender [lektronegatlvltät auch experlmentell sehr schön beobaohten.
Bel den dlrekten C15-+t-Kopplungskonstanten wurde schon 1n der Arbelt
yon Mul-Ler und PritoharO lfl eln vöI1ig davon abwelchendes Verhalten
beobachtet. Bel den C15-C-C-tt-Xopplungskonstanten stellten Karabat-
sos, Graham und Vane ial fest, da$ kelne Proportlonalltät zu den
entsprechenden l{-C-C-H-Kopplungskonstant en vorhanden lst. Sle nehmen
deshalb an, daß zur Erklärung der entfernten C1f-tt-Xopptungskon-
stanten auch dle anderen Nloht-Kontakt-Belträge 1m Rarnseysohen Aus-
druok nlt zur Drklärung dleser Kopplungskonstanten herangezogen
werden mtlasen.

Man kann aber 1n vlelen Fä11en zelgen, daß d1e dlrekten und ent-
feraten Cl'-U-fopptungskonstanten vöIl1g g3.elchartlg durch die Sub-
stttuenten beelnflußt werden. In Tabelle 1 wlrd das an elnlgen Be1:
str&l-en gezelgt. Durch dLe Substltuenten 0 bzw. Cl am C15-atom er-
höhen sl-oh ate c1)+-t una cl)-c-c-H-Kopplungskonstanten ebenso wle
cte Cl 3-it-xopplungskonatant en.

Dleses Verhalten lst in Überelnstlmmung mlt der ürwartung. Unter
Ber{lokslohtlgung des Kontaktterms ergeben sloh a1le dlese KoBp-

lungskonstanten proportlonal zum 2s-tlrärakter der I{ohlenstoff-
blndungs elgenf unktJ. onen

Jc,,-H - ^'örirr, , (y;. o,li^r* b,li 
^,,,,-,.1lluroh den Substltuenten wlrd dle Hybrldlsl_erung der Kohlenstoff-

elgenfunkt!.onen und dault der 2s-Charakter getindert. Es mUsson
sloh also alle C1]-H-Xopplungen vöIl1g glelohartlg ätndern. Daa
rnelste experlmentelle it{ater1al llegt fur dle d1"rekten C15-H-fopp-
lungskonstanten yor, Dle von uns früher angegebeno emplrische
normer l.r ir" 

Jc,r-n - 6tt +-{s,y .'1^((-\.) [\
glbt z.B. afe C13-H-Xopplungskonst&nten ron nonosubstltulerten
I{ethanen sehr gut wleder. Man kann zelgen, daß dle 2s-Charektere,
d1e sloh aus dlesen C1t{t-xopptuFgskonstanten (unter gugrundeJ.e-
gung der Theorle von Gutowshr und Juan f+.1). ergeUen, ln eehr
guter Überelnstlmmung n1t den Regeln von Bent ifl tUr Ofe

F

i i:ä i3:3

itl i3:?
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iinderungderl{ybrltilslerungdurclirlle!iullstltucrrtenslnd.Aus-
ftlhr]lchertterdenwirilbertileses]'roblenrindelrArina].onclel:
I,l5.slk schreiben.

Hochac trt ungsvoll

(Dr.J.Itanft)

1 N. Mullerr D.E. Pxltohardr J.chem'l'hys' t1, 1471, 1919

2 G.J. I(arabatsos, J.D. Grahamr F' Vanet

J.Am.Chem.Soc. pr 1250, '1961; a4, 17, 1962; a3, 2778' 1961

J.Phys.Chem. 92, 1617, 1961

3 J. Ranftr Tagungaband Eochfrequenzspektroskople, Berltn 196'lt

s. 18

4 H.S. GutowsirJr C.So Juan, J.Am.Chem'Soc' !!t 1O7, 1962

5 tr.Ä. Bentr Chem.Revso !!r 275' 1961

Nuclear Spln Relax-tlon 1n L1qu1d CllFClz

R.J.C. lJrovJn, il. S. Gutowsky an<l K. Shlmomura

Noyes Chemlcal LaboratorXr, Unlverslty of Illinols
Urbana, Illlnols

I'Iucle.rr spln relaxatlon tl{nes have been measured for Llquld .

CtlFCIa, the values of TIH iLnd Tr" between 1J2o and 29BoK at 27,20

and 17 Mc, and Tr" and T2F over the saine temperature pange at 20 Mc.

Ihe results of these measurements are dlscussed, and the follor,ilng ne-

1ä(at1on mechanlsms are ahown to be lrpontant; (a) lntennolecular

dlpole-dlpole lnteractlons, lncludlng tbelr effect upon the electnonlc,

scalar coupllng of the proton ard fluonlne nucleus, (b) tne quadrupolar

relaxatlon of the chlorlne nucl-el, hrhlch aue coupled to the proton and

the f,IuorLne nucLeus by scalar coupllngs, and {c) the sp5.n-rotaülon

lntera.ctlon between the fluorlne nucleus and the neorlentatlon of the

molecule.

The statlstj.cal assumptlons of r.otatlonaL Br.ownlan motlon of the

molecule, ln the Ilquld, when applled to the spln-rotatlon lnteractlon,
are found to predlct the w:rong temperature dependence of lt*, at hlgh

üemperatunes. A model ls proposed 1n whlch the nolecules rrJunrprr from

one orlentatlon to another at random tlmes, the spln-notatlon lnterac-
tlon 1s agsumed to operate durlng these rr;umpsrr v*hen the rnolecule ls
actually rotatlng. The statlstlcal propertles of such a nodel are

calculated, ard lt 1s shown that TO is predlcted to have the correct

temperature dependence. [he dlpo}e-dlpole ard quadrupole lntenaotlons

are dlsouased 1n detail, anl. a treatment of lnternolecuLar dlpole-

dlpote relaxatlnn by Redflelds t method 'ls glven, wlth results lrdlca-
tlng that the eLectironlc, BcaLar coupllng of nuclel contrlbutes to

the lnequaLltV Ta(Tr often found 1n llqulds.
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Septenber 5th, L962. Lincoln College,
Oxford,

England.

Dr, B.L. Shaplro,
Mellon Institute,
44OO, Flfth Avenue
Pittsburg 13,
Pennsylvania,
u. s. A.

Dear Dr. Shaplro,

?his is my subscrlption to the excellent NewsletLer

We have a Varian varlable frequency wide line spectrooeter which we have
been using for ctremical shlf! measurements aDd various other n-nr-r- problems,
We found that the measurement of chemical shifts was severely limited by the
accuracy with which we could measure the magnetic field during the scan of a
spectrun uslng the scanning unlt provided. We have therefore made certain
changes which enable us to work vith a fixed maEirletic field taking advantage
of the super stabilizer, and Eo scan the spectrun by varying the frequency.
Three large holes were punched on the left hand side of the radio frequency
unit in each of the ruin three coüpartnenfs. Three srnall variable air
condensers were nounted on a stout piece of aluminun anglc and connected by
gear and wonu drlve to a single straft which was connected ttirough a multispeed
gear box to a clock motor, Thls assembly is bolced on to the side of the radio
frequency unit so ttrat the three variable condensers poke through lhe large
holes in each conparturent. The condensers are connected iu parallel vith ttie
three uain sectlons of the tuning condenser. It was found to be necessary to
provide a screening, can for the trirmer in ttre radio fre<luency ailplifi.er section
at the back. These trinners scan the radio frequency uniL at any predetert[ined
rale änd lhey provlde a scan of as much as 27" when the rnain condenser is fully in
and a greater range vtren che condeuser is out. 'lhc frequency of the radio frequency
unit is neasured by taking a sigual from ttre crystal locking connecter and mixing
lt vith a scandard reference frequency fron a frequcucy synchesiser" .Lhe bear is
applied to a counter whlch then displays at regular intervale a number givtng the
exacc value of ttre frequency at any moment. As the spectruu is scanned marks are
Put on the recorder ruanually and the readintj of the counter 1s written against thent.
These calibrations can be pu! on as frequently as seenrs necessary. l.rith the nagneL
and super stabi-liser working we are able to scan extremely slowly arrd have found no
dlfflculty in neasurlng chesrical strifts to better thaD 5 c/s when t,he line width
perüits. The sPectromeler ls nuch simpler to use and one knows the calibratloil with
confldence at auy ttme. Llle radlo frequency unlt itself i.s renarkably stable wtren
it has been on for sone days and we have not encountered any difflculties from drift

Mr. B.A. Yorke has beeu neasurlng line widLhs of brornine and sodiurn resonances
in solutions of bronides in water and non-aqueous solvents. tte finds for sodiun
and calcium bronlde solutioDS that the line width is a llnear function of the
vlscosity. The slopes of the llnes are in the ratio ol tlrc squares of tbe qu:rclrupole
noments for the two bromine isotopes, thus indicaring thar the slopc of the line is
a good neasure of the quadrupole coupling constaüL i,t Lhc bromine nuclerrs i-n
accordance with the tlrcory of Abragam arrd Pound. 'l'lre lincar plots show that rhe
quadrupole couplin8 constant is independent of concentratioo in tlrese solu!iolrs
and nust therefore arise froür interacEions belween fhe trromine ion a[d tlrc
solvent molecules and not between ttre bronrine ion and the positive ion.

-z-

!'or caesium bromide soluclons non-llnear plots are obtalned confirming the formation
of ion pai.rs at high concenErations. In non*aqueous media the plot of llne wtdth
against viscosity is once again linear provided that the nature of lhe solvent is
kept constant. Mixtures of waEer with methanol, glyclne, acetone, and dioxane have
been used. l,jhen the conposition of the solvent mlxture is changed Ehe ölope of the
line widirtr versus viscosiEy plot changes so that clearly the quadrupole coupling
coostant depends on the solvent mediuu. There ls a close relationship between the
slopes of tlre lines and the di-electric constant of the solvent and we have
lnterPreted the results in terms of electric field gradienls at the bromlne produced
by charges induced in Ehe solvent molecules, The details of this work have been
subNitted for publicatton in MOLECITLAR PEYSICS,

Yours sincerely,

i'), ,1./ *- "
R.E. R.ichards
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i' 1,h;nhrr',r, l')i

Dr. B. L. Sh4plro
l{eLlon Instltute
11400 ftlfth Avenue
Pittsburgh 11, Pa.

Dear Barry:

I should llke to dlscuss two items rhich cornr: Lo nin<i conccrning
proton NI,IR work. The first concenls the o1d problem of the nunbtlrs used
in doscribing chemj-cal shifLs, ancl thls aris()s in connection with the
scale sed in the Varian specLra catalog, uhere, contrary to the usml
scl8nLific and mathanatical usage, the nunerical scales i.ncrease frffi
rlght to left. For a few years evcryono seemed prrttty well agreed that
a nrxntrcr doscriblng Lhe chenica} shtft shoutd increase wiLh increasing
fleld. Now, Just about the time w,: tEve converLed al-I our reference
poinLs to the tau scale, whlch !.orkr,il preLly w,s11, there seerns to be a
growing tendency to reverse the direction of thj"ngs, just, bocause '114,5

happens Lo havr: a high-flold resoinnc*. lf everyone ls going to do thls,
the situaLion ls noL too tud, buL Llcre is älkrys l,hü problern of Hhat a
minus si-gn neans. Perhaps thtilgs cou"Id tre st,ralghL.:rr:d oub with the
frequencies t,hemsel?€s sti.ll tnd.ng posi.Li-ye slgns for iiigher- fiel"ds,
and tl.e ppn scale lrt reverse di.r+cLi on but" I r.:rnin scopLic:rl. Perlups
the ACS odj.torial forc,:s wlll one da.y rnakc a (iecislün about Lhis, but, Lho
Iiteral"urr; is groulng so raptdl..y l,iur!,;rgct,rc;n;ol should be reochci as soon
as poss ib1e.

A secoud probJ-t-.n trqs to do ui Lh rof€'tcrrcit)g- We llrve rüt r;ome
very careful shifL nerasurr:rn{,nts on go'l.uLions; o{' s[bsliL[tixl benzcrrxrs
uslng Lhe l,,Jilftrd prec.lsLon coaxlal ce.lls tril,h bsiaeno as exLernrl
reference. The results have beerr exLrapolaLt:d Lo inj"\ni[e dllution.
V'Ie flnd a small but definlte differcncc bet.ween Lirc relativü sllifLs of
the ring protöns ln, say, benz,:nr: and l:olu,)uü Liop,indlng upon whet,ll(:r
these measurements are lnade in carbon tel;rüchloride or jn c,yclohertle.
Sone of our netghbors to the north stalod thzrL lf Tl45 würc used :rs
int€rnal refer€nce this dif.lerenco di.szrppeareü, bul, wc can not rcplodrrce
tholr r€sult. Perhaps someone elso rroul.d be interesLed ln loohirrg in[o
thi-s problern and helplng to settle the qusstlon.

ilaving nenti.oned these controwrsi.al lssues, I would lil(e tö
descrlbe scüne resulüs wo are obtalnl.ng on the bempeurturo dependence of
F-F coupllng constants. VariaLion ls observcid .in mny cmpoucts,
appar€ntly as the result of change ln molecular confonation. If
Interconversion of forms ts rapid, tho obsorvod J is the welghted
average over the several forms. For sure üs)mneLrical:l.y substiLuLed
rlolecules one can rrfreeas out0 sev€ral different confomers at -J0 to -10Oo.

Firs!, we lnve forurl that one nust be careful tn lnterprotlng
the results of teeperatw€ variaLion, for th€ J.s are not al-r:rys cbanglng,
as the tomperature decreases, tomnl tlp value foüd for th€ prodonlnant
couforuer at low Lenlreratures. For exanple, ln CF2BrCFBr2, the coupllng
corrstgnt at -lloo is 1?.4 and lncreaslng wlth lowor tmpemtur€s, but
Lhe average value foilLhb fom prsdotrlrlant at -1100 ls 1?.4 (l{amtt and
ßllelEn, JACS 8ll, 1305 (r.952)).

A posslble explamtlon for this i6 suggested by the observed
effect of temperature on ths a-b coupllng in the followlng molocule;
The value clnnges frw ca. l+.5 cps at l00o to 6 cps at -1000:

CF3-CFNO2-CF2NO2

abc

Sl.nce the CF3 group Is s)rm€trlcal there can not be an equL1lbrlun betnoon
dtfferent rotatlonal confonaers ln the usual s6nse. lleverthelesg, 1f
the coupling ts angularly depnmlent, dlfferences l"n th€ erb€nt of the
torsional oscillation of the CFj group wlth temperatule may produco the
obseruod resul"t, arld thls efr'ec{, my then be sup€rhpos€d on the conforuor
equllibrlur ln uns)adnetrlcäl Dolecules. lncldentaUy, the a-c coupllng
ln thls molecu]'e Is foud to decrease Ftth d€cr€aslng tffip€rature.

A nore cmplieted sltutlon occurs ln:
F

cF2cl-cFcl-cPc12

ärät b c

Ju" lncroases fron 18 cps at ?5o to 28 cps at -l0Oo; whlch ls certalnly
one of the largesL 1-l coupllngs yet found and nakes qul.t6 reasonable a

lue of 40 or J0 cps as postulatod by Petrakis and Sederlroh (J. Chen.
Phys. 35, 1243 (1961)) for the slngl-e confonner wi-th l-J contect betüeen
two glven fluorlnes. Jab and J6g also lncr$ase, but to a leas€r extent,
rlth decreäsing tenperature, whlle J3r6 and Ja.c decrsas€ sonerhat. ft
would seon here that at low temperatures a confotrer ln shlch Fa and Fa
are opposod ls htghly favored. Howover, fre€zlng out was not observed
at -1000.

l^Ie hope to learn a gret deal nore ln thts area. ff we have not
been br1€f, at least re have single-spaced and perhaps I.llI b€ forglven.

Cord1ally,

U)"ru* {
Jr
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OIVISION OF PURE CHEMISTRY

OrrAwA 2, t4.9.62

Dr. Brry l.Shapiro
Mcllon Instituto
4400 l'ifth Avenuo

Pittsburah, PA

USA

Dea Dr.Shapiro,

As sonetlü's it süoms to be rathEr difficult to lirLd accwate susceptibility
date in llter.&tuc, lrc ahould li-ko to rnontion here & litil,e trick to g€t thi.c
lnformtion fron hi-gh-resolution NI{R di"rectly. The mettrod is sinple and pr.ovi.des

&n eccüacy comparable to the claesica] methods.

Two referenco tubes, a spherical md a cylintilical one, are irrunersed simul-
tmeously in a splmlng thin wall smplo tubo fllled with tire liquirl or gas to
bo lnvostigated. two surprlsingly slnr! sigoals can be obtrined, thelr sopüatj,on
bej-ng proportional to the volue rEgnetic ausceptib.j.lity ol the sanrple:

.-f
\ 

"rr(r.r) 
- ö"nn(r"r) = [s"yr - er,1l [y';("et) -.y'zngunpte))

('
where d is tt€ cheüical shift in ppn, g is a "shupe factor.'r md /- tu ty*
volune magnetic suoceptibi-Iity in c.g.s. uits. The constant [6"U1 - S"nni oOool"
Zt/ Z - O = 2.094 for ideaf geouetry but may deviate sligirtiy in pr;:ctice
and has therefore to be detoudned by calibretion.

The accuacy depetids rnainly on suee! dd rf stabilj,ty as welJ as on field
honogenei\r. llowover, by using tire eideb'iud/superposition ftreilrod and proDer
arljustnent of the ficld grad.ients i.t is por;si.blo to roeasue the clifferenco ol üro
lrwo referonco signar8 with an accuracy of about .2 c/s ot,b6tter. The geornetr.ical
positiolls of surple tube, sphere imd l'eceiver ooil shoul(l bs kept üonstarlt duri-ng
the series of experirmrtLs. as reference ru;rteriar - which should prod.uce n reasonably
sharp dld if posslbla single lino not interrfering sith tho surrpro spoctror - sater

''ac 
chosen; but umy other roference conpomds guclr as tetr.aneillylsilane, cyclopentanö

otc. sould also be guitabl.e.

1'o calrbrate oiü. pri:;!.(il e,,tult, fiit,.retr CojrpoullLls Of \{e11. hnown SUsCOptt-

oili tir:r; r't:r'e u;;t:J. Usinr; a le::sl s(lrrrr.l trlrattüerrt lo Jit the d&la of ilroersma
(S,ll',,.t.r,,,r,, J.0herr.Phys. I'7, ij|1 (f g.l))) onu orrtrrtns!

y'r(u,,ru!r") 106 lin c.11.s. mitc.J = o.'/149 + o.ooiJo:r? 4y' [in c/u]

uilh a nean cieviation of .+ 0.0O12 10-L c.g.s. units in /r. 
T"Ufo.f

swxufizca the obtained dnta:

'r'abl.e I: Voluru,) sriooltibilities f u il c.{i.s. units doternrinod by the

pr'.,rr:ril method, fittinll the rceults otrtained by 5.tsroefeun.

AV = l.yt - 4p1 X,
hero

to6 [c.g..a. unrtr]
S.Sroersne

&LI'

ace tÖne

n-pcntane

n-heJAne

n-hrlptdc
cyclohoi:ano

benzene

to luene

mesi tyleno

c tliylbenzenq

o-TyIone

carb()n telraclrlorldo
me thylonebronj.de

bromofrlLlr

xre thylone i0dids

- 9r.90

- 5r.54

- 20.8r

- 74.5')

- 16.3r

- t2.67.
_ L2.45

- I2,L7'

- 10.09
* 1.0,04

- 8.50

t 27 .5t
+ ?8.6t)

+ 54.'J9

+ .0292

- .4595

.5464

.5660

.5824

,6129

.6149

.6167

.6it2

.67't6

,648)3

.6933

.)760

.,)471

1 .1553

+ .0294

-.46r
.5472

.1667

.581?

.61r5

.6157

.6179

.674r

.6440

.69L

.955

.948

r.7t6

A,nolLi:r.;rt,Ir]icr.ition Llf the Bpherical referencc tube is its us4 &s rtr cxtem;rl
sttltr'lllrrl f,)f (illlrnjcrf shil't rxerislllelnr:nts, rcducing the bulkeuscept1bil:ity corroctjon
to Lh-^ orri,,r' ol I c/s. A" li"1rh .,,rn be deterilrinod empl::lca1ly froll flrc slopo of tho
crrlibr':rLiorr lirc (:rssuuing gor.- - 21(ft) Lhc ,'spher.ical,' bultrsusceptibility corect-
ion r:a:t be evrll,urrted wiLir un ncculrcy of bettor than 0.1 c/s. Uith ottiel not.ils, tho
t:'u,r lxrsitlort of the extdlnal refurerrce lir$ can b+ deberlriltercl )ritlt;,gl accuracy of
+ O.1 c/s or. better, cveli ritL crud€ sus(ieptil>illby data aurilable.

LlxI,er'llturnts to uee tbe splre.ir:al tube aLr a micl.o srnple tube rno being under-
t:rIer.

K.}'rel K.R€l.
ll.J.Berrrste:Ln W $.ßU*uft|*

5&
t

Sincerel;, your's
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It ur!,r r.s
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/H

) [l;:, t[]til'
III IY

It showecl no absorptlon 1n the al-dehydic proton region around.
o T but about 3.3 T which j-s üore like the shlft for.a

strongly unshlefd.ed alj-phatic proton. l{owever. in al-ka.l-ine
solutlon the anlon 1e derived from I as the resonance occurs
5.2 ppn towards lower field fTonr the wa.tet'resonance, that ls
in the.aldehyclic region. fn the thr.ee thiopfrene analogues
(III-V) of phtalaltlehydic acid the geotretn.ic e€rctors antl con-jugation effecte wlrl.ch could lnfluence the stab.i]i.ty of the
open versua the cycllc forat are someyrhat different. However
a1l" thre6 thlophene analogues exist in acetone or dioxane solu-
tlon 1n tlre open aldehydic form as they di.splay an aldehyde
peak at -0.4 to -O., T . fn II.l. iurti IV bhe splittirrg" of
1 c,/s due to the welf-knowrr long-rarrg-e aldehydic öouptjn! to
the 5-hydrogen could be resol.ved, but i-n V the u,cciderrba]
coaLescence of the aromatlö hydr.ogel'i per-rlr, preclu(ieal lhe r.e$ö-
lution of the expected I'ine-sbr.ucture in Lhe afdehyde betncl.

Ano ther pr.oblern wh j ch we rttr.e ;jtrrdyin6; il; the corrtrection
betweetr the Nirn-par.alrreter.s rrnri the lautolrrer.ic sbr.ucbute or'
hydroxy- and aniinopyt'j.riid.ines, whiclr ir a qLrj. l;o inLI'irjuj_niiproblenr. rl'he danger o"f dr.awi.n1; er.l.o]1eous conclus.i orrli -r.erilCrtling
tautoneric strl.rctur.e frorn llf,rtit-datit ha$ r.ecerrL.]v i)ecn I,o.j rrl;ed

September 10, 1962

Dr. B.L. Shapiro
Mel].on Instltute
4400 Flfth Avenue
?ittsburg, Pennsylvanla
u. s. A.

Dear Dr. Shapiro,
It seems hlgh tlne to senti our r.r,enewal subscriptionrr on

your excellent newsl9tter. A report on our recent studles 1n
the furan serles was, as you will remember, presentetl by one
of us at tho Soulaler confelcence and we hope to have reprlnto
of the fuJ-1 paper, to appear in Arkiv Keni, avallabl-e for dls-
tributlon ln the near futur.e, so in thls l-etter we wlsh to
comlunicate some of our more rec6nt activlties.

We have for eome tlme been etudying the aldehyclo-lactol
tJ(pe tautonerism 1n compounds l-ike phtalaLdehydic acia (I).
NMR-spectroBcopy conJlrnecl that this compound exists as hydr.oxy-
phtalide (II).

out by Katritzky arrd Warlng (Cfrem. s Intt. 19621 695).

We hope that this Letter ls not too ].ong and that i.U
wifl entitle us to receive your valuable news-letter for
another six nronth.

BesL I'egar.dE,

Sinc€rel-y Yours

I h-s,r.r't.t"r.rr rlr. ('lt l.:tr lsttr *t

f I\- ! vrirtsrTY rlqr I J1.1r5.11,,q
ll I'r"i.r r..r
S \\'D$ilN

s"hru Eay*','g@'*on
Sal-o Gronowl tiz Ragnar A. I{offluarr
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UNIVERSITY OF CALIFORNIA

UEPARTM!NT OF CHGMIST&Y
LOS ANGELES 24, CÄLIFOaNIA

Dr. B. L. Shaplro
DleLlon Insrlture
440O Fifth Avenue
Pittaburgh 13, Pennsylvanla

Dear Darry:

euch data nlght be useful to other workers

Coupound 1,oc Jtla-" (c.n.s.)

1"27,5(obeerved only for CH3 Broups so far)
L28
13 1*
L37*

Septeeber L7, 1962

1. Relartve {nEenstty of proton resouance peaks of (cH:)fs:94ZSf(9It:):.lII. The
resonance of the nethyl protons ln (I) (cf. Kaesz, J:_4gl:!!:g:j99.,83, 1514 (196r),)
are spllt, through the lnteracti-on Sn-C-}{, by the priocipal nagnetically active nuclei
Sn-117 and 8n-119 (relartve natural abundance m, 7,7$ and 8.7$ reepectlvely). Such
resonances ultl appear as a main peak surrounded by satelllte doublets, In the intenstty
ratlos, 4.3:3.8:84r3,8:4.3. the melhylene protons' altuated on a 2' tln-substltuted
carbon atm, w111 encounter Sn-C-H spllttlng at twle the probabillty of the natural
abundance of the nagnetical^ly actlve 16otope8. Such resonancee w111 aPPear ae peaks ln
the ratlo 8.727.7:67|.7.7:$.7. Thls ie lllustrated by the resonancea of the uethyl and
nethylene protons of (I) on lhe attached specErw. Because of the sltuatlon explalned
above, the naln peaks, A and B, appear ln the tnten8lty rarfo (0.84)9 : (0.67)1, i.e.,
11.2:1.

t
lhe fol

13c satellttes ln on regonance of 1n 6, I wish to report
cona ln the evenEr

I ts ( t rlne rhy 1s tanny 1)nethane , ( I)
hexanethyldltln

trtnethyll{n chlorlde
dlneEhyltln dlchlorlde
nerhyllln trlchlorlde

3l
31
45

108
55 L42

*) Comparable values for these Evo have been reported by Van der Kelen, Nature,
193, 1069 (1962), 1n an artlcle whlch ln olher respecta, 18 a repetition of
iääulrs and concluelone prevlously reporled by IIolDes aud Kaesz, J. Am. Cheü
Soc., 83, 3903 (1961).

3. A forrhcoolng revlew article rrAppllcatlone of N.M.R, ln Ehe Sludy of OrganoneEallic
Coupoundslr ts belng prepared in collaboratlon with J. R. I{olmes and S. L. Stafford (borh
presentl"y.at rhe All.ied CheBlcal Corporallon, llorrlstom, Nev Jersey). ln order to keep
our artlcle as up !o date as posslble, we would appreclate recelvlng any current preprlnrs
of reporl8 ln the above mentloned area.

9lncerely yours,

/1"/-
;] *
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Herbert Kaesz
AsslstanE Professor



Dear Dr, Shaplro,

We have recentl.y lnvestlgated by n.rn.r. the acld_base equlflbrla
of a.arrenes of type r, whlch can theoretlcalry for.rn seve'ar lsomerlc
conJugate aclds of type II, III and IV3

|l

-2
ol'r-n.i-tro-üzuler)e ls corriildcrable. The slgnals ol'thL'd1I.I.erent rlnd
protoDs arc siri.fl"ed irr i.lre sarne direction;rs those oI'ühe ca!1on rlth
sl.uclu.e vr (cor.pare t:rble r). pnotorratron on ttre rrr.tro group has also
been provecl bv followi'g Erre tlt,r,tlon oI'l-nitro-azulene 1n FJccooll
wibh conc,H2S04 by n.nr.r,.b). T,n" r,esultlng curve (fl6. !), wlCh a
change in slope aft,er.1dd1t1or) ol.one equlvalent conc.l{2SO4 per one
rnole 1-nitr.o-azuIene, I'its Lhe equatlon (A)

Job"""uu.i = Ju.,"u' Xu^"o * Ju"ro

correspondlng to t,he equl.librlum!

Ho+

W
EIDG. TECH NISCHE HOCHSCHULE

zÜRtcH
Labo.atorium

t0r OrgahiEcha Chcmic

z0rich 6, l /Lh Sepl- ernber l-9b2
Universitätsirass6 6
Tol. 32 73 30

x (A)acld

a
('

s

l

I @
Moz

+

,l l'

HI lv

The n.m.r. spectra of the conJugate acld of 1-methyl-azulene and 1,4_
dlmethyl-f-lsopropyl-azulene (guaiazulene) are conslstent only wlth
structure bype Iv t) (tta. I). Thls result has also been found tn a"n

earller lnterpretatlon of the u.v. spectra, based on slmple Mo-cerrcu-
latlons2). For azulene-I-al"dehydesJ) stmll-ar conslderatlons Led to
structure v for the conJugate acld. The n.m.r. spectrum of the conJugate
acld of 2,4,6,8-tetramethyl-azulene-1-aldehyde (f1g. a)4) snows tfrat
protonatlon ta.kes plaoe preferantlally on the carbonyl group to glve
the conJugate acld of type V. Fast exchange of proton resp. deuterlum
on C-) (H), Dr) suggests that the lsomerlc cablon of type IV also
occurs ln solutlon.

cHoH H

VI

The n.m.r. spectra (ttg, 1,4) of 1-nltro-azulene 1n strong ecldlc
solvenbs show that protonatlon takes place predomlnantly on the n1üro
group. Also ln thls case, exchange of proton resp.deuterlum on C-)
lndlcates that a small amount of the catlon $,lth structure IV ls present.
rn sorvents wlth htgher dlelectrlc constant than ccl4r the polarlsablllty

(rinase, JacfO ! chemlcal- shlft of the base, resp. of the acldi
X ba.se, Xacid i molarlty of the base resp. of the acldi

flg. 4: aJ = change 1n chemlcal shrft reratlve to the ohemlcar.
shift measurement 1n FfccooH wlthout Hzso4t v = proportlon of conc.
H2S04 per L-nltro-azul,ene at start).

In gualazulene-J-sulfonlc acld protonatlä4, occurs at lhe carbon
atom bearlng the suLfonlc acld group. Thls behavlour may be du€ to
reLease of sterlc straln between the sulfofic acld group and the
methyl group at C-4.

The asslgnments of the llnes of azulenes and bhelr catrons has been
dlscussed ln some earller wort<s8). some of our lnvestlgated oatlona
show a conslderable large coupllng between the protons of substltuents
1n posltlon 1 and the rlng proton or rnethylene protons on C_f. (e.g.
L-met'hy1-azulene-cablon: Jmethyl-rnethyLene! r,p cps, Jmethyr-Hos Lr] cps,
Jmethyrene-Hr: 1' 9 cPs ) '

Thanks for Frequrnt rv and Mellon-Nra whlch ls a rnost valuable
help ln dally laboratory work.

Slncere]y yours,

5 /.L.- o4_<

Dorls Meuche

H

V

s
oo

I

oo-



Table I.
zlnd of I-nltro-azul-ene-ci tion 

'/ )

('rJ -values 1n ppm relative to l'MS lrrter"r]e)

* average J -value of conrplicate not analyzed Llne pattern
(compare also flg. J)

t'Dle Protoni.erung von alkylsubstitulerten AzuJ-enenr', Dorls Meuche,

B.B.Mo]]oy, D.ll .Reid and E.t{ellbronner to be publ-lshed: IIel"v.chin.Acta

Pl.A.Plattner, E.I{ellbronner und S.Weber', lie}v, )2, 5'fU (1949)

E.Hellbronner & R,1/,/.Scirmicl, Helv. )'f, 2Or,il (1.954)

ttn.m.r. spectra of azul-ene-I-aldehydes and thelr conJugate acidsrr,
D.Dreyer, Doris'Meuche, E.Hei.lbronner, to be publlshed,Helv.chitn.Acta

ItDle Protonlerung des L-Nitro-azu1ens", Dor.j.s Meuche & E.llei.l-blonner,
Hel-v. chlm.Acta, in press

H2: 777

Flg. t

Cireril j-caL shl f t o1' the riJri4 protons or' 1-rri bro-azulene

1)

2)

))
4)

5)

6) Welght samples of H2SOU conc. in teflor:L-capillars were pressed by an

lnJectlon tube lntothe solutlon of 1-nitro-azulene FfCCOOil.

7) The spect ra were measured on a Varian-A-60-5pectronleter in 0.2
non degassed solutlons. (Accuracy + I cps)

8) s.s.Dany1uk & !i.ci. Schnelder, J.Arner.cheni.soc. 82, 997 (J960)

I rrrolatr

F
oo

I

G

cDcl)
(cHr)2 s = o

Sr0,, iiurrld
F)CCOOH (4,! mol-proz. HnO)

F) ccaQH/HZsoU conc. (9,1)

Solvent I

I

i
I

l
I

'7,t6

7,)t)
7,2)
aa7

7,58

B,4J
8,41
B'15
B,)4

I,5)
B, BO

8,6)
8,61"

9

9

9

9

9

,(I

60

6'l

66

B8

(7,8r)*
(8, ro;*
(7, e8)*
(B,o'l)*

(8,77 ) x

H2, zs6

t.5,

Me,
Mg.
Mce
Elaz

933

do\.,@
i Hr,Hr H,

E.22 Zfi

t&
t&
290

za,

HrHeHu M3a: rr

l-Pr
t55

I

l-Pt:rs

Met

zac

H2

752

H3

605

FiE, 2
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Hs'Ha,r+

H2

A

orct

H3

A
a

I
,.e5 -6 PPM

H,

Ä

Hs
H*H6,& h

a

n FICCOOH

Hs

,Ör

111

fr

9,65 8.6t
I

8.4
I
0.07 ?23 - 6 ppm

+Ä6 Hs.Ha.Hz

o.1

0.2

H3

2
v0

H2

Fig. 1 !'ie. li trig. )
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&,Hs,H6,l+ b

& 6CCOOrr+räSq.
(9:l t

H2

{\

t*
A

Hs
I

*6' PPm9.84 6.r, 0.33

ra FzCCOOD

tls

fÄ

lll

fi

966

bllz

-6 PPm

Hs,HE,H7

8,61 0.31 8.07
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Eidg. T€cfi niscfi e Hoctrschule
Laboratorlum

lür Physikalisdo Chöml6

Züridt

Dr. 3.L.Shapi.ro
Mellon Institute
44OO Fifth Av€nue

Pittsbureh 11, Pa,

Dear Dr. Shapiror

lHN STORY O}'TIHX CAT AIIT T}IE DOG

(ort ftoprovernent of the Sensltivity by l,ong-telm Nieasurenents)

Just retulned frour the excitlng Discussion of lhe Faraday S<lciety
on blllgh Resolutiori Nucleerr Magr,etic liesoli:-ncerr we would llke to
nake a cornrrierrt on the ruethods to iruprove the sensitlvlty of nnr-
epectroneters by long-term tueasureoents. On the occirglon of dis*
cussioris witli ueverirl meraberg of tire colLfet'ence we got the iu-
pression that there ara soue nisundersta.ndinge. they were p.irtially
caesed by a rernark of )r. Shoolery lrrtroducing hl$ paper on
r'llecent Appllcutioris of Iligh tteeol"ut.lon N.[iR to the Deterruination
of Mol-eculal Structurerr,

Ihe mairr rlLrestion is, whebher it would be preferable to j.ncrease

the sensitivlty
a) by telhing the Bdune spectrun rniüy tixres with the usuitl

€JtÄeep rirte and computirl11 tlre le;rst sqlla.re arveraile Of

these slectra wi th a colrput*r' ( the so cal1ed trCl\t'r-rie tlrod ,
co.mpare the very iriberestlng fetter of 0.Jau'detaky 1I-JI'IJONILIIi

No.47) or.

b) by using an esr:entlerlly lrrcrer,sed riweep tlnre (conrpare

I.I.]LLONl\llt i\o.33 p.19). To be short we c"rll tltls nethod the

")0G'r-uethod.

Dr. Shoolcr'f i: t:.ted tl:tit the !o!1s! ljliec tf ulr of tlre noise of u

nrar'-epectlorueter is lrrcleiir;irrg r"ai1,idly aL very low frequencies
arrd that thcrel'ole i L vlould be bet lel Lo urie t[e Cirt-lietlLod iri-
stead of very f.ilr,g örveep tiurer'; i!! :in oLu ltOC-r,,elIod.

\lc rre of 1,1,e ü!iiri r)rt llrd'L Ll is p|oblttiir irii; 1,<; be d iscu:;Lied in
sönre deli\-illl urtl tlri:t sevr';ir,L l',::rLL,r.r-; lriüe Lo be diirLlu; Lri:;l,cd-

1. Proof of tlle .llqttivirlerrcs__-yf tl,e "CAf "- t

Irr tlre cirse o-l 3 vJhite lo,iler ril)ectrun of tlie llise irrrd tteg-
l.ecLing lire 1l.l uctuutior'r o.l Ltte rLrirgrir,tic J'ioId Llr<: t'rvo mel,lrrdg

if,r'e exirüLIy cquivalürt fur ru1'r,:.'d to t;lLe seusltivi.ty. 1r get
t}te grrrte serisitivtty tlre s:irne overull binre is reccul;Jly iu
Loth lrt'rtiioc.ts-

!o pruve lhiu e rlui vulurce l-ct, us corrui d er two cxIrr.:r.' j lrcrts o1'

Llie urLnic ov':r-lL rlLrt'rrllor1 t iurd vrith tire sidne s.iJect,r'urrL rl the
lenglblr 4 .

1- Irr 'Lirc fiirtrL er-pr:r'irr..:rrt irs riyrcfj! w.il,h i, rrbc Af! *:Li-y

orre tiure over.'Lirc wlrolc üi/cc1,.'ur!.

2. Il tl.Le iiecr)(rrl e.:iluJ l jji,.r(rL \vs $ruee!i llitlL ii rüte I)'4y'1

n lirrrr:s over Llir,j ulrul; lpr:c{r'ulr. I'lnirlIy rir ti,$erfib]-6

avelage is made over tire n spectr:a.

To ir.rprove the sensitivity one uses in any slectroileter an

el"ectronic lovr-puss filter'.'llhnt rneans the j.iilprovexient is per-
:forned by an integrartiol :lverzrllirrg over the time. the opl;imuu

ohitpe of the fllter iij doternilned by the VanVleck-i\4iddleton

critelion. llhis filtel' is in pr.ictice erlways approxinldted bJ ä
ItC-f 1f ter ( 1) with rur optlrnulr tine corrstant of

Hc = 2,zrYr.;-;/al1,z
with

T. = trünsversul r'elaruticn tiae
aa

" = (;,nr)'TIT2 = seturation parao.eter

a = sweep rate

tlre irclrieved sensitiviby jg proportlonal to a-1/2.
In tlie first experirr,ent tlie serrsitivity V, eeuals therefore

vt = volf 17;
In tl:e second experlment the serisitivftv V!n) of €i singfe ex-

!€ritrLent is glven by

ur")= vo Vr^,a
By aver':rgirtg over the n differerib si)ectra. ttre aensitivity Vo

o.ll ttre üver'rge uril-l be L,y a factor fi tLi.girer tt,rn V!"); '

v2 = Iii u!") = u,

Tlrirt me:uu tliat tlre tv;o iic]rievt.].;le sensitlvities ale ex:rctly t]re

sirilLe, ot co{Irse ir tri viaf i!rrd u/eL1 knor,|/n resuf t"

züRrcH,

T€r. (6D e 73S
Septeober 20, L962
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fho argument of Dr. fjhoolery that the noi.se power spectruo is
not white but increaslng i:rt lovr frequenc:ies i.s hardly applicable
to an up to date nur-spectrotteter using a roodulation rnetlLod. lJy

a sideband nodulation nletiiod any additj-onill low-frequency rlol$e
(!'licker-noise, fluctuzrtions of the leak.aL6e etc.) wilf be eliuri-
nated (2). And if one uses a properly constrocted ph{rse sensitive
detector thls js also tlie experiurental:linding. At l-eaet we wel'e

never able to rueagl;tfe any iuerease of the noise power at iow

frequencies in our spectrotieter.

2. StabiLity of ttte magnetic fiel-d

A very lmportant point in this regard is the stability of the

nagnetic fleld. The fluctuatir:ns of the, ora€,rietic field and es*

pecially the fluctuatlons of very Iow I'requency are strongl'y
dependent on the solt of field stabil"ir;er that is used. If no

nnir-stabil-izer 1s instalfed the drift srtability will be of
course not good erlough to täke spectril vritlr a sweep time of
several hourg a.nd even 1f a nnLr-stablfi.zer with two separated

probes, the control und tlLe s.linple protre ' is used, the merximul

eweep tiroe wifl be finited. In these ca.ses the Llee of tlLe CAT-

method nay be of adv{intogo beclLuse the Elveraglng over the rr

spectra will elinlnerte al-1 fLuctualtione with flequencies lower

thär n/t . But after each run the zero point has to be adjusted

by hand or automaticallY.

Ulth a nnr-stabillzer with a singl-e probe (compare lvlälll,0Nl{R I'io.1l

p.I9) the long*term stability is even betler tha[r t]re 6hort-tt,rm

stability. We have achieved a long-terru stabitity of 0.OO0l ppto

over Bome days and this is of course by far enough for the

successfuf use of the DOG-lLethod.

1. Other glvantages and ,ijs€'dv

An advantage of the CrlT-rriethod is tlrr'rt it is posriLle ttl
follow up the increase of the serlsitivity during the üreirsL.lre-

oent a.r}al to stop when 1,he sensitivity seens to be sufficient.
thle is inpossible with the DOG-rrretlrod. lut the DOG-netliod irtts

the great advilntelge. t:ltat dLlring the tileiisut't:tLietlt no ad justrrents

hava to be nirde. Usuirlly 3tlcli extrelle 1on61'-tenrr spec hra wi.ll
be triken ovor rlight or even over the week-etrd. In these ci,;;es

such a control is Lr$eless.

A further ltttle advantage has tho CA{-neühodr namely that lt
ie possible to efiminate the ffuctuations of the overall galn

of the spectrometer. lut these fluctuati"ons are in general quito

smatl and to be negl-ected.

A great disadvantage of tb.e Cr\T-nethod is that the resolution
will be s:igniflcantly diminisiled by the finjte nunber of polnte

that rriill be taken lnto calculatlon. Here the infornation con-

tent of the spectruJr wlfl be dinrlnished. With regard to the

resolution tiie Doc-method ls by far better-

4. gglc-}-uELpn

If one, tras a spectrooeter witltout a ilnl-stabillzer the only

alternative seenas to be the CAT-nethod vrith all its advzintages

and ilisadvantäges.
'lf one works with a spectroületer with a nrnr-otabilizer with
bwc, separ:rte probee tt nay be advarrttlgeous to use the CAt-

rrrethod, but accordirig to our €xler'lence everl the 4-60 iB ca'!a-

ble of much slower oweep ra.[e and therefol'e we wou]d prefer
the much simpler DOG-rriethod.

If one has a rur-stabillzer wittr a single p::obe (a stabil-izer
of this sort is comrnerclillly avaitable and relativefy si'lple
to congtluct) it is üucll nore retlsonable and oinpler to use

the DOG-nethod.

(I) Prinr::Le, lrndt, Urnst; Z'Instruüentonkunde 98., 57 (1960)

(2) Prinas, A-rndt, Ernst: Z.Instrumentenkunde g1' 59 (1960)

Yours sincerely,
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Dr. B. L. Shapiro

Mollon Instltute
4.400 tr'lfth Avenre
Plttstyrrg-h L3. Pa.

Dear Dr. Shaplroi

The papere publisheil tiLl nos on nrn:: doublo regonaace nake
.411 ame assunlptlons not elvays Justlflecl in the actuelly perforued
eryerlments. We therofore worked out an exact theorT of dorble resonalce
in the density matrlx foroarlsn. under cerbaln clrcurnstalces there rnay be
appreclable tilfferences ln the resonarce frequencles and lntensities (even
ln the nunber of observable liaes !) betveen the exact ond the sfuple
theorles. Thls work v111 be published ooon, but here ue only would like
to r,rarn agalnst some pltfalls, especial.ly jr connection wi.th strongly
coupled systons.
E.g. ln case of tvo corpled nuclel wlth spin 1,/2.

(Hanlltoniar1 II = Jluru, nns\z - t?o! + Ba(F*cosort + F"sinuSt)

Fy= I.ly * Ity )

li. A. Auderson and R. Ibeman (J.Chem. phys. l! , S5 (L962) have given
recently ln the approcirnatlon of veak coupli::g as dorble reoonance con_
dition (condltion of two l-lnes)

w2 !/2 (rtA -JrB)

H F

+120.\
J c'm

/-rr,,
t3

T r;^te'J-t" ^a+rtt 
i'lra tn"^

f {et'} ,a'vJtol4lra t^'rtfrötllA

( So-a o s+; Aacotltrb,\'.

Nl* Ft*o;^{rr^ ,P^')
Nme q,r;-,?*.o-,1{, / 8"c*.1*5 tCr,-rt^,.X,-Vß&l ,

O..^ A"Lrt )n ,t-no< ßt"{t ece--l'fi "6
, a' Ko'"tA:[AN.AILüI , Lnt a A!+l/\fu )"-t<^rt"iäo"

dlr"r-^p!r^ ^-"o ^"'oÄ t4 +;Ä ,&t' C''C{"F 
- 

CC€z F,
JCrf = -3O't.2 c/o , a,^Ä Jq,r-cr = + j+,1 c/,a ,-tlrn_
,u"tr'A!'L^X f"*4^ -" cam&\^t$? /-'frt,t'Ae al7rr'< bd/-a4 .

Wtr*. csf;-*r^ a.b*cs ; @Watß o'\2 ")nprr.r " ,t"Lp,o'"*o
GenwV"^ D'{..zT^-o't'-

M onthly
E cwenlcatr

L ettere from

L aboratorlee

0i
N-M-R

Because of tbe condltlon yB, G, J , this correctlon le importalrt for
double resonarce ec?erheuts. For the case that 4U:>(q _\)2 * /
there is a resldual spllttlng and for J * 2Bz the double resonance
condition reduceg lo wZ = JIn or w, - JlU.

Your.s slncerely P. ßo"*,".^,
P. Bonnea

k,3+4

for collapsing
nn *4s._--*

(easily clerived fron their eS. /r1 )

But the oxect resu].t is

-/r

+

Jr. .Jl.-*z- -!iJ * t/z (JrA -nB)

A mon of informal from
Informat contained hereln ls so use of the tation

permitted, except by dlrect arrangement with rhe author of lhe letter,
nacerlal quoted nusc be referred to as a ,rprivaEe Comunlcationr-
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