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VORSTETIER: PROF, DR. P. HUBER

Prof. nr. P. Dlehl
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Baele, Septenber 25tb 1964.

Prof.B.L. Shapiro
Illinois Institute of Technologr
Teehnological Center
Chica,go 60616.

Dea.r Bany,
I

.tl
ftr]hq4k you for your kind trletterrr, f was not quite ;

sure whether you would count IIT N-M-N Er 37 as my eontri-
- ;.bution as we]l,

.' ' Since you did not, I a:n sending you its seeond, part,
Agaln in coopera.tion with Dr, R. Jones and Dr, H.J. Bernstein
I sta.rted studiing the break down of conplex MdR-speetra lnto
sinpler subspeetTa.. The result is, that such a break down is
alwa;rs possible if we ha.ve at least one palr of wea.kly coupled
nuclei.

,A.s an exa.mple we d.lscussed the ABB'-'part of the
ABB|XX' - spectrum of Pyridine which we showed. to be a
superposition of two A3r-type and. two ABC-type spectra. The

ABr-type spectra ean easily be sorted. out and immediately provld.e

the foLlowing para.meters r 6An, JAB, JAX, JBX * J'BX. The

details of the method will be published soon ln the Canadian

Jou.rual of Chemi-stry.

Yorirs sincerely

?"&'
P. Dlehl.
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QUEEN MARY COLLEGE

(UNIVERSITY OF LONDON)

MILE END ROAD.E
TELEPHONE . AD\rANCE 4AII

Dear Barry,
. ,ttr

lbrolute sinns of some N'' nroton couplings

$Ie were interested to see the contribution on p. 14 of iseue llo. 7'l
concerning H-C4-1 4U aqd u-c-1 4tt in CH=CH'N=C. The assignrnent of II-C-C-1 4N

as positive and E-O:N14 negative'bä.seci2ontl{-C-C-H being positlve agrees with our
work on Nl 5 substituted- t'orrnarniues. !'/e häve now related J,,. in NN-dimgthyl
fomamide-N15 (1/ h J,r, (u_lvle) and J,,,, (H-*e) by irradiatiön of the l)N llnes.

Zlrd September t 1964.

Profeseor B.L. Shapiro;
Department of Chenistryt
Illinois fnstitute of Technoloryt
Techrrolory Centerl
Chicago 16r f11.t
U.S.A.

(f ) A.J.R. Bourlr and E.\Y. Randall, J. iLIol . Spec.s gr 29'(t96+).

(Z) eroton-proton decoupling of j-ormamide-N15, N-methyl fonranide-Nl5 to b"
published in Molecul:rr Physics.

lVe fj_nd. irradiation of the low I'j-el,i sirre ol tfre'l 5W deeoul;lee'the high I'ield
side of both nethyl-groups (lines z and ti). Since 15N has a r.regative magneto6yric
ratio this meangrtha.t JN1 , J.l 2 (H_ftie), Jt5 (u-ivie; all have.the sarne.sigrr. So the

accirmuf ated signbtdre :.-
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(l) P.C. Lauterbur and R.J. Kurland, J. Arn. Chen. Soc.1 %:1405 ?geZ);
A.D. Buckingham and- K.A. McLauchlan, Proc. Chem. Soc. , 144, 196J,

Yours sincerely,

[Ie thus find the geminal coupling Jnn to be negbtive and not positive
as suggested on p. 15 of No. 71.,,!fe sug$öst Jn., which is always *15 c/s,
is very different in'natu::e to N14-C-H in CH"Cüi-N=C which looks to be *1g efs
from the spectra on p. 15 of issue Jl. ffre fr-U5 coupl-inss in our molecuLes
are more comparablel ,-1.?-./t I O.g cfs for N14]. -TheV 

also have an opnosite
sign to d"irectly bonded. Nl)-H and hence are positive.

The direct couplingr JU2 and J*, in fo:manide-N15 should both be

negative relative to an absolute positive sign for Jü1n, the reversal
of siSgr being due sol-ely to the presence of one nucl-eus with a nega,tive
0n this basis it then follows that J"cr Jrzt Joz in fo:mamid.e-N15 are all
positive. The positive sipnq for J,, ä1 Jt))chelt well with other sign
dete:mination experiments.\2/ t/'

a

This is in ägreement with the sign for-N14-C-H-"ttyl isonitrile (negative)
since tire only d.ifference is the negative U for U15.

e7*- ä R"d^r(
D. Gillies E.trV. Randall
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Bo e IVemorial It =tittrtettell
50 5 XINGAVENUE COLUIYBUS oH to 43 2 0 r

AREA CODE 614
5

TELEPHONT 299 3r)Qr

September 23, L964

Dr. B. L. Shapiro
Illinois Institutb of Technology
Technology Center
Chicago, Illinois 60616

Dear Barry:

Your final warning catches us at a time when several pieces of
work are compLeted but none is yet in a form so that it can be put on
public display. lJe are thus forced to tell you briefly what we have done
to keep on your mailing list and to promise more detailed information in
the very near future.

Magnet Cabinet: 9 months ago we built a plexiglass cabinet
around our HR-60 magnet to improve the sr^reep stability and resolution.
I{hile we make no pretense that it gives stability equivalent to field-
frequency control it does allow one to scan very slowty with good stability
and resolution. The attached scan of o-dichlorobenzene is representative
of what \^7e can now routinely get. Cost (not including labor) was $175.00.

Molecular tr'Ieight of Sma1l Samples: trrle have modif ied the technique
of ßarcza (J. 0rg. Chem.,29, L9L4-5 (1963)) so that molecular weights of
l-0-30 mg samples can be measured with an accuracy of t one per cent or
better to molecular weight 500. This work is being !,rritten up and wiLl be
submitted to Analytical Chemistry.

l,ast, but not least, we have finally got our 913 probe and rf
unit and have it in operation. tüe have been talking with Dave Grant about
the need for a sma1l informal meeting of those doing C13 work to discuss C13
exclusively. I should be most interested hearing from those who think such a
meeting might be profitable.

Best personal regards,

Very truty yours,

t 6--r*t'
Thomas F. Page, Jr.
Research Chemist
Molecular Spectroscopy

TFP/mh

DEDICATED TO THE ADVANCEM.ENT OF SCIENCE
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A SIIU1PLE NMR TUEE CLEANER AND DRYTR

Donald E. IrtlIlls
centrar Research Department, Monsanto conpanySt. Louls, Mlssourl

of practlcal conslderatlon 1n NI{R studles 1s a slmplemethod of cleanlng NIvIR tubes_. Flgure l shows the deslgn of aslmple, but effectlve tube cleanei and dryer. rrrr"-iyp" creanerprovldes a means of cleanlng both lnner and outer surfaces ofNMR tubes 1n one slmp1e operatlon.
The drawlng ls self-explanatory as far as constructlon ofthe cleaner ls concerned. in use, är, Nm tube rs fiäceo overthe 3 mrn tube and stopcock 1 turnäo to- apply a vacuum. varloussolvents. (water, acetäner- carbon tetrachiä"ioä, ;;lil or crean_lng solutlon ) ar9 drlppeä down the ouislde of the tuüe. As the11quld reach6s the opäi, Änd of the tuue, 1t 1s drawn lnto thespace between the tubes and..then out thä center tube to a trap.The NltlR tube can be'fsoaked" 1n solvent uy frrir"ä-ir.t" regervolr(stopcocks cl0sed) to ä-iÄver above the röwer end of the tube,openlng the vacuum stopcock sllghtly to draw solvent lnto thetube and then. closlng the vacuum stöpcock. AftJr-ii"oäüi"gi-'theexcess solvent 1s dralned gff (stopcöck 2), ttru u."ru* rs-afarn-applled and rlnslng resumed. severat solvents may be requlredto clean vgTy 9t"tv tubes, endlng wlth water, ,"etor,. ä"ä7o""ä."-bon tetrachlorlde. rf acld cleailng ls requlred, proper precau-tlong should be taken to lnsure thal an lncompatiuiä mlxture ofacld and onganle solvents does not accumulate ln the trap. con_tlnued asplratlon may be used to ory thä tube or stopcock I maybe turned to pass a srlght stream ol ory a1r or nrträgen throughthe tube. u

The Teflon sleeve. (a short rength of ca. 3 mm o.d. tublngcornmonly used 1n gas ehromatography) serveFa."r ä.Äro' whenthe NI|IR tube ls placed on the ctäaäör anO to obtaln clrculatlonof 11qu1d and alr 1n the bottom of the Cube.

wh11e shown as only a slngle un1t, the cleaner-dryer courdbe made to contaln several unlis conneöted to conmon llnes. Thedlmenslone shown are deslgned for the standard Ä-6ö-'p"ecls1on5 nn thln-wa11 tubes and may requlre alteratlon to accommodateother types of tubeg.

/pm



Teflon Sleeve

3 mm. o.d.

30 mm. o.d

Solvenl Rcservoir

4ü

4 ll

ll3

2 ll

Stopcock I

( lhrcc-woy, T 3)

To Droin
Slopcock 2

(3 2)
Sonrcc Of Dry Air Or Nilrogen

(Bent To Reor)

To Trop I Vocuum

Figure l. N MR Tube Cleoner And Dryer
( Not Drown To Sco le )
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THE UNIVERgiITY OF WESTERN ONTARIO
UNIVERSiITY COLLEEE

OF ARTS AND StrIENGE

DEPARTMENT OF CHEMISTRY

LtrNDtrN, CANADA

October 7, 1964.

Dr. B. L. Shapiro,
Dept. of Chemistry,
fllinois Institute of Technology,
Technology Center,
Chicago, I11. 60616
U.S.A

Dear Barry,

A correction for IffNMR !2-IS.
f must apologize for encfosing the wrong figure with my recent

contribution on our styrene results. The figure which I intended to include
is submitted herewith to show a typical resuft from a spin d.ecoupling experiment.

Sincerely

.,-')iul*
J. B. Stothers
Associate Professor

JBS:vI
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isjr"
;9,;

rüut
ff:t t::i ?

OKIAHOTiA StAft uxtvEnslr!7 . STILLS'ATER
Deportment of Chemistry
FRonri3y ?.62t l. Ext. :21S.72tß September ZD, J9€]l

7,1O7 5

Dr. B. C. Shaplro
Department of Chemistry
Illlnols fnstltute of fechnoiogy
Chieago, Illinois 6O5t6

Dear Dr. Shaplro:

- fn respotrse to our obligatton for a. coni;rilirit;i_on ure havebeen studylng tl" p-H_coupling in seve:-a.l acyr- a.nli är,:;:-phosphonates . Part of this rlioi:k will tre publisherl tt-ioitlrr.Dimethyl benzoylphosphonate (f ) disp.ia;,s ä rioub,l,el, J.or i,nemethyl group (J = tI cps) as c);pecr;äo i i -1^?,()^- Tiri,r t:;comparable to Jp_CH." :.IZ cps in methyl diphenytpt-,o"r;hinl,.e(TI)_ {d i168) oi fä-t,rinrerhir phosphlie (iiii-?;;_;;_' : rr epr;{r.5) . rf the phosphorus atom is separit.c'rrÄfi-liiä- metn;71
Sroup by a carbonyl function. as in diethyl acetvlp[osotrola.te(IV) the value of the counltng rlrons slraririy'-(.:":-'l'';p=. ,r2.47).I,rie are investigating several ötner'memtler-o in this 1a,tr;erseries to determine if the couoling is dependent upon i:.lectronlcand sterlc effects.

0 0
t 0

t 0
I

0,
I

il
csHscP(ocHs)a ( coHs) 2POCgs ( cHuo) 

"p
cHscPi oczHs ) 2

T II ]IT I\I

Sineerely yolrrs,

fr.n zta/(
K. D. Berlln
Associate Prcfesßor

KDB: bbm
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UNION CARBIDE CORPORATION

PLASTICS DIVISION

RIVER ROAD, BOUND BROOK, N. J. 08805

October 1, 1964

Modified MOUSE for 4'-60

I have read with lnterest the recent reports of fTMOUSINGIt the A-60.
I wish to report the construction of a modified MOUSE lutomated SNAIL] ,
which does away with the bar-graph type of data presentatlon. Besldes
alleviating the blotting problem, it also eliminates the necessity for care-
fully balancing the detector zero control.

After allowing the lntegral to collect for a preset time with the pen
up and immobile, the modified MOUSE places the pen doln, moves it to
the new position, picks the pen up, moves the chart drive to the new position,
shorts out the furtegrating capacitor, and starts to collect a new integral - all
in that order. The entire device is not a great deal more complicated than
that of Robertsonrg, and contains more conventional circuitry.

The operation of the apparatus is rooted in an astable asymmetric
multivibrator (flip-flop circuit), which on each change of state triggers a
monostable multivibrator, which on returning to its original state triggers
a second monostable multivibrator. Each of the three multivibrators drives
a relay:

Astable Monostable Monostable

MV MV MV

Relay 1 Relay 3

The entire system consists of 3 tubes, 3 tranEigtorg and 3 relays, plus a
power supply. Tlming is adJusted via approprlate RC networks.

Relay 2

IIBAKELITE'' PLASTICS
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The system logic is as follows

on-

October 1, 1964

L-- t hold

-2-

ot
tol

I
I

'l
pen relay

pen servo

chart drive

Integral Reset

Relay 1

Relay 2

Relay 3

on-

on-

on-

on-

on-

on-

I
I

I
a

The system functioned well in
pulse accumulates the errors of the
constant duration to within t g * f O-
yet to be evaluated.

its initial trials. Although the chart drive
timing in all 3 of the circuits, it is of
' sec. Its utility in S/N enhancement is

since ttbrevity is golden, t' I shall not include details here, but will happilyentertain all inquiries and comments concerning the "y"t"_. l, test scan isattached.

W. F. Beach

WFB:MMF
Enc-
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SAMPL€ SCANS'
(CoprPARtsoxt cotTH

oLDff- Mous€)

MoDrprgO MOUS€
RoßFPI soLj* eeurc H tr t b1D

Mour e
5A " 2e.
fA = 6o.
RF = .rO

SW = 5oO

SAril Pl€ I

HouU TIME,
t?. E-t 0
5sc<.. /po'rnt

ü:es pls fa+
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TITE ATLANTIC R.EFINING COIVIPANT-
INCC)RP.)RATED - IA?O

PI}TRC)LDT/M PR.ODII()TS+

RESEARCH & DEVELOPMENT DEPARTMENT
RESEARCH DIVTSION

Octobcr ö " -1-/.t1,

Fil,e: 2(f/-2

Dr. B. L. Srapiro, Associe.t,e l*ofessor
Dcportment of ürer:ristry
Il--linois Institute of TechnoJ-op;rr
Chicago, Illinois - 6Cf'3:6

Dear Barry:

the foll-olring is a short rclo:'t on sone rvorli that 1e.s been
subi:-itted to the Jo-:rnal of :-,ol;pner Scicnee. Ibeprints a::e a-u-ajlrble to
i::terested parties.

TACTICITY OF POII(VT;II ALCOiiCt) , IOLI(VTI.YL ACETT1TE ) 9 !Ji:1)
POLY{VI],dL ) w r,n"n

The decouplec) high resoh;ticn M,[i sneetra of irvA, IrI,r-Ac, c.ncr f,'y1.ir1
a:e :'eadily i:iterpreta.b-l-e j-:,: ter;,rs ol ',,irc ti:::ce -r;ria.d ic:r:is, J_cotr.eti,e,
hetc::otactic, and s]ardiotaciic. 1he assi,6gment ojl the ,ch:;:cä :'cil:s ,:rä.s ,.ra.cl-e
on tlr,e basis of a se;nple oil p,ci;r(v-iil;'J- rictl:;rf e-r,her) of i:rc.i,r:r -r,a.c-h,j-c:l,hy
r'rhicii 1,Ias convertecl to i:VA by reactjor'"dth IIi. The IVA rras cc:uvorteri. topWru. by reaction with CF3C00ti encl to PVAc b;; reactj-o:: -";j,Ur (CilrCc;)ro.

In Fig. 1are sl:o"m the specira o-i llTtrA in solutjon in clcutci.ateC.
a.eet,one as obtained- at IOO iic./sec., and Lt 37oC. TTre r:nclocou_ri-]_ciL cnectrr.n:.
consists of four resonaJ:]ces of r+h:lch bhc tr.ro labcl ec1 ä and X o"" i-i:r;uities
in the solveht ancl is shor,rn j-n .+ig. 1-4. flie_:re sona::ccs viEh ta: rra-l_ues of
L.72 and" 7.61 corresponcl to the a( and ti:e 14 proions, :rcsiccti_vcJ-;-. Ä s-lc,,r
sr,,,'c3p of the undecoupled and decour'led o(r;roton reco:c3.ilces of so;;;ies I, fI,
and Ifi are shor,rn in -'r'igures 1-8, 1-C, and. 1-D, rcspectivcl;-. Ti:c- spectraclearly shor"ls three conponents,r.riih ta_u values of /-,.63t /+.72 and /,..?b. The
corrcsponding spectra of t},e f protons of Sa.rarle ii #"-"fooÄ-"in irigrre J--8.

Sanple f was prepared frorn coi;mercia-l- FVA by ree.ction ',"'ith CFaCOOII.
Sa.:ple II r.ras qepareC frori the free racica.l poll,rnerization of vi:r;rJ tr{-
fluoroacetate at 65oC usl-ng azobisisobutyr.onitrile, ancl Sa;nnl-e III r,ra.s
prepared from poly(vinyI rnethyl ether) by ree-ct'ion',rith lll foll-oued b:v- CFTCOOH.
The concentration of -bhe central nononer u::its in i, !, and s irlacls äf )
the FVi'E used in preparing sanple Il.f are 52t33:L5. nre r-e-t-ätj-ve area of
the three proton resonanees of Pi,rfFA derived fron Fl'l,E are /+8233219, as
rleasured fron the peaLl hej"rihts. These results provicle an unanbif,nrous
ggsigment of the three Aproton resonarces. The c1aia are srll:t;aaj'izecl in
Tab'j e I.

IOO SOUTH RIDGEWAY ÄVENUE
P. O. BOX 8!

GLENOLDEN, PA.

ANAIIIC
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Tabl.e I

Polyraer Source

PltI'lE GeneraL Aniline & ni1rl Corp.

TacticitT
-jfiads- diads?

sbi.€i
$ 33 jZ 3J-.j 69.5

rg 33 t+8 35.5 6L.5PWFA

F1ITFA

PWFA

PVA

Fbora PVI'IE above by reaction with HI
follor^red. by CF3COOH

Eree radical PolYrnerization

Fbom PVA belolr bY reaction with
cF3cooH

duPont Elvanol 7240

3tr 5l 15

37 1,,3 26

36p22 57.O l3.O

ÄoA

E'E

l+o.5

/i7 .5

a CaLculated from triads

Si.r:r:ilar results were obtained for PVA and PVA.c.

Very truly Jrourst

tc . Ramey

I(CR.:LH
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lroolrtc Prof. B.L. Srrslro
Doprrtlnt of Clrnlatra
IIllDdf Inrtltutc of lrctrrmloßr
crrlglf,s - Iurnoh 6Q6l{

Nella risposta citöre il No as9r/cw/+a

SubJootr LoüS tf,ttgc ooupllngt tn tlrr roonJngjtod rsFoltlD dlsr

D.ar Pttfcllof Sbrplro,
your lcttor of,.Augurt 12 pnafiue to rrnd

ür txüül oontrlbütlon hoplng to obtrln r frr belk llucr of th.
llGralctttrr.

loocnt nÖl,lortlon on lon|rrlnll ootpllgr
brtnrn prototrr rD.rrt d fru onr tmtlr.r bY four rd ftvr bordr
("ffVflo-.rA fro*.ityLlo aosPl,lnt ln gnrlturatcal lytt ü) 61vr ur
ifrr äfpo*nnfty to rrpofü .lrthr obrnrttom ln tb.-HR tplctrr of
lrg.lifVCf-2g-pyrra.]-orribortldrtrgrdr. thc ro-orllcd icoaJngltad

rorolrln dlltrro (I)
Itrr rpootnl of ruoh I oilPotd 4 QIr

rolutlon (5gt fn volur) ooml.tr of flvr ..Dütrt b.dl (llr fl'turrr
hcnby caolopd) *rloh, blorup of tlrrlr drlftr rd latmrltlar.
oü ba r..l$rd tp tb. elrlrhydlo ploto1 ( f . O.6l), ttq t protor
iF -; t;gf..|, th. B ( ? . 5:8r), c, ( t" : 6,29, rü D ( ?'. ?.60)
prttonr" li- ft 1r llronr ln thl tb.oFrtlarl rprotnn re hrw ob..rv d
ior,g-1qop oolpllnga brtrrra tb. protonr of, tlnr B 5lurp rrü tüolr of t&r
A rfo p Sfoup., rltür vrlrpr rrrprätlvolt of JAB - lo$ rrd JD . 2.6
CcPrlo

tra rddlttoü tha rldehfrflc p*t-. l. Jroül to
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THE ROYAL INSTITUTE OF TECHNOLOGY

STOCKHOLM 70

SWEDEN

Cable address: Technology

NUGLEAR. MAGI.IETIC RESONA}.ICE GROUP
THE ROYAL INSTITUTE OF TECHNOLOGY
STOCKHOLM 70 SWEDEN

Stocldrol-m, September 22, 1964.

Professor Bernard. L. Shapiro
Departnrent of Chenristry
Illinois fnstitute of Technolory
Technology Center
Chicaso I11. 6061 6

USAroa/BR

0n Quadrupole Effects in I{Br w"ith Substitutional- Cl lons

Dear Dr. Shapiro,

In a letter by And.ersson and Forsl-ind reproduced. in Mellon NMR IJo. 42
was reportgd the observation of shifted resonance lines in the wings
of the f127 resonanee ]ine of aKI single crystal. The assumption that
the shifts $ere caused by Na ions in substitutional- positions in the
lattice has later been proved. by activation analysis and by observing the
sane shifts in KI crystals doped. with Na.

The shifted resonance lines arise in the following way. In a perfect
NaCl type lattice with cubic symnetry no quadrupole coupling effects appear
since theelectric field gradient is zero at the positions of the nuclei.
fhe d.istortion of the lattice caused. by the dislocations in a real crystal
is' however, so great that for nucLei such as Br and I with large quadrupole
moments, the quadmgrole effect gmears out the contribution to the resonence
line fron all transitions except the one between the states with n = I /2
and. n = -1/2, which is unaffected by the quad.rupole coupling to the first
ord.er approxination. In the immediate neighbourhood. of a substitutional
ion the lattice is consid.erabry d.istorted. and the quadrupore coupling
constants for nuclei in this region are so large that seeond ord.er effects
becone important. l{hen the nunber of substitutional impurities is
sufficient to give an obserwable number of neighbour nuclei in identical
field grad.ients the second order shifts of the m = 1 /2*, ^ =-1 /Z resonance
u-nes for these nucLei can be measured. The lines observed have been
subjected to such second.-order shifts deriving from different nuclei
neighbouring the impurity. The computations needed to determine the field
gradient tensor and its orientation at the nuclei surrounding a substiti-
tional ion j-n a NaCl-type lattice have reeently been set down in a paper
by And.ersson and Forslind. soon to be published in Arkiv för Fysik together
with the results of measurements on a Kf crystal grown hrith 0.1 mole per
cent Rb I.

Here we report the results from an investigation of a I(Br crystal with Cl
ions in substitutional positions. The bromine nuclei closest to the Cl
impurity j"on are those in the {t, t, O i positions, the curly brackets
indicating that all the positions (1, 1, O), (1, O, 1), (1, 1, O) etc. are
includ.ed.. The nurnbers are neasured. in units of the interionic distance
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along the crystaI axes. Ihe largest shifts are expected. to bg obsenred
iotJrr" { t,-t, o} nucrei. rniig. 1 the shifts for the Br81 resonance
at 16 MEz have been plot'tecl and a rotation pattern for 1'l , 1 , O ) nuclei
has been fitted. to the points. The patterrr has been computed for the case
that the crystal is rotatöd around a crystal axis perpendicular to the
nagnetic field and that the fieltt grad,ient tensor,at the-nucleus (1, 1, O)

Uas two equally large pri-ncipal axes in the [110 ]and [1 10 ]directions
while the principle axis in the iOOt ldirection is zeno. e is the angle
of rotation fron a position where the nagaetic field is parallel to a

erystal axis. ltre shifts are representect by the quantity D = vO( v - uO)

where v and v0 are the lesonance frequencies for respectiveff tfre
ttisturbed ancl the und.isturbed nuclei. The theoreticai expression for the
D values is indepentlent of the reson€]nce frequency at which the shifts are
obgenred., which sinplifies the conparison between different measulements.
For this reaeron alqo the shifts of the BF1 resonances have been transfor"ned
to D values for Br79 

"esonances. 
We obtain for the nagnitud.e of the largest

principle axes of the field grad.ient tensor at the {t , t , O } nuelei tn-e

vatue eq.= (29,5 t o,+) 1015 v/c#.

A representative speetrun is shorrn in Fig. 2 where the resonance l-ine fron
the undisturbed. nuclei is attenuated 100 tines. The positlons of the
{ t, t, 0 } resonances are ind.icated by arrows. To nake it possible to eliminate
such false Lines eaused by noise as the one obsenred to the extreme left the
recording of the spectra has to be repeated. nany times for each angle.

'

In Fig. J the D values for the shifts observed at the frequencies B MHz ( o )
and 5 lUIz ( I ) for tne 3179 resonance have been plotted. The rotation
pattern for the {2, O,0 }nuclei has been fitted to the points. In this
case the field. graciient tensor is axially symnetric and we find eq. =
= (13,7 ! oJ) . to15 v/.2.

For small values of 0 resonance lines for nuclei nore distant fron the im-
purity have been obsenred as can be seen from Fig. J. ftrese lines may be
attributed. to the {2, t, I i or tire {2, 2, ol nuclei. From the similarity
rith the rotation pattern for the {1, 1, 0 i nuelei we suppose that these
are {2, 2, O\ Iines. ff the orientation of the field grad.ient tensor is
the sa.ne es in the tl , 1, 0)case re obtain eq. = 4,5 . t}t) t[/cnZ.

.fu, ÖL,.'
,. :|,

/ \\. .' j'

,/-a+..5 g/;LU-c"?=

Yours sincerely

Lars 01ov And.ersson

\.,klri'1

Lars ödberg
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STATE UNIVERSITY OF NEW YORK

AT STOT.ü BROOK

STONY BROOK, IONG ISI,AND, NEW YORK

Octoher 13r L96Lr

DEPASTMENT OP CHEMISTN,Y

Dr. B, L. Shaplro
IITNMR Newsletter
Departrnent of Chemistry
Il-l-inols Institute of Technology
Technology Center
Chicago 6O6ße Illinois
Dear Barry:

Sone of
an lnterim re
slngle crysta

!
t

p
1

he readers of IITNMRN nay^
ort on our work on the Pbz

be
o7

s and. on stucl.ies of lsotope effects ln cobalt

interested in
resorrances ln

spectra. John Burke and" I have conpleted the analysis of
the single crystal spectrum of wulfenite, 1ead. mo'lybdate. I,rle
used. natural crystalse red.-organge in color, fron the ReC
Cloud. nine, Yumal Arizona. Wulfenitq.ls tetragonal, with
space group fLf/ä (Ceh) 1 and each Pb2+ ion is lurroirnd"ed by

eight 02- ions in such a rray that the axielly symmetrlr: 1ead.
shieldlng bnsoqs are all equivalent anJ. id.entica.lly orj-ented..
l,t/e flnd" that d[" = -63 ppmr -oi = tZ6 ppmr dav = -974 ppm

relative to saturated. aqueous Pb(NOr)2. The o,! and oj are
conponents of the traceless part ofJthe shlelding tensor,
and" o; is parallel to the c-axis of the crystal. The
shielding may be interpreted, following Orgelr äs a.conse-
quence of the mixing.of Sp ana p2 statäs into'the 61O52
configuration of Pbz+ by the non-centroslmmgf,3fq environmento
I have not yet been able to make a convlncing quantltative
calculatlon of thls effectr aÄd lt nay be that other influ-
encesr such as covalent bondlng, are not negllgible.
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''rf r(
Measurements on the C'J and. N'/ isotope effects in the

Co(CN)e- lon are sL,mmarized ln the following tairle.

Isotope Shifts ln the Co59 Spectrun of KrCo(CN)5

n Ao (ppm) {o_
n

Krco ( c13N14) rrt c12m14) 6-r,

o0

l_

2

3

4

6

0.914 + .oo4* O.pt4 +

O t9L6 +.

O.pl4 *
0.9L5 r
O.)I5 +

0.910 *

i.832 t
2,"7)3 *

3.659 *
ir,5Bo *
j;i+6J +

c026

.013

.020

, oi4

,065

. OO4

.013

"oo4
.005

,003

o oll

K
3

co (c12ry15; 1c12m14) 6-r,n
0 0

6 1.lB * .o[ o,L97 + .oo7

* g5% conf id.ence llnlts

An approXinate calculatlon of the effect has been mad"e by con-
sld.erlng the effect of the change of aero-point energv in the
ground. and. exclted electronlc states with isotopi-c subs'Litution
on the effectlr.re excltatlon energles used. ln the perturbati.on
theory of the paramagnetic shlelding termo Treating --t$g iP5t-,as
an )Cltr nolecule, I calculate aJI i-sotope effect iq 9o(C-LJNa+)i-of 7,8 pplnr faiil-y close to the observed. one of 5.5 ppn ReY
flnenent of the calculations by lncludlng the effects of all
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vlbrational- modes is und.er lr4v' In partlcularr lt is hoped
that a more complete vlbrational cal-cu1atio.n.,14111 expJ.aln
a large part o.f the d.j-fference between the Cr: a4,* Nl2,gffects,
which are nearly equal ln the XY6 no{qlr The Co)9 - CfJ spin--
spln coupJ-lng is 1ä6 cps, and. thä Co59 - NI) coupling is 3"3cpse Both slgns are, of coursel unknownr

A number of other experlnents are in progress in both
the areas mentloned. above, and I shal-l keep yon posteC as we
get deflnlte resuLtso

Keep up the good work*

Yours truly,

Paul Co Lauterbur
Associate Professor

PCLI jc
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UNITED STATES DEPARTMENT OF AGRICULTURE
AGRICULTURAL RESEARCH SERVICE

WESTERN UTILIZATION RESEARCH AND DEVELOPMENT DIVISION
8OO BUCHANAN STREET

ALBANY, CALIFORNIA 947 IO

October L6, 196\

AIRMAIL

Professor Bernard Shapiro
Deparbment of Cbenristry
IJ-J.lnols Instltute of TechnologY
Chicago, IJ-llnois

Dear BarrTf:

Electronlc Swe for A6o-cAT eration Cont f d

In the Feb3r.rary 6h Newsletter we d.eseribed. the circuity rve lrere
using to couple or:r A-60 to a LO24 channel CAT. After the equip-
ment had. been ln operation a few weeks, we found that the sweep

clrcuit as described. was unsatisfactory both as to stability and
linearity. fhe trouble nas quiclcly and conpletely cured by in-
creasing the size of the integrating capacltor from 0.1 to 1.0 ufd.
a,nd. lncreaslng corresponclingly the rnagnltud.e of tbe integrated
voltage. The maxlmr-m voltage now provirl.ed. by the "ramp adJust"
potentlometer is 16 nv. We wou1d be glad. to send d"etailed. schematics
to anyone interested. Incidental-ly, the sweep circuii works equa,lly
ve].L wlth the "high-Z" streep mod.iiication !o the 4-60.

Mlcrocells

lte have been most pleased. with the perfonnance of the I'llr{R Specialties*
all-glass mlcrocell. We have obtained. exceed.ingly goocl resolution
frcrn them vith very littl-e efforb provtd.ed. that the sa.l4rle vas com-
pletely free of debris (fitter ftbers, etc.). Uslng a t9l TIrAS solu-
tton, a signal enhancement of J.! over a Varian* precision sample
tube was obtained..

S

R. E. Lr:ndin, Chemist
Fiber Physics Investigations
Wool and. Mohair l-a,boratory

tt
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Professor B. L. Shapiro,
Department of Chemistry,
Illinois Institute of Technology,
Technology Center,
Chicago, Illinois 60616. 0ct 16th, 1964

Dear Barry,
You know in your heart these letters are from Varian - the

Xerox-insensitive letterheads are used merely to reduce the amount of
adverse criticism.

'Telegraphic Transmissions over Record Distances?l

Serreral years ago some double resonance experiments r^7ere started in
this laboratory involving the transfer of modulation information through

nuclear spin-spin coupling [ ". 
O. Anderson, J. Chem. Phys. 37, 1373 (L962>7 ,

Since then the theory and experiment have evolved sufficient.ly to show

reasonable agreement, and at last the story has been written up for J. Chem.

Phys. A few ponderous preprints are available (surface mail only).
Consider a group of nuclear spins (I= ä) coupled through JI.S to a

't-
second group of spins 15= f) that are irradiated with an rf field H, which

may be modulated either in frequency (FlI) or in amplltude (AM) at an angular

frequency ülor. For economy of space and frames of reference, let us consider

here only a simple-minded pictorial description of the experiment. In a

7AH * rrJ
frame of reference rotating about OZ at a frequency
62, the two S transitions will experience effective
fields At and A22 where At-A2 is the splitting
between the two S lines and (because of the repeated

spacing rules) also the splitting between the two

I lines. (I^Ihen HZ+O or when l'Il becomes very large,
A'-AZ = J. ) This is one way of visualizing how

irradiation of the S spins causes the I doublet to
coalesce. Now in modulated double resonance a

sinusoidal variation of AH (in FM) or of H, (in AM)

causes a modulation of the angles 01 and 0 Z; that is ,

7NI fiJ

A2

0z

the precessing S spins nutate at 
.a 

frequency om. The quantity Ar-4, is
similarly modulated and thus modulates the frequencies of-the I transitions.
This is really a selective modulation of the magneticTieldr-'since only those

nucLei that are coupled to the S spins are affected. hle might define an

teffective modulat.ion lndext for this process, and although it may turn out

A1

THz
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to be a rather smal1 quantity, it may be compensated by the use of a fairly
strong observing rf field Hr.

The technique can be used to transmit rude messages over a distance

of approximately 1 I (so far no replies have been received), but perhaps a more

usefulapplication is in a device that might be called a 'C13 filter'. The

spectrometer is operated on a modulation sideband response with synchronous

detection, buL no modulation is applied to the static field Ho: and

cross-modulation of the two radiofrequencies is scrupulously avoided.

Consequently, when the C13 nucleus is irradiated with a modulat ed H2t

protons which receive modulation information ai:e those coupled to C13,

there is strong rejection of thernormalr proton spectrum. The filter may

be used in two \,rtays. In one svüeep mode it is possible to record the

complete C13 s"t"llite spectrum with the multiplets due to long-rang. c13-tl

coupling clearly revealed. Other experiments, where tl, is s\,Jept through

the C13 spectrum at constant td1: give a fairly accurate measure of the C13

shift that may be related to the resonance frequency of protons in TMS in the

same applied field. This is just a spin decouptr-ing experiment in which the

displacements of the proton lines can be followed without interference from

the inherently strong signals from C12 molecules, and in this sense may be

likened to the experiment of V. Royden I efty". Rev. 96, 543 (1954)] or, "
C13-enriched sample of methyl iodide. The modulation transfer technique

benefits from the high gyromagnetic ratio of protons and their more favorable

relaxation times, accepting the restriction of 1.1% natural abundance.

Applied to molecules that contain the appropriate 'triangler of

coupling constants, the method measures the reffective chemical shiftst of

C13 and Hl for a particular spin state of a third nucleus. For example

inspection of the modulated double resonance spectrum of CI3HrCH2OEL indicates

that the sign of J(HH) is the same as that of.f(Cl3ff), but opposite to that

of .f(Cl3Ctt). It also demonstrates that ether is a suitable medium for the

transmission of electromagnetic \^7aves.

Sincerely yours,*rf##- ??,.Y^

the only
and
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THE LILLY RESEARCH LABORATORIES
ELt LtLLy AND COMpANy tNotANApoLts 6, U, S.A. . 3t7-MELROSE 6_221t

0ctober B, :.964

Dr. B. L. Shapiro
Departnent of Chenistry
Illinois Instiüute of Technology
ChicaBor Illinois 505f6

Dear Dr. Shapiro:

lfe have found an
lating the chenicaL shift
substj,tuted pyrazoles,

the form:
is the shift
soJ.vent, S I
senting the
at positions
5,79 ppm.

drn =dt1(s) + ll .+ o.7, + cr (t) where /.g(s)
of Lr 7r 5-trinethyl pyrazole in a particular
cl , o5 , and c5 are enpirical constants repre-

effect of replacing a CHr group by another group
l, 3, and 5, respectively. /ug(S) for CDCI, is

relationshj-p for calcu-
4-proton in 1, 3, 5-tri-
. The relationship takes

were not deternined enpirically,
members of the series.

addi ti ve
of6 the

*ü-o'

Enough data are available to obtain a values for the
following substituents :

0

0.02
a .2t
o. Jo
o.7g
O. BJ
0. 84
0. 99

0

0. o2
o.21
0. 51
o.77
0.76
o.77
0. B4

0
o. oJ
0.03
o,22

(0.t9)
o. 20

(0.20)
U ns table

o. oB
o.2B
0.09
o.28

-o. o5

-cHr
-c. Hs

-H
-C5, H5

-co, Me

-c02 Et
-CO, oPr
=CO2 H

-cH2 002 Eü

-C0C6 H5

-C ONHC H,

nNO2 -C5 H1-

nNH2 C5 H1 -

d,5d.5c[i

Numbers in parentheses for a,.,

but were estinoated from other
A Agreement with measured f, vaLües.

Equation (f) has been tested with twent,y-one II-CH,
as well as three N-C2 H5 , three N-phenyl, and two each

c on-
ofpounds
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N-C02 Et, N-be nzoyl and N-CH2 ü02 llt. The rel-ationship read j.1y
distinguishes the isomers produced by reversing the substituents
at the t and 5 positions. Agreement of calculated with observed
shift values is 10.01 ppm. in practically al-I of the examples
tested. No deviations greater than +O.Oi ppm. occurred.

A sinilar caf culation of 4-ptoton shif ts in I'l-H pyrazoles
indicates that certain N-iI pytazofes occur predoninantly in one
of the two possible tautomeric forns. These 3-phenyl compounds
are precisely those adjudged as such by von Auweps(1), using
molecular refraction data.

B. Sorae interpretations of c values
The values of oq form a consistent pattern, in consideration

of their respective Hanmett cr constants. The effect of R1 is thus
prinarily inductive. Magne t j-c anisotropi.c ef f ects on the 4-p"oton
by substituents at the 1-position are smal-l due to the distances
separatj.ng the 4-ptoton from the I-substituents. Changes in
electron density at the 4-carbon by varying the I-subs'r"ituent ( f or
any fixed 3r5 substituents) seem to be accurately reflected in the
4-proton chenical shift. This relatJ-onship is being investigated
by molecular orbital calcuJ.ations j-n our laboratory.

Magnetic anisotropic effects on the 4-p"oton by 3r5 sub-
stituents are discernabl-e. The general trend f or d.5 to be slightly
larger ühan &r, is clearly reversed for the phenyl group. AIso of
interest are the relative e f f ec ts of H, CI{1 I and Jz Hl . The in-
ductive effects (ar ) for these three are approximately the same. In
contrast a CHI or CzHt Sroup at the 1 or 5 position Inoves an adja-
cent 4-ptoton ilO.22 and ^r"O.20 ppn. upfield as compared with the
H atom at the 1 or 5 position.

C. Solvent effects
The position of the 4-proton is very stabl-e with respect

to dilution j,n CClr and JDCIr . The 4-proton occurs consistently
at lower field in CDCIl by O.Lt + 0.01 ppm. as compared to JClr.
Prelininary results suggest that DliS0 as the solvent shifts the
4-proton ö.05 ppn. higher field fron CClf , Thus the term /lff (S)
may have an additive solvent dependence as:

d+g(s) =d,.H(ref.) + B(solvent) (2)

Finar and i,tooruy(2) noted an essentially constant downfield
shift of O.?3 + O.O3 ppn. for the 4-p.oton positj-ons on acidification
in TI'A, This f"rge shif t is readily included as a solvent-ionic
charge effect in equation (2).

D. 0ther pYrazole Protons
An attlnpt was made to find a sirnple equation for calcu-

lating the 7 or 5 proton shifts in several substituted pyrazoles.
No suötr relationship Idas f ound f or either 1 or .5 protons.

In the N-H pyräz01es, the t{-H shift is found to be concen-
tration dependenl. The dineric N-H (concentrated solutions) is
found near- lJ ppni the nonomeric N-H obtained upon dilution is
sonewhere higher field than 7 ppm. It is very broad at O'05 M

solution in CDCII or CClr .
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E. Conclusion
With the tabulated cr constants and equation (1), the

4-ptoton shift can be calculated for some 5OO compounds in several
solvents. The concept is thus subject to extensive testing

This report is intended to neet the subscri.ption requirements
of Paul Landis for Eli Lilly and Co. It $ras aecämplished. in co-
operation with caneron Ainsworth, with the excerlent help of
John K1enm, Larry Spangle, and Paul Landis

Yours very truly,
ELI LILTY AND COI'IPANY

Lowell G. Tensneyer
Chemical Research Divisi,on

Jb

I
2

(
(

K
I

von
t.

Auwersr 4I4.Finar and iI.
4)

508, 51 (L9t3)
F. lulooney, Sp ec trochinic a Ac ta, .39, l-269
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"Synthesis of fou Ethyl-dinethylbeEenetriols in Relation to
a new Phenolic lGtabolite of Perlici11im bmnense"

I. l-jugcrantz ad K. I4osbach
Acta chem. scand. 18, 638 (19d+)

"N. M. R. E)eerinents on Ketafs. Pat II. A Nev Possibility
for ConfonEtional Analysis"

M. Antemis
Bul-l. Soc. Chin. !e1g. 73, ßr (r90+)

"A Rensk on the Isotope Sbift in Nucleü Magnetic Shielding"
A. Saiha ffid I{. Nemi
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"Nuclear l'lagnetic Resomnce in Meta] Single Crysta-ls. I.
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Bildüg aus Olef inen nit Bis-balogenoetbyl-zink"

G. Wittig ud tr'. Wingler
chen. Ber. %, 2r\6 (196+)

"Acid-cata.fysed Hydrogen Sxchege of qEidine l-Ocides"
A. R. Katritzky, B. J. Ri.dge$efl and A. M' White

chen. Ind. L576 (196+)

"Dinettryl Acetylenediceboxylate-Indene Adduct: A Novel
Diels-A].der Reaction"

K. W. l,luir, G. A. Sin, P. Stracbm and C. tr'. guebner

chem. rnd. 15& (1964)

"Xxpdrience d.e Mesue Absolue de 18 Polarisation Nucldaire
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