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TMLISü! OF Cü{FIlfi l$lR 5P891IA: EPICHIIBOIfIDEII{

C. l. Itelrry aDd J. D. Sralen

Scll Dovei[olnmrt C@Por$r, Ilnerlrrlller c&]lfornla

rn pcvlorn publlcattona(1'2tJ) tue ruthots bavt develogod

an ltcratlvr n'tÄod .fc calculatfuig oosrrat€ Darondt€rt ftoü hlgh-

r.tolutlotr ntn 6pectr8. b the preoort lntter re {r1u8t'rate tho

ütüflr of tbc s{ihod by Slvlüg rrc prclt-rnary r&lurs for th' }Un

paro!ßters of eplchloro\y,lrfn (5 uon-equtralcnt ptonol'

lt|o rcxfXAI glograEs, rhlch greatl3r facllltats t'ha selclF

lattoll8hlYobG@Üftttefort&om?090cüPlltff.lllalveluesof
tü3 suord{$g lprautsr e'rd tbo cptn-apln oowrrnS oouataDta cre flrgt

otc*d d ttrs uü Fogru (türRtl) cdplLos ths ntrtr of tln epla

BantLtoülanr dtagonaltzce lt and cr'lculatos tho tlcquryules ard

latütltt r of tbc allorert lrarstttool. ür orriy lsvols (!m ltlcb

..ob trtütltlol ortgtnater are glso lndlcaterl. tttb e Judtctous

cbtcr of ür.6r tflrl DEnNretccr an asalglwtt of 'tbß obsocvod cp€stru

lr urudy poo"ttr"(2}.

A eooond grogrü! (tüml.s) utllt €t tho aaelgroot of tho

ob84{eal transttloü tircquenclcs t.) calculato nrsorlcal I't}uss for the

cpln oergy lsv€ilr std tbelr pr'octaton by a leart-oqrureo tecbnlque'

lhmo grprSy lorela, t.hc lsltlar trtal perutore' and t.bo oba€ürvsd

flcquemlrr.ülE'rrga.lssl'aputdatafgr'tl{EllloD3raltterattve

Fooers crreaAy doscrlbod(a't) tno*Il caleulates mrr paroreteo, tbr

-2-

lrooeas bctng coottmred rrrtll a pedetcanlnal cotwGngc{tco ltdt tt
reached, a aerlous lllvergaao occurS, or a peecrlbcd nurnber of

lteratloua la perforaetl. At fs€eot t&e progran allwa fol a raxloun

of teur lteratlong ll aqr onc calcülatloB. llc flnal yal'u8s tle the

paraoetera, or crtrapolatlonr tton thel, qyr ba ulcd r blttsl Trltns

for firrther lteatloor, lf ilostroit.

frG rbova FqgraE brve boan ur6d to dvantago tu ünaf|73f!3

tbc 60 fro/aeo ".,r lr0 Is/erc tlfi spcstra of cptohlorobdtls (thcae rpectn

bavc bceu phltabed ro $erlol tb!. t .nd I of thr AII Cataloguel. Yrfuoa

toor tho pßraDeüetrs arc glvco bGlor aDd ce boltsrGd to bo,Ecelrtt€ to

onc c tro utta la trbo last plaoc qutod. lba prcoler ralusr nßt
amlt tbs avallablllty of mrr proclac crperlmtal ilate.
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'\l t n: Dr. L-ll.llotrrrel:t

REF€R TO FI€ NO,

.Jrrr,e l'. l'.".i Ji", 5rt5/rdl Ur'. /i.4. J()tlui,ir'-iJ.,/
lc.l ltlr Inltitul,r
'14O, ti I Lh Avr:truc
P]'L'lSLJUltr;ll I 1, I'cmsylvania
LlSA

Dr. 
^ksel 

A- I3othrter'Ri'
Directr'r of Research
lf'ellon Insti.tt"tte
44.o Fifth Avenue
Piltstrurglr I3, Penns)'lvanj.a

Dear D::. Rotl]ner-'By:

I jtrst Iearnec.l fronr lny colleague here al ll'll.S.. Dl. llrnest Ltrstig,
of yorrr i;l.E.L.L.O.Il. lJ.l1. mai.ling Iist. I tlrink it is a rvonrlerful
ideä, and I would like to be included on j.t. I vrould be very lrappl'
to make an occasional contribution, tlrotrgh l have one hesilation-
T nole that high-resolution lllirR is the predominant lnterest of your
correspondents. Do you lvant a wide*Iine resonator?

As an initlal contribution, I vrould like to mention an experirnent I
plan this sunnner together with my assistant' Rex J. Snodgrass, v'tlto

rill usu this research as his Ph.D. thesis at the University of
l,,rtaryland. 1,,üe ptan to search for oscillations of the de llaas"van Alphen
typä in the Knight shift of metals. This effect was predicted by Das

anä Sondheimer ibout a year ago. tr'Ie have a helium clewar vrhich we

insert in the probe of the Varian wide line spectrometer' l'^Je expect
to hotd the fi;Id constant and sweep the spectrometer in frequency
with frequency readings from a Beckrmn counter being simultaneously
printed on tape and pips marked on the recorder. This perrnits quite
äccurate determinations of the Knight shift to be made.

Please let me know if you are lnterested in this sort of thing'

llear Dr. l3otbner-J3y;

together with Dr. J. Kro6h-1'loe of ttre Swedlsh lnstitute of StlLcate Resealch

ln Gothenburg we have recently nade an MiR study of' boron coo(lination in
potassiun borate glasses which rnight have e bearing on the genexaL lroblens
reLated to the evalmti-on of weak qmd.rupole effects 1lr wlde ]i4e spectra.

the coordination of boron in the alkall borate 6;lasses has earlier b€en studied

sith l,ll'iR by si.lver and Bray (.r.cnen.Ptrye. 4J geq /ß58/ alitd, J.D. tlackanzle,

Mode:n espects of the vitreous state /Butterworths, Iondon 196O/ Vot. I). ttre

B1 
1-*"on*". indicates that the borcn nuclei ln these glasses lnve ttto dlffbrent

local enuircnnents. Due to an anj"sotropic distribution of electroldc chargp

around the boron nuc!-eus, the resonance lile in vitreous boron oxido shows a

second order bncadenjng effect o{ nuclear quadmpole interaction, and this

broad Line is assigned to bomn in three-fotd oxygen coordination, 8y aLldltion

of altali oxitle a sharp resomce lixe is produced which ls attrlbutecl to the

appearance of boron in four-fo1d. coordination belonging to BO4 tetrahedm rith

Iow quadnrpole lnteractlon. It would in prlnclple be posslble to calculate the

anounts of three-fold end four-fold coordinated boron in the sanple altex sepa-
rration of the ovellapping resomce lines and evaluation of the aresg Ed.er

each line, l'he results of Silver arul Bray, boweverr lrere evaluated in a very

sinpllfied marrner frou the observed signal mplitudes. As pointed out by the

authors themselves their method is likely to overestjmte tho fraction of four-

fold coordimtea boron at hie,h alkali content, since the width of the broad l-lne

increases with increasing alkali content sndr indeed, their neagurenents (til-leti

täl
lr#
i

f''

,(?/ 8".-'rf-
Sincerely yours,

lär.{Terrce ll. Rennett
Phys ic i st
l4etaI Physics Section
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circloB in fig. t) lead to a f1€ction of four-fold coorLlimted boron definlte-
ly hidher thu that asswed by ltauen (J..Aüer.Uero.se. 24,25,6 /1911/) üd
th€ one obseryed in soee crystalline borates inveetigated by Kroejr*t4oe (.Arkiv

Keni 14, 439 /1959/ and Acta aryst. j!, 8g /1960/).

Liarren asswed that boren changes frcu three-fold to fou-fol(|. coorrlietion as

alkali oxide 1s added to the Blass, supposing e&ch oxytjen bonded to two borons

at lov allau content, all oxygens bejrg engae€d in boron-oxydpn bonds,

Krlgh-i'Io€ (.e,cta Cryst, E, &19 /1960/) has gbm that ure boron-oxy;;en letworlte

of crlr'stalline potassiu pentabor&te (,t*tv rmi 14, 4]9 /t9j9/) cesiw tri-
borete (Acta CrysN. 11, 89 /1960/) ud 1ithiu ctiborbte (to be published) are

built in agr€ereIrt uith the fottowing ele reear.iing ttc coordination of boron

drd oxygeni Each rroolecule" of alkali oxido added to boron o]:ide converts two

boron ato@ from three-fold to four-fold coordirution. This cotresponds to a

fraction of borotr in fouc-fold coordination l,ln = S/1-5 (shoro by tlie solid liue
i.n fig. I ), utrere S is the oolar elliali corcentr€tion. 'lhe above ru1e alcl e{-
pressiot for lJ4 follows ft,om tilc lJar.ren scheme lor tlp region ol fow &11€1i

oxide content ( < 15 rnole-;J). At higher a1!€1j. content, ho{ever., ly'au.er! assweij

tlEt söüe oxyljrls Bte bon(ted only to one boron in rrhich car]e bhe irarction of
lour-r'o1d coordinate,l boron shoulil be less thil thrt ttiven trJ the L&tio S/1-S.

'lho dashed line in fig. 1 indicates the values expected by Ua1.]en.

In ordex t\ü'tlre! to inverti,ptc the iliecrepency lrelveeA eipetiuental üd
titeoletic&l date lre lave r!trp&ted ed {rxtenieJ soue of silvel eil Lirayrrj

rceasureüent:i. Dufind tlrie lork we üaüe the obser.vation tlBt tliere is d close

agleenedt betvieeu the spectr& of ctystalllne boteo oxide anrl vitreouj bot.on

oxj.de, frcn uhich rr'e i4ler tiDt tJre similarity of the spcoLl€ i! ba3eü on a

colrespondilaj ej-üilarity of the tlro states kitlr r.etFrrl to thc boton coordi@-

tion. Slhese findioits, on the other lud, sqiilest tlE exjrtenco of cor.rcstrDDdin8

relationships betreen other c1ysta1li.ne ud vitreous ljol.oD coulpoudj. Sülce the

crl/stalljne cotüpourls, so tat.ürvestjigte(-l, al1 lie on the thcur.cl,-icrl lt.,(S)

cune the cc,!r'espotrdj.ni" vitr.eous ststee ele exocctcJ to yi€:1,! ilrl-vitlltes iü thu

clo3e vicirüty of the tllsoreticBl lillc, sr o$rLunptio4 vhic)ll is ilctrf,rllJ/ Lrortr

out bv dxp(ir'irocut.

In trErticutar, we @y refer to a stud.y of Iptassiw bor&te glasa at roon tentrre-

rature. the s@plea were prepered by nelting boric acid ed potassiw carboBte

itr a platinu crucible. After sol,idificatlon, the auples were coated rdth a

pl-astic to be prclectod agailst noistue. it'he cylilders pretrEred werc 16 M in

dl.aüeter od of 7O m length. I'he coulDsltions nere detemined by selysea
ylthin O.l f. spctn uere recorded uith a Vsie-4250 fide lire slpctron€ter

at l3.OllLcfs ud three different settings of the radiofrequency field. Our re-

corded spectra i{ere ir agree0ent uith tho€e leported by Silver ed tsr'alr (J,Chem.

Pirys. !!, 984 /1958/). A xigorous calculation of the fractiou of fou-fold co-

o:rlireted borcn based on a detailed lelysis of the tlio lj.nes would, Lovever,

rcquire a considerable aEout work, while still yieldin8 values of lirited

&ccuacy due to the trpor sig'm1-to-roise ratio of th€ recorded brcad 1"j.re

slEctrM. As the sigul-to-noise ratio of tlie sharp line utrch exceeda tiut of

the broad olle, we bäve therefore, to a first apprcxi@tioa, cl@seu to calculste

only the area üder the sharp absorption U,no as a neasure of the chegea 1n

the eout of fou-coordirated boron. 'ltre area io esti@ted to be of tho @gn1-

tude yr . 
d , *.* yr iB the ordiute and xE the abscirs& of the r@lnw of

the exp€ri@ntal sharp litre derivativ€, ta"klng the center of the line as origia.

.tbr ebsorption cwes of Gaussis or Lorentz Iiüe shalFa, tlD aree ia propor-

tioml to thi€ ql@ttty. Ae y; sd xn refer to the central prt of the sharp

lire, the influeuce on these ql8tities fron the supertrDsltion of the broad

Ilne coutd be neglected. The calculated absorytion line area ia tsken to b€

pro}rcltional to the lraction ol fou-foLd coordimted borcn ed to the volwe

denslty of borcn atons j-n the smple. In thiE uay it was lrssible to calculate

the mtio between N4-valuee for smples of differnt (ro-content. lhe Eethod'

of coulse, does not allow e absolute deteroi@tlon of N4. Ou values' shom

in fig, 1 by open circles, heve therefore been fltted to the theoretical Ilne

N- = s/1-S by the uethod of least equrcs, yielding e Etmdard devlatio! frcu

the theorotical velue of I I, e ei$lffcance teat of the d,eviation indlcates

that the boron-orygen coordhation In the potassium boxate Slae$ i9 il agree-

rerrt vith the S/t-s-rul€, in contradictj"on to ttle r€slte obtajned by Silver

md Bruy (J.0h6ra,Phys. n, 9e'4 /195s/ ud J,D. i"Eckenzie, l4odem espects of

tlro vitrsous state /Butteruorths, lorulon 1964/ vof. I).

ll corolectioo irith a genelef stuJy o.f neur nethods for the uulys1s of ride

lind iii.ri sp(ictra t&l<cil up by ()ul il|oup lJe plan to extend the lesults 9o far

,)bli1j.ft,,i touarri:: a !r()re ritpr!ui trru)y:;i,r o1'ti!e qur'llupo1e effects in alk&Ii

no!:r1i,,.;Ll$:j'rr.

Yours sitrc€!'ely,

:/"*^-ft^/ 4-*--
{tl

ivd-ljr'il. SvursoD Lt
ü

ririli ib|slinl
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TiIE STEREOCIIEMISTRY OF SOI,,IE MANOYL OXIDES

Ernest llenkert and peter Beakl

Departnent of Chenlstry, Iowa State Unlverslty
Ames, Iowa, U. S. A.

p , K. Gr.ant

Donlnlon Labor.ator.y
Departnent of Sclentlflc and Induätr.1al Research

petone, New Zealand

A recent proton magnetlc tesonance spectral analysls of
plna..dlen1c dlterpenes (r)2 revealed that the stereochemlstry
of thelr v1nyl groups 1s reflected by the resonance behavlor
of the v1nyl protons. A dlfference ln the lntramo]ecuLar
shle]dlng of the vlnyl hydrogens by the nuclear double bond

was assumed to be responslble for. the dlstlngulshlng features
of tlie vlriyl reglon of the p.n.r. spectra of I3f_ and ll _ p
v1nyl conpounds. o' the supposltlo', that a slnlrar lnternal
slileldlng effect (of the vlnyl hydrogens by the nuclear oxygen
aton) should prevall 1n nanoyl oxlde (II) änd 1ts stereolsomers,
the p.n.r. spectra of manoyl oxlde and eplmanoyl oxlde (IIf),
1ts 1l-epln""3, 

"r*. 
lnspected, As boLh Table I and Flgure I

rt,

I' K2o.5B2O3

Cs2O.3B2O3

30 s%

o

0

o

10 20

itrrclion ot tlre uoläI lirO i:c,rtr:vrrl,r,utiorr S.

'ütu soli.i .line r.eprtrrr:rrts tltr tir.orr:ticlll.,:urwr. :j

0
lPi-rl.,l-1c 

llea-l Lh scr'v1oc pr'edocLor.a.L Heseer.ch tr'erlolv, r960-196r
28. lair:lkr,r.L and p, Beak, , 83, gg\ (1961)J. Am, Soc .

.r'jil. 1. 'l'lü) i'ractj()n ot' tbur,_t-ol,i (joön1:in:rte,l bor!u rttrlurr, il ril
H$
'"F

.yr itS ä
3R. Ho.liq"s ietrcl R. I. Ilet,d, Te Lr.aht-.dron , LO, ,/L (l)60)



lndlcate, the tvelve-tlne vlnyl regl-ons (analyzed as ABC sy-

stens) of the spectra of the tvo eplmers are dlstlnctly dlff-

erent.

--\

o

type. Illhlle these results conflrm prevlous structuraL asslgn_
ments, based orr ehenlcal data, for 2-ketomanoyl ox1de6 ancl

the Xylla oxlderZ they represent new stereochenlcal lnform-
atlon for colengone ox1de.

-\

I t
TASLE I u

II
III

The'p.n.r. spectra of 2-ketonanoyl oxlde (IV, carbonyl group
L

at C-2), of a new ketonanoyl oxlde-, a plant constltuent of

xvl1a dolabrlfornls. and of colensone oxlde', a rlng A-nor

ketonanoyl oxlde constltuent of Dacrydlum 9919!891t shot* these

naturaL substances to be of the manoyl oxlde (II) stereochemlcal

\Dr. JoL* Mor.gan (D.S.LR., Forest Products Research Laboratory,
F"i"""t Risbörough, AyIesi'ury, Bucks., England) klndly furnlshed
a sample of thls ox1de.

5n. u. Carman and P. K' Grantr J. chen. Söc.r lrr pless'

IV

As lllustrated by Table II, the posltlon of the dor*n-

f1e1d raethyl peaks, those of the nethyl groups on the oxlde_

bearlng carbon atoms, carl serv€ also as a dlagnostlc test of
the C-13 stereochenlstry of the oxld.es. Indeed, the chenlcal
shlfts of the C-8 anit 1l nethyl functlons of.the keto-oxldes
are 1n fu1l agreenent wlth the latterrs asslgned. stereochenlstry

61. n. Hosklng and C. W. Brandt, Ber.r 68,,286 (Lg3il.
TPrlvaLe conmunlcatlon frorn Dr. J. Moxgan.

CIMMICAT SHIITS (IN6) AND SPIN-COUPLING CONSTANT8

(rN c.P.s.) FoR coMPouliDs rr aND rrr

HA HB Hc JAS J.tc JBC

5.go l+,88 5,o9 10.1 17.3 L,7

6.04 \.89 4.96 1o.9 rB.5 r.\

t"$
tJr
I

\



Addltlonal structural lnfornatlon about the keto-oxldes

could be galned from an lnspectlon of the oC-ketonethylene re-
glon of thelr p.n.r. spectra. 2-Ketomanoyl oxlcle exhlblts a

four-proton quartet centered 2.22f,(J=1)+.3 c.p.s.) (an AB,

almost Arr systen), characterlstlc of a carbonyl group flarrked

by two lsolated nethylene funct1ons.8r9 The [g!!g keto-oxlde

reveals a two-proton unsymnetrlcal nultlplet centered at 2.\pf,,

characterlstlc of a RCII2CH2COCR'3 noelty. lJhlle thls would

permlt the carbonyl group to be located at C-1, J, I or L2,

the last two posltlons are excluded because of the lack of an

expected change of the chentcal shlfts of the nelghborlng C-8

and 13. nethyl groups and because of a notleable down-fleld

shlft of the rlrrg A methyl slgnals. Hence, the Xylla product

1s l- or J-ketomanoyl oxlde. Colensone ox1d.e shovis a tvo-

8p. tC. Grant and R. Hodges, Chemlstry and-Inclustry, 13OO (1960).

9c. Enzell. Acta Chen. Scand-, I\, 2053 (1960).

proton quartet centered at 2.04fi"1=I!.8 c.p.s.), chala{jterl:;t1c

of a carborryl group flanked by önly orre lsolated nethylene

functlon. Thls fact as vell as alguneuts slnllar to those

used for the [y!!g conpound speak ln favor of colensone oxlde

belng a rlng A-nor ketone. The down-f1eld posltlon of the

oC-ketonethytene slgnals of thls substance also support a

cyclopentanone structure.lo tlr

loof . t. M. Ja.cloan,
"Appllcatlons of
Nuclear Magnetlc
Resonanee Spectros-
copy 1n Orga-nlc
Chemlstryr'r Perga-
üon Press, Ltd,,
Londorq, England,
1959, p. 57.

l1Alr spectra were
obtalned wlth ca.
25fi ö.euterochliFo-
forn solutlons on
a Varla.n Mod.el- IIR60
spectrometer at
60nc .,/sec . wlth
tetramethylsllane
actlng as lnternal
standard. Posltlon
of the naJor peaks
vas deternlned by
the audlofrequency
slde banö technlque
that of nlnor peaks
by llnear lnter-
polatlon.

TABLE II

cirEMIcAL SHIFTS (INt) 0F METIIYL GROUPS

At C-8 and 11 At C-4. 4 and 100x1de

ManoyI

Eplnanoyl

2-Ketonanoyl

Xylla

Colensone

L.27 , L.27

1.08,1.17
1.28, 1.28

L.27, L.32
IL.29, L.32

o.78,

0.68,

0.83r

0.91 r

0.82,

o.85

o. 81

1 .06

1.08

o.99

o.78,

0.7\,
q.89,

1.02,

o,97 t

\}}
\ll
Ir
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Dr. A-A- Bothner-By 7th .Trrna- l95l-

Spin 6ta.tea
of

neiglibours
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d,

11 10 9

go(P
d.pp

876,
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d
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Fo(9

t+521
a<d. p F
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A epin coupllng can be öoatroyed by irracllatlon of ons of tho ruJ.tlplot

patteraa rlth a f,teld3l,He-J . It ic eq,€rinonta.tly foealblc to Lrractl.atc' llf
near transltlona I anil I of 2-F-uroio aolil rlth only a sllght pcrtur-bation of

trensitions ! ancl 6, ridlo at{rl aatlafylng tho conilitlonäHr-t* . P}lyslcal\r

thlg roeang that Irotonc A aDil X er-c doaor4iletl on$ 1n thoec uolocrrle! t]rat ]ravc

proton B ln rpln atate o( (aee Tablo). Conaoquently if the X apoctnu 1l rcordoil

at the salne ti.me, we roulil eqrect to s€e llnog 11 anal 12 ooä].oado brt llnoa 9 enil

10 remain unaffectecl.

TahLo I has beon drcn r4r for tho case thet oIL ths col$llng oonstantg hrvo

Ilke slgn. If JIB a$il JO rere of opposite slgn, elthor rcnr B of Coltur X or

ror B of colunn Ä shoul.al have a(ana p tntor€hangcü. Thon ltrong ttradiatlon of

Linee 7 ard 8 cauees lines t antl l0 to ooal'csco, snÄ thla ls b,t tbo orporC'uant

deter:nlnes the relatlve aigns of JIB ard JD(.

Analogoua oxperi-ments roay be oarrleö ou.t rhsre tho J* oorpling is ilestmyotl

by lrraälatlon of llnes 1 ard 2. fhen llnea 9 arlt 11 ooslogoo (ana ett on top of

line 10) tf JAB anil J* have llk€ s1gn6. In th5'e partioular eramplo all the

coupting oongtmtg havo Like elgne (presuma$r poettivo). Figure 2 shows typical

obseryed patterns of th6 X öpectrruD uniler con<litlons of aloublo lrrad{ation.

The onl.y other nethotl of obtalnlng rslatlve signa of coupllng @nstmts

tteperds on the ana\yals of strongly ooudleal eyaterne of at l-east three non-equlValent

protons. the dieuble lrraüiatl-on octhotl has the aÄrantago of belng appJ-lcable to

B

Jüh Jme, 1!61 .

Dear Dr. Eothner-By,

there aro fcn:r or fiv€ of us rorklng on various aspects of nucl-ear resonance

hero at NPL, ütl r€ ett gr€atly appreciate your newsletter. Althorgh ny haloe rloes

rrot appear on the rnaillng f.ist, I rcn<lor if I rnay be allosedl to contribute sooething?

About a yoar ago tte started ocnne lnoton spln decoupllng €tcperinents nain$

ill,rectccl torcards the slupliflcation of ooplicatetl high resoLutlon spectra. The

pmJect took a ne'r turrr f,hen we heard. ito Dr. D.!'. Evans (r-Ferial. Co11ege, London)

how he hail ugeal a doub:Le lrrad.iation eqrrinent to <letetlüJle relative signo of, spin

ooupllng oorr"t"rrtu(1) IIe wae able to shor that ln the thalllun diethyl catLon the

tro thallirnr-lrytlrogen corp1fu4gs werre of oyposito slgn. Nor tballitn-proton spln

coupliug oonetantg are vet:/ rnuch larger than protou-potot coupllng constants aril

1t vas olea.r that arr extensl-on of the roethoit to tlotentrine the refativo signe of

proton-proton ooupl-lngs rouJ.d be trickier erryoriruentqlly. Ilowever rrhon Dr. Ylhiffon

anit I trleA it ve rcre surprised low neatly the uetlnA workeil.

In a systenr of only two coupJ.eil nuclei, it ls clear that ths aign of the

ooupling constat nust r€main arnbiguous. For thls crQoriment 1t ls neoeesary to

have t5res ru-roIei coupleö together, anrl a converdent practical exalrplo ls 2-Furoic

aclal (Fieure 1 shows spectn:ro of ring protons). We fird 
l"*l = 5.5 4s,

l"*l = tie /s, l"* I = 0.8 /e.
Assunlng, to begin with, that al"l, Jr s are tr)oaitive, tt is poeeible to wrLtc

drown f,or oach transLtion of Figtre I tbe spln etates of the two neighbour

protoDs, eactr of whioh coult have spln atate {or p. fhe arguuent le ulEff'ecled'

by lnterchanglng o(ard B throughout Iabl'o I.
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üflrct oiüeril speotre, srd we f,eo1 it coukl bo aplttied ratheü generally. OnIy

very slight modlflcatlon of the eP€str@etor ic "tq'f"u6(e).
Youts sincet€LYt

Q 'kt**"*
R. Fneoan

Basio Pllreloa Dlvlslon
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D.F. Svans and J.P. MahLer - hoo. Chen. Soc., to bo publlsheit.

R. Frscman an<l D.H. Ylhlffon- lilolecular F}\)ro!:g, to bo publlsheö.
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The exlatence of tetracoordlnalion of boron hae been proposed in orgaarc

and inorganic borate systema (lr-4)' Sodiun 8alte of aeveral dlglycol borares

have been recently rePorted (5), and an {nve8llBation of the atructure of r'hese

corrpounda has been conducted uelng nuclear magnertc resonance atrd lnfrared

technlquea.

B'r Scudles

fhe uee of, Doron I'IÄgnetlc Reaonance to study lerracoordlnatlon ln boron

compounde hae beän prevlouely reported (6, 7), As the tetrahydral character ln-

creaae8, € (the cheoical shlfc) becomea more Posltlve relatlve Eo a trlcoordlnated

slnllar boron conpound. RelaLlve to B(oCltr)rr the 6rE for the followlng knom

telracoordlnatad epecles are: lelra acetyl, +17.0; B(OE)4-, +16'8i L18(0Glf3)4,

15,2; BF3, eEhorate, +f7.0 (3). All of the dlglycor boraEe sal'ts deacrlbed (5)'

were lnveetlgaced by BrrMR to e8tabllsh che exlslence o! Eetracoordlnatlon of B ln

the6e compounds.

-2

The Brr spectra were obtalned wlth a Varlan V-4300 B Specsroneter opera-

tlng aE 12.8 MC. MethyL alcohol waa eoployed as the aolvent and the GPectra were

calibraced relative to the B resonance llne of B(0Cll3)3 using the slde band tech-

nlque (8). The results are ahom below in Table I. The proton resultE (descrlbed

lacer) were obtained au 60 MC u8lng CD3OD aa the eolvent and the aPeclra were

callbrated'relatlve to telraneEhylsllane again uslng the elde band teehnlque (8).

. &n*,r,rr/ ?. 
)"V,, r,/,r,. r, /

4 4/l // /*t.*, u,,: /l (öi,, 
/n,, /fo,, r/

ff/.', *lr r,r/ !,t (1/r, "

TABLE I

% Tetra
Coordinatlon*

Ne 8e1t Prep
NaOH NaComoound

II

III

1V

_6:

0
+17
+17

100
100

+16
+16

+L7
+12

+11
+ll,

0 (glycol borare)
l(I

x

x

x

h
L
>iJ
><j

Nat

Na+

100
t00

100
65

60
60

x

x

xE"'"-3
* The chenical shlft I !e glven ln ppm above B(OCH3)3

* 7. t"tr".oo.d1na!1on deflned u" 6/tl * too

\rr
l"lt
t
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fte have assured tha! a 6 of 17 representö cosPlete telracoordinatlon,

since -:n all of these boraies the B enviroonent (at least for the 6 menber rlngs)

rs essenrtally identical. Ttrls value,is also conalstetrt ulLh the results of Onak

at al. (7). The deviatlon of the valuee of bare estlüated to be !0.5 ppn and con-

sequently aA6of I ppm le no! coasidered elgnlflcant. It should be noted - alL

of the 6 mesrbered rlng conpouada are hlghly tetracoordlnated (except ooe) and rhla

te probably due to rlng stabtllaatlon. Re8ultsrliJtlllztng oolecular oodele, are

compatible wtth rhla. Edwerdo and Ro88 (3) Poetulate tbai ln the 8o11d hydraced

boraces, boron exlsts in lhre€ and four-fold coordl,Batloa by oxygen. A18o chat tha

ratlo of telrahedrsl boron to total boron la equlvalen! lo the ratlo of catlon

charge to total boron. E:h€ daßa whlch'are b61Dg preEetrBed her€ not only gsPport

rheir postulate, bur provlda an extensloo of lt io tnclude 8ol,utton8. Referrlng

to cho lable on elenental analyete (Table II) one flnde that the reElo of celton

lon charge (Na) co total boroa 18 url1gy rrhich hdLcates all of the boron 18 tetra-

coordtnaced. lurtheroore, rhe flrst conPouud shoro tn fsbl6 II was exsnlned both

ao the dlglycol borate and ag Na 8a1ts (fron eacb Preparatlon Dethod). The d1-

glycol borate has a catton !o tolal boron ratlo of, 0, coneequeolly the Postulate

predicrs no !€tracoordtnatlon and none wes obaerved by Boron Reaonance. Pre'

er:nably, tha cattotr stablllzeg the charge on ghe tetrahedral borou.

The laet compound ln Tsble I appear8 go be half cetracoordtnated, lf true,

thle could be due to rlng stratn effects belng somewhat stronger chen the charge

st8b111zat1on, If thls ls lhe case, 1t would be lntere8tttrS to know whether the

Na+ ts exchanglng between lhe trl and tetrß-valent forma or lf a B aEoE remaing

tetracoordlnated onca lt hspp€nc. Another pos.lbllltly t3 tha! thla conpound ts

-4

conplecely teEracoordinaced, but due ro ring strain Ehe B uay be in a distorted

Eerrahedral configuratlon. one then.would no! expect the chenical shlft ffi the

5 rembered-r{ngs to be equlvalent Eo chät ln the 6 renbered-rlng 6yatems. furßher

work on th18 8y8te! 18 n€cessary and ls plarured.

TABI.E II

EI.EMENTAL ANALYSIS AND SODIUM-BORON nATIO

Compound
Nunber *

Glryco1 7.8
ft{r. )

4,55
4.48

trua Na/B
(Armic'l

1.0
1.0

0.86
0.93

fi{r. I

,999T
I

2, 2-Dt$ethylpropanedlol- 1, 3
2, 2 -Dluerbylpropanedtol-1, 3

Penianedlol-2r4
Pentanedlol-2r 4

II
XI

III
lII

IV
IV

0z
91

11
92

99
l6

5
4

5
4

4
5

9.62

9. 15
9.64

1.0
1.1

1.0
1.0

11. r0
11.32

10.70
11.46

rt Firrt ron ln each of the four cases la for NaoH preparatlon.

Bucaoedtol-1r 3
Butenedlol-1r 3

Bucaoedlol-2r 3
Butanedlol-2r 3

Proton SDectral Evldence for Telracoordlnagton

If, proton ltne shlfts due to the BegracoordlDatto! of boron are to bs

ob8erved, on€ üuat look to lhe protoos attach€d !o carbons wbtch are p to the

boron (there.." rod-re ln theee conpounde). lte thlft nould be exPacled !o.bo

eoall ae ghe ef,fect Dua! be tranonltled through 3 bonde whlch nornally fallg I'n

the rang€ of 0.1 to 0.5 ppm. (Ae an ermple, the dlfference fa tre f,or ehe

esthyl protont 1a ethylbenzene and n-hexan€ ls abou! 0.4 ppn). Obvlouely, e

\tr
rt$
I

\
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\l(,teccable shifc would noE be expecEed if che effect involved one more bond.

l,lithi-n the linics of experinrental accuracy rhe above was obsened. Siz of ri-"'

"i;hr boratcs concained a cert H on Ehe ß carbon and peak assignnents for rhess

procons in lhe cetra- and tri-coordlnated borates vete 3,47 and 3.75 PPm E!9!

Lecranethylsllane, respectlvely, The ratlo of these Peak areag tines 100 was

taken as the 7. tetra coordlnatlon. The reeulta are eholrn ln Table III. fhe

larger errors in the proton reaults are due totlltu broadenlng. The results

correlate rstber well wlEh the 8', probe and strongly support the contenClon that

the proton re6ult6 are a leasure of the amount of tetracoordlnation of the boron ln

these borates. These results al6o suggest that chere are no unuauel or large

electrostattc effecls assoclated wlth the tetracoordi.natlon of the boron aton as

ochemise a larger shift üould have been detected. Further work is Planned to sub-

scantiate these obaervation6.

TABLE II,I

PERCENT TETRACOORDINATION IN NA BORATES

Compound No. Brr Resul-t8 l{t Results

II

II

III

III

IV

IV

100 15

100 15

65 L5

100 15

60 15

60 15

r00

100

65

100

55

50

rl0

i20

tl0

rl0

r5

!5
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Pr'oton Magrtet l.c llasol)ance II
TrlphenYlmethane DYes *

Dav:Ld J. !'lilson

Departmen'u ol' Chemi.strY
Unlversity of Rochesber'
Rochester 20, New Yor'k

*Thl.swo!'kwassupportedbyagr.antfJ.omtheNatronalSclence
Foundab lon.

Thenucleal.magnetlcresonancespecu}'aoftheLlj.pherlylnlethal.je

dyespal.alosanl}.l.nandcI'ystalvloletandthellcol'I"egl:}ondlllgleuco

for'ms provlde ver'lflcatlon of certaln aspects of the lrheory of

chernrcal slrifts arrd yreld emptr'1cal lnformation useful rn Llre

deter'mlnatlon of or'ganlc structules '
The Bpectra were takel) at 27"C on a 60 Mc. var,rarr Aesociates

41OO B Bpectl.omel,er', and wer'e callbrated by the usual slde-barrd

technlque due lo Arnold and Pacltardr; a Conputlng Meacur'elner)ts

1.. J'. T. Arnol(i and M. E. Paclcard, J. Chern. Phys. lp, 1608 (I95I)'

(lr)rpo|aLlon Mo,ie1 20I-B f'r'equency-1leI'l.od countel: and l(l)jtlhi'-Kr !

itirtl,ror'lerrelar,o1 wer.c uae(l , The ('rycs we|e obtal.ned 1't otrt Dr.:jLii Iation

I'rn(lucLtj lttrlrrl;1.r ttl3, florlltC.ji;CI j, Ili!I YOl'l:, illl,.l trele llii()r..I t'lil,li'rtrL

-2-

further purl,flcatlon. they showed no spurlous peaks rn thelr NMR

Bpectra.solvents(methylalcotloland}-4d1oxane)wereanalytlcal

reagent grade; the dloxane waB dlsti.l}ed over 8odllxn to remove

per'oxldes.

The rrng pr'oton shlfts observed ln the four' compounds ar'e llsted

lrr'llablel.Allfourshowedthecharacteristlcfour-Ilnespectrun

of an AB group ln the aromatlc reglon of the Bpectrum' A11 data

ar.e tabulabed ln cycles per second and are accur'ate to 3 0'5 c'p'8'

The centers of the AB quartets are repor'ted relatlve to the rnethyl

peak ln methyl alcohol. The solvent used was a 50# dtoxaae - 5Oi6

nethyl alcohol (by volurne) mlxture, whlch dlsgolved sufflclent

quantltles of both the leuco forms and the dyeo themselves to permlt

spectra to be taken. Saturated sofutlons were used and were r'un

lrunedtately after Preparation.

For both dyes the center of the quar'get spectrurn.of the oxldlzed

form l1es some twenty cycles below bhe center of the quartet of the

leuco form. For both dyes the spln coupLlng corrscants aro essentlall-y

lndependent of the oxldation state, and have values of abollt 8-9 c'p'o'

r'easonable for ortho-proton coupllng conotants. And for both dyes

the chemrcal 3h1ft 649 1n"t.uues about seven cyclea on oxldatlon'

The asslgnlr,ent of the doublets at hi8her flelds jn the leuco

I'olrns we make by analogy wlth the spectra of an1Ilne and N ll-dl-

rneLhylallIl.e r'epol'l,ed by Cor'Io and Da11ey,2 who found bhaL or'tho-

2, P, 1.,. ijor'.ro arld B. P. Dal.ley, J. Am. chem. soc. '13, 1o4t (1956)

qrt
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protons appear well upfleld from,probonu meta, to the amlne group, 1n

theBe compounda. Ihls 1e what 18 predlcted for an electron-donatlng

subst lbuent . s

1. J. A. Pople, l'r. q. Schnelder and H. J. Ber"ri8teln, ItHlgh-Resolutlon

Nuclear Mägneblc Resonancerr, Mccraw-Hlll Book company, Inc., New

York,1959, p. a6O.

On oxr.datloo, these doublets Bhlft downfleld; the nltrogens

are now posltlvely charged, and therefore are gomewhat electron-

wlthdrawlng, so thl8 ls to be expected. What lE rather startllng

ls the fact bhat the doubleto due to the protons Eglg to the anlne

gr'oup shlft even further downfleld than do the ortho-pr'otonsi thls,
as lndlcated ln reference ], should noi be.

A probabf.e explanatlon of thls appal'ent anomaly 1s the followlng.

In the leuco forms, the central carbon atom tB presunably nearfy

tetrahedral, and the rlngs are nowhere near coplanar. If one makes

models, lt L8 evldent that rl-ng current effecto' between pr'otona and

4. C. E. JohnBon, Jr., and F. A. Bovey, J. cheg. Phye.32,1ol2 (1958)

-4-

sbable. Eacll proton gglg to an amlne gr.oup 1a notv BubJect to otrong

rlng curt'ent effects frorn one of the other rlngs, and 1s locat€d ln

auch a posltlon thet thle addltlonal rlng current effect wlll pueh

lts specbrun to lower floldo, as ts lndeed obserbed.

one can calculate an approxfutate value for'the decrease ln

electron denslty at the aronatlc protonc br'ought about by oxldatlon

by uslng modlflcatlon of a formula glven on page 175 of reference J;

AÄ = A6 /2t,4 where AA

is the change tn the effectlve number of electrona about the protonsi

and A6 1B the correspondlng change 1n average chemlcal 8b1ft for

the r'lng protons, Thls lgnore8, of courBe, the rlng-currgnt con-

tr,lbuttons, whlch cannot be ca_lculated wlth certalnty. Bach rlng

proton in the oxldlzed forrn of the dyes has about 0.01] leFo el-ectrons

than lt has ln the reduced forn. The lncfuslon of ring current

effecbs would reduce thls value somewhat.

TABI;E 1

so, J7rlngs to whtch they are not attached should not be ver-y large, on the

average. In the oxldlzed forns, however, the central carbon atom

1s trlgonal, and the partlal double bond character of 1ts bonds would

make a etructure ln whlch the three rlngs are rrearly coplanar qulte

Far.arosani llne -HcI
leuco form

CryBtal V1olet
leuco for'm

-222.O
-20).7
-228.5
-208.5

28.9
2L.2

20,7
t1.5

8,0
7.5

10 .0
9.5 tY

uJ
t

rll

Spectr.äl pararneliers of trlphenyltnethan€ dyes.



Your readerg might be interested (at least your recent correspon-
dents refer to 6uch belief) in aome exact nuclear rnagnetic resonance
ehielding con6tants we have computed from the twenty-tern) H.YIleraae-tYPe
wave functiogs of Hart.and Herzberg; A([ll) = 2.467O x lO-', 6;lHe) -
5"9935 x l0-5, o-(Li+) = 9.5459 and dr1oto) = 27.289. Although these
ildiarnagnetic" ehielding valuee may not häve much intrinsic value, they
mav be examined with reference to those obtained from wave functions of
recent interest using {+) "" 

a measure of the I'quality't of the wave function
near the nucleue. In äddition, the change in gr from that of a neutral
atom to that of the monovalent negative ion has been determined to be of
the order of I x l0-5 for O, to Oiwith f (O-) > q@Zl. A sirnilar
effect, but Leeg than previotraly estimated, would be expicted for shieldingfttux"crr)
in tr'2 ae compared to F-.

Werve enjoyed and prufited from your nmr letter and look forward
to receiving future copies.

VerY trulY Yours,

'D;/*

Punpue UntvERstrY
O€PAATilENI OF CHETIATFY

LAFAYETTE. INDIANA

June 23, 1961

Ib. l. A, Bothner-BJr
I'l€Ilon Instltuto
ldgo Etfth lvenuo
Plttaburgh 13, Pe.

Dear lksal:

I hope that this vLLL r€aah you in tfuno for lncluslon ln the
Juno M.&L.[.0.N.U.R. becaüse I herve found a rather large error ln
ons of ths .l(C13-c-U) values ülrich I eent you l-ast lnonth an<l r.rould
Ilke to seü tho record atralght without de1ay.

ttith lrnproved resolublon we can fitoasure ühose coupllngs beLt€F
nor tlran ürhen the data I sat sere obtained, and I becalno susplclout
of th6 old val"ue fqr aceüonitrlLc yesterdry afber flndl-rlg thet for
nalononitrlle J(cl3-O-It) is 11.8 pirrs or rninue 0.2 c/s€o. Iürsr I
put the aoebonitrile sanple l.n the soeatrometer for a recheck, I
found that ue had be€n feoled by sone s,n&11 ii4urity lines, always
a darrysr vhen hwrtlng 0U sld€bard.s. lle nontt hxon th€ coupllng
o:ractly for acebon:i"trl"Io untll f geb a really olean eangrJ"e nade r4r,
but It looke ao lf tho vafure ls about 9.8 o/saa end' rnt' 2? a/sec.
$ 4ologiea to a4ron€ riro has oome up wlth 4 theorobica'I troq>lanatlonx
of tho hlgh valuet The gltuaülon Looks a ll.ttlo Less confüsod norl that
ths avatlable aorpllng const,anis for near-tsLrettedra.l C-C-H engloa arc
9,11 core&rable.

I hop€-Ulthln a fgrr deys to havo prqprlntc aval1abLe of a nobE
on bonded crlH ooup]l+rgs rürich Irn eendlng to tho J. Chen. flrye.
ft dl1 bo ca'lled r6rJ fu].l.ttt.1lgs fur Proton t4agneütc Rosonanoe Speat}e.
II'I. Fonqfl 0onporurds.rt

l{tth b€st regatds,

Sincorcly

l{orbert HulJ.err

T}IE FLOR'IDA siTATE T-INIVTIIS|ITY
TALLAHASSEE

R. E. Click
June 23, l96l

Dr. A. A. Bothner-By
Mellon Institute
4400 - 5th Avenue
Pittsburg 13, Pennsylvania

Dear Akg:
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Dr. Aksel A. Bothner-By

(c)

2 June 22, 196l

I0,5 hr.
lo.6
12.8 days
I .5 hourrs

25 sanples

ffi
THE WORCESIER FOUNOATIO}I fOR EXPERITTIEI{TAI" BIOTOGY

/i1,.ralu "y. . //r,uu,l ut*[lt
June 22, 196l

Dr- l\ksel A. Bothner-By
Director of Research
Mellon fnstltute
44OO !'ifth Avenue
Plttst)urgh 1.3, Pa .

Dear Dr. Bothl'rer-By:

Our contributioü to the Mel"lo N-M-R wlll be a 6er1es
of rdmbling notes on the subject of Nl"lR as practiced at the
V{orcester Foundatiorr.

when we purcliased our Varl;in high resolutj-on lnstrument
about two years ago we decided that the 5 inch chart was too
6maII. this may have been psychologlcal but our decision
seems to be borne out by Varlan'6 use of the wlder cfiart paper
1n thelr A-60 lnsLrurnent. ['or our perlnanent records we use
a l0 inch chart as obtained from a Sargent recorder, (nrodel
Mfi) operatlng at 4 fuiches per rnlnute. We use the smaller re-
corder for tunlng up purpoees-

I'he 6pectra. are recorded 1n duplicate on blank paper -
one copy goea to the .lnvestlgator requestj-ng the anälysls
along vritb a report sheet glvlng the int.erpretation and the
ot.her is flled. Satrrple alrd operating data are filled in on
each Eheet us1ng a rubber stamped form. Each spectrum is
numbered consecutlvely on the outer end of the sheet uslng a
hand nunrioering machine.

The sheets are filed consecutively flat and face up in
blu€pri"t)t drawers, vritlr t.tie latest nunüf,er on Uop. 1\ suitable
5 drawer cabinet is obtalrred from the Ciole Co. fL ileasurea
40 L/4" lorrg 28" decp arrd 15 3,/4" higlr " Usiftg two tlivlders
per drawer and 400 spectrd per secLiorr t-his cabi[et wiLL ]rold
b00d specLrd -

In order to Iocate any spectrum bre make use of an

emplrlcdl formula card lndex. The empirlcal forrnulae are
listed ln the order P, N' S, O, I, Br, Cl' F, C, H aB 6ug-
gested by J. H. Fletcher and D- S- Dubbs C & E News 1956, 5888'
By u6ing thia lndex we can locate any Epectrum on flle ln a

few mlnutes.

sone sma1l accessorles rde tlave added, whlch we beli"eve
simplify the oPeratlon are:

(a) A Conoflow dlaphragm reduclng valve (Type H-10-xT) is
used lnstead of a needle valve in ttle air eupply to ttre
aplnner - This glves a mctre constant sample gplnnlng rate
whlch eeems to lmprove the stablllty of the lnstrument
when fluctuatlons 1n the al.r line pressure occur '

(b) we have adopted the ldeä of Dr. w. M- Ritchey, sohlo,
Cleveland, by installlng a Iuclte panel in the lower front
of the magnet power supply" In addltlon, we have ln6talled
one on the upper rlght hand Panel- We find that tlre heat
from the 304 TL tubes does not affect the pla6tlc, our
electronica spectalist has been able to detect two defec-
tlve 304 TL tubes viaually, ae a result of thlB.

Runnlng time meters have been placed on tlre recorder6 önd

we keep rdeekly records of the lnstrument operatlon' some

of the records averaged over the past' 3 nnnths lnay be of
Interest

one spectroscoplEt (Ton wlttstruck) prepar€s damPles,
operates the instrument, measures and lnterpretB the spectra.

3 rk)nth weekly averaqe

Recorder operatlng tlnre
samples reported
Reportlng tlme
Do$,/n time
Backlog

'fhe weekly records ara corlvetriel'rtly kepL ()r1 a "lloard-
rraster" sold by Graphic Syst-enrE, Yanceyville, [l . C.

We hope tliaU the above r)otes wiII prove ot,irlterest-
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June 21, 1961

P. O. BOX t75
ctNclNNAlt l9.oHto

MIAMI VAITEY [ABORATORIf S

Dr. Ak6el A. Sothner-By
ldellon Institute
l+.\oo Elfth Avenue
Ptttsburgb 13, Fenlsylvanla

Dear Dr. Botbnet-By:

Enc].osed 18 4y eubscrlptlon for IIGI;LONI,'B. It consists of
tbxee clrcutt alLagraes *hlch alescribe usenrl modlftcatlons
to a Varlao l+31O tralFnitter-recelver unl.t. fbe 4odlficatlons
lnctud.e: 1) a preclaloo attenuator, 2) a "pbase d.etectorrt ---
reaUy e l"eakage coutrol rölcb 18 lDdepeldent of tbe probe,
Bample, and. rf fevel, J) a nonltor for the trensüitter lovet,
and l+) a tuffexentlal eplifier to cancel strnrrlou6 notlulatLon
of the Epectrue froü tbe trsJxsnltter vhen hlgb leakage voltage
18 useal. lle bave founcl that these x0odlftcatl"ons take uost of
the lncouvenlence out of operating the l+310 un1t.

Elgule I repreBeuts a acheostlc of tlxe slr6te4. nlgure 2 repre-
Eents chaogea nade in the recelver Bection. Elgure J repre-
senta a Beparate box ?blcb contafus tbe feakege control oystem
eDiI traDBnitter level d1ode. In our ualt, t'hls box has been

Joceted at tbe spot thet the orlghaf rf level svitcbeB {ere
]ocated. The preclelon attenuatär (Eevlett Packsrd 3S, L/B) te
moulxtea above the chassls' lfhe box ts couected by 50 obn co-
axlal ceble to tbe tra[Enltter alil receiver uDltE.

Eo use tbe fhase.detector, the probe 19 balalxced to nu]'l lrltb
the leakage Bltltch (sfl in Flgure 3) off. Then it 16 slrj-tched
oo and leakage 19 adJusted to nake the de anplifler bela'nce'
Th16 occurB at eround 6 volte ttc on tl]'e tllode resletor' Tbe

Iiha6e iB then aÄJuBted by changing C ln Figure 3 until a prre
ioa" re Eeeo frctn a sbar! slenal. (llben c ts adiusted, a corr€-
eDondlne enp]ltude change occurs rö1cb te coülenseted for by
aäiugtnänt ät pt ot P2.) Tbe I.c clrcult ln the l-eakage box 18

inä o"fy freguency sensitlve elenent io tbe circuit: tt 16 tuned

to tUe äpectiometär frequency. Heoce th16 lootliflcatlotl csn easi'ly
be apdlled to anY 4J10 unlt.

I r.ecommend. one change fron the syoten d.eecrlbetl bere' The

traDsnltter }evel ttlode and the recelver dlode Ebould be et
pr€clsely tbe 6aüe tenperetur€. Sme the:sal tlrlft has been
äbserved'v'ltb tbe tvo diodes separated although bot'b nere en-
closed 1n the saüe chassis' Mountlog both 1n the oaare copper
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Dr. Aksel A. Bothaer-By Page 2 June 2I, 1961

block ltou-lil probebl,y Fofve tbls ttlfflcul-ty.

Beslde tbe above nentlouetl dlfflculty, tbe systen olprEtes
satlsfactorlly. A oorE coüplete descrlptlon of the eodl-
flcatlons ere avel]eble fox tbose lnterestetl.

I vou.Ld l"lke to Joln tbe other subBcrlbers r.bo have expreFsed
eppreclatloo to you for naklng tbls net'hod of coruoun1cetloD
possibl-e. It lE lnvafueble 1n keeplng abreast of recent alevelop-
ments .

glncerely yours,

THE PROCTER & GAMELE COMNANT

Researcb & Developent Departroelt
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HARVARD UNIVERSITY
DEPARTMENT OF eHEi,ftSTRy PFIYSICS

12 Oxlqd Strcct

Cambrid gc j8, Masrchusctts, U S.A.

June 20, 196l

Dr. A.A. Bothner-By
Mellon Institute
4400 Fifth Awenue
PittBburgh 13, Pa.

Dear Aksel,

Some monthe ago I expresaed disbelief in Dr. F.A. L' Anetra inter-

pretatlon of ljig-rgrge (H-C-C-C-H) coupllng ln the saturated ayetem of a diol

of bicyclo-Z,2,I-heptane, I must withdraw my objection, which at the time waa

Just one of fatth, and eubmlt the attached figure of the fenchole, wb.ere no ahort-

range (H-C-C-H) coupling ie poeeible, as further and more conclusive Juetifica-

tion of Dr. Anetrs statement. These are iu8t a few examplee of the oneg we have

atudied eome of which are not trivial to interPret. The samplee are all courtesy

of Prof. N. J. Toivonen of the Univereity of Heleinki and the coupllng conatants

are probably ae indicated. The borneol, however might have been interpreted

as virtual long-range coupling from the 4-protoo which might have had the same

chemical ehlft as the endo-3 proton and could have caused the same effect.

In mad haste, as I leave for Europe tomorrow: I will be on vacation

in Perugia for July and at the NATOStatistical Conference in Breukelen, Holland

in August, and with best wishes for the aumer, etc.

Sincerely,

M 0:,t lf; R, Nc,x b.-.rirt nlr. f i G
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A nev type of nnr-stabllizer for hlgh-resolution nmr-epectroneters

The need for nmr-stabll-lzatlon of high-resolution nmr-spectrometers

has been real"lzed for a long tlne - there le eornethlng every nmr

lrorker can say about that. The prlnariple of nmr etabilization 1s

vell known, too, and was euceeefully applied ln 1957 by BAXER and

BURD (Rev.Sc1.trnetr" 29'1I1,I9r7) to get a high etabtllty high-
resol-utlon spectrorueter. This construction wee a spectrometer wlth
two epatlally oepara.ted probee. Although this syeten was a remerkabfe

lmproveruent in field stabillty it never becaue very popular. The naln
reaeon for thls nas the neeal for uelng tvo separated probes. Thls
m€ana a aevere restrictlon ln flexlbillty of the whole equlpment and

cloes not give an absolute etabillty and an abeolute calibratlon of
spectra because any change ln the flold georoetry refeets Iteelf ln a

change of caflbratlon.

It can be ehovn that afl lnformatlon of clrenlca-l- lntereet that can

be galned by any nnr-lnvestlgatlon can aleo got fully wlth an nmr'-

epectronreter with Juet a eingle probo - regardleos of fluctuatlng
f1e1de, inhonogerreorrs fielde and go on. But thle 1s juet an existenco
theoreu and givea no hlnt hov to reallze 1t. The nnr etabi'Ilzed
epectroineter I woul<i }ike to deocrlbo here le Just a first etep in
the dlrection to get arn optimal. eyaten and Ie by no means already a

theoretically optlmal. eyeterr. tsut the improveruent ve c&n get over

the ilore conventiortal type of opectrometer ls qulte ronarkable. Our

alm vae rrot to bull"d tr conplete nerl nmr-apectrometer but an additlonal
device t[at converts a conventional nmr-epeotrorreter to a lnr-stabi lzed

lnstrunent without any changea ln the conetructlon of the neaaurlng

head or the probes and vlthout reetrlctlng the fl'exiblfity of the

conventlonal instnulente. In order to faclltcate routine neasurementg

there ehould be an autonatia caLlbratlon of the epectra wlth art

accuracy of about o.1 cps utthout any adjuetnents or correctlone.

Because we have an rurr-epectroüeter uith a flux-BtabiLizer ai our
disposal, the convereion to an ruür-etabll-izer of servo-type 1 lst'
qulte eirnple (cf.flg'I). lle are uettlng our epoctroneter to volk 1n

A new type of nnr-s;tabLllzer /2

the dispersion urode" If we now connect the outpu.t of the:Jp(:ctrometer
with tlre correct phastng to the irtput r.rt'the ffux-strlblllzer (i.e'
di.rect.l.y to the Salvanoroeter of thc uuperstabillzor), then we w111

get an integrating servo system of type one sith no reeldunl error.
For exanple: lf tire fleld is too lov, the slgnal output will aluaye

be negatlve and the fluxstablflzer nll.l" drlft upwards to the exact

resonance poeltton. the overall discrj-nlnator curYe ls nov not the

dleperslon curve x/(1+"2) b,rt the flux-stablllzer perforng an lnte-
gration and the cllecrinlnator curve 1s nor ,tax.x/(t+x2) whlch le lndeed

an excellent characterlstlc. The Look-in and holdlng range ls extreueJ.y

large - even at a dlstance of eeveral hundred Ilne-wldthp fron the

reference llne the feedback syotem will quickly go to tt'e ffnal vafue.

Our syotem'can eaelly handle a drlft of I ppm/mln (which le about

equal to the conventlonal sreep rate) iritho-ut nmr stabiLläer and rre

wlll get a drift free syeten vith a reeldual error of about o"ool ppm.

So He can get eaelly an excellent nmr-etabillzor, .but hov can ue

manag€ to get both the stabtllzer etgnal and the neaBurlng eignal vlth
one prohe and one rf-channel ? Nowadays ve uoually work uith an 1n-

ternal standard for prototr reaonance, nostly wlth tetranethylsllane.
Obviouely it vould be nlce to use Just th18 internal standard as a
reference 1lne for the nmr etabil"Lzer. A elnple ca.lculation etrovs

that the usual concentratlons of tne ie aurple to got a good ei6nal-to-
nolee ratlo for an nmr-stablllzer wlth hlgh accuracy. t'19.2 ehows a

soneirhat sfunpI1f led diagran of a high-reeol utlon nmr-spectrorueter

with an nrnr-etabillzor havlng a elngle probe. The ueual cryetal-control-
l-eri rf-tranemltter le ueed for the stablflzer channol. Wlth the stabl-
lizer worklng we have a flxed relatlon botueen the üagnetic field and

the rf-frequerrcy. In order to record un rrnr-spoctrum ue are nov

changlng the frg,ß"gngJ. by rueans of a oinglo-eideband modulator that
converte the orlginal froquencyO (in our case 25 lac/e\ to a varlable
frequency ld+5 (or'lf we 1lker to a- € )" sls an audlofrequency
(in our caee.variable between ! cpe and 25o cpe). Botir channels have

the eauro rf-part, but each channel hds lts oeparate rf-phaee-erensltlve
detector (pSD). Experience has elrown that there ls no dleturbltrg inter-
ference between ttre two channo]e nnd ve o{rn ea$lfy work wl th s. fre-
quency differenc€ of Juet a fer cycloe between them. In thie type of
arrangenent the noet crttical devlce 1s the Rc-audloosclllator. In
order to change the frequency of tlrls oscillator He Yould of course

llke to couple a precl8lon potentlofireter to a synchromotor. l]ut the

usual Ho-osclll"ator have an inverce relati.onship betueen frequency

and reeistance. In oraler to get a l.inear sweep we vere forced to

z0RrcH, MaY 2?, 196l
T6l. 16ll n ?3 rcLaboratorium

ftir physikalische Chemie
Eldg. Tochnlscho Hocha';hulo

Zi..lrich

H. Prlmas

\rlqril
-a\,\il



A new typ of nrnr-stabllizer /'5

built a new type of RC-oscillator with a finear relationshlp between
frequency and resistance. We cou "d acltleve a linearity of better.
than o"I cps in the range of 5 to 2!o cpe and as tr by-product or'
thls rew construction Ho got an excell-ent long-tine stabil.ity of bhe
tireqnency - better than o.1 cps over several morrthe. The actual
dtabilizer we bu1,l-t ie a llttle bit üore elaborate Llran shown orr

fi.g"2. Itle are uslng s double converslonl furthrer a &agnetlc side-
band-uodulat,lon in both channele. That dclee not change the principJ.e
but lmproves the perfornance of the spectrometar considerabl.y aöd is
ulniost indispensable for u perfect operetlon.

If you would llke to convert your corrventional spectrometer Lo an
nmr'*stablllzed spectroneter you have to add

fir6tly a single-side-band nodulator and a lijgh proclsiorr
H0-oscillator, driven by a synchromotor and some device
to wri.te calibratlon marka,

secondly an additlonal high-frequency phase-sensltive tletoc tor. and
a further phase-sensitve detector for the eide barrtl

rood ulat ion.
Furthel you Lrave to connect the output thle second chalnef t<; tire irrput
ot the f l uxstablllzer via a oirnpJ.e piiaae-correctlng network. lla.y bt:

you hsve to uuke ohure tha t you get no p.hase-shifts in the lreasur.irr6
chrlrneI bectluse ot' the varylng frequency. Perhaps soüe bendfil.ters
needa a r€trdJuetnent.

l'19.5 strowo the long-term stabillty of' our stabi]lzer'. We were
starrding on the slde of a sharp,line and recorded ttle fluctuattons
over xrore than one day: peak to peak fluetuatlons ( o.ool4 ppnr ,

rms-fl\rcLuatlone ( o.oool ppm, practlcally no drlft over one (lay.
]iecause of the good long-term stabillty h,e can incr.erree lhe sr:ope
tl1' usefLll nürr-[easuremente. I'or €xanp].e, its now eelsy to get ver.y
H.ccurate üreaeureuents of I ine positions: uith one slngl.e rnc:rsu r.errreri t
we can get ril1 accuracy of älrout o"o2 cpa. One point til.it cirn l){j ver.y
inportdnt for the biologic€r1 cherriiet 1s the por:siblt: lower'1ng ot tl)e
anrourrt fr i' SUl.,lrtance tIeCCtJsAt'y tOr a uSeful rrrnt r:pectfutu. I t. wri I ri-
cresrsc the rrsual Iecording t:Lnre of srry 6 uritruteri Lo.io lrüur.:r !.,tii.rarr
il(: te,.{$i, thi: l'i.lterirrg l,ime ct:rislrrrrL b.y ri fllcl,ut trl orre hurrrlt.t:ii rrrrtl

l,lre|eftrI't; f,;il1 lrri incroase irr $errsil, 1vr1"y 0i ir firr:LoI rii'trrr. l,'i;:" 4

:ilr(ivtt iill pltrbc,tr ft,rJOllSnc() r\J)eCtIttilr ol i.itt_g1axx11,5 ul :r r! L,r|0ii1 rri ,1', L'r,'7ls.

ltlj rilr()rrlti l,tr rrlil;, Uo.lec|tf;.1 Lllir:i illitLute rrnlrlült; r)l $ral),)t,rrrr,.t, i,y ir

IulLiir:r' t r(:Lol i)l' tcli Ul10n L/e wijI wrrt'li lt, lri:irlt Ilir.lltetri:irl-

itrji)ijlu'(n-i'at ?': Mc/s ulth o.5 rrlp'Si.(CIl.r), tlri ir jriiulrrrlf l;i:urrlitrrl

A(r(ilr'g.cy of tire single lrrol:e rurr-sbirbi.lizer

,rv!r'r,-l..l. .Ion1; tenr strLbili t1,
ov,,r'ri-1,1 -lcrnr" teiln ca-LiblalLion
(rr.i tlror.tt, i,nv .rd jrlstnenis)

cllailllo ()1.'rride
clrilrr;1e o{" lirio shape

iiCCIrL'ir(:1,/ oJ C:r-l.j tlrat j.on mUllS

rri Llr t;ln: rrl.tl of ar 1'requerlcy corrnlel:
1.ilo lLos:i.i;i.orL )rra.rsruenollt$

o.-L cirs ovet oJre li(nLll

;.ivuo ; tt err'(tr' oL' .l.c:l'i thi.n
!1o crl.' Iinvrriritl'
bcbtrcr trlr:ril o.oo.l- tlni

liei;i;or blial o.ool. lrirr (or vil,lr
lrroirr:i Iürest )/lo i'I'.t.irre; uldtli)

A more Eechnlcal descrlption of our st.abtlizer is ln pre-
paration and w111 appear elther in llelveltca physlca Acta,
Helveclca Chinica Acta or ln the Revlew of Scleuclflc
Ina trmenEa.
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ffi National Physicul Laboratory
-2-

Dr.4.1. Bothnor-By 2nilJw. 1961.

varletion, olwglng l}@ oae to ten e.P.s. AssuDing that thQ2@Ie4le.oxlotr
ln orc ontomt-loi, .na ts*rg the Karptua oqutjon J = !c os- p r€latlng th€
Jr e rith ttu arfroa"i:. mglea botreen tho 0d bonde, tt ts lpsslble to ilctmi'rc
ths mnfomatlon of the ;o1€@1o iD solution. llp rcle@J'e is bent in colutioa
as shm in !'tgüe 1b sJril tlF ugle of bsrdilg rldcb Slvss bqet 'grs@ent
botw€en tho obieryoil Jr a dld those oa1qleted Elng tho Kar?l'u oqutlon ls
approimtellr 5Oo.

trc polnts of lnterest mergo. (e) Tho mg1e of buoklo so@a muoh

lsgs ttü ie genel'al\y @eptod. for-flvs-nqb€roil rirgo, ara (l) ttre rut--
gtituent on o, Ättatns a pssudo Ddal poBitlon, .€aln u lsEur]. rosult. These
resulte & dle@gecd in er atetall, togothor üith ttr lDsctbl2 erprs tlEt
ou d:lae In thls type of invogtlgrtlon c]-farh€re (2).

XoüB slrcoroly,

il"l ui"!"*^

f.!!,!drun L{\ J122
trprHFFfiffigFf ro. 199

SASIO AHTSICS DIVISION

2nd Jue, 1151.

Dss Dr. Dothner-üy,

Ore of tho topica r€ hav€ becn lookirg &t trsre le a etuqr of slvent
off€ota ln P.ll.R., tlth trütiala eqrhaale on thoEo solvents xllich give rls6
to tare1ousrr aolute cheeioal shlfts (1.e. drc@tlo eolvente). The solutes
useil f,ore oyclohore, DothyL lodid.€ ard iodofom üd the aoLvent strifts of
the lrtter tro aolutqa 1n mnatlq golyehtc hayo bsen postuLat€a to be öte to
tho fomatlon of solut€ elvent cüpl€res. To conclm ttris the effeot of
tolnrrtuo on tho oh@lcEl stdfts of th6s€ aolutee in tolueno yes studl€d.
Ihs Eolute IFeJcs r{s n€$udl ft'on t}Bt of ths lrtEnyl prctoß of ths so1v6t.
Whllst ühe Ipsltlon of the oyqlohsxue pcak raa @mtet wer tho cntire
t@pomtro rerge (-6O to toO"C), thus il@Etrating the lack of arur @Dplex
fon!&tion for thi8 eoluto, thg tp8itioF of the net\rl loaUite sd ioalofom
1rcake olnrge onaidorahly, that of ioalofom by alrcat I p.p.ts., both rcvfuA
to high fleld es tho tspqatue lc l@ered. Thoy @nfl,n the postulat€ of
elvont solute o@p:ler fomation ud, irr additlon, thE enorgJr anA €ntroly of
f@tlon of ttrs ooq)],ere8 om bs obtainod. Ihe velues of theas psuetds m;

(r) for tho lodofm toluene @npl.ü ü - t"6 tO.2 koalq/ele,
s - 6.4 to.2 e.u.

(U) !.c thq lodofom notlryl lo<ll.do
ooapler U = 1., !0.5 kcalq,/mlo,

S = 4.9 to.4 o.u.

the tyln of q@plerd.rylssgod hörs ls ore ls rhioh tho aulple stds of
tbo sluto 11e4 along tho hcxagonL ards of EJlretty of tho boEeE rbg yitb
tha trntono tffaraB the rtna.

Thls sllilelm tlu hlgh fle1d. ahtfü of thö öoluts prctw tn th€ @plgx,
adt by rcswing thie high f,le1d shift ls slely ilue to ttre rlqg surront lt ts
loss{blo to cotluto the d18tsm of thc aoluto Irctou fro the pluo of the
rlng. A fu]'l mmut of ühi,a rcrk has bocn utultteil (l). tiowor rtrst DaJ be
ophrslroil hsro lE ths Isge toperatus alq)ordüno of tboso soluto pmtm
olHforl shifts. thrt of Lodofor! ohergoc by rlrprod.utö\y l,/J o.p.s. trpr 

oO

at roo tüforrtw. tlthoryh thls 1c r rathsr wlqro systa thls aloes c8plEsico
tho reoossity of eNAtoly km ruplo t@lsratumr for voqr &uat€ ch@ic81
shlft @uucrcnts.

t]'go Dr. X{iLsolila erd I }qvs beon lwoctlgatlng tho clEotre of sM
ilcr.Lvettvcs of t IEoUre. Tho strFotrr obtai'noal ue ofton too @plsr for a
firll enalyels, but thoao of L l\)ralro{f prc1!rc uat ello L \'drcry IEoUrs @
bo ua1Jr8oal omplotsly, elvlna tho oudl,turg oonstuts b€trcon rdJrccnt prctono
dl rould tlE rine. Figuo la strils th. fomula of 8110 L }$l(lrcry prcl1rc (in
D2O) sd tlr! @uliltng l'rytmto obtalFal" tbsso o@Bllng omstuts cbor ! lags

,/vslrtio

R.J, Abrahru
Esto PlrJrsloc Dlvlslon

Sutoltteil Lol, fttys.
(1) R.J. Abrale

(2) lt.J. Abraha aal K-A. [icl"auob]s
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May 16, 1961

Dr. Askel A. Botbner-By
Dlrector of Research
Mellon InstituEe
4400 Ftfth Avenue
Pittsburgh, Pennsylvania

Dear Dr. Bothner-By:

Thls is the cale of a minor lnnovation in N-M-R
lnstrumentatlon Chat may be of some interest Eo your Mello-
N-M-R readers.

Last fall we replaced th.e V-4310C 40Mc RF Unit of
our varian Dual-Purpose spectroureter r^rith a 40Mc v-4311. the
R-F phase detector feature of Ehis new unit was splendidly
suiced to our needs (prineipally broadline measuremenEs at a
variety of temperatures) with one excepcion: I"Ihen dealing
r,rith certain materLals whose broadllne spectra could be
expected not Eo be perfectly syrnmetric, it was quite cedlous
to ascerEain the optimuo setting of the R-F Reference Phase
Dial required for a pure absorption derivacive to be plotted.
Furthermore, lt was found thaE this optfuouo dlal posltion
was some'unknown function of several variables, including
1) sample size and composition, 2) sample temperature, 3)
strength of H1 applied, and 4) tlne of day (probably related
to local room Eemperature flucEuatlons). Clearly, some quick
and simple means vJas needed to decermlne Ehe proper setting
of ttre R-F Reference Phase Dia1.

In order to use larger samples, as well as Eo
eliruinate the bothersome false proEon N-M-R signals built lnto
the Varian V-4331 probe, we have for some Eime used a single
coil r-f bridge for most broadllne work. Recalllng the
ingenlous ilAutomatic N-M-R Bridge Balancerl of R. L. Colllns
(Rev. Sci. Instr. ?9,502 (195i)), iE was felt thaE a sinilar

Dr. Askel A. BoEhner-By -2- M.ry 16, 196 t

modificacion of our 'IVin-T r-f brldge could be used to provide
a precise indlcation of che pure absorprlon mode pouici_on(s)
of the R-F Reference Phase Dial. Accordlngly, a high Q voltage-
varlable capacitor was added t-o the r-f bridge, as shohrn ln
Flgure l. (No attenpt has as yeE been made to Lncorporate
addlclonal instrunentarlon, a la Collins, to complere cbe eervo
loop ln order to have rrautomaEic reference phaslng,t.)

The prlnciple of operatlon of the present circuit
differs only slightly from that of Colllns; in both cases, rhe
working criterlon for pure absorption mode ls that lnflnlEesinal
cbanges ln the reactarice (as dlstlnguished from reslstance) of
the sample aro of the bridge sbould produce exactly zero change
1n che recel-ver outpuE sl-gnal .

Ia use, tbe bridge is first balanced bs well as
possible--at leasc well enough to keep the needle of the
Detector Level Meter of the V-4311 on-scale tor che Receiver
Gain setting used--after whLch an audlo algnal ts applled to
the Brldge Modulatlon Input termlnals. The R-F Reference phase
Dial on the V-4311 R-F Unit is chen rotaEed for a null of rhe
audio signal- observed on the spectrometer oscilloscope, com-
pleting Ehe operation. A tuned audlo ampllfier (such as Ehe
Model 1078, manufacEured by CusEom Electronl_c Servlces, San
Diego, CalLfornia, operatlng at 1000 cps), used while nodulaclng
the bridge with the same audlo frequency, has proved helpful
in plnpolnting bhe null posiEion.

Our V-4311 R-F Unlt ls sufficl-entIy srable rhat once
the proper dtal setting ls found, no further artention is
normally required for several hours. Durlng the period, the
r-f brldge normally requlres rebalanclng several times (merely
to keep the DeEeccor Level Mecer near mld-scale); however, iE
has been found that even rebalancing che brldge durlng the
scanning of a broadlLne spectruu does noc measurably affect the
record, such are the virtuee of r-f pbase-sensitive detectLon.
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So much for suceess. lJe wondered after thls if we
could not do as well lrith the Varian probe, using a somewhat
differenc approach. For simpliciEy, we tried first audio
modulatlon of the V-4311 transmitCer (obviously to no avaiI,
as we later decided). Then hre ran out of simple ideas.
Currently, Ehe best mefhod I can rhink of Eo oprimize Ehe R-F
Reference Phase dialsetEing when ublng a Varian V-4331 probe
would consisc of a I'double modulationrt of che V-4311: First,
an a-f signal ln the frequency range of 10-30 kc should be
applied co the Modulacion Input termlnals of rhe V-4311;
second, che amplltude of this higher a-f signal should be
varied at a lower a-f rare, say'100-1000 cp-. Uslng approp-
rlate filcering Eo permiE only che observance of Ehe lower
a-f rare on the slgnal oscilloscope, tvJo nul1s sbould be found
on tbe R-F Reference Phase Dial as 1r is rotated through 360";
these nulls should then correspond to perfecc absorpticrn mode
seEtings.
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We have noE yeE puE cogether Ehe apparatus to LesE
our thls Idouble modulatlon" scheme. If anyone has a more
ingenious (1.e., sirnpler) idea abouc how to 6o1ve chls basic
phase-setclng problem, I should be delighced Eo bear abour i.L

Slncerely,

Al^-J;*

CharLes W. ['Iilson III/sw
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