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Fccncy and Sutcl.r,ffe (#21, T.F.S. 5(t, :-i19 (I93Ott
a::earocl before l'torst 1ov, tc:n,..,ra!'är'o stucly. f h vo colrmon-
Lod 1:r detall on thc 'IFS arLlclo io Dr'. Sutcllife. One
of thc conelr:.sJ-rns of tl:o3,.cc;r:.c:rLs 1s tlr'rt on17 ono of
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I't s o1' tlrc cis i.IIrlF lso:: rr'. tl ris 1s go beclrusc ct"rly hcro
iocs a:r a;lal F'rlaotttrvo ctlic'. a:(lal Irä on the rlrro ll-do of
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S cIcctrr]lsI rligLr.lbuübn by oac:i olho:'. V{oro tlr', }ü r:1g-o
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both of lrhos. lrotoils er". cor'rnletl to a llot'n rdüh au U-C-C-H
ar6loofUoas',.1c1].astoanot]1?rDroton.BacausoYIoonlygo€
ths a proion-ät lrrzotc s.p ctrurn a complctu analysls ls trot
oocslbLo. I{q11gyor becluse A &n'r1ar:r (-r"osrIy:rü 1or:'st) as a
rloubl_ot,, rttltriitiirrl] :rust arlso frorn onl.r ono proton onci ttrla
pattern ";;i; uu ""'l"ua 

by otllor coupllttgs eround the rln8'
Thus ne havel 

J ($=o') - 9.6 and 6 c/s Jcalc= 8.2 o/,

J (|.tvl ' O and u o,/s Jcalo = 2'L a/t'

If6havoroBnqultoafowotlreranuolngthlngsgflththonloloculc!
ln thls sorles.

Now for ff9. f was vory pI€asod and oxaLüed' to roe Dr'
firon&rr note on th6 porfluoroecoslln. (#eh): In partlcula:r
ths ols-dooalln nhloh shows roparatc pä*ci (non-oouplod -for Fltl
for tho UriJgehoaa Frsr thoso ra, to tüo bnldgeboad rnd tlrora
t to tnä-üiiiaßoho;d.-1'!rlg polnts up tho 19"1999!a1 .dogonor-asJr.
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ßlvoi a "i;gi; srranp tinc' Both th1r rork and thet of Dr''
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JET PRoPUIJIoN LABonATonY Cali|ornia lnttitute o| Tethnolou . 4ao0 OaL Grot,e Drit,e, Plld,lela 3, Cdl)|"nit

Dr. Aksr:l A. Bothncx-By -2- 3 Marcll l9('1

tle for,urd it qulte cotJrenlerrt 1.o uee tbe phase d,etector tbat ve !a{e
prcvlouslJ corlstrucl.ed for a reSotrance llne lntegretlng ayotem'

2. I{. A. Anderson enat L. F. Johnson, Epeclal Ql}eratlDg Tecbnlquea,
varian Assocl&te6

3 Marrh :1961

Dr. Aksel A. Eot,hner-By
A.Gsldtant Dir€btor of neaearrb
Uel]on Inatitute
l+l+OO Flfth Avemre
Plttsbur6h L3, Perursylvanla

Dear Dr, Bothrrer-By:

We are begluriDg to do Eome NMR vork here aDd we uoufd like to
vie for a po61tlor orr your M.E.L.L.O.N.M.R. n&ilinB ljst vltlr 1.]re
followlng meager contributior o.nd the proul6e of mcre to come.

Ue have been uslng your Izu Jdt prograrn on 6oue probfens 1n
col]aboratlon v-lttr Profe66or J()hn D. Roberts and on st)üte of trrrr ovn
proble!!6. At one 6tage, üe had a deck of c€rrd6 and a lrhermofax c()],)J
of yoür l-etter from C. P. Sa€lbach. ft took Eo&e teJkir{, i.o get our
cc,&puter peopl.e t() run the progran. Our IH,I ?Oll vas a 32K naclllüe
and the progra& perforDed oati8factorlly ercept for a fev hltcbe8
rltrlch üer€ dependent orr tlie rratule of the lriput data. I.Ie found thet
tber€ ar€ certafu coriblDetlorls of chenlca.l 6h1fts (i.e., 1f ther€ &r'e
too nsry zeros) Dhtch cauge the pro6ralr tcr stop ol give m,antr,g:le6t
6J'[ivc].'ar llhl6 ],appened several tl&es vhen H, ard W. of a$ A^B^ s]6ten
rere zero or wher, an A'BC system ls prügraneräd r.dth'lJ1 r mtl fro'and iI,
equal to zero. He havC trled nl€ny flve, sevelal elxr-md gevEral r
severr spln syaterüs wlthout any tufflcuftles. lJe recentfy hed our IBM
fd+ replrced by ar, IBf{ 7O9o. After Furr,lounting ar'ct}}er ectlvetlon
energy bsrrler wlth our conputln€ people ve sxe runr)lng tlle Nl4R prograu
age.1D. lJe rroulcl Llke to tharrk you very nuch for or"nd.lng the extla
subroutlles for conplllng the output ala.ta. Ihls vlU cut dovn the
plotting tlJse of the data EeyeTaf orderG of nagDltude. Poeoi.b.ty our
curve p]otter uay vork wlth your llrre Dliale subrorri,ine,

lhe NMR lnGtniment at JPL ie nov egulpped vlth e protorr 6pln de-
coupler.lrÄrlch u.6es a teclülque ElndLat. to that descrlbed by RelnhoJd
I(alEer...

1. n. Kalaer, nev. of Sclentlflc InBt., :1, 9q G96o)

A tllagran of our pbese detector 16 ehom ln F18!r€ 1' tle fontid
that 1t ua; advantageorra to 

'.6e'tDatched 
Palrs of IOK a!6 ?OK re816tor6;

a].so t.he 1N216 diodae sele lEtcheil. ItIe dloatea ar€ eJ6o lebe'Lted 1l a

btock of copper ao as to BaintalD them at nearly constsrrt teupelature'
ltre input t-o-tbe phase aletector vs.s takeD froo eltber fill+ or J3O2 of
Vr*:ff i-a Bdtch 

-6!J3OA of V43tt va' pfeceil tn Wff aioae posltlon. ItrlB
,ui dor,. to by-pass the ftf,ter network of tbe r'f unlt' llhen tbe !ha'6e
detector was used slth the epln tlecoupJer, lt vaa neceasary to u'sc' aD--
exü'enely seall audlo noatulatlon anpfitude on tlre sveep co1l8 of tbe 60

Mc prolle. Uhen H,, the r-f fie]d, vas of the order of 3 dlllgauas or
rarger, lt vs8 nedäseary to ettenuete the auttlo Blgnal a4rbsB the rcdufatlon
cotls io IOO u volts or leas. ff a larger autll<t oignal le uoeil, the 81'le

bsrd6 of the'resonance 11ne6 rtllch one obscrve6 vill Eaturate'

We fou.nat that lt r|as neceseary to ce]lbrate the q fleld ln terils of
alb attenuatloD of the r-f rullt. lle ueed the ptrase detöctor foä th18

csfibratlon ln a nar)Iler E1&114r to that descrlbed by ADderaon'J lt t]aa

3. g. A. Ald.erson, Phys. Rev. 1@, Df (1916)

qulte convenlent io aiuust the eudlo d'etector a$d' the r-f phase detector
ätrr a aopea vater smple (r. - o'r 6ec') In the prcbe' rtle r-f phase

lras adJusietl fol a Jarge H,.' fire slrall adtlltlorral clrsrges:'f Hl P T3t
lrrl.r'odice anl eppr'eclable $hme chanee' Hovever, for a$y charge ln tbe
audio fr€quency, otle puet resdJust the audlo phase'

one <lifflcuJty l}hlch ha€ plagueil uG 1s that 60 eps nodulatlon sas

appearln€, on the fiel<t and 1t pro<tuceat 81ale-tand6 cotßparable to the elgna-l.

6'uoo* ä1rectra, theoe 81ate bencla overlapped aone of the resonance llnes
of lntereit. Another <llfficulty has l,"en tlat 1f ttre che'lcaf shlft of
tlre l,1{o groups of lrrotons teir$-decoul'lcd i6 60 ctr)g or- a rultlp)e of 60

cp6, the-&ualio slgnal arrtt the uxva$ted 60 cps Bcdufatlon Brotluce a beat
ti,ai flrrctuates t,lte bast: l-ilre rrt the beat frequerrcy'- We fountl that our
super stablllzer vas osciJlatlr€ and produclng the 6O cpo notlulatJott of
tl; fjeld. We decreaaed the galn of the ouper Ftabtllzer 8!d thJB ha6

ä'.i":ti' "rari,"d-th; 
6ö cps *oäufat1or,. We äre nc,v ln the proceri6 of I'ulfdltrg

ä no" iirtu. detector syoien vhlch ve hope wlII glve even better perfotrance
tl,tn tire present nodel. Even v.tth ttre itlfflcuttleE deecrib€d, we have foud
the lreserrt clec<,rpJ.er to b€ a verJ uaL'I\rl addltlc)tl to lLe gtr)cctlffieter'

D
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JET PnOPULSION LABORATOnY Caülornia luitue ol Techrology t 4800 O& Gtoz,e l)rit,e, Pattdera 3, Calilonit

Dr. Aksel A. Bothner-By -l+- J Marctr Ip6I

Encl-osed you lrlll ftnd goüIe apectra exlxlbitlrl8 our present att4lnable
resolutlon srd-the u6e of oux apln decoupler. our nagnet io equlpped
vlth a Varlarr trle1d Ilouogenlty Unlt vhlch lo lrrval"uable' We do not
themo.tet o1r [a€net uaier but ve $111 lihen our inatrul*nt 16 tra,Dafen'ed
to lts nev quarteis. Our blggeot troubfe 1o aveep llneerlty $hlch ls very
poor at slov sveep rates. We are cloLng aorethlng ebout thi6 anÖ rrl1l
reporL on thls imprövement ln a future letter.

ge have lncluded aorF spectre of propylene o:{-ide' We looked et
1ts NMR 6Bectrül €rlal declded that 1t we! L good candldate on thlch to try
the spln äecouplrng technlque af,ter havlng been able to repeat the resultc
öeecr-lt*d t,y Kalsei.l !'lgUre 2 shov' tbe cc,nrplete opectruni the doubfet at
bleh fleld. 15 the uethyl proton6 antl the reglon at lov fle1d the other
thiee protono.tl Asslgnmento for the }atter three plotoxa uere btrsed on -
neflly'an<l svalenrs "ott 

tuu". p]'oton O 1s at ]o:veet flelci mcl proton @
18 et blglrest fielÖ.

Due to Ure ra81ng c€,ntroveIgy ove! refer'enclng syateü€, ue b&ve

reporbeii, for the tI-ue belng, only the reJatlve ctleülcal thlfta
1.n cps at 6o Mc '

3.86 cpo

2.1r8

5.1

0.tt'l
0. Jtr

It ghou1d be polnted out thet the cowllng co$gtart6 ard cheulcaL
shtftE for propyfene o:rlde coul.d be obtalned quite stralgbt forvardly
frcü! the und.ecoup]ed Epectru.

I'lgurc 5 ls e gpectnm of cyclopentaölene ?1th one palr of the vlny]
protons decoupled frc'u the nethyle[e proton6. Ttre low fleld rcglon
sholrD eleven llnea of Elgnl.flcaüt intenslty. lbe hlgh field slde 16 a16o
pertlally d.ecoupled. from the nethylene grou! beceüe of the 68s'11 cheulcal
ehift (about 7-9 Cls) betueen t}Ie vln]1. protons.

Ulth our 6pln d€coulllng sy6ten ve h&ve fooked at e nu&ber of other
syEtenE 6uch aE bleycloheptadlene, a1fyl acetate, lndene, acetefdehJde
dlethylaceta.l, propylene glycol acetonlde, anal eplchlorohyd.rln. In
eplehiorohyttri"l ttro groupe'ebout 4o cpo apert at 60 Mc vere oucceeofullS'
decoupl.ed. tJe 11111 report on 6oüe of the other BJ6tenE et a later tlt0e.

We hope ue heve convlnced yöu that our lntentJons vlth NMR are
honoreble a.ud tbat ve rtray Sain a p)ace cn the I4.D.L.L-O.N.M'n. nallir€ :li6t

4

Very truly yourF,

JEII, PROFUIEION I4SORAI'OAY

/'/fl**oW
Flgrrre.2 lras dxaln frou e spectrun ud
the fldeuty of reproductl.on uaa very
poor. Fl8ure 3 5hor6 the 6Lou EveeD of

CH. (fiä the thxee proton reglon anal ahovd nearly
. t : t-l ß) all the llnes but 1t' polnts up our
\r 

- 
7/ t t: horrlble nonllneerlty of aveep' The re-

slVu ,-tr 61on rhlch ve set oureeLvet about to

K 'o' \.H ü;lH'; Iffi,:T".odi:äl ää,ö"*^",
\-:l \9 reglon &t a nuch more llneql Evee! End

aborra the opectrw of the (]J proton de-
coupl.ed. fron the rethyl- protons (sudlo

frequcncy 92 cpe ard Br about 33 db down). ltea6urelient of Eeveraf decoupJed

apuJtro g.u" g*O checto of J- url J, a6 obtei'ed froor udecoupled. spectra.
Iü" A-pÄton iegjc,n 1o partlaliy dec"frfiled ln Flguxe 4 tlue t.o 60r€ 6plf:l over''

r,f t.tre Jarge Br. LlDted. !{rlon ls a set of paxameter'd vhlcli flt t'lre paoplJene
oxide opectrua-pr.etty ve)l 5o fari

lggPllls, gsu-tsi* Clieüdc€l Shifts*
t, ;;;tr,"to.rn" at tr):es(:rl.

u2 7)"''

"3 3).9
I.ltr. 98.O

Stanley L.
6enlor
Pbyalcel Sclenceg D1v161otr

'^-)*,*/fD ::r'//***.
Danlel D. ELlenan
Eenlor Sclentl.st
?tryslcal 6c1ence6 Lt1v161on
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VINYL PROTONS OF CYCLOPENTADIENE (60 mc)

Fig s

o

Dorr lir. Bolhner-By:

Your IloILon I€tters rendol an extircrnely usoful senrioe through tho
publ-ication of nonth\y bibliogxaphies. I personally would not' lsrow hoN

io m-og" without thero at all. But I bolievo that sonl6 orßanizatlon
should l1o i\rther andbring out an i n de x e d III'IRb-ibliogrqrhy. One

sinrp\y öarmot rea.d evory paper containlng l01t:naterial; on bhe othcr-
hanär'rsr1..11v6rl reading rräver providos guf1'lcient loowLodge of tolk
relaied to oners curr€nt, or trmeitory\ntorest.

A public angry or desJrerate (or boü) staten€nt on thls situatl-on
ras rude at the Second 0orrference on lXporlmental- Asp€cts of NI[t tY
George Tiers, when he said rrl simply dontt lonow where to find tho time
to rÄacl vhat-I should reau.y raadrr, or uör(is to that €ffect.

I plan to submit sone speciflo proposals along these ltnes to the
staff oi' the NBs tibrary. But beforo doj.ng thls, I should like to have the
opinion of as mar5r Nl'lR-tlsts as posslble - and of other w€1l-m6aning poop)-e -
aad therefore I an asking you to include thls letter 1n the noxt I{EIIONI'IR.

Sone of the questlons that arise ln conn€ction uith such an under-
t"*"ir'il:"t3ii3ri 

ur,oora süch a biblJ.ograprry appear? llonthlv? Bi$onthlv?
' 2) should al-l Nl'1lt natsrlal be inclucled or on\r thai frorn speclfic arees,
e.g. high resolution?-- 

l)-!{hat kind of indexes should there be, 1n addltion to an author lndex:
subjoct? fomula?- - 

l+) i,lhat experlonce in si.rnilar blbllographios or card flles (punched etc. )

should or night be considered here?
9) lre tirero ary files, blbliographies (apart fron those publishod ln

books or Journals) or reforänce colloctlons in eristenco rrhich could bo mada

availcbLs to tlte gloup thet is to embark on a pilot etu$ or a full-fledged
progrfin /

ArV fu.rther utterances on this subJ€ct are al-so rrclcolle. 1]16 desj-ros of
the interosted people are of prirne lnportanoe at thls stage, howover inpossible,
far-fetched or trivlal they r'ray sound. I should al-so Ilke to hoar about ary
aisgivings, although for instance those on manpower or the €conomic aspects
ought not to be in the foreground of the dlscusslon ri8lrt noH,

slncerelY Yours, (ru,-l L-A\ 
c\

Ernost Ixstig

o

ro-to

DECOUPLED VINYL PROTONS
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Dr. Akse.] A. Botlmer-3y
Director of Research
Mell-on Instltute
l+4oo Fifth Avenue
Plttsburgh 11, PennsYlvanla

Dear Dr. Bothner-BYt

Thankyouforyourlettero.flMelch}.Wehavefound-theM.E.L.L.o.N.M.R.
Newsletter very usefuf end lnfornatlve, and' we appreclate receivlng j-t'

As a contribution from our lr.boratory, I woul-d- l-lke to make a prellnlnary
reportonsonehlgtrresolutlonprotonresonanceworkthetwearecarryingout
].ncooperatlonwithourPhyslologica}chemistryDepartnent'Thisvorklsnot
comp]eie as yeti hovever, nost of the assigments are firm although some of
the hyperfinä spl-ittlngs-are not accounted' for to our conplete satlsfactlon'

Thlswork'wa6und-ertakennotonlybecauseofthelnterestingmand
structural prob].ems lnvolved ln this cl-ass of compound's, but a16o ve are ln-
terested in u6ing thls technlque to identlfy the leripheral groups in naturally
occurring PorPhYrlns.

The result6 are summarized (Tabl-e I) tn the forn of chemlcal- shlfts rela-
tlve to tetrsrethyl sil-ane a6 an lnternal- stand8,rd. Deutelated chforofo"m was

the solvent and. the li.ork res done at 40 Mc/sec vith sofutlons approxinatel-y
o.0)no}ar.ItvillbenotlcedthatwlththeexceptioliofN-Hallofthepro-
tonresonancesfaf].onthe].ov-fieldsid'erelativetothestand.ard..Thewld'e
rangeofplotonchemlcalshlftscanbeexplained-semi-quantltatlvelybysinple-
rrnl current theory" rt al_so appears that these results can be corelated. wel-l

vlti porphyrin chemistry. The present ind.ics.tions are that l]tr wil-l prove to
tre a very uselh]. analyblcal tool for studying thls family of compound's' In
Flg. f a typical spectruJtr obtalned. for mesoporphyrln IX dlethyl ester ia showrr'

Please glve my regard-s to Dr- Shapiro'

VerY truly Yours,

1tr6'/fu
Walter S. Koski
Professor of Cflenigtry
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'flhe Cal. Tech unlL has woI,ke<.1 veiay succrlssl'ully s.i nco
J L was lns Lr:rl1ed nbout e j rrliü nronbbs aco ancl lrns boen opr:r,aLeti be_
twoon -"['/|o r:rnd +.1.?iroC. [tor 1ow te]nl,;r.atures , we boil ]lqulcl n1-
t,roqon usI ntl a lO ohm co11 r'ei1u1ai;t; d wlth rr vat"J.abl.o Lransfonner
as a hoat ao1lrce. Slar.tlnyl at roorn tenlpe-(,atLlrc, about 1O ftljnutes
is requli'eri to reach and rnalntoln sbrrblo oiror.rrtion at -L,t)o wlth a
tiriJl o1't'rnte of al_rout I1b. llo/liour,. At _1tuo{1, Lhe r..iüe 1s
about -,1 lb. I'tnlror-rn. ,lornpcrribüie sflabl11.ty i.s aüorit 1-0.1 t; O.boC/
lrortr dopenrllnq upon lhe care r.li th wlrich adJusbrnerts ai,e rnado. For
6Lovatod l;ontperaLrirr;" lno Ltse hAnlt nl Lt'o:len anrl a c<lrrvenbj.onal. hoat-
l.n1q col l I n bho lnl et rlewar Lnbe.

I ul.tL tro r;1ac] io supply a soL o1' sltolr tly,611ri ngs to any-
Qn€ who rta), be i.ntere s Lcd.

@
rTnIC

vqnAütr oüm

ICllEffi El.

Eül

tgr-rL

ITET OEUAA SJPPG'

riltll!,ü'

PRO€E CARSIIGA

PROSE LOftTm

:li n 'o1y yorir's

Pnu.t il. 5haf01'

PltS; r'l-

rl,t Lho i,i're oI'1n.1 balk I uas LinI'ot'Lrrrrat;oly riöL ar,r€tro i;haL a
baslca)1;,' sJrnl 1r,r, desi qn harl prcvi olsfv lr€en closcr'lberd by
Dr. Brornsteln, 0an. J. 'llro jr. 3? l.ltg (li,rljfr).

2Co-derlijner.s o1'ttrls syslorn ueL:c iL.. l)lnrrlrl ürrvlr;, 0r,e.llin Lab-
crral.i0rl.ds, Ca11.I'or.nin Tnst,lLLrbe of''l,echnoloi!y, und l,r,of. (lj.deon
I;'raerrlto:l , l)epnrtrnenl; of' Chefillstry, tllrJo :iL{rt;c ilr}1.vor,slNy.
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Dr. B. L. Shapiro
Mellon Instituta
[1OO Fifth Avenue
PLttsburgh l-3, h.

Dear Baryr

JJBurke rpok

baclosed ie a sketch of a pen reservolr whlch we
&re uslng ln conJunctlon wtth our Varlan G-lO recorder. We
flnd that this pen is econonical since *hen a pen point becones
danaged or wonl one need only replace the }etterlng pen. This
type of reservoir is also tirne-B4vlng since 1f it 1e not, allowed
to become empty the problen of clogging ls negllglble and we havo
operated as long as a month vllthout having Lo rernove the pen for
a rajor clean1ng.

We ltave used Hlgglns 1nd1a jnk with ttrls pen and I'oundlt to be very satisfactory. Recently we tried some K & E drawilg
1nk f,lOl!, and it also appears to be quiLe acceptabJ-e.

Very truly yours,
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THE MANCFIES]'EII COLLICJE OI- SCIENC]E AND TECIINOLOGY

(!:acu!t.v ol I'tLluuhty4y fu tltc (Juit'trtit.t'oJ IIIailüeier.\

MANCltttstlit( I t Lt I:PlloNli ( rN1'AAL 3266

l.)(1\!] trh il1,,1 ( ;futLilrt

Dr. J. lee.

2Oth. March, 1951.

Dr. A. A. Sotiurer*3y,
Director of Researcir,
MeLlon Institute,
44OO, tr'ifttl Avenue,
Pittsburgh, 1l 

'Penusylvanla,
u.s. A.

near Ir. Sothner-3Y,

Please accept my apologies for having been Bo long
irr contributirlS to your: excellerrt newsfetter' which we^find
velv useful . We have jusü received out Jlev{ A'iJ'1"' (bu anü
Z> "Mc/s) Spectroneter and among the researctr projects whi'ch
we &re ulidel'takirig are the following two.

(i) Hiudered ro-[qtiort in lnoreanic svsteus.

Prerirnirrary itive€ibigations of the 40 Mc'ls 1H spectruo
(uslng a Varian iristiuuerrt) o- phelyldimethylaurirroboron chloride

(11) Six-nernbered lrl-heteroc.ycllcg.

frr the course of inves.üigatlng a number of fl"uorlnatedpyridlnes, preliningry work on 2-ffuoro[yriaine- at-eO-irt"rZ" ir""reveaJ-ed a complex rH spectrum. Although some arral-ysis hss beenpossible, we are strongly convi'ced that"H_F d;"bi;i.;;;";;""wilr assist considerably- in analysis of the "nsorpiioÄ-""ä'orspectra for slmilar coarpounds. -we bherefore rntänä-to-constructthe_-requisite auxiliary equipment. A curious feature in the
?:f**oT:py"idine .peclti"gr-is-e very broad doublet ac lowesr fietd.uouro Ehts b€ due to_r+N quadrupolarboadening of a hydrogen atoü
*g*^*lI""t*{ attached-to.n:"trogän or j_s it a ähernicaa"Jxcf,a.rgeerrecur we hope_to decide which is the case by (a) temperaüure
]l:{'r-?tr:onl (b) N-H double resonance aud (c) rnvlsttgaüioirs our'eJ-ared colopounds. since we have not yet exa[ined-the froorineabsorptl-on, ye are not in a positlon to say whether thle'showsslni-Iar broadening.

We have created soüxething of a problern for the people
who have delivered our lnstrumerrt 6y requästing installa.bio* orthe 5 ton ragnet on the fourth ftooi of 'our Uuitai;Ä:__----

Yours sincerely,

( :l>"*^<il: ) have indicated a potential barrier of abou.t

18 k ca-f u,ol-e-f about the 3-N bond. In the preliminary analysis
on tire val.lation of methyl absorption wlth teroperature, we ha.ve

used four, different approaches. 'Ilree of tltese (4. coa-Les€Irce
itmperature + transitiön state theory, b. separatlon of band
n.xiua, c. trfast exchange- approxiroatiorrtr arlal-ysis-above...
coa-lesöeoce teüperature-(Piette and fuiderson: J' Chem' Phys',
iÖr9;-ll; 899) )^ r,ave yielded results between 16 and 20 k ca1

,ol-e:Il-' the f ourttr approach (cl. rnaxiururl,/centrerl uinlnurr
intenslty ra.tio) has giveri a value of 5 k cal., which seerns
u.roa*o,räbl;, low" ig$i (wifr, tt,e eiceptiori of approeLcl u')
re have trot allowed ?6I: r.rauura.l barrd widbh; tlris rray well
a.ccount for 1;he l-ow value of d.

{jr.rrrtd .
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Dear Dn. Bothaer-BY:

Eore le a brlof account of gome-work uhlch wo compl-oted

rooently. A more "otpi"ii 
roport wlII appean ln the J' Chen'

Phvs.'^,ro.III 1956 salka and Gutolrskyl reported a ne&r-zcro coupLlru

"orr"tät-6ät"ää" 
ir.Ä--iluorfne ätoms- on adJacent canbon atoms

i;-;ü NMR spectrum oi cFscFaN(cFo)e' Thlg appeanod anomaloug

;; ;hil-;i""ä r-r 
"o"prrt'e 

cönsta{rti rlere known to be }'arge'
ä"a-i" p""tlcular "i"ää 

ttu coup].lng conatant betwoen tbo
ii"o*i"ä-"toms in tüä-t"o noneqirtvalent porfluoromethyl..
;;;;;-;.; iouna to--ue 6 cps' s-lnce thet tlme sevsral othsr
sl-mllar cases bave uäi"-"äiä"t"q 1l lh9 Iltoraturss's'4'6c
Fö;;;^;;, it tras been aisumod ühat the rostrlctl.ons upon

rotatlonereroaponslbloforthesenear-zerrocoupllng
;;;;;;";- rur" i"" lresented ln ths llterature bv crapo
and SederbofmB.---- -f,ittfe Lras boon sald cxpllcltly tn the lltenature

"or".ir,i'g 
- tträ rnucUänl "r-f oi.' f luorläe-f luorLno coupllrg, but

lt ssems to ue gon"i;iü ;;;;;d tfrat- "" 1tt thu hvärogäi cas66'
the coupllng t.ut"'pI".ä titto"grt the bondc' Data ere presented
uäio" ii-t üave tca'us to bellävs that (1) naer-zoro coupllng
;;;;;;t"-"an not be ixplalnoct bv-9n accldental' mutual-

"*"än.irtn 
of ,ronv"niätti"e coulttng 

- 
constant s averaged ovo:r

;;;-i;;;. ataggered conflguiatlons; (rr) ln ttre cas€ of
ii""i'i"ä- tt e-täupri"s froäeoas prliirarl1y not through- tho
üä"äil-u"t ru r"ttr"r'-ai" t" " 

direct-thiough-apace clectron-
coupled lntenactlon

Tabl'e 1
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J
J - It l_s apparent from Tablo 1 that tbers Le no sot typeof noleculo which aluaya ylolds near-z€ro coupltng consf,-ants.

Such nean-zero coupllng constants appoar ln n-olecüles shororoLatlvoly froe rotatlona ar6 allowed about the canbon-oa:rbonbonds, ag ycll as ln molocules uhors rlngs l1nlt such frocrotatlon. It hag been aesumed that the nöan-zcro coupling
constants ano the time avorage of nonvanlshlng Jra avore[od
oven the thnoe gtable conflguratlous. Due to f,hc common -

ab
I
ab

?

J- = 15.8
DC

CFs-CFz- J

;N-CF8-CFo J
cF6-cFi

- 6.8
= 6.8
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occuronce of thls phsnomonon, lf th18 e:(planätlon Ls valld,
one must assrxne that tho J doeg not vary much from conpound
to conpound but lt ls only a functlon of tho dlhod:eal anglo,
ag Ln the caso of hydrogen8. Ilo{over, thla uould lead one to
prodlct that the J 1n all compounds havtng tho CFs-CFs-
gr.oup would aluays be neer-zoro, utrlch 1g not the case.

one readlly accounts for all fluorlne-fluo:rlno coupllng
constants Ln saturatod compounds thus far lnvestlgated 1f ono
assumea that the maJon contributj.on to the coupllng constant
comea about as a direct-through-spaco, eloctron-coupled
lqtoractlon rathor than a thr.ough-the-bonds effect. fho large
oxcurslong of the p electrons ln fluonl-no atomg make lt
reasonablc to assumo that such an effest could be elgnlflcant
ln the caso of fluorine-fluorlno coupllng and not slgnlflcant
1n the cass of hydrggen-hydrogen coupllng constants. (Note:
hovover soe Robertsf )

Assumlng a1I bondtng to be tetrahodral, the carbon-canbon
bond dlstancs to be f.5l+Ä, and tho carbon-fluorlno bond
dlgtanco to bo 1.J3 E, and aesumlng that thc staggerod
conflguratlons ars th6 favored ones, the cLogegt fluorlno-
fluorlno approach bstweon tho two sots of fluorlne atons ln
the R-CF,-öF.-Rt group ts 2.734. l{o propose thsn that tho
coupllng through the bondg ls gmall as ln th€ caso of the
hydrogen anal-ogsl that 2.731 1s too groat a dlstanco to
regult ln any appreclable through-space contrLbutloni and
that 2.731 ls Just outsldo the radlug at whlch thnough-spaco
coupllng becomse lmportant. (Thls 1s qulte reasonablo glncc
ths sun of tho Van der Uaal radll for tno fluorlne atomg ig
2,7Oß,.,

Tho fluorlne-fluorlne dletance botwe€a gem-fluorlns atons
ln penfluorocyolohoxane ls 2.L7[. The coupllng consüant l8
2.BIf cpg. IIerä agaln lü lc assumod that most of the 2811 cps
conda äbout through spacc as night be expected from the
fluorln€-fluorlno dlstancs uhlch 1s much smaller than ühe gum
of ühe Van dor I{aaI radll. ff we assumc, as a fLrot approxlmatlon,
a llnear relatlonshtp bctueon J and ttre latsrnuclear dlstancc
D of two interactlng nuc1oL, we can rcadlly caloulate the
ooupllng constant tö bo oxpectod for )-'l fluorlno atomg (

fluärlnäs on skolstal atons uhlch ar€ B to each other), and
l,l1 fluorlns atoms. Tho equatlon usod ls J - (Z.llt -D) 50? ops,
uhlch 1g the stralght lln€ determl-nod by thö near-soro coupllng
lu R-CF5-CF"-Rt and tho coupling of Sortfluorlnes ln perfluoro-
cyclohexano,

In tuo of the nlne posstble staggored conflguratlons of
the -CFg-CFa-CFg- group, thc 1t3 fluorlneg aro 2.51ß' aparti
thus ühoy are cloeer to each oühor than tho cloaest dlstanco
botuoen i,2 fluortnes {fluorlnes on adJacsnt gkelotal atons).
Tho coupllng at 2.5Lß, ls 111 cp8' but onlJr tr,o of the nlno
posslble conflguratlon! ylold fluorlne-fluorlne dlsts.nccs
rhlch contrlbute to tho through-space coupllrg. Although thore
may bo eomo small barrior e€lalnsü tho conftguratlone lrhlch
do not correspond to a zLgzag carbon skoleton, lf uc welght
all nlno coaflguratlona equalIy, the coupllng to bo expocted
ls 24.5 cps. We may 1lkow1s€ ortend thls calculatlon wltlt
less preclolon to tho J"a caso. Ttrls loade to en oxpscted valuc

-l+-

of J1. - 8 cpg. In both cascs tho calculated values art
Iargc cornpared to the observed onos, but thl8 oan be accountod
for 1n torms of errors ln the aasumod amount of twlgü ln
dlhedral anglcs from the ataggered eonflgurstlono, tho crroraln thc assumed bond dlstancoa and anglos, and tho-probablp
nonllnoarLty of J vs. D slnce lt would be crpcctod tbat J'
would l-nsroasc gomewhat more r.ap1d1y as tho dletancs docrcaaea.
Over aLl ag:reement wlth th€ experlnontal valuos ia good
conslalonlng tho approxlmations mado.

fn conoluelon we would llks to draw attentlon to somgof the coupllng constants llated tn fable l. fn conpound !the ooupll-ng constants are what would be oxpoctod on the baslaof the nodel presented. In compounda I and 2 whlch are veryslnllar to !, the coupllng coni.tants aro aleo slmllan ."ceitfor J1s. In cornpound I, Jt. = 5.1 cps. Thls rnlght bo expociod
from a model of the compound slnce thsre aro a largc numbsrof atons cnowdod around the contral ultrogen atom.-Tht"g
tendg to lncireägo the C-C-N bontl angl.e, thus throwlng tho
J.rZ fLuonlne atoms closer to each othor, and lncreasing tho
coupllng constant. One mlght cxp€ct thle cffect to be more
pronounoed Ln compound 2 uhere anothor ponfluoroathyl gnoup
ls takln6; tho place of a porfl,uoromethyl groupi lnd lndeed
thls ls ths case. Hor:o J1p - 6.8 cps rhlch would lrnpIy afurther lncreage in tho C-C-N angLe as ls oxpected. LlksulEc
ln compound 3, Jre ls agaln nonvanlshlng becauao of the
oponlng of tho C-C-O bond angle duo to storlc hlndranoo
botween tho tno ends of üho molscu1e.

Preprlnta'of our publlcatlon a:re avallabla dlecuoalng
the baale foir thls model and the lnterprotatlon of coupLlng
oonstants 1n a great many noro cornpounds.

Let ue add our worde of thanke and pralse for..the gnoat
Job you aro dolng wlth MELLOilI4R.

l. A. Salka and H, S. Gutowskyr J. $rn. Chem. 8oc., !Q,l+818 (1956).
2, L. Crapo and C. H. $ederholml J, 0hem. phya., jJ, L583(1960).
:. C. A. Rrl1ty, J. Chern. phye., 4", 6Oh (L956').
[. C. Van Dyke Tlers, J. AIn. Cheml-Soc., I9-,5585 Qg57't .
5. J, A. Pop1c, W. G. Schnelder, and E. Jl-Bennsteln: Hlch

Regolutlon Nuclgag MasnetLo Resonqnco, p. 333, McGrffi
E'nTEöT-conüny, ffiö?ir6n-forlfT9Es.

6. M. Kanplui, J. Chen. Phye., 30, 11 (L95gr.
7. D. R. Davle, R. P. Lutt, aira-J. D. Roborta, J. Am. Chcm.

Soo., !1, 246 (1960).

Slncerely(%
olmC. ,E . Soderh

r'
I/\- tJ, .L,, t/\ ,t'l'lur.)
Looaldae PotrakLs
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