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NUCIIIAI{ I{A(iN!l't'I0 ItliiÄIA'IION 1N PoLYItllR llELlS ANI) SOLIJ1IUNS

by

D4vtd W. lvicca.t l, &,alr C. DouSlass artd lllLreül, W' Arldei'aoo
Ue.Ll'1\:.1, trtron!: Laboraior'1s$, Incorporated

Muaray t{IL1, Ncw JerseY

A1rS13A0!

Nu(llca!'riagrtc-t,!c rrrlax;rLlol t1ilLe$ ilav. besrl sLudlcd lrl

souc polyricr'1!i;uJcls erxl so.iutlong. Tile nollc{polrcllt1a1 dcca}

Ol' the bl"atirrV'r"!c üaglretlzatlon has liqcl! aB(,I'lbed iO thv dlrj-

trli.rütl.o1r uf iiro-l ut.l.Ir1' welSlrts. 'I'he u$c ol' such illeu$ulc[\:l]t!

a$ a ilcarrs ol dercrlillill.tig avel'3ge lrofecalal' wclgirrs 4rld d1ts1rll_

butlorls ls dtscq!üc.i. A p!c.l1lrlla!y app'llcatlorl ol llrl$ usv 1s

na(i() i'or !olyctlrj/.icriq, '1'1]€ l[Lp.llcatlons oi' lluc1ciil' matrl.itlc

l,e-!3xdt.1a)[ !triasur'eilroLrls aI'e dlscusscd 1ll ti:rnr! oi llolccu]al'

noblor€rl pl'ocesscc ol' Lhc polyn(-!' cll81rits.
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:J - Relaxatlon curves I'or s soLutlon oi po:lyllourltyfene

'lrr (:yclohexane (5!)* by wefghN)' The T2-ci:r'v!j 1a hhe

r.esuli" Ol a.lO' - 18Ou experLmen! arrd tlrt, o*dlrrate

1s lrlrc echo amplltude The T1-culve !B lli' r':d[]t

o1' a llJO" - i0u experlnent arrd the ordlrratc 1! a
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Sclrenatlc relaxatlon tlne dlagl'ans 1l.i.R;tri{tlrE t}rt,

varl.ous behavlors po8slDLe 1n a systeln possBs$1rl$

two ;,elaxatlon meshanlsnis. Thc l'a$t ilroüesji llas

bcen glven lhc ßreaten activatlan energy aard the !lo!l

procesü has been braadelled, by a d1$triluLl.on aI'

cgrrelatLon tlrnes as lndlcated by tirc lrllrlrnurn lrt the

'"Cl depelrdence. Thetse i'aciors wer(' lnbroduccd lot'

pürposes ol' llfustratlon only and are rlob n':'rssüa!1Iy

relatcd to actual" aYstemc.

Dr. Askel A. Bothner-By
Director of Research and

E(litor of Me1loN-M-R
Mellof, Institute
4400 5rh Avenue
Pittsburgh, PennsYlvanla

Dear AZB2:

I suPpo$e one häs Eo be Pretty crusty to cotlplain
abouL free u"iti"., but let's chalk it uP irstead to the
Growlng Degeneracy of our Modern Anerican Culture, sha1l
we?

Yes, MelloN-ll-R ls great, B{II.-".....

It would, of course, be grossly unfair for me even
!o üentlon the quality of Ehe huuot in recent lesues, so I
oon't. (A carroon every feu Pages deplctlng a liEcle of
the polgnant fun and laughter of N-M-R spectroscoPy !9gLl
ii".ir atr"g" up a bir, büt that ls neither hcre uor chere')
..,...,You;Circulatioü Maüagcx' ii i6 true, orEen secms a

fiiif" grtff when ilenandirrg PaJment of his urrorthÖdox sub-
rcriptlJn fee --- but nost arty broadnirrded r{jader ca{r {n
Eimer forgive chis eccentriclEy......-This is also not the
place to dlscuss the urrdeniabler blas of oany of your cdi-
lorial.s, or even the questlonable taste of your adverllslng

"opy,......And 
I shall defend co the dearh your riSht to

arrä'.ge che Btbliography irr any wlJ.d aay you see flt'
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No, nty criticisnr ls mote basic.
copies of MelloN-M-R ln a 3-ring nolebi'ok

I l<eep ruy back
and Lhe lioles You
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puneh ir thr' left matgin üf each lssue iusq \tdntt !l! gI
norebook, Almosr, but Dot quite. lnclosed is a sheec of
;äiMry, coLüncrclal 3-rin8 nocebook papcr for cornparison
wich yolr prodrrcEion, Now, I a$k you, is there-any hopc
at ali t'or standardizing lligh-Resolutio'r N-M-R Speccra
wlren we can'! everl standardlae 3-tLtrg notebook PapeE
punc tr ilg?

Yours Eor standardizaEiori,

Üw';L^ A!^b-t^-'
A

Charles W, Wilsorr, lll
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ECHO TIME IN SECOND5
1.19, I - TA-oqrveg for unl'r&cttonafed branched polycLlrylelrcs

wlth varylng wl.dths or' niolecu-Lar oel.gltt dlJtrjbutlorr,

P. S A-tl ri8ht, all righ[, I exPecc lo have another
co[rrlbutlon for Mel1oN-M-R --- perhaPs evert Inore
valuablc than Lhls onc --- wirllLn the rlexL icw
days. t.*
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Xe r,üvc 5crrt C.W.{. o'Ir ur our Üpe:lar nrn'xlJn'l"rJ tf"n"t",_, \
Th{s is rrot tu bE LÜr,6Irucl _d a PrcJc{et'!' J'o\evtrr srn(c rL r! 
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öti'"i-r."0"' wtIL hrrv': ro errLvs dt cheir o!il standardizaElon /
0erhons - /

Ye cruscY edi'or
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School of CheniisbrY'

The UniversitY'
LEUDS, 2.

ltth Apfil, 1961.

The verious stages in out' attalnrlent of liigh-honogelreity
are outlined below.

Dr. A.A. tsol,hner-BY'
l,tellol .[.rrs l.,itute ,
Piltsbur$t' Pa.

(t)" Be{ore assettrbly, the soft-iron po}e caps (dialueter 16rr

taperin€j to lotr) r,tere ground optically flat (to at least : /! )')
'to r^ritlrin /t, of t}.e edge of the surface.

(a) , After asserrbly arid magt.retizatiori, tlte pole faces vlere
parallel to vrithin +1 thou. doweverr the parrallelistti cif one
ät ti,. pole caps (tEe rignt*nand one in fig. 1) was catpable of'
beirrg alLered by at l.eilst trvice this arlount by üeans of lnrce
vauraLdiuru-steel wedges placed round the clrcuuference 01' the
pole-cap suppürt! one of which is .shown iu f1g. 1. fheee
wedges helped Lo }rold the pole cap against the pull .of the
perrridnenU ntagtietic tl.,terial iicross a sfiall air'-gap of about
40 ttrou. They were of such dimensions that orie turn of tlte
wheel vrliich üoved Lhe wedge displaced tlre edge of the pole-ca;'
surfa.ce at that point by /a thou. Using thase wedges artd
speciarl daugesr we wer'€ able to tiign the pole surfaces to be

palal;.eI within O.2 thou.

(r. We then carried out a field plot near the centr'e of the
gap, atid adju:ted ttrc' wedg'es on the basis of this plot in an

atterlpt to gain cilculat syrt,netry. 'Ihe efiect of the wedges
on tire field contöurs in tire lledia.n plane ls illustrated in
ii6. 2, irt which thenleft-llarld plol i-s tretrrsiorrled into tire
r'i6ht-harttl one by o f ttr thou displacenent of the bottoni rigirl*
hald. werlge itt suclt a-direction a,s to decrease the geip at that
po,irrt. In fact, fu1l cj"rcular" sJüunetry b/ds lrever rrchieved,
altlrough the hocrogerreity (wittrout spinnirrg or an! forn of

"rr*rurri 
shim) was nor,r quite reasonable (about 6 c/s).

,(4). Havirrg achieved "5 f].;'r-t a tllstributiort of field colLout's
uear the cetrtle as we could, we inserbecl a earrple of acetalcle-
hyde and watchetl ttre niethyl-group si6ru.l on an oscilloscope
wlrile adjustitrg the tllree wedBe$ liy srn.r.11 eüiountE. By tlti's
flrearisr we achieved ar hornogeneity of about 1.lt c/s, sufficierrt
to resofve ttie nethyl doublet, a1";aln withcut spinning or any
forrtL of hornogeneity coile. A record of Lhe niethyl sisrlal
tarhen zifter a get of such adJu.:tuellts is sl-lown ilt fig. J.
Spilnilg (fig.41 novj retriove"'r lhe broad base and sharpens tlte
lir;es to a viidLh ab lralf-hei.ghl' oi O.'/ c/s. The ultimaLe
re$olution (i.L preeer,{:) is Lir'us rio betLer tnc.n the rnaLj':rity
ol'hi6r-r'er;o.iuLicrn ittlr;tuti,elrbs, buL lire idju;tltents recluil-ed

Llet:rr L)r. botiiner-By,

I uorrtier if your leör(iclls would be interesled irr sonle

recerrL ari juslnenLs thilt we have beett nraliirrg oll a perlriiillent

ruLagncL inieiloed for high-re'solution nuclear lrrr8netic reson-
,ruäu. 'r'h* aiiitt of the irrvel;lig;ations wai; to cieuelop a

olethroil by which the holüÖb*rleiLy of a new llräielrret could be

c.nu",,.oirtfy i:ntl eeLsily atijr-rsi;etl in the laboral-ory to higit-
r'esolut:ii,rr s!ä.rrdürdü. The work wu's dc'rte ifl collabor-aLiu]'r '

wi"th Ot'. r..!'. l"icCann, l'ir. ir' liniti:r, Jr', aritl i'rr' J'D' 'jlliwaltes'

'llre spectro:neter was ;' twin-'I' r'f' brid6e irppafatus
sir,i-i r,r' i.ri arirliy :('e.jplc Ls bo previous itlstl'ulrietrts ( e ' l ' leane '
i.tic.l,,.r',.,r, ,ld tci'r;,ei'er', J" ;;i. lustr', 1959,2!, 2io)'U fr'e
oscilLe,l"or ha<l ir day-to-day sli'rbility of + 'l pa-ct l-l 'lu '
'lhe coii ttlrtsisted of 2 c1oi,']y-wound turrt's of ]b s'w'B'
vur'uis},;ti uotrpül' wire wouritl ojl] a glass tube <lf. o'd' 6'i ruu"

crnd lrre sialipLe$ were cotrtairled in gla6s tubcs of o'd' 4 lun'

a.nd i.d. il.9 trrr.

'litc pcrilldlelit lltrgneI was bui-IL uy Stlif t Levick of
Sir.fiieIrr, ilrtglartd, ood it" eedentiä'l fea'tur'es are ifluuurated
in tir. 1 (cliigru,,trtrtic only). fhe perrnanent llä['ii'Ietic
ru.terial wüs 't(.)olunaxrt altd irf ler luägnetizüf ion a rield of
9,900 6rrlss vri".s obtained irr a pole 6ap.of 1'J7"' 1n use'

the nragrret' irüs thertrtostaLLed lrearo2T'8"C Uy rn iri't'-circulation
sysLeur wt i.i. ,e stroi)-iLy ot + U.u+ ' ("r-

tu
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to 3ttairr it are rearonerbly straightforuard aod oirce ati,airredr
fitbte iurther coriection is requiled.

l/e holre to seüJ you shortly ä.ri accoutlt of soiiie liigL*
r'epolultoli cpcctra which we al'e recosdilg ou thi$ instruruelrL.

Yours sirrcerely,
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/
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?^^ $Ls.ty
Johr A,li. Snith.
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D rDEF,r,NS€ P8'OTOUCIS D'lVlS/O,N

r'r i\.l flt /lA'ji] ,

May 9' 1961

f)r. A. A. Bothner By
Mellon Institute
4400 Fifth Avenue
Pittsburgh I3, PcrrnsYlvania

Dcar Aksel:

1{e, Rill LeNobel, Asa Leifer and 11 have been examining the
evidence for hydrogen bonding as an expJ-anation of the anomalous
acid strength of butyric and o-toluic acids. As part of this Program,
we havc had occasion to examine the strength of the hydrogen bond

between the proton in ctrloroform and the oxygen in nitrosobenzene,
nitrobenzene and pyridine oxide. Utilizing the sideband techniquel we

n:easured {requency separation between the ctrloroform proton and

tetramethylsilale protons over a xeasonable range of concentrations
of the thxee oxygen containing compounds. AII measurements were
made at sixty megacycles. Ttre frequency of the oscillator was mon-
itored by a {requency counter and the sideband separations read from
the frequency counter rather than {rom the oscillator. Chloroform
was the solvent for all measuf,emenLs. The data are summarized in
'Iable I and Figure I. The effect is jusi as one would predict'

Sincerely yours,

0. 00
0. 09
0. r6
0. 34
0.54

0.0
1.7

-1. 7

1.7
L. 'l

0. 00
0. l5
0. r8
0. r9
0.42
0.65

Compound

Nitro sobenzinc

Nitr obenzene

Pyridine Oxide

TABLE I

CHEMICAL SFIIFT

MoIe Fraction

0.00
0. 09
0.27
0.35
0. 54
o. 74
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tB.,l
I.7

13. 0
10.0
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James E. LuValle
Director o{ Basic Research
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LuVr 1 le PIiINCTTON UNIVERSITY
DEPAR'fMDNf OF CHEMI5TRY

PRINCETON, NEW JDRSEY

frich C ÄertiLat L.botator!

l)r'. Alisel- A, Botlurer-lly
iUrer:tol,).t:' ilc$ear.ch, Mello!
Idr0o Fii'tir Aven(e
Plt,LiLurgh li, Pcrursylv(tnirr

r,irry !', lrr.,.l

'Iilst.i t,iri,

l)errr Aksel:

ln the course 01' röuLijrc txes$ur\.jilenLs ol l,iii |lleln:i(i{rl slij r-b of LLe ir;ti1r.o1.;c:rir,,

irr L-bui.yl- isolrribr.Ile, r,/c 0bservt:ri $Dlltti.rrg of the J)r'otrtr resooance. .lilr Lt'ip.li:l
dr'approninEt.rly.t:I:l inLeilsity cüiül()l; rr:sulb froü pret()n-pr.otrn coupl.i!j-:. ltir
'believe th.rl" th-is leptesenls L.lt* 1j.t.r](. (:ase of res(iLvatile "long-range,, I,lr'i.-llt
i0üoractiolt.

Several oLfref isorlltl'llcs havc boejr exuüliled dri.d slnlllar results hiiv(: tr.r{.:tr

oiJteiDed (f'aUle t), !'igure I shovr: thr- CIIsIIO- tfiplel, rigure 2 btle CH o!
(Cttg)aCtü\C and li'lgure j thr: Clt3 I'cs()liurce ()f thrt suilc coutpound.
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Dr, Aßsel- A. BoL.lnrer--tJy - f'{uy 9, IgbL - P&Sc 2

'fhc lrrtetpretatlon of the$c results 1s stralghtfonard, ljJtu0etrlcal elec-
trrrJic,iistrlbution B,bout the Nla rrucleus ln these col{)omds grerf,ly:',.\Iuceg ihe
püLr;ibi.l-iUJ crf spin rel.axatlon by nuclear-quadrL'?ole lnlrractions, Lhrr! pe)mlt-
tJ-[A rr]in coupliu6. fn otirer ni.Lrogen compoundF, relax&tlon is sufltclently rapld
Lo rritrr(:tlvely decouple thc )ira lrom hydrogens not di.reculy bind"cii Lo nitrL:gen.t

'l'!it NffLt sptcLruü of lso])1.of,yl- iriunitrllc .i9 ol' perticulür in1;(.ri st. 'lLer€,
{is Lrr Pb(Cr.lls)ar3 p-couplin{E its il;l-enger Ltran ü-coutr}llng. '[hlri .iJ'lr.ct, bas i)een

JJ.scuL:ic(1. r4ore r'ecenily.by Nuraslurhan enrr hogeTa for'trrlierrc]ti.o rrrrr:lei ruiLh hi6her'

&türni-(r iiülrirc].s.4 TIrr observeci beha\,riur of \]'1 corresponds rJillr tlrei r t,rentnent.

A brLei.: surva:y of oi;hef nil.r'og,:,n conlalning nuLeculcs hos bcta nlüde Ld de-

Lrfrnj.lre Lire extcut uJ' 1;hi6 Lc'irg-rar)Se couulirrg. Da,te on tuil-lles, nl1,r'üalkanea

erlci ha.t{}rocyclic eunrpourdc hns beerr &vall-&ble for gone tinrc. 'I'ir€$e rBter'l4ls,
of coLrrsc, do nob $irov such I,lla r,tr!li.tLing. llxantri&tiorr {lf niirlii.üs, ll-,):rid'rs

&nü arr:id.rs lailed to lcvea.L llurlirer e:ir:rnpics of tld8 spllcdlflg.

ljJ]ertla vexe l'ur1 on e Vbrian 4JO0-l] spectroueter all 4(1i mcrs. t'l4ii wils uscd

as on I rrtornal stisndiird. '.[au values and. coupling constsni]s ver'€- in.räürtred u$ir]g

the s.ir1e band Lcelurlque.

Sincexely yüurs,

Slr>r' O, "I.D. Kmtz, Jr.
7,) ) ^" /)
l' ,,_-( fr6(tqt.

PauL ;):hl.eycr ,,.iy'
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2. r1,A. Otj6 aqrl J,Il. 8ay, J, ühen. Phys., ?ö, L1t9 Og>7);.T,r.t. Pople, W.tl.
{jchneid.er a.r!d H.J. Bernsbeiu, "Hlgh-r'esiTuuj.orl l.luclear },lagrr,:Llr: I{csonance",
Mc0r'aw-llill, Ncw York, N.Y., pp. ?Ltt, 2?7. Wc are i.IrdcbLed to l)dvJc Cran{:
ard Jon(rs fichool.:ry rlor gwgcstions.

1" E.F. Balier', .T. chero. Phys., lir,, 9bd (I9r'l).
4, I,.,l.. Narasifihail and" 1"1,'f. tiog*s, 1bid., iiL, flrJl (I9r9), 1lr, 1.049 (It6t).
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UNIVERSITY OF \ü/ASHINGTON
DEPARTMENT OI' CHEA{ISTRY

SEä,T1'I.lj 5

K[NNII'I'H A, }'IBDRG
May 15, 1961

Dr. A. A. Bothner-By
Me1lon Instltute
44oo F'lfth Avenue
Pltlrsbur"u,h 1J, Penngylvanla

Dear Aksel:

M]r letter of May J $ras not lntende<lfof MELLONMR, but
was Juat for your lnformatlon, I have wrltten slmllar
letters to lhose who asked for a llsttng of our, verai.on
of bhe progran.

l&hsve recenbly declded I,o try to do sonethlng about
organlzlng our n.n.r. data, and I wonder lf others would
care to Jolrr our effort. We have made up some codlng sheets
(see enclosure) on whl.ch we place our datä - and then these
daLa are key punched on IBM cards. By sultable sortlng and
llstlnc, rre *an prepare tables of bhe data tn a number. of
d1f fer.enb {'ormats,

lvo qucstlons artrse - one (]1'nomencl&ture end the other
of hor', to deglgnabe the type of proton. If only a 1lst ln
order of lncr.easlng r value were wanted, the nornenclature
problenr would largely dlsairlrear. However, we should llke to
h&ve an alJrhabetl,cal llstlru! also. We propose tö name the
conrpounda 1n Chem. AbstractB for'mäi, uslng the nomenclature for
deuterlurn labeled compounds excepb that a $ elgn wlll be used
for. the pr.oton tn questlon lrrstead of the d which ls used for
deuterlun repLacenent, Sonie examples are

BNNZALDßIIYDE- $

BENZALJ]E}ITDE- $- I+. NITNO

METHYL.$ fOIIMATIj

I{E'THYI, I'{)RMAfB-$

ETHYI,-1-$ ACETATE

ETHYI,- .$ AOETATE

ETIIYI, ACETATE-$

NITROtstlNZ]lN[-2- $

cHi,OlroBriNz hrNa- ) - $- 4 - N1,rRo

As far" as the desJ.gna-t1on of the type of proton 1s con_cerned, oun ldeas are.st1ll vague. One-irosstbillty 1a t;have. a two-number system 1n r^rtrrch the fli"st number rnarcätealrhe type and the second the envlronro.nt. for the ftrstnumbe::, a posslble arrangement r^iould be

prlmary 1 aleflnlc 4 anlno, anlde z
secondarlr 2 aronatl_c 5 aldehyde g
tertlary ) hyclroxy 6 acld g

and for the envlroruoent

H or al.kyl on 6ame carbon and adJacent carbonB 1

H or allryl on Eame carbon and elect wlth drawlng
on adJaceni: c&rbons z

Electnon wlthdrawlng substltuent on same carbon t
Aronatlc rlng on same carbon 4

etc .

Dr. A, A. Bothner-By

KBW: JP

May t5, 196L

If any of the readers of MELLONMR nlght be lnterestedln thls proJect, we would be happy to supily them wtth coärncsheets. If they woutd send tirem to us, irä icould trävÄ--th;---:
g?,tl l€y_gynched,.and the carrls sorted. The listlng couLd beclone on-DITTO nasters, dupllcated and sent to those whocontrlbuted data. If there could be agreemenb on ournonenclature Bcheme, the data could be gaLhered whlre the tvDeoI'proton deslgnatlon were belng consldered, and then enterää
Just pr"lor to key punchlng.

I hope we lnay recelve sone commenta concernlng thls tdea.

Slneerely,

It,-

q-r-

b,l
t
qa
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Dr, -,\i..:r:l- A. .Bothr)er'-ry,
,j rt. !j l,o! o {' Reseat'c tr,
Melfon LirrliLute,
]+,i+tlO r,'.ift,lr Avenue,
Fltr":;Lur',rlir .1.3, P&.

Mry.l.d, 1"!61

Dira:r Aiisei.

'Ihc lsJues of Me.[lrrn-M-R. hr].ve proved usefu3. nany times ln
inploving our lrrsLlwnent ard kcieping up wlth curleut'vork from
bhls -Lucili;lon. I s|ou1d. Ilke Lo mke a small cofltrlbutlon at
pr1.:r(irL aild J)elira!$ in ihc nexL roonth or ao nent.lC'rr so&e obhet'
work iriiicir i i; bein5', wrlttsn ul).

1ü rhe courde oj'etteür1,ti.I;, to make Btrong hydrogerL bondeü
conrp.le;:cri ilr solutlon arrd mea:;u:re the chenj-c8,I shifL of Lhe
hyrlrc,l,e.rr ir.)nded IrrotLrii, so.lutlürrs of 6ubsr-ltuted areNlc aclds irr
!'{ },[elhyL B,itd I,lN dlnrel"iryl fonnsrnlde vere stuüied. The behaviorrr
c)f ilcelrlc ucid has been noted- in a gerler: of solveflLs. ftt CCJU

thc, lii,11r fi.eld shift due to Lllseor:lablon of hydrogerr borrds occtirs
Lre irrv !0 rlül.a % ac j.d and llr rno|e polar: solverLts such as acei,one
11, o(:cr[$ äL hlgher concer)tJuLlons,

l'lre J'1gure shovs three rlllutton che-üilcal rihlltr curv(is. Curve
7.relers ljü CI'3COO}[ ln N aetlryl foms.rnide, cu;ryt iJ to Ctr'3COOH In
N.N di.nFr,tryl f'oruanlde and uuiyc 9 to cH?c0.oH ln NN, d.lnethyl
fontrdrj.de. TIie larye rurshleldlngj of tLe"Cl'lCOOtt acld. plotoa io the
lwo rj(-,1v.ols arormd 50.5O rxcLc: nixlilres is juf?risinti" bul lhe large
clirili1e; i.n cl]eülcal strl-ltF on fu]ther d.ll-utlon io hlgli fleld ls
e):ccp1.iürral even in hydrog;e[ Loo(ij-ng sysbens.

Ttre expLanatlol I huve J'or the shape of the curves is the
r:onr5r).r:Lr: prol;onatiou of itre uides lrr CFjCOOH bul f-i.ttIe protorlablorr
wiLi, ClllCuoh. 'llhe 5Cr.90 mu]! nLxture In-CF3C00II ic cornpure.d uf lon
F:rJrr; Lri.J'l together by a very sürorlj hyd.rog-en borrd. This hydrogen
l)(,rid ir) NN (timethyl folnalolde -CI'JCO,OIi (f5 f'.p.*. from C,C5H12)
jir i1.iril(ii,L .iyluaeLrical, .ltre $l4rotrettical ilydfogen lronds Ile 6oore
18 1,.p,r1. r,.o lov iie].d:i'roür tlriri same referetrce. Tlie ver:j. latge
ch€ilis:rl uiri.:fL i"o higtr fleitl ,rr:r ILu'ther d.jlutlon 16 prolrs,bl,:r' due

qA
B*
tl t

.*..S
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to isolaij.cn of the conjugai:e ae.id- and- base in lhe syst'em by
brerl:ing up ion pairs. Tlie pro-,cn cn"che arnici"e ca-tion xj--,.r :ic
hyd.rogen bcnd '*ouj-d- be ex;leete'iL tc shcw proton rescnance ai
retai,ively hlg:: fi.eld.. He are ecntiau'i ng vith p:'otonation stud.ies
Ln a range of systpms and. perhaps we can gei more precise j-nfor-
matj-on on the role of the hyd.rogen bond. ln protonation-

'You:'s sj-ncereJ.y,

,\ U9+t.c+Ä: / /, frt",".
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UNITED STATES DEPARTMENT OF AGRICULTURE
AGRICULTURAL RESEAFICH SERVICE

Wt: TERN UTILIZATT()N RIEEARCH AIIrt EEV€1'C'PMEI'T DIVTSIOT{

AOO BUC}IANAN gTIrEEf. AT..BAIIY IO' CATJENORNIA

May 19, 1961

tr'Iegcern Regional Rescarch LaboraLory-2

have found Martlnts srnall volume technique (lssue No. 12)
vety useful though ve have not been able Eo go ntuch below
0.2 nl. lrithout a major loss of resoLrrfion. Itlth a

combinaCion of Var:i-arr-type nylon l-neerts, Milrrintg bushlng
and a good deal more adjusrLng, ve have treen able to get
good resolutlon frour sampLes as small as 0.1 ml. In elther
case a really naJor irnprovement in resclutl'ln can aluays b*
obtalned, after the sanple has been properl-y posltloned, by
readjusEnent of the curvaEure control of tlte hourogenetty
conErol unit 

"

In cooperatlon ütith HaroLd BrlgtrE and Lloyd Ingraham of
the Universlty of Callfornia, I have recerltly obtaiue'I the
proron spectra of c nuürber of N- and O-acetyl fiva-nembered-
ring anhydrl<les. The objecE of this study $ras to deter$ine
the cönflguration of en"ymaticly forrned p-nrethyl acparclc
acicl, hopefully by using the Karplus equacion !o determlne
the dihedral angl-e forrned by the d- and $-carbon protons in
the anhydrlde vthere there would be no doubt aF ro the
carboxyl conflguratian. Tabte I gives r and J val-ues for
the N-acetyl anhydri.des of the teTo P-nethyl asParElc lsomets
(Bl,lAA) together wlth the structures chab we noll believe are
correct. To show Eh(: effect of vorlous changes ln structure
on Ehese values, Irve also included data for the acecyl
anhydrldes of aspartic and 3-d1 aspartLc acids.

Tabte 1 S(qne N-AcetYl Aspartic Anhvdrides

4 3'
enz)me acclve BHAA RT = ClI3, Rc = H

j4

40
enzyne inacclve BMAA RT = ü, Rc - ClI3

3 3'
asparttc (AA) RT - H, Rc * H

3

Itr . r\ksel A. tsothner-BY
Mellon Iuscitutc
4400 Fifth Avenue
PlttsbqrSh, PennsYLvania

Dear Dr. Bofhner-By:

Ltm sorry i.t took your recent reminder ro prod nre into
sendl-ng älong ty subscriptlon Eo your excelLenr Newsletrer'
I an fin<ling iE ifirnrensely valuable and shall cry Eo be more

proilpt ilr the future. At any race, here are some iEems

"hl.h 
m.y be of interest to some of your readers'

In several of the early issues of the Newslelter Lhere wer:e

coümenEs in regard to imPurlcles in TMS' Slnce no one has

mentioned tire tubJect recently, perhaps ll has cornplerely
ceased to be a problem. BuE in case anyone is still golng
to the ttouble of purlfying lt, I Lhought it lrould be

worthwhlle to menLlon lhac we have never been able Lo detect
any funpurities irr*the TMS obtained fr:om K & K Laboratories'
Jarnaica, New York.

Issue l8 of M.E.L.L.O.N.l"1.R. contained a sample of a plasclc
plug whi-ch Lauterbur found convenlent for capplng conventional
i rni. o.o. sample tubes. Unfortunately, t'his stze wlll not
fic Varian thin-walt tubes which t'te are uow uslng in all of
our work because of theLr grealer "acttve" volune and excellent
spinning characreristlcs. Lucklly, we. found that Lhe K-5 plug'
rnade by the sane cofllpany' fiEs reasonably snugl-y oYe:l 5'O mn"

O.D.'t;t)es, I wish claal I also could provlde saDlPles for your

reaclers, truc I have found the manufacturer very generous in
provltling oampl.es of Ehe various slzes that are avallable'

We are most pleased with the oPeration of our hontogeneity
conLrol uIrit. Slnce lre are often forced co use one of che

more extrene solveots, which are all loaded hllEh hydrogen, tcl

get even a suggestlon of a spectrum, Lhe absence of spirrning
sideban<ls is a nosL welcome change. OfLen our problern is
compoundecl by che limited amount of sample avallabl'e' lrle

3d, - asparctc (3dt -AA) \ = ll, Rc - D
1l

fiM
\.=

/i,
tJ\
$r
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[JesLr!:r] Ilugional ltesearch Lal.oratory-3

rr (ln <iU - acetone)

Posltlon Acrtve BMAA Inacclve BMAA

[,resEern ReglonaL Research laboratory-{

Table ,2_. O * Acetyl Ualtc Anhydrldl:

os r.3 .aO

=o

Poslt ion Tt (in d6 - acecone)

3-hr

AA 3-dr AA

t

2

J

3r

4

4',

5

InLqrs.: ! iirt

JIz

J:l

Jzi,

J33'

Jrl or J.rr4

I .80

s.42

r.76

5.29

6.54

8.83

7 .99

7.3

r0.2

7.3

1 ,80

5.24

6,70

6.58

':i 1

8.02

7.4

B.l

7.1

1 .80

5.23

6.7a

6.95

8 .04

Coupllne (cps)

1.2

9.9

6.1

l8 .0

I o4

s)

l-u-t*

6.8

10.2

2

3

3r

5

Inter act lon

J23 r (trans)

.l23 (cis)

J3l

Ji3'

4..28

6.55

7 .88

9sg.Pl:gfi (cp")

3-g_

4.24

6.55

6.75

7.86

fjlnile rrelt.her isonreE produces Che very slrall coupling predicE.ed
by the equatioo for a I08" angle (abouc 0.6 cps), we had Lo
resorE !o a nudel compound, thollgh we mighl have based rrn
üs${gnnenu on the small change in ircak posiEion of Lhe g-carbon
proLolr which is discussed belolr. Fort.uuately, an excellenL
modcl was avallable, enzynre-foumed i-d, nrallc aci<l, (l4Dl,lA) the
conf{g,uration of which had rccenrly t,eön est.ablished by crucr
difterelrt !,,roups. IEs struc6ure ls shornn in Table 2 togecher
}Jl [t! ititi PI"ül daCa,

3-hz

6.6

8.9
L"."hl

hJ
t

Y

9 "6

2.1

L9 .U



THE DEPARTMENT OF PHARMACC'LOGY

I,leatern Reglonal Reeearch Laboratory-S

Irve also lncluded ln Table 2 che shleldlng and J values for
undeuterated DEllc anhydrlde which were aselgned on the basi6
of the deuterated daEa

The good ägreement of J23 for inactive BI'1AA with the coupllng
value of NDMA, whlch we know arises fron a cis lnteractlon,
shows that Ehe conflguration of the actLve 8l{AA ls threo
(protons trane). Whlle the vartaclon öf J with 0 ls ln the
directlon predlcted by theory, the lack of better agreenent
ia not aurprlsing slnce a flve-meebered rlng anhycride 1ö a
rather stralned ethane-llke structure,

llavlng eetablished the conflguratlon of the Bl4{ iEomers, it
ls rather lnterestlng co see to uhat exEent current knowledge
of long-range shleldlng effects conflrms thls assignrent,
The mo6E obvloug conflgurational effect ls the greater shleld-
lng of a p-carbon proton when it ls cis, rsther than trang
to an N- or 0- acetyl group. the p-carbon protons tn nallc
and aspartlc anhydrlde, and the F-nethyl prolona ln B!4AA

aho!, approximately the same lncrease of 0.2 ppn. The p-
carbon proton ln acLlve BMAA, however, ehows an upfield
shlfc of only 0.04. stnce the same change is observed wlth
an O-acetyl as wLth an N-acetyl, one i6 tempted to asslgn
this effecc to the shleldlng reglon of rhe acetyl carboayl,
whlch looks reasonabl.e on the basts of rcdele that vere nade
of these atruclures. But untll more la knowar of the
anisotropy of the carbon-nltrogen and carbon-oxygen bonds,
thls caü only be an educated guess, and I would cerfainly
healtaEe Eo baae an aaalgnurenc of cönflguratlon on 1t. On

the other hand, the 0.13 upfleld shlft of the cv-carbon proton
ln aclive BI4AA where lt ts cis to the F-nethyl 18, at least
qualltatively, what one would expect frou the anleotropy of
che P-carbon-lo-nethyl carbon bond, and an asslgnmenl of
conflguratlon could reasonably be nade, I thlnk, on thls
baeis.

Yours slncerely,

We have rccently found tbat selective broedealng of abaorption lines in
the hi6h regolutLo[ Nl,tR 6pectra of nolecules uith a n.r. up to 600 can bc
uscd to deterpine tbe chemical groupo prefereotially stabilized by the forna-
tion of specific nolecular conplexcs in solution. thc line uidth at hatf
Aeight 

"^., _ 1 of thc absorptlon peah attrlbutablc to e group of.""t/2. -fr1
chenically equlvalcnt protons ln a solutioo frec of peruagnetic specieo
(including oxygcn) ls dctcrnined bt the equati.ons

('1) (ä)' (t)' 1+\, . (i)" . {t)
Jherc

t'"' fd' n', 
o' (* r}"l!1r., . rr'6.';!"0.)

,rr, (t)- "'rr'(1:.r'trii,o.* * ,rf"ii"* )
(r") ff/ - :tr- r\o2<rot2rrr

All ayrbols having tbeir usual sifnificance (l), the subscriptt p,
o refe#int to thc rotational, translationalr rsh,lg.l.gfulC-,*tt"il""_"t"f_SplJäät
S!* contributlons to the rel.axatlon raten respectively.

Eguati.ens (2a) and (2b) are csa.ntially sLnilar to thoae of Gutorsty
and Woegsncr (1,2), except that the corrclation tlmes are lssumed to bc diffcf-
ent for dlfferent pairs of protons. Order of nagnitude calculations lhor,that in the case of any proton ;trich hca a proton neigffur yitbin 2-3X(rhich is usual) (a) the linear relationahip betseen f#)aoa T yill holC as
long as a high resol"ution spectrur i6 visible ena (U)'öniy thc protons sithr.n
thia distance witl mke signiflcant contributl.ons to tbe rclaxation ratc.
An additlonal teanr refrregcnting qBadtupolaf relixation(and the possj.bllity
ofoT, # T") ls of lnports.nce only fof prctoas in thc lmediatc vlclnity of an
N-'eton.- Its contrlbutior to thc rclaxation ratc can bouever be eliüj.$atcd
by.r double resonance crperinent. / I \

( fJ can be €valuated ftoc neagurcnents .t. lrd
tuo field str.ngtha Ho; ettüin4tlng solvcnt contributions arhl by using

Dr. B.L. Sbapire
M. B.!. L.O.N.ü.R.
MelIoü tnstltute
44OO Fifth Avenuc
Pittsburgh lr, Pennsylvani.a

Dear Dr. Shapiro:

l{.t 25.1961

D rnd
n-

R.€- - L'^**(;-
R. E. Lundin, Cheillsc
Flber Physlcs Investlgatlons
!'lool and llohalr Laboraeory

\u
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t
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t-"$J

,f ,,. .,pn4y nn(!/.r früducr narr !y rrr. o\.!il,r,tr.nr ij o,,ru l,,. ,. , ,t !l rild dors hor irlrpty rJ,r, ,j_ir ar rccu,,il,rtddi,t..f
rt{ ri..,ln.t r.r rlc cxclusiofi ot orhci! whrch |,,} .r1ro rr, ,ilir.r,,t*



Dr. B.L. Sheplro 2.

dcuteratcd (rr othcr hy<lro3en-free) solvcnts and extrrpolatlnC {q- tr

lnflntte dilutlon to corfect for lnternolecular solutc effecte, it-ls posslblc

to .btaln r vrlue for thc intramlecula. rclaxation t.." /*-] . *o

evaluation of thc (otational corrclation tlnes fron (2r)\slcdßslaeraUry
slaplifled rhcneycr, a6 i! usually thc caae, a 8lngl. correlation tlne governl
the rclaxetion of each chenlcal Sroup although not of thc whol.e loleculc. If
in addition the lnt€rproton diEtmccs to ncr.rest nclghbors arc not changcd by

con{rlex fornatlon, a aclcctlvc increase in thc feltxltion rate of one group
as conparcd to another c&n be directly interpretcd io terfta of a preferentiel
stabilizrtlon of this group. Thur for tYo Sroung A and B

/-r-) -Y- Ä-f rx-<-
i={l,A ' ^A'^ ( rt /rr - -e'o

/-r-r -Y-. lt \ -'
IrI--A'A (a:) -'LB.B'Ur.,bA \ l /p!

nhcre Ko and rB arc nuncrlcel factore includlng thc sum of inte(protoa diatancea

for the tso Sroups, the prltred vrluel referring to neasurefients on the Coüple)a

and mprioed to neasurenents on the free conpound. Ihc increasc in llnc
fidth is then dircctly proportional to the incrcase in thc corrcletion titres,
so thet if 

^ 
ts preferentially stabllizea

ti tB rrl tir 
-

=_ 
_:_ > Ir and _Fr_ -F_ > r

'A. -1A -18

fn cases in which more than ona corfclltioo tine or a change of lntcr-
proton distances nust b€ consl.dered, a sclective lncrease in thc cÖrrelation
line of e particular group can be dcterrnined fron llne rj.dth (or relrxation
tine) neasuremcnts on a slrics of deuteficsubStituted analogsr ueing Bq (2),
sincc the contrlbution of a deutersn to the relaxation rate is approxietely
2% of that of a proton at an cqul.valent distance and flitb an equal correlation
tiue.

Ihe nethöd outllned above was uced to etudy thc ctteni.cal groups involvcd.
in the binding of penici,llln, streptonycin and oxytetracl'cline to aerua albucn,
and thc conplexing of efiinephrine Hlth different nucleotides. The case of
cplaephrlne and adenoaine triphosphatc (ATP) i8 illustrated in Fig' (1)'

/r\
l, T;ü"t the ctl-doublct and cH-triplet on thc eplnephrine "to. ln"1lr.1
lncreised by s frctor of 4 ts. result of onplcx fornation, wtife{f} of

I IP
of thc othef llnes increasc by factors of not norc than 1.5-2. The posslbility
of the bfeadening bein3 a reflection of a chenge in Nl4- qurdrupolc relaxation
Eas cxcluded bt a doubtc resonancc cxperinent perforncd by Dr. J. Baldenschwlelcr.
The aelcctivc broadening Ls not narkedly pH depcndcntr but decreasea with

Df. B.L. Shtpl(. t.

incrcaaing tenpcfatufc yith a ttanrltlon tcnperrture rround j5oC. Sincc the
proton spectrun of, AlP l! trot rffcctcd. lt appcafr litety thrt the conpl"x
forncd haa a sttructure of thc tlpc llluctrated tn Fi3. (2).

Sincerct y,

.(I.a l*l"t=r."otcr Jerdtzk, 
IOJ: Jcf

ncf. (r)

.\
Flj. I

J.A. Popl€, W.G. Schncider rnd H.J. Bcrnstcin, -Hith Rcoolutlo!
Nuclcrr lla;netlc Rcsonancc4, üccrax{tlll, N.Y., 1959.

(2) Gutorsty, H.S. end Wocsaner, D.8., Phta.Rev.r !04:84! (1956).
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P.rtE (H lnercasinj fr.n lcft ta riSht) r A' rnd B C" rnd C* rf ATP purine,
C ctincphrinc rr.tatlc Hr D Cf of ATP riborc. i Gpin"Fhrinc Ol tltplct ( end

rcoiau.i rlter pcak)' F ci - Öl rf A1? riboce, G cpincphrlne cll2 doublct'
H cpincpbrlnc N-CtlI.
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Kr,AUSSTtrAsS€ 43, TEIEPHOtIE 061 r 4r?{20

I'i':'i1 L't' I!tr-'i

11ü

Frs. (2)

il l-i-
*i-- cH" .-trj'--c*t:
T -, t_0t?

Dr. lothnt:r-lly
Dircctor o.f llc;errrcir
L{t: 1-}.on lns üi. lrtte
4.40o Fiflh Avettue
Ljitl;;;burnh f J. ia.

I

,/-" \/,\\ 
-;/-

c'- ü

H(-.'

'1, 
,

oli
I

-.c\ 5 (
I

0
I

-p

j)eilr'' Dr'.' i:r:'btrnc.r-.ri,y t

Baclr frorn rL trip ir.r llnglli.nd, l liort:icl the l.rrst l0 isl.u"s
of LIilLtr,O.i{ },Tli vrhi<:ir you \,?crc lro kirrd to serrd to our
l-abor;,,tori.es. lji-rrt:e tlri: 1i i;t: r:ii.{ttt'e on the t\ililll tl1ipl-icr'tLions;
j.s nolv utitlcr;;oing tr retearkabl.e' bcoitt, it i{:. a tnu;b lor
cvery or]e cor]cjer'lled rTil.ir it to be irr possessiort ttf a
re11ui*r n)erur of cronitrtulLic.rtiort .l ike you.r,Lijl1rl'01'il. lrlfi f *tOerrl .

I ir(} rsorr:r1Iy r,'rorri.d bc vr: r1' ,11.r:tr. to llt;e it appei!tl as an
ofi-.ic:i.rrl n,)är t'or tlui.clc publ.icir'biott i.n anr:1ogy to lctrtr-
hcdron l-etterl: j.ü thc f i r:1tl of ol-rlirrli(i chernilr'ur'y l:ird I
:r!n per^slutidud tira b t:h: r: poslibi-1i ty has been lr.l-T'trady tnkt,'n
in (rorrli(ierliti.ori b;r .vott.

IJrla.rrlrh:Ll.e I'srottld thus br: ver'y tLiiplry to be'.ir:.cluijed iu
the nral .l itrr:, 1i.i;t o.f lllll,LO.ll lill r'rnd I i*n ttl-rciLdy 

"'u"rrli-lrtgon:r 1i'btIe eorrtribution frol0 our fabortrtorit:s.

Sirrr: rr rol.y y0uls t
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lpl.ncphrlnc (I) - Adenorinctrlphosph.te (II) s@plex.
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VACUUM PRODUCTS, IIES(ÄI{CH AND I)!V€IOPII{NT SERVICES
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Tc le the temperature at vhlch the axi-al and. eguatoriar nethyr peake coale'cc
lnto ont: a6 the rate of interco[ve'slon bccoues rapld...The other value' cone

l'rour tlc dsu&I uqmtlons: t =,Jo.xy$. , do = f ffi *fp$*; Lhe transüisslorr
codllrlcient, K, hae been takcn as onc l..or. the l,p_dithiane, slld as l/A for the1,:l-dioxane. The values of 1)o arrd 

^1 
are, Äurprisrngly, quite d.lfferent t.or

Blo-o{'!.entc Che)n16trv Grcuu
T.AWRENCE RSIATION LASORAfORY '
aERKELEY 4. cALIFoRNh

I557 Llfe'liclencr:s tsrrildlrrg ttrl Luo loLecules. The d.lfference oan
dli lüreot lnterconverslolt pathvays, I

be explained. q!-ralitati.vely on the bast6 ol, Lwo
and IL As estinated fron eethylene

*_.-X
i'läy 2ir, 196l

Dr', A, .q,, !cLirrr*r-13y
Dlrector ol Re6earclr
Mellön Insi;itute
\lfoo irtfth Avenue
Pltt6burgh 13, ?ennsl"yvonia

Dear Dr, Both{er-Dy,

We are coutlrilii[g vork on t]rc i)utr'.Lcr ]iel{;irLs to internal
co[vcr6io!'!, and th!. pathvays open Lo $uch cönverülone ln rnolecu].es
of tiie type wircrc x.= 0, $, l.;i.. To r,Bke thd NMI speclra mcre

IE
Pa t\

I

aüenable ta trl€ u$ual raLe atralys{s th,:s* l,o"l.eculr,s l}ave been
synthesized vtth rilclhyl groups ln t,he Jr^j arrci t!,6 losltlons.
The rlethyl groups teir. axial anii erlrulortal !üsltlons, and at lov
temperatu'es ßlve a eim})le two llne ripect,rutr vlth e slllttj.ng of
aplroxlnEtely 12 efs,

'l'h,r l'cllcviull tabl* l1ivr.s rjoxn: 11' the nrunbers ve haue obtälned
sD i'ar:

,r t I , t t
" 

$- dn r$- al* oppositlons, and cllanges ilt botli the rlng*valerrce end the hete|o-9tön-dlhedre,l
anir,Ies, th. üaxlr0un i)a*lcr height ts ür;ater ln paüi fI thao fn patfr i.

Molccular models indlcale that lI' x = ljr then ]roth pathrrays ar.e po,tglblcli:Lri'co've.s1oo routeg. path r, vlur Nlie }cver barrrer, ro the-r':re piorrror"-cul"e .

If x . 0, then thc boat t'orrtr of path I cannot be t'orüed due Lo the
lrr{e.tf'er'cnce oJ the treLhylerie tqroups, Thus, the dtoxane probably follors
Pat.h IL ?ire trodels at$o lndr..jste thab th€ boat 1orrn of lüth 1I is hlgrrlyjlcxii:Ie .i'of Uhe rllo-xarrr,:. thls rray accöuJlt, t'or urc lar6.: AsI terlt t.or Llll$
rule,iul-e.

Patl aE

&

Reac I vl?

P,c., n (oo rnA e

Yours Lruly,

oK Kcal
fröTE

-l e.u KcäI
mffi

(;}

)f.)
27L

,rilL

r5.I" 2.t x tol\ t,.7 t3.u

rB., lr . t.r x lr,16 rt+. t+ :14.6

1{(: L:oilt,irrrle to jilr(1 i,henevgletLer otl!rulatj"Irg-
k".1,

F"r

,{qtrrb

h{.A I^d","4
Caylord Arrdroc6

cA/idl)

fi..*
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Dr. Aks61 A. Boühner-By
llellon Institute
4400 Flfbh Avenue
Pittsburgh 11, Pemsylvania

Daar Aksel:

Thank you for you letter and for the nonthLy gift of !4.8.I.L.0.N.M.R.
Perhaps sone of the readers of ühe newsl-ettA? w11} want bo try to interprel
sone data whlch ought to be signlflcant buL ürlch aü the monenL appears rerely
1llrzzl-ing.

As can bo seen frcn Jin Shoolery!s contrlbution in I4.E.L.L.O.N.Ii.R.
nunber 11, p. 8, it is sometims possible to observe coupling bebween a Ct3
nucl-eug and a prolon in the group Cl3-Cr2-H. lihooleryrs results for nsühyl-
acetylene are ineluded in our Lablo below. In order to test wheLher Lhe J-
values could be correlated with elther the C-C-H bond angle or Lhe C-C bond
order, we have attempl€d to x€asüe analogous coupljngs in the Froton spectrra
of other con[omds conLaining Ci 3 ln natura]. abmdsce.

h"e foud the follouingl

Dr. Aksel A. iJothner-By
}lay 15, 1961

Because of the inüense slgr:rl frorn the nornal lsotoplc speclesr we

can or,ly seo "ctlstanL Cl3 sidebandst'when J is largir than prhaps t5.c/sac.
Anong tle conpounds for which rc rvould noü flnd Cl3-Cl2-ll coupllngE beearrse
J ls appuenüly too enalL were acetone, acetic acld, oühylene, tetranethyl
ethylene and neopontane.

lio hop€ to get nore relaLed data' but ühese few values seen already
to rule out nost of the slmple I'oxPl;lnationsrr whlch night aplear plausibl€.

Several of ühe measuremnts 'lere made by Don lti"üchard uhen he wa8

here. It is with doep regret thal I nusi add that Don dled lasL Septenber,
Just a few nonths afler completing hls graduate work here.

hltth best r€gards,

1l
* i ', .,'i.-/r . .

2

li
Norberi, Muller

NM;lb
5:€'!!e'Fffi

Molecule

n-.=*!$'
NEct 3-cH3

t5"-rn.
H-C=Ct 3-CoHs

H'i -c,.-H.
HzQ'

Jgt r-gr z-g

10.6 c/sec (Shooleryl

?'l c f eec

5Q.8 cfsee (Shoolery)

5A c/sec

o

f6 cfsec

24 cfsec
/

I 3-c

o
//

22 c/soc

0/
46 cfseaC13 Ct3-C

H

H
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