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and PolY·'Y·hcnzyI-L-gluLHmatcl 

Introduction 

hy S, J. Gill and l{o/)crt L. (;logo\~I,y 

TIl(' ('fTI'(,\. of pn';;;;lIn' 1111 III(' /111'1"111: 11 Ir:lll;;iliOIl;; or ri/'olllll'l('a;;1' aqllC'oll;; ;;OIIlt.iOIl at. pH 
~.X() :Llld of poly-')'-I )(,1Ii1Y I-I. glill :1111)11 I' (1' 1 H :) ill d idrlol'llal'('1 i(~ :M'id alld 1,:2-ciicitloJ'ort.llIl.llc 

Jla~ iJeell illvI';;1 i~al('d 10 1100 :11 111. by opl i('al rolal iOIl II lI'aSIi n'lIl1:1l I,;;, All ill!:J'rasc ill 

PI"{',,;;III'l' ('lIlfall('('" IIIlroldilig (III" 1,"1 It l" il)()II I1I'I(':I;;c' alld I'IH:, 'I'I\(' PI'(';;;;III'C: dl'jWllfi('llC',n 

Oil lit \' ('xl('II1. or IIlIroldill ).!; I'all 1)(' 1I"1'e! III (,1I!1'Ii1:1lc' lit(' V()!III1I1' (,":LlIg;(' roJ' asslIllll'cl hasic: 

"IC'p;; 1)( IIII' lJ'all;;ifioll PI'III'(';;;;, 1;0 1' l'i/'ollllC' l(':lsc ' litc' VOllllll\' ('''allg;!! as ('a.!c:\llal('d for n, 
;;illg!,,-;;t('P n'n('1 iOIl 1II(,(,it:tIIi~1I 1 \\'a ,; r(lIli le! 10 II(' ;;lIflil'ic'lIlly ;;lIlal!('1' I it all lital. g;ivl'll by di-

1'('('1 dl'I(,l'lIlillalioll;; of 1!()I('ollih aile! rail Iioldl' ,,,o Ihal Ibn I'I':Lc'fioll 1lIl'('halli;;1l1 IIlIISI, t:Oll-

:si"l, or ilion' I It all 0111' 1'(,:tI'lioll sll'p. V'I ,"(: '1;lI lsilioll :.LII applicalioll of the hrlix-

('()illmllsil iOIl l!woJ'y of Zillllll , 1)01" :01 , [I I I If' IlIl'aslIt'l'd pressure d('jWIlU(!II(:1l 

UpOIi I h,' I'X I ('Ill or Il'ulI;;i I iOIl, "IIIIII·,'d Ii l,tI I',,' \'0111; I II' ('i lalll .. !;\, or lit" prot'(';;S i;;:11 III(' expcri-

1III'IIlai !illliL or Jin'd t!l'lPl'llIillaliol1:-;. 'I'll,' sllirl ill 11ll' lrallsilioll 1('lll(wral,\IJ'{) wit.h 

pressure for PBG lVas lIs('d 10 ('sl illlni (' a !ll'al, ('ap:wi I'y ('kLlIP;" at. ('Ollsl aliI. PI'(';;SIlI'C or ap­

proximately l-lO cal. / lllole-d('g;, fot' lite 11('lix 10 ralldolll <:oil trall;;ilioll, 

TI"'l'llutIly illdll('l'd I 1':1I1,.;i! lOll;; o/' 1I1:L('I'OlllOI('I'ltI:11' 

sl J'lId 1I1'es haY(' h('('11 rOlilld 1'01' :t VHl'il'ly oj' POiYlll('I' 

JJ1af(,l'ia!s,~ Till' 1'('vl'l'sihl(' I mll;;11 lOllS oj' l'ii>OIJlI­

e!('as(':t - H alld ;;'yllt 11('1 iI' polyp!'pt ides7- 11l have 1)('('11 IIIl' 

suhj(,(,t,.; of C'XIWl'illl('lIla! alit! Ilwol'elintI illv('slil!:alioll, 

Oll(' oj' Ill<' prilliary jHII'jlO;;('S or S\wit ;;1 IIdic's IHt~ h('('11 

(0 !<n.ill ill;;i~hl ililo I!", 1l11'l'itall i;;1l I or Iht' Imll;;itioll 

proec:s:;, JII Ihe ('as(' or l'ii>ollll('I(':1S(', (ite stralt'I(Y has 

beell lo ill\l'rprcl. \ h(' exl(,111 of j'('aC'l iOIl as It j'lIl1cl iOIl 

of tcmperaturc by as:;umed ::limplc renet iOIl llIeeh:1l1islI\:;. 

TIll' 111':1 I or Iltl' aSSIIIIIl'd \'l'ad iOIl 11I:I.y IIH'II !)(' roulld 

1'1'0111 1111 ' (/('!)('II(I('III'(' or 11t(, ('xl('111 or n':t('1 iOIl II po II 

Imll~il iOI!.11 UIlI iin'('('lllly,l~ din'('1 l'ulOl'iIlH'll'il' Illl'aS-

( I) Tid, work \Va, Mlpportcd Jr.,' tile Nation:'! Hciollce FOllllda(ioll 
IIlIdcr (:ralll, C:1'i:I:l. 

i:l ) L . ;\1:lIHldl'!'rIl, "C' r.I·,t:t!li1.atioll of l'ol.\'IlIers," ;\lcGmw-llill 
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11)'C'llwlll~ 1'01' lit., pl'O"C'~"; \\'C ')'C , 1111;t\'ailahlc' 1'01' "111111';11';1-

livc' ]>11 1'1 H''';C'", III all:II.,goll"; )'C':I";Ollilig III(' 1.'111111'1';1 -

1(1),(' dqH'lldl'III'I' Oil jloIYjlq,litl., 1i('li:\ .'oil 11':III ~ill "ll 

Ita,.; 111'1'11 1I";I ,d 10 11',.;1 Iwli.\ I'o il Il'allSililil1 llil'lIl'i,',; .. !.;·11 

;11111 1'1'(1111 ~III'1i ,.;llIdic ',,; :11 v:II'ioliS .. it;,ill 11 ' llg II I" 1111'0-

r('li(';d pal':lIll1'il'I''; 1'01' 1111' I'IH: lrall,;ilioll il:I\'c' 111'1'11 

(',.;(aldi ,.;l lI'd, i{1'c'I'lilly, din','1 ('aIIJl'illll'll'il' 1111';1";111'1'-

1111'111,.; ha\'1' pro\'idl'll ;Ill c'\ 'I' 1i IIIO\'(' din'c'l I'\':tlilal iOIl 

o I' I iiI' I Ii,'o\'('! il':ti P:lI';1 C IIC' I C'I'';, I:" P; 
;\lIalo/-(oll"; illrOI'lIl;tli'"1 ,.;liollid al,.;o III' 1'C'\'I':til'd rl'Oil1 

,;llIdil'''; III' I h,' 1'1'1"'1'1 or 1)1'1 ',.;,, 111'1' CIII IIII' I I':ll I,.;i I illil :tiollg 

willi a d('II'l'Illillal iOIl or I III' \ '01111111' f'i,;UlgI' 01' Illl' 

lr:lIl,.;ilioll, Tli('rc III;IY 1)(' ,;illl;llioll:-: Irlil'I'I' Ihi" 1;1111'1' 

appl'o;u'h i" I'XIlC'l'illll'lilally 1111,1'(' rl,;t:-:il,J(' I 1i;111 I hI' Ik-

11'I'I11illul i011 or 111('1'I11al I mll,.;il iOI\"; :tIOII/-( \l'i! Ii c'alol'i-

1I1('lril'III1':lSIII'I'IIII'llls, III Ihis pap!'1' II,\, l'I'porl l'I'slIll,.; 

oillaill('(l 1'01' 111'11 klIOI\'11 1'I'\'('I ',.;il,I(' !l'aIISilioll:-:, I'illll ­

IIlwlf':u;(' :1IIt! I'IH: , 

Experimental 

The riIH)IIIIC'I(':I";I' ,\ II:-:I,d I\'as Lcd 11.\ I,' li()li!), h'()­
phili:wd :tIlt! phospllal(,-rl'('I', :t11l1 \l'a:-: oidailll'd 1'1';1111 

Worl hi Ilgl 011 Bi()(,\J('III iml ('(,I'p., 1,'1'I'l' llold , :\, ,J, 
The 111al(,l'ial II'a:-: ll:-:('t! wil h0111 rmlll('I' pmilil'a lioll, 

alld CU!clllal iOlls I\'{'r(' ha:-:I,d Oil Illl' \\'('igltl or· IIII' 1';11'­

ull111-de,.;il'('al ('t! IlI:t1 ('rial. 

TIle' bllfT('r solll! iOIl:-: Il:-:('d \I'('\'(' (Ull ,1 / ill pola:-:,.;illi ll 

:wid pi1llmlal(' :tlld 0,1:; M ill 1,(,1. TIIC' :-:()llIlioll 1'011-

rOl'lll"; 10 I hal il,.;('d hy Iloll'()IIi1) alld \':111 Iioldl'," 

11,1 pr('J)aralioll or IIJ(' l'ihOIlII('it'a,.;C' :-:fllllliOIl, I I If' hldfc'l' 

SolllliOIl \1';1"; pip('lI!'d illio a 1\'('iglH'cl fla,.;k ('Olllalllilig 

Ihe rihollll('lm:-:('; IIII' f1a:-:k \\';1S 111('11 lighlly :-:IIIPIWI'('II. 

'1'11(' pII or I h(' solill iOIl \I' as adjust('d 10 :U~o IISillg :l 

Ikl'klll:.111 Z('l'Olllal ie' pI I 111('1('1', Th(' l'iol 11 I i011 \1';1:-: 1'1'­

fl'ig('t'at('d ulli il u,,;('d. Thc' hil2;h pr('SSIll'(, 01'1 i(';l1 1'<1\ I 

lioll :.1pparal u:-: has !)(,(,II pl'('viously d('snil)('d,17 

The PUe: \I~l'd ,,'as Lol C:"il. II \\'as ohiailll't! 11""11 

Pilot Chemicals 111('" \Vall'rt()\\'Il, :\la:-:s" alit! \\,;t~ 

spc('ifi('d 10 hn,v(' :t l1lol('I:ulnr w('iglil or 27:"i,O()(), '1"1(" 
malerial \I'a:; uscd \I'ilhOlll , rUrl]H'1' plIrifil'a.lioll, :JIlt! 

(':.Llntlaliom; w('re lla:;('d 011 Ihe w('igl1(' or I,IH' dC',.;i('C':'I," 

Illal ('rial. 

Th(' soln'lIt for I II(' PIH: \\'a:-: 7(; vol. I:; ]>;:lsIII I:1I1 

pl'a('1 iml di(,ldoro:u,('t iI' (wid (DC,\) a III I :2·1 1'01 I; 

1':asllll:.l,1l ['('ag('111 1,:2-diddc)J'()('lha,IH' (1';1)('). 1"'llh 

C'OlllPOII(,l1ls of Ih(' solv('1l1 \\'(')'(' I'('dislill('d prillI' 10 II~", 

Th(' soh'('111 I1lixl\lJ'(' was lighlly I'app('c\ :tIId l',rl':~I'I­

:-.tkrJ 1I11Iilll(,('(lc,d. 

Tt.~Qry 

The hasic 1'C':lc'liOll pn,,'" " P"IYIlIf' 1' Irall-

siliol1s (;:.111 be writ I ell iii (.erms or Ihl' 1':\111'1 " "lIlIdi­

Lions as 

The .Tournai oj Physical Chcmistry 

( I) 

11'111'1'1', ir IIJ(' PI")('I''';s i'II'III1'c'''; Ilion' t kill OIl(' sl('p, 

1111'1'<' will !)(' :1 ~"I'il''''; Ill' 1I111'I'IIlf'ciiall' ,.;(:d('",; alld ('l(lliL­

I 1011'; 1\ i I II i II I ''I. I, 

III I I If' I'a:-:I' 1)1' :t ('I)III]llc'x 1111)11'1'1111' "';11('11 a:-: l'ilHIIII\­

c+"S\', il i,.; 1101 po,.;,.;ihll' 10 pt'('dil ' l logi,'ally I JH' lIallll'(: 

"I' illl(,I'III ('ciia!I' ,;II'p:-:, ir ally, II !H'I'OIII('''; l'OIlV('lIic'liI 

l'illll'I' III <I"';:-:\IIIIC' a :-:illgll'-:-:I!'p 1'1';11'1 i011 PI'OI'I'SS or ('q, 

I (II', :l"'; '1';1111'01'11 Ila:-: dOIlI' , I, 10 l'iIlPP():-:(' Illal 1'I'1lf't i011 

I l'IIIISisl:-: 1)1' J' ('l(lIi\';I!C'11f alld illcil'j)('lIdl'lIl :-:Ic'ps, 

'I'hi~ lall(,I' :-:illl:tlioll 1'('r!III'C'S 10 Ih(' 11IH'-:-:lc'p ('as(' wll('11 
J' = I, '1'11(' app1'opl'iat(' 1'(':-:1111 wlli('1l ('xpr('ss('S I h(' 
1,,'1'''';''';111'(' t!I'IH'lld('III'(' IIJHIII III(' rral'l iOIl or foldillg f 
i:-: 11\('11 giVI'11 hy 

(Df) = .f(1 - f)~\'O 
Df) T ,./;'']' 

11·111'1'(' ..:.1' " i:-: IIIf' :-:Ialldard ,.;Iair' \ 'Olllll\(' ('11;lIl!!;(' jl('j' 

11I1l1e- 01' pnlYIIJI'r lak('11 lIIId('r Ill(' ('()ndil iOlls of illfillil(' 
dill\l iOll , al IC'llljwral III'" '/' alld prC'''';'';II\'C' I), 1\ dil:tlo-

1lll'lri(' dC'II'rlllilial iOIl or 1111' \'olllll\(' I'liang\' or t rallsi­

lil)lI, ('\' t'li al lillil(' C'OI\('('ltlratioll:-: , :-;holiid 1)(' IIparly 

('ljlIIVal('"1 10 ~ \ '0, \\,illl II\(, a:-::-:llillpt ions l'oillaill('U 

ill ('I{,:! il ,.;llOuld lli('1I 1)(' jlossil,l(' 10 d('ll'l'Jllill(, tJ.1"°/r 
rrolll pr(':-:sl\\'(' III('a:-:II)'('II\('III:-:, alld, \\'h(,11 Ihis vaitl(' is 

('oiliparl'd 10 a dil:tlolll('1 ric' c\('I(,l'Illillal iOIl or t:.. 1'0 
all (lsi iliiall' or r ('all Ill' iliad!', I r a Illlt!1 iplC'-slrp Ill('('!t~ 
:!.IIiSlll i,.; illdil'al('d 1'1'0111 I II(' (,XIW!'illl('lIlal filldil"'s ., , ~, 

II I" I{lIll(' jll'OlmiJl(' lita.1 l'oolwl'al iv(' (,['f('c'ls ('xi";l lw-
1\\' ('('11 dil'l"'\'('IIt pori iOIl:-: or I h(' 1I101('('lIJc., '1'11(' n:-:Slllll\l­

I i011 or illd('IH'11I1('1I1 slpp:-: 111('11 IH'('OIlI('S illvalid, ,\ 

,.;illlpl(, 1I1(,,'llallislil or Slll'('('s,.;iv(':-:1 eps \\·hi(,11 1I111s1 rollo\\' 

ill a dl'fillil(' md('!' alld \\']Ii,'h an' f'ilar;u'l('ri;w(\ by ill(: 
"';:11 111' I'ljl1ilihr iulll ('olislallis (',til hI' :tnaly)\(,d, 1;111 if. 

~('I'I\lS IIH' j1n's('IIlal iOIl or slll'li an analysis wOllld ill' 
";llpI'dic'ia! 1Iitlii SOIII(' 1110)'(' dC'finilc facls ahollL Lilo 
!'i honl1(' I('u";I' I I':tllsi I ion arC' avai lallIe, 

( I" I>' i\, 11,,1"'>1111> :llId K. I': , V:l1I 1I0Idc,./. ""us, ('hem" 66, I!!!)!) 
( I ~ 1/ i:! ) . 

( " I' , l ' l'lIl'~ ;11111 I', I)",." ,Id",", I'm/"ill ('h"",,, 16, ·11)1 ( I!IGI ), 

(:-., ,I . ,11'1'I.-'1l1i"I., ./ , (''''"" l'h"N .. 38, !I:H ( lOti:!) , 

(\ . 1' , 1),,1 ., · :11111 ,I. T. Y,,"~,.I, Am. ('/'('/11. SOl'. , 78, ·1!lS (1!I,jli), 

(III' 1..1'1'11,'1', .1, J'h y,., ("lI'm .. 63, II!I·I (I !l5!), 

(III Ii .. \ . :,,·,,11 :llId II, ;-;!'hem~", ./, .-1m, ('/lI'm . SIIr., 85, :;SliO 
(I!IIi:11. 

(I:!. S. ,I , (;;11 , K, II,,!'\;, "lid :\[. DO\\'l1illll:, iliid .. 87, !)Ol (1!)(;5). 

(I:n II, II. Z'IlIlIl, I'. D"I.,', ,,"<1 K, l~II, I' ,·nr. XII/I. !lrr"I, 8ri .. ('. S. 
4~, Iii:) I I !1.j~11. 
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(171 :-i, ,I , Cilllliid H, T" Glngovbky, Nev, Sc,:, 1".11',,35, 1:!81 (1!11i'1) , 

(l1>j C , Ta"Cord, J, It"" Chcm, Soc" 86,1050 (1UG4) , 



III III(' (';1,.,1' III' I ' IH; I ill' Ilt'li:l. mil Il'all,.,il inll I I "'IlI',\' 

d(':,wl'iIH's IIII' :IPJlI'()pri:11 I' 11 1('I'II:lIlisIJI 1'111' lilt' I 1':llIsi l 11111 

pi'O('('SS, VOl' 0111' P"I' PO"'('S il is sliflil'il'lll 111 1':l.I('IIt! 

I he' I'l'slills or ,\ ppl('fjllisl, ' " ' 1111 ((1:lrll' IIS(' 111' II", ((1(lIl, ,1 

(lr Zillllil :Jllti HI':I g-g' , r()1' 1()1I ,l!; 1'11:ti1lS, In d( ':,wl'illl' IIII' 

PI'('SSIIJ'(' d('llt'liti l'I II'(' 011 IIII' (1':11'1 i(1I1 / or Ilytil'lI,l!;"II­

hOlldl ' d ":JI'IJOllyls al lit(' IIlidpoilil 111' I iiI' I 1':11I :' il illil 

(Of) _ L ...'. I '" ,0 

0/' F.f ' , 1 - - , 1/1"/>v", 

",II('J'(' ...'.1 ' ", " is 11i(, sl:IIIII:Jl't1 sl:II(' \'1""1111' iIlIT( 'aS" II jill I I 

disl'lipt iOIl or I 111011' (II' Ilydl'lI!!:C'II -I IOlldl'ti ";11'1)(>11 ,\ I 

g;I'OllpS, '1' , is Ill!' II'IIIIH'I':IIIII'I' al 11i(' "( ' 111('(' Id' Iii .. 

I 1':JIIsil ill II , :llld cT is 111(' p:II':IIIII'II'I' \\'llit'11 I'I'PI'C'SI'III" II", 

('I(llilihl'illill 1'01' IIII' 1'1I1'1I1:1.lillil III' :111 iltlc'I'I'IIJlli()11 111 :1 

S('fjll('III'(' 111' hlllltis II,\' II III'I((,('SS \\'llic'll 1I 1:liltl:li ll:->:1 ,'ClII ­

sl:1111 1II I IIdl('I ' oi' IHIlitis, All l'fjl1:llillll :1I1:tiClg IIII:-> In 

('C(, :1 is g;i\"'11 1,,\' ,\ppl('qilisl rill' III(' 11'llljlt 'l':III II'I' til'-

1)('lIdl'III'(' :IS 

( ur) 
u 'I' /' ,1 ' ,'" - ,IU'I'/ Vcr 

_ j,II ",O 
( I ) 

\\'11('('(' \\'1' til'fill(' ...'./1",' as 11((, sl:tlld:1I'I1 siaic 1'II III :d p\' 

or 11':tIlSil iO II 1'01' tiiSl'llplinl1 111' 11101(, or I I,\'(I ro!!:I'1 1-

I )()JI(I('d l'al'iJollY I ,l!;1'1 III ps, 1:01' i III l ' l'llal ('ollsi "I I'III '." 

I Ill' ...'. 11'1'111" ill ('", :1 :lIld 1 h:I\'I' h('('11 dl'iilll'd :1t'l'Cll'dillg­

In IIII' ('('a('1 iOIl ('xPI,(,,,,,('d h,\' c'C(, I, ,\PJllc'qlli,,1 ""1'" 

IIH' 1'I'\'(')'s(' ('IjIl:U inll :lilt! dC':;I'I'illl'''; I Ii(' ('II I halp." 1'01' 

III{' ('(':\c'l iOIl or f()I ' III:11 iOIl or h."dl'Ogc'lI hOlltiS, '1'1", 

I\\'() ('ljll:llioIIS Ilia,\' 1)(' c'()lIliJill('d 10 ,\'il'ld all ('"II:ll ioll 

\\'irit'I , ha:; I hI' l':illlili:J1' r()1'111 oi' Ill!' ( ' I:qw,\,(,1111 ('fjllal iCIII 

l ':qllalioll ,-) at'llIall,\' appli(':; 1'01' allY ('ollsl:l1I1 1(('li(';11 

('011 lI'lI I fm('1 iOl1j, hili il'j = Ih I IWII 'I' = '1'" 

Results and Discussion 

SOlllt' pn'lilllillal'Y all('llIpl;; \\'('1'(' luadl' 10 ill(lil('(' III(' 

1'111 in' I 1'u,II;;il iOIl;; or l'iiJOIIII('I('a;;(' ::tlld I'B(; i:;ot h ('l'llIally 

by appliC'[L1 iOIl oi' pn';;:;III'<', bill I hl' ('III in' I I'allsil iOll 

('(Hild 1101 1)(' ('ov('n'd 1'01' ('il hpl' ('n;;!' wil hill 0111' I'allg( ' III' 

pl'('S~IlJ'(':; 1 () 1 ;-)00 al III. ('OIl;;1'1j 1)('11 I Iy. i'('v('I';;i hlp 11lI'I'II1:d 

I mll;;il iOJl;; \\'('1'1' ('x;ullill('d ttl \';1I'iOll;; fix<'d PI'(,:;;;II),('S, 

W(' ;;lrall dC';;('l'i]w I Irc' 1'(';;111\;; a" 11i('Y apply 10 (,:1c'h 

Illal('l'ial ill Ilrc' II ('x I 1\\'0 ;;('('lioJls, III IIH' f()II()\l'i ll~ 

]'(':;lIlls il is 1H'lpflll 10 1'(,II[('llll)('1' I Iral all ill('I'<';IS(' ill 

1{'IlIPPl'aIIIJ'(' PI'OIlIO\(':; IIl1foldilll!: fol' rihollllc ' II 'a",' 

hili foldiJlg fo r I'B(:, 
Riboll1u'{('((8(' .. 1. :\ ,i,.J!)] wl.- Yo1. % fiollli iOIl (II' 

riiJolIlWI('use A ,,'a,.; stlldied al ;jSD lilt<, Sludi('s O il 

I(,S8 ('OIH'{'lIlru,i('O ;;ollliiom; or ribolllwl('u,s(' yil'ld( 'd 

silililar I'(,S II I Is bllt. \\'it h I(':-;s pr('('isioll , 

/('\'C'I';;ihlc' I 1II ' (,ll l: ci 11':tII:;il ill II:; \\'(')'(' ol'''( ' I'\' ('d al 

:tIIIlO""III'I'il' pr('S,'! II'(', li:-l(). I ():20, :llId 1::tiO alili. 'l'rall­

;;il illil 1('1111'('1':11 111'( ':-; ( \\ ' 11('1'(' J = I !~) \I'( ,(,C' 1'II1111d 10 1)(, 

,lli ,ll, 11,1, 1:;',-1, :tlld IO,i o (01' I hc' :JI)()\,(, prc''':;III'C':;, 

)'('s; ](' I'1 i \'(' 1,\ ' , 

TIll' I'IT('('I of PI'I':;;;llrc' ()II IIII' 1II<'I'II1al (]( ' II:11 111':11 iOIl,; 

is :->1'('11 ill I,'ig lll'( ' I \\ illC' h illtl;;II':II(',.; 1111' ('h:lIlgf' ill oh­

SI'('\' I,d l'ol:llio ll willi 1('IIIIII'I':lIIII'('s :1I Val'iOII:; P)'(':;SIIJ'('S, 

Thl' Id ll,d :;,\' lId lol s I'C'PI'(';;('1I1 \' :Jillf ';; oltlaill('d 1'''1' d('­

(')'(':J Si ll ,~ 1"I1IPI,(,:l l lIrc'" :11111 " ldl" I:l1l1 ial(' 11r(' 1'I'\' ('I ';;i hilily 

III' III!' 11':III"i l ill II , ,\1 IC'II' I ('lIll'c'J':l1 111'1':-; a sigllili(,;t.1l 1 

ill(,(,I';lSf' ill 1"1' opl((':Ji 1'<I1:llioll \\,:IS j'olilld \I'il" ill('('('a;;( ' 

II I' 1'1'('''''"1'(', '1'1"" ('IT('c'l i" p"""ihly dll(' III ;;olv('111 

coI'rc'('ls, '1'111' I'Ilc'c'l III' PI 'I';;;;lIrc' IIIl I hI' IIl1l'oldl'd 1'111'111 

I'l 'olll I 10 tiSI :11111, lila,\' h(' dll(' III :;111:111 npl'al':illis 

('1 1: 1I1 gc'" 01' III d('II:l1ll1';llioll, TIi('sl' 1IIIIc'I' Iwo (' :'1'('1'1;; 

;JJ'( ' illsll!;lIili(':1I11 ir l'c'I:Jli\'I' prc 'I H'I'I iI's :11'(' ('x:J.lllill('d liS 

" '(' ,,11;111 dll ill ;; llIdyill l-'; 111(' rm('li()1I oi' ci('II:JIIII':Jlioll 

:1 "::1 r llllC'li oll of 1('llIjl('I'lIlll1'(' :J.lld P('('''''III '(', l,'igllJ'l':2 

s l(()\\'" 1111' 1'1'1 1'('1 nf 1('lIlp('l'alll(,(' Oil IIlId('II:!t lIl'I'd 1'1':11'­

I i011 :11 \ 'al'ioll :; PI'('''SII(,( ';;, 'I'll(' IllIdf'lIalllJ'('d I'l'al'l iOIl, 

J, i" :IS"IIIIII,d 10 1)(, dl'l('I'lIlill('cI I).\' I h(' I'm,I'1 iOllal ('hallg!' 

cti'lllI' IIpl if'al ('lIlal ill II IIpOIi 1('I1III('I':IIIII'C', 

T h(, ('(',,"Ii:-; or IIII' 1'1'1'1'1'1 or prc 'SSIII'(' Oil I hI' 11I1(it--

1I:lIIIl'C'cI 1'1':II'lillll al \':ll'iOII:-; I ('IlIJH'l'al 111'( ''': :t),(' ;;110\\'11 ill 

l : igll l'l' ::, Thc' :;I"p('s :1111)(, ('I'IlI(' I' or I Ill' 11':t.II:-;ilioll, 

(uf ul')I=';' , 11:\\'c' v:i1I1(';; or -:Li X 10 4 : ~ Jld -:U) 
X 10 .1/ a l li l. 1'01' ,1:2,,-) :lIld ,l.i,() O, l'c';;I)('('lin'ly, ()II 111<' 

ha"i" or all i I (( I f'JW II d(,11 1 I'-si c'l' dl'lIallll'al illil 1111'(, Iiall i:;lIl, 

('q, :2 yil'lds vahll's of -:W alld -:ll lid, /1110 1(, for .1:2 ,;-) 
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TEMPERATURE 'C, 

','i!2;II)'I' I, ":I'f('('\. of Il'lllpl'rallire Oil oltseJ'vrd mlalioll :II. 

,-,,<;'1 1111' "nd vaJ'i,,"~ prcssllres for a ;i.4!JI "'i. - VIII. 1';" 
1'1 f :!,,"Il 1",,1'1'1' sollll.illli of riltoIlIlC'If'asc' A, 

1'11/1111>(' fI.'I, ,\'11/1/10,,1' ,; il/ny /flll,; 
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TEMPERATURE ·C. 
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FiJ.(II1"(·~. l~n'l"'1 or 11'1111"' 1":11 111"1' Oil 111111('11:.1111"1'.1 I""·"",, 'f' 
at. Val"i'lIll> pJ"('~;"II"l'~ [01" l"ib'lllIll"icaHe A. 
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PRESSURE (ATMOSPHERES) 

Figlll'c a. EITcd of pl'(,S~III"(, Oil 11Il(!rllallll"C'd imel ion II) 
at vlLriolls tC'Ill»I'rat 1I1"('S for l'il"l1l1l1"leas(' A. 

and 45.0°, }'cspe("(ive'ly, for ~Vo/r. Tt i:'l also kllOWil 

from di}'C'ct Ill{,U::;lll'Clllrllt::; t.ha( thc foltlc'd ('IHtti),!;um-

lillil (1 ,,\\'-1(' 11'1)('1":11 111"1' i"OI"lIl) lias J,!;I"C'all'1" voltllll(' tk11l 

IIii' 11I, (nld( ·1! ('lIl1liglll"at inll ." 'I'll(' oiJs('l'vat inll (Fi/.!:lIl"!' 

:2) t kl l I h,' :lll 1011 II I of roldl·d 1'01"111 d('('n'as( 's wil h ill­

('I" ,.:t s i llg: pn\s"; III"1' i,.; ill :t.J,!;I"!'(·1I IC'II I wit h t Ilis tilldin/.!:. 

'l'1f(' \'oltllll!, 1'llallJ,!;('''; ('al('lIla l"d fro II I tIl(' PI"PSSIIJ"(' 

11I1'aSlln'IIl('nls aI'(' IIl1l1"h lowel" I hall I hos(' obs(,l"v!'d by 

IIIlI" Ollih :llld \ 'all I/old(','; \l'ilo (ollnd a valll(' of -240 
1111. 111111,· al 1.-l.O ° hy (I!'n,.;ily IIIC·aSIII'(·ItlC'II(S IIsing; 

I \I ill dil:/loI11('1('l"s, This illllll('dial(dy SlIg/!:('s(.s 11 

1111111 ipJc·-sl C'P prOC'(·SS. l/oII'!'vc'r, h!'fol'(' dra\\'ill/!: allY 

111"1'1' .)!'/init(· ,'oll1'llI,.;ioIlS, tIl(' pns,.;ihlc· ('I'I'O!'S ill t,he 

\';"II('S (If I II('S(' 1\1'0 VOIIlIIl(' ('ilallJ,!;('s sholild 1)(' lIolt'd, 

,\lllulllgil IIII' r1ilatolll('tri,' IlI('lltod yil'lds ('x(·('II(·Ilt. 

... ·"'111". a lilll'al' ('xtrapolalioll or tIll' SIOPI'SJ'ol'tIH'lli/!:il­

:11,,1 IO\\,-ll'llllwl'all ll'l' dl'1 C'l'Illillal iOlls IIII1S( IIc"'pi'sal'ily 

Ill' 1,1:1.)(' III ('\':IIlIal(' I III' VOIIlIlIl' ,·llallg;c· cJ(·'·lIl"rillJ,.!; rol' 

II,,· d"II:l1 IIl"n I ill II PI'O',(,"S. '1'11(' dC'I('I'IJlillll,liOIl of 

Ill(' slop('" :llld I il,· 1l('('l'ssary ('xll'apohl iOlls c'oltld 

:11'1"'1'1 II,,' ('\'aillat ill II or till' VOhlllJ(' ,·ltallJ,.!;(· by as 111IlC'h 

: I S :1.-1(';, . ,\ SilJlil:l1' on/('I' of 1I1:lg;lIillld(' of ('ITOI' IIl:l.Y 

:tlso ('xisl ill Ill(' valtl<' d('l'iv('d 1'1'0111 I hI' 1>1'('SSIII'O 

111";1"111'('1111'1 rt,.; si 111'(' t il(' ('fr('(' twas ";0 "Illal I. 
'1'1111", \\'(' ,.;hall Ink(' for tIll' diialollll'll'il' VOIIlIIl(' 

"I,:tllg;C' - :2·10 ± 100 IId. j IlIOI(' , and ror t Iw pl'('~SlII'('­
,·:/I!'ltlalc·d valll(', -:W ± 10 Illl. j lllOl(,. 'I'll(' ral io of 

11,,'s(' \'(Iltllill' ('h:Lllg('S yi('ld" a \'altll' 1'01' 1', I hi' 1I1l11l1)!')' 

01' illd( ' IWIHI('"1 slt'PH of t II(' 11I(~c·ltalli""1l1, of SOIlH'w1rCl'(' 

1,,,I\\,c'('Il:{ :tIId 17. 'I'll(' l'a11g;C' or valtH's i" mlll<'l' 1111-

s:lli,.;raI'IOI'Y. hili, Oil tit" Ilasi,.; of illdc')Wllll('nl ('qlln.1 
J'(';I( 'I iOIl sl('ps, I Ill' Illlllllwr of rq.!;iolls wit.h \\'1ril'h (It(, 

1'"lrlilig 10 IIllfoldilig PI"O( '('''S 0(','111'" is Iwt \1'('('11 :l alld 

I';'. T:'IlI'(Jrd 'H IilLs analy)'.('d dat;L w1ri(·It illdil'at(' 

Ih:ll Ihn'( ' 1'I'g;ioll" S('('11l 10 IIlIfold illdC'Jwlld('IItly. 

:-;('(111 :Llld S(·III·r:Lj.!;a Itavc' i II I (,l'pl'('l I'd opt i('al d('lIsi Iy 

,·II;1I1P;"" I,y :l. I \\·o-sl .. p IIJ(',·hlll,i"lIl. 11 "('(,111" liip;llIy 

pl'Olmld,' Illal ('oop"l'Id iv(' I'Ir('l'ls \\'lIl1ld IH' PI'(''';('1I1 ill 

lli i" I rallsil iOIl, alit! I II(' sar('s!. ('olwIIiSioll is "" " l,i, ·1t 
S t :l Ir's II ml 11111 n' I Itall 011(' 1'('al'l io II S I ('P . • \. 

j)(}fll-'Y-/II'I/ ;:!Jf-lryfu/(I/It(J.I('. \{('v('l'sih l(, 1III'I'l Ilai I !'a ll­

sil ions Its Olls('l'v('d ror a ·I.:{:l wI. (i~ sollli iOIl or PIH: 

al I, (iSI, alld 1021 alili. arr showil ill Fig;lIl'(, Ll whic·h 

illllslmt(·s IIt(· ('h:111),!;(' or ohs(,l'v('d I'otalioll for t.he 

111('1' 11 ., I r:llIs i t iOIl al val'iolls PI'PSSII),(·S. I"iglll'(' :"i 

sll<> " ,11(','1 or t('1I1pl'mtlll'(' Oil til<' fmc'lioll or fold­

in ),!; al 11\1' IlIn'I' ])n'SSIII'(,S. TIH' fmct ion, I, is as:-;tllllt'd 

t () 1)(' tlp( (,l'lllilll'd hy frac·t iOllal c·hallJ..!:(' of .. ,,J 

rotatioll IIpOIl tmnsi(iOIl. Open alld III 
Oil Fi g; llrp .j. I'('pn'srn( dl1(lt obtaillt'd fo r iluTr-., III~ 

:llld dC('I'C'asill/.!: Irmppmtlll'c::;, l'C'spC'(·tivply, and il­
Iw,t mt l' (hI' J'('v('l'sibili(y of I lip I l'allsi( iOll. 

l)i Ia 10 11 H'1 ('i(' 11l('tl.HlI('('nlrll\ was a.\ ('rnp\pd \0 ('val­

tllLt (' I hI' voltllll(' changr a('c'ompallyillg I he' I !'ansi j iOIl, 

11I11 il was fOlllld (hal Ihr ('hallge' was (00 snlal! 10 he 
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TEMPERATURE ·C. 

1"ilo(lIl'l' ·1. 1':11"'1'1 "f 1"1111)(·,.,,1111'1' "" "(,~('I'v( 'd ,.olalio" :II 
;}~H 1I1,Lt :111<1 V:Lrillll:'\ prps~ lIn':-' ffll' a ·1.:::;0 wt. (( !'flllliioll 
of Pile ill:l T(i:~· l v,,1. '; ,.,,,lvl',,1 of 1>('/\ alld 1';1)(;, 

I 
I 

ad('qilali'ly (i!'II'l'IlIilll'd willllllil l'I'sllrlillp; III "!lI" i:l i 

1111'1 hoJs. 

'1'1", 1'1'1'1'1'1 01 PI'( ''';SIlI'I' Oil rmcl iOIl 1 1I01l'd ill l'i~III" 

:i yil'ld,.; all av('\'agl' \':dll" ()r - ·I.ti X 10 'i/ al ili. (Ill' 

(01/01»1',/ " : willi'/' :IPPI'O:\illlall'ly ~!)(; o l\. l ' "ill),!; 

~illllll ulld Brag;g;'s vailII' 1'01' rr (~X 10 ~), III(' ~I· .. , 

is rC)lIlHI 10 hi' - lUi 11Ii. / lllol!' or 1I101l0llll'I' or - (l.l l():; 

Illi. / g., wlii ,'1 1 slIh"laliliatl'''; till' dillil'lllly ('11('011111")( '11 

ill 1111' all('lllpl or 11", din'l'l dl'I"l'lllill:lliOIl. II slllIldll 
1)('1101('(1 lliat ClI', .. " i,.; III')!;alivl' ",iii I'II IllC'allS 111:11 I III' 

rolcll,d I'oilligllmi iOIl lills a slig;lilly Inq.<;"1' pHl't inl 111{l1:11' 

volllllll' (ilall d()I's I ill' IIllrllld"d rOI'lIi. 
IJ' ~illllll'S vallI<' or rr is IIs('<I wit il til(' (':\]lI 'rillll'lIl:d 

{'valuatioll or (0// 0'1')"./ _ '1, at III(' l'I'III('!' or (Ii(' 

tru,llsilioll, 1111'11 !:;./I",o Illay Iw I'all'lli:dl'd ro!' (ill' llin'l' 

pi "SSUI'I' dl''''l'IIlillal iOlls usillg; I'q . . 1. Tabll' I slllll­
nw.ri;ws I h(, l'I'slills. Vahll's or ClII",o aI'(' SI'I'Il III ill-

1'!,('~l"l' wilil illl'l'I'asillg; PI'I'S";\II'(' :llld Irallsil io ll 1('111-

])I'r:."u)'{'. :-iilll'(' 6 I '", 0 is VCTY ~ml:dl, WI' xlmll assu II II ' 

IIII' ' ''Ll'ia lion or 6/[, .. ° is I-!;()V('I'IH'd hy Ih(' ('II:tIlI-!;I' ill 

{('llIpPI'al Ul'(' tllld ~(\,. This yidds ll. vaillc' of "p»l'O:\i­

IllD.ll'ly l.JO ('Ui. / 1l101I'-dq!;. 'fhi:> fillding Inighl Ill' 

('xpJaill('d by 1101 illg I hal I h(' 1lC'li('ul ('011 fig;u ral iOIl has 

]C':>s clc'g;J'I'('s of rr('('dolll 1 hall I hI' ('oi]('(1 fOI'III. 

As Ill:l,\' 1)(' lIol('d ill Tabl(' I, I he trallsilioll 11' lIlj)(,I':1-
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TEMPERATURE ·C. 

FI~III'I' ,-,. 1':1'1'/ " " of 1<'1I11)('l'allll'l' 1111 1(('li,'al fnLl'I ilill U) 
411' I'IH: :11 V:ll'llItl~ pn ';"iz..,III'('S. 

TtI"I<' I 

'i'r:llh lli lill 

11'11111" " C', 

~II ~ 

~I 

'2.-, . !I 

l'rf' I" ~" nllu. 

li"" 
111~\) 

1<1// <1,/,)/ - ';' 
X III' 

if 

j,IfHl 
n I :.!(jl -;. 

f',d . / lllOll' 

11011 

"1111 
Iii II) 

1111'" \\,:1 " rOlilid 10 iIH'I'I'IlS(, I,y IIII' 1'1'1'",'1 €If ill"!'I'!!sill'!; 
(lI'<';;SIlI'<' 111111 'yil·lds a vII.III1' or tdi X 10 :, dl 'g. / a( III. 

1'01' (v'r/ v/'), ' I: . Hy ('IJ':; IIII' positiVI' si/!:II or Ihis 

l'I'sllll SIIlI\\'S IIl:L( hoi h 6/1 .. ," alld 61'", " IlIlIs( havI' I hi' 

S:UIII'sil!;11. Silll'I'':\ I ' .. , 0 h:ts 1)('1'11 sllI)\\'1I 1(1)(, IlI'gal iVI', 

6/1", " IIl1lst also 1)(' 1I('gal ivc'. This is ill agl'l'I'llI!'I1I, 
wilh 1111' kll()"'illlI'g;alivl' V:dlll'Or Cl/l,,, 0, 1:"II; 

1\11 hough il has 1)1'1' 11 possillll' 10 d('t('rillilll' III(' cn'('(,\, 

of (In'SSlll '(' 1111 (III' IlI'li:\ ('oil ImliSilioll of I'IH: lWei 

111I'I'I'1>y ('all'llial!' all ('XPI'('I('d ('hallg;I' or 6\'", °, III(' 

XII1 :1I1II1'SS of III(' ('airuiatl'd 61',,,° Illa!.:('S It dil'('l'l d('-

1I'I'IIlillaiioil l1ip;hly ullfavorahlc'. II tlll'l'('fol'(' aplwal'l-l 
I hal a dirl'l'I (,,,,dual iOIl o f 111(' u-par:ulIl'll'r ror I his 

t rallsil iOIl ,,"ill llave' 10 ckpl'lId UpOII I he dil'(,I'1 lll('a~lll'l'-

1111'11 1 or t hi' ('III h:dpy c'hallg<' ill l'Olljlllll'1 iOIl' wil h (11(' 

1'1'1('1'1 or 1I'IlIJWl'll.IIII'(' 011 I hi' lrallsit iOIl.I:"Ir. 

I'n/m"r IW, N'IIII/,rr Ii Ilfrl]l IlI(;1i 
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