
?A!{T l 

THE ttnm'Trcs ~"ffI) FEflAJH;ANI$f.,1 O'f/ A1)Dl:TI014' Olr 

IDlDROGEW ClILOBIDE ro e. J•DIME'l'HYtBtri'AD!ENE•l, $ m 
SYST:fil~4$ OF APROTIC SOLVENT$ 

l'Attt !:t 

A TilEORY OF VISOO•Et,AS':F!C BEUAV!OR :MTD FtOW 

BIREFRUTGEWCE !N 80! ... trTIOJ!S 0:t:' RIGID ROD-LI:R:El 

MAORO'.MOLEO'!'Jt$$ 

T'h$til1$ By 

Pete~ L. Auew 

In '.Partial Fulf':tllm•n.t of the Requ1rementa 

For the De~ree et 
Doctol" of PhS.leE.3011h7 

Oalif oruia In$titute of r,e~ohnolog:, 

Pasadena, Oal1.f<i>rnJ.a 

l..9·61 



I am pl$ased to oo.ve, thia opp1.>rtun1t:r t ,o e,rpress my 

deepest thanka to J?r,of♦ss,or no,,arct s., t.ue&$ tott nb, otnst•nt 

1$1p $.nd eneo~-.sement on the k;1n~t1e studies in. this prea~nt&t• 

tton and to P'rotes,$or J'ohn o. K1!fkwood for his p$.ti,eut gt1.1dane,e 

tlll.'?oUgh s.11 phases ◊f tho theoratieal investiga.t1on, 



~he kinetics ot addition of h;rc:wogen chloride to 2,a~dim.e·thyl• 

bttt&;d1$n, ... l,3 :i.n · $yst~rtl$ -o.t $pr:ot1o; ,olven.t$ ~$ beEJn investigated. 

aitt 8$0 -fU'ld S50o. 5:'he rsaet1on of tme Il!loleeule of hydrogsn ehld:rid♦ 

with one niolt-~u.1e ot difb.ne is reve:eeibltJ tho r-at~ ot the fw•-.rcl 

:NJaetion i$ propo~t:ton.al to the :rtwst -powe~ at th$ d.tene eoneen .. 

trat:ton $.nd tht tl~ee ha-lVetJ po~x- of the hydl?oge:n eh).Qrtdt eon•· 

Q-en tra ti on, wh:tl~ the ra·te ot thl1) :t-e'O'~:r-st'l tJe• et:ton 11 propo~t io•l 

t() the fir$t power ct the. buten(l) chloride e.oncent~e;tion. -.nd. tQ 

the one h~lf power of th~ hydr0se.r1 Qhl(.}ridfi e0:noentration. In 

a erstem. of aprQtie solv<,t1ts the r~iH• ot 1ddit1oo ie inver:selJ 

p:t-opo,:,tional to the basielt1 of the r&aetiott medhun• A meeban-,.; 

ism is ;proposed wherein the ~e-aeting $pee1et ~e e. proton-.d:tene 

comple~ and ~ hycrvogen ch.loride rnoleeulet thus, the· addition of 

hyd:rogen cllloi .. 1d$ to conj·uga:t~d d:ten-es 1n aprotie $olven-ts• may 

'b-e viewed ae a proton ctttal,rttd :t"-eaet1on._ 

Th:e general sta.tistieal ra.e-chan1•1 theory o:f ir~evers!ble 

p?ioces-$e$ in solttt1oua 0.£ niael"omol$eul~a p1•e13entt).d previou1ly 

by John o. K:1:rkwood ha• been applied to solutions eonte.1ning 

:targe rigicl rod ... J.:tke molecules. It has been found that 07!anta•· 

tiQnal factor$ p:1;e"(tl0:u$lf nee;leeted eontribute signif;l.eant te:r:m.s 

to the real pa~t of the shear 'lt1$eos1tt eoeffieient ttoo give 

rise tH, a. r1g1d1 ty modulus :t:n the p;re$:eno~ of periodic the.,, 

waves~ A. simple theory of flpw b11'e:fr:tngenoe gives rest1.lt1 

pre"li◊u$l.y obt-.1n~4 by other investigator-a,. 
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TI-Im K!11ETICS AND MECTIAM13M OF ADDITION OF 

RY1l:10GEJ!J CHtOHID.E TO fl,,l•Dl:METIIY'LBU'T:ADIENE•l~3 m 
$YST$MS OF APRWIC' $0L\fEWT'$ 



Althougl1 the cllem:teal. U .t~rt\tu.P$ is fllled with. iiH!'lJ?.lt di$• 

cu•s :lon of the me¢hanisn1 of ~chi! tioo. of 4y<b·oi;~n hflllde:s to un• 

!saturated h~i"Qearbt:>11$ and. of e.na).(';g¢>us e:teetre1Ph1l1e, ad<11tion 

:reactional., it is $U:J'.'P:t'1$itl$lZ, void of anv <rul3;ntitat:t;:;e r$.tf. 

studies + the ge.$ ph$se addl tion .of llydl'i¢$e:r1 h$.lld$$ to ot¢f1tl$ 

b.ae been :tn·Ve$t:l.gated bJT s. n'Wltbe::r or vrorke:l',~t. -an.d the :results 

of these edn1die$ ind1eate the e::b$$n.e~ ot an.y simple homogeneous 

e!:$.S phase l'"~}~cti·o.th 'lhe !Liquid pbn$e, V$·l()tioti b$tW:t7J$13. el.<flfituJ 

and hyd:t•ogen he.iid4@ tendiiJ to pr~()eed. .rnueh more re.ad:lly &nd ha.a 

been the sttbjeot ot e. nutabe;r of qual1t.at1v• :l.n'!J'est1gat1ons3 • 

only two tiot~bl.e atbempt-s -.t qu.ant:ttative rate stud1e$ h!a.Ve 

been 1nade on the by-4:rogen hill.lid-e1!1!t~let!n syat$i:tt4.• Hennion and 

his oo,.-t1orltex--s tntil.de Q. /i:fome~·ht-tt s1;i:p.e:rt'leit:1l r~te stu:dt of the 

add:ttion ot hydi--ogen ehloridt ~nd hJdrog,en b~om!de to s~hexene 

and eyol.oheaene in Vt'l~lous. n~$.qu~oa$ a-ol vents. '!'hey concluded 

that the rate ot.' addition \¥$.$ tnfltten<Hbd la;ttgelt by the basic1ty 

-of the:tr r~E:tct:ton n1edium and. i4S.$ tul'le:r1y- independent of th.e ole:tt:tn 

e-oncentrat1on4' Mayo ru.1d his .to•wQ·rkews ◊oneluded from their 

etudie$ 0n the add:t t1on of hyar·ogen chloride to isobutylene and 

ot hydrogen. b~ond.d$ to pt' 'opylene 1.n liquid penta.ne, that there 

was a ~ompetit1cm between a cHtalyzed aecond-...orde-r reaction ~ml 

an tmcata1yted 1~eact:ton of' higher mr,de:r. A r~te constant ca.lctt.• 

la.tea on th0 ha$1-s of the e:c:_t.tati® 



seemed to flt the ex,por:1m0ntal re.sul ts better than constants 

ealcula ted on the basis o.t' any other integral :react t on order• 

pl©:X betwe<m the hydrogen htilide :and t he olefin rt1olecnl®'s pla,ted 

a dec1siv~ role i n the nV'Jcha:nisr,n of $.ddit1on; such &i po$t~a t ,$ 

.. . 2 
W$.S made ea:rlie:r l):9" Ma:&a .. 

110 ex.Per1m<!lnta1 rate data are ~:vt;ttla'blo itt th¢' 11 tel"'atm"e - • • 

th.ou.gh the reaction itsel.f J:::u?.s been the su'bjeet of eon$iderable 

investigation 
5, 6 • t.Iost of t he stucties on. the$e s~rsteme were 

to conjugated s,rste!i'ls. Fu.:t .. thcr dlsouesion of this subject is 

d.efe:t:'l .. ed to a later part• 

hyd~:>ogen chloride to 2,,3-.diraeth~r.lbutad:tene~l, 3 for a numhel"' or· 

reasons. Of t he fot"l.!' hyth"""ogen halides• hJd:t-ogen chloride is the 

.$:lmplest to study, s:b:1ce :its add1tion reaetions •8:r.e not compli""" 

cated by possible "per ·oxiden ef.f'eets find it is easllv handled. ,· . ta, · • ' 

in the anhydrous sti11.te .♦. The 2,3-dlt1eth~tlbut$diene .... 1,s 1s one 

o:f' t he tow re,ad1.l:y- avalliible oottjugated dienes vil.-iieh is easy 

to store and handle . Ou::J:> orig:tnal purpose in und01"tak:tng the 

p:resent 1.nvestigat:i.on ·was tl:wee.fold: 1 ... to study the mechanism 

ef ad.di tion of hyd:i:•og,en. halides ·to unsature:teHi hydi .. ocar'bQ.ns; 

systems; and 3 ... to co.11pare t he reaetlvities or' ccnju.gated 

systerna with those of ordinary ol.efinic systems in simple elee: ... 

i:r.0phil1e addition reactions_. 



~t ~_.~1nie~l~":l.!'tt ta.dlenf)~-1.t.$. 

Th~ 2,.5-.dimeth;g;lbut~diene--l,3 was . prepa;r-ed aaco:r,d1ng tQ th$ 

method deacrihed by KyFi&kides7• Pinaool,. Es.a~ whiJue la.b\lil 

/f4(Jf/, was 1,\t•a.ted. 1n a round-bottora flask ~quipped with, an etfici• 

ent frs.ction9:tlng column. The tem,~erature of the molten p:tn•eol 

ftS 1:aaintaint?d at 150~C. until e.ny wa.te:r, of hyd:r'ati<>n present ,vas 

reinoved. The tem.po:i?e.ture was allowed to drop . to 94°0. and. l% of 

cbncentrated a.queoua ( 48~} hyd.I'obrom:te acid was introduced. The 

temp0ratur0 we.a me.h1ta:tnod at 94°0, until all of the p:tn~.eol WtlS 

conv0rted to dicnc and p:tne.colone • The 011gante phase of' the 

di$tillate was sopen'ttted from the aqueous, washed with two pox-tlons. 
" 

of oold Ytateri to r•omove $.fijl' 1 .. em-tdning p1t1aeo1ons and pinacol. and 

dried over s.n.1'.l.ydx•ou$ potasniUl'.tt ca:rt•'bonate. The ~ied organic 

phQae was ctl.si:.illed and .the f~e.ction boiling be•t·ween. es.ao and 

70.Q0c. was collected,. The pul:>1:f'ied. i.,.3 .. dimethylbut.adien&•1,3 

was st(>l"ed over hydrooqui.non.e ln order to prevent anr suboeq_uent 

polinneviztttion. 

The l ·•O..h.J.ot)o .. 2,s.,d:tmethylbute11.e .. e and the 3•ehlo1"0 .. 2,_3. 

d:tnaothyll:m.hene•l we1'1e prepa~-ed $imultaneoLtsly by trea.:ting a 5Q1l 

by wetght solution of 2-3-dimeth~r1but~d:ten$,.l,3 :tn glae:te.:L aoet!e 

acid. td.th anhydrous hydrogen ehlo,vide. Enough hyd-rogon chlel?id.& 

we.,s furnished to provide an equimole.r r$.ti<> hetw~en :t t o.nd the 

d1~me; the -soltition was k/i.3pt at an ice .. s~lt 'bath tempora:turt f¢lf 



ca:t•ra:ted out below 40 ma~ . Irg. 0-a f:lt.OO?:tng it WQS :round tv.at both 

t:.tf' t he chJ.or:tde·s unda,r,.ve:nt polymerisat.ioti on the aebion of sun• 

11gh:t $_rld o.xy;,3en. Samples kept stored und:er id.tl"ogEm ~d hydl'o­

qttinone and protocted frorn sun light ren;iained quite pure over 

iJ'.lhe $.nh.ydrous h;rdrogen chl.o:tllde tised in 011a1 stutlies we.a ob• 

ta.:tne<;\ from cylinders provlded by the ·Mathe~on O'o• 

P:toz;~u:1$ . 

001:rrme-rctal dio-x~t10 o1Jta :i.ne'd .t',;>Oitt t..'1:e General Ohem:tcal Co~. 

w"a haated. ave!' sod.:ta'11 hy-dtJoxt1e pell.e.ta en a. steam ·be.th fo:r 24 



vte!'.le notie:e,d betweeti. tiheEte ~ai:~_p.lera and the· one,s pUj:lified by th$ 

-above: $it:uple-r meth-od. 

ltl$~~ 

O~e:r e:ial ~ylene ob trained . i'rom thilll ~($p.ere.1 ahemi <ml Oo»J>• 

~nd. eont~i n1ng tapp-l"oJti:mate::Lt ~Q . ...-f$i .n1et$, !$o~;rs wa.$ ~-e:tli~ed 

over metallic 'Soc.Umn for . $evera.l 110.urs t\nd th.en di$t111<?d• 113:$ 

f:raet:ton '1_;o:tling betwe~n 13$~ •-d, 1,;$$Q:c, tr~s e.o11t(}1ted ~nd $to:rt(ll.d 

u.nd$r aitr. 

:01~l1•'.Bu tyl 'Ethe~ 
.: ····· .· ;,,r;: --: : i . • : · · : . • .. • '. .' ·_ ._' r; · ·._a. 

'C." 

$i' Teehnology,·,. ;.· 1rhe student pvep~'1.:1?a. ~ion$ wew~ l?ef'lu:ted ov$'1 

pot~E,isiu.111 pex-r®:t;i;gana:t'1> to re-r:HJV~ _ ~l'l,ff tt1aciiltS: -·of talcdhol . ., distill0d, 

and then ref'ltl:$cd ov~r met~l:l!L¢ s-odium and el:idatilled• Th$ fl'f¢C• . ,. ,. 

tion b-oiling pet\Vee,n 14J.;$ a.nd. l42.,S0o.,, wa1;;1 co11eeted e.nd $-t◊l'\ed 

undel" li.i trogeth 

1~ t. Fieser ... u:wx:perim1:mts in 0rr:-.ga:nic <lhemi:stry«, He$.th and 
C◊. {1941), p. 368. 

-lH~ See: I-I. J. Lucas and D. Pressman, "Principles and Practice 
in Org. Chem. 11 , \'Tiley, (1949), P• 261. 
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xxx. t~mt~~~1NArnr ... nvrd!s~1+:0Air,x;?ws. 01~ . w~1? .. 111MP'J.!.:r.01i I3J~Eim 

~.tPR()~~ . Cf%):;,O RlD:$ i1r,r,, ~-·a ... pt~WlWrtnil3UT A.Dl]~~1s~1, $. 
b, . . . . , •, . , _ . . I . , , . , , , l , •- . . . - I . , 1, , . . .. , .. . . , 

fh,e)Jmocl~o eont'd,de:ra.t1Qtut- t.tnd to rule out th.u p(Hrs:i.• 

b111tr (jf adding hy-woge.n chl.ol.'ttd-e t() unsatur•ted. hydro~-n3'bdn$. 

1n the pre•tntt f?!f hyctroz;rl!c so1ventt $uth a$ w•te~ and tht 

:lowe-3;- a.11:phati~ alt.ohol:$$. We thE)~etore (jh,q.s.e glae1a1 s.¢•tl,c 

ac!ct s;nd. dio•nt:; aa the :reQe'bi¢-ti mect1• to.v o@ pr$l:bn.1nar,- :tn• 

va.s t ig:a t1o.ns. 

The :Ni$ults ot our . preliminary inv~st1gat.1l)l\$ ln both ot· 

thA\3 solvent 1nedia m♦ntiottd w~re tbt f't:'i.m•• ~e d1ent flnd ~¢;" 

~tn 4bl.or14• ~@$.~t aeeo:tiding to the tt0ll"~ • sel:lttnt• 

Mc He 
I ' CHs - C - C: = CHz. 
I 
Cl 

~• ~-eaetion wa:s a1101md to take pl.a.Ce in ~o<le.l"atel~ dilu.t♦ 

.sol.utlona over a sl1ght ~$1:ig~ o.t ()b.:tle$n1;;r@.ti one. and at two dit""' 

te??ent te.~peratu-rea, Oq(h: and vocn1 tempex,stur♦ {h, 25°0. ) ♦. • 

R~sul t:S of thia pha$s of ol.U' ihV$sibigat:ton are $.unntta~lzed in 

T:uble :rt. 

F~om ~able lI it .:ts :a&$n that in;ttiu.l addition et h.fdtogeta. 

ehl:et-ide to th~ die.na t&v~s th• 1 .. i mod.~ ovEl~ the l .,4 mocia. 

·If a $ol.u.tion of the 112 isomeI• :ts allowed t .o r~•1n ln the 

presence of hydrogen ehle:ridt ov~~ a p:tiolonged; :p;e1P:tod ef ttmei 



!t 1ivill slowly :tsoma~:tze to the l.,;:f iSOitl{J)J!'• !'To ca.:r-t:J:fttl'.tf e<Jti• 

tl"olled quantitat:tve /:ltud:te$ 'Ne1le ~011.ducted. oa th:1'$ phase of' the 

problem since ow objective i.~$ merely th~ dete,i111a:!.nsi.tion of ~ht 

oou:rse of th<;> reaction, Ottr tb1d1n£s$ tagra,e. lawgely w1 th thos$ 

<Jt l~:t•aseh $fid his co ... ,v1o~ker$e, wbo studied tl1~ $1,Stem buti,• 

diene, .. i\3 ~d hycwog~n cn,lol'ide,. tither :found tru;i:t initial a!Ad$.• 

t:t,on re:sulte4 in a mixture of ao% 1, 2 arid 10, l.,t prodt.1et. On. . •. . ,· 

he'atlng the. 1,~ is-0me:r in the pre-.enee tJf h~o££$tt ohle:v:td• an:et 

1norga:n3:.e ¢.b.l.o:r:dde:$, it 'becrune conve:wt~ to a mixture or 1,,2 

~nd li4 iaoniera. Some of thei:r r0s1.1.l.ts a:t:~e ttt"ot:i;lt.tter/t tn fablt 

Ila for the l:ilake ef oomparieon.. 

thlde~ ouiv et$per\tmental proeetliu .. & no $eeQnd: mole~u:t~ ~t 

h.;rdl"ogen ¢blorictt W$$ t,bstriied to ~dd to the but~n$ chlo?1tdes· 

tom~ from the fn:t ti.al tii!,C"ld1t1 on pea¢ti-oti~ It mturt 'bq concluded 

that 1.n th~ abtt$tlCt of' 1>. lar&., exeea~ at hydt2og~n ohloridtl th& 

•e.oond molee.ttle ot hydi-·1:,€}~n ~l.or:Ld~ add$ m~eh m:ora $l.owly than 

the f:!,.:r,at, If tu:ir .t'urtb$;r 1 .. :e4t~t1on. wer~ to ta.'4.:e pl.iaee,, we would. 

a~1:Hit ! t to foll~vr the e.ou:r'f,tj 

Mt > f - f = CHz. 
Me. Cl Ma 

Mt. ) C - C < M(. 
Mt. I I Mc.. 

Cl Cl 

Mt) C-:: ~ - C:l-lz.CI 

Mc. M&. 

Mc. ) C - CH- C.Hz.C. 1 
M I t 

c, Cl Mc. 

:fut>the:r discuasion on the . q,ueation of l.11 v~ • . l,4 Etdait1ota. 

ts def.e:r~i"'ed until a lat®?• p•t• 
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1l1lte ustw.l metn~. to~ to-J.1t>w1ng th~ v~~te of addib:toi1 ·¢If 

h.yd.rogen ha.:t1des to uxu:.t~turs.ted h.ydl'ocn1,;boo:s is by tit;ration ot 

th6 unr,eaetcd. ~tirl with $.qttews bai~• Emtl1 1nve$t1gt-1tlens 'by­

ns indl cat$d that thJ.$ l)l:'Ocedt.we 'imtiltl 1:iot he ~J:Jpl:t cnble to 011,xt 

ottle o:f bycwogen c:bJ.orid♦ ts 2.~1m.etl:i:.ylblltadiene•l,.$ ;ta S•chl.oro~ 

2;~imethyltb:u.te.ne-1;. this. 1$ $. te1,tluy, Q$ v1ell til.$ all.;711~, 

chloride and i.s the1>.efor~ e,tpeeted. to be quit$ 1~eactiw• tt wa• 

:tndeed. founo, that the mb-ov~ butene :0blo1 .. i.de: h.y<:lttely-~a:d sle\vJ:y· 1~ 

n0,1t~$.l cold water; whar.ea.$ in o,llt s()iii.ium h;f(lronue11 solut:t◊~ 

at room t;;mpor~tttre the hyclrolyele was pra~t-ically 1nstat!ba11$ot1S• 

O'bvioui,ly-; anothel? me·th.od fOl." follew.iug the vate had to bG de• • 

Vi$ed . ., 

rate or· ou:r refXotion. The. f:i.1.,st pi;,ssibilitr.r v-1~$ to devise ··~ 

method tor fol.lowing tho rate of d.'l.s-a.p!)e~:rance of the dient. 

Mot~t uncntu:C'ated hydt?oG1u1hon,a nm.y he t:tt~e;ted qne.ntittttivel.y tn 

a 'bromin.e•b~on1:ate $yst~111 with 01" without tho use of catals,ets 

(t•e• merc~:te s~.1 ts)• Mans- inveetigat0J?$9
$. found tr1at eorlju.gat~ 

vised for- titrl!.ting d1eneS! with bron1ine quantitativ"'elj"':; but 

tht1$(l wGre effecrt:'!. ve only if the a,ttmple to 'bo 'titrated !lontained 



p:red.Ql':1i~ntly dieue. The t:tsu~.l 1ndttJ/1t~ial method p1"aetie~d t0:,. 

day :ro~ d~t:G;il"-tlt1n1ng qu.&11tl·t1~1tively the amount o:r diene 1>resent 

1:n a given san1pl.e :ta. baa·ed on ;l.rtfra..,.red speotrophoto~etrie ~eth<>dt• 

The appai~a tu.s needed f'or su.eh $.nJly-sits was not a:,:,taila:ble to Uiil• 

Vae 1nvest:tss.~d brief'lt the posa:ib1lity of f :ollowing tho 

,r,ate of disapp~~ranee of th:$ di~ne 'by ·ult$tf4~V1<!>le·t apeet:vo:seopie 

methods,: It w'·&.$ :round; hovmve?"; that t.he ttdd1ti~n compound 

form.eel from the dien• $nd • h~.ogen ohlo¥-idJb; e~1b1 tel1 ~n tt:L t)'tl~ 

'V'iolet ab.eorpti-on spee:trum ver,r $:ll$i.1lar to tha.t ot the ow1gln$.1 

diene~ Fu:rtthttl? WOl'k on devising ~ su1 table method f¢)r the quan,-. 

titative dete;!?l:ll1natton of d1er1et1t W$:S e.b~ndoned $J.1cl attftnt1on W$.S 

f'oetuled on the second Etl tern.ative, 

I:n$te,-d of :f'¢llowing the r'1t~ of ·ot1r reaet1on bY quantitative 

titriat:ton o:f' the d1ene, we 1n.1:1y. fol.low . it b,:v m:ae.:sur1.ng the r$.t6 

~t d1S$ppee.ranee c,f hydrogen ebl~ide, Tbe method to be devised 

bad to be appl1oa.ble to the: nor1;-,,e,q;u$0U~,,. •pvotie solvent a1stema, 

t:;$-ed in our rat~ studies. we t1rst :tnvestiga.ted the poasibilttr 

ef de~ermin,i'r1g ~eid concentration-$ by a method $im:il~ to the 
9b 

sptetroph.otomet:vie-tndieat6X' method. us$d bJ :tl)mair~ • Amo~ 

tht ~diea tors, tried "l1ere; metl1yl :eedl Ul♦th.yl <>r$.nge, bt-om.th~ol 

blue, th:,mol blue, $ctl.d b~o.".l'lcve1ol p@:pl&, The. ab$orpt:t on &peet~ 

ot these incO.ea tors :tu tfn~. vislblt l'1egt.on have been detem1ne4 

by :Brode10, and f'or c:onvetlitu.1ee a.re t$'.'bula t$!d in Table i:n:.: 

It VlaS f Olttld that none ·Of the above t).a1'.ltted 1ndl¢a. tOJli$ p:VQ• 

-.11ded a ay$teti1 suitable fol' o·u:r purpose,s~ In t~yints ~o c~lib~ate 



eoncent:t>t-i.tio11 of h~r~ogen ehioricie. vs. absol"'pt:ton ¢1:W,res, alQw 

d.ri.f'ts wit·h tilne ~nd othe,r · anomoli<b$ wore cibsel?ved wh~ne•-011 t-:v1;1.ees 

o:t' the tUene o;r· bt:t ten.:e ehlQ.l?!dt wet'e in. trotluced.. \'rfe eon~lud6d 

t..~t seiiEi eenipl(&Xing ~r V$~Ctiqn 1nuJrb have Q<)curred betwee.n. tb:J 

:l:nd:to~t-:i,:,:r a11d. the diene o-~ butene. ehlo~ld.(i)* Futithe:tT.tor~., :tt 

rii\.s tot\l\d cli.t."'f:tc1;1lt to ¢ontrol the tempe.!'afa1~~ evenly du:t"'i't:l,g thf 

$p,eotti~l ru1~l.y$.es oi~ to coz,rect f'◊P the:s:e tlu:etu.61.ulona, An 11lutJ+-­

~ilt:ton of ei1t- iudi~ator $t;ud:,r i.$ g.1;:1en in fabl.~s II.ta ~1d Irt\Ji: 

whel?e1n the ab<W~ m.er1.tlone.d difi'iouJ:t:tel'it a.i.~t i:le1non$t:rmti/Jd• Vie 

a:b$.n~loned 1110:t'ie det~lled inv""eS:tlg~t.ions on thi.s phaee of our Ertud.y, 

~oncludin,g ths. t ft s inipl.~ i'1.:idi ca to;-r t1fi.'bh¢d gave un:r<:e1ia'bl~ ~e:sul.t$. 

r~~it~pd,, . of ,An~Jr.s1;$: 

A su1 t .able method ro:xx following t .ha r ,ate of our re&◊tlon 

v,a'.$ f:tn~lllt' .&P1"ived $:t upon dl1:1<~ov~ring th:lt. it! the trl'b$~nee o!t 

a.pp1;,¢J<tlable m.m~:m:nts of wateJ' er o,th or hyd!"oxyl.ic solv.enta .• hydrQ-. 

gen chloride could be t1 trated quantitivtU.velt '"!th ti\ $'6~pcng ot¥• 
. . ; ' 

$~nie baee ( e.g. tl?ieth:rl ~t\'e) w1 t..½.out &TI:V fnt~:r,f$l'&.n~♦, tr• 

the buten• Ql1lo1~:tde. Thi$ ob$'e·:r.vllat1-o:n, i# not surpr:i.$tng i~ vie• 

<>i"- th~ fa¢te. tl"~t :1.11 o® SJ$t<am.$ of ~p~·oti(} $o1vents $ol,rol1Jie 

qf the bi;1t-ene chlo~id.e is nPt possible,, and that it l:uis be<tn, 

11>bs,e~ilect thi&it tt'1e , :in,.to of.' foI11~1ation or qUt.il.te~a~y. ,a•~n.tum sa.!b3 

is g~~'trtly tnflueneed by ·t.nf$ !oniaing powe~, ;i.e. di el$ ct):'1¢ 

emtstant and :tot.do strength,, of the taolv$nt 1110c11um1l.. D'le"Mfie 

$.(!)lu:bio11$ et the buten~ ehlo,tide.s and amine we:rie found to ~lield 

nitJe ~:r>:,filtS.lline deJ?ivat:ivee afte,?i a ~ lROl;W pe;r!Qd, howe>tte~. 
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aqt.1e-ous sy-s'tems this indies:tor is pale yellow in S '.~r(:n:iglj s.e:td 

:solutions, turn$ faint g~een at e. pH et app:J?oxi..nla tely 5 e,~d b$-.· 

ethe:ve an.o. £11 ... ottt~tle hydr:ioe.a1ihon$.1. the :1.ndicat◊r $.Ssmaea :S. dsrk 

brmvnish. pv::t1pl0 color in the ~sic l"'egion,~ Stec1: solutioiit 

et: o. srt by wt. of indicato1,, ~(!W~ inade up 1n mixtv.r~,$ of 20% 

:ml , of the sol vent be:111~ usoo i>aS the 1,,,eaetion medium (1. e ~ c,i th.er 

d:to:~ne, 1:ylene, or d:t ...,!l;-butyl ~th.ei-). Pive d:i:--ops o.f s. $uitable 
:'\· 

$.olution of the indicator wei ... e than ,added and tile sample was then 

to a s tanclardizo.cl end point , 

Stock solutioris of tr:tethyl. s.x;i1lne were t.u1de up to the approx.1• 
- ' 

~yle:ne , o~ d.i.n-bt1.tyl ether) ; and. stando.rdi4ii?d 1i1ga.ins_t ~ s·t$1.ndard. 

a,ol utio1l of. aqu$ous. hyd:i:•ogarr chlo:r,ide :1 us i ng brl:'Jlne:reaol g;tteen 

•• the ind.i ci,tov, These .stock solu:l:;iohf! w~re peF:1.od1.o~lly sampled 

a.rid re,.,etand.,a,i~d:tzect. It was f' ound tbe.t end points could be 

t;:lons wi tb. ln1ow11 concentr•at:ion,$ of diene , hycl:voe;en cl:u(l)r;ide, and 

bu.t.e-n,e clll.o:rides ,. When these solutions wer·e dilu.ted to the $rua~ 



<}(;>n,eentrat1onf as the G'EtlnPl~ls to be ti ~tt@d., the resulting: ~M 
p,o!nt w~s .f Gund to v~-.!tl s tabl~ ov~~ a p~:r1od of' tJeve:r.a,l ho:uri,h 

fl!l~ .. ~iet!u,c.l Qt . $tar.~1?lirrn: • r . . ._t . . q . t . I,- . . ,a, . ~ t- . . ~ -

'»<> :prevfnt ant p(;)$S1b1~ lea$: in hJdr-og<,n ehlQr'id~ b:y- va;p<m• 

1zat1on d~:Lng $~l!;}l.1,ng1 t~ r:Q.t~ studte, were ea~~:ted out 1»; 

ippa:vatu$ suitable tot- 11trunpling 1n the a.'bse:nc.Je of a1i-. (:Sef l:frig. 1) 

Wh$n a $8.tt1ple ,vas des:ttred,. • p:tp.atte ~!b~•tad. for total d~11vt'X'f 

~ . w~s attath.$d to the · $;pps.~-.tU:s :ana th.$ i')f4Lt1ttecl •~-unt ct ••Plt: 

was d:Leplae$<:l v1ith •a atz-eam -of nit11og·tln.. 'fl>.$ pip·jtttt1 WtAil then 

-w;ith@awn flrtd th~ ~~le flttshe4 into an e~l.enniaye~ flt:t$'.k w-l.th 

tht ¥a.pp.ro:p:riate s0:tvent~ 

so1u.t1ona for rate studies we1;;e 111~·epa~ed :tn the fol.lo\1t:ing 

me.nn~. .F~e$hlf di$tllle4 ~_,-$..id:1l':lethylbutad1en~•l.,3- 1vaJ Q$i'f""· 

.ful.11 weighed 1nt:o a ~ali'br1ated vo1~etric .fluk aont~i:111n.$ tl:ut 

de-t/J.ired. sol,v-ent.. The vo1um:et~1~ f'lasli was then !'1ll.ed ne•tw to 

the veq\tlted level am: w.me~:,ed in .a. t.ne•ostQ.t b$.th set to~ 

th;ij. r.eaetio.n temperatu~e.; Atte~ tho: tl~slt ~e.aehed e-qu.il1ba--1t1111. 

te111p~tat~.,e, the eo1-rt;~n\1 vreJJe fine.llf adj'ustmt t:Q the 1~eqid.~d 

~t'.V'e:l• soiut:t <.>l.'18 ot h.Jd~ogen <;b.lt>:1:>:tde W$:ee :prepaved 'by p$.(lst­

t1nl11d~t:,s hyct:rc,gen eblo,r!.de gs.$ in.to• tla$k eonte.1h!ns the 

• dtiai:fl~d $olvent. a.nd s~e>u:tided by art iol!t btttb.* suitable •~•ng~ 

~ente be ~ns nt$d$ to .s14f'<1gua.Jid the eon t•n ts or tl'le flask from 

:13!i~1;'bu~$. ~tthe aas was a:1spai .. t$.d l'.Qtt;> •~ tin♦ •tr•• bf ~:U.,GW!UJ! 

tt t<.> bu.bbio f(>ttth fl"'rnlil a • s:l.n~t-eci gl.,e.a pl.tilt~. Aft.et t~ 

appr¢1.."(lms.tclw- de$!1?0:d emoMt of hyd~og(!ln thlQrid$ was wtd,ghed in, 



the fl$.Slt w•$ stoppett>ed •and iu,n1erse¢1 1n$;o a the~.nostat hath 

~dju$ te<l to the rEtquired t$'mp:e~a t~e, When the .solution of' 

hyd:rogen ¢b.let-ide re:aei11ed th0 de;.:J!;;1ted ternpe~·atu:tY$, e.1.:tquot 

S$lt,ipl.e:a t11er~ taken and t;ttrated ~~:tntt at·sa.ndai-dilM)d $.oluti~n• 

<>t t~1eth,-l. 1J!.!nine in the $Uite;bl~ t$l'\ten.1f s.nd ae;.flh-tst aqrr.ieout 

so(ft1~ h1dro1dd~ E.to1u;t1on$, tt$ing l).)jot}UU"t·~•9l ~een .fl$ th$ ind.1• 

¢e,tor in both instainee,s.:. . l:'t VI$.$ to~ that th& m¢d.1iJ1"at~11 41• 
. ·:'. : 

lute •c1<'i eolut1ont requ1N:(1 fo1." ou:z,, ~s:t$' atud:te.11 eoua.d be atQo:>1~ 

ov~l? a period. 0i' W$eltS without -a~~ 1;pp:t><it<ll!$lbl•· oha~e, t ·n ~QJiten~ 

tra.tienJ nEJVf:1:tt'tnt1«sr$S, .1 t was ¢ur pps.,oti,ee to ttf.Je rr-~Shlt p11.,.. 

pStr•e4 hJ~og&.n ¢hlo,:,:td.e · i ·o1ution$ f.Q'lf ◊u.t? -:r,:at;e d~tenirtina.t.$on•• 

:l.amplos f el? rr1te $tu die$ wel'e pt1ep,$ired by :p1~•~tt1ng ?>~·· 

qulr$d ·· ~otm.ts of' d:l.ene and h~()~&n <ilil.ewicle, so1uti on'$ tnt0 thit 

ree;ttion V'e$t•l1 u:flting pirope.lI"1t ¢al1bre;t$d pipettes• Blanks 

QQnte.i.n1ng hydrog~n eblf.lJ.?id.~ and s<>ltent, wet'e run ove1: llli. p.er1Qtl 

()f' U$Verfll. hour$ under oond:1 t~:t.nt t!mtl.n:r to the one•• aetU1:tllt 

uiH'id 1n r~te determ.1nati®t,i : Wq appret\l\abl$ £1uetuati(!)t1s 1n 
-:~•:' 

Early runs were carried out under an atmosphere of nitrogen. 

Upon discovering thatoxygen had no effect on the reaction rate, 

subsequent runs were carried out in the presence of air. (See 

Part I, Section V-F.) 



t SAMPLE 
2 mm 3-WAY 

STOPCOCK~n------, 

: : ----- $ 24/40 
I I 
I I 
I I 

Figure 1 

Apparatus for Sampling in Absence of Air 



v. "m ~\TE M\t~)~fsq_FL.4.~USi;Jf pp; ATJD:I:1:Iq~r. (Jfl 1~.9'013~ Qf~:r:q~ 

'!1~ S.i;$~:Pf,l~~B1.f:1'A!?,~9~~~lti" 

, .. :tnt~tlduet:t.on 

the: ld:n~tl,<ls of the e:dcltt!on ft h,a~ogen ¢111er:l.dt t◊ t:ht 

cttene w~:r:$, $tud1~4 e:t $'111 @d $$'-'·a~ tn ~~ee ct1tfe);lent s-olv*nt•r 

dto8M; dt~n*'b'U.ti;'l $thi;t~- ed :xtf lt,n•• fh$Se tb.~e tol wmt·• 

wet1'ta ehdit:$.U tn <>1'd~~ to l.llt~y how the baiu:.e!tt at the x-sae.it~n 

mtdlurtt a,f:rt~~t~d the r•tJ/1 o:t f.tdditio,n,, fb:$ ba.si¢1ty ot tht t~•• 

$Pl -VE.ltlt$ r-Janget .troxn diQx«it~,. betni the hi.gh~l#it, t ,o ~rlent,, b!'JiMt 

1ng the 1owe'$t, All thPee h~v-<3 d:telee,tt1e eon.tirtlilnts apprqxlin:attlJ 

e,:,q_ual ( o•• il, tonsetuentl'S' ~ny $econaat-y :$()3"v(tnt. ef£eH'tt.$ due 

to d1elettr1~- Pl"Qpert1es should ¢an·e'el when eomp$r1,$.on$ be.t\YQ$t.l 

d:1:£te:r~11t sol-vent med1-. e:ve made, 

In all Qf eur st:u41es onl.1 th~ :tittt.$: ,c,Jt\ 'the tb1st m.o.le·oule 

,ot bJd~os«m eb.1.ot-idt to add to the at,nEJ 1vat det01J:tlimtn$d, 'lht 

ab.apt!> ot: ouw ldru~tie pt~t, lnd:1.~ated 'bhgt atte~ s.;n .a,ppr'eei•olt 

~oentrat:1<m of but~ne eh1Qride hs;ci built up a ve:ry $low secoa<t 

;e;:d.d:.tti ® ot hJdl:>eg~n eht,~tdt took p1ae&.~ ttm,•u~-'V$~;, the li"lil.t& ()f 

thie: tt$~etion w.te eons:ldevtablf $ll<>we::v ®d~t e,• ~l¢.perbnentU 

oonditi()tU1 than the pr1 imaPY,- r~act.!Qn betw~~ hftb-◊gen ehio~1d.'e 

•net dt~ne-. trnde1' our m·!ld '$XPGrim¢ntal con<U.tlt>ns no pol.~t,!ia .. 

tion l:)f the die11e W$S ever o.biu,:rwc1. 

'£hi• ()ojeetJ.vE'u~ of o~ rea.te stuxU.e$ •~• as fQllow,, SJ 

m$litS:urins vb.El: r .$.te Qf ~aacinton betwe$n h1d~ogen ehlo~tta.e •nd 

d1$nt at a given. tempet-e.t~e :ancl ove.r a vari$d ~otiQ13ntr•t•iton 



t"mng,e, we ~Xipe¢ted to d$u$~m1ne tne, otdt!)7f.'• t.tt the !!?ea<.,t;:ioh., BJ 

$tu.dying the effect of vln?ying th.$ 'ba.aicity of the ~eaet1• 

m:eaium and int:rorlucins V$.Pietus .tn.ori~tt1.¢ saltl as eataly-ft$, 

w~ h<l'ped to det~~-:ttia tb.e rcte:ehardat'it ot tbe 1~a~le>n• r:tnttllf 

w~ intend<1d mel;\:$iU.'ti~ th~ ~Ii off the reaeti® •t ~lovate~ tJm ... 

pertltur-e~ ~nd. thll$ dote:i."n1:tntne; the aetive.t:ton en.ePgf q.f th♦ 

tr·e:a¢trt o~:t< 

B. f~p,e, 1 ifn.;1,~~s;~ '· Rf';_t~ ~r.. !i;~~Q/~~ ?I . 
fhe r1~si:i :1lte,p tn a:nt1lJLlling ou~ rate,: d$.i!Ja wa,s, the d:~t~!M~ 

tton ot th::e :tniti.¢1 rate, ot reaot.1on 'be:t;weon hy~ogEJU eh.lo.rid~ 

:ea.ti.a W$;.s o'bt$:.ine4 1~ th.$ follow:Ln.g ~~el?J th¢t c6ti:~l))ntv,ation 

~t h~•omem,. eh.lo:ride in the re$.eti.o.n rllixtu.lJ~ wp m~~J:Jvi:"ed d:Ul'ffl$ 

a~bi tl'Je;r:, time in,1terv~l:tH 'b::,t plotting t~St· eo.n<)$rt.tt-~t:tonJ. igaih#t 

thle ,$ ~easotl{i'!;'bl:r $m.eoth CW?1'~ ¥~s 0:bte.ined and e~trsn,o.lid;~d 

ba¢.rk t.c, z.ero tt11~, A line ~~$ then dtawn tans~nt to the oon,.,. 

eent~ation r>f hydrogen el':l.lol"idt va., time e;u:t•v~ at the po:t~t 

<# ~$ro til.1:~ . iJ:114 $lQp~ of this line ,:rll)p~eirent$ th$ ird.tlnl.. 

;t1$ite,. 'J!h~ metllQd i.t.t :iJ.lustl."l;#A:bed in li"J!atur~ 2 :l,'e);i a r•ep:X-tlJetltttt!Vt 

Al..th,ougb the g1'ta.phieal m'C'th~ is subj.eat to a ce:vt"n 

t.U1iC>u:rtt of e~or, it. p;povid~s the timp:tei,t u.nd moat tiire~t metb.Qd 

tf obt$.in1ng: inttial rate$. Tht in:t tial ratei t1:JJe :hapo:rtant 

in debermin.11:is ~t least approximatel;1 the ord¢tx•· of the ~aat.Jti® 

~in® tt1eir Vt.\lue$ are tJtJ..cQinpl:1.~m.ted by an~ sub~:e,que.nt r¢aet1en, 

wb:teh nutt oceuJ,'t in the $f$t$m at lattv t;tmeth The initial ra·t• 



--

a lt1 ia tJ..10 in:1t1il s:p~¢1f$.() 1;'&te. ¢Qnfdt~t1t 

a. la, the itd.t!al c:011ctn:t1:~t:tnn ot 11'.Cl 

b 1i t..he initial. ecm.~'°ntra:tl◊ti. e>f the d:tent 

'nt $:ttd ·1t riep11eaent thtt orae~· ot tht rea.,c.t.1011. 111 th res.:,$~, 

t-0 hyib1ogen. chl.otid~ ~nd d:ltene W$t:rpeotiivel.:r, .. 

ln Table IV are taa'bulated tht 1ni tim.1 1~• tel ~.f . ta, nm11ber ot 
:t-ep~e,sen·ootlve runs a~ong with vtaltie$ of kf e.$.l~ul:ated on the . , ,, . . ,. 

basis ◊f m • 1, slat 2 find n • 1., From thEt t 'abul~ted ~e$.tilts 1t 

!.:$ appaz,etr.t thtd; the best q,greQm.ent .1s ◊bttltin:ed w:tth ~1e a~,~~1 .. 

:r:;.en~i observations 't1hen m :ts choSJen eqtta1 te 3/2 a11d n ·to 1. 

Wn1a lndicat;e$ th~t t the .early· part o:r (-',~ ld.J.letie c~\rt,1c$ may b• 

reptte$:~mwd. 'b;r the in.t¢;,tNi.tQd form-qf the equation. 

,A ' 
>( ---

olt 

whefi-fl ·.:tt F~li,,:t->esent1 tho cotttoent~,at:to:n of 'buten~1 -(;)r.J.o:vid$ "t • 

~1ven tim-e-, lt E4• (2.) we:ve tiµ de.sc:r;1J;1$ ii.deqt1at$lJ thtl l:'att ,ot 

re1ll.<t~ion b~bwt~n hy..lrogt.1.1 -0hlotiict• ~nd cUene, we would $,tpt¢t 

tilt plot. ot e·on~·• o:t h:ydt'og~n ohlQ~id,e va, t:mie to f.iPP~O:~¢:ll 

~~r◊ eone~nttta.·tion ~•ym;ptot.1t·a1ly. . F:1a,. ~ show'$ that th1$ :ts 



llUi--i 
No. Solvent 

l 
2 
'.5 
4 
5 

ll 
1.2 
1$ 
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16 
1<? 

21 
22 
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hA ~ ·'iii 
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D'1,Q-Ut 
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nu Ethet" 
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not tl)o c•$f.>•# :!~deed) thf.i shape of tho et:i.~ve dep1eted in l .lfh $ ., 

would 1ndie-.tti:l that t.1·11~ reQeti o:n b~twf;)~:n h~~ogett . d'll0l'1dfll ~11<! 

d:ten• 1# $. revors1l.>le ·one a1ip)Joltehing ~quili'brium. trnfo:r-tunatiely, 

th1s 1t not.: quit~ tru:e ei the.:r" f$-c tr:u.e oquilib~:tU;U;t is nevt:t 

tltt•b;U.she'd 'betwett1 the cl!en~. -,t1d hydrPge11 ehlol"•id:e <>n aooou.n:ti . 

t>f' the $1.ow $;Go~nd ttddi t:ton 0-t h~o~~tl. c;h1•rtd~ te th:e bttttnt 

~l:u.Q~3.ci.e fo~med £rota the £:t:t?at 11dtl!t1otb !he dotted .lifi$ 1.n.· 

Fit• 2 d.epiota the eht(pa expeet~d. . 'far t3;1'ue e€lu1lib.:r"1uni. Oons•• 

qutntly-1 a~ottl1f;l~ dete·r·r:id.natd.~ t:.>t ,an "equ:tl1'bri•tt <1()n¢fntJ.il~ 

tion could neve'.t' . b0 .aooieved ~xpet~itnente.11:,. Neve~th:elo•s, ~ · 

eo~se (lf the teo:~t1on betw$en hydrogen ehl.o~id:e and cU.an♦ ts 

best d.~scr1bed by tlle :e1:1ue;tJ.~ 

• )"'z ) ~ =- t\. (HC.f (i)ierat - }\._ X 
"'t 

• IL - "• ~- -
" I, 

wheff -~ - it the rate of the ~e1\te:w$e t-~e.eti◊n and le is tht $q;u1•-

• l.1'britm~ ¢onst•nt• ot the ~ov.ierr·$1ble ~eae.t::t¢ti 

\'11' ;E3b,a1l $how below how $ppP<1>Xil.'ilttt$ valuei Qf It zmtf hEI ◊'trt•irui« 

anal:ytioall:t• 



c. 
Eq. (3 } ma'j be revn"i tton :i:.n tho form 

al .. ,.,_ '/z. IT: "• (a.-x) (b-x) - ka. (a.-x) X 

= I\, ( a.- x) 'la [<a.-x) (1,,-x) - ,,( X] 

the in1t1:sll eono~ntit.at:ton of dlene ; e.nd the 0 t h.el" e~bol.,i l1rtve 

their prev1ou!$ly- g1tre.h signi.fican.ce. Makh1g tbe substi tuti011 

I [ • I ] f' : i. a. + kt + K - )(. 

-• ( 4) is eonvQ:vted into ·the f ollowins equation of pa11tial 

~ ·actions . 

·opon 1ntegr$tion :Sq. (5) yield$ to·u:r !)Os$1ble solu'biotra subject 

t o the eonditions 

j (o..--r) > o 



' ' 

) 

• 
) 

:Seth OQa'l-d1 t ion$ t Go ) .and. ( 6d.) ve:qt11J?~ thra t >'-/ 2.. ( o • whi cl:l pm 

·nev-ev 'be J?eali~ed i n our O(l.Se; Ce>nd.1 tion (e,.a) '.lr:'eq,ttires th'1t 

(o.-b) > (>< + K·') ; whe)!leas condition (6b.) reqtt i~e• th$;t (o.•b)(~+K·') • 

Aotu,$1.lly, only condit:ten (6b) !s eve'.t'i s·atisfled brf the systems 

unde:r stud~tJ and thi$ l$&d s to th:e !ntegr$t'hed. rat.e equation 

a. [¾ _, ~ _, ~1 
I\,)(. t = Jc--o. ...... J ~ - ~ J~ 

+ 
&..'303 

lo..- r 

Eq1' (7) httts been used to Qa.le.ula_ t ~ the fo-rwa.rd s :peei.tic rate 

constt.\nt, k)., :for $ . nunl'ber of r ·epPese:nta.t1ve runs and the r~su.tt1 

are t~bulated in T'flbl.e v.. It is seJ~.n that ag:recement in the 1,·&.te 



$tant .fol' -the !'¢aet1on. Values of K Q'ould not be ctete:rra1:ned 

tllrectly on account of the slow adt'iition of the se cond molecule 

or hydt~ogen chloride t o the butene ohlo:r•i.des• no,~ever, 1"'¢-~son.-

0.bly good m"dei"ia of l11:agni tnde maj;- be &ss.i a;ne~ to K on the be.s111 
- -

contrilmt:Lons :.:i:r-1.s'.lng fI•01ri the lo.f_;;a:;"i tl,..mlc functi on" Tlius ;c 1!li'f 

-- - - -_ [.ro:=x +.r.::i, ~ -.ro:=-e...J 
plot the .ft:i;nction ½,o Jo.,-"; - Jo..-r -~ +/ o.-f against titnt 

f'o:r ~ea d.iffe1 .. ent values. o:f! i. !t is seen that the valu• 

nearest to tb.e t :rul'l½ val1.tt ~,i Vil$ ~ atrt.i:1ght lin~ plot vtith a slopG 

e-qu.a1 w l\,){fQ.•¥-,·303 • Values ot K differing appreolably f;Li'om 

the tI>tlE'# on.e do not yield strf}.1.,ght 11t1e plote . If the plot Q£ 

Eq • {7 ) with the oor~e c;t value 0£ K ls ca:rri ed out f ot? 1.<;.,ng tblt 

lntet'valn, dev:l,e: tions fr·om the straight l1n$ will occul.'l $.ft$~ • 

:su1tabl€t length of t .ime .. these c.t~v:tntior11 oootw at the point 

whet-e the ~ate of «a.ddit:t.0:n ot the aeeond mole¢ule of hyd:eogtn 

chl-o~ide 'r)e¢01nes ~11p1:•e ctbable. 

In ~ll ciu1es we 111.lve chosen those values 0£ K which yield. 

the most (.)Ons:l$t'ln.t a,gt-e-ement 1:n the ~!L 'tr$.lt 1es and conform tv':t'th. 

t11e tfb6trl$ e.ri tej(Jion 0:t y1.elding .s tl"'aie,ht 11ne· }?'lots. Hovaeve!'t 

the tabulated VQlties ot lt should o.nly be ccm.side1.,.ed a'$ appro:idlnf.lt-e 



artd mft.vely ind.i ea te orde:t-a ot ~n1 tud4'·• tn Table Vl we he/fe 

stmtttr~rized. tht!! avera.ge· vJlU.$8 o:f" kt al.on€! w:t th. the valu.ee of th• 

$th.er re. ue et'>natttnta rott the rep11e,entat1v$ run:s l1$ted in tht 

pr©vicn.ts t-able, Flltetu.atl(!)ll$ !n the averag$ v~lu.ei ot k1,. ft>'I 

diffel?ent runs is l" '$.l'.1c.tom and well vll. thin the ex;pE¢timerttc.1 E)tro:r. 

Ag:e$eme,nt with th~ g:r&1.ph:t ¢ally d~termined. in:ttial f or"•twd ra. ti 

·e'-"nstants, .tt• i@ $\11'1)tritd.~lr goot. 



we.m:p, 2-$0 

3 ol v .• Di o:,tmne 

Ti?o:e 
in nrit. 

Temp,♦ ~ :f> 
Sol'v. '.Dioxs.n~ 

Ti me 1n 

·R't:m. No. 4. 

•~. # 0~$11 . lf;l:i -l , 
b • 0.521' mi-1 

Run W.o-,. e 
a # tt, El® lllf,~1 
b # o,.~50 T:it!ilil 
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a) $ ♦ I-IO.! • $H♦ -♦ 0-:J.'."'° 

b ) :0 f H"?l ·• DE'.,. ♦ CJ}' ' 

0 ·) D ♦ stt• • DR'°' ♦ $ 

$hould not "be coutused with tho .ooncept et earbonimn ion$.. we 

the .:::letrlbut:ton of :p.ro-t.0.n in a system ¢.o:.np:r:I.sed of t hree b'as:1.¢ 

co:nsti tu:ents; ·the sol vent molecules, the diene 111:olec.ml~s ~ and 

cbJ.or:td.e dissolved :i.n sol"v~nts such s.s d:'i.oxa:ne o.t1d X"rlene fo!"l:n$ . ... 

e. 1110110 .... d1$perso systomt al though, the w.lidi ty of such an as:.aUlt1P• 

t:1011 doe-s not directly affec··~ ou~ e:o-ncluaions. 

The res.ct:i.on between a nwlecille of' hydl'ogen chloride r;u1:d s. 



:t) !I-Cl + D ---+ BuOl 

11,) !!Cl ♦ na• __,. BU01 ♦ ·~ 

111) 01~ • rm•'__,, BUOl 

WhEire' Buol aenot-(fS the buten~ ehl.o:r-ide .foI1med b;r adding ont 

molt.leu'.te- of hfi:b?oeon eJ,,l,Q~id'Q to the d.iene . Ar,1ong the ~be'iJ'e 

~1$ted po$s:tbi'llties we ha.iv~ inelud:ed only thGse sttps whibt1 p-i--<> ... 

eee(l. by a un;:t or bl•moJeeul~ m:e-ehe.n!Enth Other possible st1p1. 

p~$eeed:tng vi~ hight~ m;olee·ulat> m~ehan:1.ants weuld. ooew with a 

much sme.l.le:r probab11:t ty tha:n the abe-ve ttenti.oned and w.¢>ul<l re• 

quire 1?ate orders higher than the one obaer"ited e~perlmentally• 

It Eq. (i) wecre to desc:rib$ tl:1e tne·dhan!sm of c;ur obtH:¼l"''Ved 

~eaction,. the rs.he would be p:vopol:"tional to the f':tttat power of 

both the hydrogen cl:1.loride and d1ene eonoenti~e.ti cmJ th.is is e<>tl• 

~l'tU"';f to our ohae;rivatidtlS• It will be ehown that :tf Eq. (iv) 

,vere the eor:r,eQt meehe:ntsin~ the Qbse!>ved ~$te Y1ould be pro:pot"tlon~ 

al. to the one-half' powe~ ot the U01 eorteen:tra ti 011. Oont;J~que:nt1y1 

:t t :rell'ta.1n$ to d:t~ti~,,guish b~tive~n .(11) and (ii$.) as possible 

meehan:t. sm/PJ i'o;r our obsoz,,-ved ree.cti<>n. 

W$ p'.l?ooeed to eata'blish the aQrr-eet mechanism by evaluating 

tb.e eoncentl?at:tons of t he varioo.:s species in the seheme of equ!; ... 

1:tb~:t,a, $.), b)f and o). Wt !. denote the initial eonoentratiQn 

o:f hydrogen ehlot1ide ta:nd b,_ denot(:) the in.1 ti~l e~ncent:va. tion 0:f 
. •~ · • . 



dien~l then let ~ 'be the a.mount et hyd.:rog$11 chloride d!tuto¢d.ate4 

in stsp a) au,d t, be the JJltnoUnt d:t ssot;ifJ;bed. in step b) • and .f tnallJ 

let ! be the ~oumt ot '.[)l7-0t<mated di$ne :teffl~d :tn $tep q) • lVh~n 

equ1librlU$1 1$ es.tabli.shed we have th~ toi.l(inving ooneentratlQn of 

t:r>~~!e:11 p:t"aseut,, , 

[lIQ~ : e. ·~ X ~• y 

iH~ • : .Jt. • z 
&] .-b~· '/t•S: 

(»t~ • 'I to' f 

~1j • 'lt' t 1 .. 

- · ·-

{"""' ~J . {.a +.f) 
( Q"!'~•Yl ($ f ~·-

t, + z) {x • r) 
( a.-x.-:v l • (h•~•$ 1 • 

tr + z) (a) 

(:it • ·•~) (b .. 7 .... z ) 



unk:11owns; howeve~, only t,-ro of the equat:tons az•e lndtipendtlnt 

e:tnoe ri'bv:tousJ.y ~I!• • Ke• Nevei"thele:$$., •.ve 1w.ar $ol;v$ th:e 1:1et 

~e.p:??esei'1ts the wuount of h:rdw◊g~n ellle,1~idj diss-o-e:tated t.ht-ough 

eom.pl.~x:ing w:.t th the $olvent mol.eeule:e vihil.~ % tiep1•~s&nt$ th(\) 

a:l'ilOUllt diasio.c:1$.tOd th1"dugh 40mpl$ltlng wtth ·distHt l1!10leeules; and 

$':1.n.ce solvent mo1eou1$$ in Q~ systl$~ a:i?e pl?etent in large 

eoteess ove:r diene raoleeule$,. the fcyl?-$s;otng i ,$::tutil!rttton is ·:ii :r,eatdlt• 

ably valid one. .An thus :we ~:t>t'lve at the 1rolution$; 

X -- --

--

wh$1:1e W() assume the eoncentr·&J;;ion of the ,gal.vent to be eonetfi\,nt♦. 

Upon $u'b$tituti.ng the abo'V$ ttolut:t~ne into. Eqs • . (J1) $-'nd 

{ li1 l of page 36• 1ve f:tnd for Eq,: Ci :tl • 



It :ts e1.as,$.ly· .se~n that, tCJ-r f:tv) the Pate wmt1d b~ p-ro:polti'ti.~ll$.l 

to [1:1ca.J._~ a$ 111.entlon~d p1:1&vtou$lW-., 

r:fhe above ~1'lal:rsts 1ndi.eiate$ that Eq• (::t:t) is the one whieh 

d¢Sc1Jihes 0.0:r:-l?¢otlr the ob$-0lt'\ted t~te ordet' of the forwi\~d lt'&-;ii 

aetionll ¢0.nseguent'ly w$ •w drb~iet the rne ob.anian of r ·eaetion be.,., 

t ·ween one :moi~ e1J;.le ot h~oge.r1 ¢h.1t>r!de e:na. dient in th~ f oll.:ow--. 

1~ mann~l?; 

G5H1 Q ♦ rm,♦ 

~ ·.eH1o•I~ • t n01. 

where ·:s is a base, :au.eh af chlo~ide 1¢-n or sol.vEmt moleeulef 

and is a.ecm~ct:tn-gl.y charged or n,f;iutrttl. In. this sob.em$ th• 

-ee,eond st.E·rn is rtate det@rnd.11:tng,. 

AeeQl;ldtng to ot1):? postulatod 1".1aehani~m, the forward :r·ee.etlon 

between one moloeulA!i of: .hj drogen ehlo;tti de a1t<l d:tene in aprotte 

:~olv:~ra:t:$ proc·eed.s by- a rapid cotnple:xing reaction betwe-1>n a diene 

mo!eeul·e and a proton,; followed by- a $low attack on the preto~'f;ed. 

dtene by a hyr.irog~n ehlor:1d() moleeule~ Th.is mo()t~sm is aom.,:lw·h:at 



•l)s.;ltgcu1, t<> the onts p~ej(l)s<¼d t<>r the ree.et:ton b~ltween 1:1raw~g~ 

ohlo:r:tde ~net oletins by !i1!$.y() and by 1-Ienn10114; howeite~, the orde~ 

tt etW obse;L?ited 1~eaet:ton doe1tt not $.gl;"'ee w1 th th$ on.e pro1:,.o•s~ti 

bf these investlgiato:t:>f.3• 

the eono$pt of terming a pl'oton....aou'bl~ bond cornple:it ta$ th$ 

re-..ctivo apeeies in hydPogtn. halide s.d<ll1t1ons to unsatuiNated 

bywoca:r1bons did n0:t originate with u.s. s:tm:tlal'.' schemes hav♦ 

been prop-0ai:ed by othe:t? worke1:-s; 0:xs.mple~1 m~.y 'be f'o~d &m;ollg the 
, . ;;_, i:, . ~ ,..lib 

t1.o:P1~$ o.:i.. ~•ra.e~ • •· 

The 11.tHlCb.$.niant p11opo.sed by us seems a vational one tori tho 

sy•sitern u,nde~ $-httdJ• The ad<Uti<:>n of ~d~og:en halidea to u,n.­

s:att;i..ral~:ed h~woca~bon:s in solutions ◊f aiproti¢ aolvent:s is n$t 

al t.pg$the:r d1f:fex,ent :b1 behav1.or fl"om su.oh reaetiont aa the ae1:d 

eate.!l.,rte-d nrdra t1 on of une,ia tm.,a te.Q: hydro car'be11s in ,f1,a. t$!JJ ii In 

tilt ay$tei.ns i:w.d'$:v etudy the h.yd11egen ehlowide ia, p:res<)nt, largely 

~B the u.ndiasoe1$;ted tnolEJeula:~ spe13i~a. This f e.et :ts indicated 

by the condu.etoi.n,etl'ii c $tw!f.ers of Ra:rned1$ on 1t11xtut-e~ of ws. te~ 

an(l c,to~a.rre. In this r<fhlJYect the sy$tem.e undev $tud:y- resemble an 

'1.qu.eous &eidie system, wl:i.e~ the W$.ter molecule eon¢e'J.1t:ti$.ti0n 

ts eonstderablt greater than the hyd:eo~:vl i0n c:cm,eentrfii.tt®.; 1 t 

1$ tht w11ter molecule !ll;n,d not the hyd:PoJtyl ion, which adds to th~ 

;r,3."tto:nated hyci~oea:rbon dm?ing h.y-;1:e~tion. Cons~quently it is net 

~t all $Wpr1aing tha-t in ou.r 4'!yste:m it is the t.,Elllat1v$l.J ~'b~ant 

h:7dl?ogen eh1ot1de molecule wh1eh $;dd.$ and not the c:hlorid$ 1onj 

We mu.st eonol.ude that the fo:rwiu•d. reaetion 'bet"l1een one moleeu;);f 

et eydrogen ehlQ~1<le f!lnd diene 1s pvedominan,tly. a s linple aetd 



cnts:lJlited e..dd.1tion :r.•e,aetion, ver-.r s:tw.i.lar in natui"'e to the ae!d: 

e~/t~l:y,sed h1dr~ti<>tt cf' unss.tm:-ated hyc:~o-qa.rb'0,n&; the st--xi1king 

d:t..ffer-eneil b~t"1V$~n the tw:o whi◊h $houl.d bo ltept in mind is thtt 

f:e:<ft thnt whel"e~s. in a.p~ot:ie solvents the conel:ntrmtion Qt B\ltih 

.sp·ee!os tis pl?otcH,'wted d:Len0s may b$ appl."eciab:t~, thei~ GO'n.Qtn""' 

~atian tn a,q;l;);eous sy~i"~em$ should be of !l. much lowe~ ovdar. of 

bla~tud~. 

•Ou~ discuss:!. on of the reve:l:'S-t1 t•oaetio.n :ts limited to r.a.-Ql"f> 

011 less $.upo1,;fieial oonsidei~ntions since- ita charraete:r!$t.1e• have 

'b<;e-n b1fe1"'red inc1i:r•ectly f'~om the t-ate data fol? the torwc.ie«a 

.ef tha r .everie speeific rate const$.:ntc, ~ 1, wo1~e aI•hitreJ:-:y to -a 

.et~tilin extent, limit<ad b-y the s-Elnait1v1t:r of O'.U:l' analytio 

me~hod• lfl!)Vo,~thal$es,- t he behavior o-f this :t>eaet:J.on 1r1a;r b~ 

in:fiBJ!red ft,o.m sou1e g$'ne!>al Qtrn:aidel.'at:tons $o"nd obsez,vation-th 

tt ~~:ft.1tn$ reaaonabl·e, to asaunie: t~t the pr5.ne.ipal pa.~-t a£ 

ishtI initial ad.dition roaet;f.on product is the ~eb.lo:ro ist>mer; •~ 

sP...al:t di$¢Uss the r.eve:Vs$ reaot.:1-Qn with ~eapect, to t b:1s -e~ni.,1;>:0ttnti, 

•1tho:ugh the a;rgtll,¥1~1:it s:ppl:les equally t.:el1 to the l•oh..t<>ro i$e.• 

~ -,. with the £1:llowanee that tb:e latte~ :ta son1@what less reaot1vt 

than the:> t'orme:t>. FZ>om the sti,uetl1~0 of the 3•eh1o-ro compound 

1t lt,s ea.8il1 seen that the cblor.:tde :ton should be' quite l&tbile 

01 

' OH3- 1: - i = Ol!g 

OH3 ,O:H:5 



.. ,12,~ 
. ' ' • 

sine¢ '.'Lt 1.s not oruy te1~tle.r:v but ltltlQ tl1y11e·. 11111.l~ f'a$t. WS.$ 

ooset•vecl by us 0~)-E1l?L'tl,OP.'.tall.:i,; in $.lc0'.h~l1c S:~ltrbion the ¢.Oli'l• 

potu,1d yields $.'In :ltilmetl.;lt},te pr'e{Zipitt"ltf? wit.h ~ilve:r nitrat~:, vih1l:• 

i:r.i aqueous solt1tion$ at x,,oom tentpora. two bioth !soms:ra hfd:Wolyst 

readily to th~ t<;\lrt:tttr:r al eohol~ tn hal.$.de react1v1 ty,. 1 t sEr~•·· 

to \.'Q!J· that this .ohlQ;i..,ide $hould h01"ii.e •$i1 Ctctivity equ11 t .$ or· 

wreater t han that of -te3;1·ti~y butyl b1.4omld<h 

Uugb.ee., I'ngold, Etnd th~il't eo ..... woritars h~ve ma:$ in ez'b~nsiv.e 

.st.u.d1r of the me ehanit.mi of olof:in f o;l;'fmm:b11a!>1t :f1J®t1 ·alkyl hti:l!de$14 • 

Al·tl10ugh the-1~ stndie,s did not :tnclutle ap,1"'otie, solv.enti, th.ei3? 

-¢0.n<;;lUS:i13n,s l'l;1ay b$ extri;lpolatetl to $:Uth ~y$t.ema., The f:l.nt.11~,.gf 

Qf t he eb,,,v~ v-1ork e3,:,,:3. on rr1oleoules oonts.i:rntng r.:eaet!ve halides, 

,e.,g. ter·t1tl1lf but;rl ehloVid~ an,d b1:o..11ide; 1no.ieate th~t t:hes-0 

totapoup;d:s t~nd to unc.lerg◊ pi,.il1w.ril;1 tmimole eulti:v el ini:ina.tion 

t'•(i$.'.1tioi:"..$i the rate de·l:;~:rr'!1..irt1:~ et,ep being a s :ti'l!)le ioniz~tion 

r/Jt tht }mlid$,;: S.n s:rst~r:u;3 not eontP.lnipg ~ la~g~. exc.etH1 of b$i:l.e 

ot . th~ ion:ti:tng powe11 of the reaction l!lied.ixm. om) ,.rwn ob~1H.n-'V'-.• 

t:iions nn th(;} 'btitm:1e chlorides fotmod. du:ri1¼ the c<>uirs~ of tb:e 

: (l;ad1Jiion :r0aotion t'it in woll with the ab<.>,te canciua1en$ t>t 

thl B~·1ti$h gt1oqp a$ elaho:r~V:t®d ltpon h1 the I~ore ~e0~nt work C>t 

' s-v,~tn,l+4(t. Ili a solution of 'pttN:l dio~.Q.llf'J 1a.. m:t:z:ture of the but:(ln,~ 

, ~~j.:o:,id;~$ cleveloped no or>servable aeidi ty ovor, s. prol.oogfJd pet?!c,d 



up:clei\e;o an elJ.n1:!..r,1,s.tlon ::cea.(}tiqn to t:' 01:-t11 d1.('H1(;) a.1'-'l.d hy•il:ogen 

ab.1◊J:♦'l,d$• rih:ts i s to h e oxpectod s:l.nce ~prot:ti.o solvents $UClt 

1nt1lodu.oing h;1cu,,ogon ctuo:i?:tde into t h~ sy$be:::i't,; h◊WG'tr$:t'; not ◊til.J 

ls i te l om.zins powoi'l :tm . .p:r,ove.d; but the poss1bi1it:,r ot hyd1to.g~tt .. 

be· t$rm0.d cJf t kl.{~ E1, tYJ;1e, cn-o sho1..1.:Ld r eeognt iz-e t .h$ :faet t b2:1, t the 

'.t)iroton l$ ins·c~tm:tontal fn the 1~()actic.nt ~nd thtlt :1:t 1s a prQ~ 

't:<>.natect cllloj;>i;:-::te eonrple1r which undergoes the 0unimo1,e,cul~11• 

ei:!n1:t.n~ti◊th li.1 this .t'a.$h:t.on t.11e te\"lttib101og1<n:l' -l\ ~rid -~ be<lotr1• 

s -01n1H1Jhs.t ~bitria:ry. An :m2 :reaetlon stl"!otly z,equirce·{f a h;t_ ... 

llilDl~cul~r ¢cill1$ion followed by elim.in~tlon~ In o~~ filB:~$e, tb~ 

' ,t: A . •• t'· ·- 1, ; .... ' ,,4 :u ..... tf A _· Ji, ,c¼, ' ' ' .If' ' ..,,.,,,, .i:.,, ~ ,' ""' l ' ' i th""t ·1· · ' t>I"'-' ~Ql.:ui oa $. Y~~liil; ~ . u.J.,1,:,1.: e:i.~e .Ll"i,;ilt'!, 4J;.'US, Ch~- 'lf ).1 ·., ·'!!'-·'' $. ·._ i;>Ol!lll,;;, 

~ol~¢ti1®.~ C(?t.!lpla~ il.ll flr$t to~m,ed by OhloridE} $.:rid Ji>:l?Oten $.nQ. 

~1:ts· eorJpl.ex. then uucte:J?go~$ ·et ":unimolecultawt• el.itni.tia:t1Gn :w,,. 

A¢ti·Pn• S:w$1nt~ opinions on th~ subj:ect a1"0 quite -eimil.aw. 

·J:n e0r1cli1s:ton :i·t m~srt be stated that the r,a,qelninisms developed. 

•in- this seetien are m-<-'liatit t ,o ~pp :;ty $tr·ict:t.?;" only to e1stel:11e 

ane.l.ogou.f to t .be ones i nvestigated by UJH lt i s quite C(tnce:tv• 

j.b:l,o th.at; as the nBvbti.t>e of t he reaction ayatem is ehe.11ged th.e 

$-ptcifio. mfit.¢ba.ti.ism may a1so changfil', 
• ~•. 



nr~n.$·t-ed Tl1eot•y o:f' retu:rt:ton :;,:-o:~eth l\ott the s,rst$'m lmde:t) inve:st.:t .. 

ga.tie-n, the theo!'y gives the following ~~lat:ton for th~ spseitic 

:vate ◊onatant of t.-¼.~ forw~1:d 1~eact:i:.on.1 

k = 
' 

Wh$:ve k! ls th~ fp¢eitic :;_,;a ta et.?nstttnt :r. o!t' the f or-wa3;.d 1".e-a.~tioti 

in ·$00.te ehca~ et:wnd~1>:d .state t.'l.nd 'th(t o(. t ,s denote the ~ eti vi tS7' 

-j-eettteient,s of th-e rea-a.eti:ng speeies defined w:tth t•ea:1:;eot to 

·th~ s~:e: e t~ndud $$~tti o< {o. ie t he actl vi t;y- coeffi eit$11t of the 

aet1'1at:id oom.ple~ formed clu:P1ng the r~nction between the px,o~­

t~ted cktianj moleot-1li$i and the hydro.gen e:hlct1Jide moleeule . fhe 

ttr-uett;w-G ot the ·¢0mple~ 1e~d1ng to l;,2 $.ddi tion 1$ ~Obflbl~ 

i1t th$ tQ);::U):vd.~ t,iture: 

,/ 
p 

. =~--~ t" r;-___ :: 
, ' ~ 

' Cf " 
/\ 

~-hv,rt•l S d$ota$ pe1rtial e~:rge and n is e1 the11 a solve.n:b ~oleeu+EI 

c:t~ .a ¢:hl(l)l'1de :ton and $$ acQord1ngly el·tl-1$ir nout11e.l ox• negs.ti ,rely 

-~~i~. Ths, atr-uet~f, of the (;,;m1ple~ leading to l~.4•t>.:ddi t:ton 1$ 

· '!'~ObablJ analogeu;i i we sl~ll elabQ:t"a t<a on this question in a 

t!l\t~?J t?~t~ 

-~ x,i1obl$1n lllOW ts to det~?'lmine what e:B.f~ct the solvent 

ntt1d.iwia has on the value a. of the activity coeff :t..e1$-.nts ap:pesrb)g 



h-(>W t h e- aotivlty coeffl◊i~nt of e tto1v.:he s-pe<:,-iee is- 1-:>ela.t cd 't:¢1 

4~'.1,..,,0 '11-ole cnJ• a 1-~ 't)'l"l -o ~r1e":'l'i''" i!1 ""-~ - 6"" J,\'14 ,:, __ , .r:--1· .. .,,.,,,.,.,._ .• -r_~_-• v :.t. ;. .1 ,t , ~ ,. :.., .,,,. _ ~ - .,. J;..-- · t •..,. t).., _ "',;J' 1,_, ·,. J. ~JJ,.i,,'\,;.l t::;,; ;;-..., V~.Ll -

solute specie$ wit11. resp-e ct to tl.1:e lnti rd tlSlly di.lute soluti o-n) 

1.0. i t h~ s.ct.;tv1 ty coof't'ic:tent a.pvZ>oa<:hez tm..tty f/a. "s:J t b.e eon.oen.-­

t,:,ation o;t the spec:tei ·$.PJ;>l"ooches ZEi~c>. Then roughly $p&ak:iili 

the a.e·t:tvlty coeffic1$i1'b oi' a spe cies 111 a e;iven 1ued'itu.rt is tn• 

ve:r.•.ael1· pr•op,~rtion.s.l to !ts $olub1:titJ ln t hZ-l.t mad1m;i_, It wi:U 

of the solute speci($t$ rs uni ·fiy• Afil th$ mnotuit of ot'"d:$t' incre~•e~ 

in; 'bh~ so.lilt ion, devia.ti◊ns fr(){n :tdl!la1;t t ·y !ncre:.ase and the activ• 

i ty oe$t'i'ioietit of the aol.iit~ species be¢c>me$ di.ffe1",-en:1; f1401n 

unity or greater am:ounts; !t i -s to be oxpe cted th,a t i t1 -$oltrt1one. 

<>t d:tlut~ mid m:odere,te eono,$n t ratlons, deV'i1:ttions fJ.., 0111 i cle$tl1'1:,~ 

Will be n $f~l;tbive lead:lng ·bo activ:1/iiy co~f'fie:'ient. v~lut3$ le$-i 

than unity• Fu.t"thermo!:"e, by f.l-PPl:ring Bj ~rlJurt 1 $ a.isoei ~ ted. 

C®rl}?le.x tiheolJy to our system, we would e1cp0 ct q1.te.li ·ta ti vely thgt 

o~e1Jin.g in t he 3-olution du-e to s olitt-e• ao.lveu·t interactiQn will 

1.,eSW.. to itroa.·t€:t: negs:t:lve deviation$ th~1'i 01,.dering dtte to solute~ 

s,ol,,t.tte intex~ac-t:ton~ 

Of' ... 



eneftieient or hrd.~t>ge:n -Chl()~1ett.. !ht ~ee selv~nts us~cl 1n 

ou~ rate studies range in o?dtr oi' btiuiJieity f'~ora dioxane to 

d:t.--a~b~~Y.l t;ttht» ,.o x:r1•n•• ·ni •on• ot .bhee• 101:v~nt• do wt 

~xpeet tht ~v-&:reyg•n Qhl,-erid~ mQ.lt¢u1~s to be e:one;taerao1t die• 

s0:eiatedJ b.ow$ve~,., th-e mo~, hl\:$1.~ the . s*lVfJnt the greate~ tl'i:e 

•~t Q,f so:l'1.,a1d.cn w:1~ch •~etlX'#• !J?h!A' so1vat1en $hQuld tak$. 

pl,;t\tit .latttifl.y tltitough h~ogen b<>tid~~ the llmount et 01-det 

;pe$.:lized -in thf)' solut1.o~• and ,eonst~ently th't, •1¢unt et <l$V!.a-i­

t1.~ij ft~ id~~tifiy, ~hotild b·t' d1~eetly pri(l)pqrt1o:nal to th$ ,~oun:t 

Qf' fPl'Vo.t,ion; :t.~,. fH:ilutt41!oSd>l'ttent int$rl-()t1ori, The:rete:1J•:1 w• 

$htll eatpe.ct thll\t the a .ct!vtty eoeff1e1~nt o.t hydroge-n ehle-plett 

should 1no:ee:s.se as w~ so from die~ne to di•,!~bnttl ethet~ ·to 

lt~'len~. filhis var1ati,on in -aeti'11ty eoe:f'fltient lead~ to :t~­

o~saa·1~ valu~s fOl1 ~1 upbn de~rtas:1:ng the baf1ett:r ot the 

solvent. 

IDbt obaevv-e.d change in the l"a,,t~ eotl'S'tant 1:+1an vuio. tion. 

of the basicit:V o:C the solv~nt med:ttUn may~;, howeve11;, not be ril.O.• 

e~ibed solely to the chaa(S$ 1n tru;i activity eoeff1e1en$ ot 

h~(hl>~gfn cb.lo:ttlde1, aetually a®$ at 1.t 1$ du:e to the vav':to. t'io.n 

!n th.ti> a:1~t:t0' -<i,"1/ o< * with ¢b.ange in solvent. '.Neglect.int; 

Q,ont-x,ihut!mis f:ro1n. ita.1.~:tation 1n di~leetrle oenstant and. ioniq; 

s~ength• .e:f f<Hlt$ due to thest beinij onlJ se eoruit\t'J in tht 

JYS:t$tts Ui.."'ld~ 1nvestig$.t:l.ont we shall. ©}t:pect that the r~tlo 

« bH,.. / o< 1t' will .f ell()w the $art1:f wend <zir the opposi ta trend. 

$$ the hydl:age111: ohlo1~1de & ctl v:ttu oo.e.ff'io:tent, de:ptnding ()tl. 

whether the effective o..lii1.rge on ·tht p:rotonate<l d:t.ene moleeul$ 



ilt/1 g~eo.t• 01~ •alle!P than the o~e on th~ Sl et1 ~,at$d ~®;p;l..@J¢.• 

Tbit• post:ulite is 'based on the su-pposttion that the abe.'ife 41pe.oit1a 

w-111 be soivated 1n pvoi,ort .. 1.otl to the!~ eff;eetive ~h~rg~ Md 

tna;t the, amount of $olvation •:r :ln t~ be ~,:1at$·cl t<> the d.,l\W'$e 

t:tl ordel.1 ~~.,:rJ,zta. in the solutton. It $eem$ 2'1easorua.ble t<> ~fl$Pl'!tt1 

b.b.1\1 tn~ P:f?1't()natJ,ed diette t10J3H,\t1l~ will 'bear the 1fit~$$'$'1 etf~l:it1:vt 

ol$Xi1£tl ~d eortt$1(1tt-iintl.~r tb.l;l· ~e.t,tio °' t>H1/ o< * wll1 £:oi11ew th, 

*~~e ~t1Jn4 a;$, c( HCI ~11,d contribute in s:tlt1il.ar t'tlthie.n to tht 

v>P1~t1¢tn in •q. wlth &?olv;~t . 

tt . .t.s tJQ~ev1nlat d.1££1eult to $$6:e'Z'taln pr~e113ely how lnrge 

·•~ :tt~l3:t1ve ~~ntribut!on treni the ~ar1tation in a<ttc, and a<oH•/o< * 
1a t 10 ·t :n$ cnang• tn t1 with $:olveut. r-rowever, $1.nea the arst~ 

~tlf>::r, '1nwst1gat1on :~~eeed.ij te a pstud.o equil:tl:>trium.r we $1af 

:al.iio e~~'bl:e the. ett•e:t ot ~H.llvent .¢t\ th¢t equilibritm1 conettnt. 

i ~- d.(;}f'ine.d :tn: q~ teNull.e.tic,n i .t th$ G~liQt-ntration equil:tbrium 

~~n/JJ.t~~i it I$ W$l~tad to the th~m-ect~~1e tqu111br:i• aonl'tfflt 

!~ $11$ ln~~l!f 

S;i.~ ·tth~~uo 1s itidepsndent of $olvent properties . The rt:t ti$ 

et· d!ene a.etl'flity coefficients ehould ramatn nearly eon,tant, 



whtJ.G. the :1:1m.tio of the bute-ne ehlo1-i1d.e $.¢tiv1 t, ooeff1cl!!)nti 

$'hould tLl)t eh.e.ni$S ~pp1"e¢1t1l.'bl.:, with ch~:r.ge in $o'lvent. w~ ma.1 

then <;l;x,p~et t h~ e.hat1g~ in lt to bs. dtt0 ltu ... ge:1,y to the otuangt ln ,, 

tb:ij h:,<tti·:og~n chloride ae:tivity oo$ffie.:tent, Oonipa.i'!ng valuei 

of l{ and let listed to~ _ the th~$$ iitOl/ii'ent$ in rl:'1.'bl~ Vt, Wt •e~ 

tb~n t11nt t he chttngt in k:t wt.th ~to;"W~nt :ts du~ me,~-~ tQ tht 

'VEJ.ll'ialtion 1n Ca.( Htl th~n in a<ow+/o<*• 

Ap:Pl1cfit.:ton of! the B:voneteHl Theor:r til> ~ -- i"eV'era·e r·e11e\i~ 

yields the -e~p~$$:$10l\ 

to b~ ·thEJ, 1:eaet:lv.$' $peeitl . i).l th(!} vee..ot1on. · !hi$ eompl~x Jnd 

the ~eti ve.tteti qongple.a i;hou.id l:uivt V$t"J ,1r~tla~ stru¢ture$ -.n,1 

tn theQ:ry kfl •houla n~t i?t llPPW~·eia'bly :tnt1ue>1a4etl bf <m~• 

11.l $01,Vent m~d.1tnt:f• !12e d$:hii ot 1$.bl& Vl lli$.r$ th1$ 0-Ut to $Ql11$ 

e$t'btntf b<if~vev·er, as vre: h~v~ pe:tn~.d (lUt pl?eviou$:1:,, v$;lttel$ ot 

Ii -.n.d ks; ~eprJ?~,:a:ent onlJ O:l'ldt~s <:>t magn1 tu.d.f and Jhou.ld not bEJ 

s:ubje~t -t,e ;ri;l$t:>l?OU.$ ~nalJ$1•f:1,._ 

ln th,e, tortgo:t~ di seua~:tt')n we h~V~ us:~j m$.in1y <au.&i1,. 

th~ed~ic $.trgwne~t$ to explain the vnrl•tion .in speei£1e 

·r1tt♦ eot'latt\nts w:1 th eh&nge in . aolvent meclU.uni• trnder th<ll steti()l\ 

de~:1:tns with. tE)mpl!!iiw.~tu.ti?e eftE,etll~ w.e shall mention &n¢'>the~ 

1ntel!p~$tat:t~n of thi a vt11Jif).t:1.o~.,_ 
·' •f 



.A :n~'ber of tnvcstigt;t.to~s· ha,re repo,Pted that tho i11c:,l'jgantc 

~a.J.ta, oJi a few l')JH1vy .1?1eta.lsJ sueh as me~ctt'rft sil-v&X\ etc,, e:{t.t 

a.$ ea·ba.lysts in pi~omot:tng the add:t tlor1. of h;/dxiog~n ht\l.1d@s to 

Q:letins.. !iii\;To4 tnd his e~l·rtor.ltel1s ¥1epQ:r-t ths. t in the ad.di tion 

4f h;;rd..."'?og~'l <il!llO!"ir.'te to isobutyl{tns in !! .. pentttnie S:<Jluti-o:'n$:t wate~,. 

phoe:r>hot>:te a¢id;. and merc~io ehl.oride acted a~ C$ltalr•t.$• In 

T~bi~ VII &X>e liirted: e. £ow rate detBt>m1na.tton:s per.tonned ln thEJ 

1,t-e~ene.e a.:11d abs-ehee of meveur:to ehlo>ria~. F~on1 ¢,'qr· data lt ii 

.S$en tl-ua.t - :erem?ic chloride does not ta~t a.s & catalyst una,~,. 

:the ·oQnditiona. of out- e1tpe:rd.1nent•-•· Th~ reascon for th:t.s ob.$·$ttVa• 

M:Q:n ii quite evid$nt . we have tound the s.ddi t:tcm of hyd.3:'&gJn 

. ehlt>::r:tde to ii1e co11jugate.d double ho-net to he acid eatalrs♦d 

when earv~ied ()Ut in •olut.ioni ot ~Pr<>tit e;c;;J.vent~h I:n tb.e:St 

l~ltrfltnt.s meretU1:te ealt$ $:~I· not s.olu'ble enough to prov-14~ a:ppre~i.; 

ibl~ ~oneen1~,~tions of! me:t1¢Ul,ilf'•diene complexes., If me:r~ur1e 

:$a;1t~1 ·we1>'El t:o ea:~l.yse the :P~$6tion., th~y w\ot.:tld probably ae,b 

tl~0.ugh th~ f'oi"'!ltat:l,on of such ¢G:)trJ;plexe&, It is quite oonceiftble: 

that in a sy~te.m whore thQ ~01a-0.entratton ct me11mtr:;r .... dient e®~ 

P.l~l!t~I l).()~ome$ eompa:Ni'bl.:e t.o th$ Ge>noen'hl.1-~ti<;:>n of protc,ni-d1one 

q~p).;eJ¢,, it w1:tl b~ found that ta:erourle salts do act a, eatttlyist,. 

Ctb.~f ntet~111 e $$,lt-$ v1el"~ nat. tl'ied a in ee th1ttit- sol.ub1l.1 t1.e$ 

~• '40mp~r~ble ot- le$& than that of J:·neJ?eurte chloride tn <;;>u;rfa 

Jti>1Vent •SY,f;lt~$ and their pote.nttal catalyti¢ ~ettvlty is pt>ob~ 



'lotlth s. s;y•st<?m (l}f co.hj'Ug~ted dou'b1(3 bond.$ or olafitlit> doitble b ond.s 

wi:lJ. ea tr1.lyse the a<J.d.iti 011: of hydt-ogen h$:J.id:es and s 5.nails.r re• 

·agex:d::~ ·bo those rms~turrrted bdl:ldsi. Th:ta postulate ;ts 'tra.S¢td on 

trre, Slipposltion th.~t cornipl ex:b1.g; 1.1:1c:u-ea.se:J the · p·o1aritabil:it~~ tf 

t..'r).e Ul1$$.to.1.,/Sl.ted 1::iond and con.s~qt1:Ei'>ntly ~duce$ tho otiG$fi$:Y r .a~t1.1re4 

tQ b:rti:$.k open the dotible b01tdw ~-tti1~~1c,,,:¢; it t he 001J.1:pla1'l'.1~ 

~g$nt he~1,.a a ehat"g~, it ·will pl,'liom◊te the att$;o.k of the• double 

'b.Qnd bs, ~n op1'>031toly ehal\ge4 $i pola.,..,,,1$.od .spa-oie$.. For •tl"4'llP1:e , 

the attack (ff the doub:l.:f;} b-oi14 in e-u:v a:te.ne mx>lecnl·e hr h~og~n 

ehl.-¢Wid.e ntoleeule'$ 1$ rend,et"eta ~Q,;i~ittl?· b.~ the: p:1?($$¢1,.<>t ot • 

p·es·lt:!:ve eh.av.gt ne$;ti thlt:} :r:eg1\ll.\ ot 'fmi.~ dott1'1e bond1 the th$~g~ 

o1)1ng <lt1e t(!) ·tb.e p$1e$et1ce of th~ ¢~,plt~ing pxrotoE;• * 

ln add:/.. tlon to the ~tr t ee'b of m,ereuzatQ ¢..11.lo~idJJ ~n ot.W s;-rstero., 

W0 hiav~ a.lso illi'/G~tlga.ted the e.fleet ot ox;rgen., :tn 5:':gbl:€1 VII. 

~e list-ed ·~ 'i,::ew e~perLm$tits e~riedl ou.t ttnd:¢~ ee>nti tlo1tS whi(tli 

tns:j the r~t~$ o'bt.«.b1ced hotn the,~ $QGrlment-s compaJre. with 

~$.t(Hil ebt.a.1a$d 1.n tne pre$~n¢:e o:t' o~ygea. Th$S¢ ob$e:v-va tiQns 
. 

mev-ett $Ubst'1nt-i~ttl the well aQeept:ed theo11:, that hydrogen 

eblo,:>id~ is not $Uae~pt1'bl$ ~o 0 peJ?o;ti<ite 11 effects , such aB 

e,::.hibited by h;y.,.tlrogen ba.-.ioral/5,f .• 

* lt 1s tnt~vesti~ to note in cennection with this disQ.t,t$Si©:n 
t he:c reeent invett:io;atior1s ht.11.ve aho1i.n silver salts to ~,et $:S 
Qataltrsts in 1:n~ontc;t:ing t he polj]m.eri zat:ton of styrene ·,1° $.tld 
v:tn;rl ether& . 



ll.'t!in 
1'1o. 

51 
3::1 
35 
,·34 
-~,tt 
~ 

.56· 

41 
~!!! 
45 
44 
~5 

u:io~~ij 
Diez«lnf 
D1 ox.a.no 
D1e•rtij 
D1 o±.ttl'l$ 
D1o.~t 

Dlbxane 
Di Oi'&1n~* 
Di. o~~~'f 
X;:v1$n$ 
Xyl.:etif~~ 

H(}l,. 
Mt""l 

o,~450 
0.400 
0 ~$ '79 o.a,s 
0.$$0 
o.i4s 

o.aao o.eso 
o.ate 
o.ooso 
()~09$0 

0.000 

0,. 02$ 

o.io~ 
0.1:00 

.&tt: 
o.iou 
0.101 

0.100 
0,104 
0.1<11 
3.90 
i.92 

O~:'t'1et;J. out: rtndEtP 1t2 with 0.11 h~oqui.rtQl.1.-' 
$:ddt.td to $ol.vent. 



The :J:"'1;tte f>f addi tio'n ot hycJ~cgttm eh.1o:r1d~ to 213 .. d1:t:1ethyl• 

biitadi$t1~l,:.S it/a$ d.ettrt111:tned ;gt :55'°C.. .!rt cU .. q:;.~rte $lld jty1~n$• 

ir~d.ng t b,0 d$.ta obta:1:netl 9.t both 2$6 ~net. 556, we ba\ie cm.l.ov.1m:te¢ 

thGl a ctl ~ti011 ;.morr:ig~ ro~ the :reaetlon acco~d:b~ t<> th0 .a\r;tth(;}?:U\l;t 

equntioni 

--

. 
.J 

l"Je rt);pl?G~ent the e.on$tatlt te~m in th$ Arrhen1u·.a egu$:t1on- a.o<H<>:ttd• 

ing to th$ aiJ:nple et>llJ.:slon . theo:rrr» z be:tng the f~eque11ey ot 
eol.lis:ton. p$'r' se<:x)nd, p<,>~ Q• e., o.f solution., at unit ()<Jn~en:t~•• 

tion of reactatres,. and P b~ing the probability faet~t-. (Aetmlll.t 

berlih P e..nd z tU>e alightly t'4'rtipe:r:a ture d.epe11d.ent, bu·t over a t•a 

d.e,g~et; c..hJ.\ngo ir1 fui}u1P(3~a:ture this v~:ta tlon :ts ni;rtg11g1'ble.) ifh• 
. * •. . .. .··· · .. . vtlue,1 Qf ~ and n,. ralong witb. the sp,aeifi~ t-$.tt eenst·a.nt1 at 

th~ two t~1npera'tm?eJ; are lie-ted in. T$:blt vtl:t• 

lt !$ ll!Je~n. t .111,q_t the value et the a ¢t:tvflt1on eno~01 11 tht 

, , .• ~, !n both d.loxane 1and :ttlet1~, wh11e 'c;he v-alu.e of' lSZ :ts con:~ 

11c1~:r1e;bly higher in tbe lcat·t.~:t1. S1nc'9 tho v~lue of z it a.boat. 

th~ $Wili in Q(>i$h $QlVG'tlt$. f;he W$:V:la tion s.n ~, $id. thu.$ in ti, 
* •1 -~, ~$¢t'ibeGJ. aol~ly to P• ·Th$ sig~if':t ~·ti¢• 1~ th~ tta~tatie• 

fit• J is o'bvioU$J in the less oaalc .aolvent th.$ prcflJ$.'b:tl!ty ot . 

tt.t·t~ii.a:vt eol;U.$ions $hould be g,vea'tell th.an tu th¢t mer~ b~i!e .• 



13y the tEl'~n. ba.aic we a:t"e ~o:f'el'.'.:r1ng to sol iJati~ r,owe~af soivation 

of the s:pa o:le a h~drogen chlorid.~ 1ru1d pl:'oton'e.tee1 d1ene re1.rul ta 

t n. e, par•t.ia1 sh:te1din,,g or the ~eaettu1ts f'r0i.111 $a eh oth~~ _ and 

xr~rdu.ee$ the nt'ttll'ber et stf&~t '.ti'!f'$ ~llJ.s:ions between uh~m::. 

Friom the tabulated ·valu(l)-S ot the ~eti vat; :ton energy pa, ~e .. 

qu.e:na1 f'aetr>~$ lt :ts seen that t'h.e prit11e. ,1f1:1c:t{1)l'!' in. the r~lativflt 

slow :i?ate or &dd:tt:ton of hyct:vogst1 ehl~ide to ctiene ls the 1ow 

v&1t't~ of P,. we mn:r CO'h<Uitdt i~at tht ob$er:-ved 11ttrt:tvation. ene1"Sf 

ta. 0ht1r'fl.et0.~1at1,e tot? the :Vf/Htct:ton between a protonated. dien$, 

mol~c=u_.l,e Sit1d hydrogen ehlo:t:-ide mole('1ule in a ~ondensed syat~m 

of ap~otie aolv:ent,s. 1rhe v~lne of the pttab~'bil:t't:r faotol", ~-

is l n:!Jg~1y, a fun_1:,tion of the baeiclty of the s¢lvent med:tlW1• 

'11he order ot m~gnit"ttde of Z ht$r~lS'b is tibout 1.0U~ whe:r~upon the 

a:r>der of mat;5n1 tucle of P be comes 10•7 for dioxane and 1fir5 f0.11 

r.t :ts tfe '!:'y :lntarest:!.ng to obse~ve that the vs.lue$ bt p .. . 
antl E observed in ou~ Peaetion system a.•fle 'tl'O!'''lt s :u11.ile.:t> to th$: I) • ...,. Vo 

on~.$ obse:rved for tl!ensehtttldn typel react1onal-6 in systmits ot 

apz,crbit sol v~nts • This :f'aet is not t:oo surprising when wt: 

r~m.l..1z$ thst :i.n iren13chu:tkin t;fpe r ·ee:et:lons we have a bi•moleeu':Lax­

o,◊11:t -sl<,n b'etween the rela.tivel1 nega'bi'Ve nit~ogen. ~tooi o-f the 

t~l'tta't'Y, a.min~ e,no. •t;h-e dipolm:r .alkyl h$lide., 'rhe rate dete:ru4n• 

1P.g step here is the di.sp.lactJm.ent t-~aetion of t he negative a.min~ 

ni~ogen on thes alk:ir.1 halide , Stmilarl?; we may look upQn o~ 

1~eaeti0n a~ .a displa.eement rea.o'b-1on on tl11e hydrogen chloride, 



D1Q~n~ 
Dib:x;~n~, 
frlor.Kane 

Xylene 
X.:yle;;nij 
Xrlene 

0•0950 o.:t:200 511S$ 
0.01:ao 0.1:too $.ae 
Q •. o.~so o. oet5o a~:£35 

0.211 
O•ijll 
o.seo, 

'1·~$5 
"it'70 
7.72 

Table, VIII$.. 

111:~m:p . 
1nOC 

55 

Heat of' Addition 

Solv.e,nt 

Di o:x;ane 

Dioxane 

10 

7 

12i5 
12. 4 
12.5 

A H in 
K ca.1/mole 



l•~(tm. the a.p_pr o;c:tmate ~luee ~f the cquili'bri um do:nstant, 

K, ~t 2s<>o· .• ~..:rid ss0o .. 'i;,"e aa:n C$:lc1.1.late th@ heat of th~ :reaction, 



From the a:m1lyais oi' the observed initial r~tes a:nd tht 

:tntegrtated specific rat~ eonatants~ we have conolucled that tb.t 

additiox,. of hy~~g~n ohlQride to 2,3•dimethyl'bu.t(a.dlene ... l,3 in 

the pr®senc@ of aprotic solven.ts ts .~ :t"ette:r.-$!'$.ble- 1"eaction,. th$ 

fol":w$;rd, 1:>&te b$'1ng proporrtlonaJ. : to the r;rst power of the diene 

concent:ration &nd the three halves p(>wez, of the hyd-r.ogen chlorid&. 

ct.mcentr-tvl;ion, and the :reverse xla.te 'being propol'.'ti.onal to the 

first power of the bt.1.teme chlorlde eonee.nt:vat1o-n and the one 

halt' power of the hywog~n chlo:ride concentration. The ove~all 

reaction :ts 

05R10 ~•. 

[OAo•~ • • !Wll ~~"._E6nn ci •~ • 

In. our opinion the meehanis.,n of this reaction bears a st:rong 

analot;y to t'he mE.; chtil.nism of aeid. c9;taly-sed hydrtations of: ole.fins. 

T".ae reactive species in 'both cas~s are a mol eaulei.r eomplex be• 

tweetl proton s.1,1.d unsatu.rG1.t:ed hydroMr'bon on one pa.rt, and a 

d1.polar m.:01:e<:lule on the othaJ:' pa.rt~ ~N$ bel:teve tt-40. t the mole:cular 

C·omple'"r. ls ilmply a pi?oton coordinated with the unsaturated bond 

o.f the olefin or the s~""stem ot eonJugated double bonds ot a 

d:ie11Eh 



In g¢ne1"'al a p.1.•o'ton .. a.ted. tm.sfl t :u;r;ated h~·d:roc"Slrbon ma:-;- !?eo..ot 

w1t h e.: d ipole,71:-, molecul e a cco1 .. dinc: to one oi' -the following t wo 

-schemes: 

C • G •♦ ,. 
a.) 11 .. n (Slow) I 

b ) 

Q 

tJ • 

11 ➔ U + HX 

0 

CM:1! 

(Slow) 

x .. a 
mt I 1:1• ~ ♦ 

(Ff.I.St) o~n 

The rate determining step in a} is unimolee-ular, vtherea~ in b) 

it is b:tmolecu.la.:,;>. The scheme dep;tet-od by a) is strictly $.nalog­

ous to the usual :me chanisms given :1.n textbooks for t he 0:ddition 

o;f' &c:tds tc) unsatur-ated hydl"'oca1"bonE;; t he rate d$t'3Pmin ing st~p 

involves the format ion of a etarbonimn ion wb.:teh then :r;;eaet$ 

:rapidly wi t h a negative. ion or the negat ive addendum of a dipolar 

rnc>lecule. The t ypo of m.eehanism sho?m in e.) shnu.ld requir·e a 

relatively smalJ. activaticm energy and !~H~,y a ctually taJre place 

to s otue extent at low01"' tempern ture:s 1' our c1a ta ind:l ea te-a th& t 

at 250 and 356c. the additioc of hydrogen chloride to d1ent 

p:r.·oceeds according to the scheme depi cted i n b ), Vfe do not b&• 

1feve that unde:.t" tho conditions of our oxperlments any sign.1f1eant 



10.n type of meeh~.nism. 

I:n. otu~ p,roposed ra{1 chanim11 a pr ot o1:1a.te1:t (;t:Uir..GJ ntolecule oo·ll.1.de$ 

with a hyd;r• ogen ch loride molecul e , 'the ch lor:1.tie part of the hy-drQ• 

g~ll- oh.loride molocnle be comes oriented v11i t h t he pro.tonated d~ublta 

bond, ifihion ~t t he swne t im,e :r-epul se~ t h.e hyd1"og·en :a.t0;"?l attaehed 

to the chlorine. SchemGtically t his npush .... pull ft. m~·ehan:ts.m may 

!n t h e case of hydz;m.tlou, t he HCl is t .Q be :replaced by HOH. The 

}:•!ate of· hydrati on of simple olef'fns baa b-een found proportional 

to the f i:t'st pewe~ of the a.~id ◊~nce-ntration and t he firt.1t power 

of' t he olefin eon~.entratiQ:n17 • Obv:lously fen water t he proton 

concentration will be p:roJ)Ol"tl 01ial. to t he eoneen.t3:'ati on of t he 

stt-ong acid used a$ proton soUJ:cw, and the concentration of the 

proto:nated oleti1:i will tb.$n be p:roportionnl to t he f' i r·s:t powe~ 

~f t h is $.Cid's $toi.ch1omet:t>1.c coneent1~ation and t he- f t rst powe:r 

of th~ ale.tin. eo1:1eentrat:tori. Vii'at;er be:lng preta@nt as sol. vent and 

that§ 1n large excess• the 1~$.te of' hlrdrm:tion a.t flt g1. ven f;.Oid 

eon eot:-i,tration vdll be pseudo first o:r-de:v. In systems of aprot!c 

theu. were weak ae1ds. In such ease-s the p1~oton eon.eer1tration 1$ 

no longer p~oportional to the t'ir:st power but to the one half 



l>()W$l? ot the ~c:td ts stoieh:tomet;tt1¢ oone(n'lt:t:'$.tion. This e~p).gin$ 

l'/l17 the ob$ex-vet ratt .orders fol? hydration Q.tid hywogen chloride 

addition a;re quite different, al though their· mechanisms are 

closely analogou~h 

One fu:d;her anal(;)gy n1~1 be dvawn betw$:en our sys.tern and the 

Mensehutkin tsrpe rea.etions dis-eussed p?>¢vioual1• :tt has b&t;n. 
,\t. _. 18 -- . . . .· . . . . . t' i ' pointeu: out that the latte,, type$ or re11c -_ ons a:re charaeter'• 

1.zed by the taet that in a-p??otio sol vet:its or low dieleetrie eon• 

stant the cfbsen~d slow rate of reaction :ts due pr:1.mm."111 to a 

1.ow value for the prob~'b.il:tty faeto~; p,. Ae the solvent ttl.$di• 

is chtlnged to hydl'o:z:yl!o stst$ms th.e valiie of the aetlvatioll 

enet"gy inerE-n,.ses along with the trt:llU.~ et P.. W¢ ma~,. -ouseI'Ve that 

this trend also talt&e place _ ,.~1.en we go f:taom. the add1t1.otl of 

hydro.gen chloride to the double bond in a.pl"otie sol vents of low 

d:1e1e·ctr1e consts;n:t; to the a.ddi tien of Wf!:te~ to the dot1bl$ bt>n.d 

in act.ueo~s medial"!. 

lt 1s otW bel1et that :tn the -.eid c.atalya.ed addition re-. 

actions to u:neaturat$d. hydroeazibons th.ei role of" the solvent 

mfdium ts two, t 014. On~ 1111- of • speccit:te nat\U'e d.ep an dent &n 

the ability of the solvent inol@ cules to interact with the rtaeta.nt 

speciee,~ 1'0 this categtt,;ry belong the $.o1 vat:tng p;ropertie1 of 

the me-diwn due t:o, #pteif1e eh$m:toal p:rope:rties. 1 su¢h as hydrog$n 

bonding, bi!l$i¢1ty, ete. The second J!lol$ c,t the solvent medium 

depends on its eleot:t'oetatic p~opet>ties, that is, the dielectric 



At this :p¢>1rrt it w1.1l be wox•thwltlle to cliseu@s b~:t~fly thf 

ques.tio.n of 11·2 v:.h, 11.4 ac1diti.on to .conjugated syste.ins~ Vfe ue 
¢one,~r:rned horr,e with eleetrophilic rett.et.;t.oni ot two tt-pes; in one 

we h0.ve a moleeu:Le ot I-03 t:tddittg t:o (.)tte conjt;tge.tad system, 1.n the 

other we have a m.◊loeu:te et AB. By B we tare denoting a L$,f'l$ 

type b$.se, while in A:$ . w~ ain.1r,·ly d$note by A tl'le potJit1V$ $ddendum. 

of the $pec1Gl$,~ lt1 the fi'l~$t t,n,e of ~ddltion ~ee.etion w-e hmv• 

n ~imp1e acid such. as hydrogen ahlorid$ oa:~ 11,-wog(l}n, b:r~:1d$ ~e• 

$.oti:ng. It has b0Eln. obser1ted :tn thi$ p:r>esentation and by (:)th$i1' . 

workers'"5 that 11Ulder no:M<ial QOl'ld:ttionti! th.es~ .s:t~pl,E) aeid$ iil1¥-r~~$ 

e.dd p1"'edom:t.n~tttl1 1,g to ~lJey,l sti'bst1tuted coltljugated d1en:ee .. 

In tb~ $ieeond case two 4llt;e;;?ni;d;ives 11.ave been ohset>ved, tt A ta 

f.\ l"elat:tv,el:v sraall rnoleeule, such as ehlor!n~, then. AB wt11 $du 

:predtta:i,inantly 1,2 regartUes& .of the na tu1•e of B.i Example, studi(id 

nave 'been chl.Qv1ne., htpoehlorou£;J aeid.t $.rtd al:kyl h:s,.,>ocbl.0:-0:i tes.18, 19 

Uoweve.t>, it A is a. 1s.~ger molecule, $U¢h ~~ 1:.)t'·om1ne ox, iodine, 

the add:t tiO'.tl appe9.t>S t o be predomlnaniµy l, 4• ixamples g1 ven 

&J?,<? 1th~ $.ddi tion of b:i.~01:1inj, sino. iodine m.onocl;Uor1d~10• 

• J,., ~eaflonable expl~at:ton of these facts may be ba.s-ed on tht 

:following postuint.e. I£ t he 1ni t1e.11y att'1.0k1ng posi ti:ite $pee.its 

e>:x?ient:~ wt~~ one of the. dottble bond:!! only, the r~sul. ting .e:ddi tien 

2'$$e'b:ion will lee..d pt>(:iJdomlnantly tG the 1;2 itomer. However; 

if th~ J>❖Sitive spe·oiea .:ts large enough to o:t>1ont with both of 

tbli) eonj.u.g,~t®d double bonds; th$t is, complex with th~ ent1r$ 

eonju,ga'tEwd $y.stem, then the ~dditiot1 ;reecti~m trfill lead. to th.t 

1j4 :l,some:v,. These ttm tji1}¢$ of' att£1ct~s have reeently been term:ed 



terminal 9.nd .ft-ont&l 1»espe,et:i:~1el1. If 11 4 a.d.dit:ton 1$ due li;tr.gely 

to a ~ont&.J. attack by the pos:tti\te adl!endu.~ ,. then a cert'&in 

s:mow.1t 0£ ~it produc:t is to be <llxpected. Trli s ha:s indeed been 
~ • 

:!'eund by the wo:r:k ef Johnson and Swe~ting on the additton of 1/>~o-
. .. - 20 

ni:t.ne to 2_,1-~!mtthyJJ:rutadiene•l,1 ~ Sine@ we do not bel:te11.e 

thrat m.est e.ddltion re.aQt:tone of oleftnic sye:te1n.s pro<}eed by a 

ee.11bonium .ion meei1ani•~n.n, it i,s rmt j ·~atd.fiable tQ dra\, resonanee 

$tru.cturos foti ~ post.ul~ited ~;P'b(),".11.t~ ion intez.t'llledfate a.nd e,cpla1n 

l,.~ '\rs, 1,4 a.ti.di tion 011 this baa:ts.. This pt>:oced.itre :ts usue.lly 

pJ?esented in most te:itboolta on organio ehel'.tllEtt:ry. We simplr 

asstme thf;i. t th~ neg~ t ive e:ddJlndum of t..he reacting apee1$$ w:t1l 

$.dd to that double ·bond wh:i eh ~ar4?ies t!:ni largest tiJha:tie of th., 

pe:s1 t1ve c:harge and, tha.t th~s 'lidll be l.Qeated at the site. of the 

eomplecxed poai t1:"<re ·addendmn• ?.t v,e ~ve a fr-0ntn11 a ttsek nnd 

eamplenng 'by the Pt?etltiv-e a;(:il:dendum, the two posi t:tons will b~ 

dr~b1e4 of po~.i t:tve che.Pgt; where$.S 111 .fl:l te:t>m:tnal a t~a.ok and 

eor-,.l11)1exing :tt will be fQrt1f.:tfll4 witli positi:ve ch,arg•• 

Althoti,g.h the ovig:t11a1 pU:l'1)oae of the pr,esent study included 

comparison of the reacti11it;v of s.~:t,methy:tbutad.iene-1;;3 with 

that of other simple ol~tins, the mater:J,a.l presented in thla vro~k 

' an.d e.:vailable in t he present l:t tert1t1:,1re doee not ~llow us to de 

th:ts. Unfortv.n.o.tely th.e stnd:i.~a oar:t>:l.ed out b, Mt:lJo and hi$ 

co-wo~kej:t:$4 41t't o~c. f.e.j.led to :tnelude a.et:tvat:i.011 energiea' and 

leave us: unab1$ to eo1tlpa.re out> l?¢1,l.etiot\ $t:ud:t.es with. theirs. 

It r:;eeJ1P.$ imperative thnt similar studies to ours be ea.r~1ed ou.t 

on simple olefin!o $ttbstances, such as iso,,,,butyl$ti.&, for example. 



The eleetz-onie theo'.t'ie$ rielating n.;atu.re of substltuents to 

c.h,emic&1.1 :i?eactiv1ty ha:va be-e'n. ear ~1ed. ont to a .falrly successful 

stat.e; h:owever, no quantit:ati~'E!l da'oa e~ists relating the reaet:lv-itt 

of conjugated sy$tems with shn!)la Ol(tf'1nJc system.a. It 1:.s to 

be ex;peeteit that tlie oonju.e1ated system be soraewh.a.t rno!'a reaet:tve 

to electttoph1lio l"Otactions than the almple oleti.n; but g_1;,1~nt:t ·ba• 

tl'1'$ de.ta $hot;tld b•e $eaur•ed to ;Ju$tt;fy such a gen.et-ally tac.eept~d 

supposition• 

It ~Y also be wto.rthwhil(i}' to re•tnv,eetiga.te the entire 

qttestio?1 0£ e:s.~boitlu.,'11 ion meehe.:rd.$m in electl?op:hilic •. ~ddi'bion 

l"eaotione 0£ unsature.ted b.;rclrecar'bo~s;c~ Th~ &ddii:liOinS o:f' sbnplE) 

acids are inv.arielbly rE1pr0sented b.y ca:ttbon'.turi:l iot'l lSl~®tanit:nntlJ 

w$ question the vali.d.ity ot t.l-1:1$ f;;llf!Qt:l.yf 



AtL$ly,is of kin~t~e data lw.f.l shown. that t he :r>ea◊tio11 betw~en 

hydroge11 ehl.or:i.de and e,s ... t1;t1n$thy:t'butadiene.,..1,3 ln api"ot:te solvents 

or low dielectric c.onstmit proeeed$ predominant ly by- a . . simple 

ao:t<fi ea.taly$ed rs?eaet1ol\J the rate det$t:'m1n:tng step imrolvei tlit 

reaetiq.n of e. prciotonated. di,ene niole{lule w1th a hydrogen dhlori.d• 

molecule. tn th:t$ 1re:Ap~.ot our findings &(;re~ w:t th the po.sti.uates 

of previous worker$ .t o som~ extent, our i"e.te datm do not 1nd1• 

eia.te ~ny ot tb;e compl:l.cs.tlons proposed 'by stwh workere as 1~rayo 

and hie stud(3nts 1 viho studied. the analogous addition reaction. 

t;o isobuty1ene.. Ou:!' kinetic data inc:liaates that the re.action 

between one molecule of hydrogen chloride and cliene is reversible, 

the r ·eve.rse re{!).ction being a sin1ple elblint).ti.on type reaction 

qu.1 te similar in nature to the ones stud.led by Swain, Hughe$ 

and Inf~old• atld other workel"'S in the field. 

The addition of' the on$ molecule of hydrogen chloride to the 

diene ~eld$ predom:tnm;i'blf the l;2 isonier initially and ln this 

respe¢t agrees quite well with the .findings of' Kht11.-rs:soh and co ... 

workers on the addition of' hydrogen ehlor:tde to bute.d.iene•l,3., 

Aeexpected, variation in the basic1ty of the solvent 

me-dimn produced sha:Pp variation in the r•,ate of a.dc11tion. At:t:a.ly.s.1e 

o.f ·bemperatu.re eff'ects showed thia solvent ei'fect t o be expre$sed 

solely in tho values of the pro'babili ty faeto1·'., P, the value of 

tht11 aotiv<1n.ti011 energy being l argely independent of basicity 

properties, The eff'eet o:t the solvent nua.y be explained on the 

basis. of sol v-o. ting power .• 



!l.1 the system un.cle1~ study only proton dona:b:tng compounds 

were found. to Ret as efi'eet:tve cD.talyst. 01;:ygen and 111ercu1 .. ie 

oh1Gride ha.d no effect on the 1:-ate of ad.di tion♦ 
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v.lb.en a system consisting ot1 m~c:t.'01nolee1:tles dispersed i n a 

tbl.e processes of' viscous flow and flow· b:trefrin,gence. The ~lt• 

pez-,-imentallj," determined ve.t.tM» of' tha $hea1') v:t,rnos:tt:r coefficient 

of su~h a soli1.t:lon 1a due tn p6lrt to the inha:,Jent viseoa:l.t:V of" 

the, selvent and in pe.:rt t .o the pre·sence of ·bhe di.spe:r-sed solute. 

It he.s been eommon :Pl:'aetice to def' i ne a. quatrt?itt ty, oo.lled the 

:tntwin~io v:tseosity; ft.S t he inc:t'Gment in the meaa~ed 1:1hea:r vi$• 

()ealt.y coeff'ie1ent of the solution prod.need by tha m.actto11'1oleeulat­

aolute at inf'inl te dilution. it~e recently 1 t he.a been reperted.1 

that when the veloei t1 gl'~dient :tn tho flt1id :ts not eons ta.nt 

but a, periodic function of t :tme, the solution exh.ibit$ a :r1g1d1ty 

modulus :tn addi t:ton to the sheS;:t? v:lscosi t~;-. 

It :.ts the purpose of this preerentation to give a d~teiled 

the;E>ry of the intr t ns:te viseoa:ttyj intrinsic l"i gid'.i,ty, and .flow 

b1:i1(;).f~ingence of solutions of :vod-,.like 1nacromolE'IOt1..1os. 

T}:i_e theoretictd study of t he eff'eet of the p:iN1Haenof) of 

P'$,la..tively la::?g-e rigid particle$ u.pon the -:,:tscos1.ty of th·e solu .. 
2 ti.e.n -owes :lte Ol"igin to the work of> A. Eh1ste1n , who calculated 

tl'>J.~, x-elative increase in visco$:lty duo to spheriea.l particle.s. 

:!1:nstetnts pioneering wot>k hna been ~Jttended h~ many invest:!.• 

gatore to ct;>ver pa.rtic1es o:e ell:1..pso:tda.1, e:;;,♦11ndr:lcal, and ma.nu 

other ~hapEH'h A.n exc·ellent 1') 11lv:te.w of wo1"k :tn the field up to 



l9Z8 is given b:}' .r . M. E11J~3crs5• The w.ost notlthle :t?ec(n1t achieve­

ment in tr....is fiolo. is du.e to IL, Simh.$.4., who has tre111 ted solute 

pe.rtl eles w:t t h pr-olf,t(] e.nd obllil. te el11psoi d&1 nnd s :1.t:r(;)le dumb be.11-

with t rieot"ties tJf v1scosi t y of sclttt!ons of i'l$:itibl~ me.c-~omolecule~n 

en authot-:t tative vev:tew on this subje ct ls g iven bf R, F • BoJe~5 

and R, 8.:i.n1l1t1.~ 

~fh-0> :ph~nomen.cn of flow b:t.refring~nce w~s fil"St ebn;evV$-d. 'by­

J. et I.-i axwe1:t 6 in 1870, wl1o not0d ~~.st Ottr4!da 'br1lsar·r, u t hough 

isotropic ti.t .z•est , oeet:'\:t11e bi:refringe-nt tmde-;t, sht'%1:r.:tr1g strttH'fa,,. 

1-.1ae:t>omol~Qul..·efl7;,_, ·The p:rdblem of flow t)i :V<$f i-1ingenca roc~i"ll'ed its 

fii .. et sut(.m~atul th$oi .. eti.oal t1"ee.tl11ef1t from i"• Boede118, whQ 

<"..aleulated the a.tagle of l;blef~ingenc~ fil.nd 2i:v.,,g11l tude of' b11"$fving• 

ence t'ojJ solutionl/J of i?'l.t\ tnital.;y thin, needle-1:tke pa;t?ti.cles. In 

ltatev 10a1~a A-., P~terl::Ln and H, Ats f.H.mart9 -tveat.ed the ease of 

prelate el1lp$o1ds aided by tne. niathenll;ltlenl t;:poa:tment of 

J'effreylO on the rotary motioil ot' ellipsoids subjected to • 

veloelty gradient-. A eon1p1"fahe11eive review of exJ.sting theori~s 

'1>t flow b:tre:f'ringen<;:e :ts now available11• 



· ... 12 
¢,f macJ:?omol.eeu.les developed. previously 'by J. G. Kirkwood. • It 

will 'b~ ahown that out- formulations lead to an improved tb.eoI7 

of intlr'ln$ie viscosity and a 11.0w theory of intrinsic rigidity. 

Elte$pt for Simhe.4, $.ll · other worke:rs 1n the fitldl5, 14 have 

failed to take into aeeoUrtt adequately the influence of Brotmian 

motion• It is found that When the hydrodynttrl"lie torques are 

equated not t ;o zero but to the rotary diffusional torques; the. 

statistieal orien.tation of the mae)'ora.oleeul& in the velocity 

t:teld o.f the solvent, v/niah is r ·eaponsible f'o:r flow bire.fringenee, 

contribute$ a. linear o.s well as non-linear terms in the rate of 

sh.ear to the .stress, and thu$ to the 1iewtonian part of the vis• 

0043it;J'. This t or ri1 eX'b.ibits relaxation phs.se lti1.gs in the non• 

stationary caS$ and imparts to the solution $ rigidity niodulus. 

our calculations will show that for long rod•like ps:rt1c1es !nlll!t 

elu.s:ton of the orienta.tiontill. faet0r eontXi1.butes a term to the 

1n·brine1o viscosity which is three times larger than the terms 

ordinarily considered. 

Sim:h.Ei. has sh o..,,,n4 th$.t 1n the limit of' sv.iall velocity g:re.dient 

new boundary conditions lmve to be satisfied by eolutions of the 

Naviel,'-.Stokes equation. By this, means ·h.$ wa$ e.ble to account 

for the eff(30t of $rownian mo'l;ion on the si;e.tistical orie.nt&.tion 

of' rigid prol~te a.nd oblate ellipsoids e.nd r:tgid dumbells in the 

velocity field. of the solvent. In e. later part we shall compare, 

our results wl.th those of Simha and show his 0$.loalatio:ne to be 

the static limit of ourth 

Application of our theo:ries to flo~11 bil .. e:t'ringence yields 

1"esults sim.ilar to the ones obtained by Boec.lel" but including the 



:For tho purposes of' oui~ pree·en.t work we sb~:ll take 1&$ ou:r 

r~od.el a set of 2n+l g:eoups, i n \mich the b.yd1,odynrunic inte:raet:t.ons 

of t he monomeric olemente com.posing the pol~~~ chain s.re loe.ated,. 

sepa:inated by liJn ~quidistant bonds of length b each; ar1Panged so 

th$.t the. ar-...gle 'botween suceess1ve bond vocto~s l$ equal t o ze)Jo, 

This model is t hG same t.ts the one used previously by Rie@n1e.tl n.nd 

Kit~kwood.13 • As in the gener.al theory ot Kirk\vood, the ~onf1gU~$.• 

ti<>n of the rigid. ttpol.yme,t>" chain i s specifi.ef.i. by th$ E>n+3 di• -mensional ve ctov n, 

'l'h• $upe:rse.ript l denotes a vecto:r of magnitude R in the three 
' -

where ....si. ~nd f n:re reopeet1 vely the pol al" a.nd azlmuthal e.nglet1 
-,, 

tol'tn.ed by the vecto:r R with 1"es.pect to an e;tternal system at 



-+.... ~ 
e~te.$lan i:.mord1no.tes e~, e1,, ;ind. ez• For the sake of convenl~ee 

we pJ.aee 'th1s extern.al system of coordlns.t;ea s~ that lt.s origil?, 

ooineides with 'tihe centei,, of mass oi' the rigid "polymertl chain. 

The cova.ri.ruo.t and. contra.variant cora.ponents of! the metric 

denotes the minor of this element. 

For the rigid ot.nin model previousl:, described. we find 

ti,v 

~ 

b L J. ~ (f) R -= _,.,.._, R I 

) 

i-,vv 

➔ 
b [_ l 

....,,. (f) 
a -r:JJ == e-& I 

) 
-NV 

i<.9<9 - b;;i.a-
) 

~<J1f = 0 ::= ~f ~ ' 
} 

i -:::: 640-.ll.~~~ ' } 

;;: ;71.,c~+J) (.,2-., f- /) 

3 



• - - - • • • wm.,re eR. 1 . e..P , ef ve the t111:1ee orthogonal unit veoto1·$ o.t 

snner!oal DOla.:r coo1?d.i111J);t-O$ ♦-, .,lJ: ' • ..... • • 

h • (o . . 

~ 

!f the velocity )ta_ 0.t 

ol1a1l,l ~lement l diff~.rs h¢m th:e ve1oe1ty ·ii.. the fluid would 

haV'e if' that element wer(;} at:nlt$nt f.rs-orn. :thEi ~hain. it :ts ,uppos~i 
~ 

to ej,tp:E)~i~nce a frictional force, 1i,1~ of nlta€~nitud~ 

~- (5) 

wh-e~e ) is the Brotm:!.an motion friction e<>n.stant<; oon:unon to 
' . . ~ 

tll ¢h$1'.la el0»1ent1. F:t?dlll the thr-ee dbl~na1¢ns.1 veetoll's ; F1• 

u.i, ~nd -~ we war eonstru0t Gnt,3 dimensional veeto~s in the con-­

t:f.glll"·ation apace at eh$in el~meninu 

~ 

---) [LJ v 

It is to he noted that u has no compone11t.s outtlide ot ¢hain: 
➔ . ~ 

Sp$.¢$, while F and v- my ha.Ve outside oomponent.s, Theref'ore, 

L ---- (7) 



If tho tlu.id is in a . slia'i:,e of motion with. velo-0ity f'ield 
7~ 
v·0 (111) hofo1.;¢ introduction of tile @ntll?e 1n~cr~oleoule, we ma:r 

d.et:ti:ie ~ configu:r.'at:ton veet,o,, 
-l-/1? 

~o ~ ~ 0 (..i} v- = 
L=-~ 

~ 
~ 

~ ( Ro.12,) V" 0 = y-o 
...l, 

rnoleou1e at the point ot loeatlon of' ~n,r gi vcn elet1.ent !• ".i:he$$ 

pe~·ttU:b~.tions u:re de;c~pra1i1(:H1 in the quas1~atat:tonaey ease bf 

th~ Ose't;tn f ormul• 

'!'"•<ill!~ (9) 

Jl!q., {9) mSty b~ gene!'ali~ed to configUl'at:ton spmQe ln the torm 

+..-n 

T - L T (~sJ 

-4 .s = _,,,,, 

..£,;. s 
~ t..i) ~ (6) 

7r-£$J I /z {.Is}+ R_t5 R -Ls} 

B1t?o /?__ts Rz __,,_.,___ 
'._Ls 



➔ 
. .·. (l) where Ras d$'notes a vector in !, ... spaee w:t t h di1'1ec-tion and magnt"'° 

tude eq_,:ls~l t o t hiat n't n18 in th0 oom1:non t hl'.'es sps. ee of' all ohnitt. 

et~entm+ 

We denot® bf .t'( ,a , ,f , t) t he px,oba'bili ty den~t t , · in chail:t 

spa.ce of the ens.em.1}1e f rom wh.ieh the ay~tem 1J aanip;l~d in tlle 

aet of. r.-aaking n raacroseopic. observation. '&he p:i?obability density 

1a dete;t•mi:ned by the t heory of B~o-wn1an motion in the ma1u10:r de. 
• . lS 

a<ll11hed p:i?eviously • • 

Wi t h nogloct of :inertial terr-,rn, t he t h~o:ry of Bt>own1::rn 

:ntot i on gives t he :ro-l~tions 

[ F + X - a Vo J f .- k T o + = 0 
<><- 0(. abo( db°' 

F~ f := ~ ) o((3 L v- &~ f - j ~ J 
J~ = f i ~ 

where X o< !$ a eoval"iant oo-41.pcna$nt of the external force, PO(" 

a.nd F' oe are eovtti":t$.nt ®.nd cont1:.,~v0.1"iarrt com:ponents ()f the frietion ... 

~,~ fore.a 1"e$peot!.ve1w, j ~ i:$ a eontrave::rJ.e.n:t e.01:npon~nt of the 

pt-obsi.b11ity current dens:1.ty in ohs.in apae♦, V0 is the potential 

()f the metl!.n int01J11;al b i n.tling tol?ques,. and ) O('~ is a cc>var1&..nt 

eompone11t of the friction tensor dei'i11ed by- thE'l relation 



_/_ 

ff 
::a. 0 

di:f'f ePential ~qtiatlon 

I: t .{f ~ D"'~ 
df + 

oo<f9 ~ fj c,f - - - - -«,{3 ~ 0 i" o\• "'T ~ '&O{ at 

L I j3 { 1- t Da<fa 
+ <l~~o tj - - ~ Xe,( f ............ (14) - '3 db-°', /! 

D -<~ - \c_ T ( ) _, Jo<~ 

vii th the boundary eondi ti on$ that f' be s i ngle ... va.lued in the 

E.i:$ternal orientntion of the m~cr.or.iole eul.e* Elupp1emen t~d by ap,-.­

p1.,opriRte 'b.oundi:u?y conditions i?fl th~ eente:r of 1u1un1 spnee detel:• 

m:tn~d bW the e::!l..17er:tmenta.l ai:rane;emant$ iraposed l)y the observe:v. 

lb:cept i11 the c,e.$$ ot wans11ilttion9:l diffusion and sedimen.t~i; i.an~ 

th~ centet> ot gi"'avit;r eoeirdinatea ~re in general redtmdant, 

etnee !' m•,· b$ considered independent of them. Dex.~ Qf Eq. .(12) 

tn the c~sa of the rigid a.11J,ti11 v0, ia z~:oo.; t'ot-' the se.k~ o:t 

.sltaplieity we .0,1.sH:i set the t-,::tte~ns.l f 01,ees equal to zer()., The 

gone~al d:ti'f'u.elotl equr.t:ton 11:Q'i!'t takes t;ho s i r11pl.e i'ol""cl 



where o
0 

:ts a, eon..'3tant t<) be de~c:1~ibed 1at~r, and the -op@t'a.to$" 
~ 

V conte.1:na only -tho s.:ngi.:utilr ·terms 4- , f , 

Ft':)t law 1ralues of' ·the veloci t;;r gxradlent tho proh~bi11 ty 

S:tl'?a.1n, E ~ 

f ( ~ 'f, t) - f
0 

[ I r l f, 
• L 

r £ f .,. 
J.., 

] 

Tb,e vs.lne of f :ts ~1 ven o~· the 0 ....,... ., 

f o == e ;J [ Ao = Vo] 

;.? = 
1/!fT 

where A
0 

:'i.$ t he int;1?:t'·nal con.f:tgurationeil f ~ea energy of thE) 

?i'ui.eromol.e e1:1le and v0 is ta$ defined abo'V¢} mnd htls the Vfllue Ille:t-Q 

for th~ l?igic1 c..'1-i~in, rr11~- ~qu.:llibvlu:in via.lue of f' is n:01<>rnal!.$ed. 

For lantinar .flow pa.rallel to the i.: direction the unpertu.iibed 
-+ 

veloc1 ty of the fluid at a. point R01 from t ho origin is gitron o:r-i 
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➔ 
Fr-om the !ielations for F, Eqs• (5)., (6), (7), and (10), we obtain 

generalized diffcts:ton tensor in cha.in spaee. 

we now daflne & constant, D0 , by the relation 



__, -. 
T °'-/.f = q_.l. - I • ~ 
To1-,✓.1 - r 7 veJ- J --"~ ~,,.,, 

~y 
+/YI 

L~ -= ~o ~ 
Ro.t Ros 

5 I .L-s/ .,t_ s =- _,,,.,,,, 
"J 

..L. .,,_ 5 

+/1"1 Roi Ro5 ;lo L ~.z~ 

~'I 
= - J_i-s) ) ~s 

:. -rn 

.L /:~ Ao ==- 1/a 7T ?c, 6 

T f I + Ao I .la I ,I,] Ji - f_!-s/ i __i 
..1, Is 

f 

:::; 
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1l:v10 co1wnoo »1€1-bh.ods ex:ts.t fot» caleul~ttng theol?et:toally the 

i11t!tiinsie viscosity of e. solut1011 ot m~er0111oleeulet,h 'l'h$ flr$t 

~et.hod wt:ta introduced by A, Eln$teJ:n~ and involves the e~leul.at!on 

of th~ :rate of disaipat1on of enere;:r pep unit "1olums of fluid .• 

This :ts the l1Hathod emplo~ .. ed by R • Simha4 and mQS t oth0r w-o:vkex-:• 

effective rate of Sb:ee::t> flt tho boundaries of .flow and v143;,s tt$ed 

by Btutge~sa in his in1aly~d.s of :tnt:r:tnsie viscos:t ti€)$ of r :tg1d 

below· is bas.ed 011 tho geno:r:al thoo1"Y of intrinsic v:i.scosi.t:7 
•.• ·ti; 

developed by Klrk,vood f:tnd Rioeman10 prev:lo·ual:r and follo-.'!18 the 

$.Ul ts 0£ t he Kil'kwood H.:'l. $e,ma11 r:ie thod need to be quoted. 
-I- . ,. 

The- ~e~tlU'b~l>;ion :tn. the flo~ v•, in•oduced by the mol(i)eule 
...... 

as a w'nel.e ~t a point R f:ro111 1:ts eente1" of ::1a.$$ :i.s glven 'b~t 



VJhtl\ t~s velo¢.1tl' p0~t~bation de]'EJnd.ing on the fr:tct1ona1 

to:P,¢e.a, '11,11 tl(pa.nd~ • 111 f;Jphe~ten;l h.s.rmcm.:its and ave:r:agc,d ovel! 

J.11 cotll'igu:t>ation$ of the 011111.:tn, one dbt$;1US at distance, lat>g~ 

JJelatiV$ to tht linee.:r dimen£J1on$ ot the ohfl1a 

Fe,llow!ng the methods of' BtWgers •. the eontrihutions stt th~ ptwa1• 

1•1 plii\ne boundttrie$ produeed bt all the solut• moleottles ¢0:tl.• 

tai_ned b$twEHl~n the plcim~s $.t"e $UfflmOOJ wb.ereu.po• :i.t is found th.at 

at eon$t$.llt. ehea~1ng stre:$8'. the velocity g:1tadient i s ~edtletd 

'by an ~ount, which laada t -o the tollE>w:tng ex:p:re.ssion for th• 

int:rinsio 11:ts~etltt# 

~ [") ... >Jo] 
c~o 17., c 

N5G -
'"" M >'Jo 

M 1$ the moleeul.0.r weight of the mse:riomoleeule, N le A,.vogtt.dl'-0!'$ 

numbev, and e is the solute eoncentration in g1?ar11a per :J.()O ml. 

Eci. (29) 13 str1ct1J valid onlJ it inertie:l ·h$:tims tn th.~ :N'a.tr1e~­

Stolre$ taquation are negleoted. -

!f tne rate ot st~~in 1s not eonsta.nt 'but a eomp1$X tunetion 

ot time, (l Emd: ( '1 ] a~& s.lsQ eomplex. 



. .,;;J321'!' 

N 5 G' 
G- - GI= .,J, 

G II [? '] :: 
,'()O /1 /o 

[?] ;:: [ 7']-~ [ ?''] [ 7 '] :: 
IVS" G I/ . 
I CJtJ /7 ?a 

the intti11.sie rigidity• [ .A J • ls ph.eno:menologtoetll!tf re1a ted 

to. [?I/] in the toll owing manne~; 

= - ,,,-n 

vthe1'e ~ ta the veloc1 ty of' the-1th. eh.a.in elen1ent. In o:t?d•~ 

to de.t~nnine ii,. we I"ettiWn te Eq. ~ll) and find, since u ha$ tl-Q 

eomponirnt$ o:uteide of ehain spaee 1 

v- .:,~ l(c:,L. = L J> ~~ J~--f 
4 Jg~ 

~ --, ~ r ot.;-<f 
Vo-'-< :c Vo - ~ :t_ Vo~ J_J) ~,h,/ j -- ($3) 



Xn pwevioU$ theo:l?;t.e$ of intrinsic viscosity o:f solutions of 

~t).¢~~oleoules , it r}fil$ been the p::ract1ee to s&t ·the ~1ght hand 

s'id~ ot the first of :Eq,.,, (35) . eqi.ial to zel'ot ttse of 1~. (35) 

niter pro.:te,etion on the aub'"'$paces· <>:f: the ehe.in elements l 1n ~ .... 

, 
terms wh:t eh 9;x-,e :u.ne~ in f , Ecq. (: 54) s :llnplif:tee,. i?- th«t 

Q4S$ e:t the rigid. ch.a:tn, to 
~ ...,. t·l~~ ~~~ 
~ t ~ L 'i"> • F. = - J £ ( e1 • RoL ) ( e K - e R ') e R 

'-:t:s -- s -

• + .J;,,t•.C :;~ ~~; } ........ 
:mq. ( 34) along w1 th Eq . (35) fo1,ns the has1e of our pz,esent 

theory of intrinsii'J v1seoa1tt $.nd rlgidit;r of rod .. 11kl$ tias.e;ve .... 

n1eleGU1ea in eol.Q.tion. 

Eci~ ($.5) 1t'epresetrt$ a set of 2n+l s:twultan$:OUS ~eotor eq:utt~ 

tione,. e$.eh of wh:toh mtty be divided into th.ree eq;uations 1:a:tJolv• 
➔ 

1,rH'i> th .. t11r·ee COriP)OOents of F : - •· ~ ·· . .... 1 
-+ ➔ c.· ~ ~ ~+ ~+ -c_ ~ 

(~- eR) =a - ..; €. (e'o, R0 1t)(e~ -eR)- .5 I'ts eR. '~ • ~ 

5i b.t 2. • • , -i,- + , Ii 
= - :2.. ~ :.c9~.;t.f-o2..A0 L (~ .eR)/ Jt-sj 

LfS 



~ch 'Of Eq:s. (5$} :may be i"'eprmsented by- a1i 1nt<:lgta1 equ$:t1ota 

of tho Kirlt'\,Yood<!i0Risen1J1n ti,pe; how,avet', .in the preae:nt cast 

solutions a!'e :re11dered w1 thont he;v1.ng . to ~k~ ant assumptions 

on the fluctuations about ~ean vs.lttes. A$ .an t~ple we:· 11urh 

up the integt,-al. e(luation arid s,olv~ to~• t h~ (tri•~) QO:mpon♦ntJ 
solutions for the other two eomp◊n~nt$ toll ow t>ead1ly. 

:Wollo.wing; method$ presint~ pl"evioutl.fl$ • we raay w:ri t• 
I 

</ ( X) = f ( X) - 2 ), a f /( ( X1 f) 

-, 
I I • 

cptx) = - /) E., rr? 

f (J<) - f ~~ )ivn}~/J X 

X = _£//)") 

I( ( x, t. ) ;; I X - t I 
_, 

== 0 

- 1/ - 7 ,,.-;-, 



?: = '/y 

~lt'_P.PGSSion foJr? (h 

~ ""'3 b 'l. 
Cb ~ ---------

3 



I 

I ( 
-I 

.r ~ .z I 

I 
-If .2_(_1-.... -J.. rf_o_c.;_·-;:[k-;iif 

- ;_ T(kX 

X c> dx -

Since we are ln-terestod only in the Newto11.ifll"1. contribQ:tions 

to the :lnt:riinsic v:tseosi t:r. the averaging in. Bq. ( 40) is per• 

.formed with t he equil:tbrium distribution function according 

to the scheme 
.217' 1{ r r 1 {_d,,.P J t Jf ,/,,9. l<f 

0 0 

a.v0:Ntging yields tb.B i'o.lloviing relations f'or the intrln.s1e 

viscosity $.nd ri gidity: 

(41) 



r? 'l = 

The expression for the int~itrnic rig:tc11 ty ma;r he put i.n the 

[P} = 
6 NS uJ ..2. ( .;z. »o F { c} 0 ) 

/t.'00 /1 /rw.:i.,T.:2.. 

- 6' IY-'<T w .;2. 7 o2. 
{ I + -f-) F (r/0 ) 

/OOC> /'1 I -I' W .:2, G ..2, 

we $hall n.ow investigate the l>ehavior o:f F(J O ) 1n the 

mathema:t:teal lit1::l:t.s .of mnttll and large n, ma.king use of the 

. prope]!!t1e$ of the eoslne integral. 

u( 1)=~Y 1 

= 

r =: /. 7✓/ 

~'1 

J 



~ F( 1l) = I =~ Ff .2-tC) 
rn ➔ O 

/h ~ CJ ..rr-
/I" --} 0 ~ 

1L,~ 0 Q'O 

[ !rob ( _2, Ao -o/ ?;;IP f- / ) )- I 6 I ~ F(1() =- 77..2.. 

/1"1~ gQ !f ~J 

[.2A. ¼ /YI 

} 

-I 
~ 

77"Y 
f- I 

If we :make th-e following al tera.tionu, 
L = /7? b j c2.. L "' /enyrh ~?- rcJef 

/! ;:: J~i!P / 'fl' 77' L. q .,z ::::: S,P. yeJ/--:
1 

,:::> f q,n eR!,,P S t:? / O'j 

Eq,. ( 42) 'beeo111as in the 1:uuit of l~ge n 

The above expr·e$s1on f'or t he intrinsic vlsoos1 ty is to be 

eompared wi th the one derlved by S-lm.h:a fo.r the prolate ellipsoid 

of semi mtJ1jo1" g:txis L and serirl. minor axis au 



It is s,een that $itr,ha'f's result eorre$ponds qui'b$ nearly to o~ 

at$tie lirait w1 th b ..---....,, 2a; o:t1 in other wo;i:-ds, to a ,:aigid etxa!n 

<.}ompo·sied ot 1nenomet-:te. units whoso ett~etivf shells of' hydrodyn~e 

1nter$.ction hQv.e $. titd.ius equal to one he;lf th$ dlst~:t'lce of 

sepaJ?ation '.'bttween adjo!n.4.~ E,l.ent♦nts.. (It 1~· to be n,tei that 

£,<>~ sueh .a, m"del /\ • 5/4.) In th.$ limit of la~ge n th$ ex•• 
0 

b/1//rT 
1ot>o M 

I -r o2. A I> [ --7 <>2- ,?? - -¥/4 l 
I -t-.2\0 ¾7Tl'Y 

It is tnte11estlna to note that at high frequeneies the :i.111~ 

trinsle i"'ig:td.1ty f,}f a high tnolec>ular1 weight rod .. 1:tks macl~omole:eule 

te 'rtear'lt invei•sely p:ropo~tion$.l to its ntoleeulav weight• 



n. IM111a_1w~1c vrscosr~x A,;~i:P n1arDr~Y OF ])rJt~~inG: 

MACRO!\[O:t/ECUT~E$ IW sot UT! Olh 

Fo~ ptU"poses ,of eon1parison we: inelud~ ealcul~ tien.s rot' :t,he 

r1.gid dumbbe:ll model, which is conipo~.ed of two e1e:raenta'1 wherein 

the s e~ ts of hydr.odyn.am:tc interaction Qre. loe~ted; joined together 

b3' $:1'.l !nf'lnitely th!n rod of length 2B, hydrodynrun1G\ p-ertntiba• 

tions due to the presene~ of' the rod being negligible, For sueh 

1a. niedel_, the $ota of eqttations descril;)ed. in Eq• {:5$) becom$ 

readily soluble b;v' the oow..m01;1 vn.ethods used to solve ty$tam:s tf 

li11ea..r simulttmeous eqnatione. At this point we need: me,z,elr 

to quot-e the results of such calculations in 01 .. de:r to comp•~• 

them with the :r:esul ts obtained by Sim.ha fo:tt a similar mode1,. 

Th0 e:x-pr·@$sions for the intrlns:1.c v:i.seosi t;r and. rig:lclity 

n-ow 1:,e eome· 

3 } .2. ,-, .L 
(1-KJ(11--uJ <..) 

6 /\/ k.T = 
/tJoo M 

If we take for our elements of hydrodynamic 1->eeistance two 

Spheres of :t"a.dius a, and if we assurne t hat Stokels Law is valid 



Ji. 
M 

nI$.::f bt (::)Jtpanded t .o yield 

[?] ~ ';j_(;d).2[, 

......... (49) 

Bqt (49) 

··--· (50) 

This !$ to be comptJ.r$'d w1 th the :r~sttl t obt8.ined by Sirw 

our~ .is SLS follows . wnen placed !n te~121s of o:t.U: o.na.1yalra~ 

Simh.4''3 1nethod of calculation is equivalent to stating 

, 

~-- (51) 

Upon $.ubst1tut.ion of this expr$se:ton into Eq. {32) followed by 

sttbstitu.tiori into Eq ~ (29),; Simhats abo,:re t>esult may be obtained 



H,,-vJeve1"1. S:!rd:ia ta t1"'e$.t111ent of the dumbbell model 1.s, lnco:t>rect .folJ 

Eq., '(51) d,.oes not hold. Indeed, .f ot> the cacse of' eon,stant rate 

of ati"ain w:e o'i:rh~in from E:q,. (35) the exp-i~ess'.ton 
• 4 --J, ~~~ 

v-l -,; ~ 11 . [ e; ~ + ;$; e/P e/P,. e..i. ~] + l { e,,_. R,.t Je, .e'/'ef 

€ -j, ~ ➔➔ 
= ; J . J +- -:;; ( e-z.. )( Ro~) ,, ey, e 1 ,._ 

..... """" (52) 

S.Ubi11t:ltcition of 1sq. {52) into Eqt ( 32 ) lead$ to the l"EHtult 

gi-v:en in Eq. (50). Sh1.m.-aJs t:Pe·at1nent mount$ to neglocting the 

effeet tl'n the duml:ooll of exte1"nal toi~t}:u$s ¢1.itused by itiscous 



c -1 
•-... ,,., ( 5t3a} . 

where E 1.$ the dieleetz,!e tenso.rf ~ 1.s t he pol.ar-iz•s.biltt:r 

cons.tant or -the l.1quid.1 ::::!::. r..z.J 1a the polal"iztib:tli t,r tetls~er of 

the maeroutolae:uie,. c1 $Ud. ~.i ~e refpeeti vely the concentr$tioit 

of' s .olvent and o.t so1u.t$; and o-- 1.$ given by the :following ..,__ 

~ 

r is th~ 1eeal eleetric field aet:1r1g within the dieleetJ:iie 
➔ 

eont:tnu.una .and E :ts th~ externei.111 imposed eleetrie .field.. 

Th~ polttr1zti!.bil1 ty te11aor 0:t the nm.c:eom.oleeul~ is given 



:tr we now aa.t:lume that the polar1 ze.'b1l1ty tel.'lsor o,f the :tndividus.1 

eleni~ntii:J has cjflindtiieal SYJU4'1etrir about the eJ.ernen.t, we may 

write 
rJJ r.tJ 

c;,l)LX ,:;,L X 'f 0 

(.I) oL_ (.l) oL- tlJ 0 
c/4- - 'I )I.. '1 'f 

0 
(..I} 

0 cl-;,;, • 

·(.~5.)· .... ..,,. .. ..., 

.•. (.:l.) 
The pXtinoip a.l ilQt" li>f oL. in tho xy plane may be found b:r ..._ 

-A,,r. 
-'- - oL 

:,(.)( 

-A~ 
.,,,,_ 'f X 

-Ay: 
,:;;,LY..'j 

--A-v. 
d--'t<t - a,t_ 

0 

r.JJ 
Th@ pol$.riZt!tb1lity tenao~ is syrnu:1©txii c tlnd ~ 

t- o/ 
consequently solu·bion of Eq., (56) y:teldi 

= i_ [ oL-" :r. >'- cA 'I ;Y. ~ /( ~Ji>< - c;,(_Y'I j :Lr + oL ,t.; j 

(56) 

➔ ➔ (~ 
where e1 $.nd &2 ~e t he princ:S.paL axes of~ in the x:y plane 

and correapond to the principal axea ot 0- also . 



The a ngle of' 0xt;lnct :lon , ,X"' , is dufi :ne<:1 a .s the an.gl.e be• 

t,veen the su;r,eam 11n$s a.nd t he optic axis 0f th:e flowing liquid: 
. .. ➔ -.). 

th!a t!in@l$· eor-:-e:.espond$ to the tngl~ f or med bt ·(rj_ tnd ex• Thus, 

we arvive ·at tho expression 

I I--

X - 71/?- - d-x,,,_ - =<1t 

.,2 =<-x.y 
f- -- -

Tl 
1-

<~~ ~o2:;JJ //rr. 
<~~~ -z ~ >~--

Exp;re.~Hli ons f'.o~ the m~li tude of bi1t'efringenca . may be ob--­

ta1ne.d t h.rotti b use of t he Ol.tausius .... !\l!osotti e.qua t i on, 

..z 
--n - I 

.,.2, 

~ 4-77" e.- c:,L -cy- oZ // 



And 

= 

whe;r,e ni and ·~ ~~$, the val.aes of the index of ref':re.ction of 

th~ solution 1n the p~!neii;a.1 diz»aet:t ons. RetJt1ning orily te:t-m$ 

Which art first "~, in the O◊rutent~nt:ton, :Sq. (60a) l?U.t:V be 

,oon\l'EJ~ted by u:Je of Eq_.. ( $8) t,e. 

4,?? -= ----,--7/ - ...--r? ..z._. 
,,;z., - ~ 

~ -y77' (~.L+..2.,) c,,,_-<.. -9-.¼nX- ~~,._-o(.h'] 

r ~ ~ ',L7 r.. .,,:2-..Z. ,,_ j' .......... ,( eOb > 

where n0 in the ~ef~aet1ve indE:!IX or the pu.zte solve:nt:. The 

eXpression in the b~ace· ;Ln ~q, (GOb) has the value unitf in th$ 

flr$t app:roxtmat1t:>:t'l• 

Thus 1 t ia S$en tba.t the t heory of flo w birefringence require# 

kncnrt1.edge of both t1 md f ~, where these are the pertu.ti'bat1on 

te1"W.s 1.n the distr:tbutlon fttnction as de.fined by Eq. (16). 

Fol'l oonstant rat$ of strain sub$ti •tution of Eq. (Hr) int()· 

:E:q. (14) and use of t he results obtained. in Eq., (21.) yields 



Soli..:.d;:tons t o r2 may nm1 be constructed. -aecording to the follow~· 

ing sebJ1111e. We let G !''$l)iN~$~t th-e r:tgtd; hs11d $'.lde of t h~ last 



who:re ~(,/4 ) a11d l'n(P ) ~~e t h•SJ as s oc i.atec'l Legendre mnd Legend:re 

p ol;y-nom.ials :tn t he V~:t"iable _,A ·!t ¢OS .,62 Md the A' a md Bf$ 

ai~e t he eerx-esx,ondlng eXpan$ion eoeff:l cients. 

Since ,!!e uuitke use of' ti only in ord.~ to ave1-i:ag,e thfl) 

!'unction .c-os I ~ ,, we are only inter-eat&d in the valua ot A22J 

the othe~ members of the aef1e:ts will not eoz:rt;t-ibute to tho -.ve:rage 

v!tlue (!)f co$ 2/ on account oi: the orthogonal:tt:v properties of 

the Legendre polyn<;miala. Carrying out the r~quir~d ;tn.tegratiott 

-r -- -

and from Eq. (21) 

f, lii,~) = q;': .2, ~ :l;, ~..z ~ 

VJherat1.pon substitution into Eq. ($1~ ) 

x- 7T ·= 
1--

• 
E 

e2,7/ 

3 

leads to the result 

~-- (66) 

whe1-.e t iii half' the lEmgth of th$ 1 ... 1gid eb.ain and A<'.'.) is the 

measur~ of hydrodynamic inh.e:raetioa between chain elements , 



~b.$ :r•eeul ts of Eq.. ( e5) ar~ $:1:mil~u? to th<Jse obtained by 

Boeder;. wlto tl:"'e~:bed the intini telr thin rod u:ndergoJ.ng twio di• 

mentrion~l m;otion. Ol.lr results ind:i.cate the t;tna1y$is :ts .~quall.y 

Vil-lid £.or tnr·ee di1~ensions &11d the val.uee a:o obtained correspond 

t◊ th$ leading tel'l11 in the e~resston de:Pi'ved by Pete:rilin aitd 

5 ttu1rt for the Pl"'olnt:e ellip$o1d, In ◊l,;dez, to obtain higher 

tel"m.i!:f, oUV' :pertu~'b~tio:n tream1uimt wottld have to be carz-ied 

tiwtheti., Both Boede~ ~nd Peterlin and Stu.art obtain e~1-10ssioi1a. 

f'ol'" the extinction angle :bi tertru1 of an arbit1.,ary diffttslon 

C(msu:wt, ln ouv an-.1ys1e, the v«,.lue of this diftusion eons:ta.nt 
" ' 

is given di:r~e.etly and is e{:mittl to fo b• • ' ' ' '' ' ' ' ·. ' ' ~ ',' ' ' :n. ' 

,ith,e v~lue of the m~gnitude of bi1•ofri:ngenc$ ia new obtained 

bt .substituting the value of t1 g:tve.ri :ln E<H (2:i) into l~q .. (fSlb) . 

Upon performing the :r~quired :tnteg:r:-a tion lt ls :found that 

Am = 417 ( m .'·i a. )a.. c (-' _ °' ) £ q; /:,'L ,,s ....,., a '' && 
o V o 

--

•• ;...., ( 66) 

. lo 
Oul? r,esults. :reserable to soo~e extent those ot J, J •. '.Hermt111.s 

who cnleulates the magni tude oft blrefr:lngei1ee of flElXibl$ 
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PROPOSITIOllS 

l, a) U'fUJ ot n)?l¢W'<JOd is theQrJ of .solutions or pol&i' 

mol$,eru,etl in eon,3~etton with tn~-· Btt¢ns:t·(;)d theoPt or :reaction 

vates make$ 1 t poaidble to f'omul~:tH,\ $: g"nel?al theory pwed1ot:t:ng 

the ele~tPel·tet1e ~tttJO'ts at th.e solv~nt. nv~dimn Of:t the . rates ot 

1oni~~t:n,e, oxiganift.. :re,aeti~1;1s, l'r'edietie>ns 0t $U~h a the¢r,r will 
' ' 

eon0$pond wt ~h pred! eti~ti11 -of th(➔: q_u,-11 tt1tti11e 1:eh1Jm0 p11op:ot1.ed. 

-ea:t'lifii' by Ii~be,~ Mtd Ing·eltl~. . 'flhtn-tor-1.nulation• b1A.sed on o~ 

th~H'>~:V Are apptl~d. ito th.• ®luioleeu3.a1? solv:o1ysis, of organic 

eompounds. it is tomcll posstb1e, t ·o :t"~lttt:e the e:rnp11'11oe.1 corr$l•• 

tlon tun.et iota$ ·et owunw$ld. and W11itirt0.tn5 · to the el e et rost-.:tie 

prope:rtiee of th.• $olvent n,.edi u:tn: • 1tnd to the nioleeula.1' p$.!"9.?lieteX's 

b) tehe litbev• mentioned f'o~mtilfltions: m$.f be applied 

only whsri tbe ~ltH)ttostatie eff,ecta of' the aolvent n1edium out ... 

w1elgh the non~el•(tL"l'o$ta·t1e,.. It :le$ a..l.so to be e~eeted that 

wx1en ou~ fot'mul~tionfl! do not appl..:,, the en.1pi:t?i<lS1:l fonnula tions of 

eorrelati◊n ·$hould ◊C;our in the if.iesion ot low dielectric eon• 

stanta end tn ea,ea af spee:tt:to interaetiot'l bet,veen tliolitent and 

reactant.; the 14tbel? ls nsuallr due to hJtirog~n bond1:ng. 

:J' • G• K1rk't1ood1 ~} O.J:~~r,,t.• .~P't.* • b ~$1. ( 1954) •· 

JS. D~ HU@h(;NJ and r •. K. Ingold,, J.,q.$,., ~ (19~5). 

E. GWW4W9:ld e.nd $. Winstein., !• &!l• .Qh~. !12!•• 70, 
&4$ (1948). 



PROPOSITIONS (Cont1n:utd.) 

a) 

meehan1sm ot b~ominttti-()tl ,and hy~og♦n h$.l1de•t~•pe n:ddi tion to 

C1>letlnic htdroearbons 1a the ~;eve1,,~ed. ?"ate ?l'der observea :tn th.t 

aeries 1aohut.J1l1)11& and tl'.'imethylet.h,rlene112,- olefin re-activity 

ifi 'b~omina..t:lon•t-yp·$ :reaetti.on$ is a tunc:tion at pt oJ.eet:von avail• 

ab1l.1t,r and n1a..y 'b·e cor•;N~l$.ted vr1.th values Q.f ioniz~tlon pot.f;ln'bial·•• 

Reaetitri t:r 1n htd:.rog~11 ha+1de•~?tPe ~aqt:tone, howeve:tt,. is &\ 

function of the polat-ity of tl\l@ doublt- bonc.i,,, It ts suggeatt4 

th.at of! ' the simple alkyl substttut$ci olaf1ns,1 1sebuty-lene is the 

mo$t reaetiv,e to hydrogen hs.li<lte~type adcU.t:lon ~-eaQtio,na. 

l) A• Remtok, "li!leo, !nterp• Org... Cb.Gln• "• Wiley (1949), 
P• eo. • · • 

2) n. J. tueas , et al.,, ,;rt~'n,•{}.b.~m,, SQ,~•,:?.§., 460, 2138 (1934) 

b) It is proposed th~t the prin~lpal initial product 

in e1ee:troph111o addition 1"eaotl.ona of alk1l substituted oon.., 

jugated diene hyd:rocal'tbont;J 1S the 11 2 isom01"' ♦. In the case whert 

the pot.'l:1t:tve attacking group :ts large enmigh to form a l;4 oycl.1o 

intermediate, i$ltCe:ption$ to t he a.hove ru.le al'e to be expooted. 

and the principal product sb.ov.ld be the 1,4 isomer. !n the lattol" 

e&St:3, ~ori:1ation of' ~l.fe product~ :ts also to b& ~xpec~ed1• 

1~ See this pt1e s 0nta t t on, Pat't I,,. Section VI. 

may· be found whe~e:tn a given res.ction oecu'.!?ring at a sm"f~ef 

intet"face will d.iffel:f ma.X>lt$dly 1n l t$ k1neties from the eorreapond• 

1ng :J?eaetic>1t occurring 1n the bulk phase. Sueh d!ffet>enoes should. 



PHOPOSITIOMS (Continued) 

be due 1ar$ely to o:riente.tional efteets and ma:,; be oorrelttted 

with the ze:ta potential ot the double layer existing at t he 

in terf't11.ce. 

b) An 0;gam1,le of a :re,aetion e~h:tbiting dif'fo1,.ent 

ldnetics 9.t th$ surface interface f,:,om that :tn tne bulk ph~$e :ts 

the -.1r e-ataltsecl. l)Ol.~eriaation of unsatuli'tatecl :ratty acids, It 

is- suggested that the cl1fterence in ld:net:tes may be studied 

qutmti tati V¢ly b1 a eonihine.ti on of the techniques of 1nonolay$:~ 

eaatlng ~ct light seatteril.-1g. 

4. a) The UP.'ueua.lly low yields obtained in :t>-eductlon of 

al])h.o. mon.oeb.lor ear-hoxyl:tc acids w:t th 11 thium ali:.,minura hy<il?ide1 

m-.y be ascribed to eompetiti'ile reaction of the ehJ.oro and earbo:xyl 

groups• The increase in yleld observed going from free acid to 

ester to aei.d hm.l:td.e and from n1onochlo:r to polychlor compounds2 

m-ay be e.xplaine-d on the basis of resonance and provides an in• 

terest:lng e1t$l'l1ple of how P$.ulingt a resonan(.le coi1cepts ~ppl:'f tc 

reactiv-itie~h 

b) The kin®ti o datt1t. reeently 1"eported by Hine tmd Lee3 

on the hydrolysis of phenyl methyl hal:td.es :tnd:1.eatea that dif• 

fer~nees :tn some of the obsei~ed rates m,ay not be explained on 

the basie ot r0$conan¢:$ stablii3aticn.1, as proposed by the a.utho:>N,, 

out. may be e1tplained on the bta$is of stexsic conside1:-e.tions-. 

l) w-. Fickett, private oormnunieation, 

2 ) c. E, Sroog, e·t al.; J , /.m1, Oh0m. Soc . , l~~, 1'110 (1949). 

3) :r. Hine and D, Eh Lee ii Org. Abstracts, A, c. 8 . Iiteeting 
S}eptember 3~ 1950., P•- 45 w. 



5., It is widely recognized today that the simple Plory ... 

Hugg,i,,ns theory is incapable of expla1ni,1g many e~erhnentally 

d.ete~r:.tl.'!l.eil the11'aod~ie data on binary t4i.xtu.res of poly~er ancl 

so.lvent.1 , 2 An o~d0r--diso1"d@l" analysis .followlng the Ki:uliwood 

_theor~/5 znay be used. to derive the F.lory .. :m1ggtns forntu.la. Su.oh 

an a.nnlysis indi ca,tea that the theet-y is V$lid onljr tor -stil'iQtlr 

regular solutions :l.n the sens:e of G~genheim-• 'l'he $hortoomings 

of the Flory-Etu.gg1.ns theory may be e.serlbed largely to the ate.tie 

lattice model em.pl,oyed• A more t•e.tiona.1 attack of tha prob1$111 

may be made through. inclusion of vibrational ~ons1deration$~ . 

following l i;ir gel,r the m~thod 01..t.tlined previously by Kir:kw·ood4 • 

M. :t. , fHthtte~, P. Doty, B. }I . Zimm; J'., Amt Cb;om • . . SQ,e., 
7f3t 530 (1950). 

'.I?. J • Flo~y, . .r.· ~·.· Qh~t• Phz~.•t 18, 10815 (l.950)• 

J. G. KirkWOOdy J. Ph~s- Qhel;:l;•, 4;3; 97 (1939). · 

J. G. Kirkwood., J11: Ohem. Phi;~• ~ .1,.·· · .. · . 908 (1959h ;s, 
seo (l950h • - '' • 

5. A sueceasf'ul e:x:planatJ.on of the fine, atructul."'$ ob$ett:V'$d 

in Rayleigh sce.tte:i?;tng in 11.quids has been a.dv$.need by Bl"111ouin1• 

A s1.rnp1er, though mor>e crude, e~planation is proposed here btas.ed 

on the supposition th.o.t the sa~tterihg centers ma.y be represented: 

a-J dart1p~d oorinonio ose111e.torth The de.m:ping term arises f'li·om 

Brownian moticm. The f'lne stru.etur·e ma:r t hen be e=tplaii1ea.·· alc:n-1g 

lines similar to the ones given b-y, Froehl1eh2 :tn Mf 



J?ROPOSITI OMS ( C ontlnuecl ) 

'7. l1l a recent pape:r· s. :1olden1 elrd.ms t~ 1'>rove the 

0 adle.bat:tc h~"'1)oth~si$'" fl?cmt the Bo:rr.t .. Opp0nhcii:-,.i0r eet'Qth Qrder 

a.pp!"OX!mat ion ta:rJd te pliOV$ the Col"H?t'.:rp-t of micros copic reve~$i• 

bili t~, ft-or,n. tl'ie t:I.r$t o:r,dar Di :ra-c t:tme de·pendent :s:,0rt1:ti:h$.tion 

theory. It :Ls prcrpos0d "ohe-~t Golden• s ar•gurnen·ts on th:eae point, 

E$e cir Ol..1la1.. tn1.d larg'$lj... .met11ningl es a • A moo::ie re t i on.al a tta, ok ot 

the p1:->ohlem woald in'1·ol ve t h@ . c0l;l ve1<s,ion ,,:r KJ:SU:ne:rs t stooh.e.st:te 

t;re:atmeni;2 into quantum In$¢b.$_¥:de,. It :ts to be e~1?ected that 

such s.n an~lys:ts ::P:otil.d s.how the 'tralid:it:y of t he .E::.1:>lng•Polyanyi 

S, Gol..de1i:; if,,~ ,Ch~m, Phtrs .,, \~ 1 6:20, (1949}. 
· .. , ; ; . ·· ~ , • .J,i·_;1 ·1 u· 

II.- A-. F'..ramers, l:bys,:1,0£,; 1, 284; (1940). 

e.etd.v:lty of a molecu.lo 1s not only a .funet:ton of t he electronic 



hi.gh ternpora. t1..1.r0, t heir role :J. s secondary in ordina:ry t h o:rmal 

:t,.ea etion:ia occuri"in.g neal" roc;:m te,1:;iperfttm":e• The dif:foi,enee 1u. 

tions of s te•ttd:Y' state reciproeitlr ~nd constan.,cy of free :V$.dJ.cal, 

eoncentr•a.tions should lead to the-, familiar monomer resH~tivttJ 

plicit equati.ons :may be obtair10d f or:· s:1.nglo constituents, where• 

10. Th.e s.pooif'ic v:tsoosi ty pel" unit conoent:r€4t i on of a 
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PB0P0SITI0US ( Con tinued) 

e$1Vable, however, t he,t non .,..)Te.wtonian eo:b.tribtttions will gtve 

... ½. rise to a tel'tll propor ticnal to c-. 




