
MICEI.I,AR EFFECTS ON KINETICS AND 
EQUILIRRIUM OF SYNTHESIS AND HYDROLYSIS 

OF RENZYI,IDENF.ANl1.INE 

A <iEbiit’KAl. KINI-ITIC <‘ON<‘t’Yl’lON OF 
SlI(‘EI.l.AW <‘A’I’AI.YSIS 

(‘alitly~s bg itn cnrymc require\ lhc \pccific 
hnding of ~bWalc mokcuk lo a calafylrc SIIC and 
a chemical mterxxion wtlh lhir silt. whtch may 
dtrcctly utihtc the binding k~cer to decrease the 
free energy of ~I1v8l1on d the catalyzed reaction 
(r&cwr’ r for erampk). Micclb.r caudysi) may bc 
viewed as a mu&l of the cnzymalic prucos where 
rhc non-covaknt bindmg of UK reagent% with the 
mwclk (“cxlnclton” of UK rcmtr from waler IO 
~hc micellar “pha\c”) rcdtr In a hcightcnmg d 
rcirpnls conccnlnlton in the m~cllaf phase and. 

rhut In an ~nc’reau m the reaction talc., , ‘l’)Ku 
ucu t have been nou dcvck~pcd mlo a compchcn. 
uvc kmclw: conccp d micclku catalysts which 
&yzrs pccckralnm d lhc n.lh order rcac~ion in 
~hc przscncc of mtcclks. 

‘To compare cflccltvily of m~ccllar calalyr~s In the 
reacttons of diflcrcnt kmcttc order WC have studied 
lhc ctkcl d sodium dcdc~yl~lphalc (SDS) mi. 
cclks upon the kuwbcs of synlhcst% and hydrolysrr 
of bcntyImkncanilmc 

The r-ate d he foward ilnd backw-ard rc;K‘lHH)s 
does no4 depend upon ctmccnlralmn of I(. IBM tn 
the Y- 13 pH.rangc and al pH . 9 lhcrc occun 
3pccifk rd calalysis.’ ’ Fultcr the clTccl of cal- 
iomc dctcrpnl. celyllrimclhylammoniunmocrlum bronudc. 
on zcd-ca~alytcd hydrdystr of kntyltdcncandmc 
wu !UudleJ.’ 

Sludying reactbun (1) wc have clucldalcd the 
qucslion. unknown hcre~ofure of the cffcc~ of deter. 
pnl mkclkr on equilibrium between non-char& 
llWkCUk 

nA l pnM&IS (2) 

runti- both tn the aqueous and m~ccllar “phau~” 
may be rcprcvnlcd as ft~lows: 
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where k, and k, are OK n-th order rate constants m 
the aquct~u, and miccllar “phxsc” respccl~vcly. P is 
partilti cadkienl of the rewI bclwm the two 
phases. <‘. is canccnlntion o( lhc dete*nI from 
whtch <‘MC’ is rublrac~cd. V is motar volume of 
the Jcle~enI.’ How an equation of type (3) is 
dcnvcd was exemplified earher with a himokcular 
reacl~on.’ Briefly. II IS z~surncd lhe rimulla3cous 
course of the reacl~~l in bolh phaxcs belwecn 
which there ~xwl es~abhsbts an equilibrium parti. 
IJWI d rcagcnls; lhc equilibrrufn is rnaimaincd 
lhrt~ghoul the feacl~on. II is also assumed lhal lhc 
reagents produce no effccl on formplmn of mi- 
celks ~JML among olhcr things. they do noc shin 
(‘MC’. thaw seems IO hold only in the case o( dtlule 
sotullons. 

Analyzing F4. (3) we wish IO deal only with the 

cau when the rea(lcnl conccnlralc3 greally in the 
nucellar phase. i.e. when P p I. Rearin this in 
Ilund and assuming also IhaI CDV -a I, F4. (3) may 
be prCsenled as: 

(4) 

With n I the dependence of lhc apparenl mle 
COIISIMI. k,. upon the cmcnlntti of dcterpcnr 
lends lo lhe Limil& v&e. k,. in accordance with 
the hyperbolic law. AI olhcr values o( n lhts func- 
Iron has a maximum and the maximal occckramn 
In the prcvncc ot the dflcrgenl micclks is equal lo: 

‘Ikis equation holds tf Ihc rate Oc reaction in lhc 
aqueous phase is ncgkclcd. i.e d II is assumed thal 
k,p<‘DV *- k,. As is seen from F4. (S). miccllar 
effecl upon Ihe n.th &cr reaclton is dtrennirtcd by 
IWO factors the changed reacllvrly d lhc sub 
stances on their being lransferrcd from the aqueous 
IO the micellar phase (kJks) and by rhc rtagcnls 
kmg conccnlralcd. The former furor depends 
only on lhe mechanism of the reacIti and on rhc 
twicnlalfon of the rcagcnls in the mtcelks. whereas 
lhc lallrr mcludcs only lhc portlIion conrl~l of Ihc 
reagent bclwccn waler and nuccller (P) imd de. 
pendr on lbc order of rcacuon ln) II 0 the laller 
IWI I~ISI maks II ptnsibk IO uu mlcelk\ for 
cfkcl~w accckralH)n of h&-order reaclnlns. 

1.~1 us see whar can tu done wtIh tlq. t J). AI 
usual values of I’. from 10’ lo IO’. see’ ‘. Ihc maxi. 
mal acccIcraI~on of lhc rcactw)n amtnmls lo IO- 10’ 
for a ucond cydcr and IO’- IO’ for a lhlrd.ordcr 

reaclmn only a~ the expense of rhe reagent bmg 

conccnlnicd in the miccllar phase (l.c. PI k. - k,). 
In IJu general case the effcclrvtly of micellar cala- 
lyris increws u the kincIic o&r of IRK rcacfiott 
grows. This is clearly seen from F4. (6) whKh al 
k, - k& may be dcnved from F4. (5): 

I k..kA..~aran n*“P -e. -. _ _ 
(LA 1 I - ,n . I,‘.‘,;-,:])” 1 (6) 

a=uodn - 

‘Ihs me-umslanls nuo dom nof depend much on 
n~wtbmnchangesfnnn2loJlbcfaclorbcf~P 
in F4. (6) acqutrcs rhe valuti of 0.6 and 0.8 
respccl~vcly. In o4kr words. when only the con- 
ccnl&on c~cct is al plmy (I.c. al k, - k,) the ratio 
of maximal acccleral~n &served for the rtaciions 
of the (n ‘0 Itth and n-th o&r in the presence of 
micclks IS ahnosi equal IO the P value 

‘Ihe equihbrium slate in a chemical rerlion 

A=H:-AR (7) 

IS described by a usual expresston whaIever the 
delerpnf c~cnlralm: 

(8) 

where [AH],. I.\]: and [HI, are Iolal conccnlnlions 
oi the rcagrnls u-htch have ma~cnal balance rtla. 
11onsh~p wtlh aclual conccnlmt~ns of the reagent 
m bolh phases. 

[AI, - I I C,V ,[A], l (‘,,VlAl, 

IfB]: - I I - c,v IIHI, l <‘oVlHI, (9) 

IAHL - I I - (‘,V r[AHI, * <‘,,VlA& 

Here indlccs m and b should be rcferrcd IO the ml- 
cellar and aqueous phase respccl~vely. In the case 
of cquttibnum parMoon o( Ihc rcagcnls bclwccn rhc 
aqueous and mKellar phases one may dcnve from 
Eqs. (Ill and (9) Ihal 

KrPO-Kb 
1 . KU<‘, 

t I . K4Ct,)~ I t K,(‘,, 
(IO) 

wbcrr A’. IAHIJIAIJHls IS equihbnum conslanl 
w-hen the detergent 1% r)ncnr. Hitimg constants 
K .I. K, and K. arc dcscriM’ ’ by usual exprtw 
-ton* 



the rc*nls between the two phws: 

p. - IAlJl.~l, 

P. IHlJI~lb (12) 

P 4. IAHIJI~W. 

‘The cqullibfium constant In the rmcellu phw. 

K, - IAHIJIA]JLHI, and lhal in the aquc0us 

phase, K,. arc mtenelated In the loUowing way: 

K, - K, p’; 
4 . 

(13) 

‘Ike mak Oc deriving pppuml cquihbnum con. 

slanl expressed as ( IO) is hasicrlly the same as 

that used IO derive kinetic F4. (4). Therefore. 
the above equalions may be made UK of only in the 
case of dilute sotufionr. 

t.fltt-r oj .$I).~ mrc-rllrs on ryutltbnum oj fhr rc. 
uc-rwn c~jkn:vlufcnrunrltnr jormurion 

Figure I show, lhc pLol0f the apparcnl cqUlhb~ 

num constant. K,. against dcle~nl ccmcenlra. 

IA. Havmg analyzed this curve one may find the 

porrll8on conslan1s ol lhc rra@clUs If F4. (101 IS 
used (Appendix). ‘Ihcsc vducs. K,. Km md K,,. 
art @en m the ‘I’abk. To errimate pPrttItun CD 
cffk#nIs. P. from crpcrimcnIP1 coas~anfs K (see 
Eq. (I I)). we il\rumcd the spcitic volume of SDS 

in m~ccllc~ lo be equal lo 0.9 ml/g;* then V is equal 
too.26 Ilmk. 

Knowing the parWon co&cicn~s d the rc- 

agcnls. one may cakulate the true cqullibum coII. 

stanI d rcacllon (1) in the mKcllar phov. II fd- 

lows from F4. (I 3) 1ha1 K, equals $.I .M ’ which 

pcpclicdly comcidcx’ with the cqudibrium cao- 
SIMI K, - 6 Sl ’ mawred without rhc dclcrgcnl. 

‘I?tar means that rhc &served increase in the 

apparent cqutlibnum constant. K, lap(norl. 
matcly. by one or&r). is due IO the rcagcnIr and 

producl bcmg conccntfald m the micclk. 

ttqualion ( IO) is symmcIricd in rchion IO con. 
s~anls K, and K.. tMore one may ascribe one d 
them IO aniline and the ocher to bcnzddchydc only 

after parUt constams d these substaxes have 

been dclcfmincd indepcndcnIly. This was done by 
us using gel fthnlion. The cxpcrifncnlal &a ob 
tined art given in Fig 2. CorrsIanIs K, and Km 
found foe bcnzddchydc and aniline rc~rivcly. 

arc listed in ~hc Table. (hK may see that I)KK 

vdlucs pracl~dly coincide wcth those found In 

cqulltbrium measurements in term\ of the K, 1.3 
CeD ploI IFIR I). This coincidence should be tnlcr. 
pfclcd IO mcM lhal F4. (101 IS COmxI and. Ihal 

the above described coaccpc d the effect d m- 
cclks on the equilibrium da chcmkd rcacfion IS 
valid. 
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‘K. - 9 7 154 : (26’. pH 10 *. 10 vol4 ul methanol, ” 
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apparenr constant of the ra~c of hydrolysis of 
bCnzyh&riCNIiliIW and dewgaIt CwCCntfXtlOn 

The data ob~aincd ind~;rte thaw IhI:, relation&p 
has a limit al suudicicnrly high detergent concentra 
~NIC This agrtcs ulth theorcbcal pred~~w (14) 
which follows from t:t. (4) a~ n - I. In F_q. (14) 
k,.. and kb., arc rate cons~irn~s of the ftr%t order 
reaclion in 

k 
k,, K,.C,, + krc- 

WC. - - 7’ 
hA‘,> l I 

(14) 

the mkellar and aqueous phoJca rcspec~~elg. ‘The 
value o( k,., found as the Ilmtling vohm of kurr, 
at high conccnu-a:ioru uf the dcrcrgcnt and also the 
vah~ of kb,, measured utth~t the dcrcrgcnl are 
precnwd in ~hc Tahk 

SIX mlcelkr also produce some C&I on ~hc 
rate of synlhests of benzybdcncanilmc. which ftd. 
low\ from the Dada In Fig JH. The thccxe~~al qua. 
tnm dcscntnng dependence of apparcnl rate 
constanl of a second order tt.slwn upon dclergcnr 
conccnlralron was derived ea.&r’ and m8y be 
prcvnred a\ follow3. 

k 
I k,.JV )K,K,(‘,, . k,,. - _,_ 

LR* 11 l K.(.,,iYi.)i,C,,; (IS) 

whcm km,, ad k,,. are rate conttanl5 0f second 
0&r reaclti tn the mlccllar and aqueous phases. 
respectively. Basmg on ttq. ( IO. from the data tn 
FQJ If3 one may ct~~ma~e k,,. If the valuer of K, 
and K. found by quihbrium meiuuremcnls uwl 
hstcd m the Tabk are used ‘Ihe rcsullmg value of 

LJL., - .( 2 hi ’ is practically equal 10 tJw value 
of the quiLhrium C~IISIMI. K,. found fnwn the 
quMnum data tTahkb. 

Al one may see from the Tabk. u hen the aqueous 
me&urn IS rqbccd by the mxellar one. decekn. 
bon of both the hydmlysls and synthmtr reacrbns 
of ~~ylide~~~~h~ takes plxe. i.e. k,, - k,,, 
;md k,,, - k,,,. In both cases (hydrdyus and 
synthesis) there occur3 ivI almost equal dccrtasc in 



the InK late conslM1s (ap$Coxim8lcly a 3-fold de- 
Crealc) As a rcsull. lhe pM!UbmoWu&cular 
react&~ (hydrolysis). where the frt of IJK MI 
being conccnlralcd in the mrcellar phase rharld no4 
&ucnce IJbc ovcrdl reaction rate. redly Wards 
(FIJI \A). Thim are di&rent in the cue Ocsccond 
order ~W&OIL such - ryntheris. 1u IIS overall nle 
In sple of krr favounbk nit constant in the mi. 
cellar phase. not only doe3 no4 decrease In the 
prrscncc of nucclks. bul even increases 3.C.foJd 
(Fig JH). ‘I’htr i\ but IO the fir1 thaw the reagents 
(andine and benzakkhyde) art cotxcntnted In UK 
mwelkes. ‘Ihex dala conftrm the conccpl dcxnW 
above lhal cffcClivily of mK-ellar coldysir incrzavr 
3% doer the kmerrc order of IIW reac~itm. Sl~ll 
grerrter accckntion may he al~a.ined in a lhird- 
order reaclion. see Wow. 

Figure 4A &bows m~ccllar effect upon lhe acd. 
calalyrcd hydrolysis of bcnzylidcncan~lrn. The 
lheorrlicpldepcn6enceoCk,,,.,upa,<’,nuyk 
derived hased on the same considcntions as m 
uxd foe k, W4. 4) 01 K, (Eq 10). the vnly 
ddTerence bcmg thaf 11 is IKM ntccsq IO include 
the malenal balance equation (should a hufTei be 
prevnl) lo dclcfmine the rlivily of t(- ions m the 
surface layer of ~hc micclk. This vduc may hc 
drawn dlreclly from the rlivily m lhc My of 
~Aulion using Milton cocdkienl P,,.. ‘Ihc cqua. 
lion dcnvcd tn thir way b&3 1) lobow*: 

A% IS uen m Fig 4A the expnmenld dcpcn. 
dcncc of lhc apparcnl r-ale cmmn~. k,,., - n upon 
COD has a maximum. which should nol be the case 
In accordance with rhecrmicd erprcss~~ f 16). 7%~ 

ttasm for thlr phcn~nncnon seems lo be the fol- 
lowmg. In the umpksl case Oc the Botl~mannr~n 
dislribultcm of 10n~‘~lhc P,, . rhdd be prescnlcd ax: 

(17) 

where V 1s surloce polenlid. For an anbuc dcler. 
gcnl. such as SIX W - 0 is rvnknl. The absobAc 
value of V for this dctcrgcnr depends. other tings 
bemg equal. upon conccnlralion O(~ounlefions.~* I’ 
As lhc concenlralbon of counierionr imnutl. lhc 
rhwluutc value of V decreases. In our expcrimen~s 
the conccnln:ion of counlericms increPucd as IJul 
of ~hc delergcnf wenl up. ‘This enrails a decrease in 

K 

23 

IO 

ox 

0 r¶ 

V 4. hence, in P.m. Tlwefofc the maxmum in the 
curve (Fig 4A) may be accounfal for by the varia- 
bon o( the value of P, - as the c~cnrralion of the 
deIcrgcnl grQws. &s&s. II should be noled Ihal Iu 
the comzcnlnlion o( SDS incrruc3. <‘MC’ de- 
c~ascs and the mKelks VW in size.:‘.” These 
f8clr dd INM dbw us IO corn&r SDS efTeci upon 
rid-caldyml reaction on slriclty quanlilalivc 
basis. ‘Ibe following PQpoximalion was suggcs~cd. 
1.~1 us assume that V u 1OOmV. which corrc. 
spends to the value of lhc ( po1en1id* of SDS 
micclk a! CM<’ when rw, ekctrdyrer wert x&d.” 
‘tin P,, m - 55. 1.~1 us assume. 1ha1 like inpH-indc. 
pndcnl rerlwn. the (r\K nle conslant of acid. 
Uyrod hydrolyur m micellar phu+ IS 3 tunes 
lmcf th8n in lhc isqucous phamc. i.e. kl us assume 

IhAl ka,,*, - I.3 x IO@ M ’ min ‘. These rusump 
botu were dso made when the resuhs pertuning IO 
acid-cafdyzed ryntis of bcnzytidmeanil~ne 
were analyzed (Fig 4R). Ihe vduc Oc km,,,-, *ia% 
uwd to be equal IO 6-7 x 1W hi * mm ‘. The 
cbeortlkd equalion ( 18) for k,,, - , WIU be derived 
brul#onchesullecmeptUW~mdtUseoffoi 
F4. (16). 
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lhc theoferical curves drawn hasing on these 
astumprionr and Fqs. ( 16) pnd ( I ItI are pttsented 
m FIQ 4A pnd 4H. As was 10 be expected. the re. 
tulls of lhese expcfimenls agree with the IJwuWI. 
cal pcdiclions only al low deiefgenl conccnlniioas. 

In shine o( the facr that only wmiquanlitat~vc 
analysts of the experimenti resuhs was po~sibk. 
the fotiowirtg con&tin may be drawn: 

(a) ‘Ihe &ct d SIX micelks on pseud~mono. 
mokcular (pti-independenl) hydrolysis d bctuyh- 
denaniline is that d a J-fold decekration d rhe 
teacrti. whe~as in pseu&~bimokcular reaclion 
Wd~cotiyscd hydrolysis) there is a 2Gfold 
accckrauon d the reac~icw, (c-/Figs SA and 4A). 

(h) The cffecr d SDS micclks on second order 
reaclmn of pH-mdepentkn~ synlheGs d knzyb 
dcneamline n 1ha1 d 3.S.fold rcekratim. third 
order reac~mn such as acid~~~cplyzed synthesis 
becomes 12s more rppid(C/Fig, 3Rand4R). 

These resuhs porrc with the concept descnbcd 
above (Theory). VI lerms d which the &ecWIy of 
miccllar cocplysis incmses with rhe incmaGng of 
kinetic order d a chemical rcac~ion. When IIK 
laller increatt by unity. the e!kclivily d miccllar 
calalyris increms 30-60 limes rn the reaction myr- 
lem studied by us. ‘lItis con6nru the vahdicy d 
~heorebcd pttdictton (6) as partibon co&bents P 
fa lhe reagents have the vahJes txlween 30 and 80 
Cl-abk). 

Micellar elTecl upon the equilibrium state d the 
chemical reacbon helween Iwo neulnl mokcuks 
which we have elucdr~ed albwr an analysis d ow 
rather important aspect d micelIar ca~Iysis. If mi- 
cclks had afTected oaly the free energy of lhe 
transition sue d the reacbon. then the equilibrium 
da cafdyted rcactkm would not have mhilkd. BUI 
such shft always tic place ti the presence d 
micelbes-for ionic equilihna thir IS 8 well-known 
factdpKsMsdacidsandbasessort&byhc 
m~elkm:l’ in this work there is an exampk d non. 
iahc equMmum. This means lhrc n~elks produce 
a marked efkct on the ~rwnd s(rtc d the (~TIMXI 
Mwcover. as wu shown m lhe prrscnl work. the 
IWI d rhe rtagenls beh ctmcenlrated in OK rm- 
celkr may be UK mr reason lot tickration d 
the feaclioa in the prrscncc of micelkx whefuu 
the lrrruler d reaction frum water IO micclks 
phase prr 51 Men causes a relardation of a fe- 
rtiot~.~ ‘ku facts mdica~e 1ha.1 a detikd kinetic 
analysis d nucellar catalysis should he based on a 
general conccpc pFopovd which deals wpara~ely 

with both processes: that d partiljoclinl ragenu 
bc~wccn water and micclJcs and that d the reaction 
funn* in the &cellar phase. 

W’, 1 K, l K,<. 

L. - k. l K,. 
‘(A“, <.o, 

‘* Ii.. (19) 

‘Ibc c:pnmenlal &a NT given UT lk UP- d 
F4 (19) UJ Fm JA When lhrr 6tpca6eacc I8 cxfnpo&fd 
IO I!IC zrn~ value ol<‘p WC have I/K,. - 0 18 x 10 ’ M: 

L:UIU ~JK vti d l/K,. F4. (19) rrmy be IWW IJWN 
formed In tk foaow~ way. 

K. I K.-K. K,K.‘ 
K... K..<‘, - K.. + K;;- * 

CO) 

Fo 5B rha IJU crpenmcr& &uptworsdmlhco 
cxdmuadf%+(ZOO) ‘I-hcsJopcdtbelmeudIbemter~ 
ccpt on 0~ Y.rru uz equal mpecwcty to (K, l K,U 
K - 003 rad K.K JK.. - 
SXZSUU~~WK,UB~K. 

0 \M ‘.Fma~On~~cxprrr. 
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MKcI& cffcct~ on tuner and cqulhhwm d rynlhrna and hydrdyrlr d trtnxyldcnc~~hn~ WV 

t’bhrnI volume. V.. c- lo the maxunum 
CcnKeflvIlacl In w baud depends upon I& con. 
cawwxm d tk dcwqcn~ cqubhruuy ~hc dumm 'Ike 

wknnnpcquAfMnlwuuccd 

I 
v. v, - caK,(‘, l a (20 


