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cationic micelles
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ABSTRACT: Pseudo-first-order rate constartg,{ for piperidinolysis of PS follow the relationshipkops— ko = k.2
[Pip]+ ([Pip]+ = total concentration of Pip) at a constant [CTAB({otal concentration of cetyltrimethylammonium
bromide), [MX] (inert salt concentration) and 35. The values ok,’"*at different [CTABr}; (ranging from 0.005 to
0.02m) and [MX] follow the relationshigk,°°S= (K" + K" ¥ [MX] + k™S Ky K[CTABI /(1 + ¥ [MX] + K
[CTABr] ), wherek'y = k.°°at [CTABr]+ = [MX] = 0, ¥ is an empirical parameter ah@ is the CTABr micellar
binding constant of PSin the absence of MX. The magnitudebfs attributed to the ability of X to expel PS from
micellar pseudophase to the aqueous pseudophase. The valdesvafy in the order¥(sodium cinnamate)
> ¥(sodium 4-methoxybenzoate) ¥(sodium 2-chlorobenzoate)> ¥(disodium isophthalate)> ¥(disodium
phthalate)> ¥(sodium sulfate)> ¥(disodium fumarate). The values KFy Ky (K5 = K"'w/Vm, wherek"y, is the
second-order rate constant for the reaction of Pip with iRShe micellar pseudophase a¥igl is the micellar molar
volume inm~* and Ky represents CTABr micellar binding constant of Pip) are not significantly affected by the
presence of MX into the reaction mixtures. Copyrigh2000 John Wiley & Sons, Ltd.

KEYWORDS: phenyl salicylate; piperidine; aminolysis; hydrolysis; intramolecular general base catalysis, sodium
salts of organic and inorganic acids; micelles; cationic surfactants

INTRODUCTION binding constantKs) of anionic organic substrate. The
rates of methanolysisn-butylaminolysi§ and piperidi-

The occurrence of ion exchange appears to be anolysi€ of PS, in the presence of MX and CTABr

ubiquitous feature observed in ionic micellar-mediated micelles, showed that the variation k6§ with [MX] did

reactions involving ionic reactant(s) where ionic reac- not follow an empirical linear equation. In continuation

tant(s) and counterions carry similar charge. The of our work on the effects of inert inorganic and organic

pseudophase ion exchange (PIE) model was developedalts on rates of hydrolysis, alkanolysis and aminolysis of

to explain the reaction kinetics of ionic micellar- PS in the presence of cationic micelles, we now report

mediated reaction involving only one ion-exchange the effects of a few organic anions and sulfate ions on the

process. The PIE model has been also used in a few rate of reaction of PSwith piperidine.

reactions involving two ion-exchange processes but with

additional restrictive reaction conditioRS. The weak-

nesses of PIE model started to appear in the literdture.

The rates of alkaline hydrolysis of esterand N- EXPERIMENTAL

hydroxyphthalimide, in the presence of inert salt (MX) ) )
and cationic micelles, have been discussed in terms ofMaterials. All the reagents used were supplied by Fluka,

which measures the effect of MX on cationic micellar available purity. Stock solutions of phenyl salicylate
were prepared in acetonitrile. Stock solutions of organic
acids (mono- or dicarboxylic) were prepared in agqueous
*Correspondence to:M. N. Khan, Department of Chemistry, NaOH solution containing an EXC?SS pfOM)BIaOH.'An
Universiti Malaya, Faculty of Science, 50603 Kuala Lumpur, excess of 0.0% NaOH was maintained to avoid the
Malaysia. . possibility of the presence of non-ionized organic acids in
E-mail: niyaz@kimia.um.edu.my . . . -
the stock solutions. The stock solutions of piperidine

Contract/grant sponsorNational Scientific Research and Develop- e ot
ment Council of MalaysiaContract/grant number09-02-03-0003. were freshly prepared in distilled water.
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Kinetic measurements. The rate of piperidinolysis of
PS” wasstudiedby monitoringthedisappearancef PS™
asa function of time at 350nm. The requiredamountof
thesodiumsaltof anorganicacidwasintroducednto the
reactionmixture by using a stock solution (y M) of an
organic acid (containing a monocarboxylic group)
preparedn (y 4+ 0.05) m NaOH aqueoussolution. The
stock solutions(0.25 or 0.5m) of NaOH were usedto
introduce0.02m NaOHinto thereactionmixturein each
kinetic run. Thus,thetotal concentratiorof NaOHadded
to thereactionmixturein eachkinetic runwas>0.02and
<0.04m. The details of the kinetic procedure,data
analysis and product characterizationstudy were as
describecelsewheré.

RESULTS AND DISCUSSION

In order to find the effects of total concentrationof
piperidine ([Pip]y) on the rate of reactionof PS™ with

Pip, threekinetic runswerecarriedout at different[Pip]+
ranging from 0.04 to 0.10M within the [NaOH] range
>0.02to <0.04M ataconstantoncentratiorof inert salt
( MX = sodiumsaltof anorganicacidor sodiumsulfate)
and cetyltrimethylammoium bromide (CTABYr). Pseu-
do-first-orderrate constantgk,,9 obeyedthe equation

kobs_ I<0 = kﬁbs[Pip]T (1>

wherek is pseudo-first-orderateconstanfor hydrolysis
of PS™ and k,°°% is the nucleophilic second-orderate
constanfor thereactionof Pipwith PS™. Thevaluesof kg
at different [CTABr]t, in the absenceof MX, were
obtainedfrom the literature® Although the valuesof ko
are expectedo increasewith increasen the concentra-
tion of MX (owingto theincreasen [HO]) ataconstant
[CTABTr]+, the effectivenesof suchan increasewould
havecausedhe appearancef definite interceptsin the
plots of kyps— Ko versus[Pip]y and the magnitudesof
suchinterceptsshould have increasedwith increasein
[MX]. However,somerepresentativeplots of kops— Ko
versus[Pip]+ for the mosteffective salt ( sodiumcinna-
mate)amongall the saltsin the presentstudy,asshown
in Fig. 1, did not reveal any definite intercept.It may
be notedthat the maximumcontributionof k, (obtained
atthe lowest[Pip]+ = 0.04Mm, 0.005m CTABr and0.2m
sodiumcinnamatejs <9 % evenif kg is consideredo be
six timeslargerthankg at 0.005m CTABr with (sodium
cinnamatef 0.

Thevaluesof k,°°S underdifferentreactionconditions,
werecalculatedrom Eqgn.(1) andtheresults,obtainedn
the presenceof sodium cinnamate,sodium 2-chloro-
benzoate sodium 4-methoxybenzoatalisodium phtha-
late, disodium isophthalate, disodium fumarate and
sodiumsulfate,are summarizedn Tables1 and2. The
reliability of thefitting of the observeddatato Eqn.(1) is

Copyright0 2000JohnWiley & Sons,Ltd.
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Figure 1. Plots showing the dependence of kyps — kg ON
[Piply for the reaction of Pip with PS™ at a constant
concentration of sodium cinnamate ((MX]) and (O) 0.005,
(A) 0.01 and (1) 0.02 m CTABr. The solid lines are drawn
through the calculated data points using Egn. ((1))

evidentfrom somerepresentativelotsin Fig. 1 andfrom

thestandardieviationsassociateavith thevaluesof k.2
(Tables 1 and 2). It is known that the presenceof

additives (such as inert salts of organic and inorganic
acids)in theaqueousnicellarsolutionchangesheshape,
size and characteristidntrinsic propertiesof micelles*

However the satisfactonyfit of the observediatato Eqn.

(1) indicatesthat any changein the shape,size and
characteristiantrinsic propertiesof micellesdueto the

changen [CTABI]+, [Pip]r and[MX] (MX = sodiumsalt
of an organicor inorganicacid) at 2 x 10 *m PS is

kinetically insignificant.

The effectsof sodium2-chlorobenzoaten k,°°Swere
also studied at different [CTABr]+ where 0.5M stock
solutionsof 2-chlorobenzoi@acid werepreparedn 1.0m
NaOHaqueousolution.Theseresultsaresummarizedn
Tablel. In thesekinetic runs,anincreasen [MX] from
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Table 1. Effects of [MX] and [CTABr] on second-order rate constants (k,°%) for the reaction of piperidine with PS™ at 35 ° C?

[|V| X] [CT AB r] 1O3knobs 103kncal 103kno bs 103kncal 10’3knobs 103kncal 1O3knobs 103kncal
(m) (M) mtstomTtst o mytst o wyttstt )y tst o wytstt wyts () tsTt
MXP MX ¢ Mx 4 MX©
0.005 0.005 354403 37.6
0.005 0.010 23.7+0.4 26.5
0.005 0.015 23.240.1 22.6
0.005 0.020 21.2+0.3 20.6
0.010 0.005  49.840.8 50.9 30.3+ 0.6 32.7 32.1+0.8 33.8 34.44+0.7 35.0
0.010 0.010 28.2+0.7 33.8 23.6+0.2 24.6 25.3+1.7 25.2 26.1+ 0.4 25.8
0.010 0.015 25.0+0.5 27.6 23.6+0.2 21.8 22.6+0.3 22.3 22.4+0.8 22.6
0.010 0.020 22.0+04 24.4 21.4+05 20.4 22.8405 20.8 21.9+0.3 21.0
0.020 0.005 85.5+2.8 74.1 37.7+2.0 40.4 42.14+1.3 42.4 45.14+1.2 44.8
0.020 0.010 45.7+1.0 47.4 29.0+0.2 28.8 29.4+1.4 29.9 32.3+05 31.1
0.020 0.015 32.9+04 37.2 23.8+0.3 24.6 25.5+0.8 25.4 25.3+0.8 26.2
0.020 0.020 24.7+0.7 31.9 23.2+0.1 22.5 23.840.4 23.2 23.7+1.7 23.7
0.050 0.005 14342 125 68.3+1.2 61.3 65.2+1.0 65.3 77.0+£3.1 70.6
0.050 0.010 94.6+4.0 81.5 41.04+0.6 405 44.84+0.3 429 45.6+ 3.5 459
0.050 0.015 63.8+1.7 62.6 33.9+1.1 32.8 35.4+2.2 345 35.34+1.2 36.6
0.050 0.020 50.8+0.9 52.1 28.1+1.1 28.8 29.5+2.2 30.1 28.8+1.4 31.7
0.050 0.020 28.5+0.7 30.1
0.100 0.005 188+ 4 175 95.0+ 1.6 90.0 1014+ 1 96.2 1094 3 104
0.100 0.010 12742 123 62.3+1.8 58.1 61.1+2.0 62.2 69.2+2.2 67.6
0.100 0.015 106+ 1 96.3 46.14+1.0 45.4 50.0+ 0.9 48.4 52.9+2.0 52.4
0.100 0.020 827426 80.2 36.9+1.7 38.6 42.2+1.1 41.0 41.6+3.8 44.1
0.100 0.020 828424 80.2
0.200 0.005 19247 225 134+ 4 132 14645 151
0.200 0.005 130+ 5 132
0.200 0.010 16148 174 81.0+1.6 87.4 93.7+28 93.8 10242 102
0.200 0.015 138+5 143 64.8+ 0.4 67.6 67.2+0.6 72.7 75.4+ 0.6 79.3
0.200 0.020 11543 122 53.0+ 4.9 56.4 59.4+ 4.2 60.6 67.4+ 3.4 66.0

& [phenyl salicylate}, = 2 x 10~*m, [NaOH] = 0.02m, 35°C, A = 350nm andaqueoussolventfor eachkinetic run contained2% (v/v) CHsCN.

b MX = sodiumcinnamate.

¢ MX = sodium2-chlorobenzoat¢0.5m stocksolutionof 2-chlorobenzoiacid waspreparedn 0.55M NaOH).
9 MX = sodium2-chlorobenzoaté0.5m stocksolutionof 2-chlorobenzoi@cid waspreparedn 1.0M NaOH).

¢ MX = sodium4-methoxybenzoate.
f Error limits are standarcteviations.

0.01to 0.20M increasedhe addedNaOH] from 0.03to

0.22M. However, even under such conditions, the

contributionof kg turnedout to be negligible compared
with k.°°S [Pip]+ in Eqn. (1), as can be seenfrom the

following discussion.

The rate of hydrolysis of phenyl salicylate is
independenbf [HO™] within the range~0.005-0.06M
and, under such conditions, the rate of hydrolysis
involves PS™ and H,O as the reactants? The rate of
reactionbetweerPS andHO™ becomesignificantonly
at[HO™] >~ 0.06M. The valueof the second-orderate
constani(kop) for thereactionbetweenPS™ andHO™ is
1.24x 103m~* 571 at 30°C in the absenceof CTABr
micelles®® These results show that the value of kg
(= pseudo-first-orderrate constant for hydrolysis of
PS") shouldbe nearly50% higherat 0.2m MX thanat
0.01m MX and [CTABr]t = 0. However, the least-
squarescalculatedrespectivevaluesof ko and k.°° at
0.2M MX are( —0.6+6.2)x 10 *s *and(96.8+ 8.0)
x 10 3m ts1at0.01mM CTABr, (1.4+ 0.5)x 10 *s™*
and(66.8+ 0.6)x 10 *m*s 1 at0.015M CTABr and
(0.9+8.2)x 10 *s *and(59.6+ 10.5)x 10 *M 's?*
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at 0.02 M CTABr. The respectivevalues of ky and
kooPS at 0.01M MX are (2.1+0.4)x 10* st and
(30.8+0.6)x10° M™! s! at 0.005M CTABr,
(— 0.7+0.6)x 10 % s ! and (28.4+0.8) x 10 3m~?*
s 1at0.01m CTABI, (1.34 0.4) x 10 *s tand(22.4+
0.5)x103m* s' at 0.015M CTABr and (1.2+
1.0)x 10* st and (22.7+1.3)x103m* st at
0.02m CTABr. Thesecalculatedvaluesof ky and their
standard deviations merely indicate the insignificant
contributionof k, comparedwith k.°°[Pip]y in Egn. (1)
and consequentlythe increasein [HO™] from 0.021to
0.22™m couldnothaveanyeffectonky values Thevalueof
k.""S obtained by using 0.5Mm stock solutions of 2-
chlorobenzoiacidpreparedh 1.0m NaOH areessentially
similarto thecorrespondind,°°obtainedby using0.5Mm
stocksolutionsof 2-chlorobenzoiacidpreparedn 0.55m
NaOH (Table 1). Theseresultsshow the absenceof a
kinetically detectableamountof protonatedpiperidine
(PipH") within the[NaOH] range0.021-0.0404.

The values of k.°°S increasedfrom 35.4x 102 to
192 x 10-3m~ s ! with increasén [sodiumcinnamate]
from 0.005t0 0.2M at0.005m CTABr (Tablel). Suchan
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Table 2. Effects of [MX] and [CTABr] on second-order rate constants (k,°®) for the reaction of piperidine with PS™ at 35°C?

[|V| X] [CT AB r] 1O3knobs 103kncal 103kno bs 103kncal 10’3knobs 103kncal 1O3knobs 103kncal

(m) (M) mMtsh mtsh (mtsh s o mtshy mtsh o mtsh wtsh
MXP MX© Mx 4 MX©

0.005 0.005 28.7+0.7 29.2 33.7+0.3 32.4 29.5+1.0 31.3

0.005 0.010 232407 24.7 225426 27.7 25.9+ 0.5 26.4

0.005 0.015 225404 23.2 19.0+ 0.7 26.1 24.6+0.2 24.8

0.005 0.020 17.840.6 22.4 23.9+0.4 25.3 22.0+0.3 24.0

0.010 0.005 28.3+1.0 29.8 35.5+0.2 33.5 275+ 0.3 28.2 31.1+0.3 32.7

0.010 0.005 32.6+1.4 29.8

0.010 0.010 241428 25.1 29.0+ 0.4 28.3 23.7+0.6 24.0 27.6+0.3 27.2

0.010 0.015 228419 23.4 235+26 26.5 23.6+0.7 225 24.84+0.2 25.3

0.010 0.020 222421 22.6 21.0+2.0 25.6 20.5+ 0.5 21.8 24.2+0.3 24.4

0.010 0.020 22.240.9 22.6 _

0.020 0.005 29.8+1.1 31.0 44.3+3.9 35.7 29.3+ 0.4 28.3 38.84+0.3 41.1

0.020 0.010 23.3+05 25.7 32.2+1.3 29.4 23.5+0.2 24.0 34.6+1.1 31.6

0.020 0.015 22.04+2.1 23.9 24.6+ 0.4 27.3 22.9+0.1 22.6 31.7+ 0.6 28.3

0.020 0.020 20.7+24 22.9 245+0.4 26.2 21.1+0.4 21.8 26.4+ 3.3 26.6

0.050 0.005  44.34+0.9 34.6 55.0+ 3.9 42.2 28.5+ 0.3 28.8 442421 46.4

0.050 0.010  30.0+3.2 27.6 35.4+ 0.6 32.9 26.0+0.3 24.2 39.1+2.1 345

0.050 0.015 26.0+2.3 25.1 32.840.7 29.6 22.7+1.0 22.7

0.050 0.020  26.1+0.2 23.9 28.8+0.6 28.0 21.4+1.4 21.9

0.100 0.005  48.0+3.2 405 65.0+ 3.0 52.3 30.5+0.7 29.5

0.100 0.005  47.0+3.2 40.5

0.100 0.010 336421 30.7 41.4+2.1 38.4 26.6+ 0.7 24.6

0.100 0.015 28.942.3 27.2 34.1+1.7 33.4 24.4+0.9 23.0

0.100 0.020 272422 255 28.4+1.9 30.8 22.0+£05 22.1

0.200 0.005  45.0+2.7 51.4 63.4+ 3.0 70.6 30.1+1.2 30.9

0.200 0.010 315+19 36.6 44.34+0.8 48.8 26.6+0.9 25.3

0.200 0.015 265+1.2 31.3 35.4+3.1 40.7 22.6+05 23.4

0.200 0.020 26.0+2.3 28.6 309+ 1.6 36.4 18.7+0.4 22.5

[phenyl salicylate}, = 2 x 10~ m, [NaOH] =
b MX = disodiumphthalate.

¢ MX = disodiumisophthalate.

4 MX = disodiumfumarate.

¢ MX = sodiumsulfate.

f Error limits are standarcdeviations.

9[MX] =0.05Mm.
M [MX] = 0.10M.
"[MX] = 0.40Mm.

1 [MX] = 0.60M.

increasen k,°°Scannotbeattributedto ionic strengthand
medium effects becausean increasein [Na,SQy] from
0.05to0 0.6M revealedonly a modestincreasein k,°°
from 29.4 x 10 to 44.2 x 10 >°m ' s* at 0.005Mm
CTABr (Table 2). The nucleophilic reactivity of
carboxylateanion towardsthe carbonylcarbonof PS™
maybe consideredo be extremelyweakbecausehe pK,
or pK,» valuesof mono-or dicarboxylicacidsusedin the
presentstudyarein the range2.9-5.4.The value of the
second-orderate constantfor the reactionbetweenPS™
andHO ™ (pK,=15.4)is 1.24x 10 *m ts tat30°Cin
theabsencef CTABr micelles?® Pseudo-first-ordenate
constantgkopg for thecleavageof PS™ in the presencef
>0.01M NaOH at 35°C showeda mild decreasdfrom
7.6 x 10 *t0 6.4 x 10 * s 1) with increasen [sodium
benzoatefrom 0.0to 0.8 M. It mayalsobe notedthatthe
kinetically significantcarboxylatereactivity with PS™ in
the presenceof CTABr micelles must have produced
significant interceptsin the plots of kyps— ko versus

Copyright0 2000JohnWiley & Sons,Ltd.

0.02m, 35°C, A = 350nm andaqueoussolventfor eachkinetic run contained2% (v/v) CHsCN.

[Pip]+ (wherekg representsateconstanfor hydrolysisof
PS  in theabsencef sodiumcinnamate)However,such
interceptsarenot visible in the plotsis Fig. 1. Thus,the
increasan kypswith increasen [carboxylateanion]in the
presencef CTABr micellesat [NaOH] >0.02m cannot
be attributed to the nucleophilic reaction between
carboxylateanionandPS".

Thevalueof k.,°*Sis nearly13timeslargerin aqueous
pseudophasthanin the micellar pseudophas¥ Hence
the mostobviouscauseof the observedeffectsof [MX]
on k.°°> may be attributed to the occurrenceof ion
exchangebetween X~y and PS"y, (where the sub-
scriptsW and M representaqueouspseudophaseand
micellar pseudophaserespectively).The possibleion-
exchangeprocessesn the presentreacting systemare
HO -Br, HO -X", HO -PS’, Br -X~, Br -PS,
and X —-PS". The kinetic effectivenessof HO —PS’,
HO -Br, Brr—X~, X"—=HO  and Br —-PS ion-ex-
changeprocessesnay be ignored basedon evidence

J. Phys.Org. Chem.2001;14: 74-80
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Ko H2O
kon OH

Scheme 1

described elsewherd? The X —HO™ ion-exchange
would be kinetically significantonly whenit decreased
[HO \] to the extent that the concentrationof non-
ionized phenyl salicylate ([PSH]) no longer remained
insignificant. However, the spectralevidencerevealed
theabsencef PSHunderthe experimentatonditionsof
the entire kinetic runs of presentstudy. Hence the
occurrenceof probablythe mosteffectiveion exchange,
X —PS, causedan increasein k.°° with increasein
[MX] ataconstanfCTABI] .

Experimentaproceduresgescribecelsewherée? were
usedto affirm that PSHwas not presentin the reaction
mixturesat concentrationsit a detectabldevel underthe
experimentalconditions of the presentstudy. Nucleo-
philic reactionsof primary and secondaryamineswith
PS involvetheintramoleculagenerabasecatalysisand
the detailed mechanismf thesereactionshave been
discussedelsewheré. We presumethe occurrenceof
similar mechanism(s)n the micellar pseudophasalso.
The reaction schemefor the cleavageof PS in the
presencef piperidinemay be asshownin Schemel.

The significant decreasein k.,°°S with increasein
[CTABr]t at a constanfMX] (Tablesl1 and2) may be
explainedusingthe pseudophasmodelof micelles™ As
describedelsewherdn detail!®*® the observedrate law
for the cleavageof PS™ in the presenceof piperidine
(Pip), inert salt (MX) and micelles (D) (rate = kyps
[PS]+ where[PS ]+ = [ PS w] + [PS w]), areaction
schemen termsof the pseudophasmodef™ of micelles
andEqn. (1) canleadto Eqn.(2)

kiv + kv KnKs[Dn]
1+ Ks[Dn)] @

kr?bs —

wherek™y = k"w/Vum (with Vy, representinghe micellar
molar volume in M~ %),'® Ky and Kg are the CTABr
micellar binding constants of piperidine and PS’,
respectivelyand 1> Ky [D,] underthe experimental
conditionsimposed.

As concludeckarlier,kinetically the mosteffectiveion
exchangevhich mayindirectly affectthe valuesof k%
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is X —PS'. Suchanion exchangés expectedo decrease
Ks with increasdn [X]. The valuesof Kg, obtainedin
methanolysis, n-butylaminolysi§ and piperidinolysié
of PS at different [MX] (MX = KBr and NaBr),
followed the equation

Ks = K&/(1+ ¢[MX]) (3)

wherethe magnitudeof the empirical parametenV is a
measureof the ability of X~ to expel PS  from the
micellarpseudophast® the aqueoupseudophasd. it is
assumedhatEqgn.(3) is applicablein the presenteaction
systemthenEqns(2) and(3) yield

Ky + KR [MX] + KpKNKS[D|

= UM £ K2Dy)

(4)

Thevaluesof thecritical micellar concentratior{cmc)
areconsideredo benegligiblecomparedvith [CTABI]+
underthe presentexperimentalconditions® and hence
[D] ~ [CTABI] 1. Theunknownparameters¥ andk™y
Kn, Werecalculatedrom Eqgn.((4)) with knownvaluesof
K" andK<® usingthenon-linearleast-squaretechnique.
The valuesof Ky (= 0.324m ' s, obtainedin the
absencef micelleat[MX] =09 andK< (= 7000m 4,
obtained spectrophotonecally in the absenceof Pip
andMX ") were obtainedfrom the literature. The least-
squaresalculatedvaluesof ¥ andk™y Ky for various
saltsof organicand inorganicacidsare summarizedn
Table3. Thestudyof theeffectsof [CTABI]+ onk,°*Sfor
the reactionof Pip with PS™ at[MX] = 0 yieldedKg’ =
8400m1.2° This valueof K< wasalsousedto calculate
¥ andk™y Ky from Eqn. ((4)). Thesecalculatedvalues
of ¥ andk™,, Ky for variousMX arealsosummarizedn
Table3. Thefitting of theobservediatato Eqn.(4) seems
to be satisfactory,asis evidentfrom the valuesof k.
listedin Tablesl and2 andfrom the standardieviations
associateavith the valuesof ¥ andk™y Ky (Table3).

The valuesof k™, Ky obtainedin the presenceof
different MX arenot very different from thoseobtained
in theabsencef MX.1° A detaileddiscussioronthek™,,
Ky valueat [MX] = 0 is given elsewheré?

The degree of micellar affinity of a solubilizate
dependslargerly upon the electrostaticinteraction (if
both micelle and solubilizate are ionic), hydrophobic
interactionandpackingconstraintgi.e. sterichindrance).
Usually electrostaticinteractionis much strongerthan
hydrophobicinteraction.For instance the valuesof the
binding constants(Ks) of phenyl benzoate(PB) with
CTABr and sodium dodecylsulfate(SDS) micelles are
300*® and500m '8 respectivelywhile the respective
valuesof Kgof PS™ (thestructuraldifferencebetweerPB
andPS isonlythepresencef o—O™ groupin PS™) with
CTABr and SDS micelles (determinedkinetically) are
7000"" and 5.9 1.*° The relative water solubility of
monocarboxylicacidsmay be attributedto their relative

J. Phys.Org. Chem.2001;14: 74-80
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Table 3. Values of ¥ and k™\,Ky calculated from Eqn. ((4)) for various MX

KL = 7000m 1 KL = 8400m 1t

MX T(MY) 1Ky Ky (M~ ts?t T(MY 1Ky Ky(M~ st SI?
Sodiumcinnamate 367+ 23 14.4+3.68° 441+ 28 15.0+ 3.6°

Sodium2-chlorobenzoate 101+ 2.9 16.1+ 1.0 121+ 3.6 16.6+1.1 0.22
Sodium2-chlorobenzoate 113+ 3 16.2+ 0.7 136+ 3 16.8+ 0.8 0.22
Sodium4-methoxybenzoate 131+3 16.0+ 0.9 157+ 4 16.5+ 1.0 0.04
Disodiumphthalate 15.1+2.2 20.1+1.0 18.7+ 2.8 20.8+1.0 0.70
Disodiumisophthalate 27.9+ 3.8 22.9+1.5 34.0+4.8 23.5+1.6 0.01
Disodiumfumarate 1.7+0.8 19.6+ 0.4 27+1.0 20.2+0.4 0.70
Sodiumsulfate 3.6+0.5 21.4+0.8 454+ 0.5 22.0+0.8

Sodiumbenzoateé 124 14.8 153 154 0.34

@ SL representsolubility in g per 100g H,O andobtainedfrom Ref. 30.

b Error limits arestandarceviations.
¢ Obtainedfrom Ref. 13.

hydrophobicity?° 2! Thevalueof ¥ for X~ mustincrease
with increasdn hydrophobicityof X ™. Thus,the values
of ¥ for 2-chlorobenzoatéon (¥ = 101-113v %) and
benzoateion (¥ = 124m~H*2 are consistentwith the
water solubilities of the correspondingbenzoic acids
(Table 3). However,althoughthe water solubility of 4-
methoxybenzoiacid is more than eight times smaller
thanthatof benzoicacid, the valueof ¥ (= 131m~ 1) for
4-methoxybenzda ion is notvery differentfrom thatfor
benzoateion. This shows that the electrostatic and
hydrophobicineractionsare not the only factorswhich
affectthe CTABr micellar affinity of X~. The dodecyl-
trimethylammoniun bromide(DTABr) micellar binding
constantof diethyl ether(Ks = 1.4M77) is significantly
smallerthan the CTABr micellar binding constantsfor
ethane(Ks = 8.7M %) and propane(Ks = 33m1).?
Similarly, the CTABr micellar binding constantsfor
benzenemethylbenzenandmethoxybenzenare38-46,
83-146 and 37-54m %, respectively?® These results
predict that the ¥ valuesfor benzoateand 4-methoxy-
benzoataons shouldbe nearlysame.

Thevalueof ¥ for the phthalatedianionis nearlyhalf
of thatfor isophthalatalianion,andthis maybeattributed
to their relative hydrophobicity as reflected from the
water solubility datafor phthalic and isophthalicacids
(Table 3). The values of ion-exchange constants,
obtaineddirectly by physical techniques,for m-nitro-
benzoateion®® and m-phthalate (= isophthalate)dia-
nior™ are significantly larger than those for corre-
spondingortho-isomers.Although the value of ¥ for
isophthalatedianion is slightly more than four times
smallerthanthatfor benzoateon, the watersolubility of
benzoicacid is 34 times larger than that of isophthalic
acid. These results cannot be explainedin terms of
electrostati@andhydrophobidnteractiononly. Themost
obviousreasonfor the low ¥ valuesfor phthalateand
isophthalatedianionscomparedwith thosefor benzoate,
2-chlorobenzoateind 4-methoxybenzda ions may be
ascribedo the differentdistancef penetratiorinto the
micellar pseudophaseby benzoate monoanionsand

Copyright0 2000JohnWiley & Sons,Ltd.

phthalatedianions.It appearsthat the micellar surface
is not homogeneou@ termsof polarity, waterconcen-
tration™2° and distribution of solubilizatesof different
hydrophobicity'®?® Thus, phthalate ions (with two
anionic groups)remainin the micellar region of high
water concentrationyhile benzoateand PS ions (with
only oneanionicgroup)canreachto the micellar region
of relatively low waterconcentrationA similar conclu-
sion hasbeenproposedor relatedsystems=>2"-28
Thevalueof ¥ for fumaratedianionis morethan200
timessmallerthanthatfor cinnamatedon (Table3). The
replacementof one of the two carboxylategroups of
fumaratedianion by a CgHs group producescinnamate
ion. The value of ¥ for cinnamateion is nearly three
timeslargerthanthatfor benzoataon. Furthermorethe
valueof ¥ for fumaratedianionis nearlyhalf of thatfor
sulfateion (Table 3). However,the sulfateion cannotbe
more hydrophobic than the fumarate dianion. The
energeticallyfavorableelectrostatidnteractionbetween
CTABr micellar head-groupsnd phthalateor isophtha-
late dianions should apparentlybe strongerthan that
betweenCTABr micellar head-groupsindbenzoateon.
However, the lower values of ¥ for phthalate and
isophthalatedianions comparedwith that for benzoate
ion indicate that the higher favorable electrostatic
interactionof the CTABr micellar surfacewith phthalate
or isophthalatedianion than that with benzoateion is
offset by hydrophobicand someother possibleinterac-
tions. Although a micelle is a dynamic molecular
aggregaté? the micellar surfaceor Stern layer which
contains the headgroupsis a well-defined structural
entity. Bulky and geometrically constraineddianions
suchasfumarate phthalateandisophthalatalianionsare
expectedo experiencggeometricconstraint(i.e. packing
constraintor steric hindrance)in the cationic micellar
pseudophaseProbably for this reason,the phthalate
dianion (the two carboxylate groups are in cis-like
positions)canpenetratén to the CTABr micellarsurface
deeper than the fumarate dianion (where the two
carboxylategroupsare in trans positions),despitethe
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fact that the water solubilities of both phthalicacid and
fumaric acid are same(Table 3).

The empirical definition of Wy,ps [=V in Eqn. ((3))],
where the magnitudeof Vy,ps is the measureof the
ability of X~ to expel PS™ from the cationic (CTABYr)
micellarpseudophasi® theagueoupseudophasshows
that Wy,ps must be proportional to the ion-exchange
constantKx"S The reportedvalue of Ug,ps is nearly
20M~ L7 Thus, the ratios UprpdPsrps (~1.0) and
Uptuprd¥erps (=1.6) may be compared with the
respectiveion-exchangeconstantsKer ®" (= 2.0) and
Kipr " (= 3.4) determinedby using an ion specific
electrode®® where PTL and IPTL representphthalate
andisophthalatedianion,respectively Similarly, theion-
exchange constants Kx®" for X = o, m and p-
nitrobenzoatdons, obtainedby *H NMR spectroscopy
are 3.8, 11 and 3.3, respectively?®> which may be
Compared with \I’Z-chlorobenzoatelplgjBr/PS (26—7) and
\1’4—methoxybenzoate/P§g’Br/PS (~8). The solubilities of o-,
m- andp-nitrobenzoicacidsare0.75,0.34and0.03g per
100g H,0, respectively.
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