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ABSTRACT: Zwitterionic micelles of tetradecyldimethylammoniopropanesulfonate and tetradecyldibutylammo-
niopropanesulfonate, SB3-14 and SBBu3-14, respectively, accelerdi tieaction of OH with 4-nitrophenethyl

bromide (Lb), but the reaction of phenethyl bromideg] is inhibited by SB3-14 and is only slightly accelerated by
SBBu3-14. Analysis of these data allows the separation of the association constants for transfer of reactants from
water to micelles from the second-order rate constants in the micelles. These second-order rate constants are, as i
water, larger forlb thanla, and for both substrates are higher in SBBu3-14 than in SB3-14, as found for reactions in
otherwise similar cationic micelles. Rate constants in micelles, relative to those in water, are consistently Egher in
than inSy2 reactions. Copyrighil 1999 John Wiley & Sons, Ltd.
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INTRODUCTION that the discrimination increases with increasing bulk of
the surfactant head grodp.

There are many examples of reactions of substrates with The pseudo-phase model for bimolecular reactions of

ionic reagents in solutions of association colloids, e.g., OH™ with moderately hydrophobic substrates, S, is

micelles, microemulsions and vesicfenic association  described by the equatibn

colloids typically accelerate bimolecular reactions of

counter-ions and inhibit those of co-ions. These observa- kw[OHy ] + kmKs[OHy]

tions are understandable because these colloids take up Kobs = 1+ Ks[Dy) (1)

both non-ionic solutes and counter-ions and concentrat-

ing reactants in the small colloidal volume accelerates the

reaction. Conversely, if one reactant is incorporated in

the colloid and the other remains in water, reaction is

inhibited. Bulk solvent, e.g. water, and the association

colloids, e.g. micelles, act as discrete reaction regions,

i.e. as pseudo-phastérovided that reactants transfer

rapidly between the pseudo-phases, rate constants for th

overall reaction can be written in terms of the transfer

equilibria and second-order rate constants in eaChSecond-order rate constants in the micellar pseudo-phase

pseudo-phase, and it is ew_dent that micellar rate can also be written with concentration lasal molarity,
enchancements of many reactions are governed Iargelykm(I mol~!s1), and
2 1

by this concentration of reactants. Polar and ionic solutes
are bound in the interfacial regions of aqueous associa-
tion colloids and second-order rate constants in this
region are usually similar to those in watdout there are

indications that micelles favor reactions in which there is
extensive charge dispersion in the transition state, an

wherekgpsis the first-order rate constant with respect to
S, quantities in square brackets are concentrations in
terms of total solution volume, Kis the association
constant of S with micellized surfactant (detergent))(D
subscripts W and M denote the aqueous and micellar
glseudo—phases respectivekyy (I mol™* s7%) is written

ith concentration as molarity ankly (s™%) is written
with concentration as a mole ratio, [OR]/[D].

kg' = kmVm (2)

whereVy, (Imol™) is the molar volume of the reaction
gregion at the micellar surface. Surfactant exists partly as
monomer whose concentration is assumed to be the
critical micelle concentration (cmc), i.e.
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Scheme 1

sometimesbe estimatedexperimentally®> but those of
OH™ have to be calculated by using theoretical
treatmentsvhich involve approximationsandhavebeen
discussed.In this work we comparednicellar effectson
Su2 andE2 reactionswith OH™ andthereforeuncertain-
tiesin thetransferequilibriumof OH™ betweerwaterand
micellesfactor out for a given surfactant.

We use sulfobetaine micelles with different head
groups:

N-Cy4H2oN " Me(CH,);S05
SB3-14
N-C14H29N " Buy(CH,)3S0s™
SBBu3-14

Sulfobetainemicelles are formally neutral, but they
incorporateanions,althoughless strongly than cationic
micelles® andincorporationof OH™ is describedy®

on = [OHy]/[OH]([Dn] — [OHy]) (4)

Equationsof this generalform have been used to
describeion binding to counter-ionicand sulfobetaine
micelles®®7 In earlier work we comparedeffects of
cationic micelleswith different headgroupson E2 and
S\2 reactionof OH™ (Schemel) 2 Equationf theform
of Eqn. (4) were usedto treat the binding of Br~ to

Copyright(J 2000JohnWiley & Sons,Ltd.

sulfobetainemicellesestimatedkinetically andconducti-
metrically with reasonableagreemenbetweenthe two
methodsandtherewaslower bindingwith anincreasen
bulk of the headgroup’

Second-orderate constantsof the Sy2 reactionsin
micelles are relatively insensitive to the bulk of the
surfactanthead groups, but an increasein head-group
bulk favors E2 reactions,and the preferenceis higher
with thenitro derivative,1b. Second-orderateconstants
in cationicmicelles,relativeto thosein water,arehigher
for E2 reactionsin which chargeis dispersedin the
transitionstatethanfor Sy2 reactionsn whichit is more
localized? We have now extendecthis investigationto
reactionsin micelles of SB3-14 and SBBu3-14.Reac-
tions of OH™ were examinedin solutions of these
surfactantsyaluesof K'oy [eqn (4)] were estimatedand
are, as expected,much lower for sulfobetainethan for
cationicmicelles! In addition,anincreasén thebulk of a
headgroupdecreaseaffinitiesfor anionsin bothcationic
andsulfobetainamicelles.

RESULTS AND DISCUSSION

Therate-surfactanprofilesfor E2 reactionf phenethyl-
and4-nitrophenethybromide(1a, b) areshownin Figs1
and2. Rateconstantof reactionof 1a areonly slightly
affectedby the surfactantyhichis oftentakento indicate
thatmicellesdo notaffectlocal reactivity, but analysisof
the rate data by using Eqgns (1)—(4) shows that this

J. Phys.Org. Chem.12, 890-894(2000)
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Figure 1. Values of kg for reaction of phenethyl bromide
(1a) in SB3-14 (@) and SBBu3-14 (O) in 0.2 M NaOH. Lines
here and in Fig. 2 calculated with Egns (1), (3) and (4) and the
parameters in Table 1

conclusionis incorrect. However, reactionof the nitro
derivative,1b, is clearly micellar acceleratedFig. 2).

The associatiorconstantfor 1b to micellized SBBu3-
14 is 5001 mol™*, basedon the saturation-solubility
method® This valueis similar to that of 5401 mol~* in
micellized cetyltrimethylammoniunbromide(CTABr),
indicatingthat changesn the head-groughargedo not
have large effects on Kg, although typically binding
constantsare larger in zwitterionic than in cationic
micelles?

Thefitting parametergor the datain Figs1 and2 are
givenin Table 1. The valuesof Kg are similar to those
usedearlierin fitting kinetic datafor reactiondn cationic
micelles and ‘kinetic’ values (Table 1) are similar to
those measuredin cationic micelles, or estimated
kinetically? As in other systemsacceptabldits canbe
obtainedwith minor variationsin thefitting parameters.
Consistentlyky, for a given substrateincreaseswith
increasingbulk of the surfactantheadgroup, and with
introductionof a nitro group(Table1). Our valuesof ky,
for the E2 reactions are slightly lower than those
estimatedby Wilk in cationic micelles® but sheuseda
mixed-ion system and data fitting had to allow for
interionic competition.

Structural effects on micellar reactivity

Regardlessof the estimated fitting parameters,the
differencesin valuesof ky,s (Figs 1 and 2) show that
micellar rate enhancementsre more significant for a
nitro-substitutedhan for an unsubstitutederivative,as
with reactionsin cationic micelles? This substituent

Copyright(J 2000JohnWiley & Sons,Ltd.
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Figure 2. Values of k.,s for reaction of 4-nitrophenethyl
bromide (1b) in SB3-14 (@) and SBBu3-14 (0) in 0.2 M
NaOH

effectis muchstrongerin E2 thanin Sy2 reactionsand
we note that in non-micellar conditionsa decreasen
solventpolarity favors E2 over §y2 reactions:*2
Water is not excludedfrom the interfacial region of
ionic micelles but, basedon spectrometricprobes,the
polarities appearto be lower than that of water!®
consistent with kinetic data on spontaneousreac-
tionsP~*1* Therefore, micellar medium effects upon
relative ratesof E2 and S§2 reactionsare analogougo
thoseof organicsolventsascomparedvith water. There
is extensiveevidencethat electronicsubstituenteffects
aretypically largerfor E2 thanfor Sy2 reactiond® when
basedon structurally similar substratesand we seethis
pattern for reactionsin micelles. We compare the
behaviorsof E2 reactionsof 1a andb with thoseof §2
reactionsof 2a and b. The rate increasesnducedby a

Table 1. Fitting parameters for reactions of 1a and b?

Substrate  Surfactant K (I mol™?) 10% ky (s

la SB3-14 260 0.045
SBBu3-14 260 0.163
CTAOH 340 0.110
CTPAOH 260 0.200

1b SB3-14 450 42.0
SBBu3-14 500 116
CTAOH 450 46.0
CTPAOH 420 120

aAt 25.0°C, with 0.2m NaOHin sulfobetainesnd0.1m NaOHfor the
othersurfactantg.

P Fitting parametersfor reactionsin the sulfobetainesare ky =
3.61x 107° and2.40x 103 mol~*s~* for 1aandb, respectively?
K’on = 0.35and0.25! mol~? for SB3-14andSBBuU3-14 respectively,
andcmc=1 x 10*m.

J. Phys.Org. Chem.12, 890-894(2000)
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Table 2. Micellar effects on Sy2 and E2 reactions®

Reactionmedium

H,0P CTAOHP CTPAOH SB3-14 SBBu3-14
S\2 reactionsof 2a, b 4 7.5 13
E2 reactionsof 1a, b 67 400 650 520 700

& Valuesof ky(NOL)/km(H).
® From datain Ref. 2.

4-nitro group are comparedor §y2 andE2 reactionsin

waterandin micellesof SB3-14and SBBu3-14and of

cetyltrimethyl- and tripropylammonium hydroxide
(CTAOH and CTPAOH, respectively)(Table 2). These
ratecomparisonindicatehow micellesfavorreactionsn

which chargeis delocalizedin the transitionstate,asin

E2 comparedvith S§\2 reactionsandthe extentto which

the effects are increasedby increasingthe bulk of the
surfactantheadgroup.

The relation betweenrate constantsin the micellar
interfacial region, relative to those in water, and the
‘softness’of the transition stateappliesto spontaneous
unimolecular and also bimolecular micellar-mediated
reactions,and examplesn decarboxylatiorand dephos-
phorylationaregivenelsewheré**°Head-groueffects
uponreactivitiesin the micellar pseudo-phasarelargest
for reactionsin which chargeis delocalizedin a ‘soft’
transitionstate.Substratehydrophobicity,of itself, does
not seemto be of major importancein controlling
reactivity in the micellarinterfacialregion.For example,
micellarhead-grougffectsaresimilarfor reactionsof 2a
and methyl naphthalene-2-sulfate, 3, in both catio-
nic®'” and sulfobetainé micelles,despitedifferencesin
hydrophobicitiesand values of Kg. This behaviouris
understandabldf a hydrophobic moiety is relatively
isolatedfrom the reactioncenterandits interactionswith
the associatiorcolloid do not changeon going from the
initial to the transition state and provided that the
hydrophobicmoiety doesnot changethe location of the
reactioncenterin the interfacialregion®

Values of second-orderrate constants, ky,, are
estimatedunambiguouslyfrom the transferequilibrium
of areagentbetweerwaterandmicelles,but we haveto
estimatdocal molarity atthe micellar surfacejf theyare

Table 3. Comparison of second-order rate constants in
micelles and in water with increasing head-group bulk?

Substrate Surfactant koMK

la SB3-14 0.27
SBBu3-14 0.63

1b SB3-14 2.5
SBBu3-14 6.8

3 ky=3.61x 10"° and 2.40x 102 Imol ! s for 1a and b 2
respectively.

Copyright(J 2000JohnWiley & Sons,Ltd.

to becomparedvith second-orderateconstantsn water,
kw (Imol™ s7™%). Local molaritiesfor someions canbe
estimated by dediazonization trapping®®® but this
methodfails for basic anions.Local molarities can be
estimated theoretically™* but these methods involve
assumptionandapproximationsandsomeof themhave
not been tested with micelles that have bulky head
groups.Theusualapproachs to apply Eqn.(2), although
thevalueof Vy, andtheimplied assumptiorof a uniform
micellar reactionregionare uncertain*>° This problem
of the definition of ‘concentration’ complicates the
comparisonof second-orderrate constantsin cationic
and sulfobetainemicelles, althoughwe note the simila-
rities of valuesof ky undertheseconditions. Similar
questions regarding the meaning of concentration
expressea@smolarity alsoapplyto comparisonbetween
second-orderate constantsn homogeneousolutionsof
mixed solventsanddifferent compositions.

With thesereservationswe show k,"/k,, calculated
with Vi = 0.141 mol~* (Table3), aselsewheré®

On the basisof the abovevalue of V,,, second-order
rate constantof E2 reactionsin micellar pseudo-phases
follow similar patterns.Reactionsof la are slightly
slowerin micellesthanin water,butthoseof 1b arefaster
(Table3), becauselelocalizationof chargeinto the nitro
group in the anionic transition state increasesk," /K.
Thesemicellar effects are largerin SBBu3-14than in
SB3-14 becausethe bulky butyl group decreasethe
polarity in the interfacialregion. Thereare compilations
of valuesof k,"/k,, for reactionsof OH™ with avariety of
organicsubstrates,generallyin cationicmicelles,andit
appearsthat k,™ < k,, for biomolecular reactions at
saturatedcarbon and at acyl and phosphorylcenters,
where chargeis localized, but k,™ > k,, for aromatic
nucleophilicsubstitutionand E2 reaction$® wherethere
is extensivechargedelocalizationin the transitionstate.
The factorsthat control relative rate constantsn water
and in cationic micelles also apply to sulfobetaine
micelles. Thereis uncertaintyin the estimationof local
ionic concentrationse.g. of OH™, in micellar pseudo-
phaseshuttheproblemis reducedy comparingmicellar
effectsuponreactionswith differentmechanismsyhich
involve acommonionic reagentThe effectsof substrate
andsurfactanstructureonk,"/k,, for reactionof 1aand
b (Table 3) are quantitativelysimilar to thoseobserved
for E2 reactions of the hydrophobic 1,2-dihalo-1,2-

J. Phys.Org. Chem.12, 890-894(2000)
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diphenylethanem cationicmicelles?® Henceuncertain-
tiesin thevaluesof Vy, andK'on [Eqns(2) and(4)] donot
cloudthe overall conclusions.

EXPERIMENTAL

Materials. Substratesand surfactantswere materials
describecearlier>2°**Reactionsolutionswereprepared
in distilled, deionized,CO,-free water.

Kinetics. Reactionswere followed spectrophotometri-
cally at 264 and 350nm for reactionsof l1a and b,
respectively, as described with 107*m substrate
introduced in MeCN, so that the reaction solution
containedl vol.% MeCN. Valuesof kypswerecalculated
by using the integratedfirst-order rate equation with
correlationcoefficientsof 0.999or better.Fitting of the
kobs VS [surfactant] profiles, by using Eqn. (1),* was
insensitiveto valuesof K in therange260+ 50| mol™*
for 1a, and 450+ 100 | mol~?* for 1b, basedon visual
fitting.

Substrate binding. The valueof K¢ for 1b in SBBu3-14
was determinedby the saturation-solubilitymethod® as
described
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