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ABSTRACT: The acid and basic hydrolysis Bimethyl-N-nitrosop-toluenesulphonamide (MNTS) was studied in
different micellar aggregates (CTACI, CTABr, TTABr, LTABr, and OTACI). The effect of mixed micelles (OTAX—
LTAX) was also studied. The kinetic behaviour was explained on the basis of the pseudophase model, from which the
binding constants of MNTS to different micelles, the ion exchange constants and the reactivity constants in the
micellar pseudophase were obtained1998 John Wiley & Sons, Ltd.
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INTRODUCTION In this paper we present a study on the acid and
alkaline hydrolysis of MNTS in the presence of cationic
A potential use of micellar media is in the control of micelles: lauryltrimethylammonium bromide (LTABT),
chemical reactivity. The chemical reaction rates and cetyltrimethylammonium bromide and chloride (CTABr
equilibria observed in micellar media ca differ from those and CTACI), tetradecyltrimethylammonium bromide
observed in conventional media, owing to solubilization (TTABr) and octadecyltrimethylammonium chloride
of the reagents, reduction of their effective concentra- (OTACI)
tions through their segregation in different ‘compart-
ments’ within the bulk medium, concentration within
micelles and changes in the polarity of the different
regions of the system. Predictions of reaction rates in EXPERIMENTAL
micellar media are usually based on the pseudophase

model! which treats aqueous, organic and/or surfactant :\lllaﬁggg'caﬂz tus(?\;lje\r,c\iir?)rOfSithria};I%m?jStngcr)]rgTeerﬁli?tlal?j,
components of the solvent medium as constituting purity 9 q

distinct phases in which reactions occur, and betweenfurther purification. The initial concentration of MNTS

—4

which reagents and products are distributed, in accor- (%[hox 10 M?[ W?_i always_muc? :ower trc]an tha’aof th.E d

dance with conventional laws of kinetics and mass trans- 0 o' '€agents. ée eXperimental procedure 1s describe

fer. This model has provided qualitative and quantitative in detail elsewheré.

correlation of a large number of experimental restilts,

often with no more than crude assumptions on the

distribution of reagents between pseudophases. RESULTS AND DISCUSSION

N-Methyl-N-nitrosop-toluenesulphonamide (MNTS)

has proved to be a highly interesting substrate with Micellar effects on the acid hydrolysis of MNTS

regard to its behaviour in basic or neutral media from

both biomedical and chemicdl points of view. The The effect of CTACI, CTABr, LTABr, TTABr and

mechanisms of actdand alkalin& hydrolysis of MNTS OTACI on the acid hydrolysis of MNTS was studied at

in water are well known. In an acid in medium, the slow [H]=0.104m, and the concentrations of the different

step is the proton transfer from the medium to the sub- surfactants were varied typically between 0 and 316

strate, whereas in an alkaline medium it is the nucleo- The results (Fig. 1) show the pseudo-first-order rate

philic attack of HO on the sulphur atom. constantky, to be markedly decreased by all the cationic
surfactants. This behaviour can be rationalized in terms

“Correspondence toP. Herves, Departamento de Quica Fsicay  of the two-pseudophase modéh which the reaction is
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Figure 1. Influence of surfactant concentra‘uon on the acid
hydrolysis of MNTS. [MNTS]=1 x 10~* M, [HCI]=0.104 m.
(O) OTAC!I; (@) LTABr. The inset shows the kinetic deter-
mination of the cmc for LTABT.

MNTS betweenthe two pseudophase®asedon elec-
trostaticconsideration§,the proton concentratiorat the
micellar pseudophasenust be very low owing to the
cationiccharacteof themicelles.Thisvirtually complete
exclusionof H* meansthat the reactionis taking place
only in the aqueouspseudophaséseeSchemel). This
modelyields the following equation:

kw[H]

ko= 1+ Kunts[Dn] @)

+ k

MNTSy + H Products

Water pseudophase Knrs IT
Micellar pseudophase H

MNTSn

Scheme 1

wherek,, is the bimolecularrate constantn bulk water,
KuvnTs is the binding constantof the substrateto the
micellar pseudophasend [D,] is the concentrationof
micellized surfactant ([surfactant}-cmc). The critical
micellar concentrationcmc) valueswere obtainedfrom
the kinetic data and calculatedas the minimum con-
centrationof surfactanihecessaryo producea changen
thereactionrate(Fig. 1). Thesevaluesin the presencef
H* are satisfactorilycorrelatedwith the expectedbeha-
viour of cmc valueswhen the length of the surfactant
chain increases,which is a linear decreasein the
logarithmof cmcwith increasdan the numberof carbons
in thechain® Thesolidline in Fig. 1 representthebestfit
of Eqn.(1) to theexperimentatlata. Thefitting resultsfor
different surfactantsare shownin Table 1.

As canbeobservedn Tablel, theassociatiortonstant
increasedvith increasen thenumberof carbonatomsin
thesurfactanthain.Thevaluefor LTABr is closeto that
obtainedfor SDS’ sinceboth surfactantshavethe same
numberof carbonsn their chains.Theseresultsindicate
thatthe associatiorof the substratas controlledmainly
by hydrophobic forces and not by the electrostatic
propertiesof the headgroup®

Effects of LTAX and OTAX mixed micelles on the
acid hydrolysis of MNTS

The dependence®f the pseudo-first-orderate constant,
ko, for the acid denitrosationof MNTS on the total
surfactantoncentratiofLTA andOTA) wasstudiedin a
seriesof experimentsat fixed LTAX:OTAX molarratios
(2:0,1:0.25,1:0.5,1:1,0.5:1,0.25:1and0:1). As shown
in Table 2, thecmc valuesfor thesemixtures decrease
with increasingpercentagef OTAX.

The observedrate constantky, decreasessthe total
surfactantconcentrationincreases(see Supplementary
material). This behaviouris analogougo that found for
pure surfactantmicelles (see above). The best fits of

Table 1. Kinetic parameters obtained from applying Eqns (1), (3) and (4) to the hydrolysis of MNTS in the presence of different

cationic surfactants

Surfactant cmc (M) ke 0 mol™ts™)  Kynts (| mol™®)  Ky°H km (579 K2 (I mol~ts™Y
Acid hydrolysis:
LTABr 0.010+ 0.0005 0.037 132
TTABr (1.00+ 0.05) x 10* 0.03F 270
CTABr (4.0£0.5) x 10* 0.037 310
CTACI (4.0+£0.5)x 10°* 0.03F 310
OTACI (5.0£1.0)x 10°° 0.037 410
Basichydrolysis:
LTABr 0.012+ 0.002 0.08% 132 17  (7.10+£0.02)x 102 0.00994
TTABr (1.44+0.1)x 1073 0.08% 270 17 (6.10+0.01)x 10* 0.00854
CTABr (2.0+0.5)x 10°* 0.08% 310 17 (6.99+0.02)x 102 0.00978
CTACI (2.0+0.5)x 10°* 0.08% 310 10  (9.10+£0.02)x 102 0.01274
OTACI (5.0£1.7)x 10°° 0.08% 410 10  (8.60+0.03)x 102 0.01204

& Value takenfrom the bulk water.
P Valuestakenfrom the acid hydrolysis.

0 1998JohnWiley & Sons,Ltd. JOURNAL OF PHYSICAL ORGANIC CHEMISTRY, VOL. 11, 584-588(1998)



586 L. GARCIA-RIO ETAL.

Table 2. Association constant values between MNTS and
different mixtures of OTACI and LTABr obtained? by applying
Egn (1).

OTACI:LTABr cmc (M) Kunts (I mol™1)
1:0 (5.0+1.0)x 10> 410
1:0.25 (25+0.4)x 10 406
1:0.5 (3.0+1.0)x 10°* 359
1:1 (4.0+0.8)x 10 295
0.5:1 (6.0+1.0)x 10°* 217
0.25:1 (7.0+1.2)x 10°* 160
0:1 0.010+ 0.0005 132

aWith k, = 0.11mol~ s~ measuredn bulk water.

Eqgn(1) to the experimentaldata yield the values of
Kunts shown in Table 2. The associationconstant
increaseswith increasingpercentageof OTACI. These
resultsindicate that mainly hydrophobicforces control
the associatiorof the substrate.

Micellar effects on the basic hydrolysis of MNTS

We studiedthe influence of the five cationic micelles
(CTACI, CTABr, TTABr, LTABr and OTACI) on the
basic hydrolysis of MNTS. All the experimentswere
carried out at [NaOH]=0.117m and the surfactant
concentrationsvere varied between0 and 0.2M. The
results(Figure?2) follow thetypical biphasicpattern.The
reactionratepasseshrougha maximumasthe surfactant
concentrationincreasesTheexistenceof amaximumcan
beexplainedn termsof two competingeffectsin theion-
exchangemodel. Addedsurfactanincreasegherelative
concentrationof MNTS and HO™ in the Stern layer,
which increasesthe reaction rate, and the ascending
branchof the curveis observedAs the concentratiorof
surfactantncreasesthe concentratiorof the reagentsn
the micellar pseudophasealecreasesand further the
exces®f unreactivecounterionsX ™, competewith HO™
for availablesitesin the Sternlayer, sothatthe reaction
rate decreases.The relative contribution of these
competingfactorsresultsin the experimentamaximum.
This experimentabehaviourcan be explainedquantita-
tively again on the basis of the pseudophasenodel.
Unlike the acid hydrolysis,whereH™" ions are virtually
completelyexcludedfrom the micellar pseudophasehe
cationic natureof the surfactantfavoursthe presenceof
OH™ at the micellar pseudophaselhe overall reaction
rate was, therefore,equalto the sumof the ratesat the
micellar and aqueouspseudophase¢see Scheme?2).
Scheme? allows us to obtainthe following equation:

kw[OH™],, + kmKunTs[OH ], )
1+ Kynrs[Dnl

from which we canobtainthe equation

ko =

0 1998JohnWiley & Sons,Ltd.

_ kw[OH Jigta + (kmKwmnrs — k) Mon[Dn]
o= 1+ Kunts[Dn) (3)

MNTS,, +OHy kL products

Water psendophase KMNIS“
Micellar pseudophase H

MNTSp+ OHm

Products

Scheme 2

wherek,, is the bimolecularrate constantin bulk water,
km is the rate constantin the micellar pseudophase,
KMNTS (KMNTS = [MNTS]m/[MNTS]W [Dn]) is the bind-
ing constanbf the substratdo the micellar pseudophase
and [D,] is the concentrationof micellized surfactant
([surfactant}-cmc). mpy, which denotesthe [HO ],/
[D,] ratio, satisfiesthe following equation:

[OHi}tota —+ KXOH[xi}tota
’“‘2’“”b”[ (KO~ 1D, "ﬂ]
BIOH Jg |
| =0 @

whereKx " (Kx°" =[OH ]y [X 1n/[OH Tm [X 1w) is
theion-exchangeonstantpbtainedrom theinfluenceof
saltsuponky (seebelow). Thecmcvalueswereobtained
from the kinetic data and calculatedas the minimum
concentratiorof surfactaninecessaryo inducea change
in the reactionrate (seeinsetin Fig. 2) andarelistedin
Tablel. Bis thefractionof surfactanfonsneutralizedby
counterionswhich theion-exchang@seudophasmodel
assumedo be constantand independenbf the concen-
tration of surfactant®® The usualvalue of R is in the
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Figure 2. Influence of surfactant concentration on the basic
hydrolysis of MNTS. [MNTS]=1 x 107%M, [NaOH]=
0.117 M. (O) OTACI; (A) TTABr; (@) LTABr. The inset shows
the kinetic determination of the cmc for TTABr.
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Figure 3. Influence of inert salts on the basic hydrolysis of
MNTS.  [MNTS]=1x 10"*mM, [NaOH]=0.117M. (O)
[OTACI|=4.07 x 10> M, X=Cl; (@) [LTABr]=0.0233 M,
X=Br.

range0.6—0.9'* We usedR=0.8, asit seemsto be the
mostfrequently usedvalue. Changesn B (in the range
0.6-0.9)do not affect the fitting results.The goodfit to
the experimentaldata shows that the assumptionof
constant? is satisfactoryandin our caseindependenbf
the nature of the counterion.The subscriptsm and w
denotemicellar andaqueougpseudophasesespectively

Sincewe believethattheobservednhibition (Fig. 2) is
causedoy X~ ions competingfor surfacesites,we per-
formedseriesof kinetic runswith increasingamountsof
NaX ([NaX]=0-0.4m) and a fixed amount of each
surfactant ([OTAX] =4.7x 103m, [LTAX] =2.3x
103wm, [CTAX] =4.5x 10 3m and [TTAX] = 5.5x
10-3m). Inhibition was indeed observed(see Fig. 3),
in quantitative agreementwith the pseudophaseon-
exchangenodel[Eqgns(3) and(4)]. Thesolidlinesin Fig.
3 representthe best fit of Egqns (3) and (4) to the
experimentaldata. The calculationswere performedby
means of a non-linear fitting program based on
Marquardt'salgorithm.Thefit wascarriedout usingcmc
values calculated from the kinetic data, k, was the
experimentalvalue in bulk water and Kynts Was ob-
tainedfrom fitting of kinetic datafor the acid hydrolysis
in order to find the valuesof k,, and Kx°" that best
reproducethe kinetic data. The solid line in Fig. 2
representshe bestfit of Eqns(3) and (4) to the experi-
mentaldata,usingthe value of Kx°" obtainedfrom the
influenceof saltsuponthe basichydrolysisof MNTS in
the presenceof cationic surfactants.This allows us to
obtainagainvaluesof k,, in goodagreementvith those
foundin the studyof theinfluenceof salts.The valuesof
Kx°" arein accordancavith the valuesreportedin the
literature?®©9Thefitting resultsfor differentsurfactants
areshownin Table 1.

For comparingthe reactivitiesin the micellar pseudo-
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phasewith the correspondingeactivitiesin bulk water,
km (definedin termsof mole permole concentrationsnd
expressedn s %) are convertedinto k%, expressedn
Imol~* s7*. Using the well known molar volume of the
Stern layer (ca 0.14Imol™%),*? the k?,, valuesare 10
times lower than the correspondingk,, valuesin bulk
water.This canbeattributed at leastpartly, to amedium
effect. In fact, the Sternlayer hasa dielectricconstanbf
ca 35 markedlylower thanthatof water.Theinfluence
of loweringthe dielectricconstantuponthe reactionrate
wasinvestigatedy studyingthe hydrolysisof MNTS in
dioxane—watermixtures?® The results obtained show
that, in fact, the effect of decreasingpolarity of the
solventis a decreasen the reactionrate. The catalytic
effectsobservedaredueonly to theincreasen thelocal
reagentconcentratiorat the Sternlayer.

The catalytic efficiency of the different micelles(viz.
kmaxKw, SeeTable 1) increaseswith increasingchain
length (1.25:1.67:1.74for LTABr:-TTABr.CTABr and
2.39:3.11for CTACI:OTACI). The trend is dueto the
highervalue of Kynts.

In conclusionthe pseudophas®en-exchangenodelis
highly successfuin explainingthe resultsobtainedfor
the acid and alkaline hydrolysis of MNTS in cationic
micelles.It canalsobeaddressethathydrophobidorces
drive the associationof substratewith the micellar
pseudophas@nd that the catalysisobservedin these
systemss not dueto anintrinsically largerkinetic con-
stantin the micellar pseudophasbut to a local concen-
tration effect.

SUPPLEMENTARY MATERIAL

Kinetic determinationof cmc in all casesand kinetic
resultsfor the surfactantmixturesareavailableassupple-
mentarymaterial.
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