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Abstract. Kinetics of oxidation of N-methyl and N-ethyl aniline by peroxomono-
phosphoric acid (PMPA) in aqueous and 5% (deggtonitrile medium respectively

have been studied in presence of anionic micelles of sodium lauryl sulphate (SLS) at
different pH. Oxidation rate of both the substrates increases up to a certain [SLS]
much below the critical micellar concentration (cmc) after which the rate is retarded.
Kinetic data have been used to compute the binding constants of both substrate and
oxidant with the micelle. A scheme explaining the kinetic data has been proposed.

Keywords. Anionic surfactants; peroxomonophosphoric acid; oxidation of N-alkyl
anilines.

1. Introduction

The effect of organised assemblies on the equilibrium and rate of reactions has attracted
attention in recent yeatsThis is primarily due to the realisation that many biochemical
processes proceed in a microheterogeneous system containing an aqueous and liophilic
moiety’. Redox processes represent reactions of primary importance in biological
systems. In order to understand the mechanism of these biochemical processes several
attempts have been made to study redox processes arising out of electron transfer from
substrates to metal ions in surfactant molectieslowever, redox processes involving
atom transfer do not appear to have been undertaken in surfactant media. Oxidations by
per acids and their derivatives mainly proceed through oxygen atom tfar@kédation

of amines using peroxomonophosphoric acid which proceeds by oxygen atom transfer
provides an interesting system. As there is no report of these reactions having been inves-
tigated in surfactant medium, it was considered worthwhile to undertake the kinetic study
of oxidation of N-methyl and N-ethyl aniline by peroxomonophosphoric acid (PMPA) in
the presence of micelles. This communication therefore incorporates the result of kinetic
study of the aforesaid reaction in presence of sodium lauryl sulphate (SLS).

2. Experimental — Materials and methods

Analar grade reagents were used. N-alkyl anilines were distilled before use. Solutions of
N-methyl aniline were prepared in agueous medium, whereas N-ethyl aniline solutions
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were prepared in 5% (v/v) acetonitrile medium. Peroxomonophosphoric acid (PMPA)
was obtained by hydrolysis of potassium peroxodiphosphate (FMCNiHISO, at

40°C for one and a half hours. The strength of PMPA was fixed by iodometry in presence
of 2 ml of conc. HCI and 2 drops of ammonium molybdate to avoid diffused end-point
due to presence of B, obtained as a hydrolytic product. Before making up PMPA
solutions, appropriate amounts of buffers were used to pkingf the PMPA solution to

the desired value which was checked with the help of a systronics dibiHaleter
(model 335). Progress of the reaction was followed by measuring the residual amount of
PMPA at different time intervals in 5 ml aliquots of the reaction mixture. Surfactants
were always added to the oxidant flask before making up and the reactants were stable
under the experimental conditions. Rate constants were reproducible within 5%.

Table 1. Pseudo first-order rate constants for the oxidation of N-methyl aniline by
PMPA in presence of SLS, at temperatureClo

10*[PMPA]  10°[substrate] 19[SLS
pH (mol dn73) (mol dnm?) (mol dnT 10° Ky (min™)
12 50 50 00 397
10 825
20 837
30 a9
40 8588
60 647
80 6148
100 628
120 574
140 620
160 597
180 424
200 380
200 50 50 00 485
20 814
40 1250
60 1189
80 901
100 839
120 791
140 624
25 50 50 00 777
10 11170
20 1893
20 17812
20 1827
40 1479
600 1277
80 1124
100 1003
140 1035
160 817
200 8176

4n presence of 01 M K,SOy; ®0m2 M K>SO,
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Table 2. Pseudo first-order rate constants for the oxidation of N-ethyl aniline by
PMPA in presence of SLS in 5% acetonitrile medium, at temperattig 40

10°[PMPA]  10°[substrate] 19[SLS
pH (mol dn73) (mol dnm3) (mol dnT 10° kg (min™)
12 50 50 00 103
20 417
40 578
600 331
80 339
140 229
160 163
180 282
200 120
21 50 50 00 238
20 477
40 6537
600 505
80 452
140 481
160 485
180 497
200 505
27 50 50 00 286
20 579
40
600 735
80 710
100 822
120 537
140 485
160 585
180 6006
200 663
220 378

3. Results and discussion

It has been already reported that the oxidation rate of N-methyl aniline in aqueous
medium and N-ethyl aniline in acetonitrile—water by peroxomonophosphoric® acid
(PMPA) exhibits first-order dependence in both substrate and oxidant whereas
dependence in [H is fractional. These observations have been rationalised. The present
work includes oxidations by PMPA at three differght values, over varying sodium

lauryl sulphate concentrations. The pseudo first-order rate constants in the presence of
added SLS have been tabulated in tables 1 and 2. The plots are given in figures 1 and 2.
Rates measured in the presence of varyingS@¥] (table 1) shows constancy &f,

values. As there was no effect on oxidation rate in presence of added salts, constant ionic
strength was not maintained. Examination of the data in tables 1 and 2 and figures 1 and
2 suggest that the oxidation rate increases as SLS concentration increases, reaches a
maximum at around 002-0005 M (SLS) and then decreases asymptotically. The
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Figure 1. Plot of pseudo first-order rate constanks, (Mmin™) at 40C for the
oxidation of N-methyl aniline by PMPA vs [SLS] at different valuepdf Plot 1,
pH = 12 (scale A), plot 2pH = 20 (scale A), plot 3pH = 25 (scale B).
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Figure 2. Plot of pseudo first-order rate constarits in™) for the oxidation of

N-ethyl aniline by PMPA vs [SLS] at different valuespbf. Plot 1,pH = 12 (scale
A), plot 2,pH = 211 (scale A), plot 3pH = 27 (scale B).

maximum occurs much below the reported critical micellar concentration (cmc) value of
SLS, i.e. M08M. The maximum rates observed in the pre-micellar region might be due
to concentration of the reactants in submicellar aggreYatethe substantial decrease in
cmc for a micelle in presence of added molectfiééor H' ions.

Before attempting an explanation of the effect observed due to presence of the anionic
surfactant, i.e. SLS, it is necessary to consider the identity of the active species of the



Kinetic investigation of the oxidation of N-alkyl anilines 619

oxidant, namely PMPA. Peroxomonophosphoric acigP@®) exists in equilibrium with
various dissociated species as below.

K, K, Ks
H,PO; — H,PO; — HPO: — POY . (1)
H+ H+ H+

pKy, pK, andpK; values are respectivelylD, 538 and 18 at 25C*% Oxidation studies

of N-methyl and N-ethyl aniline in agueous medium by PMPA have suggested that in the
pH range 0-4, thagh HPQO;, and BHPO;™ are present, the oxidation rate due &PEs

species is about two orders of magnitude higher than that dug*@ H* Therefore, in

the present study, in the presence of added SLS, the effective oxidant species was taken
to be HPG:..

Plot ofk, against (SLS) (figures) shows a maximum as already stated. In the presence
of negatively charged aggregates, partitioning between the bulk agueous phase and the
micellar pseudo phase has to be considered for all the species involved in the reaction of
N-alkyl anilines with PMPA since both electrostatic and hydrophobic interactions are
operative. Therefore in the present case the reaction shown in scheme 1 applies. Such a
scheme has been proposed by Carlaira to explain the complex formalid‘hbetween
Ni(ll) and pyridine-2-azgp-dimethyl aniline. The apparent rate constankjs given by
(2) where k,, =k,,/v (wherev is a quantity related to the volume element for the
reaction) andKs and K, are the binding constants of the substrate and oxidant in the
micelle respectively.
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Figure 3. Plot ofk, " vs [SLS] (N-methyl aniline—-PMPA reaction). PlotpH = 12
(scale A), plot 2pH = 20 (scale A), plot 3pH = 2[5 (scale B).
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Figure 4. Plot ofk,™ vs [SLS] (N-ethyl aniline-PMPA reaction). Plot dH = 12
(scale A), plot 2pH = 211 (scale B), plot 3pH = 27 (scale C).

Since the rate decreases from a maximum as the anionic surfactant concentration

increasesk, can be neglected with respect to the other term in the numerator of (2) and
the rearrangement of this expression yields

1_ 1 K+K, C

_ = 3
ky  knKoKoC  knKoKo Ky )

According to (3) the plot of ki, againsiC i.e. (SLS) would show a minimutat the
value Cpi, = 1/(KSK0)1’2 and 1k, would be linearly dependent oB, for values of
C greaterthan Cy;,. In fact, the plot of ¥, againstC > Cy, shows that a linear
dependence exists betweek, 1andC (figures 3 and 4). The slope of the plot yiekls
and the intercept is equal thy(+ K,)/KK,. Using the slope and intercept values and the

relationshipCpin = 1/(KKo)? Ks andK, have been computed. These values at different
pH levels are collected in tables 3 and 4.
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Table 3. Binding constants, transfer free energies of oxidant (PMPA) and substrate
(N-methyl aniline) andk,, at different values qgiH.

— _A,uos — Oox
pH 10" kny 102K, 102K, (k3 mof™) (kJ mor?)
12 135 a23 120 11853 9625
20 12 781 187 11642 9988
23 2005 2498 1 12941 9536

Table 4. Binding constants, transfer free energies of oxidant (PMPA) and substrate
(N-ethyl aniline) andky, at different values qgfH.

0 0

— _A,u S _A,u 0X
pH 10" kny 102K, 102K, (k3 mof™) (kJ mof™)
2 0B9 3205 86 13713 9284
20 173 3288 aas 13241 8550
27 14 943 135 11877 9753

Examination of the binding constants reveals #atalues are much larger th&g
values. Larger values of binding constants for the substrate, i.e. N-alkyl aniline, can be
attributed to both hydrophobic and hydrophilic binding with the micellar phase compared
to location of HPG; in the Stern layer bound only hydrophilically. This is evident from
the transfer free enerd§values which are calculated from the relationship,

(Hm ~ Hy) =Au° = -RTIn(555K),

whereK is the relevant binding constamu°® values for both substrate and oxidant are
collected in tables 3 and 4. Magnitude/ef° for one of the reactants, i.e. the substrate is
decisively larger than that for the other, clearly suggesting that one reactant is more
inside the core of the micelle as compared to the other. It is however reasonable to
suggest that the reaction occurs in the palizade layer that is an intermediate region
between the hydrophilic micellar surface and the hydrophobic core.

A look at the I?m values of N-methyl aniline and N-ethyl aniline makes it clear that

the reaction rate in the micellar phase is not significantly affected in spite of an additional
—CH, group present in the latter. This is at variance with the finding that every methylene
group makes a definite contribution to the transfer free energy of the molecule, from
water to the micellar phase.
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