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The kinetics of (i) alkaline fading of Crystal Violet (CV*) [=C{—¢N(CH,),};] and (ii) acid-catalysed inversion
of sucrose have been investigated in aqueous media in the presence of cationic surfactant cetyltrimethylammonium
bromide (CTAB), anionic surfactant sodium dodecyl sulphate (SDS) and neutral surfactant Triton X-100 (TX). At
[surfactant] above and below their cmcs CTAB accelerates the rate of alkaline fading of the dye, being active spe-
cially above its cmc; SDS strongly inhibits the reaction well below its cmc; and TX is only feebly catalytic. The rate
enhancement and inhibition are rationalized in terms of various factors like dye-surfactant complexation, double
layer effect around micélles of CTAB or formation of mixed micelles by SDS and also possible shift of
monomer + dimer equilibrium of CV*. In contrast, the surfactants show hardly any effect on the acid-catalyzed in-
version of sucrose which, as expected, occurs only in the aqueous phase due to strong hydrophilicity of both suc-
rose and hydrogen ions, throughout the surfactant concentration ranges employed.

Recently Kundu and coworkers have studied the
medium effects on the kinegcs of alkaline fading
of Crystal Violet (CV*) [=C{—¢N(CH,),};]'* and
acid-catalyzed inversion of sucrose (Suc)' in a
host of aquo-or :nic solvents with varying acid-
base characters. The results indicated that the kin-
etics of these reactions were amply guided by the
relative solvation of the reactants, viz. CV* and
OH~ or Suc and H* respectively in these sol-
vents. It is well known?~!° that surfactants often
affect the kinetics of various types of organic reac-
tions particularly above their critical micelle con-
centrations (cmc). The surfactant molecules may
interact with the reactant molecules and thus
change their solvation behaviour variously. Despite
extensive investigations on the role of surfactant,
there appears to be little understanding of the ef-
fect of the surfactants on the structural aspects of
reactant organic substrates, the possible specific
surfactant-substrate interactions, vis-a-vis their ef-
fects on miceller catalysis in general.

In the present paper we report our results of in-
vestigations on the effects of cationic surfactant,
cetyltrimethylammonium bromide (CTAB), the an-
jonic surfactant sodium dodecyl sulphate (SDS)
and the non-ionic surfactant Triton X-100 (TX) on
the kinetics of alkaline fading of CV* as well as
H*-catalyzed hydrolysis of Suc both above and
below the respective cmc regions of the surfact-
ants. Notably Dyunstee and Grunwald* have stud-
ied the kinetics of alkaline fading of CV* in the
presence of CTAB and SDS at one concentration
far above the cmc of the respective surfactants.
However, in view of the fact that dyes having a tri-

phenylcarbonium ion (e.g. CV*) are usually prone
to undergo complexation? with these surfactants it
was considered extremely useful to extend these
reaction Kkinetics even to the pre-micellar concen-
tration (pmc) region and analyze the results of
spectral scans for such solutions. This may help in
understanding the catalytic effects of micelles free
from those unrelated to micellization. Besides,
since the complexation processes might induce
shift in cmc’s?!? of the surfactants, as OH~ often
does?'®, the determination of their cmc’s in pres-
ence of CV*, sucrose and OH~ was considered

equally useful.

Materials and Methods

The Crystal Violet chloride (E Merck), TX
(Reidel) and sucrose (AR, Glaxo) were used as re-
ceived. CTAB and SDS (both AR, BDH) were pu-
rified by the methods described earlier®” and their
purity verified from surface tension (y) measure-
ment of their solutions by the absence of any min-
ima in y-concentration profiles??®. The cmc values
of the samples in pure water were found to be
8-9x10% mol dm~3 for CTAB, 8% 10~3 mol
dm~3 for SDS and 2.2% 1074 mol dm~3 for TX,
which agree fairly well with the respective litera-
ture data??. Sodium hydroxide (GR, E Merck) and
HCI (AR, Glaxo) were used as such. All solutions
were prepared in triply distilled water and all the
experiments were carried out at 25°C.

The rate constants for alkaline fading of CV*
were determined by following the decrease in its
absorbance at 590 nm?? in the presence of various
surfactants at four different concentrations of
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Table 1—Rate Constants (k) of Alkaline, Fading of
Crystal Violet in Presence of Various Surfactants at Dif-

~4.57x10"3 for CTAB; 2.5x107°-
~4 for TX and 1x1073-7.3x 1072 mol
or SDS. The required NaOH concentr-

(ranging from 0.5X% 1072 to 1.3x 1072 mol
as required.

monochiromatic sodium (D) light, with the help of
a Hilger standard polarimeter (MK III) (Watts
Microptic, England). These observations were
made with a 10% sucrose solution in the presence
of sutfactant concentrations varying from
12x10r4-5.7x10"3 for CTAB, 2.5x1073-
6.0x10* for TX and 1.2x1073-7.3x 1072 mol
dm™3 fgr SDS. For the infinity readings the reac-
tion mixtures were kept overnight. All these mea-
surements were performed at 25°C.

The dmc values of CTAB and SDS in the pres-
ence of the substrates were determined from the
measurement of conductance of solutions using a
Phillips [PR 9500/90 conductivity bridge, while
those of |'TX in the presence of substrates were ob-
tained by measuring the surface tension (y) of so-
lutions by drop weight method using a stalag-
. In such measurements the substrate con-
were kept constant at the values at
e kinetics of their respective solutions
were followed. Because, in the presence of 1 mol
dm ™3 N3OH the conductance of the SDS — NaOH
mixed solutions would not change appreciably, the
cmc of SPS in the presence of 1 mol dm~3 NaOH
was also estimated from y-values.

Spectry of the dye-surfactant solutions covering
a range of 460 to 630 nm were taken at a fixed
CV* corlcentrations [0.85% 1075 for CTAB and
TX and 0.65% 1075 mol dm~3 for SDS] varying
the [surfactant] in the range of 1.5Xx107%
50x107f for CTAB, 2.0x1075-20x10~3 for
TX and 1{x 10~%-6.4 x 10~? mol dm~3 for SDS.

Results

Alkaline fading of Crystal Violet:
As is well known?* coloured CV* in aqueous
solution rémains in equilibrium with the colourless
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ferent Concentrations and 25°C

[Concentrations in mol dm ~* and kin dm® mol~' s~ 1]

CTAB SDS TX
Cex10° kg  CyX10? kygx10° Cyx10*  ky
570 57 728 63 60 0.8(0.7)
480 72 630 68 40  08(0.7)
380 83 539 79 20 08(0.7)
290 83 454 78 10 08(0.7)
190 7.7 359 87 05  08(0.7)
135 63 270 86 025 0.8(0.7)
095 50 180 85

0.75  1.5(1.3) 0.90 9.3

048  06(0.5) 035  52(1.7)
024 02(02) 027 4.5(16)
0.18  4.2(14)
013  3.7(12)
009  2.1(0.7)
006  2.8(0.9)
0.004  55(27)

0.002 153(82)
0.0012 187(100)
(k%,,o)zs'C =0.19 dm® mol ~ ! sec ™! (see ref. 1a)
Data in parentheses refer to k% as obtained by use of Eq. (3)
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Fig. 1—Variation of rate constants (k) for alkaline fading of
Crystal Violet in presence of SDS (0), TX (@) and CTAB (u)

of varying concen:rations at 25°C [-+-+-+~ curve represent the .

variation of k7 with SDS concentration)
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carbinol (CVOH) (Eq. 1). In the presence of alkali,
the backward reaction becomes practically insigni-
ficant as compared to the forward one, i.e. fading
of CV* and the decoloration reaction could be
followed spectrophotometrically.

CV*++OH~ =CVOH (1)
The rate of reaction (1) would be given by Eq. (2)

d[CV+
dt

J=kJCV'"OH T'=k,[CV'T"... (2)

where m and n are the orders with respect to CV*
and OH™ respectively, k, is the pseudo-unimolec-
ular rate constant; and k; the second order rate
constant in the presence of surfactants. The k va-
lues, as also the m and n values were obtained fol-
lowing standard procedures'®** and determining
the pseudo-first order rate constants at four differ-
ent [OH"]. The k values are given in Table 1.
Notably, as the reaction is essentially between
two oppositely charged ions, a considerable pri-
mary salt effect arising out of electrostatic interac-
tions between the charged species present in the
solution would be involved®. The rate constant
free from such effect (ky) could be obtained using
Bronsted-Bjerrum equation®* (see Eq. 3).

log ky=log k%+1.02z,z, (1 +p'2)"1 ... (3)

where z, and z, are charges on the reactant ions
and p is the ionic strength of the solution.
Admittedly, application of Eq. (3) to micellar
solutions above cmc region is not permissible in
view of thg uncertainties in the degree of aggrega-
tion of surfactant molecules in the presence of
OH~ and CV*. However, since we are specially
interested,in pmc region, the k% values for such
regions employing Eq. (3) were computed and the
values are presented in Table 1 and plotted versus
[surfactarit] in Fig. 1. Notably the k% — Cgpg profile
(Fig. 1) is more or less similar to that of k;—Cgpg
profile, although correction of the ionic strength
effect in the pmc region of the SDS shifts the
k°—Cgps profile slightty downward, as the con-
centration of NaOH used in that region is of the
order of 0.01 mol dm3. But for CTAB and TX,
the effect is fairly insignificant as the concentration
of NaOH used is of the order of 0.001 mol dm 3.
The spectra of the dye ‘in aqueous as well as
surfactant added solitions at different concentr-
ations of CTAB, TX and SDS are shown in Fig.
2a-c. Because of similarity of such curves in the
cases of CTAB and TX only a few representative
curves are shown in Fig. 2(b) and (c). The con-
ductance (L) or surface tension (y) values for the

respective surfactants at varying concentrations, in
the presence of fixed [CV*] (0.65% 1073 mol
dm~3) or [NaOH] (1.0 mol dm~3) are given in
Table 2. The cmc values thus obtained are pre-
sented in Table 3.

Inversion of sucrose
The reaction for the acid-catalyzed inversion of
sucrose'® can be represented by Eq. (4)°
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Fig. 2a—Spectra of CV* [0.65%10-5 mol dm-3 at 25°C in

presence of SDS at various concentrations [I=1.16x10"5,

I=6.96 x1073, M=9.28 x 1073, IV=6.96 X 104,

V=928x10"4 VI=104x10"3 VI=265x10"3 VII

=441%x1073, 1.77%x1072, IX=44%x10"2;, 53%x10°2 and
6.4 x 1072 mol dm~3 SDS]
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Fig. 2b—Spectra of CV* [0.85x 10-% mol dm~-3] at 25°C in
presence of CTAB at various concentrations [=2.85x1073,
N=1.90%x10"3 M =0.24x 1073 mol dm~3 CTAB]
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Table 3—CMC Values (in mo! dm™3) of CTAB, SDS

and TX Solutions in Presence of Crystal Violet

(0.65%10~% mol dm™3), Sucrose (10%) and/or Sodium
Hydroxide (1 mol dm~3) at 25°C

Surfactant cmc values in presence of

cv* Suc NaOH
CTAB 9.0x10* 8.0%x10-4 -
SDS 44x1072 8.0x10°3 24x1073
TX 23x10°¢ 22x10°4 -

Literature values of Cmc’s (mol dm™3) of the surfactants in
water (a) CTAB: 8-9x 104 (b) SDS: 8-9x10~? and (c) TX:
2-4 x 10~* [vide ref 21a and relevant references therein]

Table 4—Rate Constants (k;) for Acid-Catalyzed Inver-

Fig. 2c—Spectra of CV* [0.85%10~% mol dm~3] at 25°C in
presence of TX at various concentrations [I=1.36x 1074,
II=1626 X 10* mol dm™3 TX]

Table 2—Conductance (L) and/or Surface Tension (y)
of CTAB, SDS and TX Solutions of Different Con-
centrations in Presence of Crystal Violet (0.65 % 104
mol dm™9{), Sucrose (10%) and/or Sodium Hydroxide (1

sion of Sucrose in Presence of Surfactants at Different

Concentrations at 25°C

[Cyin mol dm™3; k; in min~1]

mol dm~3) at 25°C
[C4 in mol dm 3, L values in mhos; ¥ in dyne/cm1]

Violet

Violet

|
CTAB +C{ystal SDS +Crystal SDS+NaOH TX + Crystal
Violei

C,x 102 LX10* C, % 10% Lx 10° Y Cx10° v
0.86 815 526 2980 194 3235
0.57 543 417 3025 130 3320
0.48 452 385 3025 108 33.50
0.29 272 217 3030 065 34.00
025 241 219 - 043 3420
0.19 181 149 3015 022 3480
0.16 151 159 - 0.1 3720
0.12 121 116 3010 006 3970
0.085 091 087  30.00
0.048 045 057  30.40
0.024 030 — 30.50

023 029 3150

018 ~— 34.00

010 — 37.50

005 — 42.40

CTAB +§ucrose SDS+Sucrose  TX+Sucrose
071 | 49 679 343 196 3687
059 | 41 566 282 130 3692
048 | 35 453 256 110 3690
036 | 31 226 163 094 3697
030 | 27 170 122 065 3670
024 | 23 085 083 040 36.60
018 | 19 057 064 020 3620
012 | 19 028 0034 016 3493
006 | 12 017 0022 010 3460
003 | 07
118

CTAB
Cyx10* Kk;x10° C,x10° k;x10° C,x10* k;x10°
1.24 24 1.16 22 028 20
2.38 26 2.24 1.9 0.54 22
4.79 22 4.56 20 1.09 29
9.50 23 9.05 20 2.16 26
19.0 26 18.10 20 4.32 23
26.5 20 27.15 19 6.49 2.3
(kih,0=1.9%1072 min~! (see ref. 1b)
H+
C2H,,0,, +H,0 = 2 C¢H,,04 ... (4)

At constant [H*] the reaction follows pseudo-first
order kinetics which could be studied polarimetri-
cally. The values of the rate constants (k;) were
obtained as usual’® from the slopes of the first or-
der linear plots of —In (R,—R) versus ¢ where
R, and R, represent the angle of rotation at time
t and final (infinity) time respectively. The k; va-
lues obtained at [HCI]=0.25 mol dm™3 are given
in Table 4.

The cmc values of the detergents in the pres-
ence of 10% sucrose solution were also estimated
from respective conductance (L) or surface tension
values (given in Table 2) and are presented in
Table 3.

Discussion

Kinetics of alkaline fading

Figure 1 shows that with addition of CTAB at
concentrations well below its cmc, the k, value in-
creases, though rather slowly, from kyo (the k-
values in water)'® up to its cmc. Beyond cmc, the
kg values increase steadily with increase in [sur-
factant] eventually showing a broad maximum

ot
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around [CTAB|=3.3 %103 mol dm~3. As for TX
the k; value increases by about four times the
ky,o value and then remains the same even be-
yond cmc of TX. The magnitude of increase in k,
is small as compared to that observed above cmc
of CTAB. The addition of SDS, on the other
hand, retards the rate of reaction at a galloping
rate for concentrations well below the cmc of the
surfactant (inset in Fig, 1). The decreasing trend in
ks values continues up to Cgpg=1x10"3 mol
dm~3, The rate constant then increases, at first
steeply and then slowly, to pass through a maxi-
mum at the original cmc of SDS (8 x10~3 mol
dm~3). Beyond this there is again a very slow de-
crease in k values.

Cmc in presence of CV*

When CV* (0.65 X 1075 mol dm~3) is added to
SDS, its cmc value increases from 8x10°3 to
4.4 x 1072 mol dm~3, contrary to that observed in
the presence of salts?’®. This seemingly unusual
shift in cmc indicates a strong dye-surfactant inter-
action. The cmc values of CTAB and TX on the
other hand, remain unperturbed in the presence of
CV* pointing to the not-so-strong dye-surfactant
interaction. For understanding the observed kinetic
behaviour as well as shift in cmc value of SDS, an-
alysis of the spectra (Fig. 2a-c) should be of parti-
cular use.

Spectral analysis

The cationic dye molecules (monomeric) are
known to exist in equilibrium with their oligomers
(mostly dimers)*'*25. Aqueous solutions of CV*, as
also the solutions containing the surfactants, show
a prominent peak around 590 nm (Fig. 2a-c) pres-
umably due to the monomeric species. An addi-
tional peak around 550 nm, prominent in pres-
ence of SDS only, probably arises out of the exist-
ence of the dimers.

For SDS, depending on its concentration the
spectra exhibit extensive variations (Fig. 2a)
Three distinct regions are discernible. At very low
[SDS], the spectra in general and the peak heights
around 590 nm in particular begin decreasing.
The feeble dimer shoulder around 550 nm broad-
ens as more SDS is added. The monomer: dimer
peak height ratio falls from a value» 1 to around
unity at about 6.96 X104 mol dm~3 SDS (Fig.
2a, curve IV) where a maximum broadening of the
dimer shoulder along with maximum lowering in
absorbance at 590 nm is observed. Beyond this
[SDS] the dimer shoulder again gradually recedes
away to a hump as feeble as that in pure water.
The monomeric peak intensity increases again,
eventually surpassing the absorbance value in wa-

ter till 4x10°2 mol dm~3 SDS. Notably, this is
the cmc of SDS in the presence of CV* (vide
Table 3). The monomer: dimer peak height ratio
in this region again rises to a value exceeding that
in pure water. Ultimately, above this cmc the
spectra as well as absorbance at 590 nm become
invariant as is also the monomer:dimer peak
height ratio.

Plots of variation of the peak absorbance A va-
lue (A=590 nm or 550 nm) versus log [dye}/{sur-
factant] which are known?'® to indicate the types
of interactions prevailing at any particular [dye}:
[surfactant] ratio are shown in Fig. 3 in the case of
SDS. Similar plots, resembling a ‘potential well’,
have been observed for other cationic dye mole-
cules as well?!2. The right hand side of the curves
are assumed to be guided?'® chiefly by coulombic
interactions, indicating that ion-ion interactions are
prevailing at low [SDS]. Thus observed increase in
[dimer] up to 6.96 x 10~* mol dm~3 SDS indicates
that the negatively charged surfactant ions induce
dimerization of the dye cations?'’ via electrostatic
forces. As these dipositive dimeric species are
stabilized by increased coulombic interactions with
SDS anions, the 2 CV*&(CV)3* equilibrium is
shifted gradually in favour of the dimer. At higher
[SDS] (left hand side of Fig. 3), hydrophobic effect
becomes prominent. Submicellar aggregates of
SDS are formed gradually and ion-ion interactions
(acting in cooperation with hydrophobic forces)
become less important?’®, The observed increase
in absorbance 590 nm values and a declining
trend in 550 nm shoulder (Fig. 2a, curves V-VIII)
then indicate breaking down of dimeric dye units
to monomeric cations and their stabilization via
hydrophobic interactions with SDS oligomers.
Above 4.4 %1072 mol dm~3 SDS, as the monom-

absorbance

0
-60

1
2.0 0
1og([Dyel/ [surfactant])

Fig. 3—Plots of absorbance A [A=590 nm or 550 nm] values

against log [Dye}/[Surfactant] for fixed dye concentrations of

0.65%10-5 mol dm~3 and varying SDS concentrations rang-

ing from =~1x105 to 6.4%10~2 mol dm~3 [c=0OD at 590
nm; ® =0D at 550 nm]
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eric dyg¢ species are incorporated in the extended

In th case of CTAB, however, the coulombic
forces afe repulsive in nature and do not cooper-
ate withi hydrophobic forces, while non-ionic TX
molecul¢s exert only hydrophobic effects. Expec-
tedly thdn, the conversion of monomer to dimer is
not indeced by these surfactants. On the other
hand, these two are expected to form complexes
with themonomeric dye species via hydrophobic?’
and/or dharge transfer?® interactions and thus shift
the monpmer « dimer equilibrium in favour of the
monomdr. This is what has been observed (Fig. 2b
and c), &s the absorbance values, in general, and
those at{590 nm in particular, increase, the dimer
hump g¢ts feebler. But this rather mapprecnable
change absorbance values, in comparison to
that obsérved in the presence of SDS and the con-
stancy of cmc values even in the presence of CV*,
seems td corroborate the view that dispersion and
charge tfansfer interactions are very weak in na-
ture as ¢ompared to ion-ion interactions?!. How-
ever, as micelles are formed, the large hydrophob-
ic moieties may have sufficient dispersive interac-
tions?’ gesulting from collective effect of large
number ¢f molecules incorporated.

Effect of varying[OH™ ] on cmc

While| cme values of CTAB and TX are not
changed |by addition of 1073 mol dm~* NaOH,
the cmc fecreases to a value 2.4 X 1072 mol dm~3
for SDS|in the presence of 1 mol dm~3 NaOH
(vide Table 3). Since these are [OH~] employed in
kinetic sfudies, it is expected that apart from its
role as reactant, OH™ also alters the interactions
present in SDS solutions. Unfortunately, the esti-
mation df cmc of SDS in the presence of both
CV*" and OH" is forbidden by the chemical reac-
tion that| sets in. However, it appears justified to
assume that in presence of OH™ the dye-surfact-
ant mixed micelles will be formed at concentration
less than|4 x 10~2? mol dm~3 but above 2.4 x 103
mol dm™f SDS.

Catalytic gffect of surfactants
Having established the types of interactions op-

120

erative in dye-surfactant solutions, the analysis of
the k,—[surfactant] profiles appears rewarding. In
the case of CTAB, the initial slow rise in kg va-
lues is attributable to increase in [dye monomer]
on the addition of CTAB. When micellization
starts, the dye (CV™) molecules, instead of being
incorporated within the micellar pseudophase’,
possibly adhere to the outer surface, despite cou-
lombic repulsion, through dispersive type interac-
tions. More explicitly, these organic dye cations
(CV*) construct the inner Helmholtz plane (IHP)*®
of the micellar ‘microelectrodes’, through disper-
sion interactions in competition with the little hy-
drated hydrophobic micellar counter ion Br~.
Now the approach of hydrophilic reagent OH™
from the bulk to the outer Helmholtz plane (OHP)
of these positively charged microelectrodes will
obviously depend on the potential difference
(dup— 95)?%, where ¢y and ¢, are the poten-
tials at the IHP of the micelle and at the bulk re-
spectively (Fig. 4). Thus with increased addition of
CTAB, ¢y increases which facilities more OH™
ions to approach to the microelectrode-water in-
terface and the result is the linear increase in kg
values with [CTABI|.

Admittedly, the presence of Br~ ions, which are
known to get specifically adsorbed?® on Hg-sur-
face and possibly on these microelectrode surfaces
as well, will hinder the specific adsorption of CV*
forming THP and also the approach of hydrophilic
OH~ towards IHP, usually defined as micelle-wa-
ter interphase®, to some extent, so that the desired
increase of ky values as discussed above, may be
substantially restricted. The observed broad hump
at 3.3x 1073 mol dm~3 CTAB may be attributed
to the completion of the process of accommodat-
ing CV* molecules at the IHP’s of the micelles
and mere dilution®® through more micelle forma-
tion at still higher [CTAB]. In the case of neutral
surfactant TX, ¢, is not at all altered by the ad-
dition of TX above cmc and the situation remains
the same as at pmc. The rate constants are thus
held constant throughout, after an initial enhance-
ment due probably to increased dye monomer
contribution.

In the case of SDS, at very low {surfactant] the
rate constant is almost identical to that in pure
water (inset in Fig. 1), where absorbance s, values
are also nearly the same (Fig. 2a). As more SDS is
added, the [monomeric dye] is decreased substan-
tially resulting in a rapid decrease in k values, as
observed up to Cgp=6.96%10"% mol dm3.
From this concentration up to cmc (4.4 X 10~2 mol
dm~3 of SDS in the absence of NaOH), the con-
centration of “monomeric dye-SDS oligomer” in-
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Fig. 4—Distribution of (a) ions and (b) potential around micel-
lar ‘micro-electrodes’ of CTAB

teracted produect increases. While the increased
number of monomeric species should enhance the
rate of reaction, the negative charge of the SDS
oligomers present in these complexes would retard
the same by repelling the neucleophile, OH " ion.
Thus the ky values increase again in this region
but the extent of increase is small as compared to
the fall and even as the absorbancesy, values sur-
pass the value in water, the ky values remain
much less than ky 0, The width of this region, up-
to which k goes on increasing, is however uncer-
tain owing to micelle formation inthe presence of
OH". From kinetic data, the hump almost at the
original cmc of SDS seems to suggest that mixed
micelle formation in the presence of 1 mol dm~>
NaOH occurs at this concentration. Beyond cmc
hardly any dye molecule is left behind. Further ad-
dition of SDS is likely to cause simple micellar di-
lution and hence a very slow decrease in k, va-
lues as has been observed. Obviously the inter-
phase or Stern layer model put forward in the
case of CTAB is not applicable here as the react-
ant CV* molecules are the part of the micro-elec-
trode itself and the situation here refers to the
pseudophase model*!8. Unfortunately, the limita-
tion in using high CV* concentrations set by high
extinction coefficient of the dye forbid detailed an-
alysis of the suitability of the model.

The results presented above point to following
interesting features. (i) It is demonstrated that the
surfactants may have significant interactions with
the dye molecules even at the pmc region. (ii) In
contrast to the popular belief that the kinetic ef-
fects involving the surfactants are important only
well above their cme, significant effects might be
present in the pmc region as well. In fact, in the
present study the decreasing trend in ky values
caused by the addition of SDS was almost over

before the micelles were formed. For TX also, al-
though very little, the effect on k, observed was
achieved at pmc. (iii) When the rate of any reac-
tion is affected by micelles, depending on the type
and magnitude of the interaction between the or-
ganic molecules and the surfactants, either the
‘pseudophase model’ or ‘interphase model‘ may be
operating. Thus for strong coulombic type of
reactant-surfactant interactions extending up to the
formation of mixed micelles. the pseudophase
model seems to be valid, as in the case of SDS. In
the case of others involving non-coulombic type
interactions, the ‘interphase model’, better defined
by the double layer property of micellar micro-
electrodes, is applicable, as was found for CTAB.

In the case of kinetics of inversion of sucrose
the rate constants (k;) practically remain unaltered
from that in pure water by the addition of surfact-
ants in both pmc and cmc regions. If one consi-
ders that H,O" ions interact differently with the
cationic and anionic surfactants and are expected to
occupy the ‘Stern layer’ of SDS micelles, and be
repelled by that of CTAB micelles this result ap-
pears rather perplexing. On the other hand, this is
quite expected in view of the fact that sucrose
molecules, with so many hydrophilic groups, un-
dergo strong H-bonded interaction with water
molecules, as no electrostatic sucrose-surfactant
interaction is being expected. The hydrophobic
part of the substrate molecule being well shielded
by the hydrophilic OH™~ groups, the weak hydro-
phobic interaction operative between the sucrose-
surfactant organic moieties is not able to over-
come the effect of hydrophilic bonding and the
substrate sucrose molecules remain in the bulk
phase. As a result, the reaction occurs chiefly in
aqueous phase and the k; values remain constant.
Further support to this observation is obtained
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from the fact that cmc’s of the surfactants remain
unaltered in the presence of sucrose. Thus the ob-
served| kinetic results with sucrose point out that
in such catalysis under investigation, the reaction
site is of primary importance.
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