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ABSTRACT 

Oxidation of chromone-3-carboxaldehyde (CCA) a n d  substituted analogues by H,O, has been 
carried out in aqueous acid (HCI  and H,SO, 1 and micellar media. Reaction kinetics indicated 
order in ICCAl as well as [H,O,I to be unity while it is a fraction ( I  > n > 0) in  [acid]. Reac- 
tion rates were found to be faster in the solvents of low-dielectric constant I D )  Added salt 
(KCI  or ( N H ,  ),SO,) increased the rate of oxidation marginally On the basis of observed l in-  
earity of Amis plot and marginal positive salt effect, protonated CCA (en01 form of CCA, a 
cation) and H,O, [neutral molecule] were considered as reactive species in the rate limiting 
step Reaction rates were found to be enhanced significantly i n  anionic and nonionic micellar 
isodium dodecylsulfate (SDSI and  Triton X-100 ( T x ] ,  respectively) media However, cationic 
rnicelles (cetyl trimethyl ammonium bromide (CTAB) I indicated marginal retardation effect 
Effect of anionic and cationic micelles has been interpreted in terms of electrostatic interac- 
tions, while that of nonionic micelles in terms O F  hydrophobic interactions Structure-reactiv- 
i t y  correlations have been interpreted by Hammett's equation Negative "p" (reaction con- 
stant] values indicated cationic transition state. 0 1996 lohn  Wiley &Sons. Inc. 

INTRODUCTION 

The kinetic studies of oxidation of both inorganic and 

interest to chemists for the past several years owing 
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organic substrates by H,O, have been the subject of 
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to an immense importance of peroxide linkage in the 
fields of biological and analytical chemistry. In addi- 
tion to oxidation of several organic and inorganic 
compounds, many articles and patents have been de- 
voted to the epoxidation of olefins with hydrogen per- 
oxide in the presence of certain oxy-compounds of 
metals such as W, Mo, V, Os, Ti, Zr, Th, Nb, Ta, Cr, 
Ru, and Se [ 1 - 101. The presence of metal-hydrogen 
peroxide complexes as intermediates has been postu- 
lated in the oxidation of H20, by a number of aqua 
metal ions [ 11 - 161 as well as complexed metal ions 
[17-211 and, indeed, complexes of H,O,, HO;, and 
0;- are well known. Although many of the pr&ious 
kinetic studies on peroxide oxidations have been car- 
ried out in acid media, such studies are, nevertheless, 
reported in alkaline medium also. 

Khellin [ l ]  is extracted as the principal constituent 
from Ammi visanga L. It is a 2-methyl chromone 
with a linearly fused furan ring system and found to 
be a potent coronary Vasodilator in bronchial action 
on bronchial muscle, gall bladder, and bileduct. It is 
also found to be an antispasmodic agent [22-251. Be- 
cause of its remarkable physiological activity there 
has been an upsurge in the synthesis of a variety of 2- 
or 3-substituted chromones and other derivatives, 
which resemble Khellin 126-311. Many of these 
compounds were also found to show antiallergic, an- 
tispasmodic, antiasthmatic, spasmolytic, and coro- 
nary dilatory activity. A special reference would be 
made about chromones, acetyl chrornones, and 
chromone 3-carboxaldehydes (CCA) which upon oxi- 
dation, were known to yield physiologically active 
compounds such as chromone-3-carboxylic acids 

A perusal of literature depicted several methods 
for the oxidation of aldehydes to the corresponding 
carboxylic acids [32 -421. However, kinetics and 
mechanism of important reactions such as oxidation 
of CCA were not reported so far. Hence, it was 
thought worthwhile to take up kinetics of oxidation of 

1321. 

chromone-3-carboxaldehydes. The present investiga- 
tion deals with a comprehensive kinetic study of hy- 
drogen peroxide oxidation of chromone-3-carbox- 
aldehydes (CCA) in aqueous acid as well as micellar 
media. The present study also deals with the oxida- 
tion of a variety of chromone-3-carboxaldehyde de- 
rivatives in order to gain an insight into the structure 
reactivity relationship. 

In recent years micelle forming surfactants have 
been used as effective catalysts in a variety of elec- 
tron transfer reactions. Such studies, in fact have be- 
come stimulus to several chemists probably because 
of their striking similarities with those of enzyme cat- 
alyzed reactions. Many of the micellar effected reac- 
tions have brought about a meaningful comparison 
with enzyme catalyzed reactions in terms of the sub- 
strate-catalyst interactions, nature of binding, applica- 
bility of Michaelis-Menten type mechanisms, etc. 
[43 -451. On account of these features an attempt has 
been made to extend the proposed study in micellar 
media also. 

EXPERIMENTAL 

Chromone-3-carboxaldehydes (CCA) have been pre- 
pared from (1-hydroxy acetophenones by Vilsmeier- 
Haack reaction according to the procedure adopted 
by Nohara et al. [32] All the other chemicals are of 
analytical grade (E. Merck-BDH or Fluka samples). 

CCA solutions were always prepared fresh and the 
content estimated by iodimetric procedures by using 
standard 1, solution as titrant [46]. 

Kinetic Method 

Flasks containing solutions (A & B) of reaction mix- 
ture were kept separately for attaining constant tem- 
perature in a thermostat (?  0.1 "C). Reagent-A con- 

CHO R ' COOH 

H J C O  0 a a 

( I )  Khellin (2) C C A  (3) Acid Oerivative 
Oxidation Ptoduci 
O f  (2) 

R = H, - CH3 - Cl ,  - Br 

Structure I 
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tained only standard H,O, . Reagent-B contained 
standard solutions of acetic acid, mineral acid, and 
salt solution in addition to main reactant CCA. In the 
case of micellar catalyzed reactions, surfactant solu- 
tion was also taken in Reagent-B. Reaction was initi- 
ated by mixing Reagent-A to Reagent-B. Progress of 
the reaction was monitored by estimating unreacted 
(CCA I iodimetrically at regular time intervals using 
starch as indicator. Order of the reaction was deter- 
mined according to standard graphical procedures us- 
ing integrated rate expressions. Results thus obtained 
were randomly confirmed by estimating unreacted 
[ H,O, I spectrophotometrically according to literature 
procedures [MI. Results obtained from both the 
methods were reproducible with an accuracy of 2 5% 
error. 

Stoichiometry a n d  Product Analysis 

Stoichiometric studies of the reaction indicated that 
one mole of CCA consumed one mol of H,O, to give 
products. The main product of oxidation was identi- 
fied as chromone-3-carboxylic acid. Ir, nmr, and mass 
spectroscopic data are in agreement with the litera- 
ture reports [32]. 

Effect of Olefinic Monomers 

The addition of olefinic monomers such as acryloni- 
trile or acrylamide under the experimental conditions 
in an oxygen free atmosphere to the reaction mixture 
gave a dense white precipitate of polyacrylonitrile or 
colorless polyacrylamide at 70°C indicating the pres- 
ence of free radicals. In order to know the participa- 
tion of free radicals in the mechanism of oxidation, 
the CCA-H,O, reaction was also studied in the 
presence of allyiacetate. Addition of [allylacetate] 
from 0.0 1 to 0 . 1 0  mol dm-3 could not alter the rate 
to any significant extent, which may probably rule 
out the participation of free radical species in the oxi- 
dation mechanism. If the free radical species partici- 
pates in the mechanism, rate of oxidation should have 
been retarded considerably. 

RESULTS AND DISCUSSION 

Salient  Features of t h e  Study 

Generally the kinetics of the reaction have been fol- 
lowed under stoichiometric conditions [ i.e., equimo- 
lar solutions of (CCA) and (H,Oz)] and second-order 
rate constants were determined from the slopes of the 
plots of [CCAI- I vs. time. However, to determine the 

order with respect to [CCA], pseudo-conditions 
([CCA] >> [H,O,]) have been maintained at con- 
stant [H+], p, and temperature. Ostwald's isolation 
method is adopted to study the variation of [reactant] 
by keeping the concentrations of other species the 
same. On the basis of observed results (Tables 1-111 
and Figs. I -3), salient kinetic features are compiled 
in Table IV. 

At constant ionic strength ( p )  and temperature, re- 
action kinetics in both HCI and H,SO, media indi- 
cated by and large similar features. The plots of k" 
(second-order rate constant) vs. [acid] have been 
found to be linear with positive slope and definite in- 
tercept on ordinate, suggesting an empirical rate law 
( I  ) to be operative in these acid media 

where u and b represent rate constants for acid inde- 
pendent and acid catalyzed paths of rate eq. ( 1). Ac- 
cording to eq. (1) gross reaction rate ( V g )  is the sum 
of uncatalyzed (Vll) and acid catalyzed rates (Vc ). It 
could be thus expressed as, 

where 

and 

Table I 
React ion IO'JCCAJ = 1031HzOz J = 2 00 mol d m  
HOAc = 20% (v/v) Temp = 3 I5 K ,  ( A )  HCI a n d  ( B I  

Effect of Variation of /Acid1 on CCA-H ,0, 

H250.4 

Initial 
Concentration 

lo3 [Acid] 

1 .00 
2.00 
4.00 
6.00 
8.00 

10.0 
12.0 

0.860 2. IS 
1.03 3.25 
1.34 4.05 
1.73 1.50 
2.25 s.00 
2.52 5 .  IS 
3.00 - 
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Table I1 
H,O, Reaction. I031CCAI = 1O3[H,O2 I = 2 50 rnol drn-’, 1031AcidJ = 2 00 
rnol drn-’, p = 0 100 rnol ~ I Y - ~ ,  and Temp. = 293 K 

k’: (dm‘mol-I min-I) 
HOAc Mole Fraction 

Effect of Variation of Solvent ( H O A c  %) on the Rate of CCA- 

(% v/v) Do of HOAc ( l i t )  HCI H W ,  

10 72.8 0.033 0.044 0.1 I5 
20 65.6 0.07 1 0.048 0.141 
30 52.6 0.1 16 0.08 I 0.185 
40 45.5 0.169 0.113 0.226 
50 39.0 0.234 0.216 0.274 
60 32.4 0.313 0.262 0.319 
70 26.1 0.4 16 0.296 0.395 

” Dielectric constant (D) values are computed according to the method suggested by 
N. Venkatasubramanian, .I. Scicnt. Itid. Hes.. ZOB, 541 (1961). 

The contribution of uncatalyzed rates (vl,) and sec- 
ond-order rate constants ( a )  could be obtained by 
conducting the react,on in the absence of ~h~ 
values of V‘ could be obtained according to the 
expression 

Reactive Species and Mechanism 

H,O, is known to act as an active oxidizing agent ei- 
ther as a neutral molecule [H20,] or an active radical 
[OH] or H 2 0 ‘ .  Although free iadicals are detected 
during the course of reaction, blank experiments ex- 
cluding CCA indicated that H,O, is quite stable up to 
3 h. The decomposition of H,O, in the presence of v1 = (Va - Vl , )  (2) 

Table 111 
20% (v/v) ,  and 

Effect of ISDS] on CCA-HH02 Reaction 10’1 H,O, I = IO’ICCAI = 2 00 mol d r r 3 ,  HOAc = 
= 0 100 rnol dm-’ 

k4,(dm’ mol-’ min-’)  

CCA MCCA CCCA BCCA 
103 C” 

moldm-’ 293 K 308 K 293 K 308 K 293 K 308 K 293 K 308 K 

(A) [HCI] = 0.002 rnol dm-’ 
0.00 0.050 0.098 0.085 0.058 0.018 0.05 1 0.0 I3 0.023 
2.00 0.385 0.510 0.355 0.358 0.345 0.605 0.273 0.673 
4.00 0.682 0.768 0.585 0.628 0.640 0.610 0.573 0.858 
6.00 0.850 1.05 0.855 0.858 0.820 0.945 0.753 1.05 
8.00 1.01 1.35 1.16 1.07 0.970 I .24 0.848 1.15 

10.0 1.05 1.70 I .42 1.48 I .07 1.44 0.958 1.15 
12.5 1.10 1.70 1 S O  I so 1.07 1.44 0.958 1.10 
15.0 1.12 1.75 1.55 1 .50 1.07 1.44 0.Y58 1.10 
17.5 1.10 1.75 1.55 1.55 1.07 1.44 0.958 1.10 
20.0 1.12 1.75 1.55 1.55 1.07 1.44 0.958 1.15 

(B) (H?S04]  = 0.002 mol drw7 
0.00 0.142 0.458 0.430 0.858 0.115 0.275 0.053 0.150 
2.00 0.670 0.958 0.985 I .u5 0.630 0.700 0.558 0.558 
4.00 1.14 1.27 1.42 I .25 1.07 0.915 0.8 I8 0.708 
6.00 1.58 1.53 1.70 1 .55 1.19 I .44 0.958 0.908 
8.00 1.83 1.85 2.05 2.05 1.32 1.72 1 .oo 1 .05 

10.0 1.84 2.05 2.25 2.05 1.43 I .94 1 .05 1.25 
12.5 1.82 2.00 2.35 2.35 1.43 1.99 1 .05 1.36 
15.0 1.84 2.05 2.35 2.30 1.43 1.99 1.05 I .36 
17.5 1.80 2.05 2.35 2.30 1.43 1.99 I .05 1.36 

2.05 2.35 2.35 I .43 1.99 1.05 1.36 20.0 1.82 
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N. 
0 

0 I0 20 30 40 50 60 70 

( A . B .  C)  time (min) - 
Figure 1 Plots of (a-x) ' vs. time. IO'(CCA1 = 103[H202] = 2.00 mol dm-'; (A) [Acid] = 0.0; 
(R) [HCI] = 0.002 rnol dm-'; and (C) [H,SO,] = 0.004 mol dm-3; Temp. = 293 K; p = 0.100 
mol dm I: and HOAc = 20% (v/v).  

0 

N 
0. 

- 

L 

0. 
- 

ao 5 10 15 20 Z!i 30 (A.B) Time (mini- 

ao 4 B 12 16 20 24 (C) Time (mln) --c 

Figure 2 
and other conditions are the same as in Figure 1. 

Plots of log(a/(a-x)) vs. time. lO'[CCA] = 2.00 rnol dm-3; (H,O,] = 0.02 rnol dm-3; 
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0 5  

0-4 

0 3  

0 2  

0. I 

0 

- 
V 
I 

t 
:u 

0 0 - 

c 

'0 
47 47.5 48 48.5 49 49-5 50 ( 8 )  10' ( 0 - 1 ) ~ ~ 0 + 1 )  

0 0 I 0 2  0-3 0 4  0 - 5  ( C )  n r -  

Figure 3 Effect of variation of solvent [HOAc c /o  (vlv)]. IO'[CCA] = IO'[H,O,] = 2.50 mol 
dm-3; 1O3[H2S0,] = 2.00 rnol dm-3; and other conditions are the same as in Figure I .  (A) Plot of 
log k" vs. 1/D; (B) Plot of log k" vs. (D - 1)/(2D + 1); and (C) Plot of log X-" vs. n x .  

Table IV Salient Kinetic Features of CCA-H,O, Reaction 

Medium 

Kinetic Feature (A) HCI (B)  H,SO, Remarks 
~~~ 

(1)  Order in [CCA] 

(2) Order in [H,O,] 

(3) Effect of [Salt] 
(4) Effect of [Acid] 
( 5 )  Effect of solvent 

(6) Effect of SDS 
(7) Effect of CTAB 

(8) Effect of Tx 

One One 
(Fig. 2) (Fig. 2) 

One One 
(Fig. 1 )  (Fig. 1 )  

Not significant 
Rates are accelerated 
Rates increased with 
an increase in 
HOAc c /o  (v/v) 
Rates are accelerated 
Marginal inhibition 
is recorded 
Marginal enhancement 
is noticed 

Plot of log o/a-.r vs. time 
were linear passing through 
origin 
Plots of [CCAI-' vs. time 
(Fig. 1)  were linear indicating 
second-order kinetics. 
Since order in [CCA] was 
one. order in [ H 2 0 ? ]  could 
be taken as unity. 

(Table I )  
(Table 11) (Fig. 3) 

(Table 111) (Fig. 4) 
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acetic acid is also not detected to any considerable 
extent. A variation of ten-fold acidity (0.0 1 to 0.1 mol 
dm ~ HCl or H,SO,) did not influence the decompo- 
sition of H,O, to any significant range. These obser- 
vations probably suggest the participation of undisso- 
ciated H ,02 as the reactive species. 

Basically being an aldehyde, CA may exist both as 
unprotonated and protonated forms in aqueous acid 
solutions. Formulations of reactive species is gener- 
ally done on the basis of acid, salt, and dielectric con- 
stant effect studies. 

The influence of dielectric constant on the reaction 
rate has been taken up by conducting the reaction in 
various solvents containing the binary solvent mix- 
tures of water and acetic acid. Efforts were made to 
interpret the kinetic results on the basis of semi- 
quantitative relationships developed by Amis, 
Laidler-Eyring, Kirkwood, Ingold, and others 
I47 - 5 I 1. These relationships are mainly concerned 
with the rate of the reaction (or rate constant) as a 
function of bulk dielectric constant ( D ) .  The dielec- 
tric constant values for different aquo-acetic acid 
mixtures were obtained by the method given by 
Venkatasubramanian et al. [52]. In the present 
study. plot of log ky. vs. (1/D) (where ky, represents 
rate constant of acid catalyzed path) has been 
found to be linear with positive slope thus sug- 
gesting the participation of a cation and dipole 
in the rate limiting step (Fig. 3) according to Amis 
equation 

N Zed, 
2.303 RTrgD 

log k:( = log k, + (3) 

where [ I ,  is the dipole moment of a dipolar mole- 
cule, kn the rate constant in a medium of infinite di- 
electric constant, r,-the distance of closest approach 
for the ion and a molecule to react, and other parame- 
ters depict their usual significance. The k: values 
were obtained by subtracting k z  values from k" 
values. 

Apart from the dielectric constant of the medium, 
solvent-solute interactions are also equally responsi- 
ble and sometimes more important in affecting the re- 
action rates and mechanisms. 

Thus the role of solvent in a chemical reaction is 
conditioned not only by its chemical constitution, but 
also the type of reaction taking place in it. Conse- 
quently. the rate data are cast into the Irving-Rossotti 
equation, (which has been proposed actually for dis- 
sociation and formation equilibria) [5 11. 

(4) 
n r t  + log k ,  - log k ,  = 

2.303 RT 

where log kS and log k, represent the log-rate constant 
in the solvents of relatively low dielectric constant 
(HOAc-water mixtures) and high dielectric constant 
(water), respectively, nx-the mole fraction of solvent, t 
and C are constants. 

Thus a plot of log-rate constant (of acid catalyzed 
path) vs. n ,  should give a straight line with an inter- 
cept equal to log-rate constant in aqueous medium. 
Such plots have been realized in the present study 
(Fig. 3) indicating the importance of "solvent-solute" 
interactions in governing the rate of oxidation apart 
from the importance of electrostatic forces. 

Slight enhancement in the reaction rate of oxida- 
tion with an increase in [salt] together with the ob- 
served acid catalysis may probably suggest that CCA 
exists as protonated form in the present study accord- 
ing to the following equilibrium 

This observation probably further lends support to 
envisage a plausible mechanism involving protona- 
tion of CCA prior to the rate determining step. The 
slow step involves addition of H,O, to both the 
forms of CCA followed by solvent i B )  promoted 
loss of water in the fast step to give the product of 
oxidation. The reaction sequence is depicted in 
Scheme 1'. 

' The authors thank both the referees and editor for helpful sug- 
gestions in revising the manuscript in general and mechanism part 
in particular. 
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Table V Kinetic a n d  Activation P a r a m e t e r s  for CCA-HH,O, Reac t ion  in 
A q u e o u s  Acid Med ia  ( a t  293 K )  

Second-Order A H #  AG' -AS" 
Rate Constant 

Compound dm3 mol-' min-l kJ mol- I J K-' mol-l 

CCA 
MCCA 
CCCA 
BCCA 

CCA 
MCCA 
CCCA 
BCCA 

k. ,I 

0.200 
0.395 
0.130 
0.092 

/( 11 

0.050 
0.085 
0.0 I x 
0.0 13 

I )  
(A) Uncatalyzed 

31.2 
38.4 
20.4 
34.4 

(B)  HCI medium 
3 I .24 
2 I .SS 
49.61 
26.1 I 

(C) H,SO,mediurn 

15.1 
14.0 
16.1 
61.4 

19.02 
17.13 
81.51 
x2.30 

~ 

1 s2 
I22 
I92 
92 

163 
338 
I48 
191 

CCA 0.142 
MCCA 0.430 
CCCA 0.1 IS 
BCCA 0.053 

For the above scheme. the rate law comes out as, 

-d[CCA] - -d[H,O,] - 
dt dt 

This rate law is in accordance with the experimental 
empirical rate law, where a = k :  the second-order 
rate constant for suontaneous reaction and 

b [ H + l =  j. The values of a (or k i ) ,  the 

rate constants for the uncatalyzed path and cor- 
responding activation parameters are presented in 
Table V. 

From eq. (6) it could be seen that 

Upon rearrangement and further simplification eq. (7) 
could be written as, 

56.16 76.48 69.3 
32.13 13.76 I42 
41.19 76.99 I22 
49.62 78.88 99.8 

According to eq. (X), the plot of (k" - kii)- '  vs. 
[Acid]-' should be a straight line. Such plots have 
been realized in the present study. The net acid con- 
tent ([H+]) in H,SO, medium has been calculated by 
considering the pKa of dissociation of HSO, accord- 
ing to standard reports. 

The slope and intercepts of the above reciprocal plots 
provided k and K data to be 5.62, 0.042 and 10.0 and 
0.454, respectively. for HCI and H,SO, media. 

Structure - Reactivity Relationship 

The rate data were quantitatively analyzed by Ham- 
mett's equation [53]. The plots yielded excellent cor- 
relation coefficients (r > 0.990). The reaction con- 
stants ( p )  obtained were - 0.57, - 0.43, and - 0.45 
for spontaneous, HCl and H,SO, paths, respectively, 
indicating positively charged transition state. The 
thermodynamic parameters calculated for the substi- 
tuted CCA reactions were interpreted by isokinetic 
relationship [54,55]. The isokinetic temperature (p )  
values evaluated according to Leffler's [54] theory 
were found to be 337, 335, and 330K for uncat- 
alyzed, HC1 and H,SO, paths while the p-values ob- 
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tainerl from Exner's relationship [55] were in the 
range of 560 K which are above the experimental 
temperature range. The reactions thus appeared to be 
enthalpy controlled. This contention could be further 
supported from Hinshelwood's classification of the 
reaction series [53]. 

Mechanism of Oxidation in Micellar Media  

The reaction rate has been found to be catalyzed sig- 
niticantly by anionic (SDS) and marginally by non- 
ionic (Triton X- 100) micelles. However, the reaction 
rates were slightly retarded by cationic micelles 
(CTAB). The plot of k ,  (rate constant of micellar re- 
action) vs. C, (concentration of surfactant) indicated 
rate maxima nearly in the vicinity of critical micellar 
concentration (CMC) of SDS. The catalytic activity 
of anionic micelle (SDS) could be attributed to either 
the stabilization of positively charged transition state 
by negatively charged surface of SDS micelle or a fa- 
vorablr electrostatic interaction between protonated 
suhstrale SHf and anionic SDS. The marginal cat- 
alytic activity of Tx may be explained due to the in- 
teraction between partial negative charge developed 
by polyoxy ethylene moiety of Tx and (SH+) or due 
to the molecular interaction between nonionic Tx and 
unprotonated CCA or H,O,. The observed inhibition 
in CTAB media could be explained by the electrosta- 
tic repulsions between the cationic surface of CTAB 
and SH 143-451. 

Efforts have been made to interpret SDS effect on 
the mechanism of H,O,-CCA reaction. The first 
widely applied model-is that of Menger and Portnoy 
143 -3.5 I which closely resembles that of an enzy- 
matic catalysis. According to this model, formation of 
micelle-substrate complex (MS) could occur in the 
preequilibi-ium step due to the interaction of substrate 
(S) with micelle (M). The complex thus formed may 
possess higher or lower reactivity to give products. A 
general mechanism is proposed by considering the 
bulk phase and micellar phase reactions as shown in 
Scheme 11. 

Where S = protonated CCA, k w ,  and kn, represent 
rate constants for micellar and bulk phases, respec- 
tively, and K is the binding constant. Rate law for the 
above mechanism is expressed as. 

where k ,  = (k" /C , ) ,  the second-order rate constant in 
micellar media, [MI = (C ,  - CMC)/N and N ,  the 
aggregation number. 

Subtracting k,, from both the sides of equation and 
rearranging 

Taking reciprocals and simplifying further. 

Substituting for [M]  = (C, - CMC)/N, above equa- 

where N, C,, and CMC represent the aggregation 
number initial concentration of detergent and critical 
micellar concentration of the detergent, respectively, 

plot of vs. should yield a 

straight line with positive slope of definite intercept. 
However, such plots were nonlinear. in this study. In 
earlier reports it was also mentioned that the applica- 
bility of this model is generally limited to micellar 
catalyzed and inhibited unimolecular and micellar in- 
hibited biomolecular reactions. This model, however, 
does not account for the rate maxima which is gener- 
ally observed in bimolecular catalyzed reaction. 
However, the plots of ( k 6  - kH)-' vs. l/C,) were 
found to be linear (Fig. 4). 

Recently Piszkiewicz [33-351 adopted a coopera- 
tivity model on the basis of a mathematical model de- 
veloped by Bruce et al. 1431, a cooperativity model 
depicts substrate (S) and ' ~ 7 '  molecules of D combine 
to form a catalytic micelle D,fS which may then react 
to give products. 

1 1 

CD - CMC k ,  - x - ,  
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The rate law for this model comes out as. 

k,[D]" + k,.KD 
k,  = 

k, + [D]" 

Subtracting k ,  from both the sides and rearranging 
further 

or 

Taking logarithms both the sides 

or 

( k ,  - k , , , )  
= n log [D]  + log K (14) log (knl  - k , )  

(where K = l / K D ) .  

The plots of log (k* - k w )  vs. log [D] should be a 

straight line with positive slope and an intercept. 
Such plots have been realized in SDS catalysis of the 
present study (Fig. 4). From the intercept value bind- 
ing constant K has been evaluated. The values of k w ,  
knl , K ,  and corresponding thermodynamic parameters 
are presented in Tables V and VI. Large negative en- 
tropies of activation values, presented in Tables V and 
VI, show the rigid nature of transition state due to 
solvation. The AS' values given in Table VI probably 
indicate that the active form of substrate is stabilized 
in micellar media and made available for redox reac- 
tion in a consequent step. 

(kni - k*)  

100 200 300 400 5 0 0  600 (118) '/= --c 
0 

I 2 I 4 I 6 I e 2 2 2 L C O ) ~ + I O ~ C , , -  

Figure 4 
of cooperativity model. 

Conditions are same as Table I11 at 293 K. (A,B) plots of Binding model and (C,D) plots 
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Table VI 
A q u e o u s  Acid M e d i a  ( a t  293 K )  

Kinet ic  a n d  Act ivat ion P a r a m e t e r s  for S D S  Ca ta lyzed  CCA-H202  Reac t ion  in 

AH' AG' -AS' 
4#, 

Compound 1% K" dm' mol-' min-' kJ mol-' J K-' mo1-I 

(A) HC1 medium 
CCA 1.48 1.12 20.7 71.4 I73 
MCCA I .58 1.42 2.03 70.8 234 
CCCA 0.6 17 I .07 12.6 71.5 20 I 
BCCA 1.15 0.95 7.00 71.8 222 

( B )  H2S0, medium 
CCA 2.40 1.84 3.17 70.3 229 
MCCA 0.78 2.2s 4.45 69.9 223 
CCCA 0.97 1.43 14.2 70.8 193 
BCCA I .02 1.05 10.4 71.5 208 

K,, value i s  obtained from cooperativity model. 

The authors thank Prof. T. Navaneeth Rao, former Vice- 
Chancellor. Osmania University, Hyderabad and Principal 
and Head of the Department of Chemistry, Nizam College 
lor  constant encouragement. 
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