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Abstract : The kinetic studies on the reduction of Orange-II by sulphite ion in a buffer medium of pH 7.0 revealed 
that the reaction is first order with respect to Orange-11 and sulphite ion concentrations. A suitable mechanism is pro­
posed based on the results. Cationic surfactant cetyltrimethyl ammonium bromide (CTAB) catalysed the reduction by 
23 times whereas anionic surfactant sodium dodecyl sulphate (SDS) and nonionic surfactant polyoxy ethylene (23) 
dodecanol (Brij-35) inhibited the reduction by 4. 7 and 31 times. These effects are discussed on the basis of interactions 
of the above compounds and micelles of different charge type. Binding parameters have been calculated by analysinJ: 

the data using pseudo phase model. 
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Azo dyes are well known 1•2 for the analytical applica­
tions. These compounds have strong pharmacological ac­
tivity3·4. The reduction of azo benzenes to hydrazo ben­
zenes constitutes a convenient route to the latters synthe­
sis5. The reduction is brought about by using hydrazine6, 

titanous chloride 7. lithium aluminium hydride8•9, etc. as 
reducing agents. 

Ogawa et al. 10 have studied the kinetics of reduction 
of a series of azo dyes and have found that SnClz reduces 
the compounds to amines directly while Na2S03 reduces 
them to hydrazo derivatives initially which gradually get 
converted to the corresponding amines. 

However, no attempts have been made to systemati­
cally study the kinetics of reduction of azo dyes in micel­
lar media. We have, therefore, attempted to explore the 
micellar media for the reduction of azo dyes by sulphite 
ions. This paper deals with the kinetics of reduction of 
Orange-11 by soj- in micelles of different charge type. 

Results and discussion 

Kinetic studies in the absence of surjactants : 

The reduction of Orange-II by soj- was carried out 
in phosphate buffer of pH 7 .0. Kinetic runs were carried 
out under pseudo-first order conditions keeping the con­
cemration of sulphite ions much higher than that of the 
substrate Orange-II. A decrease in absorbance of the sub-

strate with time was noted at 484 nm. The dependence of 
the reduction rate on the substrate concentration was ex­
amined by recording kinetic runs at varying lOrange-111 
in the range 3 x 10-5 - 5 x Jo-s M (Table I). Plots of log 
(absorbance) versus time were found to be linear indicat­
ing first order of the reaction with respect to the sub­
strate. 

The dependence of the reduction rate on l soj-1 was 
examined by recording the kinetic runs at varying [So~-1 
in the range 5 x 10-3 - 3 x 10-2 M . Increase in [Soj-] 
increases the rate linearly indicating that the reaction is 
first order with respect to soj- (Table 1). Influence of 
added NaCI on the rate of reduction of Orange-II by 
soj- was studied by varying the concentration of NaCI. 
Increase in [NaCl] has negligible effect on the rate. De­
pendence of the rate of reduction of Orange-II on H + 
concentration was examined in the pH range of 2 .4-11. 9. 
Rate increased with the increase in pH upto 8.0 (Table 1). 

Kinetic studies in the presence of surfactants : 

Kinetics of reduction of Orange-II by soj- was stud­
ied in the presence of cationic surfactant CT AB. nonionic 
surfactant Brij-35 and anionic surfactant SDS. 

The effect of [Orange-Il], [Soj-] and pH on the rate 
of reduction of Orange-II by soj- was studied in the 
presence of 0.001 M CTAB and their effect on the rate 
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Table 1. Effect of Orange-I!, soj-, CI- concentrations and pH on the rate of reduction of Orange-II by sor- at 25 "C (pH = 7 .0) 

[SOJ-) = I X 10-2 M; [Orange-II] = 4 x 10-5M; [Orange-II] = 4 X w-5 M, [SOJ-) = 1 X 10-2M 
[Orange-II] 

X IOS.M 

3.0 

4.0 

4.5 

5.0 

1.23 

1.17 

1.25 

1.39 

[Soj-J X 102, M 

0.5 

1.0 

1.5 

2.0 

3.0 

tcn.M 
0.89 0 

1.69 O.Dl 

2.51 o.oz 
3.46 0,03 

5.35 0.04 

0.05 

0.07 

0.09 

0.1 I 

0.15 

0.21 

0.31 

pH 

1.46 2.4 

1.51 4.34 

1.54 5.0 

1.55 5.5 

1.42 6.0 

1.44 6.5 

1.43 7.0 

1.49 7.5 

1.55 8.0 

1.51 9.22 

1.5 10.0 

1.51 11.9 

1.61 

k X ICJ4. s-1 

0.13 

0 14 

0.12 

1.34 

1.24 

6.57 

12.36 

11.97 

17 00 

5 16 

3.15 

0.02 

Table 2. Effect of Orange-H. soj-, CJ- concentrations and pH on the rate of reduction of Orange-II by soj- in presence CTAD at 25 "C 

(pH = 7.0) 

[Soj-] = 5 X w-3 M; [Orange-II] = 4 X 10-5M; [Orange-H) = 4 x w-5 M, [SO}-J = 5 X w-3 M 
[Orange-II] 

X lOS, M 

2.0 

[SOJ-) X 102, M k x 103, s·1 rcn.M k x 103• s·1 pH k x 104, s· 1 

3.0 

4.0 

5.0 

1.30 

1.20 

1.28 

2.5 

5.0 

7.5 

10.0 

0.56 

1.23 

1.72 

2.14 

was similar to that in absence of surfactant (Table 2). 

Rate of the reaction decreased significantly with increase 

in [Cn. Effect of cationic micelles on the rate of reduc­

tion of Orange-Il by soj- was studied by varying the 

CT AB concentration in the range 1 x 10-5 - 1 x w-2 M. 

Effect of anionic surfactant SDS and nonionic surfac­

tant Brij-35 on the rate of reduction of Orange-II by soj-
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0.00 13.66 2.4 0.007 

0.005 ]1.47 4.34 0.16 

0.01 8.15 5.0 4.73 

0.02 5.90 5.5 5.25 

0.03 5.05 6.0 6.81 

0.04 3.53 6.5 9.43 

0.05 2.82 7.0 I 1.92 

0.06 2.14 7.5 12.90 

0,07 1.75 8.0 13.87 

0.09 1.1!1 9.22 5.28 

O.II 0.18 10.00 0.55 

0.13 0.058 

0.21 0.045 

0.31 0.023 

0.002 

was studied by varying the concentration in the range 
1 X I0-5 - 6 X 10-2 M. The reaction exhibited first order 
dependence on substrate and soj- concentrations. 
Based on the observed results the following scheme of 
mechanism is proposed for the reduction of Orange- !I by 
soj-. 

The observed rate law under experimental conditions 
may be given as 
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- _!!_ [Orange-Ill = k'[s-usoj-] 
dt 

(I) 

According to Scheme 1. the rate of disappearence of 
Orange-11 is giveR by 

(2) 

The total concentration of the substrate can be expressed 
as 

(3) 

The concentrations of s- and SH in terms of ST and the 
protonation constant (KP) can be ~iven as 

rs-J 
s-J - T 

[ - I + Kp[H+] 

rs-h Krli-I+l 
[SH] = ---'---­

l+Kp[H+] 

(4) 

(5) 

Substituting for [SHJ and [S-] in eq. (2), the rate of the 
reaction can be expressed as 

(6) 

Rate equation is consistent with the observed rate law. 
Comparison of eqs. ( 1) and (6) yields 

k' = k1 + k2Kpfl-I+] (?) 

l+KpLH+] 

Eq. (7) explains the rate dependence on l-J+ concentra­
tion. Rate decrease with increase in the H+ concentra­
tion till pH 8.0 indicating that the reaction proceeds pre­
dominantly through the path involving s- in this pH range 
(Scheme l). 

KP 
s- + H+ ~ SH 

s- + SO~- ~ Products 

SH + SOl-~ Products 

Scheme 1 

Effect of cationic surfactant : 

Catalysis of the reaction in the presence of 1 x 10-3 
M CT AB is found to be 23 times. At very low [CT AB] 
the rate constant decreased but in the concentration range 
l X 10-4 - 1 X 10-3 M rate increased steeply leading to 

a maximum. Above 1 X w-3 M CTAB rate decreased 
from the maximum value. Catalysis may be qualitatively 
rationalised on the basis of charges on the reactive spe­
cies and their hydrophobic character. Hydrophobic na­
ture of the substrate anion cs-) and favourable electro­
static forces between s- and CT A+ micelle result in the 
incorporation of s- into the micellar phase. Concentra­
tion of soj- at the CT A+ micellar surface should be 
more than that in the bulk phase due to electrostatic at­
tractive forces. The observed catalysis may be the mani­
festation of the increased concentration of both the sub­
strate and soj- at the micellar surface. 

Quantitative treatment of the effect of CTAB : 

Rate-surfactant concentration profile for the reduc­
tion of Orange-II by saj- in the presence of CT AB showed 
a maximum at 0.001 M CTAB. Similar effect has been 
observed in micellar catalysis of carbocation reactions 11 •12. 

Romsted 13 analysed the data at high detergent concentra­
tions of the reactions which exhibited the rate maxima. 
by an ion-exchange model. He incorporated the concept 
of counterion exchange between micellar and bulk phases, 
into the Menger and Portnoy14. 

In this treatment the decrease in the rate at high deter­
gent concentrations has been attributed to (i) dilution of 
reactants in the micellar phase and (ii) a decrease in the 
micellar bound reactive counterion concentration as a re­
sult of competition between it and the non reactive 
counterion for binding to Stern layer of the micelle 15 . 

This competition in the case of reduction of Orange-II by 
soj- in the presence of CT AB can be represented by the 
following exchange equilibrium. 

(1) 

where the subscripts w and m denote the reactants in 
water and micellar phase respectively. 

The observed first order rate constant (K"') according 
to Menger and Portnoy 14, is given by 

K = 
"' 

kw + kmKs (C0 - erne) 

1 + Ks (C0 - cmc) 
(2) 

In this equation kw and km are the first order rate con­
stants in aqueous and micellar phases, respectively. These 
first order rate constants are related to their respective 
second order rate constants ~ and km by the following 

equations 

kw = k' w [So~-wl and km = K m mm [So~-] (3) 
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where mmso~- is the mole ratio of soj- bound to 
micellized surfactant and is given by 

(4) 

Here, soj-m is the molarity of micellar bound soj- in 
tenns of the total solution volume. Now, using eqs. (3) 

and (4) the expression for k,11 can be written as 

k' w[SOJ-wl + k' m K5[SOJ-ml 
kljl = ---------

1 + K5 (C0 - erne) 
(5) 

The concentration of So1-w and so~-m can be written in 
terms of the degree of ionization of micelles (a) and the 
ion-exchange constant {p). The overall second order rate 
constant (k2) at high concentrations of detergent is then 
given by 

ak' w + p~k~K5 
kz = --------

(a + p~) (l + K5C0 ) 

[So~-ml [Br-wl 
where a = l - ~ and p = ----=-----­

[SOJ-wl [Br-ml 

Eq. (6) can be transfonned into 

a + p~ (a + p~) K5C0 
-- +-------

k2 ak' w + p~k' mKs ak' w + pf3k' mKs 

(6) 

(7) 

Data at high detergent concentration of the CT AB catalysed 
reaction of Orange-II by soj- has been analysed accord­
ing to eq. (7). As required by the equation, a plot of 11k2 
against C0 at high CT AB concentrations is found to be 
linear (Fig. l) with a correlation coefficient of 0. 999. 
Linearity of the plot justifies the application of the model 
to this reaction. Binding constant (K5) calculated from 
the slope and intercept of the plot is found to be 237 
M- 1. This value is a measure of binding of the substrate 
to the CT AB micelles. The observed catalysis must be a 
consequence of this binding. 

··,------ I 

·f ~~: 
;r ~ J 

"1 .»_.... I ;·~~ I 
• I 

I . ' . 
IC.IIolloliJ'III 

Fig. I. Quantitative treatment of the effect of CTAB on the reduc­
tion of Orange-II 
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Applicability of the model proposed by Piszkiewicz16 
for the micellar catalysed bimolecular reactions. in which 
the rate maxima were observed, is tested for the catalytic 
effect of CT AB on the reduction of Orange-II. Piszkiewicz 
considered the phenomenon of decrease in the catalysed 
rate at high detergent concentrations as being analogous 
to substrate inhibition of an enzymatic reaction with the 
exception that the substrate and catalyst reverse their roles 
so that inhibition by catalyst is seen. This scheme is out­
lined below. 

k'm 
S + D11 H D11S - Product 

Ko 

jk' l+u'0 w K'n 

Product 

Scheme 2 

Here n is the number of detergent molecules D and n' is 
the additional number of detergent molecules which asso­
ciates with the catalytic micelle, D11S, to completely inac­
tivate it. K11 is the association constant of this interaction. 
The second reactant would be at a steady-state concentra­
tion and reacts with catalytic micelle, D11S, in the step 
defined by the rate constant k;r According to this model, 
the second order rate constant, k2, for a micellar catalysed 
bimolecular reaction is given by the expression. 

k:11[C0 ]" + k'wKo 
k = (8) 

2 K0 + [C0 ]n + K'0[C0 ]" [C0 ]"' 

At high detergent concentrations eq. (8) reduces to 

k'm 
k-, = ------
- l + K., [C0 ]"' 

(9) 

Eq. (9) may be rearranged to 

log [(k'm/k2) - I] = log K' n + n'log [C0 ] (10) 

So, this model envisages that a plot of Jog [(k'111 I k2) - l] 
against log [ C0 ] should be linear for the bimolecular 
micellar catalysed reactions in which rate passes through 
a maximum as the concentration of detergent increases. 
Such plot in the case of CT AB catalysed reaction of Or­
ange-11 with soj- is found to be linear (Fig. 2). A value 
of 1.06 for n' is obtained from the slope. 
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Fig. 2. Applicability of Piszkiewicz treatmelll to the catalytic effect 
ofCTAB on the reduction of Orange-II. 

At log [(k' m/k2)- I] = 0, log [C0 ] =-(log K'n)ln'. 
The term -log K' nln' is that concentration of detergent at 
which inhibition by detergent reduces k2 to one-half of its 
maximum value, km. Formally n and n' are stoichiom­
etries of the aggregation reactions. Functionally, n' is 
considered as index of cooperativity in formation of cata­
lytic micelle and n' as index of cooperativity in formation 
of the inactive detergent-substrate complex D11DnS. At 
very high detergent concentrations, probably there is non­
cooperativity in micelle formation. Only a simple asso­
ciation equilibrium exists whereby single molecules of 
detergent (as indicated by n' = I) are absorbed by fully 
formed micelles. 

Effect of SDS and Brij-35 : 

0.01 M nonionic micelles of Brij-35 and 0.06 Man­
ionic micelles of SDS inhibited the reduction of Orange­
II by soj- by factors 31 and 4. 7, respectively. Rate­
surfactant concentration profile is found to be similar to 
that expected for micellar inhibited reactions. The rate is 
constant till 2.0 x 10-3M, but around cmc rate decreased 
and appeared to approach a saturation value at high de~ 
tergent concentration. Incorporation of SH into the SDS 
micellar phase in preference to s- should be favourable 
due to the repulsive electrostatic forces in the case of 
s-. As the concentration of SDS increases, more SH binds 
to the anionic micelles. This results in the reaction path 
(Scheme 1) involving Jess contribution of SH to the over­
all rate. Consequently, inhibition of the reaction takes 
place. 

The binding of SH to Brij-35 micelles is expected to 
be stronger than to SDS micelles due to the hydrophobic 
interactions and absence of electrostatic forces. This in­
teractions depletes more reactive s- concentration in the 

bulk phase and causes strong inhibition. 

The inhibitory effect of SDS and Brij-35 on the re­
duction of Orange-II by so~- has been analysed by model 
out lined in Scheme 2. Plots of 1/(kw- k,11) against 1 /( C0 

-Cine) for the effects of SDS and Brij-35 are found to be 
linear (Fig. 3). Values of kill and K5 calculated from the 
intercepts and slopes of the plots are given in Table 3. 

130()r-------------, 

/ 
,. ,, 

.J 
;:, 

(b) 

lol 

/ 

40 eo eo oo 
IIC,- Cme 

0 :iCO 1000 I :;co 200J z,;:o 

I/C0- Cmc 

Fig. 3. Quantitative analysis of the inhibitory effect of SDS (a) and 
Brij-35 (b) on the reduction ofOrange-11. 

As predicted, km values are lower than the minimum 
observed rate constants. Higher values of K5 in the case 
of Brij-35 than that in the case of SDS indicates that the 
extent of binding of substrate to Brij-35 micelles is more 
than that to the SDS micelles. Greater inhibition in the 
presence of Brij-35 micelles is thus understandable. 

The inhibitory effects are also analysed by 
Piszkiewicz 17 model. Parameters obtained from this analy­
sis are given in Table 3. The kill values obtained from the 
analysis of the data following Menger and Portnoy model 
were utilised to analyse the data by Piszkiewicz model 
values of n > 1 obtained for Brij-35 and SDS inhibited 
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Table 3. Parameters obtained from the analysis of the inhibitory 
effect of SDS ami Brij-35 by Menger and Portnoy and Piszkiewicz 

models 

Surfactant Menger and Portnoy Piszkiewicz 

k m Ks N log [D]50 I!Ko 

Brij-35 2.11 X w-S 5274 1.08 -3.6 7475 

SDS 1.61 x w-4 135 1.58 -1.82 748 

reactions indicates the existance of positive cooperativity. 
IIK0 values which are a measure of detergent-substrate 
association are of the same order as Ks. Considering the 
difference in the two approaches, the agreement seems to 
be reasonable. 

The catalytic effect of CT AB on the rate of reduction 
of Orange-II can be used as a facile route to the reduction 
of azo groups to their respective hydrazo derivatives. 

Experimental 

Orange-II was prepared and recrystallised by known 
method18. Sodium sulphite, potassium dihydrogen phos­
phate, disodium hydrogen phosphate used were of ana­
lytical grade. SDS and CTAB were recrystallised19•20 . 

Sodium sulphite solution was standardised against iodine 
just before use21 . The rate of reduction of Orange-II by 
so~- was followed spectrophotometrically by observing 
the decrease in absorbance at the visible absorption maxima 
(}..max = 484 nm). The temperature of the reaction mix­
ture was maintained constant using cryostatic water bath. 
Unless specified otherwise, all the kinetic runs were re­
corded at 298 K. The product was identified as amine by 
chemical analysis and by IR spectra. 
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