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ABSTRACT

The kinetics of oxidation of amino acids by chloramine—T in the presence of two different
surfactants (anionic and cationic surfactants) has been studied. The kinetic results show that the
reaction is fractional and first order with respect to substrate and oxidant, respectively. The
influence of halides, ionic strength and solvent on the rate has been studied. The effect of
surfactants on the reaction show that the reaction velocity is highly sensitive to the variation of
surfactant concentration. A probable reaction path has been suggested and discussed in the light
of various experimental results and findings.
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INTRODUCTION

During last decade, the study of micelle undergone almost explosive growth particularly as
an aid in synthesis and reaction control. The results clearly demonstrate that the micelles
promote chemical reactivity by increasing the local reactant concentration. An appropriate
kinetic analysis for surface reactions in micellar solution is developed and shown to offer a
reasonable explanation. The present work on the influence of surfactants on the oxidation of
amino acids by chloramine-T has been undertaken in an attempt to develop a kinetic model
analogous to the Hill model describing enzymatic reactions' %,

MATERIALS AND METHOD

Cetyltrimethyl ammonium bromide (CTAB) (BDH) and sodium dodecyl sulphate (NaDS)
(Loba chemle) were used after purification. Distilled acetic acid was used. Aqueous solution of
alanine (Sarabhai chemical) and serine (BDH) were prepared and standardized. All solutions
were prepared in double distilled water. The kinetic determination of the reactions rates was
made using Ostwald’s isolation method.

*For Correspondence
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RESULTS AND DISCUSSION

The relative catalytic activities of surfactant on the oxidation of amino acids by
chloramine—T has been studied in the acidic medium.

2 RNNaCl + RCH NH,COOH ——> 2 RNH, + 2 NaCl + CO, + RCN
Where R = CH3CgH4SO2 R’ = CH20H (serine), CH3 (alanine)

Dependence of rate on [CAT] and [amino acids]

When the amino acid is in large excess, plot of log (a — x) versus time are linear, indicating
first order dependence on [CAT]. The reaction has fractional order with respect to substrate
concentration.

Dependence of rate on the [Surfactant]

The reaction was studied at different concentrations of the surfactant (5.0 x 10% 10 6.0 x
10 M) in the presence of NaDS and CTAB. The rate of reaction decreases with the increase in
NaDS concentration. (Table—1), while the rate of reaction increases with increase in CTAB
concentration and than
it decreases up to cer-
tain limit. This be-
haviour is in accordance
with  the  miceller
catalysis of organic
reaction of anion neutral
molecular type. The in-
hibition by NaDS may
be due to increasing::
concentration of un- €
reactive counter ions
and increasing affinity
of unreactive counter
ions for the Stern layer.
Since there is a pos-
sibility of competition
between reactive and
nonreactive ions for

sites in the Stern layer,
the rate of reaction [Surfactant] x 10° mol.dm™

decreases (Fig. 1).
Fig. 1
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Table 1. Effect of surfactant concentration on rate of oxidation of amino acids by CAT.

104 x k (sec™!) 104 x k (sec™!)
[Surfactant] x 10° M NaD§? CTABa NaDsP CTABP
0.0 3.42 3.40 512 5.0
1.0 3.24 3.60 4.90 6.20
2.0 3.13 4.37 4.82 6.60
3.0 3.09 4.05 4.70 6.80
4.0 3.04 4.04 4.59 6.60
5.0 3.02 4.02 4.44 5.45
6.0 2.90 395 4.59 -
(a) Alanine (b) Serine [CAT] =6.0 x 103 M [Amino acid] = 3.0 x 1072 M
pH=5.5 Temperature = 303 K

Effect of other parameters
(i) Halides — Addition of chloride ions to the reaction mixture has no significant effect on the
rate.

(ii) Tonic Strength — The rate is unaffected by an increase in the ionic strength of the medium.

(iii) Temperature — The reaction has been studied at 303 K and 313 K and the activation
parameters have been evaluated in both the cases (Table 2).

The value of energy of activation shows that the reaction is more favorable in the presence
of CTAB as compared to NaDS. The fairly high values of negative AS* and positive AH" in the
case of oxidation of alanine and serine indicate the formation of more ordered activated
complexes and that the transition state is highly solvated®.

Table 2. Activation parameters of amino acids

In presence of NaDS In presence of CTAB
Alanine Serine Alanine Serine

Temperature (K) 303 313 303 313 303 313 303 313
Ratc:lcunslam kx 10° 3.24 6.94 491 8.98 4.05 8.45 6.60 11.32
sec.

Ea KIJ 60.03 47.58 57.96 42.51

P, x 10" Lit. mol ' sec™!  7.29 0.79 4.01 0.13

AH" KJ mole™ 23.84 18.89 23.02 16.88

AS* T mole™ K -9.78 ~14.20 -10.97 -17.62

AG" KJ mole™ . 2088 15.59 19.696 11.53
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Reaction Mechanism
On the basis of experimental results, a tentative mechanism has been suggested as follows:

As we know in this case that the oxidation proceeds by both the paths, i.e. in absence and
presence of the surfactant. Hence, we can express—

Case I : In absence of the surfactant
K

(fast)
Where S is the substrate (amino acid)

CAT+S =(1)

X ——s X (2)
(Slow and rate determining)
X+X, =% X .(2a)

where X’l is the halide ion.

X +n CAT

; — Products +3)

where n is the number of moles of CAT.
Therefore, the rate of the reaction is —

_ d[CAT] _
e iy

on substitution, we have the equation

_d[cAT] K KICATIIS]

k, [X] (4)

it  1+K[S] i}
Case II : In presence of the surfactant
nD = D, ..(6)
D +S é B:.S AT
n n
D, S +CAT—&— X" (8)
X" +n CAT ) Products (9

The total rate of the reaction can be shown by
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d[CAT]_kwK[S] [CAT)
- dt  1+K][S]

By taking the approximation, the rate can be shown as :

+ Xk [D, S][CAT] .(10)

~ d[CAT] _

4 k, [S][CAT] +Zk, [D, S][CAT] ..(10a)

=k, ([S],~ Z[D, S]) [CAT] + £k, [D, . SI[CAT] (10b)

Where [D,S] is the concentration of substrate associated with micelle and kg is the rate

constant in presence of micelle.

From equation (7) -

K a2 (11
b 7([S],- (D, S1}ID,], -(11)
Therefore,
D S]= KD [Dn]() (S], (12)
n Kr) [Dn]u+ |
D S] K. [D]
or . =fc=—M ..(13)
(s, K, D], + |
From education (10b), we have the form,
d [CAT)] 1 B B -
dt "[CAT] [S] b kubs - l(w ( fc,) * ksfc .(14)
By combining the equations (13) and (14)
kobszkw— kw fc+ ks fc il 13)
Hence,
knhs B kw = (k\ h kw) fc il 1 6)
K, [D ]
= o Db "n" )
- (ks w) KD [Dn] 4 1 (1T
k = k (kx o I’(w) Kl) [Dn]
or obs w+ i Kl) [Dn] i(18)
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k, + k K, [D,]
Ky = -(19)
s~ 1+ K [D,]

The last expression is overall rate expression, which is applicable to both; in absence and
presence of the surfactant.

The rate constant k;,; can be shown by

_ d[CAT] 12303 a
K=" a0 C[CATIT t Fa- v ~(20)
o - dICAT] {1+ K[S])_ -d[CATIKI[S]  when -
obs = dt K [CAT][S] dt K[S] [CAT] 1<<K[S] wizh)

Hence, substrate may have fractional order w.r.t. its concentration.
The expressions number (10) and (19) show that —
(i) The order of reaction with respect to CAT is one.
(ii) The order of reaction with respect to substrate (amino acid) is fractional.

(iii) The expression (19) clearly indicates the rate dependence of reaction with respect to
surfactant concentration.

(iv) The step (2a) in the reaction mechanism shows the dependence of reaction rate on halide
(chloride) ion concentration.
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