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Abstract The kinetics and mechanism of Ag(I)-catalyzed oxidation of L-alanine by cerium (IV) in

sulfuric acid media have been investigated by titrimetric technique of redox in the temperature

range of 298–313 K. It is found that the reaction is of first order with respect to Ce(IV) and L-ala-

nine, and it is of a positive fractional order with respect to Ag(I). It is found that the pseudo first

order ([L-alanine]� [Ce(IV)]� [Ag(I)]) rate constant k0 increases with the increase of [H+]. The

major oxidation product of alanine has been identified as acetaldehyde by an 1H NMR and IR spec-

troscopy. Under the experimental conditions, the kinetically active species has been found to be

Ce4+. Under nitrogen atmosphere, the reaction system can initiate the polymerization of acryloni-

trile, indicating generation of free radicals. On the basis of the experimental results, a suitable mech-

anism has been proposed. The rate constants of the rate-determining step together with the

activation parameters were evaluated.
ª 2010 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.

1. Introduction

The oxidation of amino acids is of utmost important from a
chemical point of view of its bearing on the mechanism of ami-

no acid metabolism. Metallic ions play a significant role in the
oxidative decarboxylation of amino acids. However, our preli-
minary observations indicate that the oxidation of some or-

ganic compounds by Ce(IV) in aqueous sulfuric acid is
kinetically sluggish, the process can be efficiently catalyzed
by various metal ions even at trace concentration. Among

the different metal ions, Ag(I) has been used as a catalyst here.
Kinetics of oxidation of amino acids by a variety of oxidants
such as Mn(III) (Beg and Kamaluddin, 1975), Co(III) (Usha
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et al., 1977), OsðVIIIÞ–FeðCNÞ3�6 (Upadhyay and Agrawal,

1977), Chloramine-T (Mahadevappa et al., 1981), 1-chloro-
benzotriazole (Hiremath et al., 1987), N-bromosuccinimide
(Gopalkrishnan and Hogg, 1985; Schonberg et al., 1951),
and Peroxomonosulfate (PMS) (Ramachandran and Vivekan-

andan, 1984) in acid and alkaline media has been reported.
Oxidation of alanine has received much attention because of
the involvement in the biological process such as stability of

glucose in the system and is associated with chronic fatigue
as well as Epstein–Barr virus, when alanine level becomes
excessive (Shanmugam, xxxx).

Ce(IV) is a well known oxidant (Thabaj et al., 2006) in acid
media having the reduction potential (Day and Selbin, 1964) of
the couple Ce(IV)/Ce(III): 1.70 V. The oxidation of organic

compounds by Ce(IV) in general seems to proceed via the for-
mation of an intermediate complex (Yatsimiraskii and Luzan,
1965).

The sluggish reaction of Ce(IV) oxidation of L-alanine is

catalyzed by a small amount of Ag+ (10�6 mol dm�3) in
aqueous sulfuric acid medium. In sulfuric acid and sulfate
media, several sulfate complexes (Thabaj et al., 2006;

Kharzeeva and Serebrennikov, 1967) of Ce(IV) form exist such
as Ce(OH)3+, CeðSOÞ2þ4 , Ce(SO4)2, CeðSO4Þ2HSO�4 , and
H3CeðSO4Þ�4 , but their role has not received much attention

so far. Thus for example, increase in the rate of reaction with
increasing sulfuric acid concentration has not been under-
stood. The mechanism may be quite complicated due to the
formation of different Ce(IV) complexes in the form of active

species. Hence, Ag(I)-catalyzed oxidation of L-alanine by
Ce(IV) has been investigated in order to understand the behav-
ior of active species of oxidant in sulfuric acid media and a

suitable mechanism is proposed.

2. Experimental

2.1. Materials

In the present work, double distilled water was used for pre-
paring the solutions. L-alanine (E. Merck) was used as such.

A stock solution of L-alanine was prepared by dissolving it
in water. The Ce(IV) stock solution was obtained by dissolving
cerium (IV) ammonium sulfate (E. Merck) in 0.98 mol dm�3

sulfuric acid and was standardized with iron (II) ammonium

sulfate solution (Jeffery and G.H., 1996). Other chemicals
and reagents such as sodium sulfate, potassium sulfate, potas-
sium bisulfate, silver nitrate, sulfuric acid, acetonitrile, ace-

tone, hydrated copper sulfate, and aluminum sulfate used
were of analytical grade with 99.9% purity.

2.2. Kinetic measurements

Kinetic studies were carried out in a sulfuric acid medium in

the temperature range (298–313 K) under pseudo first order
conditions with a large excess of L-alanine over Ce(IV). The
reaction was followed by estimating the unreacted Ce(IV) as
a function of time by titrating against ferrous ammonium sul-

fate solution employing ferroin as indicator (Walden et al.,
1933).

No precautions were taken to exclude the diffused light

entering into the reaction mixture (Krishna and B., 1959).
The Ce(IV) solution was thermally quite stable (Grant, 1964)

in the visible region and undergoes photochemical decomposi-

tion (Heidt and Smith, 1948) only in the UV region. Since, the
oxidation of (Kolp and Thomas, 1949) water even at 333 K by
Ce(IV) was immeasurably slow and insignificant, no further
precautions were taken to account for this.

From the titer values, plots of log [Ce(IV)] vs. time were
made and from the slope of such plots, the pseudo first order
rate constants k0(s�1) (Table 1) were obtained. To evaluate k0,

generally 8–10 values at least up to 80% completion of the
reaction were used. Average values of at least two independent
determinations of k0 were taken for analysis. All the first order

plots were linear, with a correlation coefficient of 0.996–0.999.
The observed rate constants were reproducible within the
experimental error ±5%.

3. Results

Factors influencing the rate of oxidation of L-alanine by
Ce(IV) such as effects of (i) [L-alanine], (ii) [Ce(IV)], (iii)
[H+], (iv) ionic strength, (v) dielectric constant, (vi) monova-
lent (Ag+), and (vi) Bivalent (Cu2+) and trivalent (Al3+) cat-

alysts have been studied. Rate and activation parameters were
evaluated.

3.1. Effect of [L-alanine]

At a constant [Ce(IV)] (6 · 10�3 mol dm�3), [H+] (0.05

mol dm�3) [Na2SO4] (0.1 mol dm�3) and [Ag+] (6 · 10
�6 mol dm�3) the kinetic runs were carried out with various
initial concentrations of L-alanine, which yielded rate constants
whose values depended on [L-alanine]. The pseudo first order

rate constants k0(s�1) thus obtained were found to increase
with [L-alanine] (Table 1) over a range of [L-alanine] used (2–
10 · 10�2 mol dm�3). This shows that the reaction obeys first

order with respect to [L-alanine]. This was confirmed by the lin-
ear plots of k0(s�1) vs. [L-alanine] which yielded a straight line
passing through the origin. Fig. 1. The plot of 1/k0 vs. 1/[L-ala-

nine] exhibits an excellent linearity (Fig. 2) with a positive
slope. Observed reaction order nap = 1.01 (r= 0.998). The
values of k2 (mol dm�3 s�1) were evaluated from the slope of

k0(s�1) vs. [L-alanine] plots (Fig. 1) The k2 (mol dm�3 s�1)
values thus obtained from such plots (Table 2) were in agree-
ment with the corresponding values calculated from the factor
k0(s�1)/[L-alanine].

3.2. Effect of [Ce(IV)]

The kinetics of oxidation of L-alanine has been investigated un-
der pseudo first order conditions, keeping the concentrations
of L-alanine always in large excess (nearly 10-folds) over that

of [Ce(IV)]. When the log [Ce(IV)]T was plotted against ‘t’,
very good straight line plots were obtained indicating that
the reaction was of first order with respect to [Ce(IV)] (Table

1). Effect of varying [Ce(IV)] (2–10 · 10�3 mol dm�3) on the
rate of oxidation has been studied at constant [L-alanine]
(6 · 10�2 mol dm�3), [H+] (0.05 mol dm�3) [Na2SO4]
(0.1 mol dm�3), and [Ag+] (6 · 10�6 mol dm�3). The pseudo

first order rate constants k0 were found to be independent of
[Ce(IV)], confirming the first order dependence of rate on
[Ce(IV)].
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