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Kinetics and mechanism of oxidation of chitosan
polysaccharide by permanganate ion in aqueous

perchlorate solutions
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The kinetics of oxidation of chitosan as polysaccharide by permanganate in aqueous perchlorate media at a con-
stant ionic strength was found to have second-order overall kinetics and to be first-order in the concentration of both
reactants, the results obtained showed that the reaction is acid catalysed.
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Chitosan is a polysaccharide consisting of [2-amino-2-deoxy-
(1- 4) B-D-glucopyranan; poly (1 - 4 B-D-glucopyranosming).2
On the other hand, permanganate ion is a powerful oxidising
agent for many organic’® and inorganic compounds. 1112
Hassan and coworkers studied the kinetics of oxidation of agi-
nates 15 and pectates!” as polyelectrolyte macromolecules by
permanganate ion in akaline solutions (pH = 12). They
reported that the oxidation processes proceed through the for-
mation of intermediate complexes of manganate (V1) as tran-
sient species, followed by slow decomposition of these
intermediates to give the reaction products. The present study
investigates the reaction of permanganate ion with chitosan in
non-complexing perchloric acid media to shed some light on
the mechanism of oxidation, the nature of radicals and /or ions
formed and the effect of mediaon the rate of thisredox reaction.

Chitosan was converted into water-soluble perchlorate salts
(Chitosan-HCIO,) by stepwise addition of the requisite
amount of the reagent to perchloric acid. Preparation, storage
and standardisation of permanganate ion solution were as
described earlier® All kinetic runs were conducted under
pseudo-first-order conditions where [chitosan] = 10 [KMnQO,]
at a constant ionic strength of 1.0 mol/dm3. The course of
reaction was followed by recording the decrease in absorbance
of permanganate ion at its absorption maximum, 525 nm, as a
function of time. Pseudo-first-order rate constants (kq,s) Were
evauated from plotting In (absorbance)s,s versus time.

A stoichiometric ratio of (1.6 + 0.1([MNO4]consumed /
[Chitosan],) was obtained at several initial concentrations of
MnO,~ in 0.5 mol/dm3 HCIO, adjusted to a constant ionic
strength of 1.0 mol/dm3. This indicates that the stoichiometry
of the overall reaction conforms to

5 CgH1,0,N + 8 MNO,~+ 24 H*
5 CgH,O+ 5NH3 + 8 Mn2* + 22 H,0 (1)

where CgH1,0,N and CgH4Og represent the chitosan and its
diketo-acid derivatives, respectively. Diketo-acid derivatives
was identified by elemental analysis, IR spectraand formation
of 2, 4- dinitrophenyl hyrazone derivative.

Plots of In (A; — A,,) versus time, where A, and A,, represent
the absorbance at timet and infinite time, respectively, were lin-
ear over three half-lives of the reaction completion. Thislinear-
ity indicated that the reaction is first order with respect to
permanganate ion concentration. This first-order dependence
was also indicated by the independence of the observed first-
order rate constants on different initial [MnO, 7], . The depen-
dence of the observed first-order rate constants, ky,, On the
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chitosan concentration was found to follow Michaelis-Menten
kinetics.22 The good linearity obtained in addition to the posi-
tive intercept on kypst axis indicates the formation of an inter-
mediate complex between MnO,~ and chitosan. An increase in
the acid concentration was found to accelerate the reaction rate.
This dependence was found to be of fractiond first-order in the
hydrogen ion concentration ([H*] o).

It was found that the variation of [Mn?*] had an appreciable
effect on the rate of reaction. Similarly, the experimental
observations indicated that the reaction rate was not affected
remarkably by addition of F~ions.

No polymerisation of acrylonitrile was observed by adding
acrylonitrile to the partially oxidised reaction mixture. This
shows that the redox reaction was not proceeding through a
free-radical mechanism.

The increase of the rate constant with increasing the hydro-
gen ion concentration is most probably due to the protonation
of permanganate ion in acidic solutions as follows:

K1
MnO; + H* =—= HMnO, 3)

Again the negative salt effect and the absence of an induction
period may further indicate that HMnO, is the reactive species
in the oxidation process, but not Mn3* and/or Mn**ions. A con-
sistent mechanism involving two competitive reactions in the
rate-determining step may be suggested as follows,

Kz
Mn04_+ S =*— Cl
(fast) (4)

Ks
HMnO,+S =— C,
(slow) (5)

k
C, NG product
(slow) (6)

C, —> product
(slow) @)

where S K and K5 represents the chitosan and the formation
constants of the intermediate complexes C, and C,, respec-
tively. The change in the rate constant with change in the
hydrogen ion concentration may be expressed by equation (8)



Rate= —d[MnO;] = (KoK, +ky Ky K3 [HY]) [§ [MnO4]r  (8)
dt 1+ Ky[HY +[S] (K; + Ky K3 [HT])

ks=  (kaKo+ ks Ky Kg[H]) [§ (10)
1+ K [H] +[§ (Ko + Ky K3 [HT)

where k,ps is the observed first—order rate constant.
On rearrangement, Egn (10) may be written in the form:

1= (ArK[H] 1
o | (aketlokilaH]) |19

According to Eqn (11), at constant [H*] a plot of kgt
against [§ 1 should be a straight line with positive intercept
on kyps ! axis asis experimentally observed.

The apparent rate constants k', and k', were calculated at
25°C using the method of least-squares and found to be 1.23
%1073 dm?/mol¥/st and 1.83 x 10~3 dm1%/mol4/sl, respectively.

In the light of the above observations and under our experi-
mental conditions, one might expect formation of complex
mixtures of the reaction products (I1—14) in the oxidation of
chitosan by MnO4~
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Table 1. The observed first-order rate constants for the oxidation of
chitosan polysaccharide by permanganate ion

Table 2: Hydrogen ion dependency for the oxidation of chitosan poly-
saccharide by permanganate ion

Table 3: The activation parameters of the second-order rate constant,
ks for the oxidation of chitosan polysaccharide by permanganate ion

Figure 1. Reciprocal Michaelis-Menten plot for the oxidation of chi-
tosan polysaccharide by permanganate ion.

Figure 2. A typica plots of k' JH*]~1 versus [H*]1 for the oxidation
of chitosan polysaccharide by permanganate ion.
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