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Oxidation of Glycolic acid by ceric sulphate was carried out
in acidic medium in presence of Ir(lll) chloride as catalyst.
From kinetic result, it was found to be of 1% order with
respect to glycolic acid and also in ceric sulphate.

KEY WORDS : Glycolic acid, Ceric sulphate, Ir(lll)
chloride.

InTRODUCTION

inetics of oxidation of Glycolic acid by acidic solution of Ce(IV) using Ir(IIT) chloride

as a homogeneous catalyst in perchloric acid medium. The reaction shows fractional order in
both glycolic acid and Ir(IIT) chloride and first order to zero order at high concentration of
Ce(IV) solution. An inverse first order in H' is observed. A suitable mechanism in agreement
with observed kinetics is proposed.

In the present communication an attempt has been made to study the kinetics and
mechanism of oxidation of glycolic acid using Ir(IIT) chloride as a catalyst.

EXPERIMENTAL

queous solution of glycolic acid was prepared by dissolving its desired quantity in
distilled water.

The reaction was initiated by quickly adding desired volume of glycolic acid solution in
the reaction vessel containing requisite volumes of perchloric acid Ir(IIT) chloride and other
reagents, maintained at a desired temperature in a thermostatic water bath (+0.1°C). The
progress of the reaction was monitored by estimating unconsumed Ce(SO,), iodometrically at
the regular intervals of time till 60 to 70% of the reaction.

REsuLts & piscussion

able—l records the reaction rate constants at different concentration of various

reactants. First order dependence in Ce(IV) solution at its low concentration tends to zero
order in high concentration range. Fractional order of glycolic acid is obvious from log Kobs
vrs log [GA] with slope 0.304 (Fig. 1).
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Table — 1. Effect of variation of reactants on reaction rate at 30°C.

Ce(SO,), x 10 ml™ - 0.50 0.80 1.00 1.25 1.67 2.00

(= de/dt) x 10" ml™' s7!- 6.14 6.08 6.06 6.04 5.98 6.10

[GA]=2.00 x 102M, [HclO4]=10.00 x 107" M, Ir(II) = 7.65 x 107,
[KCI] =2.00 x 107°M, Ce(IV)=2.00x 10~ M

[GA] x 10 ml™! - 0.25 0.50 0.75 1.00 1.50 2.00

(= de/dt) x 10" ml ™' s7!- 0.74 1.52 2.24 3.06 4.62 6.10

Ce(IV)=2.00 x 10°M [HCIO,] = 10.00 x 107" M
Ir(Ill) = 7.65 x 10°%,  [KCI]=1.00 x 10° M

Ir(I11) x 10° mI™" - 1.91 3.82 5.73 7.65 8.60 9.55

(—dcldf) x 10" mI™' s7'- 1.50 2.98 4.54 6.10 6.80 7.54

Ce(IV)=2.00 x 10°M  [GA]=2.00 x 10> M
[HclO4] = 10.00 x 107" M, [KCI]=1.00 x 10° M

[HCIO4] x 10° M - 7.50 10.00 12.50 20.00 25.00 30.00

(= de/dt) x 10" ml ™' s7!- 3.76 3.93 4.46 4.96 6.14 8.12

Ce(IV)=2.00 x 10°M [G.A]=1.67x10° M
Ir(Ill) = 7.65 x 10°M, [KCI]=1.00 x 10° M

[KCI] x 10° M - 0.50 1.00 1.50 2.00 3.00 4.00

(—dcldf) x 10" mI™' s7'- 6.04 6.01 5.98 5.96 6.08 6.04

Ce(IV)=2.00 x 10°M [GA]=2.00 x 102 M
Ir(Ill) = 7.65 x 10°M, [HCIO4] =10.00 x 107' M

Y=0.304

Kobs

[GA]—
Fig. 1

The rate constant decreases linearly with [H'] showing the inverse first order kinetics in
[H']. Insignificant effect for successive addition of CI™ suggest that neutral molecule
IrClI3(H,0); is involved in reaction as catalyst species.

The following equilibrium are reported to exist in acidic solution of Ce(IV) :-
K
Ce(IV) + H,0 === Ce(OH)** +H" )

K
Ce(OH)* + H,0 =—2= Ce(OH),*" +H" ... (ii)
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K
2Ce(OH),” === [Ce-0-Ce]” +H,0 ... (iii)

Considering the kinetic features with respect to [H'] and Ce(IV) the rate law expression
obtained on the basis of H,O as oxidizing species confirmed well to all observed kinetic data.

The following reaction scheme is suggested on the basis of reactive species of Ir(III)
chloride, Ce(SQO,), and other kinetic features in the present investigation, where S is written
for glycolic acid and Ir(III) stands for IrCl;(H,0); —

Ce(IV) + H0 =2 Ce(OH)™" +H' (iv)

() + H,0 =22 [IrClH,0)° + CI° )
[IrCLH,0]* + S (L_“ [IrC1sS)* + H,0 ... (vi)
[1rClsST" —— dsei‘e’::nf‘;‘jlg - [FCLH,OH] +CI +S" ... (vii)
[rICL(H,0)H> +CI —5 5 [1rCly(H,0)] ... (viii)
S* + H,0 —— Product ...(ix)

Considering the above reaction steps (iv) to (vi) of the oxidation of glycolic acid in terms
of rate of loss of Ce(So4), may be written as equation (X)

~d[Ce(S04), K'[Ce(SO,), ] Ir (III) [GA]
dt ) K3 [H" ]xK3[GA]x K [Ce(SOy4),] +K, Ir(II) + K;.K,[Ce(S0y),]
where K =K, K,, K;
Ki=Ki/K,, K;= K;3/K;

The rate law (x) agrees fully with all kinetics observations.

...(x)
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