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The oxidation of oxalatopentaamminecobalt(III) ion, investigated at 65°C and I moldm -3 perchlorate medium, follows
first order kinetics in [complex] and fractional order (0.5) in [peroxydisulphate). Slight rate retardation is observed when
[acid] increases from 0.1 to 0.7 moldm -3. The product of the reaction is Co(II). There is no evidence for the formation of
intermediate aquopentaamminecobalt(lII) ion. The reaction is catalysed by Ag(1)and Cu(JI). It is presumed that these catalysts
produce species of their higher oxidation states which are more effective than peroxydisulphate. Contrary to the earlier
observation on oxalate oxidation of peroxydisulphate, considerable decrease in rate of oxidation of oxalatopentaammine by
peroxydisulphate is noted both in the presence and absence of catalysts under nitrogen atmosphere.

The oxidation of the oxalate and hydroxyalkyl
carboxylates coordinated to (NH3)5COH moiety such
as in the complex ions like (NH3)5Co02CR2 + has been
studied 1,2 from kinetic stand point, using Ce4 + as
oxidant. The oxidation products have been shown to
be CO2 and Co(II). In this paper we report the kinetics
of peroxydisulphate oxidation of coordinated oxalate
in (NH3)5COC204H2+ in the presence and absence of
Ag" and Cu2+ ions under varying conditions.

(iii) The rate constant decreased with increase in
[H +]. For example under the conditions: [complex]
=0.002 moldm -3; [oxidant] =0.01 moldm -3, 1= I
moldm -3 and [H +] in the range 0.1 to 0.7 moldm -3,
104 kobs decreased from 0.926 to 0.828 s -I for
uncatalysed reaction; from 1.42 to 1.21s -\ for Cu2+
catalysed reaction; and from 3.32 to 2.14s -I for Ag "
catalysed reaction, [catalyst] being 0.001 moldm -3 in
both the cases.
(iv) The oxidation of oxalic acid by peroxydisulMaterials and Methods
phate in the presence of aquopentaamminecobalt(III)
Potassium peroxydisulphate,
perchloric acid, ion was also studied. The experiments were conducted
under the following conditions: [complex] = 0.005
sodium perchlorate, copper sulphate and silver nitrate
moldm -3; [oxalic acid] =0.005 moldm -3; [Cu2+]
were of BDH (AR) grade. Oxalatopentaammineco= to -3 moldm -3; [perdisulphate] = 0.01 moldm -3;
balt(III) perchlorate was prepared by the method of
3
and
[H+]=O.l
moldm :". The rate constants,
Saffir and Taube . The reaction was studied under
followed
by
measuring
decrease in [COH]T and
pseudo-first order conditions and the reaction was,
2
increase
in
[C0
+],
were
8.21 x to -5S -1 and 9.20
monitored following the decrease in absorbance due to
5
1
xI0s(65°C,
1=1.0
moldm
respectively.
the complex with time at 305 nm using a Beckman
DU 2 spectrophotometer. The pseudo-first order rate When the same experiment was conducted with Ag+
constants were calculated from slopes of log (AI-Aoo) catalyst the rate constants were 2.81 x 10-4 and 2.87
x to -4S -I respectively.
versus time plots. Rate of production of Co(II) was
also followed by Kitson's method".
(v) No significant absorbance change with time was
observed for the mixture of HCI04, CuS04,
Results and Discussion
The kinetic results can be summarised as follows:
Table I-Effect of Varying [Oxidant] on Rate of Oxidation
of Coordinate Oxalate in Aqueous Medium
(i) The reaction was found to be fractional (0.5) in
[HCI0
[oxidant]. A plot of kobs (Table I) versus [oxidantj+?
4] = 0.1 moldm:"; ionic strength = I moldm -3;
[complex] =0.002 moldm="; temp=65°C
was linear at different initial [Ag+].
3
10 [AgNO,] [K2S20S]
104knb• 103 [AgN03]
(ii) Under pseudo-first order conditions i.e.
10 k
(s -I)
(moldm
-3)
(moldm
-3)
(s -I)
(moldm -3)
[oxidant]=O.OI moldm r'' [H+]=O.I moldm r' and
1.0
0.010
3.32
0.50
2.05
[catalyst] = to -3 moldm -3 the reaction followed first
2.64
0.015
3.34
order kinetics in [complex]. Under these conditions,
3.14
0.020
3.84
the first order rate constants remained constant (3.32
3.40
0.025
4.44
x 10 -4S -1) at different initial [complex] in the range
3.70
0.030
4.90
0.002 to 0.004 moldm -3 using Ag" as catalyst.
r
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(NH 3)sCoOH ~ + and peroxydisulphate.
With Ag + as a
catalyst, induced reduction of (NH3)sCoOH~ + to
Co(I1) under the same condition could be observed
with a rate constant 0.7 x 10 -4S -I suggesting that
probably coordinated water ofaquo complex helped iI'
the reduction of C03 + ion to Co2 + ion in the presence
of silver ion. In order to differentiate the role of bound
H20 from that of the bound NH3 the complex
[Co(NH3)6] (CI04h was prepared and reaction, if any,
of the above complex with peroxydisulphate
in the
presence of Ag " was studied. No significant change in
absorbance
of [Co(NH3)6]3 + was observed. This
indicated that the coordinated
ammonia molecules
were not involved in the reduction of Co3 + to Co2 +
ion.
(vi) Pseudo-first
order
rate
constants
were
determined at various [catalyst].
The plot of rate
constants
against different
[catalyst]
was linear
(Fig. 1). Lilt,,; constants at different initial [catalyst]
are giver. in Table 2. kobs versus [M" +] (M" + = Ag+ or
Cu2+) plot was linear upto [M"+]=10-4
moldm
and the order in [M"+] became greater than one at
higher concentrations.
(vii) The oxidation
reaction was studied under
nitrogen atmosphere. The value ofrate constant when
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4

3
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Table 2- Effect of Varying [Catalyst] on Oxidation of
Oxalato Complex
fl'r ":)4~ =0.1 moldm -3; [oxidant] =0.01
[complex] = 0.002 moldm -3; I = I moldm -';
[CuSO .•]
104k.bs
[AgNO,]
(moldm -')
(s -I)
(moldm -3)
5xI0-'
2 x 10 -3

2.50
I. 75

10" k.bs
(s -I)

5x10-3
2 x 10 -3

1)( 10-3

1.42

I

5 x 10 -4
2x10-4
I x 10-4
5 x 10 -5
I x 10 -5
I x' 10 -6

0.96
0.75
0.61
0.41
0.33
0.24

5 x 10-"
2xI0-"
I x 10-4
5 x 10 -5
I x 10 -5
I x 10 -6

x

10 -3

9.97
4.29

3.32
2.05
1.12
0.767
0.697
0.631
0.561

[Ag+h=10-3
moldm -3, [H+]=O.1
moldm -3,
[complex] =0.002
moldm -3 and [S20~ -] =0.01
moldm -3 was 1.45 x 10 -4S -1 while rate constant of
the same reaction in air was 3.32 x 10 -4S -I.
When the same experiment was conducted under
nitrogen
atmosphere
taking
copper
as catalyst
([Cu2 +]T = 10 -3 moldm -3) the rate constant was 0.53
x 10 -4s -I, the corresponding
rate constant in air
being 1.42 x 10 -4 S-I. This shows that oxygen is not an
inhibitor in this oxidation reaction, rather it has some
catalytic effect in contrast
with peroxydisulphate
oxidation
of oxalate reported by Kimura".
Rate
constant for the oxidation of the complex in the
absence of catalyst and in the presence of nitrogen was
found to be 0.333 x 10 -4S -I. Negligible
Co(II)
catalysis was observed as the rate constant at [H +]
=0.1 moldm -3 was found to be 1.125 ±0.OO5
XlO-4S-1
at 65° with [C02+h=10-3
moldrn ?
keeping other concentration
parameters
same as
above.
Possible mechanism
Earlier" we have shown that metal ions associate
with oxalate complex to form binuclear species. The
mechanism consistent with this observation and the
results obtained is shown in Scheme 1.
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Fig. 1-104k.",s-1
versus [Mo+] moldm "? [complex]=0.OO2
moldm -\ [HC10 .•] =0.1 moldm -3; [SzOi -] =0.01 moldm -3 and
f= I moldm -3. In plot A [Mo+] = [Ag+] and in B [Mo+] = [Cu2+]
all other conditions being the same
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where R =(NH3hCOH•
OX = oxidant and MO+
= Cu 2+ or Ag + . Under pseudo-first order condition of
[oxidantj-, the rate law will be given by Eq.(1).
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copper catalysed oxidation of the complex are 4.8
x ro- dm" mol " and 0.38 x 10--4s -1 respectively. The
1·6
values of K2 and k3 for silvercatalysed oxidation ofthe
"i
same complex are found to be 2.25 X 104 dm+mol :'
••
and 4.22 x 10 --4s -1, respectively.
z
The proposed reaction Scheme 1 for Ag " and Cu2+
~ ~1·2
+
catalysed
oxidation suggests that the binuclear species
••
'+':::J
6
0
are
the
reaction
intermediates. Presumably Ag and Cu
r-;jil
~
in such species exist in 2 + and 3+ states respectively
, 0
><
0'8
and induce inner sphere oxidation of the coordinated
••
0
oxalate. The observed order of the reaction with
c...
respect to [S20~ -] being 0.5, S04' produced from the
thermal dissociation of the oxidant (S20~ -~2 S04")
0'4
appears to be the oxidising species. At high [catalyst]
deviation from the linearity of kobsversus [M"+] plot is
observed.
The greater than first order dependence with respect
0~0------7"~2------~1'3~-----IL'4----~~"5
to [M?"] suggests that presumably more than one
104 k
s-1
catalyst metal ions are involved at higher conobs
centration range. This point requires further study
Fig. 2-[kob,-k~b']
{[H+] + Kd/[Cu2+]
KI dm3mol-1s -I versus
10 kob,s-I
which is under way. Activation parameters for the
copper and silver catalysed reactions were calculated
k _kl [H+]+k2K1
+k3K2Kl [Mn+]
by determining rate constants at four different
.. , (1)
obs[H+]+K1 +K1K2[Mn+]
temperatures (50°, 55°,60° and 65°) and at [H +] = 0.5
Equation (1) can be linearised to Eq. (2) for which k~bs moldm -3, [Ag+] = [Cu2+] = 10 -3 moldm -3 and I
= 1.0 moldm -3. The values of ~Ht and ~st for
=kobs at [Mn+]T=O
copper and silver catalysed reactions were found to be
(kobs-k~bJ{[B+]+Kl}
k
k
) 117 kJmol-l, -174.1 JK -lmol-l and 76.6 klmol ",
[Mn+)Kl
K2 3-K2
obs
... (2
- 172.7 JK -1mol -I respectively.
At fixed [Mn+], [oxidant}, and varying [H+] the
rate data were expressed by Eq. (2). The value of K, References
was reported to be 0.02 moldm -3 at 65° (ref. 6). The I Srinivasan V S & Gould E S, Inorg Chern, 20 (1981) 208.
plot of(kobs-k~bJ {[H +] + K1}/[Mn+]K1 against kobs 2 Mohanty N K & Nanda R K, Indian J Chern, 21A (1982) 522.
3 Saffir P & Taube H, J Arn chem Soc, 82 (1960) 13.
for both Cu2+ and Ag+ (both at 0.001 moldm -3)
4 Kitson R K, Anal Chern, 22 (1950) 664.
catalysed reactions were linear (Fig. 2) supporting the 5 Kimura M, J phys Chern, 77 (1973) 1265.
proposed mechanism. The values of K2 and k3 for 6 Dash A C & Nanda R K, Inorg Chern, 13 (1974) 655.
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