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Kinetics of chromic acid-'oxalic acid reaction catalysed by manganese(II)­
Kinetic analysis of the consecutive pathway
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Manganese(II) catalyses the chromic acid-oxalic acid reaction. The absorbance of the mixture of
Cr(VI), oxalate and Mn(II) (at 480 nm) increases with time, reaches a maximum and thereafter decreases
with time and this has been shown to be due to the consecutive path-way, A ~.I 1j. C. Dmax is directly pro­
portional to [Cr(VI)]o' ka varies with variation in [Mn(II)]()and [OX]o whereas kb is unaffected by variation
in [Mn(II)]().Mechanism of the consecutive pathway has been proposed.

Unlike in many chromium(VI) oxidations, manga­
nese(II) catalyses the chromic acid-oxalic acid reac­
tion 1- 5. Ayyar4 and Chakravarty and Ghosh5 ob­
tained evidence for Mn(IlI)-oxalate complex as an
intermediate which undergoes intramolecular elec­
tron-transfer. It has also been shown6 that Mn(II) is
oxidised to Mn(IlI)-oxalate quantitatively by chrom­
ium(VI) in the presence of excess of oxalate. How­
ever, no kinetic analysis of this consecutive pathway
has been so far made and we present that in this pa­
per.

Materials and Methods

All the solutions were prepared in doubly dis­
tilled water. Stock solutions (10- 1 mol dm - 3) of
chromium(VI), oxalic acid and manganese(ll) were
standardised using standard methods. Ionic strength
was maintained using sodium perchlorate solution
(2 mol dm-3).

The intermediate Mn(IlI)-oxalate complex lias
been found to have strong absorbance at 480 nm
and hence the consecutive pathway was monitored
by measuring the absorbance at this wavelength at
different time intervals using a Hilger- UVispek
spectrophotometer with thermostatic attachment.
The absorption spectra were scanned using Milton­
Roy spectronic-1201 spectrophotometer with mic­
roprocessor arrangement. The kinetic runs were
carried out in the presence of sodium oxalate/oxalic
acid buffer (pH 2.2-2.5).

where A represents Cr(VI), I, the Mn(IlI)-oxalate
complex and C the product(s). The [I]is given by Eq.
(1)

[I]= k.[Cr(VI)]o (e- k,t - e - kht) ••• (1)
(kb - k.)

Two rigorous methods are available7,s in support of
the consecutive pathway. In the first method the plot

of log P Iwhere P= D t - 0 DO) versus time is generallycurved at early [but becomes linear at later [(Fig, I).
Thus the plot can be described by Eq. (2),
log P= - k,jo ....1+ constant ... (2)

from which k"o\\ can be determined. Now the linear
plot is extended to early [and the value of P' is cal-
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Fig. I-Plot of absorbance versus time ([Cr(VI)]l)= 5.00 x 10-4
mol dm-3, [Mn(Il)]l)=2.50X 10-3 mol dm-3, [oxalic ac­
id]()=2.5xl0-2 mol dm-3, I!=O.50 mol dm-3; pH=2.45,

temp. = 30.0 ±O.I°C)

Results and Discussion
The absorbance of the reaction mixture increases

with increase in reaction time, reaches a maximum

value and thereafter decreases (Fig. 1). Further, Dmaxis directly proportional to [Cr(VI)](I' These re-
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in the pH range employed.

In Eqs (3- 5) K I K c and K.1 are the stepwise stabil-
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culated at various times. P and P' differ due tb con­
tribution from the faster of the consecutive steps
(k,,,q'. The value of kias! is given by the slopelof the
log (P' -- P) versus time plot which should be Ii ear if
the above consecutive mechanism holds. Such linear
plots were obtained with the experimental ata. A
typical plot is presented in Fig. 2. The values f kslO\,

and )'IN were also determi ned using the alte ative
procedure' and the rate constants calculat d by
hoth the methods agree within ± 5%. The rat con­
stant of the decomposition of I, kh, can be c nsid­
ered to be kslo~ whose value (1.2-1.4) x 10-.1 S - I at
3()OC is in agreement with the rate of decomp sition
of manganese(IIl)-oxalate complex reported 'n the
Iiterature~·III. Thus ka corresponds to kias!.

The values of k" and kh have been determi cd at
different initial [Mn(II)]II, [oxalate]1I and [H+] a dare
presented in Table 1. In all the cases, k" inc eases
with increase in [Mn(II)lh [OX]IIand [H+] whe e Ox
represent~ total oxalate; kh is independe t of
[MnOI)]1I under the experimental condition. em­

ployed. These kinetic features can be explain d by
a~,suming that fast equilibria are associated wi h the

consecutive pathway. Mn2+ and MnH arc e pable
of forming 1: 1, 1:2 and 1:3 complexes with 0 alate
ion( Ox) and the fraction of these complexes p esent
in the system can be represented by Eq. (3).

[MOxl= Kl[C~Q~-],[MOXc]=KIKc[~cO~-f and
,
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,
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U,nd,e,r the conditions [M]o ~ [Ox]o, (where M jepre­scnts Mn2+ or MnH) and N=I+KI[C2Y~-]+
K IK2lC,Oi-F + KIK2K1 [C20~-F. I

!
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Fig. 2-Plot of log P versus time anel plot of log IP-PI versus
time I[Cr(VI)],,=5.00xro 4 mol e1m-" [Mn(1l)l,=2.5xlO .1
mol dm-" [oxalic acid],,=2.5xro" mol dm-" 1-1=0.50 mol

dm -\ pH = 2.45, temp. = 30.0 ± 0.1 0c)
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Table I -Consecutive rate c1nstants under the conditions. lOx I" b [Mn(Il )],"([Cr(VI)]"= 5.0 x ro-4 mol Jm-" 1-1=0.5 mol dm '.1. temp. = 30.0 ±O.loCi
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Fig. 2a- Visual absorption spectra of intermediate Mn(lII)-ox­
alate complexes ([Cr(VI)]" = 5.0 x 10-4 ·mol dm-3,
[Ox]"= 2.5 X 10-2 mol dm-3, [Mn(Il)]" = 5.0 x 10-3 mol dm-3,

pH = 2.1; ~=0.5 mol dm -3; temp. = 25.0 ±0.1°C)

ity constants and K~ and K~ are the first and second
ionisation constants of oxalic acid (K~ = 5.6 x 10-2,
K'~ = 5.4 X 10-5)6. In the case of Mn(II) (log
Kl = 3.9, log K2 = 1.43 and log KJ < 0.1)6 only 1:1
complex, Mn C204, is predominant at pH 2.0-2.5.
Considering the stability constants of manga­
nese(III)-oxalate complexes, it can be shown that in
the pH range employed, only 1:2 and 1:3 complexes
predominate (log K 1 = 9.88, log K2 = 6.59 and log
K J = 2.85)6 and hence contribution to the rate by
the pathway involving 1:1 complex, Mn(C204)+,
can be neglected.

To study the nature of the coloured intermediate
formed in the reaction, the absorption spectra of the
reaction mixture after 1 min and 10 min were

scanned setting the scanning time at 6 sec during
which time the change in absorbance due to reaction
has been found to be negligibly small. The spectra at
both the times show broad peak at 465 and shoul­
der at 510 nm (Fig. 2a). Dinglell has reported that
bis-oxalato-diaquomanganese(III) has absorption
maximum at 460 nm (E = 130) while the tris-oxalato
manganese(III) exhibits peaks at 487 and 515 nm
(E = 230). Chromium(III) obtained as a reaction
product as well as Cr(VI) under these conditions
have been found to have negligible absorbances at
these wavelengths. The peak at 465 nm indicates the
presence of bis-oxalato manganese(III) arid the
shoulder due to the tris complex whose concentra­
tion is less than that of the bis complex under the ex­
perimental conditions employed. The peak due to
the tris complex at 487 nm appears to be submerged
in the peak at 465 nm.

The kinetic analysis can be carried out by analys­
ing the ka and kb-paths separatelyl2. These paths

ka-path

~-path

Scheme 2

If [Mn(III)]1is the total Mn(III) concentration and
Ij, 12and IJ be the concentrations of 1:1,1:2 and 1:3
complexes, then

[Mn(III)],=11+ 12+ IJ ... (6)

Since I] is negligible under these conditions, Eq. (6)
may be approximated to

[Mn(III)],= 12+ IJ ... (6a)

From Eq. (6a) it can be derived that- --2-
12= Mn(III)t 2- and IJ = KJ[Mn(III)l[C~<?4-] ...(7)

1+ KJ[C204 ] 1+ KJ [CZ04 ]

Therefore d[Mn(III)],
, dt

can be represented by Schemes (1)and (2) which ex­
plain all the results.

K

HCrO:! + H+ ~ H2Cr04

K,

Mn(C204t + C2024- ~ Mn(C204);

Kl

Mn2+ + C202; ~ MnC204
/q

MnC204 + H2Cr04 -- Mn( C204) + + Cr(V)

Scheme 1

K,

Mn(C204); +C2024- ~ Mn(C204?;
k;

Mn(C204); -- Products
k';

Mn(CZ04)J; -- Products

klKKIK'~ [Mn(II)1 [Ox]o[H+] [HCrO;]o

[H+] + KIK'~ [Ox]o

-(kz[Iz]+k'z[IJD ... (8)

Using Eqs (5) and (7), Eq. (8) may be written as

drMn(III)l,
dt

= [kl KK] K "a[Mn(Il)Jo[OxJo[H+][HCrO~ ]10[H+] + K ]K:[Ox]o

( k' z[Mn(III)]t1+ KJK~[Ox1/[H+]

+ k"zKJK:[Mn(III)]JOX]o/[H+])] ... (9)1+ KJK~[Oxlol[H+]
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Equation (10) is the same as the equation for con­
secutive pathway (Eq. (1)), where

J

have been found to be 1.17 x 10-3 S-1 and

1.52 x 10-3 S-I respectively at 30°C. Using these
data the values of kb have been calculated for other
runs mentioned in Table 1. kb thus calculated is in
good agreement with that obtained from the experi­
mental results, showing the validity of the rate-law
undler the experimental conditions ,employed. The
values of k~ and k'~ are also in reasonable agree­
ment with those reported in literature9,10
(k~ = 8 x 10-4 S-1 at 200e and k'~ =0.49 x 10-3 S-1
at 25°C).

.. ,. (lla)

I

I

,
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I (10)

klKKIK'~ [Mn(II)]o[Ox]o[H+]

[H+]+KIK'~[Ox]o

which on integration leads to Eq. (10)

and

, k'2 k'~K3K'~[Oxlol[ +]
k =, +

hI-/- K3K'~[OX]0/[H+] 1+ K3K'~ (OxJol[ +]

I (llb)

In agreement with this rate-law, the results 0 tained
under these conditions (Table 1) show that a is di­
rectly proportional to [Mn(II)]o' Further the values
of [Oxlo[H+ ]/([H +] + K 1K'~ (Ox]0) were cal ulated
taking the literature values of K'~ and K I' A lot of
ka versus (Ox]o[H+]/([H+]+KIK'~ (Ox]o) is linear
passing tttrough the origin establishing the alidity
of the rate-law.

Choosing any two values from Table 1, k~~d k"2
can be calculated from Eq. (11b) using the va es of
K 3 and K'~ available in the literature; k~ d k'~
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