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Manganese(II) catalysed Ce(IV) oxidation of arsen-
ic(IlI) in aqueous sulphuric acid takes place with inter-
vention of-a Mn(III) species, presumably MnOH?*. The
active oxidant is understood to be a Ce(IV) sulphate
complex of the formula, H,Ce(SO,); .

The chromium(III) catalysis of Ce(IV )-As(III) reac-
tion is understood to occur via a Cr(IV) species and
involves Ce(IV) sulphate complexes as active spe-
cies'. Manganese(II) also catalyses this reaction in
aqueous sulphuric acid and in view of the several ox-
idation states possible for Mn, an investigation
dealing with the kinetics and mechanism of Mn(II)-
catalysed reaction is of interest and hence the title in-
vestigation.

Experimental

The reagents and the kinetic procedure employed
were similar to those adopted earlier'. Runs were
usually followed at 30° and 40° and the rates of reac-
tion were reproducible within * 5%. The same sam-
ple of manganese(Il) sulphate (Riedel) was used
throughout. Different reaction mixtures with varying
[Ce(IV)], [As(TIT)] and [Mn(II)] were allowed to stand
at 30°C for over 2 hr and then analysed as in earlier
work' and a 2:1 stoichiometry between Ce(IV) and
As(III) was observed for the reaction; the catalyst,
[Mn(II)], remained unchanged as found by estimat-
ing” it with EDTA at pH = 10.

Results and discussion

At a fixed ionic strength of 5.0 mol dm 7,
[H,SO,]=1.0 mol dm * and [Mn(II)]=3.0x 102
mol dm ™%, the approximate orders in Ce(IV) and
As(I1I) were 1.0 and 0.8 respectively in the Ce(IV)
and As(III) concentration ranges of 0.001-0.010 and
0.010-0.10 mol dm #, respectively. Orders were de-
termined from log-log plots of initial rates and con-
centrations. The orders in Mn(II) and initially added
product Ce(IlI) were approximately + 1 and —0.5
respectively in the concentration ranges of 0.005-
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Fig. 1—Variation of fractions of total [Ce(IV)] of the different
Ce(IV) species and (rate),,, (1) with [H*]. (o, (2) and a, (3) refer

“to the species Ce** and H;Ce(SO,); . a,, a, and a;, relating to

CeSO; *, Ce(SO,), and HCe(SO,); respectively, did not change
appreciably over the [acid] used and hence are not shown).

0.050 and 0.004-0.012 mol dm~*, respectively. In-
itially added As(V) did not have significant effect.

The initial rates increased with increase in
[H,SO,], at fixed concentrations of the other react-
ants (Table 1). In sulphuric acid media, Ce(IV ) forms
different sulphate complexes® and the concentr-
ations of the different species, Ce}*, Ce(SO,)’",
Ce(SO,),, HCe(SO,); and H;Ce(SO,); were calcu-
lated as in earlier work' making use of the respective
stability constants, f,, B,, B3, B, added [Ce(IV)),
[H*] and [HSO; |; these H* and HSO; concentr-
ations, in turn, were calculated from the added con-
centrations of sulphuric acid and sulphate and the
known equilibrium constant of the acid sulphate eq-
uilibrium®. Figure 1 shows the variation of log (initial
rate) with the fractions, «, of the total Ce(I1V ) consti-
tuting the species Ce** (o) and H;Ce(SO,); (a,)
over [H,SO,| used. The concentrations of the other
Ce(IV) species do not change appreciably or even
decrease with increase in [acid] used (Table 1). The
order in free [H"] was found from initial rates as
~04.

Cerium(IV ) oxidation of arsenic(IlI) in acid_sulph-
ate medium proceeds with a measurable speed in the
absenge of the catalyst'. Hence, in the presence of
Mn(II), the reaction is understood to occur in paral-
lel paths with contributions from the uncatalysed
and catalysed paths.

The experimental results concerning the orders,
effect of initially added products, acid and catalyst
are well accommodated by the rate law (1); rate,,,
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Table 1—Variation of different Ce(IV) species’ with added sulphuric acid [Ce(IV)]= 2[As(III)]=0.01, [Mn(II)]= 0.005, /= 3.5 mol

dm~3,40°C
[H,SO,]Jmoldm 3* 10°a, (i a, 10% a; 10° a, 10° (rate),,,
moldm 3s!
0.2 2.7 0.72 022 4.7 I 4.3
0.4 5.0 0.79 0.14 5.5 11 549
0.6 9.8 0.84 0.083 4.1 25 7.8
0.8 17 0.87 0.051 2.8 35 9.8 -
1.0 25 0.88 0.036 2.1 41 12

‘a,, @, 0, & and o, are the fractions of totat Ce(IV) of the species Ce**, CeSO3*, Ce(SO,),, HCe(SO,); and H;Ce(SO,); respect-

ively. The stability constants of the different Ce(IV) complexes are from ref. 3 and the acid sulfate equilibrium constant used is from

ref. 4.
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Fig. 2—Verification of rate law (1) (Effect of acid concentr-
ations: 0.6 (1),0.8 (2)and 1.0 (3) mol dm ~* conditions as in Table
1)

and rate ., represent initial rates of catalysed and
uncatalysed reactions respectively.

(rate),, — (rate)

cat uncat

2k, k K[Ce(IV)[Mn(IDJ[As(II1)][H ]
k,[Ce(III)] + K[As(IIN)] (1 — k[H])

Rate law (1) is in agreement with the mechanism
shown in Scheme 1 where the oxidation occurs in
single electron transfer steps. Scheme 1 does not
take into account the reported disproportionation®
of Mn(III) into Mn(II) and Mn(IV) as it would

(1)

Ce(IV) +Mn(II) = Ce(I11) + Mn(III) (k,.k,)

Mn(IIT) + As(IIT) = Mn(III)- As(I11) (K)

Mn(Ill) . As(IID)+ H* — Mn(Il)+ As(IV) (k.)

Ce(IV)+ As(IV) = Ce(Ill)+ As(V) (fast)
Scheme 1

/

lead to a different rate law. Moreover, in media of
high [H,SO,] the disproportionation is unimportant
and Mn(III) is comparatively stable>.

In view of the very low dissociation constant® of
H;AsO; (2-8 x 10 '), the predominant form of
As(III) is H;AsO; itself. As regards Ce(IV), of the
different sulphate complexes it forms, only the
H,Ce(SO,); concentrations parallel the rate data at
different [H,SO,] and hence this species is con-
cluded to be the prime active oxidant. Pseudo-first
order conditions, at different initial [Ce(IV)] also
support this conclusion. The catalyst intermediate,
Mn(I11), is likely to be active in the form of MnOH?*
as it has been noted that the latter form can exist
even in highly concentrated perchloric acid solu-
tions’. Indeed, somewhat low order in [H * ] is presu-
mably due to a mechanism (see Scheme 1) which re-
sults in rate law (1) and, in part, may be due also to
MnOH-" being the active form of manganese(IIl).
Since Scheme 1 also leads to rate law (1). the latter is
verified from plots of ([Ce(IV)[Mn(Il)}/(rate,,
rate ) versus [Ce(III)|[/[As(IlI)| for different [H*]
which are found to be linear as expected (Fig. 2).
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