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Kinetics and Mechanistic Studies of Oxidation of V(IV) by ICl
and IBr in Aqueous Acetic Acid and Perchloric Acid Mediym
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A kinetic study on the oxidation of V(IV) by iodine monochloride
(ICI) and iodine monobromide (IBr) in aqueous acetic acid and
perchloric acid media has been carried out. In both the systems
studied the order with respect to oxidant is unity. In case of ICl the
dependence on [substrate] is fractional whereas in [IBr] it is unity.
The order with respect to [H*] in IC] and IBr reactions is inverse
fractional. The rate of reaction remains invariant to the change in
composition of a complex between the hydrolysed species of V(IV)
and the effective species of the oxidant in a reversible equilibrium.

INTRODUCTION

Electron transfer reactions between V(IV) and Cr(VI)!, Mn(III)? and Br(V)?
have been reported. Subsequently in our laboratory, the oxidation of V(VI) by
uncatalysed chloramine-T (CAT), N-bromo-succinamide (NBS), N-iodo-suc-
cinamide (NIS)“ and I(V)5 catalysed by Os(VII) and Ru(Ill) and molecular
iodine® has been studied. A symmetric study of V(IV) by ICI and IBr in acetic
and perchloric acids has been made. A survey of literature indicates that there is
no kinetic report having these oxidants.

EXPERIMENTAL

All the chemicals used were of AnalaR grade. The kinetics of reaction has
been followed by estimating the unreacted oxidants in each case iodometrically
towards a starch-iodine end point against standard thiosulphate. The rate constants
are reproducible within +3%.

RESULTS AND DISCUSSION

Oxidation by IBr: The reaction shows unit dependence with respect to

oxidation and substrates (Table-1). The dependence on [H*] is inverse fractional
(Table-1). Increase in percentage of the solvent has a marginal acceleration

as observed. The various activation parameters are AE*=95.8 kJ mole™,
AH* =92.9 kJ mole™, log;g A = 12.7 and AS* =-12.14 J K™! mole™".
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TABLE-1
PSEUDO-FIRST-ORDER CONSTANTS AT CARRYING [IBr], [V(IV)] AND HCIO,

Solvent = 10%(v/ir), ag. Acetic acid, [Hg(OAc)]1=0.001 M, Temp.=60°C

10* x [IBr] o ex[vav  10°x[HY - 10°xk
M M M min
25 5.0 2 1.30
5.0 50 "2 1.32
7.6 5.0 2 1.30
100 50 2 1.29
5.0 v 25 2 0.65
50 © 100 2 2.66
50 : 15.0 2 3.76
50 5.0 1 2.04
5.0 ' 5.0 3 1.01
5.0 5.0 4 0.85
50 5.0 2 1.60!
5.0 f_ 5.0 2 1.962
50 5.0 2 3.60°!
5.0 5.0 2 7.98%2

al &a2: at HOAc 20 and 30% (vAv)
bl &b2: attemp.70 and 80°C

Mechanism

According to Millitzer,” IBr polanses into I” and Br*, This suggestion has been
criticised by Bennett and Sharpe® as the polansanon of IBr into I and Br* is
contrary to the greater electron-positive character of 1od1ne than that of bromine.
They proposed that bromine arising by thermal dissociation of IBr is the actual
brominating agent. But in the present investigation due to the presence of
Hg(OAC),Br; as a species, this is unlikely. Hence it is concluded that IBr functions
as a neutral molecule. V(IV) complexes with the neutral molecule in a rate
determining step to give the product:

K,
VO* + Hy0 = VOOH" + H

K
VOOH" + IBr = [VOOH" . ... IBr]
-1 [Complex]

k |slow

V02+H++I_Br+

Scheme-I
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Rate Law:

k[complex]
Rate = - _dt— = k[complex]

Applying steady state treatment to the complex,
k;[VOOH'][Br] = (k_; + k)[complex]

k,[VOOH*][Br]

[complex] = K

k,[VOOH'][Br]
(kg + R
[VO**}p = [VO*'] + [VOOH']

K
=[VO™]{1+—
[ ]{ : m}
[VO*1{{H"]

2+ _
Vo Ky + [H']

k;[VO*]4{IB1]
(kg + K)(Ky + [H)

[Complex] =
_ k[complex]
T dt

__kky[VO*"}4{IBr]
(kg +K)(Kp + [H'])

Rate = k[complex]

This explains all the observed kinetic orders.

Oxidation by ICl: The reaction exhibited first order in oxidation as revealed
by the linear plots of log (a — x) vs. time (Table-2). The plot of log k; vs. log [s]
(Fig. 1) is linear with a slope less -than unity confirming fractional order
dependence of substrate. Further, the double reciprocal plot of 1/k; versus 1/{s]

(Fig. 2) is linear with a finite intercept on the inverse rate axis indicating complex
formation between the substrates and the oxidant. The reaction has inverse

fractional dependence on acidity (Table-3). the plot of log k; vs. log [H'] is
linear with a negative slope less than unity. It has been reported earlier by
Selbin® that V(IV) in aqueous acid medium {[H'] =0.002-3 M} hydrolyses to
VOOH" with an approximate k;, value of 1075, The active species of the substrate
participating in the reaction is VOOH", and hence the inverse dependence on
acidity. The effect of solvent is marginal. The values of activation parameters at
60°C have been found to be AE*=95.75kJ mole™!, AH* =93 kJ mole™’,
logyo A = 13.46 and As* = 0.8 J K™! mole™..
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187 [ICI] = 0.000355 M, [HCIO4] = 0.02 M,
10% HOAC + 90% H,0 (Viv)
;- Temp. = 60°C
™2
8
+
™ 0.5-
0 - T Ll Al
0 0.4 0.8 1.2
3 +log [S]
Fig. 1 logk; vs. log [S]
200 ]
[ICl] = 0.000355 M, [HCIO,4] = 0.02 M,
10% HOAC + 90% H,0 (viV)
1504  Temp.=60°C
& 100+
50 1
é
0 ) T T 1
50 1560 250 350 450
18]
Fig.2 1/k; vs. 1/[S]
Mechanism

In pure water ICl is hydrolysed to HCI and HOI and the latter then changes
into iodic acid with separation of iodine. The hydrolysis is favoured only at
[H'] below [0.2 M]. Under the experimental conditions of [H']=[0.02M]
the hydrolysis yielding HOI or H,OI' is favoured. The other species like
ionic species I' and CI” are also not favoured as the former is not formed and
the latter if formed is inert. Further ICl; demands a nucleophilic attack, which
is forbidden: So in the present study it appears that it is the neutral molecule
alone that complexs with VOOH", which further breaks down with a one electron
transfer leading to I" which subsequently reacts with another V(IV) in a fast
step giving the products.
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TABLE-2
PSEUDO-FIRST-ORDER CONSTANTS AT CARRYING [ICl], [V(IV)] AND HCIO4

Solvent = 10%(v/v), aq. Acetic acid, Temp. = 60°C

10*x [IC1] 10° x [V(IV)] 10> x [H] 10’ xk;
M M M min
1.80 5.0 2 8.70
3.55 5.0 2 8.50
5.40 5.0 2 8.24
725 5.0 2 8.10
355 2.5 2 5.70
355 10.0 2 12.80
355 15.0 2 18.90
355 5.0 1 1136
355 5.0 3 6.82
355 5.0 4 5.68
355 5.0 2 7.86%!
355 5.0 2 7.30%
3.55 5.0 2 3.52%!
3.55 5.0 2 25.55%2

al & a2: at HOAc 20 and 30% (v/v)
bl & b2: attemp. 50 and 70°C

K
VO? + H,0 == VOOH" + H*
k
VOOH" + ICl == [VOOH . . . ICl]

-1 [Complex]

k, | slow

VO¥ +HCI+T

fast
VO* + H,0——— VO, + 2H' +I”

Scheme-II
Rate Law:
K, [VO*]
[H']
Applying steady state treatment to the complex,

k;[VOOH][ICI] = (k_; + ky)[eomplex]

[VOOH'] =
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Conclusion

k,[VOOH*][ICI]
(k-1 + ko)
(ICI]y = [IC1] + [Complex]
k,{ VOOH']
=[ICl] {1 + m}
(k-1 + k)[ICl]y
k_; +k; + k;[VOOH']
k,[VOOH"][ICl};
k_; +k, + k,[VOOH']
ki Ky[VO*'I(ICI]y

[complex] =

[ICl] =

[Complex] =

Asian J. Chem.

T H{k,, + &y + KK, [VO*V[H']}

k Ko[VO*'[ICI]

” (ko + ko) [H] + KKy [VO™]

d[IC1]
=4

3 d[complex]
- dt
= k,[Complex]

k kK, [VO*[ICI]

~ (ko + k) [H + KKy + [VO]

which éxplains all the observed kinetic orders.

It has been established that V(IV) reactions are routed through VOOH" in all
the oxidations studied, whereas the reaction with ICl and IBr and VOOH' is
followed by slow decomposition of the complex. These are the essential
conclusions reached. '
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