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The oxidation of 4-methylpentan-2-one by vanadium(V) in dil. perchloric acid medium is
first order each in V(V) and the ketone, The reaction is acid-catalysed and first order .in
acid. NaHSO., NaCIO., NaCI and NaISO. have a' specific effect on the reaction which takes
place through a free radical mechanism. A mechanism involving the formation of two types
of complexes is suggested.

VAN:U?~UM(V) has been investigated as an
?xldlZIn.g agent for many organic and
Inorgamc substratest-s. The oxidation of

4-methylpentan-2-one by Mn(III)6 has been
reported. But no detailed kinetic study has been
carried out on the oxidation of this ketone by
V(V). The results of such a study in perchloric
acid medium are presented. .

Maferials and Methods
4-Methylpentan-2-one (BDH) was purified by

distillation and its purity checked by GLC.
Ammonium metavanadate (Hungary) dissolved in
dil. perchloric acid was used for the preparation of
V(V) solutions. The ketone being insoluble in
water, 25% aq. acetic acid was used for
dissolving it. The rate of the reaction was followed
as reported earliers. All the studies were carried
out under pseudo-first order conditions; [ketone]
~[V(V)J. All the experiments have been carried
out at 40° + 0·1 and 55° + 0·1.

The stoichiometry of the reaction is found to be
2 g ions of V(V) to one mole of the ketone.
2-Methylpropanal was found to be the product, by
the peak enhancement method using an authentic
sample of the aldehyde.

Results and Discussion
In the concentration range of 2·0 X 10-3 to 6·0

X 10-2M, the reaction is first order in V(V) as
revealed by the linear plots of log [V(V)] vs time
[HClO,,] = 2'5M and [ketone] = 0·4M. The values
of the apparent first order rate constants are in-
dependent of the initial concentration of V(V),
both at 40° and 55°.

Keeping the ionic strength of the system constant
at 4'1, the first order plots for different initial
concentrations of ketone (0'1, 0'2, 0·3 and 0'4M)
are all linear at a V(V) concentration of 7·5 X 10-3M
and perchloric acid concentration of 2M. A plot
of kobs vs [ketone] is linear (Fig. 1) indicating that
the order in ketone is one. At a V(V) concentration
of 6·3 X 10-2M and a ketone concentration of 0'4M,
the concentration of acid is changed, keeping the

(

ionic strength constant. The plots of the first
order rate constant kobs vs [HCIOJ are also linear at
40° and 55° with positive intercepts indicating that
the order in acid is one and an acid uncatalysed
path is also operating (Fig. 2).

Though the plot of log kobs against -Ho (taken
from the tables of Paul and Long"] is linear with a
slope of 0·3 as in the case of the oxidation of butan-
2-one8, a plot of kobS versus [HCI04] gives a better
correlation, which according to Waters", indicates
the absence of a chelate complex between the ketone
and V(V). A plot of (log kobs) + Ho against log
aH,O is linear with aw value of 6'0, indicating that
water acts as a proton transfer agent in the rate-
determining steps.

As the proportion of acetic acid is altered, even
though a plot of log kobs vs liD is linear (corr.
coeff.= 0·<]84), a better correlation is observed
between the rate constant and mole fraction of
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Fig. 1 - Plots of kobs against (Ketone] at 40° and 55°
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Fig. 2 - Plots of hobs against [HClO.J at 400 and 55°

water (corr. coeff.= 0'999). The present reaction
between the ketone molecule, a dipole and the
V(V) species V(OHH+, an ion, leads to an activated
complex in the transition state which is less polar
than the initial state on account of a greater dis-
persal of charge in the. tra~sition state. ~~e de-
crease in the rate of oxidat ion on the addition of
more polar water can be explained as due to the
progressive and preferential increase in solvation of
the reactants.

The results for reactions in the presence of salts
like sodium perchlorate, sodium bis.ulph~te, sodium
chloride and sodium sulphate are grven In Table 1.
The specific effect of these salts in?icates the forma-
tion of different active V(V) species. In pure per-
chloric acid medium-I, V(OH);+ is considered to be
the active species of V(V) which interacts with the
ketone in the oxidation reaction since perchlorate
ion is not known to form any complex with V(V) ion.

When methyl methacrylat~ is added t? t.he t=
action mixture, polymerization occurs. indicating
that the reaction involves the formation of free
radicals. The addition of V(IV) is found not to
have any effect on the rat~ o~ the react~on. As in
the case of butan-z-one" it 1S not possible to un-
ambiguously determine whether the ketone is react-
ing through the enol form. .

Mechanism - From the results obtained, the rate
expression should be of the form

Rate = (a + b[HClOJ) [V(V)][ketone]
The proposed mechanism involves the format~on

of two types of complexes of the ketone, one with
YOi ion and the other with the protonated V(OHW
IOn.

••. (1)

K.
VO~ + Ketone ~. Complex! •••(2)

(

TABLE 1- EP'P'ECT 01" ADDITION 01" SALTS ON THE
RATE 01" REACTION

{[4-Methylpentan-2-oneJ = 0'4M; [V(V)] = 8'3 x 10-8 M~
[HCIO.] = 0'5M; II. = 2·0; temp. = 400

}

(al [NaHSO.] + [NaCIO,] = 2M
[NaHSOJ. M 0'0 0'4 0·8 1'2 1-6
hobs x 10s min-! 0·93 1'37 1·42 1·50 1·67

(b) [NaCI] + [NaCIO.J = 2M
2·0[NaCI], M 0·0 0·4 0·8 1'2 1'6

hobs x 103 min-1 0·93 1-06 1-11 1·03 1·07 0'94

(c) II. = 3'0
1'()[NaaSO.J. M 0·0 0·2 (i'4 0·6 0·8

hobs x 10' min-! 12·8 9·9 5·9 3·0 2·6 1-1

K,
V(OHW + Ketone ~ Complexj" ... (3)

k.
Complex! +H20--+Radical+[VO(OH)H20]+ ... (4)

, slow

k.
Complexj" + H20 -~ Radical+[V(OH)2.H20]2+

slow ••• (5)
k,

Radical + V(OHg+--+Product +[V(OH)2.H20]2+ (6)
fast

Hence

Rate = (k4K2+k5KaKIlHClOJ)[Ketone][v(V)h
1+K1[HCIOJ (1+Ka[Ketone])

... (7)

Wells and Kuritsyn-" have considered that the
value of Kl is negligible when compared to 1.
Hence considering all the terms in the denominator
of Eq. (7) except 1 to be negligible, the rate is given
by Eq. (8).

Rate = (k4K2+k5KaKl[HCl04])[Ketone][V(V)h '" (8}
kObS= (k4K2+kr;KsK1[HCIOJ)[Ketone] ... (9)

= [XJ[KetoneJ

At constant [HCl04], a plot of kObS vs [Ketone] is
linear with a slope of 8·9x10-a at 400 and 6·2x10-2
at 55° (Fig. 1), when [HCl04J = 2·5M. This slope
is equal to X. When the concentration of ketone
is kept constant at 0·4M, Eq. (9) will be

kobs = O·4k4K2+O·4 k5KaK1[HCl04] ... (10,

According to Eq. (10) a plot of kObs vs [HClOJ.
is expected to be linear with a positive slope and
intercept. This is found to be so (Fig. 2).

40° • 55°

Slope l'3x10-3 6·6x10-~
Intercept 1·0x10-3 3·2x10-~
k4K2 2·5 X 10-3 8·0 X 10-a.
k5KaKl 3·3x10-3 l'6X10-2:
k4K2+2·5 k5KaKl = X = 10'7x 10-3 at 40°

= 4·9 X 10-2 at 55°

The values of X. obtained, 8·9 X 10-3 and 10·7
x10-3 at 40° and 6'2x10-2 and 4·9x10-2 at 55°C
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Scheme 1

by both plots i.e. kObs vs [HCl04] and kObs vs [Ketone]
respectively are in good agreement, which lends
support to the proposed mechanism. The mecha-
nistic scheme may be visualized as shown in
Scheme 1.
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