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a b s t r a c t

The kinetics of the reaction between cyclopentanone and cyclohexanone with hexacyanoferrate(III) ion
catalyzed by rhodium(III) chloride in alkaline medium has been investigated at four temperatures. The
data show that the reaction follows first order kinetics with respect to hydroxide ion and cyclic ketone
concentrations while the rate shows direct proportionality with respect to low concentrations of hex-
acyanoferrate(III) ion, which tends to become zeroth order at higher [oxidant]. Increase in rhodium(III)
eywords:
yclic ketones
lkaline hexacyanoferrate(III)
hodium(III) chloride
atalyst

chloride concentrations increases the rate in the beginning but after reaching to a maximum further
increase in catalyst concentration retards the rate, thus showing a peculiar nature. In both cases, decrease
in rate after a fixed maximum is attributed to a particular pH of the medium below which un-reactive
species of catalyst retards the velocity. Change in pH of the medium shows that decreasing pH decreases
the rate with breaks at specific points. Increase in ionic strength of the medium has a positive effect, while
increase in hexacyanoferrate(II) decreases the reaction velocity. Various thermodynamic parameters were

calculated.

. Introduction

Main drawback with cerium(IV) lies in the fact that it can be used
n the acidic medium only. Oxidation by iron(III) in the form of var-
ous complexes has received much attention presumably due to its
heap availability, less complexity involved in the estimation and its
bility to act in acidic and alkaline medium both. Iron(VI) has gained
reat attention as an environment friendly oxidant and coagulant
or water and wastewater treatment [1,2]. The oxidation potential
f the couple [Fe(CN)6]4−/[Fe(CN)6]3− (−0.45 V) makes it possible
o use it as a moderate oxidizing agent. Studies [3] with alkaline
exacyanoferrate(III) showed that ferricyanide directly abstracts an
lectron from the anion of the organic substrate. Singh et al. [4,5]
lso have suggested that an electron is directly transferred to fer-
icyanide in the oxidation of aldehydes and ketones without the
ormation of complex. Later on some workers [6,7] have reported

hat the oxidation proceeds via complex formation between the
nion of the diol and hexacyanoferrate(III) ion. This difference in
echanism shown by alkaline hexacyanoferrate(III) in the oxida-

ion of organic compound and to see the catalytic efficiency of
hodium(III) chloride under homogeneous conditions, prompted us
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to study the kinetics of oxidation of cyclopentanone and cyclohex-
anone by alkaline hexacyanoferrate(III).

2. Experimental

Potassium ferricyanide (BDH), sodium hydroxide, sulphuric
acid, ferroin (E. Merck), cyclopentanone and cyclohexanone (Fluka
A.G.) were used as supplied without further purification by prepar-
ing their solutions in doubly distilled water. Cerium(IV) sulphate
(Loba Chemie Indaustranal Co.), prepared by dissolving the sam-
ple in 1:1 sulphuric acid, was titrated against a standard solution
of ferrous ammonium sulphate, using ferroin as an internal indi-
cator. All other chemicals used were either Analar or chemically
pure substances. Progress of the reaction was measured (constant
temperature ±0.1 ◦C) at different intervals of time by estimating the
amount of ferrocyanide ions produced at different intervals of time,
with the help of a standard solution of ceric sulphate using ferroin
as an internal indicator. In all kinetic runs organic substrate was in
excess.

2.1. Determination of kinetics
Rate of the reaction (−dc/dt) was obtained by calculating the
initial slopes of the graphs plotted between the residual concentra-
tions of hexacyanoferrate(III) in the reaction mixture versus time.
Order of the reaction with respect to various reactants was con-
firmed by plotting graphs between −dc/dt or kobs. values against the

http://www.sciencedirect.com/science/journal/13811169
http://www.elsevier.com/locate/molcata
mailto:pktandon123@rediffmail.com
mailto:ptandonk@yahoo.co.in
dx.doi.org/10.1016/j.molcata.2008.11.039
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increasing catalyst concentrations. The second order rate constants
P.K. Tandon et al. / Journal of Molecula

oncentration of that particular reactant, by calculating slopes of
he double logarithmic graphs between the rate and concentration
f reactant, by plotting first order graphs between log [K3Fe(CN)6]
ersus time, by calculating the first order rate constant kobs. values
or molar concentration of the reactant (kobs. was obtained by divid-
ng the rate values (−dc/dt) by the concentration of that particular
eactant in the reaction mixture. In case of oxidant variation −dc/dt
alues were calculated at a fixed initial time while in other cases,
hese values were calculated at a fixed initial concentration of the
xidant. Effect of [hexacyanoferrate(II)] and Cl− ions on the reac-
ion velocity was studied by adding the ions externally. Effect of the
hange of pH of the medium on the rate was studied with the help
f perchloric acid at constant concentrations of all other reactants.
aptions in the tables and graphs are the initial concentrations of
he reactants.

.2. Product study and stoichiometry

Stoichiometry of the reaction was studied by taking hexacyano-
errate(III) in large excess compared to the organic substrate in
ifferent ratios to ensure complete oxidation of the organic sub-
trate. Total amount of hexacyanoferrate(III) consumed by 1 mol
f organic substrate for its complete oxidation was determined. In
oth the cases, formation of dicarboxylic acids was confirmed by the
pot test method [8] and chromatographic technique [9]. Product of
he reaction was also confirmed by extracting the reaction mixture
ith ether (3 ml × 15 ml). IR spectra of the organic phase showed
eaks at 1639 cm−1 and 1634 cm−1 (C O stretching (asymmetric)
f sodium salt of organic acid and 1450 cm−1 and 1475 cm−1 (weak

O stretching symmetric) of the carboxylate anion for cyclopen-
anone and cyclohexanone respectively. It is known [10] that C O
tretching (asymmetric) peak of organic acids (generally found from
725 to 1700) shifts to 1650–1550 cm−1, when the acid is present
n the form of its sodium salt, while the weak peak corresponding
o C O stretching (symmetric) of the carboxylate snion shifts near
400 cm−1. Stoichiometry of the reaction, e.g. for cyclopentanone
ay be given by Eq. (1)

C5H8O + 6OH− + 6Fe(CN)6
3−

→ HOOC(CH2)3COOH + 6Fe(CN)6
4− + 3H2O (1)

. Results

Table 1 shows that −dc/dt values increase steadily with
ncreasing [oxidant] but the increase is not prominent at higher
oncentrations of the oxidant. First order rate constant values for

olar concentration of oxidant are fairly constant in the beginning

ut start decreasing later on (Table 1). On plotting −dc/dt values ver-
us [hexacyanoferrate(III)], straight lines passing through the origin
ere obtained in the beginning while the lines become parallel to

-axis at higher concentrations of the oxidant (Fig. 1). Similar trend

able 1
ffect of variation of [hexacyanoferrate(III)] on the rate at 30 ◦C. A: cyclopentanone;
: cyclohexanone.

K3Fe(CN)6] × 103 M −dc/dt × 107 M s−1 kobs. (−dc/dt/[K3Fe(CN)6] × 104 s−1

(A) (B) (A) (B)

.67 0.46 1.42 0.69 2.12

.71 – 1.60 – 2.25

.74 0.80 – 1.08 –

.77 – 1.76 – 2.28

.83 1.12 2.00 1.35 2.41

.10 1.60 – 1.45 –

.25 – 2.24 – 1.79

.40 2.00 2.24 1.43 1.60

.00 2.00 2.16 1.00 1.08
Fig. 1. Effect of variation of [K3Fe(CN)6] on the rate at 30 ◦C. (A)
[NaOH]=5.00 × 10−3 M, [cyclopentanone]=10.00 × 10−3 M, [RhCl3]=1.90 × 10−5 M.
(B) [NaOH]=5.00 × 10−3 M, [cyclohexanone]=6.70 × 10−3 M, [RhCl3]=1.90 × 10−5

M. Foot note (concentrations are the initial concentration of reactants).

was obtained in case of both cyclic ketones. From these evidences
it is clear that the reaction shows first order dependence on ferri-
cyanide at low concentrations, while the rate becomes independent
of concentration at higher [hexacyanoferrate(III)].

On plotting double logarithmic graphs between −dc/dt versus
[cyclic ketone] slope values of 1.14 and 1.20 were obtained for
cyclopentanone and cyclohexanone respectively. The second order
rate constant k2 values in Table 2 are fairly constant. These facts
confirm that rate of the reaction shows direct proportionality w.r.o.
[organic substrate]. This result can further be confirmed by plotting
kobs. values versus [ketone], where straight lines passing through
the origin are obtained for both the ketones (Fig. 2). In the case of
variation of [OH−] slope values of 0.94 and 1.18 were obtained on
plotting double logarithmic graphs between rate versus [OH−] for
cyclopentanone and cyclohexanone respectively. The second order
rate constant k2 values in Table 3 are fairly constant. These facts
confirm that rate of the reaction shows direct proportionality w.r.o.
[OH−]. This result can further be confirmed by plotting kobs. values
versus [OH−], where straight lines passing through the origin are
obtained for both the ketones (Fig. 3). Trend in the rate values for
various concentrations of rhodium(III) chloride in Table 4 show a
specific nature. It was observed that the rate values increase propor-
tionately with increasing catalyst concentrations in the beginning
but after reaching to a maximum, the values start decreasing with
k2 values remain constant in the beginning but start decreasing
later on. Confirmation of this nature comes from the graph between
kobs. values versus [RhCl3] in which rate values increase propor-
tionately in the beginning reach to a maximum and beyond which

Table 2
Effect of variation of [cyclic ketone] on the rate at 30 ◦C. A: cyclopentanone; B:
cyclohexanone.

[Cyclic ketone] × 103 M kobs. × 104 s−1 k2 (kobs./[cyclic ketone])
× 102 M−1 s−1

(A) (B) (A) (B)

4.00 0.71 1.12 1.77 2.80
4.44 0.96 1.40 2.16 3.15
5.00 1.02 1.12 2.04 2.24
5.70 1.12 1.60 1.96 2.81
6.70 1.28 2.00 1.91 2.98
8.00 1.60 2.40 2.00 3.00

10.00 1.92 3.20 1.92 3.20
13.33 2.56 4.00 1.92 3.00
20.00 3.84 – 1.92 –
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Fig. 2. Effect of variation of [organic substrate] on the rate at 30 ◦C.
(A) [K3Fe(CN)6]=1.25 × 10−3 M, [NaOH]=5.00 × 10−3 M, [RhCl3]=1.90 × 10−5 M. (B)
[K3Fe(CN)6]=1.00 × 10−3 M, [NaOH]=5.00 × 10−3 M, [RhCl3]=1.90 × 10−5 M. Foot note
(concentrations are the initial concentration of reactants).

Table 3
Effect of variation of [OH−] on the rate at 30 ◦C. A: cyclopentanone; B: cyclohexanone.

[NaOH] × 103 M kobs × 104 s−1 k2 × 102 M−1 min−1

(A) (B) (A) (B)

3.33 1.02 1.13 3.06 3.39
4.00 1.28 1.80 3.20 4.50
4.40 1.56 2.00 3.54 4.54
5.00 2.14 2.13 4.28 4.26
5.70 2.56 2.40 4.49 4.21
6.70 3.84 2.80 5.73 4.18
8.00 4.26 3.20 5.32 4.00
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Table 4
Effect of variation of [RhCl3] on the rate at 30 ◦C. A: cyclopentanone; B:
cyclohexanone.

[RhCl3] × 105 M kobs × 104 s−1 k2 M−1 min−1

(A) (B) (A) (B)

0.70 0.26 1.04 3.66 14.86
1.17 0.48 – 4.10 –
1.20 – 1.20 – 10.00
1.90 1.28 2.00 6.74 10.53
2.80 1.92 – 6.86 –
2.87 – 2.80 – 9.76
3.76 2.56 – 6.80 –
3.80 – 2.40 – 6.32
4.70 0.96 – 2.04 –
4.78 – 2.16 – 4.52
5.60 0.50 – 0.90 –
5.70 – 1.86 – 3.26

Fig. 4. Effect of variation of [rhodium(III) chloride] on the rate at
10.00 5.12 4.00 5.12 4.00
13.33 6.40 – 4.81 –
0.00 8.96 – 4.48 –

urther increase in catalyst concentration decreases the rate (Fig. 4).
nterestingly the maximum in the graph comes in the vicinity of

fixed point (i.e. 3.75 × 10−5 M) in both the cases. These results
ndicate that the reaction follows first order kinetics in the begin-
ing but after reaching to a maximum, increase in concentration
hows a retarding effect on the rate. Change in pH of the medium
as studied by changing [H+]. As change in hydrochloric acid in

he reaction mixture, in which the catalyst was prepared, will also

hange concentration of chloride ions, therefore pH of the medium
as changed with the help of perchloric acid in the reaction mix-

ure and thus keeping all other concentrations including [Cl−] in
he reaction mixture constant (Table 5). It was observed that in the

ig. 3. Effect of variation of [OH−] on the rate at 30 ◦C. (A) [K3Fe(CN)6]=
.25 × 10−3 M, [cyclopentanone]=10.0 × 10−3 M, [RhCl3]=1.90 × 10−5 M. (B)
K3Fe(CN)6]=1.00 × 10−3 M, [cyclohexanone]=6.70 × 10−3 M, [RhCl3]=1.90 × 10−5 M.
oot note (concentrations are the initial concentration of reactants).
30 ◦C. (A) [K3Fe(CN)6] = 1.25 × 10−3 M, [cyclopentanone] = 10.0 × 10−3 M,
[NaOH] = 5.00 × 10−3 M. (B) [K3Fe(CN)6] = 1.00 × 10−3 M, [cyclohex-
anone] = 6.70 × 10−3 M, [NaOH] = 5.00 × 10−3 M. (concentrations are the initial
concentration of reactants).

low pH range, increase in rate with increasing pH is not promi-
nent but steep rise in rate values is observed in the vicinity of pH
∼10.2–10.4 (Fig. 5). This range corresponds to the pH of the reac-
tion mixture at which different variations were performed. Effect
of change of ferrocyanide ion concentration on the rate by chang-

ing the concentration of externally added hexacyanoferrate(II) was
studied to see whether the ferricyanide is reduced before the rate
determining step or not. It was observed that change in exter-
nally added hexacyanoferrate(II) affects the reaction velocity in a

Table 5
Effect of variation of pH of the medium on the rate at 30 ◦C. A: cyclopentanone; B:
cyclohexanone.

pH −dc/dt × 107 M s−1

(A) (B)

9.76 0.72 –
9.86 – 0.32

10.05 1.20 –
10.10 1.31 –
10.16 1.27 0.92
10.20 – 1.06
10.22 1.48 1.13
10.26 – 1.20
10.30 – 1.28
10.34 – 2.40
10.37 – 2.80
10.42 2.56 –
10.46 3.20 –
10.54 3.83 –
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Fig. 5. Effect of variation of pH of the medium on the rate at 30 ◦C. (A)
[
M
6
t

n
t
t
h
r
v
a
o
6
1
c
r
t
t
f
m

K3Fe(CN)6]=1.25 × 10−3 M, [cyclopentanone]=10.0 × 10−3 M, [NaOH]=5.00 × 10−3

, [RhCl3]=1.90 × 10−5 M. (B) [K3Fe(CN)6]=1.00 × 10−3 M, [cyclohexanone]=
.70 × 10−3 M, [NaOH]=5.00 × 10−3 M, [RhCl3]=1.90 × 10−5 M. Foot note (concentra-
ions are the initial concentration of reactants).

egative manner and the rate values (−dc/dt) decrease from 4.0
o 1.6 (×10−7 M s−1) on changing [hexacyanoferrate(II)] from 0.67
o 2.00 (×10−3 M), when the oxidant, organic substrate, sodium
ydroxide were 1.25, 10.0, 5.00 (×10−3 M) and rhodium(III) chlo-
ide concentration was 1.90 × 10−5 M for cyclopentanone. The rate
alues decreased from 2.4 to 1.6 (×10−7 M s−1) on changing [hex-
cyanoferrate(II)] from 0.67 to 2.00 (×10−3 M) when the oxidant,
rganic substrate and sodium hydroxide concentrations were 1.25,
.70, 5.00 (×10−3 M) and rhodium(III) chloride concentration was
.90 × 10−5 M for cyclohexanone. Effect of change of chloride ion
oncentration (and hence the ionic strength of the medium) on the

eaction velocity was also studied and it was observed that addi-
ion of externally added standard solution of potassium chloride in
he reaction mixture accelerates the rate. The rate values increased
rom 3.20 to 9.60 (×10−7 M s−1) on increasing ionic strength of the

edium from 0.02 to 0.10 M, when oxidant, organic substrate, alkali

Scheme 1. Proposed steps in the oxidation of cyclopentanone by heacyanoferrat
lysis A: Chemical 301 (2009) 146–151 149

concentrations were 1.25, 10.00, 5.00 (×10−3 M) and the catalyst
concentration was 1.90 × 10−3 M.

4. Reactive species of rhodium(III) chloride

It has been reported that the aqua ion [Rh(H2O)6]3+ is quite sta-
ble and exchange between first sphere H2O protons and bulk water
is highly pH dependent [11]. It has also been reported that rhodium
trichloride when dissolved in hydrochloric acid gives RhCl3(H2O)3
species in aqueous medium. It is also known that its water solu-
tion is extensively hydrolyzed [12]. Between the species RhCl63−

which is obtained in excess of hydrochloric acid and Rh(H2O)6
3+

which is formed on boiling aqueous solutions of rhodium trichlo-
ride, there are several intermediate species. Equilibrium between
various species may be shown as:

Rh(H2O)6
3+ + OH− � Rh(OH)(H2O)5

2+ + H2O
...
Rh(OH)2(H2O)4

1+ + OH− � Rh(OH)3(H2O)3 + H2O

Rh(OH)3(H2O)3 + Cl− � RhCl(OH)2(H2O)3 + OH−

...
RhCl2(OH)(H2O)3 + Cl− � RhCl3(H2O)3 + OH−

It has also been reported [13] that in limited HCl, RhCl3(H2O)3
species is formed while in excess HCl, (RhCl6]3− species is obtained.
Thornton and Firtz [14] revealed the existence of only one complex,
[RhCl5(H2O)]2−, in 40% HCl. While Trimerbaev and co-worker [15]
has reported two more species [RhCl4(H2O)2]− and [RhCl3(OH)
(H2O)2]–due to hydrolysis on diluting the solutions. It has also
been reported that in hydrochloric acid solutions at pH 1.0–5.3
e(III) in aqueous alkaline medium in the presence of rhodium(III) chloride.

the fraction of a cationic rhodium form decreases and uncharged
complex becomes the dominating species along with the forma-
tion of two negatively charged chloro complexes [16]. It has been
shown that the greater the content of cationic complexed species
of rhodium in solution, greater is the catalytic action. Present study
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as performed in alkaline medium in which it was not possible
o decrease the pH of the medium beyond a certain level. Steep
hange in the rate values in the range of pH 10.2–10.4 in case of
oth organic substrates clearly supports the view that existence of
he reactive species of rhodium is pH dependent.

. Mechanism

According to Scheme 1, anion of ketone, formed in steps I of the
echanism react with ferricyanide to give the radical. Ferricyanide

s reduced to ferrocyanide. At this stage presence of rhodium
nly facilitates the breaking of C C bond. Due to this attrac-
ion of rhodium, electron slightly shifts away making the oxygen
tom electron deficient, which enhances the breaking of C C bond
nd the intermediate is quickly oxidized to alcohol and finally to

icarboxylic acid. It seems that the function of rhodium is only to
acilitate the breaking of bond because it is regenerated as such
ithout change in its oxidation state.

. Discussion

In the present study positive effect of Cl− ions was observed
hile on increasing the concentration of catalyst the rate starts
ecreasing after reaching to a maximum. These two results col-

ectively indicate that retarding nature shown by the catalyst is
ot due to the increase in chloride ion concentrations in the reac-
ion mixture, because increase in KCl or RhCl3 both will increase
hloride ions in the reaction mixture. As catalyst was prepared in
ydrochloric acid it seems to be the pH of the medium, which has a
etarding effect on the reaction rate. Increase in the concentration
f catalyst decreases pH of the medium and the maximum rate in
atalyst variation was always found in the vicinity of a fixed point
3.75 × 10−5 M) in both the cases. This clearly shows that when pH
f the medium drops to a certain level some un-reactive species
f catalyst is formed which starts retarding the reaction. To further
onfirm the probable change in the species of the catalyst study
as extended to see the effect of change of pH of the medium

eeping all other concentrations constant. Fig. 5 clearly shows that
ecreasing pH of the medium decreases the rate. In case of both
etones steep fall in the rate values is obtained in the range when
H is decreased from 10.4 to 10.2. Interestingly this range of pH
orresponds to the range of pH in which the present study was per-
ormed. Thus, on the basis of above discussion, positive effect of
hloride ions on the reaction velocity, as well as pH of the medium
n which the present study was performed we can safely assume
hat Rh(OH)3(H2O)3 is the reactive species of rhodium trichloride
n our case which has been considered by other workers [17,18]
lso in alkaline medium. Conversion of the reactive species into
hCl3(H2O)3 species with decreasing pH, has a negative effect on
he catalytic action. Thus, on the basis of the above discussion path
iven in Scheme 1, may be proposed for the oxidation of cyclic
etones. Existence of aldehydes [4,5] in the hydrated form is well
ocumented. Position of equilibrium and stability depend on the
tructure of hydrates and the groups attached with carbonyl car-
on. In case of cyclopentanones formation of hydrates relieves some

−d[Fe(CN)6
3−]

dt
= k

[Fe(CN)6
4−]{[H2O]
f the internal strain (I-strain) [19]. Change in ring strain in cyclic
etones and eclipsing and transannular strain in rings of seven to
leven members, effects the rates due to transformation of tetrahe-
ral to trigonal carbon or vice versa [20]. Although, the possibility
f formation of doubly negative anion has been reported [21] and
lysis A: Chemical 301 (2009) 146–151

also in the Cannizzaro reaction [22] In the uncatalyzed oxidation of
cyclic ketones we also have reported the existence of cyclic ketones
in their hydrated form in alkaline medium [23,24] which was sup-
ported by the second order kinetics in hydroxyl ion concentrations.
In the present study it appears that in comparatively low concentra-
tion of hydroxyl ions and in the presence of rhodium(III) chloride,
formation of double negative ion does not take place and the order
with respect to hydroxyl ions remain unity through out the course
of the reaction.

7. Derivation of rate law

Value of complex C2 may be calculated by considering equilib-
rium in steps I and II of the Scheme 1 and putting this value in step III
of the mechanism, after rearrangement, the final rate law in terms
of decreasing concentrations of hexacyanoferrate(III) can be given
as-

K3[Fe(CN)6
3−][S]T[OH−][RhIII]

[OH−]} + K1K2[OH−][Fe(CN)6
3−]{1 + K3[RhIII]}

(3)

Under our experimental conditions inequality [H2O] � K1[OH−]
and 1 � K3 [Rh(III)], may be considered valid and the Eq. (3) reduces
to

−d[Fe(CN)6
3−]

dt
= kK1K2K3[Fe(CN)6

3−][S]T[OH−][RhIII]

[Fe(CN)6
4−][H2O] + K1K2[OH−][Fe(CN)6

3−]
(4)

This rate law clearly explains first order kinetics with respect to
organic substrate and rhodium(III) chloride concentrations. Nature
shown by hexacyanoferrate(III) and the retarding nature given by
the hexacyanoferrate(II) are also quite clear. However, this rate
law predicts zero order kinetics at higher OH− ion concentrations,
which was not observed in the present study. This may be due
to the reason that the study at still higher concentrations of OH−

ions could not be performed because the rate becomes too fast to
be measured properly. Although first order kinetics with respect
to rhodium(III) at its low concentrations is well explained by this
equation but retarding nature shown by the catalyst at its higher
concentrations is not explained, for which a valid reason that pH of
the medium retards the rate at higher catalyst concentrations has
already been discussed in Section 6. Eq. (4) may also be written in
the form

1

−d[Fe(CN)6
3−]

= [Fe(CN)6
4−]

kK1K2K3[Fe(CN)6
3−][S]T[OH−][RhIII]

+ 1

kK3[RhIII][S]T

(5)

From this equation graph between 1/rate versus 1/[Fe(CN)6
3−]

was plotted. Straight line with positive intercept on y-axis further
supports the rate law (3) and the proposed mechanism. With the
help of the slope of this straight line kK1K2K3 values were calcu-
lated and were found to be 2.01 and 10.52 (×109 M−3 min−1) for
cyclopentanone and cyclohexanone respectively. Inability to detect
free radical in the present system may be as the free radical formed
is probably fast oxidized with alkaline ferricyanide to intermediate
product, which undergoes further oxidation to acid. In most of the
oxidation reactions ferricyanide resembles the copper(II), which
involves free radical formation and its rapid oxidation [25–28]. The
ferricyanide–ferrocyanide system which has higher redox potential
than Cu(II)–Cu(I), substantiates better possibility of the rapid oxi-

dation of the free radicals with ferricyanide. The alkaline medium
and the rapid oxidation of the free radical may completely mask
the polymerization test. Sometimes free radicals are themselves
oxidized under the experimental conditions and the test fails for
free radicals.
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The kinetic measurements were extended at four temperatures.
he energy of activation for cyclopentanone and cyclohexanone
omes out to be 8.25 and 8.98 (kJ mol−1), respectively. The entropy
f activation was found to be −45.62 and 45.45 (J K−1 mol−1),
onsistent with a reaction involving two negatively charged ions.
ree energy of activation values were found to be 22.07 and
2.75 (kJ mol−1). Radical mechanism in the oxidation of thiols by
erricyanide has been supported by other workers also [29]. To
urther check the possibility of hydration of ferricyanide in alka-
ine medium spectra of ferricyanide alone and after mixing various
mounts of alkali were taken in which no detectable change was
bserved [24]. This again indicates that probably Scheme 1 is oper-
tive in the present system.

. Conclusion

The present study shows that the catalytic activity of
hodium(III) chloride mainly depends on the pH of the medium.
he reactive species of catalyst, which exists at higher pH of the
edium starts converting into the un-reactive species, thus retard-

ng the rate if pH of the medium decreases to a certain level. The
tudy also indicates that hexacyanoferrate(III) oxidizes the cyclic
etones by abstracting the electron before the rate determining step
nd no complex formation takes place between the oxidant and the
rganic substrate.
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