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Investigation of the effect of organic solvents on kinetic parame-
ters in metal catalyzed reactions
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The effects of acetone and acetonitrile on the kinetic parameters of azorubin S

oxidation by hydrogen peroxide catalyzed by manganese(II), pyrocatechol violet oxi-

dation by hydrogen peroxide catalyzed by copper(II), and carminic acid oxidation by

hydrogen peroxide catalyzed by copper(II) and activated by bifenox, were examined. It

was established that the examined solvents exhibit various effects on the kinetic

parameters of the above said reactions. In all instances a change in the solvent concen-

tration affects both the enthalpy and the entropy contributions to the free activation

energy during the transition of the system into the active state, as well as the constant

of the active complex formed at this point.

Keywords: kinetics, metal catalyzed reactions, acetone, acetonitrile, azorubin S, pyro-
catechol violet, carminic acid, hydrogen peroxide.

INTRODUCTION

In a previous papers1 it was reported that in the presence of acetone (4.1 mol
dm�3) the sensitivity of the oxidation of azorubin S by hydrogen peroxide, catalyzed
by manganese(II), was increased, and that in the presence of acetonitrile (5.7 mol
dm�3) both the sensitivity and the selectivity of the oxidation of pyrocatechol violet
by hydrogen peroxide, catalyzed by copper(II), were also increased. In addition, it
was established that the activating effect of the herbicide bifenox on copper(II) was
more pronounced in aqueous solution of acetone (0.14 mol dm�3).2 The kinetics of
these reactions were studied.

In this paper the effects of acetone and acetonitrile on kinetic parameters of
the reactions mentioned above were investigated.

Recently, the effect of acetone-dimethylformamide mixtures on the kinetic
parameters of the copper(II) catalyzed oxidation of carminic acid activated by
endosulfan were examined.3

EXPERIMENTAL

Apparatus

The reaction rate was followed with a Specol 20MA-9508 spectrophotometer (Iskra). The

temperature was kept constant with an ultratermostat type NBE (VEB Prufgerate-Werk, Medingen).

The pH-measurements were performed by means of a Radiometer 4C pH-meter.
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Reagents

Analytical grade reagents and redistilled water were used. The stock solutions were of the

following concentrations (mol dm
�3
): azorubin S (Merck), 1.0 × 10

�5
; pyrocatechol violet (Merck),

1.0×10�3; carminic acid (BDH), 6.1×10�5; hydrogen peroxide (Merck), 9.8; sodium hydrogen carbon-

ate (Merck), 0.2; potassium carbonate and potassium hydrogen carbonate (Merck), 1.0; manganese

(II) sulphate (Merck), copper(II) sulphate (Merck) and bifenox (Rhone Pulenc), 1.0×10�2; acetone
(Merck), acetonitrile (Merck). The borate buffer (pH 8.65 0.1 mol dm

�3
) was prepared by mixing

Na2B4O7
.10 H2O (Reanal) and NaOH (Merck).

Procedure

Solutions of azorubin S, pyrocatechol violet or carminic acid and buffer were measured into

one compartment, hydrogen peroxide into the second and manganese(II), copper(II) or bifenox,

acetone or acetonitrile and water up to a total volume of 25 cm
3
into the third compartment of a special

reaction vessel,
4
and brought to a definite temperature (288.15 K, 293.15 K, 298.15 K and 303.15 K).

The reaction was then started by mixing the solutions.

The initial reagents concentrations were (mol dm
-3
): azorubin S, 4.0 x 10

-7
; hydrogen peroxide,

5.7×10-2; carbonate buffer, 4.0×10-1; manganese(II) sulphate 1.0×10-8 (oxidation of azorubin S);

pyrocatechol violet, 1.2 x 10
-5
; hydrogen peroxide, 3.9×10-2; borate buffer, 4.0×10-3; copper (II)

sulphate, 1.6×10-8 (oxidation of pyrocatechol violet) and carminic acid, 2.4×10-6; hydrogen peroxide,

12.0×10-2; carbonate buffer, 1.2×10-5 (oxidation of carminic acid).

The absorbance of each solution was measured in a 1 cm
3
cell at 482 nm (oxidation of azorubin

S), 500 nm (oxidation of pyrocatechol violet) and 523 nm (oxidation of carminic acid), every 30 s over

a period of 3 min from the onset of the reaction.

RESULTS ANDDISCUSSION

The effects of temperature and solvent concentration on the rates of the

following reactions were inventsigated:

1. theoxidationof azorubinSbyhydrogenperoxide, catalyzedbymanganese(II),

in the presence of carbonate buffer (pH 9.35),

2. the oxidation of pyrocatechol violet by hydrogen peroxide, catalyzed by

copper(II), in the presence of borate buffer (pH 8.65), and

3. the oxidation of carminic acid by hydrogen peroxide, in the presence of

carbonate buffer (pH 10), catalyzed by copper(II) and activated by methyl 5(2,4-di-

chlorophenoxy)-2-nitrobenzoate (bifenox).

Oxidation of azorubin S by hydrogen peroxide catalyzed by manganese(II)

On the basis of the results obrained in a previous paper,1 the kinetic equation

of this reaction was postulated as being:

�dc/dt = k [H2O2]
0.4 [buffer] [H3O] [CH3COCH3]

0.5 [Mn(II)]

This equation is valid for hydrogen peroxide concentrations up to 5.7×10�2
mol dm�3, buffer concentrations ranging from 0.8×10�1 to 4.0×10�1 mol dm�3,

H
3
O
+ ions from 1.2×10�10 to 36 x 10

�10 mol dm�3, acetone from 0.7 to 4.1 mol

dm�3 and manganese(II) from 0.0 to 4.0×10�6 mol dm�3
.
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By following the reaction rate at different temperatures in the presence of

various acetone concentrations, the corresponding rate constants, shown in Table I,

were calculated . From this Table, it can be seen that with increasing temperature

and acetone concentration up to 4.08 mol dm�3, the rate constant of the reaction

examined increases and at such an acetone concentration reaches its maximum. On

the basis of these results in can be concluded that the catalytic effect of manga-

nese(II) is most pronounced in the presence of 4.08 mol dm�3 of acetone.

TABLE I. The effect of temperature and acetone concentration on the oxidation of azorubin S by

hydrogen peroxide, catalyzed by manganese(II)

T/K

k ×10-18 mol-2.9 dm8.7
s
-1

Acetone/mol dm
-3

0 1.36 2.72 4.08

288.15 3.85 5.49 6.04 6.59

293.15 3.85 5.49 6.23 6.59

298.15 3.85 5,49 6.04 6.96

303.15 4.21 6.04 6.96 6.96

By means of this data, the kinetic parameters under the examined conditions

were calculated in the usual way.5 The obtained results, shown in Table II, indicate

that the enthalpy component (∆H≠) of the Gibbs energy of activation, representing

the energy needed to break old and form new chemical bonds in the transition state,

as well as the entropy component (∆S≠), exhibiting the change in the order of the

system in the transition state, increase with increasing acetone concentration up to

4.08 mol dm�3, at which concentration they reach their highest value. With further

increase of the acetone concentration these values decrease. The change in theGibbs

energy of activation (∆G≠) and the constant of the activated complex (pK≠) have
their lowest value at 4.08 mol dm�3 of acetone, thus proving the largest effect of

manganese(II) at such an acetone content.

TABLE II. The dependence of the kinetic parameters of the oxidation of azorubin S by hydrogen

peroxide, catalyzed by manganese(II), on the acetone concentration (T = 298.15 K)

Acetone/mol dm
-3 ∆H≠

/kJ mol
-1 ∆S≠

/J K
-1
mol

-1
� ∆G≠

/kJ mol
-1

pK
≠

1.36 3.07 124.33 33.90 5.79

2.72 3.63 126.67 34.14 5.99

4.08 8.63 144.62 34.49 6.05

5.44 6.96 137.86 34.14 5.98
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Oxidation of pyrocatechol violet by hydrogen peroxide catalyzed by copper(II)

The kinetic equation of this reaction based on the results obtained in a previous
paper1 was formulated as being

�dc/dt = k [H2O2]
�0.2 [buffer]�0.5 [H3O

+] [CH3CN]�03 [Cu(II) ]

This equation is valid for the following reagent concentrations (mol dm�3):

hydrogen peroxide from 0.2×10�1 to 3.9×10�1; buffer from 0.4×10�2 to 2.4 ×10�2;
H
3
O+ from 2.2×10�9 to 14×10�9; acetonitrile from 3.8 to 7.6 and copper(II) from

0.0 to 21×10�9.
TABLE III. The effect of temperature and acetonitrile concentration on the oxidation of pyrocatechol

violet by hydrogen peroxid, catalyzed by copper(II)

T/K

k x 10
-10

mol
0.7
dm

-2.1
s
-1

Acetonitrile/mol dm
-3

0 1.9 3.8 5.7 7.6

288.15 0.23 2.99 3.78 4.19 3.24

293.15 0.23 3.10 4.35 4.97 4.72

298.15 0.36 4.85 4.75 5.01 4.85

The calculated rate constants of this reaction at various temperatures and various
acetonitrile concentrations are shown in Table III. From this Table it can be seen that
the rate constant increases with increasing temperature and acetonitrile contents up to
5.7 mol dm�3, at which point it reaches its maximum value, thus indicating that the
catalytic effect of copper(II) is most pronounced at this concentration of acetonitrile.
At higher acetonitrile contents the rate constant decreases.

TABLE IV. The dependence of the kinetic parameters of the oxidation of pyrocatechol violet by

hydrogen peroxide, catalyzed by copper(II), on the acetonitrile concentration (T = 293.15 K)

Acetonitrile/mol dm
-3 ∆H≠

/kJ mol
-1 ∆S≠

/J K
-1
mol

-1 ∆G≠
/kJ mol

-1
pK

≠

1.9 17.51 18.43 12.01 2.11

3.8 12.81 2.45 11.95 2.10

5.7 12.52 1.91 11.56 2.00

7.6 14.18 7.33 12.00 2.10

The effect of the acetonitrile concentration on the kinetic parameters of the

reaction is shown in Table IV. The results in the Table show that the enthalpy (∆H≠)
and entropy (∆S≠) decrease with increasing acetonitrile concentration, and that their
lowest value is at 5.7 mol dm�3, while at higher acetonitrile concentrations their

values increase. The change of the Gibbs energy of activation (∆G≠) and pK≠ reach

their lowest values at 5.7 mol dm�3 of acetonitrile, thus proving that the catalytic
effect of copper(II) is greatest at this concentration.
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Oxidation of carminic acid by hydrogen peroxide catalyzed by copper(II) in the
presence of bifenox

The kinetic equation of this reaction, postulated in a previous paper,2 is found

to be:

�dc/dt = k [H2O2] [buffer]�1 [Cu(II)] [bifenox] [CH3COCH3]
2 [H3O

+
)
�0.4

This equation is valid for hydrogen peroxide concentrations from 4.0×10�2 to
12.0×10�2 mol dm�3, buffer concetrations from 2.0×10�2 to 12.0×10�2 mol dm�3,

copper(II) concentrations from 1.0×10�6 to 15.0×10�6 mol dm�3, acetone concen-

trations from 0.0 to 1.4×10�1 mol dm�3 and hydrogrn ion concentration from

3.2×10�11 to 1.4×10�9 mol dm�3
.

The rate constants of this reaction, calculated on the basis of data obtained by

measuring the reaction rate at various temperatures and vaious acetone concetrations

are given in Table V. The results show that the rate constant increases with increasing

temperature and acetone concentrations up to 0.14 mol dm�3, at which concentration

the maximum value is reached. The maximum reaction rate constant at 0.14mol dm�3

acetone points to the strongest activation effect of bifenox under such conditions.

TABLE V. The effect of temperature and acetone concentration on the oxidation of carminic acid by

hydrogen peroxide, catalyzed by copper(II) and activated by bifenox

T/K

k x 10
-9
mol

2.5
dm

7.5
s
-1

Acetone/mol dm
-3

0.05 0.10 0.14

288.15 9.06 9.47 10.71

293.15 8.24 10.00 11.95

298.15 9.89 10.30 15.65

303.15 14.42 15.05 15.65

On the basis of the results obtained, the dependences of the kinetic parameters
of the examined reaction on the solvent composition were established.The results

obtained, given inTableVI, show that both the enthalpy (∆H≠) and the entropy (∆S≠)
components of the free activations energy decrease with increasing acetone concen-
tration up to 0.14mol dm�3, while with further increase in the acetone contents these
values increase. From these data it can be seen that acetone effects both parameters
wherby the effect on the entropy is greater.

The Gibbs energy of activation (∆G≠) and pK≠ reache their lowest values at

0.14 mol dm�3 acetone, thus proving that the activating effect of bifenox is most
pronounced at this acetone concentration.

On thebasis of all the above results it canbe finally concluded that the presence
of various organic solvents at various concentrations exhibit different effects both
on the rate constants of the examined reactions and on the changes of the enthalpies,
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entropies, free activation energies, and the constant of the activated complexes. In
all instances the presenceof the organic solvent effects both the enthalpy and entropy
components of the free activation energy, in some cases effecting the entropy
component more, which might be due partly to a change of the solvate sphere of the
reagents and partly due to a change of the solvent structure at the point of the
formation of the transition state.

TABLE VI. The dependence of the kinetic parameters of the oxidation of carminic acid by hydrogen

peroxide, catalyzed by copper(II) and activated by bifenox, on the acetone concentration (T = 298.15 K)

Acetone/mol dm
-3  ∆H≠

/kJ mol
-1 ∆S≠

/J K
-1
mol

-1 ∆G≠
/kJ mol

-1
pK

≠

0.05 25.86 33.24 15.95 2.80

0.14 21.96 23.98 14.81 2.60

0.27 25.29 34.21 15.09 2.65

0.68 30.85 48.86 16.28 2.85

The obtained results are in accordance with our previous investigations.3

Acknowledgment: The authors are grateful to theMinistry of Science and Technology of Serbia

for financial support.

I Z V O D

ISPITIVAWE UTICAJA ORGANSKIH RASTVARA^ANAKINETI^KE PARAMETRE

REAKCIJA KATALIZOVANIHMETALIMA

QIQANA TRIFKOVI] i GORDANAA. MILOVANOVI]

Hemijski fakultet, Univerzitet u Beogradu, p. pr. 158, 11001 Beograd

Ispitan je uticaj acetona i acetonitrila na kineti~ke parametre oksidacije

alizarina S vodonik-peroksidom, katalizovane manganom(II), oksidacije pirokatehin

qubi~astog vodonik-peroksidom, katalizovane bakrom(II) i oksidacije karminove ki-

seline vodonik-peroksidom, katalizovane bakrom(II) i aktivirane bifenoksom. Utvr-

|eno je da ispitivani rastvara~i razli~ito uti~u na kineti~ke parametre pomentutih

reakcija. U svim slu~ajevima koncentracija rastvara~a uti~e kako na entalpijski tako

i na entropijski udeo slobodne energije pri prelazu sistema u aktivno stawe, kao i na

konstantu aktiviranog kompleksa koji pri tom nastaje.

(Primqeno 21 jula 1999)
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