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ABSTRACT

The Oxidative degradation of Potassium dioxalato diaquo Chromate (I11) by water soluble colloidal Manganese
Dioxide in acid medium has been studied with varying concentration of the complex, colloidal MnO, and HCIO,
solution. This oxidation process obeys pseudo 1% order kinetics with respect to colloidal MnO,, 1% order kinetics
with respect to concentration of the complex and concentration of HCIOj,.
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INTRODUCTION

Manganese dioxide has been most extensively stulliedo its good oxidizing property [1-4] and rezedoly high
catalytic activity [5-9]. It is one of the most exsively used heterogeneous catalysts for a vaofegrganic and
inorganic transformations in gaseous as well agdigghases. However, its use in homogeneous caialisnited
because of its insolubility under ordinary reactioonditions. In order to remove this limitationetlidea of
preparation of colloidal Mn©came to the mind of different researcher acrosgitbbe. As the colloidal manganese
dioxide is water-soluble it can be used as a homeges catalyst for many reactions.

Several forms of stable and perfectly transparetibidal MnO,, either in aqueous [10-11] or organic media [12]
has been synthesized and the kinetic study ofxitlizing behavior in redox reaction were studieddoyventional
UV-visible spectrophotometeric method [13]. Keepthgse in view, the kinetics and mechanism of diddaof
simple organic molecules like oxalic acid, lactada D-fructose etc by colloidal Mnhave been studied [14-21].
Benito and his co-workers at University of BarcelpBpain have extensively studied the synthetiarpaters (like
coagulation and stabilization) and catalytic prdipsrof colloidal manganese dioxide. The coagutetb colloidal
MnO, by divalent metal cation, oxidation of Mn(ll), foic acid and oxalic acid etc have been reported
[14,16,22,23]. Photo induced reaction betweenomdl MnO, and some organic compounds of environmental
importance have been reporféd]. It is known that carboxylic acid (oxalic agishalonic acid etc.) and amino acid
(glycine, alanine, iminodiacetic acid, pyridine-2/&arboxylic acid etc.) are bound to a variety oftah ions in
biological and chemical systems. The rate and nréstraof oxidation of these bound ligands is difféarérom
those of free ligands. A detailed kinetic studyheeded to assess the oxidizing ability of colloid&lO, towards
these coordinated ligands and also to predict thetprobable mechanism. This would add further tirgou its
application in reaction of chemical and biologiicaportance.
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The present work deals with the study of the oxigatlegradation of Potassium Dioxalato Diaquo Clatan{lll)
by water soluble colloidal Manganese Dioxide irdatiedium.

EXPERIMENTAL SECTION

2.1. Preparation of Potassium dioxalato diaqua Chromate (111)

6grams of oxalic acid and 2 grams of Potassiumrdioate was powdered in a dry mortar. The powder miasd

intimately by gentle regrinding in the mortar. Timéture was introduced into the center of a weirbas compact
heap. Then the mixture was further moistened flawamillimeters upwards from its base. The basirs wavered
with a watch glass and heated gently in a hot phsfier a short interval a vigorous spontaneoustiea set in and
a deep coloured syrupy liquid was formed .Then 26hdthanol was added to it and the product waestiwith a
spatula till it solidified. The deposited crystalere filtered in a suction pump, washed with colatev and finally
alcohol.

2.2. Characterization of Potassium Dioxalato Diaqua Chromate (111)

2.2.1 Spectral study

The UV- visible spectral measurements of the prgbatomplex were made using Shimadzu UV-2450 and
Systronics 119 double beam UV-visible spectrophetens. Infrared spectra in KBr phase were recongsadg
Shimadzu IR-Affinity-1 FT-IR spectrophotometer dable at our Department. The spectra were recoated
resolution 4 cit and averaging 32-64 scans in the range of 4000460

2.2.2 Elemental Analysis
The purity of the complex was checked by elemegmallyses. The metallic and ligand components ircémplex
were estimated by standard wet chemical analysiessribed below.

Analysis of Chromium

0.15 g of the complex was weighed out accuratetl dissolved in 50 ml of distilled water. The resgdtsolution
was acidified with 3 ml of concentrated sulphurioda To that 15 g of solid potassium bromate wadeddand then
boiled for 10 minutes. A solution of ammonium swdp prepared by dissolving 5 g of it in hot watexsvthen
added to the boiling solution of the complex in @thchromium now present entirely as chromic acltk fesultant
solution was further boiled for about 45 min till the excess of bromine escaped. The boiled soiukias left for 2

h. 10 ml of normal sulphuric acid was added tod again boiled for about 10 min. The liquid wasled and then
10ml of concentrated hydrochloric acid was addeid fmllowed by 1 g of solid potassium iodide arepkin a dark
place. The liberated iodine was titrated with denomal NaS,0; solution. Chromium content of the complex was
calculated from the following relationship:

1 cnt of 1 mol dm™ Na, S,05=0.05199 g of Cr(lIf)

Analysis of oxalate

0.3 g of the complex was taken into a 250ml bedkenl of water and 10ml of 10% solution of KOH vaded to

it. The mixture was then boiled until no more grg@ecipitate formed. The chromic hydroxide precifEtwas
filtered off using what man 41 No. filter paper amdshed with hot water. Then the united filtratd #me washings
were acidified with 6N KB50O, and titrated at about %0 with N/10 KMnQ solution. Oxalate content of the complex
was calculated from the following relationship:

1 cnt of N/10 KMnO4 solution = 0.00411 g 06G,*

2.3. Chemicals used

Analytical grade reagents were used for preparatibmll standard solutions. For synthesis of comgdeand
colloidal MnQ,, analytical grade chemicals were also used asdapracticable. All solutions were prepared in
doubly distilled water.

2.4. Preparation of Colloidal MnO,

A dark-brown Colloidal Mn@ (5.0 x 10°M) Solution was prepared by reducing KMn@ith a stoichiometric
amount of NgS,0zaccording to the reaction,
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8MnO, +3S07 +2HY — 5 8MnQ +6 SQ?+ H,0

A 2L volumetric flask was filled with water to anod 4/5 of its capacity. 20ml| of N&0s (1.88 x 10°M) solution

was added to it. Then 2ml of KMn@0.2M) Solution was added & the mixture was ditlite 2-L with more water.
Each addition was followed of homogenization bytgeshaking. A dark brown coloured colloidal sabutiwas
obtained, remaining perfectly transparent at l&@sseveral months.

2.5. Characterization of Colloidal MnO,

The colloid’s UV-Vis spectrum was recorded with i8adzu UV-2450 and Systronics 119 double beam Uibies
spectrophotometers and showed a large band covérngvhole visible region of the spectrum, with @bsnce
uniformly decreasing with increasing wave lengthwell as a wide maximum at 300-400 nm.

2.6. Kinetics of Spectrophotometric measurement

The reaction was initiated by adding the requiredrgity of colloidal MNnQ maintained at constant temperature to
the mixed solution of HCQand the complex maintained at the same temperaltiezero time was taken when
half of the colloidal Mn@solution was added. The rate of disappearance dd,Mvas monitored at 375 nm at
different time intervals with a UV-Visible Specttomometer, using a cell of path length 1cm. Theugedirst
order rate constants were calculated from the slopglots of log (absorbance) versus time. Tret-firder plots in
almost all cases were linear to 80% completiorhefreaction with correlation coefficien.998.

RESULTSAND DISCUSSION
3.1 Characterization of colloidal MnO,
The colloid’s UV-Vis spectrum was recorded with kirBadzu UV-2450 spectrophotometer, and showedge lar

band covering the whole visible region of the speunt with absorbance maxima at 375 nm (Figl). S®» th
wavelength of 375nm was chosen to follow the kinains.
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Fig.1. UV-Visible Spectra of Colloidal MnO,
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3.2 Characterization of the complex

Elemental Analysis:-

Amount of chromium and oxalate present in the complex wetienated by wet chemical methods. It was found
that the complex contains 15.07% chromium and 43.89C,0,%.

UV-Vis Spectra:-

The UV-Vis spectrum of the complex was recordechveitShimadzu UV-2450 spectrophotometer, and shawved
large band covering the whole visible region ofspectrum, with absorbance maxima at 560 nm (Fig2).
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Fig.2. UV-Visible Spectra of potassium dioxalato diaqua Chromate(l11)

IR Spectra:-

The FT-IR Spectrum (Fig.3) of the complex displagnds at 3545, 3255, 3050 Cithat are indicative of the co-
ordinate water. The strong bands at 1609 and 1560amay be due to c=0 stretching band. The complea al
exhibit bands at 1400, 1250, 1140, 80dcm

3.3 Kinetic study

The Kinetics of the oxidative degradation of PotassDioxalato Diaqua-Chromate(lll) by colloidal Ma@
aqueous medium was studied by varying concentraticghe complex from 2.8 x194.8 x10°mol dm?® colloidal
MnO, from 1.6x10°-2.8x10° moldniand HCIQ concentration from 1x1H2.2x10° moldm?®.

3.3.1. Rate dependence on colloidal MnO,

The order with respect to colloidal Mp@as determined by finding J at different initial concentrations of
MnO, (1.6 x 10° to 2.8 x 1¢ mol dm®) with other parameters remaining fixed [HGJ& 1.0 x 10° mol dm?
[complex] =2.8x 1d mol dni®. It has been found that the values of rate cotsteemained constant for all
concentrations of colloidal MnCtable-1). The constant values of rate constamiieate that the rate is independent
on concentration of colloidal MrnfOAccording to the basic tenets of chemical kiretite pseudo-first order rate
constants should be independent of the initial eatration of colloidal Mn@ So the reaction is pseudd arder
with respect to colloidal MnO
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Fig.3. |.R. Spectra of Potassium dioxalato diaquo-chromate

3.3.2. Rate dependence on [HCIO,4]

The order with respect to HCJ@as deduced from the values gfkobtained at several [HCIO4] (1.0 xi®o 2.2 x
10° mol dm?®) with fixed [Coll.MnO2] (=2.8 x 18 mol dm® and [complex] (=2.8x IO mol dni). The values of
rate constant increased with increase in [HEI® plot of log k versus log [HCIg) s linear with slope 0.954 which
confirmed that the reaction is first order withgest to [HCIQ] (fig.-4).

Table-1: Effect of varying the[Colloidal MnO,], [complex] and [HCIO,] on the pseudo-first order rate constantsfor the oxidative
degradation of Potassium Dioxalato Diaquo Chromate (111) complex by colloidal MnO,

10°MnOzJmoldm™ | 10*[complex]mol dm™ | 10[HCIOmol dm™ | 10°Kapssec™

1.6 0.46
18 0.464
2.0 0.468
2.2 2.8 1 0.49
24 0.49
2.6 0.44
2.€ 0.4¢
2.8 0.49

3.2 0.86

3.6 1.04

2.8 4.0 1 118
4.4 1.23

4.8 1.36

1.0 0.49

1.2 0.63

1.4 0.70

2.8 2.8 1.6 0.79
1.8 0.86

2.0 1.01

2.2 1.0€
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Fig.4. Log-log plot of concentration of Perchloric acid with rate constant

3.3.3. Rate dependence on [complex]

The order with respect to complex was deduced fifwervalues of lg obtained at several [complex] (2.8 X1t

4.8 x 10*mol dm?®) with fixed [Coll.MnO2] (=

rate constant increased with increase in

2.8 x 18 mol dm® and [HCIQ] (=1.0x10* mol dm®). The values of
[coxrppke plot of log k versus log [complex] is linewith slope 1.081

which confirmed that the reaction is first ordethwiespect to complex (fig.-5).
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Fig.5. Log-log plot of concentration of Potassium Dioxalato Diaqua Chromate (111) with rate constant
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3.2.4. Effect of time on oxidative degradation of the complex by colloidal MnO2

Effect of time on oxidative degradation of the cdexpby colloidal MNnO2 was studied by taking [Colhk@2] (=2.8
x 10° mol dm?, [complex] (=2.8x 19 mol dm®) and [HCIQ] (=1.0x10" mol dm®). The rate of degradation
increases with regular interval of time (Fig-6).
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Fig:-6. Effect of time on oxidative degradation of the complex by colloidal MnO,
CONCLUSION

The colloidal MnQ first prepared by Perez- Benito et al. can be dsethe Oxidative Degradation of Potassium
Dioxalato Diaqua Chromate (l1l) Complex in acid rgd. This oxidation process obeys pseudmider kinetics
with respect to concentration of colloidal My®owever it obeys®*iorder kinetics with respect to concentration of
complex and concentration of HCJO
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