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Kinetics of Ag+ Catalized Oxidation of Mn(II) to Mn(IIT) in K¢ {Si Mn W11040H?2]
with Peroxydisulfate Ion
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Summary: Ma(I) in the hetropoly ion [Si Mn W1104H:]* was oxidised to Mn(Tll) by S208”
using Ag* as catalyst and the psuedo first order kinetics of this oxidation was studied
spectrophotometrically at 35°C, jonic strength 0.2 maintained by Na28O4 and pH S.0. The reac-
tion rates were found to be independent of hetropoly ion concentration and shows first order de-

pendence on Ag® and
step.

Introduction

Mn(Il) has been reported to be oxidised to
Mn(III) in several hetropoly jons containing Mn(11)
using peroxydisulphate ion as oxidising agent [1,2].
Howcver the reaction takes place only at elevated
temperatures, 1.€., 45°C or more and cven at boiling
point it takes a while to complete. Ag™ ions have
been reported to catalyze the oxidation of many
substratcs where peroxydisulphate ion is used as
oxidising agent [3-9).

Purpose of this study was to study the effect
of the prescnce of Ag*t jons on the kimetics of
oxidation of Mn(1l) in Ks [Si Mn W11049H;] with
peroxydisulphate ion.

Experimental

Potassium 11-tungstomangano(Tl)silicate was
prepared as described elsewhere, a sample was oxi-
discd to Mn(III) heteropoly ion and the spectra of
the compounds was found to bc in full agreement
with the reported spectra [1,2).

AgNO3, Na804 and NazS20s of pure quality
supplied by Merck and Ricdcl-de Haen were used.

A series of solutions containing 2 x 10°M of
peroxydisulphate jon, 2 x 10°M of Mn(iI)
heteropoly ion and Ag™, varying from 3 x 10*M to
1 x 10™°M, were prepared.

In second set of solutions Ag™ concentrations
was kept at 3 x 10 *M, Mn(II) heteropoly ion 2 x
10°M and concentration of peroxydisulphate was

varied from 2x 102 16 § x 10°2M,

concentrations, suggesting oxidation of Ag® as rate determining

Similarly in the third set Mn(II) heteropoly
ion_concentration was varied from 3 x 107 to 6 x
10™°M, while the concentration of peroxydisulphate
jon was 5 x 102M and Ag* was kept at 2 x 10°M
concentration,

The ionic strength of all of these solutions was
kept at 0.2 maintained by Na2SO4 and pH was ad-
Justed to 5.0. For pseudo first order kinetic meas-
urements all experiments were run in duplicates
and triplicates. Temperature was kept at 35°C,
being maintained by Thermomix 1440, with varia-
tion within + 0.1°C, in a water bath. The change in
0.D. were measured at 500 n.m. using Bausch and
Lomb Spectronic 21 spectrophotometer. The
results were occasionally cross checked on Back-
man &0 spectrophotometer. At 500 n.m., Mn(III)
hetergpoly ion has molar absorptivity of 350 1,
mole™, cm™ while that of Mn(IT} heteropoly is
ncglegible (Figure 1). The pseudo first order reac-
tion rates werc obtained by plots of In [Ag- Al
against time. A typical set of results and the cor-
responding plot is given in Table 1 and Figure 2.
Lincar regressions, slopes and standard deviations
were calculated using standard programs on IBM
computer.

Results and Discussion

The values of Kobs,, obtained from the plot of
In [A.~ A ] against time for each set of solutions,
are tabulated in Table-2. It was obscrved that the
values of Kops. show a linear relationship to the
concentration of Ag* and peroxydisulphate jon but
turn oul to be independent of the concentration of

“To whom ali correspondance should be addressed.
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Fig. 1: Spectra of 11-tungstomangano silicate containing
Mal! (-G-0-0-) & Mn'" (-} ions.

Table-1: Absorbance of Mn(II) at various time
intervals in the rcaction mixtures

The following were the rcaction parameters:

[Mn(I) Hetropoly ion] = 2x10°M  Temperature = 35°C

=3xIr M M = 0.2in Naz8Q4
(5208 ) —2x10EM  pH =50,A =07
Time, § Ay [Ac- Al In [Ac -% 1
600 0.060 0.640 -0.44
1260 0.080 0.61% 0479
1800 0107 04.592 -0.524
2400 0.130 0.569 3,563
3000 0.148 0.551 -0.595
3600 0.173 0.526 -0.642
4200 0.193 0.506 0.680
4800 0.214 {1.485 £4.722
5400 0.236 0.463 £5.769
000 G.259 0.440 0.820
6600 0.279 0.420 0.B67
T200 0.309 0,390 0.1
800 {.318 0.381 -0.964
8400 0.337 (.362 21014
9000 0.361 0.338 -1.083
9600 0.376 0.323 -1.129

heteropoly ion. It was also observed that at 35°C
Mn(ll) in heteropoly ion is Bractically‘not oxidized
to Mn(IlI) in absence of Ag™ ions.

These observations lead to twe possible
mechanisms. In mechanism one, Ag* is first
oxidized, probably to Ag2+, by peroxydisulphate
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Fig.2: Plot of In [A..- A | Vs Time for data in Table 1.

™3

The slope ohiained was 762x 07 £ 2.1x 1[)6

For cach column of the valucs, onc reagent mentioned in the preceeding column
was varied keeping the other two constant.

A '™ kowe, Ms™ [5:06%T "M Kobs. M sec™
F0x10° T62x10° L 2sx10.  2Ex10. 6398x10° £12x107
40x10*  Li8x10* ' £04c wé  sox10?  sazx10% £12x10°
$0x10}  1447x10 04 802107 35x 107 Lnsx10°F 46x107
60x107  L723x107 %.36x W 40x10%  1339x10* £61x10°¢
70x10%  2014x101 2 19¢107 452107 1538 10+ 36x10°
75x10%  2.142x10% + 5.4x10%°  50x107  1806x107 + 29x10°
80x10"  2438310° 1612107

90x10%  2.63x10” £ 34x10

95510  27Mx107" & 5x10¢

*Ag" varicd when [S208 %) wes 2x 10 M and [Mn? ' was 25 10 °M
*¢ 5208 * varied when [Ag* | as 31 10 M and [Mn®* | was 2x 107°M.

ion and Ag?* oxidizes Mn(Il) to Mn(lll) in the
heteropoly ion. The oxidation of Ag* as rate
delerming step has been reported in several studies
[4,6,7,10-13].

$:08% + Ag™ Ag?t + SO4% + 804

S04 + Agt——— A2t + S04 %
A + [SiMa'Wy00H S . Ag*t +
[SIMBTW11O40H: >

Since S04 % is in large cxcess in all experi-
ments and Ag” converts slowly into Ag” * but

reduces back very quickly, their concentrations can
be assumed to be practically unaltered and hence,

Kobs = k [Ag*][5208 %]
A plot of Kobs. Vs [Ag*] for data in set

one yields a straight line the slope of which would
be k |52082‘], (Fig. 3). Since [82082'] was kept at 2
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x 10°°M, k was calculated to be 15.15 M sec™ - 4
0.05 M‘f sec.’l. Similarly a plot of Kgbs. Vs [S208 2']
for set 2 relds a stright line with slope being equal
to k fAg™ ], (Fig. 4) Here again k was found to be
15.15 _+ 0. 05) M1 sec. since [Agl* was3x10°M
in all solutions. The values of k obtaincd from these
plots arc in good agreement, strongly supporting
the suggested mechanism,
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Fig. 3: Plot of Kobs. Vs [Ag”®] for ihe data in Tabl 2.
The slape obtained was 0.303_+ 1.2 x 10°
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Fig.4: Piot of Kobs, Vs {520z ] for data in Table 2. The
stope obtained was 4.544 ¢ 10° 4 89xi0%

The second possible mechanism requires for-
mation of S04 1011 radical by homolytic decom-
position of $20s %, as intermediate, reported in
several reactions where this oxidizing agent was
used [14,15,16,17,18,19].

k

S208 7 ———— 2804"

S04 + Ag SO4 &
Ag2+ + [Si Mn"Wquon]

[Si Man11O4qu]

+ Ag*t

Ag"' +
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Here, Rate = k[S(}4 ][Ag /L
and [SO4 ] = k %8208 2 ]l/z
Hence Kobs. = k’ [8203 ]
Since k' = k.KY2

[Ag*]

For this mechanism also the plots of Kops. and
Ag* would gmld a straight line but the slope would
be k' [S208 “] 2 for first set of cxpcnmcnts How-
ever n this casc plots of Kgug, vs [S208 ]1"'2 would
give a straight line graph for the second set of ex-
periments.

Since the plots of Kobs. vs [SzOs %1 and not
Kobs, vs [SzOs ] yields a straight line curve the
second mechanism is less likely compared to the
first.

From the preceeding discussion it can be con-
cluded that for the system under consideration the
rcaction rates depend only on the concentration of
Agt and $208 }, procccd.s presumably by the
oxidation of Ag * by $208 % ions and not
through S04 " ion radlca] Further studies including
a wide range of concentrations, at various tempera-
ture, pH values, ionic strengths etc. are being per-
sucd in order to fully understand this system,
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