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Abstract : Kinctic investigations in ruthenium() catalyzed oxidation of maltose in an alkaline solution of KBrO3 have been carried
out in the temperature range of 30-45 °C. Mercuric acetate is used in the reaction mixture as a scavenger for Br™ ion to prevent
parallel oxidation by bromine. The reaction exhibits first order kinetics. The order of reaction with respect to substrate and catalyst
is zero and one respectively. The rate decreases with increasing concentrations of CI" and OH™ respectively exhibiting negligible
effect of mercuric acetate, ionic strength and D20. A suitable mechanism in conformity with the kinetic observations has been

proposed.

The various thermodynamic parameters were calculated from the rate measurements at 30, 35, 40 and 45 °C respectively.
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Potassium bromate has been used to oxidize various com-
pounds in acidic medium'-%. The utility of Ru"' chloride as
a non-toxic and homogeneous catalyst has been reporteds”’,
but scant attention has been paid to explore the catalytic
role of ruthenium(i) chloride with potassium bromate as
an oxidant in alkaline medium. This fact prompted us to
study "The kinetics and mechanism of Rull catalyzed oxi-
dation of maltose by bromate in alkaline medium and mer-
curic acetate as a scavenger”.

Table 1. Stoichiometric results
Reactants, mol dm™>; NaOH, 1.00; Hg(OAc), 1.25; KCl, 1.00; Ru™, 0.57.6
[KBrO3] x 10° [Maltose] x 10° [KBrOa]’ x 10° [KBrOs] - [KBrO3]*

mol dm™ mol dm™ mol dm™ [Maltose]
after48 h
5.00 1.00 - 3.94 1.06
5.00 2.00 3.08 0.96
5.00 2.50 2.36 1.05
5.00 333 1.72 0.98
5.00 4.00 0.96 1.01
10.00 100 8.84 1.16
8.00 1.00 7.04 0.96
4.00 1.00 3.10 0.90
333 1.00 248 0.85
2.50 1.00 1.56 0.94
Experimental

Materials : Aqueous solution of maltose (E. Merck), po-
tassium bromate (B.D.H., A.R.), NaClO, and Hg(OAc), (E.
Merck), were prepared by dissolving the weighed amount

of these respective samples in triply distilled water. NaOH
(S.D. fine) was used as a source of OH™ ions. Ruthenium(1m)
chloride (Johnson Matthey) solution was prepared by dis-
solving the sample in HCI of known strength. The reaction
stills were painted black so as to prevent photochemical ef-
fects, if any.

Table 2. Effect of variation of reactants on the reaction
Reactants, mol dm™>; NaOH. 1 0; Hg(OAc), 1 25. KCI, 1 0, Ru™, 0.057

[Bromate]  [Substrate] kx 10’ At35°C  At45°C
x 10° x 107 moldm™>s™!  kix10*  kix10
moldm™  moldm™  35°C 45°c ! §!
0.80 200 320 608 400 7.60
1.00 2.00 4.00 784 400 7.84
125 2.00 5.04 992 403 7.93
1.67 2.00 6.74 1298 403 7.77
2.50 2.00 992 1842 396 736
335 2.00 1286 2506 3.83 748
100 0.80 4.15 - - -
1.00 1.00 424 - - -
1.00 125 4.00 - - -
1.00 1.67 408 - - -
1.00 250 3.96 - - -
100 335 398 - - _
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Table 3. Effect of variation of OH~ ion, Cl~ion, mercury(11) acetate and
sodium perchlorate at 35 °C

Reactants, mol dm>; KBrOs, 1.00; Ru'", 0.0576; maltose, 20.00
[KCI}x 10° [NaOH] x 10° [NaClO4} x 10°[Hg(OAc)] % 10° kx 107

mol dm™ mol dm™ moldm™ moldm™ moldm™>s™
1.00 0.80 - 1.25 4.13
1.00 1.00 - 1.25 4.00
1.00 1.25 - 1.25 3.87
1.00 1.67 - 1.25 3.70
1.00 2.50 - 1.25 345
1.00 5.00 - 1.25 2.94
0.80 1.00 - 1.25 5.00
1.00 ,1.00 - 1.25 4.60
1.25 1.00 - 1.25 426
1.67 1.00 - 1.25 3.94
2.50 1.00 - 1.25 3.60
5.00 1.00 - 1.25 3.38
1.00 1.00 0.80 1.25 3.95
1.00 1.00 1.00 1.25 4.00
1 00 1.00 1.25 1.25 398,
1.00 1.00 1.67 1.25 312
1.00 1.00 2.50 1.25 4.06
1.00 1.00 5.00 1.25 395
1.00 1.00 - 0.80 4.16
1.00 1.00 - 1.00 4.00
1.00 1.00 - 1.25 3.83
1.00 1.00 - 1.67 3.95
1.00 1.00 - 2.50 4.14
1.00 1.00 - 5.00 3.82

Kinetics : A thermostated water-bath was used to main-
tain the desired temperature to within £0.1 °C. Reagents of
requisite concentration initially including substrate, were
taken in a reaction vessel and then the latter were thermo-
stated at 35 £ 0.1 °C to attain thermal equilibrium. A mea-
sured volume of KBrOj solution, also maintained at the

"

3

kx 107 mol dm=3
-

same temperature, was rapidly taken out and then poured
into the reaction vessel. The kinetics were followed by esti-
mating KBrO, iodometrically at different time intervals
using starch as an indicator.

Results and discussion

Stoichiometry of the reaction was dscertained by equili-
brating the reaction mixture containing excess of bromate
over maltose in varying ratios at 50 °C for 48 h and estima-
tion of residual potassium bromate in difterent sets showed
that one mole of maltose consumed one mole of oxidant
(Table 1). The product analysis by conventional method®
shows the formation of an acid after the reaction. The over
all reaction may be represented as in eq. (1),

Ci2H22011 + OH™ + HBrO3 —

(C11H21010)COOH + H,0 + BrO;
Maltobionic acid

Q)
Maltose

The negligible effect of Hg(OAc), indicates its role as a
scavenger™!?, for any bromide ion formed in the reaction; it
thus helps to eliminate the parallel oxidation by bromine
likely to be formed due to interaction of Br- and bromate
ion.

Ruthenium(in) chloride has been reporteds"”' to give a
number of possible aquo chloro species governed by pH of
the solution. The reactive species of ruthenium(ui) chloride
in alkaline medium has been proposed [RuClz(H20)3]"1'II
which is supported fully by the negative effect of [C17] and
[OH]. The following reaction steps are suggested on the
basis of above disscusion for oxidation of maltose by bro-
mate in presence of ruthenium(ur) chloride as a catalyst in
alkaline medium.

© © 100
Rul x 108 mol dm-3 ———————>

Fig. 1. Plot of [Ru™] vs k : (A) 35 °C, (B) 45 °C.
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Fig. 2. Plot of log k vs 1/T.

(i) [RuCl3(H20)OHT™ + 2H,0 ki~

Ci k-t

[RuCly(H20)3(0H)] + CI”
Cy
(ii) [RuCly(H;0)0H] + H)0 —2=
C ke
[RuCla(H20)4]* + OH™
C3

(iii) [Ruch(Hzc():m* + BrO; s'%
3
[RuCl2(H20)3 ... BrOs] + H,0
Cq
(iv) [RuClz(H20)3 ... BrO3] + S+ H)O —,
Cs P + BrO; + [RuCl(H20)4]*
S = maltose, P = maltobionic acid.

Considering the above steps and applying the steady
state treatment with reasonable approximation, the rate law
may be written in terms of consumption of [BrOj3] as equa-
tion.

B _ 4y [cs1Beos)
t
oy BrO3] _ kikaks [Ru"Jr [BrO3)

dt " g, [OH] (ki + ko [CT]) + kot k2
where [Rul}; = [C,] + [C,] + [C,]

The kinetic results collected at several concentrations
(Table 2) show that the reaction exhibits first order kinetics
with respect to KBrO; which is also evident from k versus
[KBrOs] plot (Fig. 1).

The insignificant effect of an increase in substrate
(maltose) concentration on the reaction rate indicated zero
order with respect to maltose. First order dependence on
Ru'! is evident from close resemblance between the slope
values (4.2 and 8.0 at 35 and 45 °C for maltose) of k vs
Ru™ plot (Fig. 2) and average k; values (4.00 and 7.84 at
35 and 45 °C respectively).

Negligible effect of variation of ionic strength of the
medium and Hg(OAc), variation on the reaction rate are
clear from the kinetic data ih Table 3.

Kinetic result obtained on varying the concentration of
chloride ion and OH" ion indicates negative effect, which
means that the rate constant decreases with increase in [C17]
and [OH].

The rate measurements were taken at 3045 °C and spe-
cific rate constants were used to draw a plot of log k versus
/T (Fig. 2) which was linear. The values of energy of acti-
vation (AE"), Arrhenius factor (A), entropy of activation
(AS"), and free energy of activation (AG") were calculated
from the rate measurements at 30, 35, 40 and 45 °C and
these value have been recorded in Table 4.

Table 4. Activation parameters for alkaline bromate oxidation of maltose
Temp. °C 30 35 40 45

10" &, mol dm>s™!  2.86 4.00 5.58 7.92
AE" = 56 kI mol™', AH' = 69 kJ mol™!, AS" = 58 ki mol”"

Conclusion

The experimental results as shown reveals that the rate
doubles when the concentration of the catalyst [Rum] is
doubled. The rate law is in conformity with all kinetic ob-
servations and the proposed mechanistic steps are sup-
ported by negligible effect of ionic strength. From this in-
vestigation it is concluded that [RuCl,(H,0),]" is the reac-
tive species of ruthenium(m) chloride in alkaline medium.
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