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The catalytic activity of LaZCuO for the
decomposition of H,0, was studieé in detail.
La,Cu0, was preparéd“by the ceramic method

in four different ways. Gamma irradiation

of the La,Cu0, samples increased their
catalytic activity irrespective of the method
of preparation. The enhanced catalytic activi-
ty is attributed to irradiation generated Cu
centres on the surface of the catalyst.

INTRODUCTION

In the present investigation the previously reported
work on the influence of y-radiation on La2Cu04 /Ref. 1/
has been extended to a study of the kinetics and catalysis

0,.

of LaZCuO4 in the decomposition of H2 2

EXPERIMENTAL

The preparation of LaZCuO4 and its characterization

have been described in an earlier paperl. The samples

60

were irradiated in Petri dishes in air in a 5000 Ci Co
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y=cell, having a dose rate of 0.4 Mrad/h supplied by
BARC, Bombay.

The kinetics of decomposition of H202 was followed
titrimetrically:

The H2O2 solution was standardized with KMnO, before
each experiment. The decomposition reaction was carried
out in glass stoppered conical flasks (50 ml capacity/-
20 ml of H202 solution of required cohcentration
/0.18-0.16M/ was taken in the conical flask. After keep-
ing the flask in the thermostat adjusted to the required
temperature /70+0.1 Oc/, a known weight of the catalyst
/0.2 g/ was added. At different time intervals 1 ml of
solution was withdrawn taking care not to disturb the

catalyst layer.

RESULTS AND DISCUSSION

The catalytic activities of four different LaZCuO4

samples as measured by the initial rates of decomposition

of HZOZ are given in Table 1. It is seen from Table 1 that
the four La,Cu0, samples have almost the same catalytic
activity indicating that the method of preparation has no

significant influence on the reaction.

The reaction was carried out at various initial con-
centrations of H202 ranging from 0.18M to 0.50M with a
constant weight of the catalyst [0.2 g/, keeping the
temperature constant at 70+0.1 °C. The order of the re-

action with respect to HZO was determined from the slope

of the plot of logarithm og initial rates vs. logarithm

of initial concentrations of H,0, /Fig. 1./. The reaction

was of first order with a rate constant, k = 4.2xlO"3 min_l.
The amount of La2CuO4 was varied in the range 0.15-0.4 g

keeping all other parameters constant, and the initial
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Fig. 1. Effect of L[H 02] on the reaction. Weight of
La2CuO = O.% g; Vol. of H O2 solution = 20 ml;
= 70

Temperature +0.1 OC; s%mple - 0A

TABLE 1

Catalytic activities of La,Cu0, samples prepared by
different methods
CH,0,1 = 0.18M; Weight of La,Cu0, = 0.2 g; Volume of

HZOZ solution = 20 ml; Temperature = 70+0.1 °c

Sample Samples Catalygic chivity
No. mol 1 min

1. La,05 - CuO /OA/ 3.7x10:§

2. LaOxal-CuOxal /OB/ 3.2x10

3. LaOxal-CuO /OC/ 4.1x107°3

4. La,05 - CuOxal /OD/ 4.0x10"3

rates were determined in each case. The initial rate
values were plotted against the weight of the catalyst
used in the reaction [Fig. 2./. It can be seen that the

rate of the reaction increases with an increase in the
amount of the catalyst.

The influence of vy-irradiation on the catalytic activi-

ty of the four La2CuO4 samples was studied by the above
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Pig. 2. Effect of the amount of catalyst on the reaction.
[H,0,1 = 0.24M; Temperature = 70%0.1 Oc; Ssample -
OB

procedure using the irradiated catalyst. It is seen from

the results presented in Table 2 that there is an enhancement
in the catalytic activity of the four samples with an in-
crease in y-dose.

Generally the irradiation of the catalyst was carried
out by exposing the solid sample to y-radiation in presence
of air which contains nitrogen, oxygen, traces of moisture
and CO,. These gases may have significant influence on the
changes brought about in the catalyst during irradiation.
To investigate the effect of components of air, the ir-
radiation of the catalyst was carried out in vacuum and
in the presence of nitrogen, dry oxygen, moist oxygen, dry
carbon dioxide, moist carbon dioxide, and moisture free
from Co,. Sample OA was chosen for the above experiments.

From the results presented in Table 3, it is seen that
when the catalyst was irradiated in vacuum, nitrogen, dry
oxygen and dry CO,, there was no significant change in the
catalytic activity. When the catalyst was, however, ir-

radiated in oxygeh or CO, containing traces of moisture or
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TABLE 3

Effect of y-irradiation of La2Cuo4/OA/ on its catalytic
activity in various gas atmospheres

LH 023 = 0.16M; Weight of catalyst 0.2 g; Volume of
H solution = 20_ml; Temperature = 70+0.1 ©C; y-dose
rfté = 0.4 Mrad h™1; Total y-dose = 192 Mrads

Catalytic activity
No. Treatment [/initial rate/,
mol 1-1 min~

1. Unirradiated 3.5 x 107°
2 y—irradiated in wvacuum 3.5 x 10'3
3. y-irradiated in nitrogen 3.5 x 107>
4. y-irradiated in dry oxygen 3.5 X 1073
5. vy-irradiated in moist -3
oxygen 6.6 x 10
6. y-—-irradiated in dry CO2 3.5 x lo:j
7. ~y-irradiated in moist CO2 8.0 x 10
8. «y-irradiated in moisture 3

free from CO, 6.6 x 10

in presence of moisture free from CO, there was a significant
increase in the catalytic activity. This indicates that
moisture is necessary during irradiation for an enhancement
in the catalytic activity. The energy of activation for
sample OA was found to be 14.7 kcal/mol and 13.4 kcal/mol
for unirradiated and y-irradiated samples, respectively.

The effect of moisture and/or any other atmosphere on
the catalytic activity was investigated as follows: Pellets
of sample OA were irradiated in the y—-source with a dose
rate of 0.4 Mrad h—l in vacuum, dry nitrogen, dry oxygen,
dry COo, and in presence of traces of moisture free from

COZ' The electrical conductivities were measured. The
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TABLE 4

Measurement of electrical conductivity and catalytic
activity of samples irradiated in various atmospheres

[H,0,1 = 0.16M; Weight of LazCuO4 = 0.2 g; Volume of
H,0, solution = 20 ml; Temperature = 70+0.1 Sc

Sample Electrical Catalytic
conductivity activify, -
o, ohm—1 om-1 mol 17+ min
-4 . -3
Unirradiated 1.3 x 10 3.5 x 10
Irradiated in
vacuum, dry nitro- ; 5 ;474 3.5 x 102
gen, dry oxygen :
and dry CO2
Irradiated in 5
moisture free 2.0 x 1073 1.9 x 10~
from CO2

catalytic activity of the irradiated samples for the de-
composition of H202 was also determined.

The results given in Table 4 indicate that there is no
change in the electrical conductivity of the samples ir-
radiated in vacuum, dry nitrogen, dry oxygen, and dry Co,.
However, the sample irradiated in presence of moisture
free from CO, indicated a significant enhancement in the
electrical conductivity as well as in catalytic activity
compared to that of unirradiated sample. This indicates
that moisture plays a significant role during irradiation
in the enhancement of electrical conductivity also.

For the catalytic decomposition of H,0, on CuO Muéka?
suggested that Cu+ ions present in the oxide seem to play
an important role as donor centers for the reaction. It is
suggested that during irradiation more cut may be formed
in the catalyst due to radiation damage. Since Cu+ is an

electron donor, the increase of itsg concentration in the
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TABLE 5
Determination of Cu' content in catalyst irradiated in
various atmospheres
[H,0,3 = 0.16M; Weight of La,Cu0, = 0.2 g; Volume of

H,0, solution = 20 ml; Temperature = 70+0.1 °c

Cu+ content, Catalytic activity,

Sample 2 mol 171 min™t
Unirradiated 0.3 3.5 x 107°
Irradiated in vacuum, . -3
dry nitrogen, dry oxygen 0.3 3.5 x 10

and dry carbondioxide

ITrradiated in moisture 1.1 1.9 x lO_2

free from CO2

solid due to irradiation is responsible for the enhance-
ment of electrical conductivity. A significant increase in
Cu+ concentration was found1 in the four LaZCuO4 samples
after an irradiation period of 30 days in air at a dose
rate of 0.4 Mrad h--l /Ref. 1/. Since irradiation results

in an increase of Cu+ concentration, electrical conductivi-
ty and catalytic activity, it can be concluded that there
is a direct relation ship between the concentration of cu’
and the catalytic activity of the solid.

Sample OA was irradiated in vacuum, dry oxygen, dry
nitrogen, dry CO, and in presence of traces of moisture
free from CO, for 30 days at a dose rate of 0.4 Mrad h-l
and then the Cu+ content and catalytic activity of these
samples was determined.

The results shown in Table 5 indicate that, when the
sample was irradiated in moisture free from CO, there was
a significant increase in the Cu+ content and catalytic
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activity. This implies that it is only the moisture which
is responsible for the increased formation of Cu+ in the
catalyst during irradiation. The increase of the number
of Cu+ centers is responsible for the enhancement in
electrical conductivity and in catalytic activity.
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