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Decomposition of hydrogen peroxide on a two-component CuO-ZnO catalyst has been studied 
over the whole concentration range of 0—100% of one component. It was found that a mutual 
charge interaction of both components of the catalyst takes place which is manifested by the 
non-monotonous character of the dependence of specific surface areas of the samples and of their 
specific catalytic activity on composition. A model of elementary reactions was proposed to eluci-
date this dependence, based on the earlier published principle of bivalent catalytic centers. 
Irradiation of samples by y rays leads to small both negative and positive changes in catalytic acti-
vity (in dependence on composition), whereas irradiation by neutrons results in a slight decrease 
in the catalytic activity of the samples. These observed changes can be qualitatively interpreted 
in terms of the electron theory of catalysis. 

In our earlier works we have studied, besides some one-component catalysts, also 
the properties of two-component systems of the type NiO-ZnO (see1 - 3) and NiO-
-CuO (see4). In both cases a mutual interaction was found of both components 
of the catalyst, manifested by the non-monotonous course of the dependence of 
catalytic activity on the composition of the catalyst. Moreover, in the case of the 
system NiO-ZnO it was found that its catalytic properties are significantly modified 
by irradiation of the sample by y rays and neutrons (Ra-Be source) and by incorpo-
ration of a radioisotope into the catalyst. Therefore it was interesting to investigate, 
from this point of view, also the behaviour of a further two-component system, CuO-
-ZnO, where one of the components is a weak ^-semiconductor, while the other one 
represents a typical n-semiconductor. At the same time, our aim was to verify, 
whether also for this system a model could be found, based on the earlier intro-
duced principle of bivalent catalytic centers, which had been successfully applied 
to a number of one- and two-component catalysts. 

Decomposition of hydrogen peroxide was chosen as the test reaction (like in the 
studies of other catalytic systems1-4) especially with respect to the fact that this 
reaction is a relatively simple one and proceeds at a measurable rate already at labo-
ratory temperature. This reaction had been employed for testing in a number of 
different catalytic systems of the oxide type 5 - 1 0 and it was found that the catalytic 
activity of two-component oxide catalysts was not additive. 
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EXPERIMENTAL 

Mixed catalysts were prepared from saturated solutions of nitrates of both respective metals 
(analytical reagent grade) which were mixed in various ratios in the interval 0—100% of one com-
ponent. After crystallization the mixed nitrates were calcinated in an electric oven at 350°C on 
air for 4 h. The formed oxides were triturated and the fraction of the grain size c. 0-1 mm was 
selected for further measurements. 

All samples were analyzed complexometrically. Determination of the fine structure of oxides 
by X-ray spectroscopy (copper anode) showed that, as far as structure is concerned, no interaction 
of the components takes place. Specific surface area was measured by low-temperature adsorption 
and subsequent desorption of nitrogen1 - 4 . 

A part of the prepared samples was irradiated by 6 0 Co y rays and by fast neutrons from an 
Am-Be source on air at laboratory temperature so that the absorbed dose of y radiation was 
8-3 . 106 J/kg and the density of passed neutrons was 1-09 . 1016 neutrons/m2. 

Determination of catalytic activity was carried out by measuring the rate of evolution of oxygen 
in the decomposition of hydrogen peroxide at constant temperature and pressure1. 25 ml of 
aqueous solution of hydrogen peroxide (reagent grade purity) of the concentration l-2mol/l 
and 0-200 g of the catalyst were used for testing; the measurement was carried out at four different 
temperatures in the interval 50° —80°C. Preliminary measurements performed with various 
weighings of the catalyst, various initial concentrations of hydrogen peroxide, various rates of 
mixing of the system and at different reaction temperatures showed that under these conditions 
the reaction proceeds in kinetic region and is not governed by transport processes. 

RESULTS AND DISCUSSION 

The results of chemical analysis of individual samples together with their specific 
surface areas are summarized in Table I. From it can be seen that the studied system 
contains only copper and zinc oxides. (This was confirmed, within the limits of experi-
mental error, also by X-ray spectroscopy of the samples which revealed the presence of 
selective reflexions of monoclinic (CuO) and hexagonal (ZnO) structure with lattice 
parameters identical with the tabellated values). The dependence of the specific 
surface area on the catalyst composition indicates the interaction of both oxides, 
which characterizes also other mixed catalysts1-4 '11 . From this finding it follows 
that samples with excess copper(ll) oxide have a greater specific surface area than 
those with excess zinc(Il) oxide. All mixed catalysts have greater specific surface areas 
than would correspond to a mechanical mixture of the respective composition. 

On the basis of the measurement of catalytic activity to a higher degree of decompo-
sition of hydrogen peroxide (40%) it could be demonstrated that the decomposition 
of hydrogen peroxide proceeds on all mixed catalysts as a 1st order reaction. This 
supports the earlier finding that the deviation from integer reaction order is only 
very small in mixed oxides1-4 , whereas in one-component catalysts it is significant 
and well reproducible12-14. 

The dependence of specific catalytic activity (defined as the rate constant of a 1st 
order reaction referred to a unit surface area of the catalyst) on the composition of 
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samples is shown in Fig. 1, curve 1. Its markedly non-monotonous character proves 
again mutual interaction of both components of the catalyst. Like with other two-
component systems4 '11 , also in this case there is the maximum catalytic activity 
in both limit regions of the composition and in the region where the percentage of 
both components is approximately the same. An explanation can be given, similar-
ly as in the above cited publications, in terms of the electron theory of catalysis as-
suming the validity of the principle of bivalent catalytic centers. 

TABLE I 

Composit ion and Specific Surface Area S (m 2 /g ) of Catalysts 

Weight % Mol % 
Sample 

Cu Zn C u O Z n O C u O Z n O 

1 79-55 
2 79-13 
3 70-94 
4 63-21 
5 55-40 
6 47-12 
7 40-79 
8 31-11 
9 22-72 

10 15-25 
11 6-39 
12 0-76 
13 — 

— 99-54 
0-78 98-91 
8-69 88-67 

16-63 79-01 
24-52 69-25 
32-82 58-90 
39-21 50-98 
48;06 38-88 
53-78 28-40 
64-85 19-06 
73-77 7-98 
79-48 0-95 
80-15 

100-0 
0-94 99-0 

10-77 89-4 
20-62 79-7 
30-40 69-9 
40-69 59-7 
48-62 51-7 
59-59 40-0 
66-70 30-3 
80-39 19-5 
91-47 8-2 
98-56 1-0 
99-78 — 

— 0-32 
1-0 0-26 

10-6 0-34 
20-3 0-32 
30-1 0-36 
40-3 0-22 
48-3 0-13 
60-0 0-17 
69-7 0-17 
80-5 0-15 
91-8 0 1 0 
99-0 0-08 

100-0 0-02 

F I G . 1 

Dependence of Specific Catalytic Activity 
of Catalysts on Their Composi t ion at 65°C 

Samples: 1 non-irradiated 2 irradiated 
by y rays, 3 i rradiated by neutrons . 
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In our earlier papers we have shown that decomposition of hydrogen peroxide 
proceeds in the case of pure zinc(Il) oxide on catalytic centers formed by ion pairs 
Z n + - Z n 2 + (ref.14) and in the case of pure copper(ll) oxide the pairs Cu+ -Cu 2 + 

take most probably part in the reaction (ref.13). In the latter case, however, also 
the influence of free copper or even of ion Cu3 + (ref.13) cannot be excluded. Thus, 
if we assume that on zinc(ll) oxide the reaction proceeds as an acceptor mechanism 
on Zn+ donor centers, the observed mutual interaction of both oxides can be ac-
counted for by a donor process on acceptor centers of copper oxide in minority 
population which are in equilibrium with the majority centers formed by Cu2 + ions. 
This requirement is met only with centers formed by Cu3 + ions. Consequently, in 
accordance with the above-cited works on hydrogen peroxide decomposition on 
a semiconductor type catalyst, the following scheme can be proposed for this reaction 
and for the studied mixed catalyst: 

H 2 0 2 <— - > H + + HOJ , M 

Zn + - » Zn 2 + + e , (B) 

H + + e -> H , (c) 

H O J — —> HO, + e , (D) 

Cu3 + + e — Cu2 + , (E) 

3 + + Zn+ —* Cu2 + + Zn 2 + . (F) 

Reactions (B) and (C) represent an acceptor process, reactions (D) and (£) a donor 
process. Reaction (F) affords both kinds of centers in equilibrium concentration. 
According to the above mechanism we can suppose that in the case of mutual inter-
action of oxides equilibrium (F) will be shifted to the right-hand side (towards ionic 
forms without potential difference). This leads to a decrease in the concentration of 
minority catalytic centers on the catalyst surface and to a decrease of its catalytic 
activity. Since, in our case, the increasing concentration of the second component 
in the sample is accompanied by a decrease of its dispersity, there must exist in both 
marginal regions a sample with the maximum degree of interaction of both oxides. 
Therefore, the dependence of catalytic activity on composition, when measured from 
pure components, has first a decreasing and then an increasing course, attaining a ma-
ximum in the region of approximately the same concentration of both oxides. How-
ever, since in this region the catalytic activity is higher than the value obtained by 
adding the weighted activities of pure components, we can admit that even in this 
case, analogously to other systems, we have to do with a region with a maximum 
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interfacial sur face on which f u r t h e r k inds of catalyt ic centers m a y be stabil ized, 
con t r ibu t ing t o a higher catalyt ic activity of the respective samples . 

As can be seen f r o m Fig. 1, curve 2, i r rad ia t ion by y rays unde r the given condi t ions 
causes n o subs tan t ia l change in the charac te r of the dependence of specific catalyt ic 
activity on compos i t ion . This m e a n s t h a t basic p a r a m e t e r s of the system rema in 
unchanged even a f t e r i r rad ia t ion . In spite of this, relatively small changes of catalyt ic 
activity occur due t o i r rad ia t ion , b o t h negat ive a n d posi t ive in dependence on com-
posi t ion (Fig. 2). This fac t , toge ther wi th the finding t h a t the effect of i r r ad ia t ion 
pract ical ly d i sappea r s a f te r t h e r m a l t r ea tmen t a t 300°C f o r 1 h, p roves t h a t the ob-
served changes a re p robab ly caused by changes in the quas iequ i l ib r ium concen t ra -
t ion of f ree charge carr iers due to i r rad ia t ion . These changes lie, of course , o n the 
limit of detectabi l i ty (with the except ion of p u r e c o p p e r ( l l ) oxide) a n d there fore 
no u n a m b i g u o u s conclus ions can be d r a w n . 

As f u r t h e r fo l lows f r o m Fig. 1, curve 3, even i r r ad ia t ion of samples by n e u t r o n s 
does no t change , unde r the given condi t ions , the overal l charac te r of the dependence 
of catalyt ic activity on compos i t i on . In con t rad ic t ion t o the effect of y r ad ia t ion , 
i r rad ia t ion by neu t rons has unde r the given cond i t ions approx ima te ly the same 
negat ive effect on the catalyt ic activity over the whole compos i t i on r ange (Fig. 3). 
The only except ion are o n e - c o m p o n e n t catalysts . Cons ide r ing these results a n d also 
the results of ou r earlier s tudies on i r rad ia ted catalysts , we can a s sume t h a t the 

0 20 40 60 80 100 
mol7o ZnO 

F I G . 2 

Relative Change of Catalytic Activity after 
Irradiation of Samples by y Rays in Depen-
dence on Their Composition 

A/cs = Ars+ — specific catalytic acti-
vity of the irradiated sample. • Irradiated 
sample which had been thermally treated 
for 1 h at 300"C. 

0-2 

F i g . 3 
Relative Change of Catalytic Activity after 
Irradiation of Samples by Neutrons in Depen-
dence on Their Composition 

Symbols the same as in Fig. 2. 
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cause of the found relatively small effect of irradiation is the formation of new per-
turbations in the crystalline structure, which are of such a kind that they can recom-
bine with the existing perturbations functioning as catalytic centers for the reaction. 
Because of recombination the concentration of catalytic centers and accordingly 
also the catalytic activity of the catalyst decreases. This process is evidently possible 
only in the case of mixed catalysts where the concentration of original perturba-
tions ready to recombine is high enough. 

This explanation is also confirmed by the fact, that after a thermal treatment of 
the irradiated samples at 300°C for one hour the radiation effect has practically dis-
appeared (Fig. 3). With this phenomenon the fact is connected that neither an irradia-
tion of the catalysts, nor their thermal treatment lead to a change in the apparent 
activation energy value of the test reaction. Even in this case the observed changes 
are relatively small. Therefore the mentioned interpretation represents a mere hint 
concerning the possible mechanism of interaction of neutrons with the surface of the 
catalyst. 
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Translated by V. Cermakova. 
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