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A cert.ain heterogeneit)y of the surface of metals of the copper group has been ob- 
served in t,he decomposition of hydrogen peroxide. The distriblltion curves of the active 
cent,ers wit,h respect to their activation energy have been obtained. It has been estab- 
lished that there are active centers having different activation energy on the sluface of 
both single crystals and polycrystalline samples. The faces (1001, which are more closely 
packed, are characterized by lower activation energy. Thermal treatment of silver in 
air or under vacuum produces changes in the values of the most probable activation 
energy of the process. This phenomenon is comlected with t,he amount of oxygen on the 
surface and in the bulk of silver. 

INTRODUCTION 

There are many experimental data in the 
literature showing that the crystallographic 
faces of a crystal differ in their catalytic 
activity (1-8). This could be one of the 
principal causes for the biographical hetero- 
geneity of the surface of various poly- 
crystalline and porous catalysts and ad- 
sorbents. For that reason average results 
are usually obtained for the activity of such 
samples and the spectrum of the active sites 
remains unknown. There arises now the 
question to what extend the separate faces 
of a single crystal are homogeneous with 
regard to their catalytic properties and what 
is the possible spectrum of their activity. 

In previous work (Q), a method for 
studying microsites of the catalyst surface 
by decomposition of hydrogen peroxide was 
proposed. In the present investigation, the 
same method is applied for studying the 
heterogeneity of the catalytic properties of 
some metal polycrystalline surfaces. Our 
purpose is to show the heterogeneity of the 
surfaces as well as to obtain the distribution 
curves of the active centers with respect to 
the corresponding activation energy. We 
investigate further two types of faces of a 
silver single crystal and obtain the corre- 
sponding distribution curves. 

EXPERIMENTAL 

A metal plate previously treated (polished, 
cleaned, and heated) was placed in a small 
glass vessel (kept at constant temperature) 
situated in the visual field of a microscope 
of little magnification. A diluted solution of 
hydrogen peroxide (0.02 M) was added at 
comparatively low temperature (283°K) and 
the time of the beginning of the reaction was 
marked. The diameters of some bubbles 
formed on the surface of the plate were 
measured in equal periods of time (Fig. 1) 
using an ocular micrometer or after photo- 
graphing the bubbles. The temperature of 
the solution was smoothly raised and its 
values were determined with an accuracy 
of &O.l”C simultaneously with the measure- 
ments of the bubble diameters. In about 
20 min the temperature was raised by 
25-30°C and the diameters of the bubbles 
increased considerably. By the end of the 
experiment only a negligible part of the 
peroxide was decomposed so that the re- 
action was practically of zero order. The 
rate of the process was judged by the 
volume (reduced to normal conditions) of 
the oxygen evolved in a bubble for a unit 
of tinie. 

The relationship d3/?’ versus t is a 
gradually increasing function (Fig. 2). The 
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FIG. 1. Oxygen bubbles on polycrystalline silver surface. 

rate constant of the process for a given of the surface, the activation energy values 
temperature may be determined by graphical vary by no more than 5%. 
differentiation. In all studied cases the The activity of single-crystal faces was 
experimental data follow strictly the Ar- studied on a sample obtained by electro- 
rhenius’ relationship (Fig. 3). By this crystallization in the same way as in the 
method, the activation energy is quickly work of R . Kaischew and co-workers (10,ll) . 
determined for each bubble. For a given site The single crvstal, well washed, was mevi- 
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FIG. 3. Arrhenius’ relationship. 

RESULTS AND DISCUSSION 

The investigations of Bliznakov and 
Peshev (1.2, 1s) established that silver plates 
exhibit different activities after heating 
them in air in the temperature range of 

FIG. 2. Increase of the diameter of an oxygen bulb 473” to 1123°K. The values obtained for 
with the time. the activation energy of the process vary 
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from 4.3 to 11 kcal/g mole, a minimum being 
observed for plates heated at 723-773X h 
plate KBS first heated at 1123% and then 
treated in vacuum at 393°K. In the course 
of evacuation its activity increased at first, 
reached a nla~ximum and then dewcascd, 
reaching practicalIy full deactivation. This 
effect is connected with the removal of 
osq’gen from the surface and from the bulk 
of silver and with the p~~rti(!ip~~.t.i~)~l of 
oxygen in the f~~rnlat~i(~~~ of some active 
centers on the surfance (1s). It is interesting 
to establish the activntion energy distribu- 
tion of the active centers for different tem- 
peratures of treatnle~~~, of silver as welt as 
to establish whether the changes in the rate 
constant values provoked by evacuation 
are due to changes in the ~~ti~ra~,i~)i~ energy, 
or to changes in the number of :wtivc 
centers on the surface. 

Figure 4 shows the dist~ib~~ti(~n curves 
giving the number of bubbles ~~~rrcsp~~~~diI~g 
to a given a~ti~~at,ioll energy value (in an 
interval of 1 lied/g mole) for plates treated 
at 813” and 1123°K. It is seen that the sur- 
face is heterogeneous and w&ins active 
centers showing a large rang-c of activation 
energy values. But the greater part of these 
centers have energies of activation corre- 
sponding to the values determined by 
Bliznakov and Peshev (7 a,nd 13.5 kctd/g 
mole, respectively). 

Figure 5 show the change iu the most 
probable value of acti~atio~~ energy, de- _ _ 

silver plate at 633°K. It is evident that the 
activation energy first decreases and then 
increases smoothly, reaching a constant 
value of 15 kcal/g mole, Simultaneously a 
considerable change in the number of 
bubbles is observed. ‘This number increases 
at first, passes through a maximum and then 
decreases, continuously tending towards 
zero. The results show that the activity of 
t,hc silver ptat,e changes upon treatr~lent 
under vacuum due to t:hanges in both the 
activatjon energy and the number of the 
attive centers. The centers containing most 
strongly bound oxygen have the greatest 
:~~tivatio~~ energy, 

If a plate deactivated by vacuum treat- 
ment is allowed to stz2y in diluted peroxide 

Pm. S. The change in the activation energy of a 

silver plate depending or~ t&e duration of thermal 
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FIG. 6. The change in the activation energy of a silver plate deactivated in vacuum and then allowed to 
stay in hydrogen peroxide solution. 

solution its activity gradually increases. As 
is seen from the data shown on Fig. 6, the 
activation energy of the process gradually 
decreases and tends towards 11 kcal/g mole 
this value being characteristic for the plate, 
before vacuum treatment. According to 
Roginsky the mechanism of decomposition 
of hydrogen peroxide on catalysts which are 
electron conductors requires the participa- 
tion of at least two kinds of active sites: 
electron donors and acceptors (14). This 
mechanism was proved indirectly in other 
investigations of ours (15, 18). Most prob- 
ably, the oxygen takes part in the formation 
of one type of center or in the formation of 
centers with different potentials. Since a 
pair of such centers acts as a microgalvanic 
element, the removal of oxygen from the 

surface leads to full deactivation of the silver. 
The above results show once more the role 
of oxygen in the formation of active centers 
on the silver catalyst surface. 

The distribution curves of active centers 
with respect to the corresponding activation 
energy for the faces (100) and (211) of a 
silver single crystal are given on Fig. 7. The 
existence of such distributions on the 
individual faces is evident. However, the 
most probable values of the activation 
energy differ considerably. The face (loo), 
being more closely packed, has a lower ac- 
tivation energy than (211). Rienacker and 
Viilter (6) obtain a similar result in the case 
of the decomposition of formic acid on a 
copper single crystal, comparing the average 
activities of faces (111) and (100). 

5 IO 15 
E. wl/g mole 

FIQ. 7. Curves of distribution of active centers with respect to their activation energy for different types 
of faces of a silver single crystal. 
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FIG. 8. Distribution curve of active centers with respect to energy of activation on the surfare of a gold 
plate. 

It must also be mentioned that the 
number of bubbles appearing on the (100) 
face is considerably smaller than the ~lun~ber 
corresponding to the (211) face. 

It is of interest to obtain comparative 
experiI~lenta1 data on the catalytic activity 
of copper, silver, and gold with respect to 
the reaction under consideration. 

It was established that on the gold surface 
there are active centers It-hose activation 
energy lies within the range of 5-25 kcnl/g 
mole. As is seen from Fig. 8, the most 
probable value of the activation energy is 
about 7.5 kcal/g mole. The distribution 
spectrum exhibits also a fine structure with 
maxima in the range of larger activation 
energy values. 

Figure 9 shows the distribution curve 
obtained in the case of decomposition of 
hydrogen peroxide on the surface of copper. 
The maximum corresponds to an activation 
energy of about 6.5 kcal/g mole. 

It must be pointed out that the most 
probable activation energy values obtained 
with both metals are small and close to the 
value corresponding to silver plates treated 
at Iower temperatures (7.0 kcal/g mole). 
Such close values for the three metals con- 
firm the role of the electron factor in aataly- 
sis. The three metals have similar eiectron 
configurations, the same d characteristics 
(36y0) and equal work functions (4.3 eV). 
Tt must be pointed out too that irrespective 
of the modification of the surface accom- 

5 IO 15 
E. Kcal/g mole 

FIG. 9. Cnrves of distribLIt,ion of active centers with respect to activation energy on the surfaces of 
copper and copper monoxide. 



panying the peroxide decomposition and the 
oxygen evolution, t’he most probable values 
of the energy of activation are compara- 
tively close to each other. 

In all cases studied the peroxide de- 
composition is preceded by a latent period. 
The bubbles do not appear at the beginning, 
but after a period of about 10 min, the whole 
process being observed for about 40-50 min. 
The presence of such a latent period may be 
due to saturation of the surface with oxygen. 
In this connection it was necessary to obtain 
data concerning the activity of a metal plate 
with previously oxidized surface and to 
compare this activity with the data ob- 
tained with pure copper. For this purpose, 
copper plates were heated in the air at 
1173’K for 3 hr. The plates became black 
due to the formation of copper monoxide. 
The distribution curve given in Fig. 9 shows 
that the activity of copper monoxide is 
almost the same as that of the pure copper 
plate. The distribution curves are similar 
even in their fine structure. This leads to 
the conclusion that in the case under con- 
sideration the activity of the metal copper 
plate is in fact the activity of the oxide 
formed on the surface. It can be noticed too 
that the work function of the monoxide 
surface is very close to that of pure copper 
(4.35 eV). 

CONCLUSIONS 

On the basis of the present experimental 
investigation it may be concluded that the 
surface of the investigated catalyst is 
heterogeneous. The distribution curves ob- 
tained show that on both polycrystalline 
and single-crystal surfaces there are active 
centers having different activation energies. 
The most probable values for the activation 
energy are different for different crystal 
faces. More closely packed faces show- lower 
activation energy. 

For the metals of the copper group the 
prevailing number of active centers have 
close activation energies. This is evidence 
for the influence of the electron structure on 
the catalytic properties of metals. 

The metal surface is modified by the 
oxygen evolved during the reaction. It has 
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been confirmed that the active centers are 
formed on the surface with the participation 
of oxygen. 

The activity of the silver catalyst changes 
considerably under the effect of oxygen. The 
activation energy of the processes taking 
place on silver surfaces may vary in a large 
range (from 6 to 15 kcal/g mole) depending 
on the oxygen content. The change in the 
latter may be produced by heating silver 
plates in air or under vacuum. 
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