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The Decomposition of Hydrogen Peroxide on Variously
Treated Copper Foils

Many attempts have been made to estab-
lish the relationship between surface
emergent defects in solids and their cata-
lytic activity; this is because it is thought
that the activity of a heterogeneous catalyst
resides chiefly at the interface between the
solid eatalyst and the reacting species. The
interface is considered to lower the poten-
tial energy barrier between reactants and
produets by activating the reactants and by
increasing the probability of formation of a
transition state. Hence, a change in the
surface properties of a metal would be ex-
pected to effect its efficiency as a catalyst.

Conflicting results have been found in
this field; the first, by Eeckell (7}, which
was later interpreted by Cratty and
Granato (2), showed that the catalytic ac-
tivity of nickel sheet for the hydrogenation
of ethylene depended upon the state of the
catalyst—with respect to rolling and
annealing.

Krause and Hermann (3), and later
Keating, Rozner, and Youngblood (4) have
shown that the deformation of platinum foil
increases its catalytic activity.

On the other hand Bagg and co-workers
(5), studying thin silver films amenable to
transmission electron microscopy, and more
recently Jaeger (6) studying silver crystals,
showed that the concentration of surface
emergent defeets had no effect on their
catalytic activity in the decomposition of
formic acid at 180° and 260°C.

Chara and his colleagues (7-11) have
studied the activity and subsequent effects
of annealing on cold-worked copper and
nickel wires. In the case of cold-worked

copper wires catalyzing the decomposition
of benzene diazonium chloride, an abrupt
decrease in activity occurred for the anneal-
ing range 300-430°C. There was also a con-
current change in hardness (12) and the
loss in catalytic activity was attributed to a
decrease in point defect concentration over
this temperature range. In the present study
we have made similar experiments for the
hydrogen peroxide decomposition on metal
foils, our main point being to use a high-
vacuum technique which excludes tap grease
and other contaminants from the system.

EXPERIMENTAL

The increase in pressure was measured by
a transducer incorporated in an all glass
system; a full deseription of the apparatus
will be given in a later publication.

Copper foils. The foils were prepared
from Grade I Copper Sheet (Johnson Mat-
they & Co. Ltd., 0.254 mm thick). This was
then rolled to 0.190 mm and 0.127 mm
thickness in a precision cold-rolling mill in
Nottingham University's Metallurgy De-
partment; according to the mill operators
there was no possibility of the surface being
affected by foreign metal pick-up.

Hydrogen peroxide. The hydrogen per-
oxide used was prepared from a sample of
86% w/w unstabilized H. T. P. kindly
supplied by Laporte Chemicals Ltd., Luton.
This solution was then diluted to 6% as
required; 6% was chosen as this appeared
to give the optimum reaction rate. The solu-
tion strength was checked periodically by
titration with acidified potassium perman-
ganate.
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The dependence of reaction velocity, v,
on annealing temperature is shown in Fig.
1; this result is similar to those obtained by
Uhara and co-workers (7) on benzene dia-
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F1a. 1. The effect of annealing temperature on
the catalytic activity for H.0, decomposition of
cold-worked Cu foil.

zonium chloride decomposition. Several at-
tempts were made to etch for dislocations
but these proved singularly unsuccessful. An
explanation for this can be found in the
work of Young (13), who showed that

NOTES

etchants for copper are specific to a given
crystal face.

The rate of decomposition on the foils of
different thickness is shown in Fig. 2; the
order of reactivity is 0.127 mm > 0.19 mm
> 0.254 mm, i.e., increases with the amount
of rolling work done on the foil.

When the copper foil was suspended in
hydrogen peroxide it was observed that,
after an initial induction period, reaction
appeared to be coming from the solution, as
well as the copper surface. A photographic
comparison with the decomposition on gold
which was found to be entirely heterogene-
ous is afforded by Figs. 3(a) and 3(b).
During a series of experiments the foil was
withdrawn from the solution at the end of
the induction period without disturbing the
reaction system; the reaction then con-
tinued as instanced in Fig, 4. This demon-
strates the presence of a homogeneous de-
composition caused by dissolved copper
ions.

Activation energies and frequency factors
were also determined for variously annealed
0.127-mm foils; there was found to be no
relationship between either activation en-
ergy, E, or frequency factor, 4, and anneal-
ing temperature, although a compensation
effect was found (Fig. 5). The equation for
this was found to be
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Fic. 2. The effect of increased cold-work on catalyst activity. The thinner foils are the more cold-worked;

A, 0.254 mm; @, 0.190 mm; O, 0.127 mm.
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Fig. 3. To show how the oxygen bubbles come only off the gold surface (a), while for copper they come
from the surface of the metal, and also from the solution (b).

logw A = 0.668FE + 17.2 1015 X v N
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for whieh the standard deviation ¢ = 0.012. omTree | Gealmolem)  emtsec)
Blank reactions were earried out on the 7.8 19.9 28 4
reaction vessel alone, but as the rate of de- 9.9 18.9 27.8
composition was only about 1% of that on 9.3 20.4 28.9
copper, the effect of this was disregarded. 5.7 18.4 2.3
The results on glass are summarized in Average 8.2 19.4 28.1
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Fia. 4. To show how the reaction continues at a reduced rate when the foil is removed from the 1,0,
solution. Foil immersed for all the reaction (®), foil removed after 90 minutes (@).
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¥1a. 5. The compensation effect of H.O, decomposition catalyzed by copper foils.

Discussion

Our results quantitatively confirm the
work of Uhara and co-workers. We would,
however, offer a possible alternative inter-
pretation. Young (14) has shown that for
oxide formation on copper single crystals
there is no correlation between oxide nuclei
and dislocations. Preferential oxidation on
certain single-crystal faces has also been
well established ; this leads us to the conelu-
sion that it is the surface structure (that is,
the orientation of crystallites in the metal
surface) which is the important factor, and
not the defect or dislocation structure. The
effect of annealing will be to decrease but
not completely remove the active lattice
planes, leaving a residual reaction velocity.
The effect of increased rolling introduces
some degree of structure into the metal and
the proportion of active crystallite faces at
the surface is proportional to the degree of
cold-working.

Our demonstration that the copper-cata-
lyzed reaction is both homogeneous and
heterogeneous is in direet contrast to the
results of Dowden and Reynolds (15). This
discrepancy can probably be explained by
the time of reaction used in their experi-
ments, which was too short to allow ap-
preciable solution of ions to occur.

ACKNOWLEDGMENTS
We are grateful to Laporte Chemicals Ltd.,
Luton for supplying the hydrogen peroxide used in
these experiments, and to Distillers Co. Ltd. for
the award of a maintenance grant to D. M. M.

REFERENCES

1. EckeLy, J., Z. Electrochem. 39, 433 (1933).

2. Crarry, L. E., anp Granato, A, V., J. Chem.
Phys. 20, 96 (1957).

3. Krausg, A., aNnp HErMANN, A., Rocnicki Chem.
32, 1025 (1958).

. Keating, K. B, Rozxer, A. G., anp Younc-
BLoop, J. L., J. Catalysis 4, 608 (1965).

. Bacg, J., Jaweer, H., anp Sanbers, J. V. J.
Catalysis 2, 449 (1963).

6. Jaeeer, H., J. Catalysis 9, 237 (1967).

7. Unara, I, Yanasimoro, S, Tani, K,
ApacHl, Z., Nature 192, 867 (1961).

8. Unara, 1, Hikino, T, Numara, Y., Humapa
H., anxp Hacevama, Y., J. Phys. Chem. 66,
1374 (1962).

9. Unara, I, Yanacimoro, S, Tani, K., ApacHI.
AND TEraTANI, S, J. Phys. Chem. 66, 2691
(1962).

10. UHara, 1., Kisimoro, 8., Hikivo, T., HacEvaMa,
Y., Hamaps, H., axp Numaras, Y, J. Phys.
Chem. 67, 996 (1963).

11. Unara, 1, Kisimoro, S, Hixino, T. anNp
HosHuma, Y., J. Phys. Chem. 69, 880 (1965).

12. Boas, W., “Defects in Crystalline Solids,” p.
212. Physical Society, London, 1955.

13. Young, F. W., Jr, J. Appl. Phys. 32, 192
(1961).

14. Youne, F. W, Jr., Acta Met. 8, 117 (1960).

15. Dowpen, D. A., aNp REYNoLDS, P., Discussions
Faraday Soc. 8, 184 (1950).

o

v

AND

D. D. Eiey
D. M. MacMaHON

Chemistry Department

University of Nottingham

Nottingham, England
Received December 27, 1968



