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The change in NiO catalytic activity upon the variation in the irradiation of γ-rays in the

presence of O2 gas was studied. Activities were determined for the reaction of CO with NiO 
and for the oxidation reaction of GO on NiO. The results showed a decrease in the CO-NiO 

reaction rate with an increase in the irradiation of NiO, particularly in the absence of oxygen;

if the irradiation was more than 7×107R, the reaction rate increased as both the irradiation in the

presence of oxygen and the oxygen partial pressure increased. The activity change in NiO was 
explained by assuming the migration of the specially-active oxygen into the oxide bulk by means

of the irradiation of γ-rays.

 Various types of adsorbed oxygen have been 

proposed as the reaction intermedia of the catalytic 
oxidation caused by the metallic oxide. The cor-
relation between the type of oxygen and its reac-
tivity does not, however, bear this out clearly since 
the metal oxide catalytic activity is greatly affected 
by: (1) the treatment of the metal oxide, (2) the 
impurity present in the oxide, and (3) the react-
ant employed. 

 Several studies1,2) published recently on the cat-
alytic effects of the irradiation of γ-rays on nickel

oxide have concluded that the activity of the oxide

is greatly influenced by the irradiation of γ-rays;

it sometimes increases and sometimes decreases. 

This fact indicates that the behavior of the oxygen 

of the metal oxide upon the irradiation is very com-

plicated. Many areas remain unexplored concern-
ing the behavior of the oxygen of the metal oxide

  1) T. Yamashina and T. Nagamatsuya, This Bulletin, 
38, 507 (1965). 

 2) T. Yamashina and M. Sano, ibid., 38,1801 (1965).
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which had been subjected to the irradiation of

γ-rays and the role of oxygen in catalytic reactions.

  This study concerns the reactivity of the oxygen 

of the nickel oxide, which was irradiated with

various doses of γ-rays. The reactivity was ob-

served through the reaction between carbon mon-

oxide and the oxygen of the oxide, and the 

catalytic reaction between carbon monoxide and 

oxygen gas.

                 Experimental 

  For each test run, 0.5g of nickel oxide was used. The 
nickel oxide used was obtained by igniting extra-pure 
nickel nitrate furnished by the Wako Chemicals Co. in
an atmosphere of air at 550℃ for 24 hr. The irradiation

of the oxide was made in a vessel with a breaker joint, 
as is shown in Fig. 1. Two kinds of samples were 
nrenared. One was the oxide which was evacuated

under 10-6 mmHg at 300℃ for 4 hr and then sealed.

The other was prepared in the same manner, but after 

evacuation a certain amount of oxygen was admitted. 

The tube was pressured to 7 or 18 cmHg with oxygen.

Both tubes were sealed and irradiated by 60Co γ-rays.

The dose rate was 5.84×105 R/hr. After irradiation, the

samples were drawn out and kept at room temperature 

for about one week. The tube was then connected to 

the apparatus.

Fig. 1. The reaction vessel.

  The reaction was carried out by the statistical method. 
The volume of the reaction vessel, including the mano-

meter, was about 150 ml. In order to freeze the carbon 

dioxide produced by the reaction, a U-tube cooled by 
liquid oxygen was used to connect the reaction vessel 
and the manometer. Apiezon oil was used to measure 
the pressure decreases resulting from the reaction. Prior 

to use, the samples were evacuated again for about
2hr at a temperature of 300℃ to a pressure of 10-5

mmHg; then the temperature was lowered to the reaction

temperature of 131°or 251℃. For the reaction between

carbon monoxide and nickel oxide, carbon monoxide 
(12 cm oil) was introduced into the vessel. For the

reaction between carbon monoxide and oxygen on nickel 
oxide, the 12 cm oil of a mixture of cardon monoxide 
and oxygen (mol ratio 2:1) was introduced into the 
vessel.

  The oxygen used was of a commercial grade. It was 
purified by passing it through a trap cooled by liquid 
nitrogen. The carbon monoxide (purity: 99.9%) was 
supplied by the Takachiho Chemicals Co. 

  The surface areas were measured by. the B.E.T.
method, using ethylene at -183℃, as had been by

Wooten and Brown,3) after the test of the activity was 
finished. 

  The structure of nickel oxide was examined by a 
X-ray diffractometer (Rigaku Denki, Model D-3F) 
operated at 30 kv and 40 mA and adopting the Debye-
Scherrer method.

Results

No change due to the γ-irradiation was observed

in the oxide structure by means of X-ray diffrac-

tion. 

  The relation between the radiation dose and the 

B.E.T. surface area is shown in Table 1.

TABLE 1

Fig. 2. The decrease of pressure of carbon mon-

oxide on nickel oxide irradiated with γ-rays in

the absence of oxygen gas.

1,no irradiation

2,5×106R

3,7.1×107R

4,4.6×108R

  3) L. A. Wooten and C. Brown, J. Am. Chem. Soc., 
65, 113 (1943).
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The results show that irradiation did not affect the 

B.E.T. surface area. 

  In the reaction of nickel oxide with carbon mon-

oxide, the tune-pressure relationship was approxi-

mately linear when the radiation dose was small. 

However, a curved line was given when the radiation

dose was greater than 5×107 R and when the radi-

ation was carried out in a vacuum. Several re-

sults are shown in Fig. 2. The rate of reaction in 

the latter case was determined from the slope of 

the linear part of the curve at the initiation of the 

reaction. Figure 3 shows the dependency of the 

radiation dose on the reaction rate. The figure 

shows that the irradiated oxide reaction rate is 

greater in the presence of oxygen than in the absence 
of oxygen. Also, in both cases the rate decreases 

with an increase in the radiation dose.

Fig. 3. The dependency of the reaction rate of 

 carbon monoxide and nickel oxide on dose of

γ-rays.

1, in the absence of oxygen gas 
2, in the presence of oxygen gas (7 cmHg)

Fig. 4. The decrease of carbon monoxide and

oxygen gas on nickcl oxide irradiated with γ-

rays in the absence of oxygen gas.

1, no irradiation

2, 5×106R

3, 1.04×108R

4, 4.6×108R

  In the oxidation of carbon monoxide on nickel 

oxide, the time-pressure relationship was given 

approximately as a straight line. Figure 4 shows 

the correlation. The rate of reaction in Fig. 5 

was determined from the slope of the line. Figure 

5 indicates that the reaction rate on nickel oxide 

irradiated in the absence of oxygen gas decreases 

with an increase in the radiation dose, but the rate 

on nickel oxide irradiated in the presence of oxygen

increases upon a radiation of more than 7×107R

and with increases in the pressure of the oxygen 

environment.

Fig. 5. The dependency of the reaction rate of

carbon monoxide and oxygen on dose of γ-rays.

1, in the absence of oxygen gas 
2, in the presence of oxygen gas (7 cmHg) 
3, in the presence of oxygen gas (18 cmHg)

                  Discussion 

 A remarkable change was found in the catalytic 

reaction rate of carbon monoxide with oxygen gas

on nickel oxide irradiated with γ-rays of more than

7×107R in the presence(A-1)and in the absence

(A-2) of oxygen. The dose which changed the 
rate is very similar to that reported by Yamashina2) 
who studied the decomposition of hydrogen per-
oxide on nickel oxide irradiated in an atmosphere
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of air. 
  The rates of the reaction of nickel oxide with 
carbon monoxide irradiated both in the presence 
(B-1) and in the absence (B-2) of oxygen gas de-
crease as the radiation dose increases. The de-
crease is smaller, however, when the oxide is ir-
radiated in the presence of the oxygen. This fact 
would suggest that the active oxygen on the surface 
becomes inactive or migrates into the interior upon 
irradiation. It was found that the irradiation of
γ-rays promotes the migration of oxygen into the

bulk of nickel oxide.4) 

  Several types of oxygen have been proposed as 

the intermedium of the reaction on catalytic oxi-

dation.5-9) The oxygen which is active in the 

catalytic oxidation and in the migration into the 

bulk of the metal oxide has been considered to be 

charged as O-.10) The vacancy of the site caused 

by the migration of the adsorbed oxygen into the 

bulk during the irradiation would be replaced by 

another oxygen. The amount of oxygen on the 

surface would then be kept constant if the oxygen 

exists in the gaseous phase because the replacement 

of the adsorbed oxygen is enchanted. The almost 

constant reaction rate on the oxide irradiated with

doses up to 7×107R in the presence of oxygen

(A-1 and B-1) can be explained in terms of the 
replacement of the adsorbed oxygen. The great 
rate decrease in B-1 in the area of doses of more
than 7×107R can be explained by assuming that

the bond energy of the adsorbed oxygen changes

due to the variation in the electronic property11) 

of the surface, which is itself affected by the con-

centration of the migrated oxygen. In this study, 

the oxide was evacuated under 10-5 mmHg before 

the admission of carbon monoxide. The evacua-

tion leads to a loss of the adsorbed oxygen. The 

amount of loss is affected by the radiation dose 

because the change in the radiation dose alters 

the concentration of oxygen in the bulk. We may 

expect a remarkable decrease in the bond energy 

of the adsorbed oxygen when the concentration 

of the oxygen in the bulk approaches to saturation. 

In consequence, the adsorbed oxygen in such a 

condition would desorb more readily by evacua-

tion. Thus, the amount of oxygen remaining on 

the surface would be smaller. The decrease in 

adsorbed oxygen results in a decrease in the reac-

tion rate, as was found when A-2 was irradiated

with a dose of more than 7×107R.

 The small decrease found in the rates of the 

A-1 and B-1 reaction on the oxide irradiated with

less than 7×107R in the presence of oxygen can

be explained similarly in terms of a decrease in 

the amount of adsorbed oxygen with an increase 

in the inner oxygen. The marked in the rate in 

the A-1 catalytic reaction on the oxide irradiated

with more than 7×107 R in the presence of oxygen

can not, however, be explained on only the simple 

assumption of the marked decrease in the amount 

of the adsorbed oxygen, as was done with the 

B-1 reaction. We assume that the irradiation of

of γ-rays of more than 7×107R increases the frac-

tion of the site of active oxygen which can be 
desorbed readily by the evacuation; such sites 
would be occupied by the oxygen admitted 
together with the carbon monoxide. 

 We appreciate the help of the Japan Atomic 
Energy Institute in performing the irradiation 
tests.
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