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Isotopic Exchange Reaction Between Heavy
Oxygen and Carbon Dioxide on Silver
Catal yst

By Hisashi Mor1, Kozo HiroTa
and Yasushi KoBavasHI

(Received March 17, 1955)

As reduced silver can catalyze the oxida-
tion reaction of carbon monoxide even at
such a low temperature as 80°CV, it is of
interest to study the behavior of oxygen
and carbon dioxide on this metal. It was
attempted, therefore, to ascertain whether
or not the catalytic isotopic exchange re-
action :

00*+C0, Z COO0*+0,
(O* denotes heavy oxygen)

was measurable by the static method, as
done with platinum by use of slightly shifted

by thermal diffusion column constructed in
our laboratory by Mr. Y. Horibe® (total
column length=15m.). :

The catalyst was prepared by the reduction
of precipitated silver oxide at 120-240°C
using the hydrogen gas, followed by repeated
activation at 240°C. Throughout this re-
search one and the same catalyst was used,
but it was reduced again before each run.
The original gas consisted of heavy oxygen
(OO* being 2.12% of total O,) and carbon
dioxide in nearly equal molar amount. Its
total pressure was 127-148 mmHg, the partial
pressure of O, being less than the decom-
position pressure®’ of Ag,0 at 175-250°C. In
the measurement of chemisorption of O; and

. CO,, their initial pressure was taken to be

76-78 mmHg. As the volume of reaction tube
was about 120 cc. (STP), the volume of oxy-
gen in the original gas was about 7 cc. (STP),
which was fairly little as compared with the
catalyst quantity (74 g.). Such a proportion

oxygen®. The heavy oxygen was obtained was adopted, so as to make the amount
TABLE I
Run ~ peact.  React  oow  coow €O, El o Ctent  Remark

No. °C min. % % O mmHg mmHg

1 175 90 2.1, 1.04 0.99 141 19 b
270 2.1 1.1, 25

2 188 20 _— — 0.97 142 17 b
60 2.04 0.9 22
210 1.8s 1.1p 26

3 200 15 2.07 0.8 1.08 127 15 a
90 2.0 1.1, 21
270 1.45 1.1 21

4 200 15 1.54 1.05 1.28 130 0 c
60 1.57 1.0s 0 CO, after O,
180 1.2 1.1 0

5 200 15 2.07 1.1, 1.15 133 21 c,
60 1.95 1.2y 22 Q, after CO,
180 1.53 1.2, 22

6 200 15 1.77 —_ —_ 78 16.5 c, Oz only
180 1.64 — 16.5

7 200 180 —_ 0.4, — 76 0 ¢, COz only

8 220 60 1.8p 0.8 1.03 137 .16 a
180 1.0 0.8; —

9 220 10 2.0 1.0 0.93 148 16 b
50 1.34 1.0 18
180 1.2 1.1, 18

10 250 15 1.6z — —- 76 6 b, Oz only
210 1. 49 —_ 7
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of gaseous oxygen comparable to that
chemisorbed.

Besides the continuous manométric read-
ing, the progress of the reaction was in-
vestigated intermittently by mass-spectro-
metric analyses of the samples (about one
cc. STP) taken out from the reaction tube
at recorded - times. Abundance ratios of
O1¥/0% in O, and CO, contained in them
were determined by the same mass-spectro-
gram (Type of the mass-spectrometer: Hi-
tachi-RMB-1). The ratio could be determined
within the accuracy of -+0.05% for O, and
=+0.03% for CO.,.

Summarized results are shown in Table I,
where a, b, and ¢ in the last column denote
the reducing temperatures 220,250,  and 300°C,
tespectively. In runs 1, 2, 3, and 5 there is
this curious result that the increase of O
in CO; from its natural abundance, 0.40% as
‘COO", is greater than the corresponding
.decrease of O' in O,. This tendency becomes
more marked as the reaction temperature
decreases. It can be explained, however, if
we assume that, following the rapid adsorp-
tion of O; and CO,, the exchange reaction
and desorption of CO, soon occur before
the desorption of a considerable amount of
oxygen takes place. This assumption is
plausible, because the chemisorbed amount
of oxygen cannot be neglected in reference
to the initial gas volume.

Though the data are not yet reproducible,
due to the gradual increase of catalytic
activity, the following conclusion can be
derived.

i) Even when the catalyst is reduced at
300°C for five hours, some chemical species
containing oxygen atoms remain in the sub-
surface or bulkphase of the catalyst; see
runs 10, 6, 7, and 8.

ii) The exchange reaction proceeds evident-
ly at 175-220°C, though the desorption of O,
is very slow at 175-188°C; thus the rate-
determining step is the desorption of oxygen
atoms; see runs 1, 2, 3, 4, 5, 7, 8 and 9.

Detailed studies are now going on.
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