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This paper deals with the adsorption and decomposition of nitrous oxide and the
chemisorption of oxygen on silver powders and silver-on-carrier catalysts. Adsorption-
decomposition was studied at temperatures between 25 and 250°C and 15 cm Hg
nitrous oxide pressure; the chemisorption experiments were performed at 50-250°C

and 107 to 200 mm Hg.

Methods are indicated for calculating the free-silver surface area. In cases where
different techniques can be employed the results appeared to be in rather good
agreement with X-ray line broadening and electron microscopy data.

Special attention is given to the influence of surface contaminations on the sorp-
tion behaviour of oxygen. The presence of carbonaceous contaminations may intro-

duce subsurface oxidation.

At full coverage silver adsorbs about 25% more oxygen from 0. than it does from

N:0.

INTRODUCTION

It is well-known that silver is an im-
portant catalyst for the epoxidation of
ethylene. Promoters like hydroxides, oxides,
or peroxides of alkaline earth metals (1)
are often added to improve the activity,
while increased selectivity is obtained by
addition of moderators like chlorine (2, 3),
bromine, iodine, sulphur, selenium, phos-
phorus (4). Silver may also be applied
for oxidizing methanol to formaldehyde
(5).

The degree of silver dispersion in these
catalysts can be studied by various meth-
ods, e.g., by ecleetron microscopy or X-ray
line broadening. However, to gain infor-
mation on the free metallic part of the
silver erystallites, it is necessary to develop
a chemisorption method for covering that
part of the surface area of the silver erys-
tallites not occupied by interaction with
the carrier material, promoters, moderators
or catalyst poisons.

We decided to study whether this ob-
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jective could be achieved by means of
oxygen chemisorption, starting from oxygen
or from nitrous oxide, as this would have
the advantage of simultaneously providing
some information on an adsorption step
which may play an important role in the
catalytic oxidation itself. Hydrogen and
carbon monoxide cannot be used for deter-
mining the surface area, as they are hardly
chemisorbed on silver {6-8).

In a former publication (9) we have
shown that in the case of copper the
reaction:

N:0(g) — O(ads) + Na(g) (1)

can be used for determining the free-copper
surface area. This adsorption-decomposi-
tion of nitrous oxide differs in some respect
from surface oxidation with oxygen. With
nitrous oxide the heat of reaction is 19.5
kcal/mole higher owing to the endothermic
nature of the compound. Kinetically, how-
ever, the reactivity of nitrous oxide is much
lower than that of oxygen. The most strik-
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ing difference i1s seen in the behavior of
the two gases with respect to a copper sur-
face covered with a monolayer of oxygen.
Whereas oxygen is highly reactive with
such a surface, even to the extent that the
whole bulk is rapidly oxidized, bulk oxida-
tion of the copper with nitrous oxide pro-
ceeds well only above 100°C, because it
needs an activation energy of about 20
keal/mole. This points to a difference in
oxidation mechanism, which could be re-
lated to a difference in electronic structure
between the two molecules (9). The linear
nitrous oxide molecule being stabilized by
resonance, has the lower activity, whereas
oxygen is the more reactive molecule owing
to its pseudoradical character.

During bulk oxidation with oxygen,
which proceeds rapidly with low activation
energies, copper ions diffuse through the
oxide layers and oxygen atoms form at
the surface by taking up two electrons
(10). The mechanism of bulk ozidation via
nitrous oxide, however, is unknown; it
might be initiated by a rate-determining
precursor reaction in which nitrous oxide
decomposes into nitrogen and oxygen on
the oxygen monolayer covering the copper
surface. This precursor reaction would be
an activated reaction (E ~ 20 kecal/mole),
achieving a measurable rate only at tem-
peratures above 100°C.

It seemed worthwhile to investigate to
what extent the above principles may be
useful to us in determining the area of
the free-silver surface. Silver oxide (Ag.0)
having a low stability, we thought it un-
likely to be confronted with the complicat-
ing phenomenon of bulk oxidation as occurs
on copper surfaces.

Oxygen adsorption can also be applied
for measuring f{ree-silver surface areas.
Smeltzer et al. (12) measuring oxygen
adsorption isobars at oxygen pressures of
200, 400 and 700 mm Hg, found the opti-
mum temperature to lie at about 200°C;
above this temperature the rate of desorp-
tion exceeds the rate of adsorption. Their
results indicate that at about 200°C the
equilibrium value (which is nearly inde-
pendent of the oxygen pressure, in the
range from 200 to 700 mm Hg) corre-
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sponds to adsorption of about one oxygen
atom per silver atom in the surface layer.

From the oxygen adsorption isobar mea-
sured at 10 mm Hg oxygen pressure,
Czanderna (13) derived an optimum tem-
perature of about 180°C. At the low pres-
sure used by this author, the oxygen up-
take is always somewhat less than one
oxygen atom per silver surface atom.
Kholyavenko et al. (14) determined the
oxygen adsorption isotherm at 200°C; at
an oxygen pressure of 2-3 mm Hg, they
found a saturation value corresponding to
one monolayer. Sandler and Hickam (15),
however, showed that thoroughly cleaned
silver samples may take up much more
oxygen than corresponds to one monolayer
at about the same pressure and within the
same temperature range as used by Czan-
derna. Even after 14-16 hr of pumping at
500°C oxygen was left occluded in the
sample, the maximum being equivalent to
2.5 monolayers.

In view of this controversy, we decided
to reinvestigate the adsorption of oxygen
on silver samples from various sources,
giving speeial attention to the relation be-
tween the presence of surface impurities
and the occurrence of bulk oxidation after
adsorption.

EXPERIMENTAL

Apparatus and Procedure

The apparatus schematically illustrated
in Fig. 1 has been designed for degassing
the samples at a pressure of 10 mm Hg.
The sample is contained in vessel A, which
can be kept at a constant temperature in
the range hetween — 196 and 550°C. The
nitrous oxide can be circulated over the
sample by means of an all-glass electro-
magnetically actuated piston pump F.
After defined time intervals a negligibly
small gas sample can be withdrawn from
the circulating gas via stopcock D to be
analyzed by means of a thermal conduc-
tivity gauge C. This method of analysis
is described by Farkas (16). At the end of
the decomposition run, a sample is taken
in vessel R, and analyzed mass spectro-
metrically. The dead volume of the appa-
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Fic. 1. Diagram of the apparatus.

ratus can be reduced by closing stopcocks
N and Q; this facilitates determination of
the total surface areas by the BET method
with nitrogen or methane being used as
adsorbate. Poisoning of the sample with
water and mercury is prevented by two
traps B cooled with liquid nitrogen. The
cross-sectional area of the nitrogen mole-
cule is taken to be 16.2 A%, that of the
methane molecule 16.0 2. Several gases
can be introduced into the apparatus via
stopecocks G, H, K, L. and M, and the
system can be evacuated through stop-
cock E.

Materials

Gases. Hydrogen for reducing the silver
samples was tank hydrogen purified by
means of a Johnson-Matthey type A 1 Pd-
Ag alloy diffusion unit. Nitrous oxide was
dried over molecular sieve type 3A. Analy-
sis: 998 vol% N.O and 0.2 vol% N..
Nitrogen containing 0.3% H. and about 10
ppm O, was freed of oxygen over a John-
son-Matthey “dcoxo catalyst” type D (0.5
wt% Pd on y-Al,(),), dried over molecular
sieve type 5A and further purified by
liquefaction and distillation. Methane (Air
Liquide grade N 45; purity, 99.995 vol%)
was dried over molecular sieve type 3A
for use in the BET measurements.

During the first ecxperiments we used
oxygen prepared by thermal decomposition
of reagent grade potassium permanganate,

and in the subsequent experiments we used
oxygen (Air Liquide grade A 40, purity
99.99 vol% 0,), dried over molecular sieve
4A.

Silver catalysts (see Table 1). Samples
1 and 2 were prepared from reagent grade
silver nitrate (17). To a well-stirred solu-
tion of AgNO; a potassium hydroxide solu-
tion is added. After precipitation of the
silver oxide a 30-wt% solution of formal-
dehyde is introduced into the agitated sus-
pension, whereupon the mixture is heated
to 100°C. The silver powder is separated
by filtration, suspended in a 2% nitric acid
solution, again separated by filtration, and
rinsed with distilled water.

Samples 3 and 4 were made from a
reagent grade AgNQO; solution by reduction
with hydrazine hydrate (17). After pre-
cipitation, the silver powder is first rinsed
with a 2% nitric acid solution and then
with distilled water.

Samples 5 and 6 were activated Raney
silver species, stored in methanol (De-
gussa). Before use the methanol is re-
moved by evaporation in vacuo.

Samples 7, 9 and 11 were prepared by
a controlled precipitation technique (18).
A suspension of the carrier material in a
solution of the silver complex of “Kom-
plexon III” (disodium salt of EDTA) is
vigorously stirred, a small amount barium
Komplexon IIT is added, after which the
two complexes are decomposed by oxida-
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tion with hydrogen peroxide in an alkaline
solution at 100°C. Silver and Ba(OH), are,
thus, deposited on the carrier.

Samples 8 and 10 were prepared by con-
trolled reduction with a glucose solution
(19) ; the silver is precipitated on carrier
particles suspended in a solution of the
ammonia complex of the silver; during the
precipitation a small amount of Ba(NO;).
solution is added.

Before each nitrous oxide adsorption—
decomposition or oxygen adsorption run,
the sample is reduced in pure hydrogen for
24 hr and degassed (degassing time and
temperature are indicated in Table 1).

REsuLTs AND DISCUSSION

Oxygen Adsorption via Decomposition of
Nitrous Oxide

The study was started with silver powder
sample no. 1, after this had been reduced
and evacuated as indicated in Table 1.
Figure 2 gives the number of oxygen atoms
adsorbed per m® of silver surface area as
a function of the time of reaction with the

: -9
 number of oxygen otoms x 10

i silver surface area (m?3)
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circulating nitrous oxide. The runs were
conducted at temperatures of 25-250°C.
The initial pressure of the nitrous oxide
was 15 em Hg; in the course of the reac-
tion, with the total pressure remaining con-
stant, the partial pressure of the nitrous
oxide decreased by at most 5% in the
experiment at 25°C, and by at most 15%
in the experiment at 170°C. Analysis
showed (see Fig. 2) that up to 170°C in
all experiments the gas phase was enriched
with nitrogen only, that the degree of en-
richment gradually increased with the time
of reaction and, further, that no other gases
were evolved. Between the various mea-
surements the samples were rereduced and
evacuated under the conditions indicated
in Table 1. Changes in the BET surface
arcas due to the repeated surface oxida-
tion with nitrous oxide and subsequent
reduction could not be established.
Comparing the various experiments
plotted in Fig. 2, we see that the reaction
with the silver surface proceeds rapidly at
first, to slow down until, after a contact
time of over 100 hr, the coverage with

—= time of reaction (hr)

T L S T —

100 sle}

Fi1c. 2. Oxygen chemisorption via nitrous oxide adsorption-decomposition on silver powder (sample
no. 1) at various temperatures versus time of reaction. Initial pressure of nitrous oxide: 15 em Hg. The
numbers in the figure refer to the reaction temperature in °C. The meaning of levels a and b is explained

in the text.
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oxygen reaches a nearly constant level. It
is seen that the degree of oxygen adsorp-
tion increases with the reaction tempera-
ture. This means that the degree of adsorp-
tion is kinetically determined by an
activation energy which increases with
coverage. Calculation of the activation
energies from Arrhenius plots gives the
values mentioned in Table 2. These values
are not very accurate owing to the scatter-
ing of the points, but the conclusion that
the activation energy increases with oxy-
gen coverage seems to be justified.

In the experiment at 170°C, the reac-
tion becomes extremely slow after a contact
time of 75 hr. The number of oxygen atoms
then adsorbed is about 1.2 X 10'* per m?
of silver surface area. From Sundquist’s
work (20) it appears that the equilibrium
surface plane distribution ecorresponds to
about 25% of (100) planes, 5% of (110)
and 70% of (111) planes, from which a
number of 1.31 X 10 silver atoms per m?
can be calculated. Hence, the oxygen cov-
erage reached in the experiment at 170°C
is about 0.9.

At reaction temperatures above 170°C
an essential change takes place in the reac-
tion pattern. We refer here to the fact that
at 200°C, after a reaction time of 24 hr
oxygen is found in the gas phase (mass
spectrometrically), the gas composition he-
ing N,O 82%, N; 13% and O, 4.7%. The
figures at 250°C and 4 hr of reaction are
80% N.O, 15% N, and 52% O,. Correct-
ing the total amount of nitrogen evolved

TABLE 2
ENErGY OF AcTivaTioN orF Nirrous OXIDE
DECOMPOSITION AS A FUNCTION OF THE
Decree oF OxYGEN COVERAGE OF
THE SILVER SURFACE

E
o (keal/mole O»)
0.15 7.0+£1.0
0.20 11.5+ 1.0
0.25 18.5 + 4.0
0.30 220+ 7.0

« The coverage ¢ is put equal to one if the number
of adsorbed oxygen atoms equals the estimated
number of silver atoms in the surface.
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for the amount produced by the quasi-
homogeneous decomposition of nitrous
oxide: 2 N,O=2 N, + O,, we arrive at
the oxygen coverages indicated by the
levels a and b in Fig. 2.

It may be concluded from this that at
temperatures higher than 170°C nitrous
oxide starts being decomposed by a reac-
tion proceeding parallel to the adsorption—
decomposition process, probably under the
catalytic influence of the surface oxide.
This is substantiated by the observation
that the coverages reached at these higher
temperatures do not exceed the value found
at 170°C and that, unlike copper, no bulk
oxidation takes place. The nonoccurrence
of bulk oxidation agrees with what is
known about the equilibrium: 2 AgO (ads)
=22 Ag + 0,(g) described by Czanderna
(18) who indeed found that at 200°C the
rate of desorption of the surface oxygen
starts to exceed the rate of adsorption.
Fig. 3 refers to an analogous set of experi-
ments with a silver-e-alumina catalyst
(sample no. 9, Table 1) at 50, 100, 150 and
170°C. The mean silver crystallite size
found from X-ray line broadening was
approximately 250 A.

Comparison with Fig. 2 shows that, for
this system of small crystallites, the levels
of maximum adsorption as a function of
temperature follow about the same trend
as those for the silver powder with its mean
erystallite diameter of about 16,000 A, i.e.,
the higher the reaction temperature the
more oxygen is adsorbed and the maximum
level is reached at 170°C. Similarly as in
the runs with silver powder at 200°C,
oxygen evolved by decomposition of nitrous
oxide was found in the gas phase; after
correction for this effect, the amount of
oxygen adsorbed appeared to correspond
to level a in Fig. 3.

In Fig. 4 the maximum coverages mea-
sured on both the silver powder and silver-
on-carrier catalysts after reaction times of
50 and 100. hr, respectively, are plotted
versus the reaction temperatures. The
points in Fig. 4 have been so plotted that
the coverages on both samples at 170°C
correspond to # = 1. Comparison of the
coverage curves in Fig. 4 reveals that the
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Fig. 3. Oxygen chemisorption via nitrous oxide adsorption-decomposition on a silver-on-a-alumina
catalyst (sample no. 9) at various temperatures as a function of the time of reaction. Initial nitrous oxide
pressure 15 ¢em Hg. The numbers in the figure refer to the reaction temperature in °C.

small silver crystallites on the e-alumina
carrier are more reactive than the silver
crystallites in the silver powder, as with
the silver on carrier sample higher cover-
ages are arrived at, at the same tempera-
ture and after the same reaction time.

. Coverage
10- |

Another interpretation is that the higher
reactivity towards oxygen adsorption is due
to the presence of barium oxide (0.1%) in
the metal-on-carrier sample. However, this
difference in reactivity does not exist in
the range of coverages between 0.7 and 1.0.

o Ag powder reaction time 50 hrs

e Ag powder reaction time 100 hrs

OAg on X AlLOy reaction time 30 s

° mAg on & Al,O4 reaction time 100 hrs

| temperature of the decomposition adsorption

S R —_

| 7™ of nitrous oxide (°C)
et
50 100

150 200

Fic. 4. Oxygen adsorption via nitrous oxide adsorption-decomposition on silver powder (circles) and
on silver-on-carrier (squares) as a function of reaction temperature. Samples no. 1 and 9.
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Fic. 5. Oxygen chemisorption isotherms on silver powder (samples nos. 3 and 4). X, 50°C; A, 100°C;

@, 150°C; O, 170°C; [, 200°C.

Furthermore, it is seen from Fig. 4 that
prolongation of the reaction from 50 to
100 hr has hardly any influence on the
final coverage.

Oxygen Adsorption

Figure 5 gives the oxygen adsorption iso-
therms for sample no. 3 (Table 1). Be-
tween the various runs no changes were
detected in the BET surface area. During
the very first contact of the sample with
oxygen at 100°C, 0.03 cm?® (STP) of car-
bon dioxide per gram of silver was evolved.
In subsequent runs no further evolution of
carbon dioxide was observed. The coinci-
dence of the isotherms at 100, 150 and
170°C agrees with Kholyavenko’s results
(14). The maximum adsorption in this
temperature range corresponds to an oxy-
gen-to-silver ratio in the surface of about
unity. The 200°C isotherm has its maxi-
mum level at approximately 0.75 coverage;
the lower position of this level agrees with
Czanderna’s results (13).

Our results with sample no. 1 (Table 1)
are particularly interesting. The carbon
content of the silver was analytically deter-
mined to be 0.01% which is a multiple of
the figure for sample no. 3. Owing to this
higher carbon content, there is an essen-
tial difference in chemisorption behavior
between the two samples [as can be seen
from a comparison between the respective
150°C isotherms in Figs. 5 and 6 (isotherm
a)]. During the first contact with oxygen,

the pressure decrease caused by oxygen
adsorption is followed after a few minutes
by a small pressure increase brought about
by evolution of carbon dioxide. A mono-
layer coverage with oxygen is found at an
oxygen pressure of 2 mm Hg. Then, unlike
what was observed in sample 3, subsurface
oxidation sets in; as can be seen from this
part of the isotherm, the amount of oxygen
adsorbed during this stage is nearly a linear
function of the oxygen pressure. After 16
hours of pumping at 150°C, the subsurface
adsorption part of the isotherm could be
reproduced (curve b in Fig. 6). This indi-
cates that the adsorption represented by
the linear part of the curve is more re-
versible than that described by the mono-
layer part; the oxygen in the monolayer
starts desorbing at 200°C.

The experiment just described demon-
strates that the presence of a carbonaceous
contamination probably initiates subsur-
face oxidation of the silver to a degree

" which at 18 em Hg oxygen pressure is

equivalent to the statistical thickness of
approximately four monolayers. This is
further substantiated by the fact that, after
thorough oxidation of all carbon in the
sample with air at 170°C and subsequent
reduction and degassing in vacuo at 170°C,
the chemisorption behavior of the nearly
carbon-free sample (number 3) could be
exactly reproduced (see Fig. 7). That car-
bonaceous contaminations have an effect
on the sorption behavior of oxygen was
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© number of oxygen atoms x 10_19

silver surface area (m?)
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O/
———= oxygen pressure (cm Hg)

5 10 15

F1e. 6. Oxygen adsorption isotherms at 150°C
on silver sample no. 1. @, Irreversible plus reversi-
ble adsorption; O, Reversible adsorption after
degassing in vacuo at 150°C during 20 hr.

noted also in the runs with silver-on-~carrier
catalysts. For example, sample no. 9 (car-
bon content 0.02 wt%) exhibited mono-
luyer adsorption at 170°C, but a sample

-19
oxygen atoms x 10
silver surface area (m

2)

containing 1.2% carbon (no. 8) sorbed an
amount of oxygen corresponding to three
statistical layers at 12,5 em Hg and 170°C.

Adsorption-decomposition of nitrous ox-
ide never gave rise to the evolution of
carbon dioxide in experiments below 200°C.
Obviously the nitrous oxide has a much
lower reactivity towards the carbonaceous
material than oxygen. Surface area deter-
minations by means of nitrous oxide or
oxygen adsorption (sec hereafter) of car-
bon-containing samples, did not lead to
different results. Hence, the carbonaceous
material is not molecularly dispersed over
the entirc silver surfacc, but concentrated
in some spots.

Application for Determining Free-Silver
Surface Areas

In Fig. 8 the amount of nitrogen evolved
per gram of silver during decomposition—
adsorption of nitrous oxide at 150°C is
plotted as a function of the BET surface
area. The measurements were performed on
four silver powders of high purity. It can
be concluded from this figure that 0.4 cm?
of cvolved nitrogen corresponds to 1 sq.m
of silver. This result can be used as a basis
for determining the free-silver surface area
of silver-on-carrier catalysts (cf. Table 3).
The method requires a rather long reaction
time (at least 50 hr). If necessary, time
can be saved by applying a temperature
of 200°C and correcting for the amount of

—— ey

Q.2 0.4 0.6

—— = OXygen pressure (cm Hg)

0.8 1.0 1.2

———— e

Fia. 7. Oxygen adsorption isotherms on silver sample no. 1, after oxidation in air at 170°C and subsequent
reduction and degassing in vacuo at 170°C. X, 50°C; A, 100°C; @, 150°C.
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Nz cm3 (S TP from NyO
Ag (g)
]
0151 015
3
0104 ~—l 010
‘ . O, (cm)(STP)
oos] . I Ag(@ Lo.0s
—= BET surface area(m?/g
o) 0

o1 02

03 04

Fic. 8. Nitrogen evolution per gram of silver and oxygen chemisorption on four pure silver samples (nos.

1, 2, 3, 4) as a function of the BET surface area.

nitrogen evolved during the decomposition
of nitrous oxide into oxygen and nitrogen
(cf. levels a and b in Fig. 2). The results
found at 200°C are also incorporated in
Table 3.

Another method for determining the free-
metal surface area is to measure the oxygen
chemisorption isotherm at 100, 150, or
170°C. For copper this approach could not
be followed because bulk oxidation goes
very fast here; in silver, however, bulk
oxidation does not occur as a rule. Where
it does occur, one can clearly differentiate
between the chemisorbed part and the ab-
sorbed part of oxygen, as is evident from
Fig. 6. In Fig. 8 the amount of oxygen
chemisorbed per gram of silver at 150°C
is plotted as a function of the BET sur-
face area. The measurements were per-
formed on four silver powders of high pur-
ity. It can be concluded from Fig. 8 that
027 cm®* of chemisorbed oxygen corre-
sponds to 1 sq.m of silver.

Results obtained with the nitrous oxide
and oxygen method at 150°C are collected
in Table 3. Here d.., the mean volume-
surface diameter, is calculated from

dv.s. = 6V/S (1)
where V is the volume of 1g of silver and

S the surface area per gram of silver.”

#In Eq. (1) it is assumed that the area of the
particle is totally accessible for chemisorption.

Equation (1) is valid for cubes, in which
case d, . represents the mean edge of the
cubes, or for spheres, with d,. denoting
the mean value of the sphere diameter.

d.s is defined by
&v.s. = Zmdi"/Enidﬁ (2)

where n; is the number of particles of
d;. X-ray line broadening gives the weight-
mean diameter d..

C_lw = Enidi“/zmdis (3)

As shown in Table 3, there exists rather
good agreement between the results of the
various independent methods for deter-
mining the metallie dispersion.

CoONCLUSION

Both nitrous oxide adsorption—decompo-
sition and oxygen chemisorption can be
used for determining free-silver surface
areas. With oxygen, bulk oxidation may
sometimes occur (cf. Fig. 6), but the sharp
knee in the isotherm at low oxygen pres-
sures (1 to 5 mm Hg) makes it possible
to differentiate between surface coverage
and bulk oxidation. Caleulation of the free-
silver surface area from the extent of the
chemisorbed monolayer is hampered by the
inadequacy of our knowledge about the
distribution of the exposed crystal planes
(i.e., the number of sites per unit surface
area) and the surface stoichiometry (i.e,
the number of sites needed per chemisorbed
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oxygen atom). In the present and earlier
work (9, 21) we obviated these difficul-
ties by measuring, on pure metal samples,
both the BET-surface area and the extent
of the chemisorbed layer. The chemisorp-
tion on a metal-on-carrier catalyst can
thus be expressed in terms of the BET sur-
face area of the metallic part of the cata-
lyst. It is then tacitly assumed, however,
that the crystal plane distribution and the
surface stoichiometry of the coarse crystal-
lites in the silver powder are equal to those
of the small crystallites in the silver-on-
carrier catalysts.

Since the smallest silver crystallites en-
countered in this research are about 180 A
in diameter, we think that a ‘“crystallite-
size effect” need not be feared. If, however,
the crystallites are smaller than, say, 50 A
the assumption made above may be less
correct,

In the study of the adsorption-decompo-
sition of nitrous oxide a maximum oxygen
coverage of 0.2 em® per sqm of silver was
arrived at (see Fig. 8), whereas exposure
to oxygen gave 0.27 cm?® of adsorbed oxy-
gen per sq.m of silver (see Fig. 8). It is
known (Sachtler (22)) that oxygen is ad-
sorbed on silver in both atomic and molec-
ular forms, and that it is the molecular
form to which the epoxidation activity is
to be ascribed. Nitrous oxide, however,
gives rise to only the atomic species and,
indeed, a very low epoxidation activity is
found with this gas (23). We conclude
from our figures that oxygen and nitrous
oxide at 150°C both give full coverage of
the silver surface, but that the amount of
oxygen adsorbed from O, is 0.07 c¢m® per
sq.m greater than the amount adsorbed
from nitrous oxide. This must be due to
the fact that in the former case part of
the oxygen adsorbed (viz. 25%) is in the
molecular form.
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