
JOURNAL OF CATALYSIS 2, !i%@-m (1963) 

Chemisorption and Hydrogenation of Cyclopropane on Nickel 

Z. KNOR, V. PONEC, Z. HERMAN, Z. DOLEJSEK, BND S. CERN? 
From the Institute of Phyeical Chemietw, Czechosbvak Academy of Science, Praha 

Received January 24, 1963 

Chemisorption of cyclopropane wag investigated by measuring the extent of 
chemisorption on nickel fihn of known s&ace area, measuring the changes of 
electrical resistance of the fihn during chemisorption, and performing mass spectra 
metric analysis of the gas phase. It was found that during interaction of cyclopro- 
pane with nickel the GH and C-C bonds are split. 

Some measurements of cyclopropane hydrogenation on nickel at 273°K and under 
static conditions were made. Cyclopropane reacts with hydrogen in a rather compli- 
eated way as is shown by the presence of ethane in the reaction mixture. After 
pumping off the reaction mixture from the apparatus and admitting a starting mix- 
ture, hydrogenation an the same film proceeds with the same velocity. By poisoning 
nickel with oxygen before and after the first reaction, it was shown that only a 
small DRh of the surface and/or of the adsorbed layer participates in the reaction 
under given conditions. 

The catalytic hydrogenation of cyciopro- 
pane on metals was described at, the begin- 
ning of this century (1). This reaction was 
investigated later in greater detail by Bond 
and co-workers (2-6) who obtained very 
valuable results, particularly with the use 
of deuterium (4, 6). It appears that the 
hydrogenation of cyclopropane involving 
isomerizaiiion of cyclopropane to propylene 
is very improbable. This is also in good 
agreement with the fact that isomerization 
of cyclopropane proceeds more readily on 
catalysts of acido-basic character, whereas 
on metal catalysts the reaction takes place 
only at higher temperatures (4, 6, 7). This 
statement was also confirmed by recently 
published results on the influence of mer- 
cury poisoning (8). 

On the basis of kinetics the authors of 
the mentioned papers arrived at, the addi- 
tional conclusion that cyclopropane is ad- 
sorbed either with an opening of the ring 
bond (W) 

t 
+ ** + c&H 

1 2 * * 

or with the participation of delocalized 7 
electrons of cyclopropane (3). The usual 
interpretation of the kinetic data induced 
these authors (g-6) to believe that cyclo- 
propane is less firmly bound to metal sur- 
faces than hydrogen.* If this conclusion is 
correct, the hydrogenation of cyclopropane 
should proceed without the complications 
which accompany, e.g., the hydrogenation 
of ethylene (9-11). 

EXPERIMENTAL 

The measurements of the extent of 
chemisorption of gases and of the physical 
adsorption of krypton and the measure- 
ments of the course of catalytic reactions 
were carried out, in a static apparatus, de- 
scribed earlier (12). On this all-glass ap- 
paratus no greased cocks or joints were 
used; the adsorption (reaction) vessel was 
sealed to the apparatus. The apparatus 
operated with mercury cutoffs. The adsorp- 
tion (reaction) vessel and the ionization 

*Note added in proof: This view was stated 
again in a recent paper: NEWHAM, J., Chem. rev. 
63, 123 W63). 
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gauge of the Bayard-Alpert type were pro- 
tected against mercury vapor by means of 
cold traps. The apparatus was evacuated 
by two mercury diffusion pumps in cas- 
cade, backed by a mechanical pump and 
two bulbs filled with active charcoal. Dur- 
ing evacuation all apparatus was heated 
by heating tapes. With traps at 78”K, it 
was possible to obtain a vacuum of the 
order 1O-s-1O-D mm Hg after 4-5 days of 
evacuation. With traps at 195°K the 
vacuum obtained during the same tiine 
interval was only 1O-7 mm Hg. The nickel 
wire used for evaporation of the film con- 
tained no other metals in amount higher 
than that contained in a spectroscopical 
standard. However, it contained about 
0.2% of MgO and SiO,. The pressure 
changes during sorption and catalytic re- 
action were measured by two McLeod 
gauges (constants for the quadratic scale 
were: 1.3 X l&” and 0.85 X 1O-4 mm-l). 

The thermomolecular effect (12) in tubes 
14 mm in diameter as used in our apparatus 
may be neglected at 195’K at pressures of 
about 1O-2 mm Hg in the given apparatus, 
since the constant +g of the Liang equation 
(IS) modified by Bennett and Tompkins 
(14) has a value of &7 (15). 

The mass spectrometer was employed for 
the analysis of the products of catalytic 
reaction, of the products of chemisorption 
of cyclopropane, and for the purity control 
of gases used. The sampling tube for 
analysis was always immersed in liquid 
nitrogen, the condensable gases were 
frozen out in it, and after sealing off, the 
tube was transferred to the mass spec- 
trometer. The mass spectrometer used was 
of the Nier type (17). The samples for 
analysis contained 0.5-5 pmoles of the gas. 

The cyclopropane was a product of I.C.I. 
(G.B.) for medical purposes. The purifica- 
tion of cyclopropane was carried out in a 
special apparatus. The gas was first sub- 
mitted to distillation at temperatures of 
195°K and 78°K and then was distilled 
into glass reservoirs. A part of each reser- 
voir was cooled down to 78”K, the gas 
phase was pumped off and this procedure 
was repeated twice. Then the reservoir, a 
part of which was immersed in liquid nitro- 

gen, was sealed off from the distillation 
apparatus and connected to the measuring 
apparatus. Prior to each experiment a 
small sample of cyclopropane (2-5 lmm 
Hg) was repurified by pumping off gases 
noncondensable at 78°K. This was con- 
tinued until the pressure over the solid 
cyclopropane (kept at 78°K) was <lCV 
mm Hg. Cyclopropane prepared in this 
way contained less than 0.1% nitrogen, 
0.2% propane, 0.5% methane, and lo/O 
ethylene. 

The changes of electrical resistance of 
the film caused by chemisorption and sur- 
face reaction were measured in an adsorp- 
tion vessel with platinum contacts (16). 
The resistance was measured by direct 
current on a Wheatstone bridge. 

For comparison, the measurements of the 
catalytic activity were also carried out on 
nickel powder which was prepared by de- 
composition of nicke1 oxalate in vacua. 
During decomposition the temperature 
gradually rose from 520 to 573°K. After 
decomposition was complete the sample 
was further evacuated for 5-7 hr at a 
maximum temperature of 623°K. The 
specific area of the nickel powder obtained 
by this procedure was 8-10 m2/g, and so 
was practically the same as that of nickel 
films used in this work, i.e., ca. 10 m”/g. 

RESULTS 

Sorption of Cyclopropane 

If a single fairly large sample of cyclo- 
propane is admitted to the film at 273”K, 
about 80% of the “total sorbed amount” is 
taken up from the gas phase during the 
first minute. The sorption of the remaining 
part proceeds more slowly. After about one 
hour, the slow pressure drop ceases (the 
final value of the pressure at the end of the 
slow process was in the range 2-5 X 1O-2 
mm Hg). The “total sorbed amount” cor- 
responds to this state (1-6 X 1CV moles 
for various films). In this stage the sam- 
ples were taken for the mass spectrometric 
analysis. Each sample contained all gases 
condensable at 78°K which were present in 
the gas phase at the end of the slow process 
and also those gases which desorbed from 
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the film into the sampling tube when the 
tube was immersed in the liquid nitrogen. 
The entire content of gases noncondensable 
at 78°K (e.g. N,, CH,, H,, CO) was al- 
ways less than 1% of the total sorbed 
amount. The content of hydrocarbons 
higher than C, in the condensed fraction 
was less than 1%; the content of both 
ethane and propane was 5-15% of the 
total sorbed amount. The total amount of 
ethane and propane corresponded to about 
50% of the entire quantity of gas subjected 
to the analysis and was much higher than 
the possible error of analysis. However, the 
samples for analysis were always taken 
after the same period-l hr-of contact 
with the film. Since the surface areas of 
films were different, the total yield of self- 
hydrogenation naturally varied-it was 
found that the entire content of self- 
hydrogenation products increased with in- 
creasing surface area of the film. This was 
the probable reason for the variations in 
analyses. 

If cyclopropane is added successively in 
small doses [this method was used, e.g., in 
refs. (10, 11)], then at 273°K 80-3596 of 
the total sorbed amount is sorbed without 
residual pressure (Fig. l-part of the curve 

amount sorbed 

arbitrary 
units 

I 

up to the point A). Between A and B the 
number of molecules which disappeared 
from the gas phase amounted to 50% of 
the number of added cyclopropane mole- 
cules. The behavior of cyclopropane is in 
this respect very similar to that of ethylene 
(10, 11). After admission of a dose of 
cyclopropane corresponding to point B or 
of a larger dose, no further uptake of 
molecules from the gas phase is observed 
at 273°K. 

When the temperature is increased from 
200’ to 300°K the amount of sorbed gas 
(at the end of the slow process and at 
pressures of about 2 X 1O-2 mm Hg) 
rises in the course of the first sorption 
(Fig. 2, lower branch of isobars). Since the 
gas phase contains ethane and propane, no 
quantitative conclusions can be drawn from 
these data. 

After completed sorption at 273”K, the 
gas phase was frozen out at 78°K; the 
pressure of noncondensable gases was 
10-5-10-4 mm Hg. The amount of desorbed 
gases was determined by evaporating the 
condensed gases in a separate part of the 
apparatus. It corresponded to 25% of the 
original sorbed amount. Admission of a 
fresh dose of cyclopropane to the same film 

3 4 amount aaded 

arbitrary units 

FIQ. 1. Amount of cyclopropane admitted to Chn in comparison with amount of gas which disap- 
peared from the gaseous phase during the particular sorption process at 83°K. Amounts of gas are 
expressed in arbitrary units. Different symbols represent results obtained from individual experiments. 
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FIQ. 2. Variation of the relative sorption of gas from the gaseous phase during cyclopropane sorp- 
tion with temperature at pressures of about 2 x lo-’ mm Hg. Extent of sorption at 200°K repre- 
sents s = 1 in units used here. Arrows indicate the increase or decrease of temperature. Individual 
curves correspond to measurements with two films. 

led to a new sorption in an amount of 
4-15s of the original sorption. This means 
that the amount sorbed in the second sorp- 
tion is two to three times the quantity 
desorbed. After the second sorption, the 
gas phase again contained propane and 
ethane, the total amount of both being 30- 
50% of the amount adsorbed in the second 
sorption. 

Nickel films on which chemisorption of 
cyclopropane was investigated were also 
subjected to measurements of the adsorp- 
tion of krypton (do). It was found that the 
extent of cyclopropane sorption at 200°K 
corresponded to an area of about 42 A” per 
one molecule disappearing from the gas 
phase at 273OK; the area of the “adsorp- 
tion site” so defined is 34 A’.” The last fig- 

ure corresponds to approximately four sites 
for hydrogen atoms at 78°K and 273°K 
(18, 19). 

Cyclopropane chemisorption at 273°K 
causes an increase of the resistance of the 
clean nickel film, like that of other firmly 
chemisorbed gases (21) (Fig. 3). When 
hydrogen is admitted at 273°K to the film 
covered with products of cyclopropane 
chemisorption the resistance of the film 
decreases. When the gas phase is pumped 
off after this interaction the resistance then 
remains constant or increases little (e.g., 
0.5°/00 after the 5.5°/00 drop caused by 
interaction with hydrogen). 

As already reported earlier, irreversibly 
bound hydrogen causes an increase of the 
resistance of the clean film. Cyclopropane 

*Owing to the probable fragmentation of 
cyclopropane molecules during chemisorption no of these data about. the character of adsorbed 
additional conclusions can be made on the basis particles. 
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Fm. 3. Change of electric resistance of the lllm after admitting cyclopropane and hydrogen succes 
sively to the film at 273°K. I-first d ose of cyclopropane admitted to the clean film, pressure in the 
gaseous phase at the end of interval I was 1.7 X lo-’ mm Hg. II-second dose of cyclopropane ad- 
mitted, further sorption took place, pressure at the end of II was 4 X lo-* mm Hg. III-hydrogen 
admitted (after evacuation of the gas phase) to the covered surface at 2 X 10-’ mm Hg pressure. 
IV-hydrogen admitted at the higher pressure, 2 mm Hp. 

admitted to a film covered with such a 
layer of irreversibly bound hydrogen causes 
a further increase of the resistance of the 
film (Fig. 4). As the sorption of cyclopro- 
pane changes the resistance of the film 
more strongly than the sorption of hydro- 
gen, it seems that the increase of resistance 
here is not caused merely by the hydrogen, 
split from cyclopropane molecules, but also 
by the carbon-containing fractions of cy- 
clopropane molecules. 

After completed sorption of cyclopropane 
at 273°K and evacuation of the gas phase 
(maintaining the film at 273”K), the sorp- 
tion of hydrogen on the film was measured 
at 78°K. The ratio of the total amount of 
hydrogen sorbed under these conditions to 
the total amount of cyclopropane sorbed 
on the clean film amounted to 0.3-0.6. The 
reaction between hydrogen and the prod- 
ucts of cyclopropane chemisorption at 
78°K probably proceeds very slowly. It 
can be supposed that hydrogen is sorbed 
presumably on free sites of the film. These 
results show that the surface covered by 

strong cyclopropane chemisorption still 
contains places for hydrogen chemisorp- 
tion. After the chemisorption of hydrogen, 
the gas phase was again evacuated (with 
the film at 273°K). The new sorption of 
hydrogen repeated at 78°K was of the same 
extent as in the first measurement. 

In addition, some measurements were 
made with propane at 273°K. Propane is 
sorbed to a considerably lesser degree than 
cyclopropane. When the sorption of the 
gas has ceased, each molecule which disap- 
peared from the gas phase covers about 
140A2. Practically no desorption of con- 
densable gases takes place at 273°K 
(<2%). The amount of noncondensable 
gases corresponds to about 0.1% of the 
sorbed amount (pressure of nonconden- 
sable gases was ca. D5 mm Hg). The 
gas phase contained ethane and propylene 
in amount corresponding to 4% and 9%, 
respectively, of the total amount of pro- 
pane sorbed at 273°K. When a fresh dose 
of propane is admitted after evacuation at 
273”K, an additional 10% of propane is 
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FIQ. 4. Changes of electrical resistance of the film (lower part) and simultaneous changes of 
pressure in the gaseous phase (upper part) during the interaction between hydrogen and cyclopro- 
pane at 273°K. Before the beginning of interval I, the surface has been covered by hydrogen irre- 
versibly bound at 273°K. I-cyclopropane added. II-new dose of cyclopropane added. III-hydro- 
gen added after evacuation of the gaseous phase. 

sorbed. The desorption from the film was 
zero, within the limits of error. 

Hydrogenation of Cyclopropane at 273°K 

This reaction was investigated with an 
approximately stoichiometric mixture of 
cyclopropane and hydrogen at a total pres- 
sure of 1.2-1.5 mm Hg. The influence of 
external diffusion was estimated according 
to Weisz and Prater (22) (a tube 2 m in 
length and 14 mm in diameter was taken 
for calculations as a model of the ap- 
paratus). The influence of internal diffu- 
sion was estimated roughly according to 
Wheeler (25). On the basis of these esti- 
mates it seems that the influence of internal 
and external diffusion was probably neg- 
ligible in our experiments. 

During the reaction of cyclopropane 
with hydrogen the pressure decreases ac- 
cording to the equation 

Ap = a(t + to)” 

where Ap is the total pressure drop at the 
time t. The constant m varies between 0.5 
and 0.8 and the constant t, is very near to 
zero. Plotting Ap = j(t) in bilogarithmic 
coordinates permits us to determine m and 
a and thus also the rate of reaction at the 
end of the first minute: 

(W/4 t-1 min = am 

This reaction rate expressed in number of 
molecules reacting on 1 cm2 in one minute 
will be henceforth denoted by *rl. 

In the literature there has been some 
question as to whether the hydrogenation 
of unsaturated hydrocarbons can be re- 
peated on the same film several times with- 
out a decrease of the reaction rate. We 
have found that the reaction of cyclopro- 
pane with hydrogen could be successfully 
repeated on the same film with the same 
rate. However, this happens only when the 
evacuation of the gas mixture between in- 
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dividual runs was carried out so as to pre- 
vent possible contamination of the film 
due to an incidental penetration of impuri- 
ties from the forevacuum through the last 
high-vacuum stage back to the film. Such 
penetration is possible when gas is ex- 
hausted from the apparatus at a pressure 
higher than the working range of pressures 
of the mercury diffusion pump. To elimi- 
nate this shortcoming a vessel filled with 
well outgassed active charcoal, cooled to 
78°K was connected to the forevacuum 
line. Under such conditions it was possible 
to repeat the reaction at 273°K several 
times with the same velocity. The rate on 
the same film at the same temperature was 
reproducible within 10% even when a reac- 
tion had been carried out at another tem- 

producibility of the determination of s~1 
with different films (this procedure in- 
volves the measurement of the surface area 
of the film) is worse, as can be seen from 
Fig. 5a. 

The mass-spectrometric analysis showed 
that the reaction yielded besides propane, 
also ethane in an amount corresponding to 
about 1/s of the propane formed. This 
amount of ethane is much higher than 
could be ascribed only to the first dissocia- 
tive chemisorption on the clean surface 
only. Consequently, ethane is formed in 
the entire course of the reaction, probably 
by a slower side reaction. Production of 
ethane is accompanied by production of 
methane. However, only gases condensable 
at 78°K could be detected by the procedure 

perature between runs. However, the re- used. 

Sri lOI molecules min-’ . cm-* 

1 I , 

l 

FIQ. 5a. Decrease of the rate of hydrogenation of cycdopropane at 273°K (rate expressed in 
number of molecules reacting in one minute on 1 cm’” of nickel surface) with increasing extent of 
oxygen preadsorption (expressed in arbitrary units). 
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The preadsorption of cyclopropane and ca. 3 units @OS prior to the first reaction is 
hydrogen is, within the limits of experi- necessary for complete suppression of the 
mental error, without influence upon the activity. When the film is poisoned by 
course and rate of the following reaction. oxygen after the first catalytic reaction, 

The preadsorption of oxygen, before the much smaller amounts of oxygen are suf- 
first reaction on the given film, decreases ficient to achieve a similar effect. The sorp- 
the rate of the following hydrogenation tion of only 0.04 units a.02 after the first 
approximately in the same way and to the reaction reduces the reaction rate to about 
same degree (Fig. 5a) as it decreases the 15% of the original value. 
extent of hydrogen chemisorption on nickel Films condensed in the presence of an 
films at 78°K (Fig. 5b) (24).” However, inert gas (krypton pressure ca. 0.15 mm 

4 

I 

0.: j- 

, 

I I I 

FIQ. 5b. Decrease of hydrogen chemisorption at 78°K with increasing oxygen preadsorption (extent 
of adsorption in arbitrary units). 

the poisoning of the film by oxygen after 
the first reaction has been completed is by 
far more effective. The preadsorption of 

*The results are expressed in arbitrary units 
+OZ,@HZ. These units represent the ratio of the 
extent of sorption of hydrogen or oxygen under 
given conditions to the total amount of hydrogen 
sorbed at 78°K on the clean film of the same 
surface area. This value can be calculated from 
the measured surface area and the known size of 
one hydrogen atom in the adsorbed state 18.3 A’ 
on Ni (18, 19)l. In this way the sorbed amounts 
are expressed in arbitrary hydrogen monolayers. 

Hg) exhibit a surface approximately twice 
as large as films condensed in vacua, but 
their specific activity *rl does not differ 
essentially from that of less porous films. 

After the reaction mixture is pumped off 
the nickel surface can again sorb the same 
amount of cyclopropane as can a film cov- 
ered by irreversibly chemisorbed cyclopro- 
pane only. 

The activity of vacuum-deposited nickel 
films was compared in the same apparatus 
and reaction vessel with the activity of 
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TABLE 1 
HYDROQENATION OF CYCLOPROPANE ON NICKEL 

4771 =o*m 
(10” molecull?a 
mln’ cm-) m NC&B 

2-4.4 0.5-O. 8 Clean films condensed in 
vacuum 

2.8 0.6 Film with preadsorbed 
hydrogen 

2.5-2.7 0.7 Film with preadsorbed 
cyclopropane 

1.2-2.1 0.5-O. 7 Clean tirns condensed 
in krypton 

(0.9-1.0) x 10-Z 1.0 Nickel powder from 
OX&t43 

nickel powder of approximately (within 
20%) the same surface area. It was found 
that at the same temperature the activity 
of the film is at least two orders of magni- 
tude higher than the activity of the powder 
(Table 1). This is in agreement with meas- 
urements of hydrogen chemisorption at 
78”K, which have shown that the clean 
part of the surface of nickel powders pre- 
pared by decomposition of nickel oxalate 
in vacua amounts to only a few hundredths 
of their total surface. 

DISCUSSION 

The presence of propane in the gas phase 
after addition of pure cyclopropane to the 
clean films shows that in some molecules 
the C-H bonds are split during the interac- 
tion of cyclopropane with the nickel sur- 
face. The C-C bonds are evidently also 
split in some molecules since ethane is also 
present in the gas phase. It can be con- 
cluded that the surface of nickel is very 
probably covered by various fragments of 
cyclopropane molecules. 

Admission of hydrogen to the film cov- 
ered with cyclopropane results in a drop of 
electric film resistance. This phenomenon 
may be explained either by mere chemi- 
sorption of hydrogen or as a result of the 
reaction of hydrogen with the products of 
cyclopropane chemisorption, or by the in- 
fluence of both processes. However, if the 
first case is true one must suppose that the 
behavior of hydrogen on films covered by 
products of cyclopropane sorption is quite 

different from that of hydrogen on a clean 
film. If there were a reaction (second case) 
between hydrogen and the chemisorbed 
phase, the time dependence of pressure, il- 
lustrated by Fig. 4 III would show an 
initial rapid sorption of hydrogen without 
significant influence upon the electric re- 
sistance of the film. This adsorption would 
be followed by a slow reaction with the 
chemisorbed particles in the adsorbed layer 
(slow resistance drop). In the later stage of 
the surface reaction the pressure does not 
change further with time, either because 
one hydrocarbon molecule is set free for 
each hydrogen molecule disappearing from 
the gaseous phase, or because the reaction 
is limited to the adsorbed layer without 
further participation of the gas phase. 

The dissociative character of the chemi- 
sorption of hydrocarbons, even of those 
containing double bonds, is evidently a 
general phenomenon. This is indicated by 
the results given in the literature for the 
adsorption of ethane, ethylene (10, 11 J, 
benzene (25)) cyclohexene (25)) and cyclo- 
hexadiene (25). The products of chemi- 
sorption resulting from one molecule of 
cyclopropane cover, at 273”K, an area of 
the nickel film surface equivalent to about 
4 sites for hydrogen atoms at 78”K-ca. 
43 AZ. For comparison: One ethylene mole- 
cule covers at the same temperature ac- 
cording to Beeck (g6) four and according 
to Rideal-Jenkins (10) 2.4 hydrogen atom 
sites at 273’K. In Fig. 6 there is shown an 
area of 43 A” on the (111) plane of nickel 
and it is compared with the cyclopropane 
molecule. Owing to the complicated char- 
acter of the cyclopropane sorption (self- 
hydrogenation, splitting of the ring, etc.) 
the surface is probably not covered by 
cyclopropane molecules only. So Fig. 6 
does not represent the model of the ad- 
sorbed layer; it serves only for a very 
rough estimation of the extent of surface 
coverage. 

The adsorption of hydrocarbons on 
metal surfaces is probably made easier, if 
the system of 7 electron bonds is present in 
these molecules. As already pointed out, 
cyclopropane is adsorbed more readily than 
propane, just as ethylene and acetylene are 
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FIG 6. Comparison of the area of 43.28’ on the (111) plane of nickel with the magnitude of cycle- 
propane molecule. 

adsorbed more readily than ethane. In itu 
chemisorption behavior, cyclopropane re- 
sembles ethylene to a considerable degree. 
This is in agreement with the statement of 
some authors that in the cyclopropane 
molecule carbon atoms exhibit sp2 hybrid- 
ization and the C-C bond is of partial r 
character (27, 28). 

As indicated by the presence of ethanc 
in the products of chemisorption and hy- 
drogenation, the mechanism of cyclopro- 
pane hydrogenation on clean nickel sur- 
faces is a rather complicated process. For 
this reason, no attempt was made either to 
interpret the kinetic equation found, or to 
study the dependence of the initial reaction 
rates upon partial pressures. The kinetic 
relation was only used for easier deter- 
mination of the rate at the end of t,he first 
minute of the reaction. 

A considerably smaller amount of oxy- 
gen is required for the practically complete 
suppression of the catalytic activity of a 
film which was already in contact with 
cyclopropane, than that of a clean film. 
This is evidently due to the fact that the 
fast catalytic reaction proceeds mainly on 
the small number of active sites not cov- 
ered by firmly bound products of cyclopro- 
pane chemisorption. 

Numerous authors report that the hydro- 
genation of ethylene repeated on the same 

film, without special treatment of the fihn 
(reduction), always proceeds with a lowct 
rate (10, 11, 29, 30). In our case, however, 
it was possible to repeat the hydrogenation 
of cyclopropane several times on the same 
film without decrease of its activity. A 
mere exhaustion of the gaseous phase at 
310°K was sufficient to regain the original 
catalytic activity. Moreover, in cyclopro- 
pane hydrogenation a higher specific ac- 
tivity of films prepared by condensation in 
an inert gas (5’1) was not observed. Pread- 
sorption of cyclopropane and hydrogen 
also never changed the rate of the subse- 
quent reaction. 

Vacuum-deposited films have a much 
higher activity than powder catalysts de- 
scribed in the literature as highly active 
(32). These powders also exhibit a consid- 
erably lower adsorption of hydrogen at 
78°K. This leads to the conclusion that the 
lower activity of powders could be ex- 
plained by the different cleanliness of the 
surfaces of both types of nickel catalysts. 
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