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Infrared studies of carbon monoxide and olefins simultaneously chemisorbed at room 
temperature on transition metal films point to the fact that on evaporated nickel or cobalt 
films previously covered with CO, olefins cause CO desorption and form surface species, 
which after treatment by hydrogen are easily removed from the surface by readsorption of 
CO. There is also a small amount of species, perhaps high polymers, which remain on the 
surface after the treatment by hydrogen and reexposure to CO. On films previously covered 
with hydrogen, chemisorbed olefins are considered to form some polymeric species, which 
remain on the surface after treatment by hydrogen; the further chemisorption of CO is then 
impossible. These experimental findings may be interpreted in terms of CO acting as a good 
inhibitor of polymerization on nickel and cobalt films. The cases of rhodium and platinum 
films give less significant results. 

INTRODUCTION 

The mechanism of the chemisorption of 
olefins on metals is not well understood. 
However, two kinds of chemisorption are 
commonly discussed. Chemisorption can 
be nondissociative, the olefin molecules 
being bonded to the metal without loss of 
hydrogen atoms. Chemisorption can also 
be dissociative, the olefin losing some hy- 
drogen atoms, and the residue being 
bonded to the metal by several M-C 
bonds. 

Nondissociative chemisorption would be 
expected to prevail at low temperature, in 
the case of a high surface coverage (I) and 
when hydrogen is preadsorbed (2). How- 
ever, by some means or other, chemisorp- 
tion of unsaturated hydrocarbons forms 
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radicals on the surface (3,4) and polymeri- 
zation can occur (1,3,5). 

Eischens and Pliskin (2) and Sheppard 
and Ward (6) have indicated from infrared 
studies of chemisorption of ethylene and 
acetylene on nickel (2) and acetylene on 
nickel and platinum (6) that polymers M- 
(CH,),-,-CH, with n 2 4 occur. Bond (3) 
has proposed that in the case of the loss of 
a great number of hydrogen atoms 
polymers like 

can be produced, which are bonded to the 
metal surface through many M-C bonds. 
However, the existence or the nonexis- 
tence of high polymers formed during chem- 
isorption of olefins on evaporated metal 
films has not been clearly demonstrated. 

Previous ir studies of chemisorbed CO 
on transition metal films (7,8) have shown 
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that, by observing the behavior of the CO 
stretching frequency, CO can be used as 
an indicator (9) of the presence of other 
electron donor molecules or electron ac- 
ceptor molecules chemisorbed simulta- 
neously. The same concept has also been 
used by Primet et al. (10) to rationalize 
several observations on supported plat- 
inum catalysts. The changes of the inten- 
sity of the ir absorption band can indicate 
the CO surface coverage changes. Using 
these properties of CO an attempt was 
made to ascertain whether on metal films, 
chemisorbed olefins can polymerize to 
form previously described species (2,6), 
and whether high polymers occur. Zak- 
harov et al. (11) have shown that Lewis 
bases like CO and PHB can inhibit olefin 
polymerization on various catalysts. The 
possible occurrence of such a phenomenon 
on metal films has now been investigated. 
Experiments were performed on the as- 
sumption that after treatment by hydrogen, 
monomers, or polymers with relatively few 
carbon atoms, would be easily replaced by 
carbon monoxide. It was also assumed 
that, on the contrary, polymers of high 
molecular weight and low vapor pressure 
bonded to the surface via numerous M-C 
bonds would not be desorbed at room tem- 
perature, and would screen the film surface 
from CO. The manner in which these as- 
sumptions are substantiated by our results 
is discussed. The cases of ethylene and 
propylene chemisorbed on nickel, cobalt, 
rhodium and platinum are described. 

EXPERIMENTAL METHODS 

Technique. The preparation of the metal 
films has been previously described (7). A 
small sample of the appropriate metal is 
evaporated from a tungsten filament on to 
NaCl windows, in the presence of a small 
amount of CO or Hz. Two modes of prepa- 
ration have been used; (i) either 10-l Torr 
of CO, a condition of priori unfavorable to 
polymerization (11), or (ii) 10-l Torr of 
Hz, a condition not unfavorable to polym- 

FIG. 1. Infrared cell. 

erization. A new cell made of Pyrex 
glass has been designed to eliminate the 
vacuum grease from ground glass joints 
and stopcocks. The vacuum tightness 
between the body of the cell and the salt 
windows is realized with a Viton O-ring 
positioned with a metal flange as shown in 
Fig. 1. Joints and stopcocks from West 
Glass are made only of Pyrex glass, Teflon 
and Viton. 

Materials. Nickel, cobalt, rhodium and 
platinum were obtained from Johnson and 
Matthey or Comptoir Lyon Alemand as 
0.1 mm diameter high purity wire 
(99.99%). Tungsten was obtained from 
Alfa Inorganics. Carbon monoxide 
(99.995%), ethylene, propylene (99.99%) 
and hydrogen (99.999%) were obtained 
from Air Liquide and were used without 
further purification. 

Recording spectra. Infrared spectra of 
chemisorbed molecules were recorded at 
room temperature on a Perkin-Elmer 
Model 225 double beam grating spec- 
trometer in the region of the CO stretching 
frequencies (2200-1600 cm-‘) and in the 
region of the C-H stretching frequencies 
(3200-2700 cm-‘). The transmittance of 
the cell is about 30% at 2000 cm-‘. 

Procedure. After preparation according 
to mode (i) or mode (ii) films have been 
submitted at room temperature to the fol- 
lowing sequence: 
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1. Addition of 700 Torr of olefin for 14 
hr. 

2. Addition of 700 Torr of CO for 8 hr. 
3. Addition of 700 Torr of H, for 3 hr. 
4. Addition of 700 Torr of CO for 3 hr. 
After each step the gas phase of the cell 

was evacuated to eliminate its infrared 
spectrum. The reaction times were chosen 
so as to reach a stationary state; prolonga- 
tion of this time produced no change in the 
infrared spectra of chemisorbed species. 

RESULTS 

Infrared spectra of chemisorbed CO on 
nickel, cobalt, rhodium and platinum films 
evaporated in CO are in perfect agreement 
with our previous results (7) (Table 1). For 
films evaporated in Hz, subsequent addi- 
tion of CO produced infrared spectra anal- 
ogous to those obtained on films evap- 
orated in CO. 

Nickel and cobalt jilms evaporated in 
CO (mode i). Additions of ethylene or pro- 
pylene (step 1) to nickel and cobalt films 
carrying presorbed CO produce a shift to 
lower frequencies of the CO stretching 
frequencies (Table 2) and a weakening of 
the intensity of the ir bands. Subsequent 
addition of CO (step 2) produces no 
changes. On the other hand, after addition 
of H, followed by CO (steps 3 and 4), the 
intensity of the CO bands greatly in- 
creases; the CO stretching frequency also 
increases, but, the v,, does not reach its 
initial value (Table 2). The corresponding 
spectra are shown in Fig. 2 for ethylene 
adsorption; for propylene the spectra are 

TABLE 1 
CO STRETCHING FREQUENCIES OF CHEMISORBED 

CO ON FILMS EVAPORATED 
IN 0.1 TORR OF CO’< 

Nickel Cobalt Rhodium Platinum 

A 2035 A 1960 A 2015 A 2040 
B 1890 B 1815 B 1860 

o All frequencies in cm-i. A and B arc used as 
labels for the different bands. 

TABLE 2 
SHIFTS TO LOWER FREQUENCIES OF THE CO 

STRETCHING FREQUENCIES OBTAINED 

BY ADDITION OF ETHYLENE” 

Nickel Cobalt Rhodium Platinum 

A A35 A 20 A 10 A5 
’ B 85 B 45 B 10 

A A30 A 5 A 10 A5 
’ B 40 B 25 B 10 

o All shifts in cm-‘. The labels A and B refer to 
the bands quoted in Table 1. A,, after addition of 
ethylene; Aa, after addition of ethylene + H, + CO. 

similar and have not been reproduced. 
After step 1, in the licH stretching region, 
bands have been observed only in the case 
of propylene on nickel. After 1 hr, these 
bands are located at 3020, 2920 and 2850 
cm-’ (Fig. 3). After 3 hr the 3020 cm-’ 
band disappears and the intensities of the 
2920, and 2850 cm-’ bands decrease. 

Nickel and cobalt jilms evaporated in 
H, (mode ii). After prior exposure to olefin 
(step l), the addition of CO (step 2) does 
not produce detectable infrared absorption 
bands of chemisorbed CO. However, after 
addition of H, and CO (steps 3 and 4) on 
nickel, very weak infrared bands appear at 
2000 and 1850 cm-’ for ethylene (Fig. 4) 
and propylene. In the corresponding 
experiments on cobalt no bands have been 
detected. In all cases no significant infra- 
red bands have been observed in the v,, 
stretching region. 

Rhodium and platinum jilms evaporated 
in CO (mode i). Addition of olefins to 
these films produces a very weak decrease 
of the intensity of the CO infrared absorp- 
tion bands, and a weak lowering of the VcO 
stretching frequencies. After addition of 
H, and CO (steps 3 and 4) no significant 
changes were observed (Table 2, Fig. 2). 

Rhodium and platinum films evaporated 
in H2 (mode ii). After evaporation of the 
films especially in the case of platinum, 
small amounts of chemisorbed CO have 
been observed. However, the surfaces are 
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FIG. 2. Infrared spectra of chemisorbed CO; addition of ethylene. Frequencies in cm-r. (1) After evapora- 
tion; (2) after addition of ethylene; (3) after addition of ethylene, H, and CO. In the case of Rh and Pt these 
spectra are identical to spectra 2. 

not completely covered with CO, as can 
be shown by the fact that the infrared ab- 
sorption bands increase in intensity when 
CO is added into the cell. After step 4, in 
the case of platinum, no modifications of 
the initial spectrum were observed (2030 
cm-‘); in the case of rhodium a weak in- 
crease of the band intensities occurs 
(2000, 1840 cm-l) (Fig. 4). 

DISCUSSION 

Nickel and cobalt jilms. From the two 
series of experiments it can be deduced 
that in the case of films evaporated in CO, 
olefins are chemisorbed easily to replace 
CO. However, CO does not disappear 
completely, in agreement with the fact that 
the adsorption energy increases as the sur- 
face coverage decreases (3). After this step 
CO cannot chemisorb again, but after 
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FIG. 3. Infrared spectra of chemisorbed propylene 
on Ni. Frequencies in cm-‘. (1) After introduction of 
propylene; (2) 3 hr after introduction of propylene. 

treatment of hydrogen CO chemisorbs 
quickly. Even so, a very small amount of 
other species remains on the surface. In 
the case of films evaporated in Hz, CO 
chemisorbs easily, but after addition of 
olefins to a film freshly evaporated in Hz, 
CO cannot chemisorb even after treatment 
by hydrogen. Using the hypothesis put for- 
ward in the Introduction, it can be pro- 
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FIG. 4. Infrared spectra of chemisorbed CO on 
films evaporated under H,. Frequencies in cm-l. (1) 
After evaporation; (2) after addition of ethylene, H, 
and CO (3) after addition of ethylene and CO. In the 
case of Ni and Pt the spectra are identical to 
spectra 1. 
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posed that in the first case olefins produce 
surface species which are easily hydrogen- 
ated and replaced by CO; they may be 
monomers and low molecular weight 
polymers, with only a very small quantity 
of high polymers. In the second case, even 
if the surface species can be hydrogenated, 
they cannot be replaced by CO; they may 
be high polymers. In our observations CO 
appears to act as an inhibitor of high 
polymerization on nickel and cobalt films. 

The mechanism of this inhibition of the 
polymerization in the presence of CO 
could be seen as a simple steric effect or as 
resulting from reactions between CO mol- 
ecules and the olefinic species. For in- 
stance, Zakharov et al. (I I) have proposed 
for the mechanism of the inhibition of the 
polymerization of olefins, an insertion 
reaction of the CO between the site and 
the polymeric chain. 

In the case of chemisorption of ethylene, 
Blyholder and Goodsel (12) and Blyholder 
and Allen (13) have described an insertion 
reaction of CO to give an isopropoxide 
species. 

An alternative explanation of our obser- 
vations can be proposed. Preadsorbed hy- 
drogen promotes the nondissociative form 
for chemisorbed olefins (2): this last form 
would polymerize easily, and hence hy- 
drogen would appear to promote polymeri- 
zation. 

Experiments are now being performed 
to detect whether CO molecules react with 
chemisorbed olefins and to find other evi- 
dence in favor of the polymerization. 

Rhodium and platinum jilms. Addition 
of olefins to films evaporated in CO pro- 
duce a small shift of the CO stretching 
frequency to lower frequencies, and a 
small decrease of the intensity of the CO 
band. Addition of H, and then CO pro- 
duces no change. Both observations are in 
agreement with a very limited chemisorp- 
tion of olefins, to produce stable species. 

The films evaporated in H, were par- 

tially covered with CO. After step 4, the 
CO surface coverage increases a little in 
the case of rhodium, and does not change 
in the case of platinum. The surface 
species produced by olefin chemisorption 
are stable in these conditions. 

These experiments do not disagree with 
those performed on nickel and cobalt. 

CONCLUSION 

Olefins can easily remove CO from the 
surfaces of nickel and cobalt (but not from 
platinum and rhodium). When CO is 
lacking on the surface, it is postulated that 
chemisorbed olefins produce high poly- 
mers which shield the active sites, and the 
further chemisorption of CO is then im- 
possible. From this point of view, CO 
seems to be a good inhibitor of polymeri- 
zation on nickel and cobalt films. 
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