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1,3-Butadiene hydrogenation and H2-D2 exchange have been simultaneously investigated on the 
Pt(ll0) surface at 200-400 Torr pressure. The surface was characterized by Auger electron 
spectroscopy (AES) and LEED before and after the reaction. Depending on the hydrogen pressure, 
two kinetic regimes were observed. First, at high hydrogen pressure (above 130 Tort), the order of 
the reaction is one with respect to hydrogen and zero with respect to butadiene. The selectivity 
does not depend on the hydrogen pressure. The surface is covered by one butadiene molecule for 
every two surface atoms of platinum. As revealed by LEED analysis after reaction, the butadiene 
monolayer shows no structural order. Moreover, AES measurement performed at grazing 
incidence gives evidence for the adsorption of the butadiene molecules in the valleys of the 
unreconstructed (110) face. Second, below a critical hydrogen pressure (-125 Torr), the order of 
the reaction is two with respect to hydrogen and zero with respect to butadiene. The selectivity 
toward butane decreases as the hydrogen pressure decreases. The carbon concentration is higher 
than that in the previous case. The lower-temperature carbon deactivation seems to result from the 
selective poisoning of the hydrogen dissociation sites by some hydrocarbon species. A reaction 
mechanism is proposed according to which the rate-determining step is the hydrogenation of the 
half-hydrogenated product C4H7. o 1987 Academic press, IK. 

INTRODUCTION 

Despite a large number of studies, the 
mechanisms involved in catalyzed hydroge- 
nation reactions are not well understood. 
Recently, model experiments performed on 
well-defined surfaces of single crystals have 
been very fruitful in providing new insights 
into such reactions and more generally into 
heterogeneous catalysis. Many attempts 
are now being made to use reactive gas 
mixtures at pressures near atmospheric or 
higher, in order to approach the conditions 
encountered in industrial applications. Un- 
fortunately, at pressures above 10m5 Torr, 
the surface can no longer be characterized 
during the reaction by surface-sensitive 
techniques. However, the chemical compo- 
sition and structure of the surface can be 
precisely determined before and after the 
catalytic reaction. Such a procedure allows 

the initial cleanliness of the surface to be 
checked and gives the possibility of inter- 
preting the catalytic activity and the selec- 
tivity with surface coverage by hydrocar- 
bon molecules, carbon deposit, or other 
species. These data are fundamental to the 
understanding of the mechanisms involved 
in catalyst deactivation by self-poisoning or 
poisoning by specific impurities. This study 
concerns butadiene hydrogenation on a sin- 
gle crystal surface of platinum. Hydrogena- 
tion of diolefines is an important reaction in 
oil refining, especially in reforming. It is 
known that diolefines are more strongly 
adsorbed on metal catalysts than mono- 
olefines and can irreversibly poison the 
surface. To optimize this process more data 
on the reaction are required. Until now, 
most of the work on this subject has been 
performed on polycrystalline metal films (1) 
or dispersed catalysts (2); however, one 
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study on butadiene hydrogenation on 
Pt(ll1) has been reported (3). A review 
dealing with this field has recently been 
published by Davis and Somorjai (4). 

In this paper we describe the results 
obtained for butadiene adsorption from the 
pure gas, the kinetics of butadiene hydroge- 
nation, and the effect of carbonaceous de- 
posits on the activity and the selectivity. 
Special attention has been paid to the 
mechanism of carbon deposition which de- 
activates the surface. This work concerns 
the Pt( 110) plane which was found to be the 
most active of the main low-index planes of 
platinum, as observed in a preliminary se- 
ries of experiments. 

The reaction was carried out at a total gas 
pressure comprised between 200 and 400 
Torr in the presence of a hydrogen excess. 
The temperature range was 300 to 700 K. 
The activity and the selectivity for mono- 
olefines (butenes) and butane were mea- 
sured simultaneously. The surface was 
characterized before and after the reaction 
by LEED and Auger electron spectroscopy 
(AES). The AES device comprised a graz- 

app*r*tur AUJ 

ing incidence (a = 15”) gun which is con- 
sidered to give better precision for low 
coverages. By using an equal amount of H2 
and D2 we were able to determine the rate 
of HD formation during butadiene hydroge- 
nation. The HZ-D2 exchange by equili- 
bration has been previously studied in our 
laboratory in the same range of hydrogen 
(or deuterium) pressure on clean and sulfur- 
covered platinum single crystals, including 
Pt( 110) (5). Preliminary results on the effect 
of sulfur poisoning of Pt( 110) on butadiene 
hydrogenation have been published re- 
cently (6) and additional work on this sub- 
ject will be presented in a forthcoming 
paper. 

EXPERIMENTAL 

The apparatus used is shown in Fig. 1. It 
is mainly composed of a Low-energy dif- 
fractometer equipped with an isolation 
chamber. The AES analysis was performed 
with the grids of the diffractograph. Resid- 
ual gas was analyzed by a mass spectrom- 
eter. The single crystal sample was a disk 
about 1 cm in diameter and 1 mm thick. It 
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FIG. 1. Scheme of the apparatus used for the characterization of the catalyst crystal surface and for 
study of the reaction. 
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was cut at the required orientation with a 
precision of 1”. The surface was prepared 
according to a standard procedure: ion 
bombardments and thermal heating until 
the AES spectrum and the LEED pattern, 
characteristic of clean Pt(1 lo), were ob- 
tained. Treatment at low pressures of pure 
hydrogen was used to eliminate carbon 
contamination. After cleaning the sample 
was isolated from the main chamber. The 
stainless steel isolation chamber was at- 
tached to a recirculation system made of 
Pyrex glass. Hydrocarbon reactants and 
products were analyzed by gas chromatog- 
raphy. HZ, DZ, and HD were continuously 
analyzed by a calibrated mass spectrom- 
eter. 

RESULTS AND DISCUSSION 

1,3-Butadiene Adsorption 

Over a large range of pressure, the hy- 
drogenation rate was found to be indepen- 
dent of the butadiene pressure. This ob- 
servation suggests that the surface was 
saturated with butadiene molecules. By fol- 
lowing the butadiene adsorption from the 
gas phase we expected to measure the 
saturation coverage and obtain useful infor- 
mation on the ordering of the hydrocarbon. 
Experiments were performed under various 
pressures of pure butadiene. At pressures 
lower than 10e7 Torr, the Auger peaks of C 
at 272 eV and Pt at 168 eV were continu- 
ously recorded. At higher pressures, the 
surface coverage was measured immedi- 
ately after removing the gas phase. 

Figure 2 shows the results obtained at a 
butadiene pressure of 6 x lO-9 Torr. The 
CZ7? Auger peak increased linearly as a 
function of time and reached a constant 
value. During this adsorption process the 
intensity of the PtIG8 Auger peak very 
slowly decreased until saturation was 
reached. At higher pressures, the same 
kinetics of adsorption with the same satura- 
tion level were observed but the time re- 
quired to reach the plateau was much 
shorter. For example, at a pressure of 6 x 
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FIG. 2. Variation of Auger signal intensity for car- 
bon (272 eV) and platinum (168 eV) as a function of 
exposure time at 6 x 10m9 Torr of butadiene. 

10e2 Tort-, the plateau is reached almost 
instantaneously. Based on a calibration es- 
tablished by Biberian and Somotjai with a 
perpendicular gun (7) and adapted by Abon 
et al. for grazing incidence (8) our calcula- 
tion gives a value for the saturation level 
which is equal to two carbon atoms per 
platinum atom (2C/Pt). At P = 6 x 10m9 
Tot-r this saturation state is reached within 
130 min. The sticking coefficient deter- 
mined from these values is S1 = 3.5 x 10p2. 
This must be considered as a rough approx- 
imation because of the error associated 
with the measurement of the butadiene 
pressure. At this stage of the adsorption we 
observe a diffuse LEED pattern without 
any coincidence mesh with the substrate 
p(1 x I).’ This pattern disappears irre- 
versibly at 673 K. From this saturation 
level, at low butadiene pressures, the car- 
bon peak slowly increases after many 
hours of gas exposure. 

At a pressure of 6 x 10m2 Torr the 
increase in the carbon Auger peak is much 
more rapid, as is shown in Fig. 3. Com- 
pared with the first stage of adsorption the 
negative slope of the curve giving the Ptr68 
Auger peak as a function of the carbon peak 
is markedly increased. This indicates that 
the Pt Auger emission is now more strongly 
screened than before. The second satura- 

’ The well-defined pattern mentioned in Ref. (6) has 
not been observed in more recent experiments and 
could be due to the formation of graphite. 
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contribution of the metal atoms in the top- 
2 e- most layer. This first level saturation cor- 

responds to one molecule of C4H6 for two 
4 platinum atoms and a mean surface area per 

molecule of 21.8 A’. This value is 25% 
lower than the theoretical molecular cross 
section determined by Gazevotti et al. (9). 
At the present time such a difference can- 

FIG. 3. Variation of Auger signal for carbon and not be considered significant if we take into 
platinum as a function of exposure time at 6 x 10m2 account the experimental scattering in the 
Torr of butadiene. Auger results (of the order of 10%) and the 

errors in the calibration of carbon which 
was indirectly made by reference to results 

tion level was reached after 30 min of obtained on a different orientation of plati- 
exposure. At this stage the intensity of the num with different equipment. We will 
carbon Auger peak was about three times therefore consider that in the first stage of 
greater than that observed for the first adsorption, butadiene molecules are ad- 
plateau, indicating that the surface concen- sorbed flat and are lying in the valleys as 
tration of carbon was 6C/Pt. No clear shown in Fig. 4. 
LEED pattern was observed at this stage. In the second stage of the adsorption the 
As deduced from the time required to reach stronger screening effect of the hydrocar- 
the second saturation level at 6 x IO-* Ton-, bon species on platinum seems to indicate 
the mean sticking coefficient was then Sz = that these species are now adsorbed on the 
3.5 X 10-8, many orders of magnitude lower topmost layers of platinum atoms. It also 
than S1. For longer exposure, the CZ,Z peak suggests another kind of bonding for the 
continued to increase slowly until the Pt hydrocarbon molecules. Instead of the mol- 
peak was nearly totally screened. The ecules lying flat we tentatively consider that 
strong change in the sticking coefficient, the additional butadiene molecules are ad- 
the change in the curve for the kinetics of sorbed as butadienyl or butylidyne species 
adsorption, and the change in the decrease and are bonded to the surface by only one 
in the Auger peak of platinum, all these carbon atom. The saturation of the topmost 
factors strongly suggest the existence of layer of platinum would correspond to one 
two types of carbon deposit. species per platinum atom. However, to 

Based on the Auger results some as- check the preceding conclusions more in- 
sumptions can be tentatively made on the 
nature and the location of these deposits. 
We have seen that the hydrocarbon species 
adsorbed in the first stage has a poor 
screening effect on platinum. Such a result 
is likely to be compatible with an ad- 
sorption of these species in the valleys of 
the (110) plane. The slight decreases in the 
Auger emission would be mainly due to the 
attenuation by the hydrocarbon species of 
the signal coming from the platinum in the 

FIG. 4. Butadiene hydrogenation on Pt(l10): model 

second layer. At grazing incidence of the 
of the working catalyst (crosses signify sites for hydro- 
gen dissociation). 
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excitation electron beam one would expect 
the Auger contribution of these metal 
atoms to be much less important than the 
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FIG. 5. Variation of rates as a function of H2 pres- 
sure for butadiene hydrogenation and Hz-D2 ex- 
change. 

formation on the structural features of the 
bound hydrocarbon would be necessary. 

B. Kinetics of Hydrogenation 

In a first series of experiments performed 
at 393 K, the rates of butadiene hydrogena- 

tion and of Hz-D2 equilibration were mea- 
sured simultaneously as a function of hy- 
drogen pressure at constant butadiene 
pressure (7 Torr). As shown in Fig. 5, two 
operating regimes are discernible with dif- 
ferent orders in hydrogen pressure for both 
reactions. We shall mainly discuss here the 
results obtained at higher hydrogen pres- 
sures. 

Under such conditions the selectivity 
was observed to be constant and the orders 
for hydrogenation and equilibration were 
both equal to unity with respect to hydro- 
gen pressure. A typical curve of butadiene 
conversion into the various products is 
shown in Fig. 6. The carbon concentration, 
measured by AES at low conversion and 
after gas removal, was equivalent to one 
butadiene molecule for two platinum atoms 
(first level of saturation obtained by ad- 
sorption from pure butadiene). Such a satu- 
ration is consistent with the zero order of 
the reaction rate with respect to butadiene 
measured at the start of the reaction. It 
would correspond, as previously discussed, 
to the complete filling of the valleys of the 
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FIG. 6. Kinetics of butadiene hydrogenation, formation of reaction products, and kinetics of Hz-D2 
equilibration measured simultaneously. 



BUTADIENE HYDROGENATION ON Pt(l lo), t 439 

Pt(I1O) by the hydrocarbon molecules. As 
shown in the proposed model (Fig. 4), the 
part of the surface which remains free of 
hydrocarbon may provide the dissociation 
sites for hydrogen molecules, more particu- 
larly the bridge sites. As a matter of fact, 
the surface can be considered a bifunctional 
catalyst, one part of the surface providing 
the adsorption sites for butadiene mole- 
cules, and the other part the dissociation 
sites for hydrogen molecules. We have seen 
and will discuss in more detail in a forth- 
coming paper that the hydrogen disso- 
ciation is selectively poisoned by sulfur. 
This confirms the fact that hydrogen and 
butadiene occupy separate adsorption sites 
in this regime of hydrogenation. 

In the same Hz pressure regime, the 
influence of the temperature has been in- 
vestigated for both studied reactions. The 
activation energies deduced from the 
curves in Fig. 7 are I$, = 39.3 kJ mol-’ 
for the butadiene hydrogenation2 and I$, 
= 16.8 kJ mol-’ for the equilibration re- 
action. 

The butadiene hydrogenation can be de- 
scribed by the following elementary steps: 

HZ _ 2H(a) 
6 

+H(a) 

C4&k) 3 
K 

C4Hb) L--+ 

CJMa .I 

Under the steady-state condition the 
equilibration rate gives the rate of H2 disso- 
ciation. This rate is one order of magnitude 
higher that the rate of hydrogenation. Con- 
sequently, the rate-determining step of the 
hydrogenation reaction is not the hydrogen 
adsorption but more probably step 4 which 
corresponds to the hydrogenation of the 
half-hydrogenated product. Assuming that 

’ This value is more precise than the value (10.6 kcal 
mol-‘) reported in Ref. 6. 

FIG. 7. Arrhenius plots for the hydrogenation and 
the equilibration reactions giving the temperature at 
which the rates are equal. 

C4H6(a) is the most abundant species, we 
have 

G&,(a)] + [C&Ma)1 

in which [ChHb(a}] and [CdHT(a)] are respec- 
tively the surface concentrations of both 
compounds with one C4H6(a) per two Pt 
atoms. With the additional assumption that 
all sites are active for hydrogen disso- 
ciation, the rate of the reaction is 

y = MGHddl - FWl 

= k4K&2. - PH? * [C4H6(a)l = K - PH, 

where Kl and K3 are respectively the 
equilibrium constants for reactions 2 and 3. 
This rate equation is in agreement with the 
kinetic results. 

At 373 K the rate of the equilibration 
reaction is 20 times lower than that on the 
bare Pt( 110) (5). This indicates that a frac- 
tion of the dissociation (or recombination) 
sites is blocked by the hydrocarbon mole- 
cules. In the absence of a systematic study 
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of the hydrocarbon deuteration, the major 
mechanism of the Hz-D* equilibration can- 
not be determined. It can be either the 
direct recombination between H(a) and 
D(a) or the exchange among D(a), CdHe(a), 
and C4H7(a). 

When a large amount of butadiene is 
converted, the change of order with respect 
to this species indicates that the surface is 
not saturated anymore and the equilibration 
rate is increased. This is in agreement with 
the fact that the part of the surface free of 
adsorbed butadiene molecules has the same 
behavior as the bare Pt( 110) with respect to 
the HZ-D2 exchange reaction. 

In the low hydrogen pressure regime, the 
selectivity toward butane is proportional to 
hydrogen pressure (Fig. 8) and the order 
with respect to hydrogen pressure is no 
longer one but becomes two for the hydro- 
genation reaction. This order also increases 
for the equilibration reaction. The rate of 
both reactions is lower than the rate we 
would expect by extrapolating the results 
obtained at high hydrogen pressures. It was 
observed that the carbon surface concen- 
tration in this regime was higher than that 
previously and could even reach nearly the 
equivalent of 6C atoms per platinum atom. 
This latter concentration corresponds to 
the second level of saturation obtained by 

FIG. 8. Variation of the selectivity in butane as a 
function of hydrogen pressure. 

adsorption from pure butadiene. These ob- 
servations seem to indicate that the sites 
for hydrogen dissociation are partially 
poisoned by some hydrocarbon species. As 
previously assumed, dehydrogenated bu- 
tadiene molecules such as butadienyl spe- 
cies may be responsible for this partial 
deactivation. The order of two with respect 
to hydrogen for the hydrogenation reaction 
can be explained with the same general 
mechanism as above, if the fraction of 
dissociation sites for hydrogen is no longer 
constant but varies proportionally with the 
hydrogen pressure. 

C. Deactivation by Carbon 

(i) Low-temperature deactivation. A se- 
ries of catalytic tests has been performed 
for several values of carbon concentration 
obtained by butadiene adsorption at room 
temperature followed by treatment under 
vacuum at the same temperature. As seen 
above, it is possible by such treatments to 
realize various carbon deposits and there is 
good experimental evidence that butadiene 
molecules are adsorbed first in the valleys 
(up to one molecule per two platinum 
atoms), then on the topmost metal atoms 
(up to one molecule per platinum atom, or 
1.5 molecules per platinum atom for the 
total amount). 

As shown on the deactivation curve, two 
regimes are visible (Fig. 9). 

(i) Up to 2C/Pt or 1C4Hd2Pt the same 
activity A0 and selectivity as those starting 
from the clean surface were found. This 
means that even if butadiene molecules are 
partially dehydrogenated during the vac- 
uum treatment, this process does not irre- 
versibly poison the surface. 

(ii) Above 2C/Pt the deactivation curve 
roughly follows the relation A = Ao(l - 192,) 
where 8, is the number of butadiene mole- 
cules per platinum atom adsorbed, in the 
second adsorption stage, i.e., on the pre- 
sumed dissociation sites for hydrogen. If 
butadiene molecules are adsorbed at ran- 
dom, the preceding relation indicates that 
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FIG. 9. Variation of the hydrogenation rate as a 
function of carbon coverage at T = 330 K (0, varying 
from 0 to 1 between 2 and 6 for 1C,272,). The dotted line 
corresponds to the curve A = A,,(1 - Of). 

the deactivation of one dissociation site for 
hydrogen would require two butadiene mol- 
ecules adsorbed on two next-neighbor 
sites. We finally note that complete deac- 
tivation occurs for & = 1 which cor- 
responds to the second level of saturation 
obtained by butadiene adsorption. Con- 
trary to the previous case, this deactivation 
is probably the result of some irreversible 
transformation of the hydrocarbon mole- 
cules adsorbed during the second stage of 
adsorption. We can, for example, imagine a 
partial dehydrogenation under vacuum with 
the formation of butadienyl or butylidyne 
radicals. It has been proved that the reac- 
tivity of partially dehydrogenated species 
(e.g., ethylidyne in ethylene hydrogenation 
(20)) is much lower than deduced from the 
hydrogenation rate. Vibrational spectro- 
scopic analysis would probably be one of 
the most appropriate tools to differentiate 
between these two hydrocarbon species. 
The regime of butadiene hydrogenation ob- 
served at low hydrogen pressure (Fig. 5) 
can be tentatively explained as above by a 
partial deactivation of the hydrogen disso- 
ciation sites. It can be assumed that for a 
given hydrogen pressure, a stationary cov- 
erage of the deactivating hydrocarbon spe- 

ties is reached. Such explanation would 
account for the higher order of the reaction 
rate with respect to hydrogen: a fraction of 
the hydrogen would be required to react 
slowly with the deactivating hydrocarbon 
species, and another fraction to hydroge- 
nate normally the butadiene molecules. 

(ii) High-temperature deactivation. De- 
activation by carbon may also occur at high 
temperatures. This phenomenon is charac- 
terized by an initial rate of hydrogenation 
decreasing as a function of temperature, as 
is shown in Fig. 10. This occurs above a 
critical temperature ?“, = 520 K (extrapo- 
lation). It was also observed that the hydro- 
genation rate was not constant as a function 
of time but was decreasing until a low 
stationary value was reached. After the 
reaction, a carbon surface concentration 
above the critical value of 2C/lPt was al- 
ways found. At high temperatures the plati- 
num Auger peak was even totally screened, 
indicating the formation of a multilayer 
carbonaceous deposit. 

We have previously assumed that at low 
temperatures the hydrogenation reaction 
was controlled by the surface reaction be- 
tween adsorbed hydrogen and C4H7(a) and 
with an apparent activation energy of 39 kJ 
mall’. By increasing the temperature, a 
change in the rate-determining step is to be 
expected when the rate of hydrogen disso- 
ciation begins to be of the same order of 
magnitude as the rate of hydrogenation. 
The temperature TA at which such a change 
of regime occurs roughly corresponds to 
the intersection between the curve of hy- 
drogenation and the curve of equilibration 
(590 K, see Fig. 11). We note that TL is not 
very different from T,. The agreement is 
even better if we consider that the depar- 
ture of the normal hydrogenation curves 
must occur at lower temperatures than TL. 
We arrive at the conclusion that when the 
hydrogen supply begins to control the over- 
all reaction, the hydrogenation of the bu- 
tadiene molecules is replaced by dehy- 
drogenation into products that are the 
precursors of the inactive carbon deposit. 
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FIG. 10. Arrhenius plots giving the apparent activation energy of the hydrogenation reaction on 
clean surface and on carbon-covered surface (0, - 8). 
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FIG. 11. Arrhenius plots of the hydrogenation and the equilibration reactions giving the temperature 
at which the butadiene molecules are transformed into less hydrogenated products. 



BUTADIENE HYDROGENATION ON Pt(l IO). 1 443 

In order to investigate the influence of 
the carbon deposit formed at high tempera- 
tures on the activation energy, a series of 
experiments was carried out at various tem- 
peratures starting with the same initial state 
of carbon contamination. As indicated by 
the residual activity and the measured car- 
bon concentration, this contamination cor- 
responded to a deposit covering about five- 
sixths of the surface (Fig. 10). As shown by 
the slope of the Arrhenius curves the acti- 
vation energy remained the same for both 
reactions, hydrogenation and equilibration. 
It can be concluded that the deactivating 
carbon deposit does not change the elec- 
tronic properties and consequently the 
catalytic activity of the part of the sur- 
face not covered by this deposit; also, the 
selectivity was observed to be unaffected 
by the carbon deposit. 

CONCLUSIONS 

By means of surface analysis before and 
after the catalytic reaction and simulta- 
neous HI-D2 equilibration, the butadiene 
hydrogenation has been studied in detail on 
Pt(ll0). Two regimes have been observed 
for the hydrogenation, depending on the 
range of hydrogen pressure employed. 

Based on the results of kinetics and sur- 
face analysis we draw the following conclu- 
sions. 

(1) With regard to hydrogen pressure in 
the range up to 400 Torr: 

(i) At “high” hydrogen pressure 
-butadiene is the most abundant 

species: under steady-state conditions the 
surface is covered by one butadiene mole- 
cule for two platinum atoms, 

-the sites for butadiene adsorption 
(sites in the valleys) are different from the 
sites for hydrogen dissociation (probably 
bridge sites), 

-the rate-determining step is the 
surface reaction between the half-hydro- 
genated butadiene molecules (C4H7(a)) and 
hydrogen atoms (H(a)). 

(ii) Below a critical hydrogen pres- 
sure (-125 Torr), the sites for hydrogen 
dissociation are poisoned by some hydro- 
carbon species. 

(2) Above a critical temperature the hy- 
drogenation rate is no longer controlled by 
the surface reaction but by hydrogen ad- 
sorption and irreversible deactivation by 
carbon occurs. 

(3) Deactivation by carbon formed at 
high temperatures does not affect the acti- 
vation energy and the selectivity for the 
hydrogenation reaction. The residual activ- 
ity is proportional to the surface free of 
deactivating deposit. 

Since in many hydrogenation reactions 
the rate laws with respect to the reactants 
are the same as those found here at high 
hydrogen pressures, the proposed mecha- 
nism seems to be relevant to these reac- 
tions. In our laboratory additional work is 
in progress on other crystal orientations of 
platinum to analyze the influence of the 
metal structure on the mechanisms of hy- 
drogenation. Finally, progress in the theory 
of the chemical bonds involving adsorbed 
hydrocarbons and new experimental data 
such as those obtained by electronic spec- 
troscopy may provide in the future a better 
understanding of mechanisms of catalytic 
reactions involving unsaturated hydrocar- 
bons on transition metals. 

Nolo trddrd in proo/: The referees have drawn the 

attention of the authors to some critical points in this 

paper. In order to clarify these points, we have 

performed home additional AES measurements by 

using a cylindrical mirror analysis instead of a retard- 

ing grid analysis. These cxpcriments have given sup- 

port to the existence of two levels of saturation when 

butadiene is adsorbed from the gas phase. Moreover, a 

much lower screening effect of butadiene was ob- 

served on the platinum 16X eV Auger peak when the 
analysis was made at normal incidence for the excita- 

tion electron beam. These results will be reported in 
detail in a forthcoming publication. 
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