
ELSEVIER Surface Science 395 (1998) 248 259 

. . . .  

surface science 

Adsorption of methanol, ethanol and water on well-characterized 
Pt-Sn surface alloys 

Chameli Panja, Najat Saliba, Bruce E. Koel * 
UniversiO~ of Southern Cal([ornia, Department of Chemistry, Los Angeles, CA 90089-0482, USA 

Received 18 March 1997; accepted for publication 15 July 1997 

Abstract 

Adsorption and desorption of methanol (CH3OH), ethanol (C2HsOH) and water on P t ( l l l )  and two, ordered, Pt-Sn alloys has 
been studied primarily using temperature-programmed desorption (TPD) mass spectroscopy. The two alloys studied were the 
p(2 × 2)Sn/Pt( 111 ) and ( ~  × ~f3)R30 ~" Sn/Pt( 111 ) surface alloys prepared by vapor deposition of Sn on Pt( 111 ), with 0s. =0.25 
and 0.33, respectively. All three molecules are weakly bonded and reversibly adsorbed under UHV conditions on all three surfaces, 
molecularly desorbing during TPD without any decomposition. The two Pt Sn surface alloys were found to chemisorb both 
methanol and ethanol slightly more weakly than on the Pt( l I 1 ) surface. The desorption activation energies measured by TPD, and 
hence the adsorption energies, of both methanol and ethanol progressively decrease as the surface concentration of Sn increases, 
compared with Pt( 111 ). The decreased binding energy leads one to expect a lower reactivity for these alcohols on the two alloys. 
The sticking coefficients and the monolayer coverages of these alcohols on the two alloys were identical to that on Pt( 111 ) at 100 K, 
independent of the amount of Sn present in the surface layer, Alloying Sn in Pt( 111 ) also slightly weakens the adsorption energy of 
water. Water clusters are formed even at low coverages on all three surfaces, eventually forming a water bilayer prior to the 
formation of a condensed ice phase. These results are relevant to a molecular-level explanation for the reactivity of Sn-promoted Pt 
surfaces that have been used in the electro-oxidation of simple organic molecules. © 1998 Elsevier Science B.V. 
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I. Introduction 

The use of simple organic molecules such as 
methanol, ethanol, formic acid and formaldehyde 
as future electrochemical fuels has several advan- 
tages. In addition to their high energy density [ 1 ], 
they are relatively nontoxic and easy to store and 
handle. Advanced fuel cells using methanol are 
already being developed [2]. Crucial to the 
operation of these electrochemical systems is the 
interaction of the fuel with the electrode surface. 
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The oxidation of methanol on different metal 
catalysts has been studied [3-8]. The principle 
limitation in using an electrode (electrocatalyst) 
with a viable organic fuel is the poisoning of the 
electrode by some intermediate and/or product 
produced by the reaction. Identified poisons 
are adsorbed hydrogen (Ha~s), formyl species 
(CHOads) and carbon monoxide (COads) [9,10]. 
The most active catalysts for methanol oxidation 
are defined as those having a low surface concen- 
tration of all poisoning species. These are either 
platinum catalysts promoted by electrodeposition 
of certain metals [11 ] or alloys of platinum such 
as Pt -Ru [12-14] or Pt-Sn [13-19]. For the Pt-Sn 
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systems, there are controversies about the state of 
Sn in these catalysts and the activity of such 
electrodes. Most reports [13,15-17] state that 
P t -Sn appears to be the most active catalyst in a 
sulfuric acid solution at a temperature above 40°C. 
In contrast, others report either an inhibition or 
an activity comparable to that of pure Pt 
[14,18,19]. Haner et al. [18] studied the electro- 
oxidation of methanol on Pt-Sn alloys and found 
no Pt -Sn alloy of any composition that was more 
active than pure platinum. While the use of ethanol 
in a fuel cell has been considered [20,21], the 
oxidation of ethanol on different metal electrodes 
is much less studied and ethanol is still of primarily 
academic interest due to the addition of one carbon 
atom that implies more intermediates that could 
possibly poison the electrode surface. 

Surface science studies in ultra-high vacuum 
(U H V)  of methanol and ethanol adsorption on 
metal surfaces such as P d ( l l l ) ,  P t ( l l l )  and 
P t ( l l 0 )  have been carried out [22-24]. Methanol 
decomposes on Pd( 111 ) to form CO and H 2, while 
ethanol undergoes C-C  bond cleavage to form 
CO, H 2 and methane (CH4) [22]. Methanol and 
ethanol weakly and reversibly adsorb and desorb 
molecularly from Pt( 111 ) [25,26]. Indeed, the first 
four (C~-C4) alcohols all have low heats of adsorp- 
tion ( 11 15 kcal/mole) on Pt( 111 ) [25]. The small 
amount of decomposition (10%) into CO, H 2 and 
C,as, in early reports concerning adsorbed alcohols 
on Pt ( 111 ) was eventually shown by Dubois et al. 
[26] to be due to defect sites present at the surface. 
An outstanding question is whether or not the 
presence of Sn in the surface layer of Pt Sn alloys 
will alter the chemistry of methanol and ethanol 
on the surface. 

The interaction of  water with transition metal 
surfaces is also an important topic for discussion 
of  the electrode chemistry in electro-oxidation of 
alcohols. Because water-metal interactions are so 
ubiquitous for practical and fundamental consider- 
ations in many disciplines including corrosion, 
electrochemistry and catalysis, the adsorption of 
water on transition metals has been extensively 
investigated in the past and the platinum surface 
has been of special interest in heterogeneous cataly- 
sis and electrochemistry. An excellent review of 
water adsorption has been given by Thiel and 

Madey [27]. Even at the lowest coverages, water 
desorbs in two peaks, 196 and 178 K, and at higher 
coverages, there are three distinct physisorbed 
peaks, 160-167; 170-171; and 177-180 K, ascribed 
to multilayer ice, a bilayer region and a nonbilayer 
region, respectively [28,29]. Hydrogen-bonded 
clusters are present even at very low coverages. 
From photoelectron [30] and vibrational spectra 
[31,32], it was concluded that the "monolayer"  
consists of a two-tiered, three-dimensional struc- 
ture, called the bilayer. The structure of the bilayer 
is such that the bottom half of the water molecules 
are directly bonded to the surface through the 
oxygen atoms and the top half of the water mole- 
cules are held in the structure by two or three 
hydrogen bonds to the lower molecules. The high- 
temperature, "chemisorbed" state of water corre- 
sponding to the desorption peak at 185-196 K on 
P t ( l l l )  surfaces has been assigned to a surface 
recombination reaction of  coadsorbed hydroxyls 
that are formed at defects or from dissociation 
induced by preadsorbed oxygen (from the back- 
ground) [28,29]. 

In order to aid discussion and resolution of the 
controversies discussed above and to provide a 
firm foundation for understanding the chemistry 
relevant to electro-oxidation of alcohols over 
Sn-promoted Pt electrodes, it is important to define 
the interactions of simple alcohols with well- 
defined Pt-Sn alloy surfaces. In our present study, 
we have investigated the interaction of methanol, 
ethanol and water with Pt-Sn surfaces under UHV 
conditions by temperature-programmed desorp- 
tion (TPD). The objective of this study was to 
determine the adsorption energies of these mole- 
cules on Pt( 111 ) and two different bimetallic sur- 
faces, the (2 x2 )  and ( ~  x'~f3)R30 '~ S n / P t ( l l l )  
surface alloys. Specifically, we wanted to evaluate 
whether the presence of  Sn in the surface layer 
leads to an increase in adsorption energy or 
thermally activates these molecules for reaction 
due to the thermodynamic driving force provided 
by the Sn-O interaction. 

2. Experimental methods 

The experiments were conducted in an ion- 
pumped stainless-steel vacuum chamber (base 
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pressure 1 × 10 -1° Torr) equipped with low-energy 
electron diffraction (LEED), Auger electron 
spectroscopy (AES) using a double-pass cylindri- 
cal mirror analyzer, a shielded UTI 100C quadru- 
pole mass spectrometer (QMS) for temperature- 
programmed desorption (TPD), an ion gun for 
sputtering, and gas and metal dosing facilities. 

The P t ( l l l )  crystal could be heated resistively 
to 1100 K or cooled to 90 K using liquid nitrogen. 
A chromel-alumel thermocouple was spot welded 
to the crystal to monitor the temperature. The 
crystal was cleaned by repeated cycles of Ar + ion 
bombardment, annealing in vacuum at 1100 K and 
heating in 5 x 10 -8 Torr O2 at 800 K. The cleanli- 
ness and long-range order of all surfaces were 
checked using AES and LEED prior to each 
experiment. 

Methanol (Mallinckrodt Chemical, 99.9%), eth- 
anol (Quantum Chemical Corporation, 99.9%) and 
deionized water were placed in glass reservoirs 
attached to a stainless-steel dosing line and used 
as supplied after degassing by multiple freeze- 
pump thaw cycles. These gases were exposed on 
the Pt crystal by a microcapillary array doser 
connected to the gas line through a leak valve. For 
water, some background dosing was also used for 
small exposures in addition to microcapillary 
dosing. All the exposures listed in this paper are 
given simply in terms of the dosing time for a fixed 
dosing pressure (about 4 x 10 -1° Torr in the back- 
ground); no attempt has been made to correct for 
flux enhancement of the doser or ion gage sensitiv- 
ity. The mass spectrometer in the chamber was 
used to check the purity of the gases during dosing. 
For all of the TPD experiments, the heating rate 
was ~4  K/s. 

The ( 2 x 2 )  S n / P t ( l l l )  and 0~/3x~f3)R30 ° 
Sn/Pt( 111 ) surface alloys were prepared by evapo- 
rating several monolayers of Sn onto the Pt( 111 ) 
crystal surface and subsequently annealing the 
sample to 1000 K for 10 s. Depending on the initial 
deposited Sn coverage, the annealed surface exhib- 
its either a (2 × 2) or a (X/-3 x ~ ) R 3 0 : '  Sn/Pt( 111 ) 
structure, as observed by LEED [33]. These LEED 
patterns for the surfaces prepared as above 
are due to substitutional surface alloys with 
0s,=0.25, corresponding to the (111) face of 

Pt3Sn, and 0sn=0.33, corresponding to a PtzSn 
surface, in which the Sn atoms protrude 0.02 nm 
above the surface Pt plane [34]. For the ( 2 x 2 )  
structure, three-fold Pt sites are present, but none 
of these are adjacent three-fold Pt sites. All three- 
fold sites comprised of only Pt are eliminated for 
the ~ structure and the distance between adjacent 
two-fold sites is increased. For brevity throughout 
this paper, we will refer to the p(2 × 2)Sn/Pt( 111 ) 
and (~v#J x ~J)R30 ° Sn/Pt( 111 ) surface alloys as 
the (2 x 2) and ~ alloy surfaces, respectively. 

3. Results and discussion 

3.1. Methanol and ethanol adsorption 

A series of TPD spectra for methanol 
(CH3OH) desorption from P t ( l l  1 ) and the (2 x 2) 
and ~f3 alloys are shown in Figs. 1-3, respectively. 
All methanol exposures were given with the surface 
temperature at 95 100 K. In each case, a clear 
separation occurs between a high-temperature 
peak due to a chemisorbed state and a low- 
temperature peak arising from desorption from a 
condensed, physisorbed layer. With increasing cov- 
erage in the monolayer, a small shift to lower 
temperatures is seen for the chemisorption peak. 
The multilayer, or condensed phase, peak formed 
at larger exposures occurs at 145 K for all three 
surfaces. On P t ( l l  1 ) at relatively low exposures, 
a desorption peak at 194 K is observed from the 
monolayer and this peak shifts only slightly to a 
lower temperature (183 K) at saturation coverage 
of the monolayer, presumably due to lateral inter- 
actions between methanol molecules. Alloying Pt 
with Sn lowers the desorption temperature for low 
coverages of methanol in the monolayer from 
1 9 4 K o n P t ( l l l ) t o  186 and 179 K on the (2 × 2) 
and ~f3 alloy surfaces, respectively. At saturation 
coverage in the monolayer, the desorption peak is 
reduced from 183 K on P t ( l l l )  to 177 and 170 K 
on ( 2 x 2 )  and ~ alloy surfaces, respectively. 
Because of the very small shifts in the TPD peak 
maxima with increasing methanol coverage for 
these three surfaces, we have attributed first-order 
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Fig. 1. Methanol TPD spectra after methanol  exposures on the 
Pt( 111 ) surface. The multilayer desorption peak at the highest 
exposure has been cut off. Exposures from the bot tom to top 
are 10, 20, 40 .60  and 70 s. 

kinetics to the methanol desorption from all of 
these surfaces. 

Evidence for CO and H 2 evolution from metha- 
nol decomposition was monitored during TPD 
from all three surfaces following methanol expo- 
sure. No appreciable CO o r  H 2 desorption was 
detected. Estimation of the maximum amount of 
decomposition using these CO and Hz peak areas 
yield, in each case, decomposition amounts of 
< 5%, and we attribute this to contributions from 
defect sites and coadsorption of impurities from 
the background gases. Consistent with these TPD 
results, no carbon or oxygen was detected by AES 
following TPD. 

In Figs. 4-6, we show a series of TPD spectra 
for ethanol (CzHsOH) desorption following etha- 
nol dosing on P t ( l l l )  and the (2x2)  and ~f3 
alloy surfaces, respectively, at 95-100 K. These 
TPD spectra are quite analogous to those for 
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Fig. 2. TPD spectra of  methanol  on the (2 × 2) Sn/Pt( 111 ) sur- 
face at different coverages. The exposures from the bottom to 
top are 5, 20, 40 and 60 s. 

methanol desorption, except that the desorption 
temperature of ethanol is higher than methanol on 
all the three surfaces at all coverages due to the 
higher molecular weight and larger size of ethanol 
which leads to stronger adsorption and larger 
condensation energies on the surface. In each case, 
a distinct monolayer desorption peak can be 
observed and this peak shifts slightly to lower 
temperatures with increasing coverage in the 
monolayer. The ethanol multilayer formed for 
larger exposures has a desorption peak temper- 
ature of 155 K from all the three surfaces for 
nearly identical exposures. On Pt( 111 ), the desorp- 
tion peak maximum for a low coverage of ethanol 
in the monolayer occurs at 213 K, but shifts to 
202 K at saturation coverage in the monolayer due 
to lateral interactions. The desorption peak tem- 
perature of ethanol in the monolayer progressively 
decreases with increasing Sn concentration in the 
surface alloy. At relatively low ethanol coverages, 
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Fig. 3. Methanol TPD spectra after methanol  exposures on the 
('X/3 × ~/3)R30 ° Sn/Pt ( 111 ) surface with exposures from bottom 
to top of  10, 20, 40 and 60 s. 

desorption occurs in peaks at 213, 206 and 197 K 
on Pt( 111 ) and the (2 × 2) and V~ alloy surfaces, 
respectively, and peaks occur at 202, 200 and 
190 K for monolayer saturation coverages on these 
three surfaces, respectively. The appearance of the 
ethanol TPD spectra on all the three surfaces also 
suggests first order desorption kinetics. 

The adsorption-desorption behavior of  ethanol 
was found to be entirely reversible with no evidence 
of decomposition, even though ethanol is expected 
to have a higher reactivity than methanol due to 
the presence of/%hydrogen atoms. Uptake curves 
showing the adsorption kinetics and relative satu- 
ration coverages for methanol and ethanol chemi- 
sorbed on the three surfaces are shown in Fig. 7a 
and b, respectively. The slopes of  these uptake 
curves are proportional to the sticking coefficients, 
S, of these molecules on these surfaces. First, we 
find that S =  1 for the population of  the chemi- 
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Fig. 4. Ethanol TPD spectra after ethanol exposures on the 
P t ( l l l )  surface at different coverages. The exposures from 
bottom to top are 5, 10, 20, 40, 60 and 80 s. 

sorbed state on these surfaces at 100 K by compari- 
son with the uptake into the condensed multilayers 
at higher coverages (not shown) and the knowledge 
that S =  1 for the condensation of many hydro- 
carbons [35] and water [29]. Second, we find that 
the value of the initial sticking coefficient at "zero" 
coverage, So, is maintained throughout population 
of  the monolayer, i.e., constant sticking coefficient, 
for adsorption on these surfaces at 100 K. Wefind 
that the value of  So (and S) is not affected by the 
presence of  Sn in the surface layer. Thus, alloyed 
Sn does not effectively decrease the adsorption 
rate constant of these two alcohols on Pt-Sn alloys 
compared with the P t ( l l l )  surface up to 
0s,=0.33. Even if Sn is not directly involved in 
the bonding of these molecules, this would be 
consistent with the important influence of a precur- 
sor state present at the Sn sites, which we have 
previously discussed as the modifier precursor state 
[36]. These curves also show that the same 
monolayer coverage is obtained for methanol and 
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Fig. 5. TPD spectra of  ethanol on the (2 x 2) Sn/Pt( 111 ) surface 
with different coverages. The exposures from bottom to top are 
10, 20, 40, 60 and 120 s. 
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Fig. 6. Ethanol TPD spectra after ethanol exposures on the 
('~/-3 × X/3)R30 ~' Sn/Pt( 111 ) surface. The exposures from bottom 
to top are 5, 10, 20, 40 and 80 s. 

ethanol chemisorbed on the two Pt-Sn surface 
alloys compared with that on P t ( l l l ) .  We find 
that the chemisorbed methanol and ethanol mono- 
layer coverages on P t ( l l l )  and the ( 2 x 2 )  and 
k/3 surface alloys are independent of  the alloyed Sn 
concentrations in these three surfaces. Thus, alloyed 
Sn does not effectively inhibit access to the surface 
for the adsorption of these two alcohols on Pt-Sn 
alloys compared to the P t ( l l l )  surface up to 
0s,=0.33. This suggests that there is only a 
small ensemble of a few Pt atoms required for 
chemisorption. 

A comparison of the desorption peaks in TPD 
for relatively low initial surface coverages of about 
10% of a saturation monolayer coverage (to mini- 
mize lateral interactions) of methanol and ethanol 
on P t ( l l l )  and the (2 x 2) and ~ alloy surfaces 
is shown in Fig. 8. These spectra show clearly the 
influence of alloyed, surface Sn in reducing the 
desorption temperatures to progressively lower 
values as the surface concentration of Sn increases 

in the surface alloy. A decrease in peak temper- 
ature indicates slightly weaker adsorbate-surface 
bonding and this effect can be quantified to give 
desorption activation energies in several ways. The 
simplest method is an analysis of the desorption 
peak maxima using Redhead [37] analysis, assum- 
ing a pre-exponential factor of 10~3/s and first- 
order kinetics. These results are given in Table 1. 
A method that does not require an assumption of 
the pre-exponential factor or kinetic order and is 
often more accurate is derived from making an 
Arrhenius plot from the desorption rate curves. 
This is also sometimes referred to as leading-edge 
analysis [38,39]. These Arrhenius plots of ln(rate) 
versus l/T, where the desorption rate is propor- 
tional to the TPD peak intensity, gave curves 
that were excellently described by straight lines 
for temperatures below the peak maximum. The 
slopes (slope = Ea/R) of these lines give the desorp- 
tion activation energies for methanol and ethanol 
on the three surfaces and these are reported in 
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Fig. 7. (a) Methanol and (b) ethanol uptake curve results from 
TPD experiments for different exposures on the Pt( 111 ), (2 x 2) 
and ~ alloy surfaces. 

Table 1. The Redhead  method and the Arrhenius 
plots give consistent results within + 6  k J/mole 
Since the molecular  adsorpt ion of  these alcohols 
is not  activated on these surfaces, the desorpt ion 
energy is equal to the adsorpt ion energy. The 
presence o f  alloyed Sn in P t - S n  surfaces does not  
have a large effect on the methanol  and ethanol 
heats of  adsorption,  but does slightly decrease the 
adsorpt ion energy of  methanol  and ethanol on 
these surfaces in compar ison  to Pt(  111 ). 

To summarize methanol  and ethanol inter- 
actions on P t - S n  alloys, alloyed Sn does not  have 
a large influence on Pt (111)  chemistry. We note 
that  ultraviolet photoelectron spectroscopy ( U P S )  
has shown that  alloying causes only small changes 
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Fig. 8. Comparison of methanol and ethanol desorption spectra 
for 0 ~ 0.10sa t of methanol and ethanol on the Pt(lll ), (2 × 2) 
and X/3 surface alloys. 

Table 1 
Thermal desorption peak temperatures (top entries, in K) and 
desorption activation energies in kJ/mol (bottom entries) for 
methanol, ethanol and water obtained at about 10% of the 
monolayer saturation coverages on Pt(lll)  and two Pt-Sn 
surface alloys. The left-hand values given in parentheses are 
activation energies obtained by Redhead analysis; the right- 
hand values were determined by leading-edge analysis 

Molecule Pt( 111 ) (2 x 2) 

Methanol 194 186 179 
(49, 47) (47,44) (45, 41) 

Ethanol 213 206 197 
(54, 51) (52, 53) (50, 47) 

Water (bilayer) 162 156 152 
(41,43) (39, 43) (38,44) 

in the Pt d -DOS and in part icular  the DOS near 
Ev [40]. However,  because o f  the stronger S n - O  
bond compared  with the P t - O  bond and the 
thermodynamic  driving force for forming tin oxide, 
it is possible that  Sn would increase the reactivity 
o f  the clean Pt( 111 ) surface, either increasing the 
adsorpt ion energies o f  alcohols or  lowering the 
activation barrier to dissociative adsorption.  This 
intuitive idea does not  correctly predict our  results. 
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We observed a decrease in the adsorption energies 
because Sn is not directly involved in the bonding 
of these molecules to the surface and the subtle 
localization of charge due to Pt Sn bonding weak- 
ens the adsorbate-surface interaction. Our values 
for the adsorption energetics should be quite useful 
in calculating surface coverages and residence 
times under a variety of  conditions other than 
those of  UHV. The intuitively expected increase 
in alcohol reactivity due to Sn was also not 
observed. We know from our desorption measure- 
ments that the activation barriers to dissociate 
methanol or ethanol on these alloy surfaces cer- 
tainly exceed 41-54kJ/mol .  It is reasonable to 
assume that the barriers to dissociation exceed 
those on Pt( 111 ) since the adsorption energies are 
smaller. Our data are consistent with the more 
recent results for electro-oxidation of methanol 
[14,18,19] that show that P t -Sn alloys are not 
more active than pure Pt. 

3.2. Water adsorption 

Fig. 9 shows the TPD spectra after H 2 0  was  

dosed on clean Pt(111) at 100 K. The inset shows 
additional spectra for very low exposures. Even 
for these very low exposures, two peaks appear, 
one near 185 K and a second at 163 K, similar to 
that observed previously [28,29]. The feature at 
185 K is always small and saturates at relatively 
low exposures. This broad peak has been assigned 
to a surface recombination reaction of coadsorbed 
hydroxyls that are formed at defects or from 
dissociation induced by preadsorbed oxygen (from 
the background) [28,29]. The formation of the 
163 K peak, which shifts to 167 K near saturation 
coverage, is attributed to water-island or cluster 
formation due to hydrogen bonding even at very 
low coverages because the energy associated with 
hydrogen bonding is comparable to the water-sur- 
face interaction. We did not resolve a second peak 
in the bilayer region as Jo et al. [29] observed; this 
is most likely to be due to a small amount ( ~  5% 
ML) of preadsorbed hydrogen from background 
contamination on the P t ( l l l )  surface [29]. 
Finally, another peak arises at 161 K which shifts 
to higher temperature with increasing exposure 
and does not saturate. One "monolayer"  has been 

161 K 
H20/Pt(111) 
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TEMPERATURE (K) 

Fig. 9. TPD spectra of water dosed at 100 K on the P t ( l l l )  
surface with different exposures. 

defined as the coverage corresponding to the high- 
est exposure which did not give a 161 K desorption 
peak. This monolayer saturation coverage of  water 
on P t ( l l l )  corresponds to a bilayer with 0.67 
H 2 0  molecules per Pt atom [27]. 

On both the ( 2 × 2 )  and ~¢~ surface alloys, 
no high-temperature "chemisorption" peak was 
found, as shown in Fig. 10Fig. 11. Immediately at 
the lowest exposures, a H20 TPD peak arises at 
about 156 K for the (2 × 2) alloy and at 152 K for 
the ~ alloy and shifts to higher temperatures 
(165-166K)  with increasing coverages. These 
peak shapes are appear like those for zero-order 
kinetics. First, alloying with Sn completely poisons 
the Pt( 111 ) surface for the high-temperature "che- 
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Fig. 10. Water TPD spectra after water exposures on the (2 x 2) 
Sn/Pt( 111 ) surface alloy with different coverages, 

misorption" peak of  water. This could be due to 
titration of defect sites by alloyed Sn and/or the 
fact that these Pt-Sn alloys do not dissociatively 
chemisorb O2 [41]. Second, the peak that appears 
at 166-165 K for both of the alloyed surfaces is 
identical to that (167 K)  for the P t ( l l l )  surface 
and the overall behavior of  this peak with increas- 
ing coverage is also nearly the same. This desorp- 
tion peak is certainly due to island formation from 
hydrogen-bonded water clusters and, furthermore, 
we propose that this peak arises from the water 
bilayer on the alloy surfaces. A comparison of  the 
areas of the 165-167 K peaks at saturation cover- 
age in these states on all three surfaces gives the 
same values. Hence, the "monolayer"  of water 
that forms on Pt( 111 ) with a bilayer structure also 
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Fig. 11. TPD spectra of  water on the (~ /3x 'v /3)R30 ' 
Sn/Pt( I I 1 ) surface with different coverages. 

forms on the two alloys and the kinetics and 
energetics of  the desorption of this bilayer and 
subsequent multilayers is identical on all three 
surfaces. Evidently the presence of alloyed Sn in 
the surface layer of the Pt -Sn alloy has a similar 
effect to that observed for preadsorbed hydrogen 
or oxygen [29] on Pt( 111 ) in that some orientation 
or ordering requirement cannot be satisfied on the 
alloy surface to cause the characteristic "two peak" 
desorption of  the bilayer structure. (The pread- 
sorption of  contaminant hydrogen or oxygen can 
no longer be an explanation for the merging of  
these two peaks as on Pt(111 ) in Fig. 9 since the 
two alloys do not dissociatively adsorb H 2 or O 2 
[411.) 

In order to probe any subtle differences in the 
direct bonding interactions of  water with these 
three surfaces, we show desorption spectra in 
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Fig. 12 for initial water coverages that are about 
10% of the saturation monolayer coverage. The 
main TPD peak decreases from 163 K on Pt( 111 ) 
to 156 K on the (2 x 2) alloy to 152 K on the ~/3 
alloy. The results from the Arrhenius plots from a 
leading-edge analysis are summarized in Table 1 
along with those obtained by using Redhead analy- 
sis. With increasing Sn concentration in the alloys, 
the bonding of water to the surface is reduced 
slightly. Regarding the reactivity of  these surfaces, 
the activation barrier for dissociative adsorption 
of  water exceeds 38-44 kJ/mol on these three 
surfaces. 

Fig. 13 illustrates and compares the influence of 
increasing alloyed Sn concentration on the adsorp- 
tion energetics of methanol, ethanol and water on 
Pt( 111 ) and the (2 x 2) and V~ alloy surfaces. The 
molecular desorption peak temperatures are shown 
for desorption at relatively low coverages of about 
10% of the monolayer saturation coverage in order 
to reduce the influence of lateral interactions in 
the adsorbed layer. In addition, the right-hand 
axis in Fig. 13 approximately indicates the corre- 
sponding desorption activation energies (this is an 
approximate guide since there is not strictly a 
linear relationship between the peak temperature 
and the activation energy). As we have discussed, 
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Fig. 12. Comparison of the desorption peak temperature of 
about 10% saturation monolayer coverage of water on the 
Pt( 111 ), (2 x 2) and ~ alloy surfaces. 
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Fig. 13. Influence of the alloyed Sn concentration on the desorp- 
tion peak temperature of methanol ethanol and water in the 
Sn/Pt surface alloys. The right-hand axis gives an estimation of 
the corresponding molecular desorption energies. 

alloying Sn with Pt( 111 ) causes a weak reduction 
in the adsorbate-surface bonding in all cases, 
presumably due to increased localization of  Pt 
orbitals resulting from Pt -Sn bonding interactions, 
The decrease in the desorption temperature is not 
linear with an increase in the surface Sn concen- 
tration for any of the three molecules studied, the 
decrease in adsorption energy being relatively 
larger for the ~/3 alloy than the (2 x 2) alloy for 
all of  the molecules. We have observed a similar 
behavior for several alkenes [42] on these alloys 
and we interpreted this as due to the absence of  
pure-Pt three-fold sites on the V~ alloy and the 
importance of  these sites in chemisorption bond- 
ing. Because these molecules are so weakly bonded 
to the surfaces, such a connection here is more 
tenuous. The smaller influence of  alloying on the 
bonding of water on the (2 x 2) and V~ alloys is 
justifiable due to the relatively smaller role played 
by the substrate surface in the adsorption energy 
because of the much larger importance of hydrogen 
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bond ing  in the water  over layer  c o m p a r e d  to that  
for  me thano l  and  e thanol .  

4. Summary 

Methano l  and  e thanol  molecular ly  desorb  f rom 
P t ( l l l )  and  the ( 2 × 2 )  and (~/3×k/-3)R30 ° 
Sn/P t (  111 ) surface al loys wi thout  any  decompos i -  
t ion under  U H V  condi t ions .  Both  al loy surfaces 
chemisorb  these molecules  sl ightly more  weakly  
than  the clean P t ( l l l )  surface. The adso rp t ion  
rate  cons tant ,  i.e. the st icking coefficient, and  the 
m o n o l a y e r  coverage  o f  me thano l  and  e thanol  are 
uneffected by a l loying Sn into the Pt surface. The 
la t ter  observa t ion  suggests that  an ensemble size 
o f  only a few Pt a toms  is required for  chemisorp-  
tion. In  addi t ion ,  the ac t iva t ion  barr iers  for the 
dissocia t ion o f  me thano l  and  e thano l  exceed 
41 -54  kJ /mol  on  these P t - S n  al loys and chemi-  
sorp t ion  o f  these a lcohols  does  not  oxidize the Sn 
in the al loy under  U H V  condi t ions .  

Wa te r  is only weakly  adso rbed  on all three 
surfaces s tudied and  a thermal ly  s tabi l ized bi layer  
s t ructure  is fo rmed  on the two al loy surfaces 
s imilar ly to Pt(111 ). The  desorp t ion  t empera tu re  
and  desorp t ion  ac t iva t ion  energy o f  this b i layer  
and  subsequent  condensed  layers are  unaffected 
by al loying,  even though  there is evidence that  at  
very low coverages  there is a small  weakening  o f  

the direct  in terac t ion  o f  water  molecules  with the 
surface with increasing Sn concent ra t ion .  

In general ,  for  all three molecules,  a t rend  is 
observed  for a small  decrease in the desorp t ion  
ac t iva t ion  energies with increasing Sn concen-  
t ra t ion  in the series Pt(111 ), (2 x 2) a l loy and  
al loy surfaces, with a relat ively larger  influence 
upon  fo rming  the ~ alloy. This  is consis tent  with 
recent results tha t  show that  P t - S n  al loys are not  
more  active than  pure  Pt for  e lec t ro-ox ida t ion  o f  
me thano l  [14, 18, 19]. Our  da t a  provide  bench- 
marks  for  discussing the surface chemis t ry  o f  alco- 
hols o n  P t - S n  alloys,  opening  the road  for an 
improved  under s t and ing  o f  e lec t ro-ox ida t ion  and  
catalysis  o f  a lcohols  and  o ther  oxygena ted  mole-  
cules on bimetal l ic  P t - S n  catalysts .  
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