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Study of so2 Adsorption on a Stepped Platimun Single 
Crystal Surface by Photoelectron Spectroscopy* 

w. Siekhaus and T. Novakov 

Lawrence Berkeley Laboratory 
University of California· 

Berkeley, Ca. 94720 

LBL-1707 

SO was adsorbed at room temperature, under UHV conditions, 
on2a stepped single crystal surface of Pt, and observations 
were made with x-ray photoelectron spectroscopy (XPS-ESCA). 
From the observed energies and intensities of 0, S and Pt 
photoelectron lines it is concluded that the so2 decomposes 
at the Pt surface to form a surface sulfide. only a small 
fraction of that oxygen stays on the surface, probably in 
the molecular form. 

As a part of a program of studying the surface interactions of sulfur 

dioxide with different materials, we have performed a study of the adsorption 

of so
2 

on a clean platinum single crystal surface, under UHV conditions, using 

the technique of x-ray photoelectron spectroscopy (XPS-ESCA). 

Very little is known about the chemical species produced on metal surfaces· 

by S02 adsorption in general, and on Pt in particular. The interaction of S02 

with a clean silver surface was studied by Lassiter(!) using Auger spectroscopy, 

who concluded that sulfur becomes chemisorbed to the silver, probably in the 

form of a sulfide. No oxygen peak was detected in his Auger spectrum following 

the so2 adsorption. 

The XPS measurements described in this paper were performed with an AEI 

*This work has been supported by the National Science Foundation-RANN and the 
U.S. Atomic Energy Commission 
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The single crystal was cut such that a 6(111) x 100 stepped surface 

was formed; it was electropolished and its surface structure was observed by 

LEED. The crystal was mounted on a platinum strip and cleaned in the spectro

meter by heating at 800° - 900°C in an oxygen atmosphere of -1 x 10-6 Torr for 

about 45 minutes. No surface impurity was observable after this treatment. 

-9 
The spectrometer~ressure during observation was less than 1 x 10 Torr. To 

. -6 
deposit a layer of so

2
, the crystal was exposed to ~3 x 10 Torr-sec of so

2
• 

The binding energy calibration was such that graphite in electrical 

contact with the spectrometer and hydrocarbon (~uch as ethylene) on platinum 

both give a C(ls) binding energy of 285.0 ev •. In this way the sulfur binding 

energies of the surface species produced by so2 adsorption can be compared 

directly with reported XPS measurements of different sulfur compounds. 

The sulfur 2p, oxygen ls, and platinum 4f
512 

- 4f
712 

photoelectron 

spectra of the platinum surface exposed to so
2 

are reproduced in Figure 1. A 

single sulfur 2p peak having a FWHM of about 2 eV is seen, corresponding to one 

well defined chemical state of sulfur. The S(2p) binding energy is found to be 

163.5 ev. Since the value of the S(2p) binding energy for elemental sulfur is 

164.2 eV, the-surface sulfur shows a chemical shift of -0.7 eV relative to 

neutral sulfur. The chemical shift is, in the first approximation, proportion-

al to the net charge on the atom (ion) and therefore the surface bonding must 

involve electron transfer from platinum to sulfur. In a separate experiment 

we have measured the S(2p binding energy of PtS and found it to be 163.7 eV. 

This value is in close agreement with the S(2p) binding of the sulfur species 

produced by so
2 

chemis.orption on Pt surface. We conclude therefore that the 

product of so
2 

adsorption on platinum is a surface sulfide resembling PtS. 
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As can be seen from Figure 1 the concentration of oxygen on exposed 

platinum is small. This oxygen is associated either with platinum oxides or 

adsorbed molecular oxygen produced in the process of so2 interaction with the 

platinum surface. The O(ls) binding energy is 532.9eV, which is about 2 eV 

higher than the binding energies of typical metal oxides. We therefore 

conclude that the oxygen produced on Pt surface by so
2 

adsorption probably is 

adsorbed o
2

. 

From the relative intensities of S(2p) and O(ls) photoelectron peaks 

we estimate that on the Pt surface there are about four sulfur atoms per oxygen 

atom. This may indicate that in about 75% of the so
2 

adsorption events, lead-

ing to sulfide formation, oxygen is not retained at the surface. 

Our findings for the Pt + so2 system seem to be in accord with Lassiter's 

results for the Ag + so
2 

case. Lassiter suggests a mechanism whereby the so
2 

molecule is adsorbed and subsequently broken up in such a way that sulfur be-

comes chemisorbed as sulfide, while the oxygen either diffuses into the bulk or 

evaporates from the surface. 

In swnmary, our XPS results shown that the product of so
2 

adsorption on 

a stepped platinum single-crystal surface is a surface sulfide. The sulfur 

becomes chemisorbed on the surface via electron transfer from platinum to sulfur. 

The o
2 

fragment of the so
2 

molecules leaves the surface in about 75% of the so2 

adsorption events leading to the sulfide formation. 
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FIGURE CAPTION 

Figure 1. 

Pt (4f), S(2p) and O(ls) photoelectron spectra of a stepped platinum 

crystal surface exposed to so2 
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