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SUMMARY ABSTRACT: STRUCTURE OF ELECTROCHEMICALLY 
CYCLED Pt(100) AND (111) SURFACES BY LEED SPOT ANALYSIS 

* F.T. Wagner and P.N. Ross, Jr. 
Materials and Molecular Research Division 

Lawrence Berkeley Laboratory 
Un.i ve.r.s i ty of Ca 1 i forn i a 

Berkeley CA 94720 

Metal surfaces are subjected to repetitive redox cycling in a number of 

technologically important processes including the alternation between local 

cathodic and anodic behavior in surfaces undergoing general corrosion, the 

rich-lean cycling of exhaust gas stoichiometry over three-way automative 

emission control catalysts, the discharge/charge cycling of bifunctional air 

electrodes for metal-air batteries, and the potential cycling used in 

electrochemical surface cleaning. As knowledge of the effects of specific 

surface sites on corrosion, catalysis, and electrocatalysis is sought, it 

becomes imperative to understand the atomic-scale structural consequences of 

redox cycling. 

In the present work clean, well-ordered surfaces were prepared in UHV and 

transferred through purified argon to a quasi-thin layer electrochemical cell 

charged with aqueous electrolyte (usually 0.3 M HF). After being cycled 

between specified potential limits, the crystal was separated from the 

electrolyte while potentiostatted in the double-layer charging region. 

Following pumpdown and return of the crystal to the UHV analytical chamber, 

LEED patter·ns were recorded photographically. Spot profiles were obtai ned from 

the negatives using a scanning densitometric microscope. Computerized data 

acquisition allowed conversion of the raw transmittance data to an intensity 

scale. 

*Present Address: Physical Chemistry Department 
General Motors Research Laboratories 
Warren, MI 48090 
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The width of LEED spots from Pt(100) and (111) surfaces cycled well into 

anodic film formation varied periodically with changes in incident beam energy 

(Fig. 1). Surfaces cycled to potentials below the onset of anodic film 

formation or merely contacted with electrolyte or its vapor gave no pronounce~ 

spot width variation; such treatments did suppress the (100)-hex 

reconstruction, however. It has been shown1•2 that randomly spaced up and down 

steps can produce a characteristic variation in spot size of this type. The 

energies at which sharp spots were seen (e.g., for Pt(100): (10) at 134 and 76 

eV, (11) at 176, 114, and 60 eV) are the Bragg energies which yield coherent 

scattering from adjacent" atomic planes. The plot of spot width vs beam energy 

showed a single maximum between adjacent Bragg energies, indicating that the 

steps introduced by redox cycling were predominantly monatomic in height. 3 

LEED of electrodes emersed at potentials within the anodic film region showed 

the films themselves to be disordered. The correlation of surface roughening 

with repetitive formatioo and reduction of these films confirm that they are 

not simply an oxygen species adsorbed on top of an undisturbed Pt surface; 

rather, they are a surface phase whose formation involves out-of-plane 

displacement of Pt atoms from their flat-surface metallic positions. 

Spot profile shapes varied with both the upper potential limit and the 

number of cycles. A single oxidation-reduction cycle on Pt(100), even one 

involving most of the surface Pt atoms, had little effect on the LEED pattern, 

suggesting a quasiepitaxial reduction of the amorphous film. Several cycles 

oxidzing most of the surface atoms, or many cycles oxidizing less of the 

surface, produced LEED patterns for out-of-phase beam energies with sharp 

central spots surrounded by broad 'halos. As more cycles accumulated and/or the 

number of Pt atoms oxidized per cyle increased, the intensity in the central 
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spot shifted to the halo. After passage of >4 mC/cm2 total anodic charge the 

resolution of the central peak was lost, leaving only the broad halos or 

flat-topped spot profiles. Pt(lll) gave qualitatively simil~r results, though 

higher potentials were required to initiate restructuring. 

The central spot plus halo profiles are similar to those reported for 

largely two-level systems of metallic islands on otherwise flat surfaces formed 

during the initial stages of vapor-phase epitaxy. 4 However, the island model 

predicts invariance of halo diameter with changing beam energy, while at least 

some of the electrochemically cycled surfaces produced energy-modulated halo 

diameters. Mass conservation requires that the electrochemically roughened Pt 

surfaces be at least three-level systems, and this added vertical development 

may produce the observed changes in halo diameter. Monte Carlo simulations ·_ ~ 

have shown that statistical fluctuations in uniformly applied roughening 

processes can leave flat regions with dimensions on the order of coherence 

width of the LEED electron beam even after sev~ral redox cycles. This suggests 

that the sharp central spots may be due to residual flat areas on the surface. 

The broad halos can arise from randomly stepped regions with terrace width 

distributions too narrow to produce the quasi-Gaussian profiles previously 

observed for ion-sputtered surfaces. 5 Taking into account profile shapes as 

well as widths, the mean terrace widths for the randomly stepped regions are 
0 

estimated as 12-20 A. 

LEED spot profile analysis has shown that repeated electrochemical 

formation and reduction of the Pt anodic film left local low-index character 

while introducing significant concentraions of lower-coordination sites. The 

technique has distinguished place-exchanged from surface-adsorbed species; in 

some cases the same distinction should be possible for species generated and 
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stripped by nonelectrochemical means. 

ACKNOWLEDGMENT 

This work was supported by the Assistant Secretary for Conservation and 

Renewable Energy, Office of Advanced Conservation Technology, Division of 

Electrochemical Systems Resources of the U.S. Department of Energy under 

Contract No. DE-AC03-76SF00098. 

REFERENCES 

1. M.G. Lagally, in Chemistry and Physics of Solid Surfaces IV, 
edited by R. Vanselow and R. Howe, Springer Series 1n Chern. 
Phys. (Springer, Berlin, 1982), Vol. 20, p. 281. 

2. M. Henzler, Appl. Surf. Sci., 1, 450 (1982). 
3. T.-M Lu and M.G. Lagally, Surf7 Sci. 120, 47 (1982). 
4. P. Hahn, J. Clabes, and M. Henzler, J-:-Appl. Phys. g, 

2079 (1980). 
5. M. Henzler, Surf. Sci., ll' 240 (1978). 

FIGURE CAPTION 

Fig. '1. Full width at half-maximum of (01) LEED Spot from 

Pt(111)(normalized to distance between adjacent LEED 

spot centers) vs beam energy. Cycled ten times 

between 0.02 V (RHE) and upper limit as noted, 

emersed at 0.5 V. ) 
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