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NOTE 1'0 THE PAPER BY D. G. FEDAK AND N. A.GJOS'l'EIN, 
ON 'lIRE ANOMAJ~OUS SURFACE S'lIRUCTURES OF GOLD 

G. At> Somorjai 

Inorganic Materials Research Division, Lawrence Radiation Laboratory, 
Department of Chemistry, University of California 

:Berkeley, California, U.S.A. 

We have studied the clean (100) surfaces of both platinum and gold 

single crystals. The follOl·ring stU'face structures, order ed and dis-

ordered, were found. 

Table 1 

Surface structures on 
the (100) substrates 

Au (5 x 1) 

Au (6 x 6) 
ring 

Pt (2 x 1) 

Pt (5 x 1) 
ring 

Approximate temperature 
range (OC) 

200-1~00 

350-550 
> 550 

300-500 

350-500 
> 600 

Thus, we find the same surface structures to exist on the (100) gold 

substrate as reported by Gjostein et ale We believe that these surface 

structures are the property of the clean metal surfaces and are not due 

to oxygen impurity. 

The e:A--perimental observations which primarily indicate that the 

surface structures are the property of the clean substrate are: 

(1) There is a good correla ti,)n between the types of surface 

struct.ure whi('~1 form on the different metal sv-bstrates, gold and 'platinum. 

(2) 'llhe surface structures are pre sent only in well-defined te!Tl-
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perature ranges. 'l'he type of smface structure varies on the same 

sUbstrate as a function of temperature. They are ordered oi- dis-

ordered and Shovl a broad spectrwn of physical properties. 

(3) The §:urface structures. are reproducible on all of the samples 

vThich were studied. They are unaffected by heat treatment in hydrogen 

1 or oxygen atmospheres). [It should be noted that oxygen structures 

can easily be removed from the Ni(llO) SUbstrate by hE;ating in hydrogen 

The pt(lOO)-(5xl) surface structure coexists with the 

rotated oxygen structure3) which fOFms vThen the sample is heated in 

oxygen (2xlO-6 Tbrr) at 41~OoC .. 

(l~) The formation of these surface structures is independent of 

(a) the conditions of ion bombardlnent (type of ion, etc.); (b) sample 

thickness; (c) crystal holder material (platimlln, gold, and tantalum). 

'(5) Heat treatments~in ultra high vacuum, in oxidizing and re-

ducing ambients, have not produced any nei'1 volatile species vlhich c.ould 

be detecte'd by the mass spectrometer • 

. These properties of the observed surface structures which ShO"l'1 

complete reproducibility from sample to sample and in different lab-

oratories, make it unlikely that these structures are due to uncontrolled 

impurities. 

The properties of the surface structures are described in detail 

elsewhere
4,S). In brief, the properties of the ordered surface struc-

tures may be explained by assuming that they are comprised of ordered 

arrays of vaca!:,cies in the substrate plane. The ordered surface struc-

tures form during annealing after· ion bombardment. Ionbombard.'TIent 

caus.es a large fra.ction of surface atoms to occupy nonequilibrium sur-

face siteso \~'Den the substrate temperature is increased sufficiently, 
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these atoms can diffuse to surface positions which are energetically 

more favorable. These appear to be domains of vacancy structures in 

which long range order can be established. 

It is likely that one of the most stable arrangements of surface 

atoms is that in the clean substrate, i.e., the absence of any surface 

structure. It is significant however, that there seems to be other 

arrangements of surface atoms ,."hich exhibit long range order in a given 

range of ter:lperature. In order to determine whether these structures 

may be formed in a substrate i'Thich has equilibrium vacancy concentra-

tion, cleaved or vapor etched surfaces should be used. 

The-properties of the disordered structures which give rise to the 

ring-like diffraction patterns have been described in detai14,5). These 

surface structures can be obtained without ion bombardment at high tem-

peratures.. The formation of these structures is irreversible, and they 

can only be removed by ion bombardment. Near the meltin~ point, the 

ring patterns remain the only diffraction features of the presumably 

greatly disordered surfaces. The rat:i.o of lattice parameters which 

can be assigned to the diffraction rings on platinum surfaces (1:J3:2) 

indicate that they can be due to domains of (111) surface structures. 

The disordered close-packed hexagonal surface structure seems to be the 

stable high temperature surface phase of platinlli~. The ratio of lattice 

parameters which can be assigned to the diffraction rinss on the gold 

substrate (1: .,[2) seems to be different from that of platinun. 
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