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ON THE NEED FOR HIGHER GAS PRESSURES TO OBTAIN 

SURFACE STRUCTUREp IN LOW ENERGY ELECTRON DIFFRACTION STUDIES 

T. M. French, A. E. Morgan and G. A. Somorjai 

Department of Chemistry, University of California, and 
. Inorganic Materials Research Division, 

Lawrence Radiation Laboratory, 
Berkeley, California 94720 

( ) 
. . (1,2) 

Low energy electron diffraction LEED experiments have shown· 

that ordered structures result from the chemisorption of gases on the surfaces 

of most solids studied so far. These structures are attributable 

either to an ordered arrangement of the adsorbed species or to a 

rearrangement of the substrate atoms during chemisorption(2). In 

these experiments, the pressure of the gas, whose chemisorption is a 

necessary condition for producing the surface structure, is usually in 

the range of 10-9 - 10-5 torr. If a lengthy exposure of the surface to 

the adsorbing gas molecules is required [on account of low sticking 

probabilities or other chemical considerations] the time of exposure is 

usually varied rather than increasing the gas pressure. There are 

several reasons, for restricting chemical reaction studies to low pressures 

in LEED experiments; 1) steady state gas flow conditions can be easily 

established and maintained by continuous pumping only at 101"r gas fluxes, 

2) the purity of the ambient can be better maintain.ed since at higher 
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pressures there is a substantial backstreaming of unwanted 

gases:fromthe ion-pump and .3) contamination and subsequent deterioration 

of the electron gun optics can be minimized. 

The structure of the hexagonal (0001) face of aluminum oxide 

has been studied in several laboratories. (3,4,5,6,) After heating in 

vacuum (by. electron bombardment or by radiation) at temperatures ~ 1250° c, 

the surface exhibits a complex structure which indicates a mesh with a 

unit . cell .. larger by ~ 31 and rotated 9° with respect to the projection of 

the bulk unit cell to the (0001) .surface [A120
3 

(0001) - (~31 x ~31)R ± 9° J. 

The structure may also be indexed by the transformation matrices for the 

.. . (11/2 "3/
2

) (+.1/2 -V3/2) 
two equivalent or~entat~ons of the un~t mesh: -\/3/2 11/2 ' \/3/2 11/2 

It has been reported(4) that oxygen at pressures::: 10-5 torr has no 

effect on this surface and produces no new surface structures in the 

temperature range 25° - lBoo°c. We have found(7) that he~ting the rotated 

A120
3 

(0001) - (~31 x ~31) surface structure in an ambient of 2 x 10-4 torr 

oxygen at 1000°C - 1200°C generates the (lxl) structure,.which is the stable 

low temperature structure in vacuum. The transformation 

A120
3 

(0001) - (lxl)~( ~31 x ~31)R ± 9° is completely reversible. 

The complex surface structure is stable at high temperatures and can 

always be produced by heat treatment in vacuum, while the (lxl) surface 

structure ~an be regenerated at will in oxygen as long as the oxygen. 

-4 partial pressure is > 2 x 10 torr. 

) i 
: , 
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Hydrogen onthe (100) Face of Platinum 

The (100) face of platinum exhibits a stable (5xl) surface 

structure. (8) Hydrogen, at gas pressures in the range of 10-9 - 10-6 torr, 

does not appear to affect thept(lOO) - (5xl) surface in any detectable 

way over a wide temperature range (25 0 
- l400 oc).(9) However, if the 

crystal is heated between 500° - 1000°C in a hydrogen partial pressure 

greater ;\han 10-5 torr, the (5xl) structure is removed and a (2x2) 

surface structure formed(9) Lpt(ioo) - .(2x2) - H].Heating the sample to 

these temperatures prevents the adsorption of ambient carbon monoxide 

which would compete with hydrogen for the adsorption sites. The (2x2) 

surface structure is stable in vacuum. Heating the platinum crystal 

at l200 0 C in vacuo (for a few minutes) is necessary to remove this 

structure and to restore the (5xl) surface structure. However, heating 

. -8 
the crystal at only 500°C in 2 x 10 torr of oxygen is sufficient to 

remove the (2x2) surface structure. 

It is apparent that high gas pressures are often necessary to 

form surface structures of different kinds for several reasons; 

a) frequently there is a competition between two adsorbing gases for 

surface sites and changes in the partial pressures can markedly affect 

the relative adsorption rates and therefore the subsequent formation 

of ordered surface structures. For example, carbon monoxide has a great 

affinity for platinum surfaces and the adsorption of most gases on 

platinum takes place in competition with the carbon monoxide always 

present in the ambient of an ultra-high vacuum system.(8,9) b) The dissociation 

of a diatomic molecule (H2, O2, N2, etc.) on the solid surface may well 

be the rate-limiting step in the formation of orderecl surface structures. 
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Increased gas pressures should certainly increase the rate of dissociation. 

c) There is evidence that gases dissolved in the bulk of the crystal 
. (IO) 

may play an important role in surface reactions. . The formation 

of certain surface structures (especially during oxidation) may require 

the presence of gas atoms which have diffused below the sUrface. Both 

the solubility and diffusion rate of gases in solids increase with 

increasing ambient gas pressures. 

Theqtlestion often arises as to how applicable the results of 

low pressure LEED studies are to industrially important surface reactions 

which ta~e place at higher pressUres. It is apparent that the application 

of higher pressures in LEED experiments may lead, to the formation of 

new surface structures. Therefore higher pressureLEED experiments 

should be carried out in order to utilize the obtained structural 

information in the analysis of the mechanisms of high pressure surface 

reactions. 

Acknovlledgement.This work was supported by the United states 

Atomic Energy Commission. 

I' 
Ii 

. : 



-5- UCRL-19642 

References 

1) J. J.Lander, "Advances in Solid State Chemistry,il Vol. 2 

(MacMillen Co., New York, 1965). 

2) G. A.Somorjai and H. H. Farrell, Advances in Chemical Physics 

(to be published). 

3) J. M. Charig, App. Phys. Letters !£,. 139 (1967). 

4) c. C.Chang, J. App. Phys. 39, 5570 (1968) . 

. 5) J. M. Charig and D. K. Skinner, Proc. Conf., "The structure and 

Chemistry of Solid Surfaces" ed. G. A. Somorjai, pg. 34-1 (Wiley 

Publ., New York 1969) • 

6) C. C. Chang, Proc. Conf., "The Structure and Chemistry of Solid 

Surfaces" ed. G. A. Somorjai, pg. 77-1 (~Ti:!.eyPubl., New York 

1969) • 

7) T. M. French and G. A. Somorjai, J. Phys. Chem. . (to be published). 

8) A. E. Morgart and G. A. . Somorjai, J. Chem. Phys . 51, 3309 (1969). 

9) A. E. Morgan and G. A. Somorjai, Surface Science 12, 405 (1968) . 

10) G. E. Moore and F. C. Unterwald, J. Chem. Phys .. ~ 5409 (1968). 



LEGAL NOTICE 

This report was prepared as an account of Government sponsored work. 
Neither the United States, nor the Commission, nor any person acting on 
behalf of the Commission: 

A. Makes any warranty or representation, expressed or implied, with 
respect to the accuracy, completeness, or usefulness of the informa­
tion contained in this report, or that the use of any information, 
apparatus, method, or process disclosed in this report may not in­
fringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, or for damages 
resulting from the use of any information, apparatus, method, or 
process disclosed in this report. 

As used in the above, "person acting on behalf of the Commission" 
includes any employee or contractor of the Commission, Or employee of 
such contractor, to the extent that such employee or contractor of the 
Commission, or employee of such contractor prepares, disseminates, or pro­
vides access to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 



~ 

TECHNICAL INFORMATION DIVISION 
LAWRENCE RADIATION LABORATORY 

UNIVERSITY OF CALIFORNIA 
BERKELEY, CALIFORNIA 94720 




