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Surface Structure Analysis by Diffraction X-Ray Photoelectron Spectroscopy
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Diffraction X-ray photoelectron spectroscopy has been iniroduced as a promissing technigue for the

analysis of surface structure.

Special emphasis is placed on the applicability of the kinematical

caleulation to the interpretztion of photoelectron diffraction from LaBe (001) and TiC (001) surfaces.

The determination of chemisorption geometry of oxygen atoms on Cu (001) surfaces is also reviewed

in order to ilfustrate the characteristics of the diffraction X-ray photoelectron spectrescopy.
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Fig. 1 Schematic illustration of the principle of
diffraction X-ray photoelectron spectroscopy
(Diffraction-XPS). Inner-core photoelectron
wave excited by X-ray 2v is scattered by an
atom at r; which then travels to the solid
surface. Vo and 7 indicate the existence of
inner potential and inelastic scattering of
electron, respectively. (from ref, 4).
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Fig. 2 Experimental and theoretical polar-angle
dependences of La 4d photoelectron intensities
as excited with Mg K. radiation from LaBe
(001) surface; {a) along (100) plane and (b)
(110) plane. The experimental results are
from ref, 2, At polar angle close to 90°, the
experimental curves drop to zero because of
the character of the apparatus used. The
theoretical results are as calculated with a
kinematical formalism described fully in ref.
4 using atomic scattering factors and finite-
sized clusters of scattering atoms.
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Fig. 3 Experimental and theoretical polar-angle
dependences of Ti2p, 3p and C 1s photoelec-
tron intensities as excited with Mg K.
radiation from FiC (001) surface along (100)
plane, Full eircles, open triangles and open
circles are experimental after ref. 8 The
theoretical curves are calculations as descri-
bed for Fig, 2. except that the full curves
are caleulations for a full cluster of TiC and
the dotted curves are for an
cluster in which C sites are left vacant,
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Fig. 4 Experimental and theoretical azimuthal-
angle dependences of O 1s photoelectron
intensities as excited with Al K. radiation
from C{2x2)0O on Cu{001) surface. The
upper halves and lower halves are experi-
mental and theoretical, respectively. & 's are
as measured from Cu (001) surface and Alf
Tmax 's are the measures of amplitudes of
photoelectron diffraction effect with respect
to maximum intensities, Vo ’s are inner
potential used in the theoretical caleulation.
(from ref. 4).
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Fig. 5 Theoretical calculation of azimuthal de-
pendences of O 1s photoelectron intensities
as excited with Al K. radiation for several
hypothetical situations of diffractions. Oxy-
gen atoms are situated at vertical distances
(z) of 0.0 A (a) and 1. 0A (b) in the four
hold hollow sites of Cu (001} surface. Calcu-
lations denoted as “full cluster” are caleula-
tions with the same cluster used for Fig. 4.
Calculations denoted as “single emitter” are
calculations with only one emitter oxygen
atom without any other adsorbate oxygen
atoms as scatterers but with the full cluster
of Cu atoms as substrate, Calculations deno-
ted as “6 Cu scatterer” are calculations with
6 Cu atoms in the first layer as scatterers
(see the inset) and with a single emitter
oxygen atom. Calculations denoted as “nearest
oxygen only” for z=1. 0 A are calculations
with 3 nearest oxygen atoms as scatterers
{inset) and with a single emitter oxygen
atom. (from ref. 4).
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