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New low-energy-electron-diffraction fine structure on W(110)
and effect of hydrogen chemisorption

J. M. Baribeau and J. D. Carette
Centre de Recherches sur les Atomes et les Molecules and Departement de Physique,

Universite Laval, Quebec, Canada GM 7P4

(Received 11 December 1981)

High-resolution low-energy-electron-diffraction (I.EED) measurements of the specular beam

from W(110) are presented. A new LEED fine structure associated with the (20) beam thresh-

old is observed and studied in detail. The evolution of this feature under hydrogen chemisorp-

tion 1s also examined. Mod1fication of thc fine-structure 11nc shape %1th gas covc1'agc 1s cx"
plained by a gradual change in the scattering properties of the substrate rather than by a

transformation of its surface potential barrier. The strengthening of the fine structure with gas

exposure could be indicative of an ordered chemisorption in an interstitial site for hydrogen on

~(110).

Low-energy-electron-diffraction (LEEI3) intensity
curves at low energy are often characterized by rapid
fluctuations caused by the scattering from the surface
potential barrier (SPB).' This fine structure results
from the superposition of a directly reflected wave
and a wave reflected after being temporarily trapped
between the substrate and the surface barrier in a
pre-emergent diffracted beam. This phenomenon
was originally called electronic surface resonance' be-
cause this trapped wave was believed to produce
quasistationary surface states above vacuum level.
However, recent analyses demonstrate that in most
cases the pre-emergent beam is reflected only once at
the SPB, and so the mechanism producing fine struc-
ture is rather interference. The main interest of
LEED flnc stl'uctul'cs ls that thcll' analysis ylclds in-

formation on the nature of the SPB of metals. For
example, the location of the origin of the long-range
image potential and its saturation close to the sub-
strate3 have been established on several crystals by

the study of LEED fine structure.
The physical mechanism leading to LEED fine

structures being understood, their detailed study is

now undertaken. The angular behavior of these
features, 9 their spin dependence, and their sensitivity
to gas adsorption 0 "are different aspects now being
considered. However, in the latter case, the absence
of high-resolution studies precludes a detailed
analysis of the influence of gas adsorption on the
SPB. In this Communication, we present a high-

resolution study of a new LEED fine structure ob-
served on W(110). The influence of hydrogen ad-

sorption on this feature is examined leading to in-

teresting observations and conclusions.
The experimental setup is the same as that used in

our previous study of W(110). However, for the
present measurements, the azimuth angle of the crys-
tal has been rotated by 90' so that the incident plane

now contains the short axis of the real conventional
rectangular net. The energy resolution is 12—15 meV
for an impact energy of 15 eV. The base pressure of
the system is limited by a small real leak to a value of
3 x 10 '0 Torr. High-purity hydrogen is introduced
by means of 8 variable leak. %hen monitoring with a
quadrupole mass spectrometer during typical gas ex-
posures it is found that the dominant contaminant,
nitrogen, represents less than 3'/o of the residual gas.
All measurements are performed at room tempera-
ture. However, the heat produced by the spectrome-
ter electron gun raises the crystal temperature to
about 320 K during operation. The crystal sample is
cleaned by flashing at 2400 K. No supplementary ox-
ygen annealings are performed for this experiment.

The LEED fine structure is observed in the specu-
lar beam and is associated with the (20) beam
threshold [or the ( —4mla, 0) reciprocal-lattice rod].
Figure 1 reproduces two typical spectra measured for
polar angles of incidence 8& =70'(a) and 85 (b). The
typical Rydbcrg-llkc osclllatlons assoc18tcd with thc
long-range image force' are well defined at large an-

gles of incidence but become progressively blurred at
lower angles. Belo~ 8& =65 the fine structure is

hardly detectable. In the frame of the four-beam ap-

proximation, ' the amplitude of the (00) beam below

the emergence of the beam g can be written

T(0, 0) = T, (0, 0) I+ — -g'g-, (1)I-T, gg ~ gg

T, (0,g) T, (g, 0)
T,(0, 0)

Here T,(0, 0), T, (g,g), S(g,g), and 8 are complex
numbers representing reflexion of the beams (00)
and g at the substrate, reflection of g at the barrier,
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FIG. 1. LEED fine structure in the specular beam on
W(110) in the t10] azimuth for two angles of incidence, and
the corresponding calculated profiles obtained from Eq. (1)
after numerical broadening. Value of the parameter R used
for the fit is given for each curve. Energy scale is adjusted
so that the (20) beam threshold (indicated by an arrow)
corresponds to its theoretical value for the given angles.

and the coupling factor between g and (00). A sur-
face resonance arises when the denominator in (2)
reaches or approaches zero. This situation leads to
the formation of quasistationary states which cause
strong fluctuations in the (00) beam when decaying.
In the case studied here, it appears that this situation
does not prevail. In fact, by putting T,(g,g) =0 in
Eq. (1) it is possible to obtain good fits of the experi-
mental data as illustrated in Fig. 1. The fits are ob-
tained by taking R as an adjustable parameter and
S(g,g) as the coefficient of reflection of a classical
image barrier. " The excellent accuracy of the fit at
8I =85' seems to indicate that saturation effects are
less important for scattering at large angle of in-
cidence in accordance with previous results, ~ In view
of previous studies performed with the present ap-
paratus, ' the damping of the higher-order Rydberg
fringes at low angle cannot be of instrumental origin
but rather is the indication of an angular or energy
dependence of the diffuse scattering at the surface.
Measurements of the fine structure at several angles
above 8& =65' show that the peaks and dips of the
profile follow a two-dimensional free-electron disper-
sion. However, a small deviation from the law is ob-
served for the first peak.

The variation of LEED fine structure as the result
of hydrogen chemisorption is also studied. Gas expo-
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FIG. 2. Evolution of LEED fine structure at 8; = 85' dur-

ing hydrogen chemisorption, and the corresponding calculat-
ed profiles. Curves recorded after hydrogen chemisorption
are shifted to higher energy by the value of the correspond-
ing work-function change 4$ as indicated.

sure L is calculated by the p'x time product with p'
the pressure corrected for gauge sensitivity. The cov-
erage 8 is then deduced from the 8-vs-L plot of Bar-
ford and Rye. ' The validity of such a procedure is
checked by work-function change (Aqua) measure-
ments during coverage which are in good agreement
with the hP-vs-8 curve of Barford and Rye. " h$
measurements were achieved by recording the (20)
beam threshold displacement with exposure. The ac-
curacy of this technique is about %5 meV and be-
cause of its simplicity it could well be applied to other
surfaces for which LEED fine structure exits. At sa-
turation [-85 L (1 L = 10~ Torr sec) ], the total
work-function change is —440 meV in perfect agree-
ment with recent measurements. '

Figure 2 shows a series of spectra of the LEED
fine structure recorded at 8I = 85' and for various hy-
drogen exposures. It is observed that the sharpness,
the intensity, and the position of the fringes are
modified by hydrogen chemisorption. This
phenomenon never observed before may be ex-
plained by a modification of the SPB or by a change
of the substrate scattering properties as hydrogen ad-
sorbs, To clarify this point, theoretical profiles calcu-
lated with Eq. (1) are also presented in Fig. 2. An
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excellent fit is obtained at all coverages using a classi-
cal image barrier. Shift of the peaks are totally ex-
plained by a gradual change in the coupling parameter
A. This result strongly suggests that hydrogen ad-
sorption on W(110) does not change importantly the
shape of the SPB but causes small change in the
scattering propreties of this surface. Similar shifts are
observed at all angles above 8; =65 . At saturation
coverage, the fine-structure fringes still obey a two-
dimensional free-electron dispersion relationship.

Although the lack of resolution of their apparatus
keeps them from observing changes in the fringes
position, Jennings and co-workers have observed
fine-structure enhancements caused by oxygen ad-
sorption on copper single crystals. ' " This
phenomenon is attributed to an ordered oxygen
chemisorption in an interstitial site. In such a situa-
tion the chemisorbed atoms would reduce the lateral
variation of the SPB and thus render one-dimensional
models more appropriate. On the other hand, disor-
dered chemisorption would increase diffuse scattering
and lead to the damping of the LEED fine structure.
It is interesting to look at how this interpretation fits
in with the observations reported here. No
hydrogen-induced structure has been observed on
W(110) by LEED at 300 K, '7 although a p-(1 x 2)
pattern has been observed at all coverages by reflec-
tion high-energy electron diffraction. '8 On the other
hand, besides the fact that a high-resolution energy-
loss study' initially located chemisorbed hydrogen in

an "on top" site, more recent data favor chemisorp-
tion on deeper bridge2 or threefold coordinate hollow
sites. 2' lt is obvious that the present knowledge of
the hydrogen W(1 10) system does not disregard in-

terstitial ordered chemisorption, and we conclude that
our observation is concistent with Jennings's inter-
pretation.

In summary, a new LEED fine structure on
W(1 10) has been observed. The results obtained in-

dicate that an interference process rather than a reso-
nance scattering is responsible for this feature. The
modification of LEED fine structure with adsorption
of gas has been demonstrated. Hydrogen chemisorp-
tion is found to affect the scattering properties of
W(1 10) but not its SPB. Our observation supports
the model of fine-structure enhancement by ordered
chemisorption in interstitial sites and provide new ex-
perimental data that could help for the understanding
of the chemisorption mechanism of hydrogen on
W(110).
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