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Abstract

X-ray photoelectron spectroscopy has been used to study adsorption of oxygen, carbon
monoxide and propylene on dysprosium and yttrium polycrystalline surfaces at ambient
teraperature. O ls peaks produced by the adsorption of CO and O, in the low uptake
region have the same binding energy (about 530.8 eV), suggesting the same type of
oxygen species formed from CO and low amounts of O,. C ls spectra of adsorbed CO
and C;Hg are composed of three peaks whose binding energies do not depend on the
parent molecule. They correspond to different carbon species produced by dissociation
of the given compound.

1. Introduction

Most rare earth metals are highly reactive towards gases. Their surfaces
when clean or only slightly covered usually completely disintegrate molecules
of adsorbed simple gases into atoms. With an increase in the amount adsorbed
the degree of disintegration gradually decreases. The nature of the species
formed and their behaviour have been considered in a number of studies
[1, 21.

The measured heats of adsorption [3-5] seemed to indicate that molecules
of oxygen and carbon monoxide dissociate on dysprosium and yttrium surfaces.
The aim of this paper is to obtain additional, more direct experimental
evidence on the nature of the species formed at room temperature on
polycrystalline surfaces of dysprosium and yttrium by measuring the C 1s
and O 1s photoelectron spectra.

2. Experimental details

The spectra were taken in a VG ESCA 2 MKII electron spectrometer.
The base pressure in the spectrometer was in the low 10~ !° mbar range.
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The samples were prepared by vapour deposition of a pure metal onto a
molybdenum polycrystalline substrate cleaned by argon ion sputtering and
maintained at room temperature. The background pressure during the metal
deposition did not exceed 5x107!° mbar. No impurity peaks were visible
in the wide scan X-ray photoelectron spectroscopy {(XPS) spectra of the
deposited- metal. The thicknesses of the deposited metal layers were about
50 nm. Gas exposures were carried out at room temperature by leaking the
gas into the spectrometer chamber through a precision leak valve. The XPS
spectra were excited using an Al Ka source at 220 W. The electrostatic
hemispherical analyser was operated in the fixed analyzer transmission (FAT)
mode with a fixed pass energy of 20 eV. Detailed scans were taken over
the C 1s and O 1s regions. The spectrum collection time was typically 20
min. The XPS peak positions and areas were determined by fitting the
unsmoothed experimental data after subtracting the clean metal background
spectrum. The binding energies were referred to the Au 4f,,, line (84.0 eV).
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Fig. 1. O 1s core level spectra of CO and O, adsorbed on dysprosium for exposure of 100
L CO (spectrum 1), 0.2 L O, (spectrum 2), 1.0 L O; (spectrum 3) and a large dose (above
1000 L) of O, (spectrum 4).
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3. Results and discussion

When dysprosium was exposed to oxygen, an O 1s peak at 530.8 eV
appeared at low exposure (about 0.2 L). Increasing exposure resulted in the
gradual shift of this peak to 531.2+ 0.1 eV, and in the region of rather high
exposures to simultaneous development of a second, less intensive O 1s
peak centred at 533.3 £ 0.1 eV (Fig. 1). Contamination by water vapour was
suggested to account for this peak [6—8]. More recently this peak was assigned
[9] to surface hydroxyl species produced by the reaction of hydrogen present
in the residual atmosphere of the vacuum system with the oxidized metal
surface.

With yttrium we obtained under the same conditions a single O 1s peak
at 530.8+0.2 eV on exposure to oxygen. This binding energy increased
slightly (up to 531.1+0.2 eV) at higher exposures, but no second O 1s
peak was observed, in contrast to the O,—Dy system. If the explanation given
in ref. 9 is correct then this finding points to a lower reactivity of yttrium
oxide towards hydrogen compared with dysprosium oxide.
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Fig. 2. C 1s core level spectra of CO adsorbed on yttrium: clean metal surface (spectrum 1)
and after exposure to 0.15 L (spectrum 2), 2.2 L (spectrum 3), 52 L (spectrum 4) and more
than 100 L (spectrum 5).
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Fig. 3. C 1s core level spectra of CO adsorbed on dysprosium for exposures of 0.05 L (spectrum
1), 0.125 L (spectrum 2), 0.23 L (spectrum 3) and 3.23 L (spectrum 4).

The observed binding energies of the main O 1s peak fall into the range
530.5-531.5 eV reported for the surface layers formed by the reaction of
oxygen with most rare earth metals [6—9]. The metal core level shifts on
oxidation were also measured and are discussed elsewhere [10, 11].

The O 1s binding energy of the oxygen species formed at low oxygen
exposures is the same as in the adsorption of CO (Fig. 1) which amounts
to 530.74+0.1 eV and 530.840.1 eV for the CO-Y and CO-Dy systems
respectively. This suggests that the same type of oxygen species, i.e. chem-
isorbed oxygen atoms, is formed from the two molecules at the given conditions.

The C 1s spectra resulting from the adsorption of CO on dysprosium
and yttrium display similar features for both metals (Figs. 2 and 3). At low
CO exposures only one C 1s peak is observed, located at 281.540.2 eV.
At higher exposures, two additional overlapping C 1s peaks appear. Their
binding energies amount to 283.1 +0.2 eV and 284.9+0.2 eV.

Figure 4 shows C 1s spectra obtained after saturation of the yttrium
surface by the adsorption of CO and of propylene. The C 1s spectrum
observed with the CO-Dy system under the same conditions is also given
for the sake of comparison. In all these systems, three C 1s peaks result,
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Fig. 4. C 1s core level spectra for saturation coverage of propylene-Y (spectrum 1), CO-Y
(spectrum 2) and CO-Dy (spectrum 3). The values under the peaks give the relative contributions
(in per cent) to the total C 1s intensity. They were obtained by curve fitting of the spectra.

suggesting that similar or identical types of carbon species are formed from
CO and Cs3Hg. The first peak around 281 eV can be assigned to carbidic
carbon formed by the dissociation of CO or C3Hg on the most active sites.
This assignment is based on comparison of the C 1s binding energies with
the published binding energies for metallic carbides [12, 13].

The second peak around 283 eV can be ascribed [10, 11] to carbon
formed on the less active sites which are populated at higher surface coverage.

The third C 1s peak is assigned to graphitic carbon formed at high
surface concentrations of the dissociated carbon atoms. This assignment,
accounting for the peaks found for both CO and C;Hg adsorption, appears
to be more realistic than the originally suggested assignment [11] to non-
dissociated CO which was based on the assumed analogy with the results
reported for the CO—Sc system [14].

It is well known that adsorption of CO on numerous metals occurs
without dissociation [15] and multiple peaks are observed in the XPS spectra
of the C 1s region. However, the C 1s binding energies found [15, 16]
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(typically 285.8 eV) are higher than those obtained for dysprosium and
yttrium surfaces.

Results similar to ours were reported for the CO-Sc [{14], CO-Co [17],
CO-Ru[18] and C;H,, C,H,—Gd(0001) [19] systems. In contrast to dysprosium
and yttrium, only one asymmetric C 1s peak was observed for scandium
saturated by CO. The asymmetry was ascribed to the presence of non-
dissociated molecules of CO. Dissociation of a fraction of the CO adsorbed
on cobalt and ruthenium above 300 K gave rise to two C 1s peaks assigned
to carbidic and graphitic carbon.

The results obtained lend support to a simple idea {20, 21] based on
the energy level diagram, namely that a low work function of the metal
promotes dissociative adsorption of CO.

Some additional information can be gained from the intensities of the
C 1s and O 1s peaks of adsorbed CO. The atomic ratio O:C calculated from
the integral intensities of the above lines normalized to the photoionization
cross-sections [22] is approximately unity for the surfaces saturated with
CO. This indicates that the both atomic species produced by dissociative
adsorption remain at or close to the surface.

In conclusion, our results give experimental evidence indicating that
carbon monoxide and propylene adsorbed at room temperature on poly-
crystalline dysprosium and yttrium surfaces are completely dissociated. In
the C 1s spectra three chemically different forms of carbon species, the
relative concentrations of which are a function of the surface coverage, were
identified.
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