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Aluminum is the most abundant metal in the
Earth's crust, and aluminum and aluminum oxide are
widely used in the world [1, 2]. Also, aluminum is a
metal that readily reacts with oxygen, so it is
considered important to clarify the mechanism by
which aluminum forms aluminum oxide. In this
study, we used the photoelectron spectroscopy (PES)
to investigate the valence band of aluminum exposed
to an oxygen environment. We examined the changes
in the valence band spectra of aluminum as the
amount of oxygen exposure is varied in order to 
observe the mechanism of oxygen adsorption on the
surface of the aluminum sample.

The PES measurement was carried out at the
linearly polarized soft X-ray beamline BL-7 of SR
center, Ritsumeikan University, using a
hemispherical electron energy analyzer, SCIENTA
SES2002. The valence band spectra were obtained
by irradiating SR light of 40 eV. The energy
resolution was set to be ~200 meV. The
measurements were performed at room temperature
under the UHV of ~3 × 10-8 Pa. The aluminum (Al)
sample used in this study was a 0.50 × 10.0 × 10.0
mm polycrystalline aluminum plate with a purity of
99.999 % (Nilaco Co.). To investigate changes in the
valence band spectrum of aluminum according to
changes in the exposure level of oxygen, impurities
on the aluminum surface were cleaned using Ar+

sputtering (20 mA, 1 kV, PAr：6.5 - 7.0 × 10-3 Pa)
method. Oxygen was gradually introduced into the
analysis chamber from 1 to 50000 L, where 1 L is
defined as 1.3×10-4 Pa × 1 s.

Figure 1 summarizes the valence band spectra
before and after oxygen exposure. When the oxygen 
exposure is low (0 to 10 L), there is no significant
changes in the aluminum valence band spectra [Fig.
1(a)]. With increasing oxygen exposure, the
structures around the binding energies of 9 eV and 4 
eV due to O 2p appear and the energy gap opens [Fig.
1(b)(c)], indicating that oxygen is adsorbed on the
surface of the aluminum sample to form aluminum
oxide. Figure 1(c) shows that there is almost no
change in the overall spectra after the oxygen
exposure reaches 40000 L, maybe due to a certain 
‘critical’ oxide-film thickness.

(a) 

 (b) 

 (c) 

References
[1] T.L. Duan, et al., Appl. Phys. Lett., 2013, 102, 
201604.
[2] J. Cañas, et al., Appl. Surf. Sci. 2021, 535, 
146301.

Fig. 1 Valence band spectra of aluminum
before and after oxygen exposure. (a) 0 to 10 
L. (b) 0 to 10000 L. (c) 5000 to 50000 L.
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  Noble metal catalysts such as Pt, which accelerate 
CO oxidation reaction, are widely used in exhaust 
gas purification catalysts for automobiles and other 
vehicles. In our previous research [1-3], we had been 
studying Cu-Pt alloys, which have been attracting 
attention as an alternative material. It is extremely 
important to first confirm the exact chemical state 
change of Pt(111) in order to proceed with the 
research on alternative materials, which has been 
done in previous studies [1-3]. In this study, changes 
in different surface cleaning conditions using Ar⁺ 
sputtering and annealing were measured by 
synchrotron radiation photoelectron spectroscopy.  

 The measurements were performed at synchrotron 
radiation photoelectron spectroscopy (PES) 
beamline BL-7 of the SR Center, Ritsumeikan 
University. Ar⁺ sputtering was performed for 1 hour 
at an acceleration voltage of 1 kV and a partial 
pressure of Ar of 6.5 × 10-³ Pa. Annealing was 
performed by gradually increasing the temperature, 
holding at 800 °C for 5 minutes, and then gradually 
decreasing the temperature for a total of 30 minutes. 
The PES spectra were obtained by using a 
hemispherical electron energy analyzer, SCIENTA 
SES2002. The energy resolution was set to be ~200 
meV. The measurements were performed at room 
temperature under the UHV of ~3×10-8 Pa.  

Figure 1 shows the chemical state change after Ar+ 
sputtering. The peaks around the binding energies of 
9 eV and 12 eV in the untreated state are clearly 
reduced after Ar+ sputtering and the bonds with 
oxygen and other elements adsorbed on the surface 
have been released, resulting in a decrease in binding 
energy of Pt 4f and an increase in the surface 
component of Pt 4f at lower binding energy side.  

Figure 2 shows the chemical state change after 
annealing. The peaks around the binding energies of 
20 eV and 25 eV appear due to CO-based gases on 
the surface. The peak intensities are clearly reduced 
after repeated annealing. Although it was not 
possible to completely remove CO-based adsorbates, 
repeated annealing suggested that they could be 
removed.  
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Fig. 1 PES spectra (wide region and Pr 4f) of 
Pt(111) before and after Ar+ sputtering.  

Fig. 2 PES spectra (wide region and Pr 4f) of 
Pt(111) before and after annealing.  
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