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Fig. 1 (Color online) Schematics of the AP-XPS apparatus; over-
view (a) and close-up view around the sample (b). The
differential pumped electron analyzer is combined with a
mass spectrometer (MS), temperature control system (sam-
ple heater and thermo-couple (TC)) and source measure
unit (SMU). The sample surface is irradiated by the syn-
chrotron-radiation X-ray at an incident angle of 75° from the
normal, and the emitted photoelectrons are collected at the
normal emission.
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Fig. 2 (Color online) (a) Contiguous XP spectra of the Ga 3d and
As 3d levels at 573 K under O, ambient (10 mTorr) as a
function of exposure time. The XP spectra were recorded by
about 230 s step. (b) The Ga 3d and As 3d XP spectra taken
at (i) 462s, (ii) 1155s and (iii) 3003 s. Reproduced from
Ref. 8 with permission from the Royal Society of Chemistry.
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Fig. 3 (Color online) (a) Time evolution of the fraction of GaAs
deduced from the peak intensities of Ga 3d (top) and As 3d
levels (bottom). The data were recorded under O, ambient
(10 mTorr). (b) Arrhenius plot calculated from the time
evolution of GaAs (a). Here, the rate constant k is calculat-
ed assuming the first-order reaction kinetics. (¢) Time evolu-
tions of fraction of oxide species during the oxidation
recorded at 573 K. Reproduced from Ref. 8 with permission
from the Royal Society of Chemistry.
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Fig. 4 TEM image (a) and corresponding size distribution (b) of
the Rh nanoparticle deposited on HOPG. Reproduced from
Ref. 10 with permission from IOP Publishing.
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Fig. 5 (Color online) (a) In situ reduction of the oxidized Rh nanoparticles under catalytic reaction conditions. The gas
pressures of CO and O, are set to be 135 mTorr and 65 mTorr, respectively (S=0.96). (b) Temperature evolution
of Rh metal and oxide on the surface during the reduction which is estimated from the Rh 3ds;, XPS (a).
Reproduced from Ref. 10 with permission from IOP Publishing.
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Fig. 6 (Color online) (a) In situ reduction of the oxidized Rh nanoparticles under catalytic reaction conditions. The gas
pressures of CO, NO and O, are set to be 125 mTorr, 25 mTorr and 50 mTorr, respectively (S=1). (b) Tempera-
ture evolution of Rh metal and oxide on the surface during the reduction which is estimated from the Rh 3ds/,
XPS (a). Reproduced from Ref. 10 with permission from IOP Publishing.
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Fig. 7 (Color online) C 1s and N 1s XP spectra taken under catalytic reaction conditions. (left panel) The gas pressures
of CO and O, are set to be 135 mTorr and 65 mTorr, respectively. (center and right panels) The gas pressures of
CO, NO and O, are set to be 125 mTorr, 25 mTorr and 50 mTorr, respectively. Here, the intensity of N 1s XPS is
rescaled by 10 times. Reproduced from Ref. 10 with permission from IOP Publishing.
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Fig. 8 (Color online) Microscopic characterization of the as-pre-

pared pristine Pt thin-film sensor: AFM image (a), cross-
sectional TEM image (b) and EDX mappings for the Pt-L
edge (c) and O-K edge (d). Reproduced from Ref. 17 with
permission from the Royal Society of Chemistry.
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Fig. 9 (Color online) In sifu analysis under working conditions for

the Pt thin-film sensor surface. (a) Evolution of resistivity
and (b) Pt 4f and O 1s AP-XP spectra before (H, off) and
under (H, on) working conditions. Under the working con-
ditions, the Pt surface was exposed to 100 mTorr H2 am-
bient at room temperature. The AP-XP spectra are curve-fit-
ted, and each peak assignment is shown in the figure.
Reproduced from Ref. 17 with permission from the Royal
Society of Chemistry.
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(Color online) (a) Time evolution of Pt 4f;/, AP-XP spectra under the working conditions (100 mTorr Hy). (b)

Linear-relationship between resistivity (AR/R) and surface chemical state (Pt-H peak area). The Pt-H peak
area is furthermore converted to the Pt-H surface coverage. Each point is deduced from the curve-fitting proce-
dure for the corresponding AP-XP spectrum shown in (a). Reproduced from Ref. 17 with permission from the

Royal Society of Chemistry.
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Fig. 11 (Color online) Schematics of the atomistic operating princi-
ple of the Pt thin-film sensor. The O attachment on the Pt
surface increases the electron scattering, resulting in high
resistivity. In contrast, the H attachment decreases the elec-
tron scattering, resulting in low resistivity. V,,, means the
applied voltage. Reproduced from Ref. 17 with permission
from the Royal Society of Chemistry.
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Abstract

Ambient-Pressure X-ray Photoelectron Spectroscopy (AP-XPS) enables in situ observation under
near-atmospheric gas environments. It can be used to real-time monitoring of atomic processes
proceeding on material surfaces, which is hardly conducted with conventional photoelectron
spectroscopy. We have been focusing on understanding of the relationship between functions
and surface structure and chemical state under gas environments for functional materials such as
sensors and heterogeneous catalysts. Here, we introduce some examples of the results obtained
by the AP-XPS technique for elucidating surface atomic processes related to emerging and
sustaining of the functions.
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