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Fig. 1 A schematic diagram of AP-XPS apparatus installed at the SPring-8 BLO7LSU. Reproduced with permission
from ref.”. Copyright 2015, Springer Science Business Media. Inset: a CCD image of a sample in the gas cell.
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Fig. 2 (Color online)
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(a) Schematic of the experimental geometry in AP-XPS; the distance between a sample and a

nozzle z and the path length of X-rays in the gas phase d, (b) transmission of X-rays in the gas phase as a function
of photon energy at different gas pressures (N, gas, d=23 mm), (c) photoionization cross section of Au 4f as a
function of photon energy, (d) attenuation ratio of photoelectrons as a function of photon energy at different gas
pressures (Au 4f with a binding energy of 84 eV, N, gas, z=300 um), (e) simulated XPS intensity as a function
of photon energy at different gas pressures (Au 4f, N, gas, d=23 mm, z=2300 um), (f) simulated XPS intensity
as a function of photon energy at different gas pressures (Au 4f, N, gas, d=10 mm, z=10 um).
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Fig. 3 (Color online) (a, b) Cls and O Is XPS spectra of the
pristine epitaxial graphene measured in 1.6 mbar CO, at 175
K. (¢, d) Cls and O1s XPS spectra of the oxygen-fun-
ctionalized epitaxial graphene measured in 1.6 mbar CO, at
175K. (e, f) C1ls and O Is XPS spectra of the oxygen-fun-
ctionalized epitaxial graphene measured in UHV at 199 K af-
ter evacuating the CO,. The incident photon energy was 740
eV. The photon flux densities were 1.0 X 106 photons/s- cm?
for (a, b), 7.3 %1016 photons/s-cm? for (c, d), and 1.5X%
1016 photons/s-cm? for (e, f). The XPS spectra were nor-
malized with the photon flux densities. Reproduced from
Ref.® with permission from the Royal Society of Chemistry.

CO; FFICIRE T = 529, Fig. 3(e), (Did, CO; H AHEK,
BICHEEZERTRHEL 72 Cls, 0 1s XPS A7 M LT
B5bHo HABZKHKRICIE, %M CO, 55T & RHEBAE CO, 45
FRIe 75> TA NG b, Tz, 757« V/EH
12 COy 7 T3R5 HHFICIE, 532.0eV (O 1s) »286.7
eV (Cls) IZXPSY—7 pEBlan<T\w5% (Fig.3(c),
M)y ChHOXPSE—713, BEIRIVF—RREL
EMEPST ST 2 VERBOTRFY (C-0-C) EiZiiE
TE5Y, BVWXMT Ty 7 ABELMET T CO 5T
BICFHRMAEE (CO,—~CO+0) L, /57 « VERICIR
FURPERLICEEZOND, BEBHI VST « VEH
3757« ViEEHE LD LR COy T EMHEIERT %,

MBS 7 o v EMITEHIT 5 CO, OWHE T %L
F—IZOoWT, 77 VTNV T—IVA (vdW) HEfEM %
EOIEENBEEEIC X A BRI EA AV CRE L
Too ZOFER, BBEBHI VS5 7 « vEmMICET S CO, D
W T3 IVF—1325.7k]/mol & 75 7 =/ iEHTHE 020.2
kJ/mol2® 7 59 5 kI /mol #n4 5 & L35 » iz, ZD
W T RIVF—ORg, BEBREE L HE»N 5 ER
fili (=5kJ/mol) &b k< —FKd 5, &/, FFHAFHE
OFER, BEEM ST v EBICKT S COy DRETE
LAY A M, TRFVEOHE ETIIRL, TRFVHEIC
B+ 5757 VO CCHEBE ETHAZ ERGh -7z
(Fig. 4), BFEEM7 S 7 « VREAND COy 73 FOWAE L

CO; & TARFVEOWHEMENEAE COy &7 57 2 VE
O vdW HEEHOR HIC L > TRELSNTWA T &

#gt May 2022 Vol.35 No.3 ¢ 185



Fig. 4 (Color online) Structural model of CO, adsorbed on the
oxygen-functionalized graphene. The oxygen species on
graphene is an epoxy (C-O-C) group. Reproduced from
Ref.® with permission from the Royal Society of Chemistry.
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A series of (a) Ols and (b) C Is AP-XPS spectra (hv=630eV) of Cu(997) at 340K in the

presence of 0.8 mbar CO, as a function of exposure time. (c) O Isand (d) C Is post-reaction XPS spectra meas-
ured under ultrahigh vacuum. (e) O Is and (f) C Is XPS spectra after CO, exposure (p=0.8 mbar, t=7500s)
on Cu(997) at 340 K without X-ray irradiation. Reproduced with permission from ref.”. Copyright 2015, Sprin-

ger Science Business Media.
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Fig. 6 (Color online) A series of (a) O Is and (b) C ls AP-XPS
spectra (hv=630¢eV) of Cu(997) in the presence of 0.8
mbar CO, and 0.4 mbar H, as a function of sample temper-
ature. Reproduced with permission from ref.!). Copyright
2019, American Chemical Society.
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Operando measurements of catalytic surface
reactions by soft X-ray ambient pressure XPS
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Abstract Operando measurements of solid-gas interfaces using soft X-ray ambient pressure X-ray photoe-
lectron spectroscopy can reveal chemical states and elementary steps of catalyst surfaces under
reactions, which are essential for elucidating reaction mechanisms of heterogeneous catalysts. In
the present article, we describe the details of the soft X-ray ambient pressure X-ray photoelectron
spectroscopy system we developed at SPring-8 BLO7LSU, and introduce the studies of carbon
dioxide adsorption and reactions on graphene and copper-zinc model catalyst surfaces. In addi-
tion, we explain future prospects for operando measurements at a next generation synchrotron
radiation facility.
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