HERXTE X BERASFANEICKSERTD

T DISEA
Vil

BEERBAT I T « KrbrB Trpisest  T223-8522 MiidkdbX H # 3-14-1

Sk

BEER AR F R Tt geRt T223-8522 B{mi¥ALX A & 3-14-1

WE S EE RV HERTE X BEHBEF I (Near-Ambient-Pressure X-ray Photoelectron Spectroscopy: NAP

-XPS) EIC& > T, REKDOABFAXTREHETH » - AKEICEWH ABEE T TOMERADILFIREEZ Y TIL
FALTHATEDZ LS (Ch>7o BONXPS XRY M LEREABHEEICE D C Core Level Shift DFtE &
T2 LET, ERTJET CORBEEECHERICEERREMRELFMICKRT T ENFETHD, CCT
&, COFEORRLBREBNL, EONIDILABFZEZZETLENDL, COFECL>TRAT 2MERADOEF

cDFBELEZOFEOSEDRERICOVLTEND,

1. BUHIC

EAERMITEGE & KA T BREDPEE>EBTHD,
CCRERA 7 ARBENEC 5o ZDO—HITH 5 A —fi
WG, SRR FEM AR, TrVF -2, BREAE
LT, A DEFICESBEEL WD, ThETIEY
Ty IRy 7 AEINHELTH - /-RH ETHETT 5L
FOG % fEE 03 C B3, A et oRRICHE S
FTHEELIT, TNETIEMNE (BRIRE, Sk
K, RFM) e X0 ZICED B3 2 L& RTERic
L, SO INETTEDL S 2H L WMBEOBRRIC L F A
MR ARG 2% EfFEN S, £D7D, TOHETI,
BUfE & ThR « e RABUR 2 FiEa AT Ea e 5 T
&7,

K ETHEATT %% < OMIERISIC ST, WA Ll
B, IRERE B, MR LA EOFREEDP VI AS
WA HAATL THEITT S, 19600 6 20 ICH R L
JoEREREN 27 T —FIZ X AR T, BEEZETIC
B 7B B TV & L, B AR 0 A FE
RIS T, BRI W T EBE « i fThn T
&7, WEERNT, IRAEMNTICEN B X 12 &k 5 #
WMFELZO—HEH - TE/, LhL, TDOELIE, b
BB C ARTER R IO A PER L CET A IED /-
“Bp o Cne W REEOIREEMHT TH O, FEREO IR SUG
ST T “ByWTnws” il OfNICiE, RThsb0iC
K& 7eb@7c 0 233 5 rTREME 23R S hulit) T &7,

Z D XD I — 1Y Pressure Gap X Material
Gap E I B E ALV BB L, HF, Ok

S xR E R L 72 IEFES R 2 I SN TR, =
BED AR FEYBREE T COMBESUL % B3 S E B D
DBHB, COXD T T —FITHWOLEN T ASFEDOH
BT &, WEETRRIH B SK (PM-IRAS),
FE R4 5 (SFG), HmEJEmME X il (RIXS),
FKEXFHEY (SXRD), SEEEM v VBB
(HP-STM), X#H®INGE (XAS), #ERKEXHNE
T9% (NAP-XPS) Z¥Rb 5, TO>bH, WHHX
WA TfThbNn T 5 ORI % Fig. 11277375, EHE
XMapi> & THRAGAENIGT 7O —F B TH
D, RSO in-situ SEHTICIEF IS K TR El =R/ L
DL EWGhDH, KRGTER, TOEDETFEOHRNG,
I OFME 721 T, ZICKRMECLHREME L CTHET
LGP, HEIC K-> CdhEEL & T, Al

<&
™ s S RIXS

<%
oS
. 7
,\('r,@ °
N o5 XPS g

e
Fluor

XO'
-5 C slectron o XAS
). S
LLTEN@O% 7
- .

Fig. 1 (Color online) Schematics of operand observation with x-
ray under realistic gas pressure conditions.
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Fig. 2 (Color online) Schematics of the NAP-XPS instrument
developed at Advanced Light Source, provided from Dr.
Miquel. Salmeron. Details are described in Ref. 4).
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Fig. 3 (Color online) Schematics of the NAP-XPS system deve-
loped at the Photon Factory; reaction cell and differential
pumping electron energy analyzer. Inset: Configuration of
sample, x-ray window, aperture, shields for differential
pumping and analyzer entrance. Details are described in
Refs. 8, 9).
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Fig. 4 (Color online) CO adsorption phases on Pd(100) with
different CO coverages; (a) (242 x/2)R45°-2CO (9=
0.50 ML), (b) (3/2 x/2)R45°-4CO (0=0.67 ML), (c)
(42 x J2)R45°-6CO (6=0.75ML), (d) (1x1)-CO (¢
=1ML). Reproduced from Ref. 15).
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Fig. 5 (Color online) Ambient-pressure XP spectra obtained under
the presence of gaseous CO up to 0.5 Torr for (a) Pd 3ds),
and (b) Cls regions at room temperature. Labels in the
figures (o, B, y and &) show the series obtained at same pres-
sure conditions. X-ray energy of 435 eV was used for Pd3ds,,
and Cls. Pd 3ds;, was deconvoluted into three components
“Bulk’ at 334.9eV (blue line), “CO(I)”’ at 335.5eV
(green line) and “CO(II)’’ at 335.9eV (orange line).
Reproduced from Ref. 15).
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Fig. 6 (Color online) (Top) N 1s XPS spectra for NO on Pt(111)
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Fig. 7 (Color online) (Top) Gas-induced changes in Rh and Pd
atomic fractions in the RhysPd,s nanoparticles at 300°C
under oxidizing conditions (100 mtorr NO or O,) and cata-
lytic conditions (100 mtorr NO and 100 mtorr CO). (Bot-
tom) Changes in the fraction of the oxidized Rh (left y axis)
and Pd atoms (right y axis) measured under the same reac-
tion conditions as the top part of the figure. Reproduced with
permission from Ref. 19); F. Tao et al. Science 322, 932-934
(2008).
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Fig. 8 (Color online) (a) Time evolution of partial pressures of O,,
CO and CO, under CO oxidation reaction conditions on
Pd(111) measured at the NAP-XPS system. The time region
denoted by « is corresponding to the most active condition.
(b) O 1s XP spectrum taken at the time region o. (c)
Structure model of a surface oxide (PdsO,). Yellow and red
balls indicate oxygen atoms coordinated by three and four
Pd atoms, respectively. Reproduced from Ref. 8) with
modification.
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(Color online) (a) Temperature dependence of MS intensity
of CO, under exposure to 2x 10~ Torr of O, and 2% 102
Torr of CO. The CO, background contribution from the
residual gas was subtracted. Each label (A, B, C, and D)
indicates temperature where XP spectra were measured. (b,
c) XP spectra recorded at Pd 3ds), region and Cls region,
respectively, which indicate a drastic change in surface chem-
ical state at around 190°C. XP spectra denoted by ‘“E’’ were
taken at 370°C under P(O,) =2 % 10! Torr, after stopping
the CO gas dose. Reproduced from Ref. 20).
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Fig. 10 (Color online) The overview (a), and the unit cell from top
(b) and side view (¢) of the (ﬁx ﬁ) R27° surface oxide
on Pd(100). The gray and red balls indicate the Pd and O
atoms, respectively. The labels indicated on surface Pd
atoms ‘‘2f”” and ‘‘4f”’ show the coordination number of O
atoms. The labels attached to O atoms ‘“Up”’ and ‘‘Down’’
show the relative height of the O atom with respect to the
topmost Pd layer. Reproduced from Ref. 20).
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Fig. 1 (Color online) Ols XP spectra taken under CO oxidation

reaction conditions: at point C, where the reaction rate is the
maximum (bottom), and at point D, where the reaction rate
decreases a little (top). (b) Side view of a model structure
for the (5 x/5)R27° surface oxide on Pd(100). Large
and small balls indicate Pd and O atoms, respectively. Note
that a broad feature at a higher binding energy (black solid
line) is attributed to Pd 3ps/, photoelectrons from the
substrate. Reproduced from Ref. 20).
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In-situ observation of catalytic surfaces with
near ambient pressure x-ray photoelectron

spectroscopy
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Abstract The near-ambient-pressure x-ray photoelectron spectroscopy (NAP-XPS) using synchrotron radi-
ation sources enables us to observe the chemical state at surfaces of a material under the
presence of gas(es) at a near ambient pressure, which has been hardly conducted with the con-
ventional XPS technique. The core-level-shift calculations based on the density functional theory
can assist to discuss about adsorption structures and catalytically active surfaces under NAP con-
ditions in detail by comparison with the observed CLSs of spectra. In this review article, we in-
troduce the development and the current status of this technique and describe atomic and
molecular processes at catalytic surfaces observed by this technique with presenting some exam-
ples of the application studies and finally give comments on the future direction of this technique.
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