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Fig. 1. (a) The change of lattice constant of CeO, with Uj
(b) the change of gaps of CeO, with U.
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Fig. 2. The structure of p(2x2) on CeO,(111) surface and
the potential adsorption sites of Au atoms: (a) Side view;

(b) top view, the red and white spheres represent O and Ce.
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Table 1. Energy and geometric properties of ad-

sorption configurations on the Au/CeO,(111) sur-

face, E,q, is the adsorption energy, dia, o) and diy, cq

are distances from the adsorbed atoms to surface

atoms, and djc.q] is the distance between the ceri-
um atom and the oxygen atom.

Site Eus/eV  diago)/A  diavcea /A diceoy/A

1x2.99
2x3.15 3%2.36
Ce 0.39 2x4.86
1x3.10 3%2.39
1x4.91
1x3.26
1x2.73
1x3.28
04 0.61 1x2.75 9x2.38
1x3.29
1x2.79
1x5.09

1x3.17 1x2.34
1x3.98 1x2.35

0,-Ce 0.77 2.15
1x4.01 3x2.36
1x4.97 1x2.37
1x3.68 1x2.38
1x3.70 2x2.42
0O, 0.95 1.97
1x4.07 2x2.45
1x5.63 1x2.53
1x2.41
1x2.84
2x2.42
0,-0, 1.19 2x2.14 2x3.31
1x2.46
1x4.61
2x2.55
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Bader HLfnf 715, AT & B Au 7E O,-O, F1 O, i
JOr AR 0.33] e F1 0.26] ¢4 1E HL A7, T 7E Ce,
Oy M1 O,-Ce fi 5 |, Au BB AR AL (435K
0.07e|, 0.10]¢|F1 0.13]¢|), JLP- {45 Hy th . #F5E
S R, Y B H far B S 1 R L B i R
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Bz (0,-0,,), v 5 @38 53 3 7n i% A B AL AT IRl /0, ¢ (038 43 3 7 VL O 18 A0

Fig. 3. Differential charge density on the Au/CeOy(111) surface: (a) Cerium top site (Ce); (b) sub-oxygen site (Oq); (c) top oxygen-
cerium site (O,-Ce); (d) oxygen top site (O,); (e) oxygen-oxygen bridge site (O,-O,), the purple regions in the figure indicate a de-

crease in charge at that location, while the green regions indicate an increase in charge.
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Fig. 4. Presents the DOS for various systems: (a) pure gold (Au); (b) pristine CeO,(111) surface; (c) Au/CeO,(111) surface at the
cerium top site; (d) Au/CeO,(111) surface at the oxygen-oxygen bridge site, within each plot, spin-up and spin-down represent the

electronic states with spin aligned upwards and downwards.
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Fig. 5. Calculated structures of stoichiometric CeO, vicinal surfaces built for (a) Type I steps, (b) Type II steps, (c) Type II* steps,
(d) Type III steps. The oxygen at the border of the upper (111) terrace (Op) and the oxygen at the edge close to the lower (111)
terrace (Og) are highlighted in yellow and green, respectively (Left: Top view; Right: Side view).
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Table 2.  Energy and geometric properties of adsorption configurations on stepped Au/CeO,(111) surfaces. E,q is the ad-
sorption energy, dia,.0] and dja,.cq are the distances from the adsorbed atom to the surface atoms, dic.o) is the distance
between the cerium atom and the oxygen atom, along with the coordination numbers of different O and Ce atoms.

Step type Ed(ls/ev d[Au»O] /A d[Au»Ce] /A d[Ce_O] /A O(:()ordinati()n Ce(‘,()()rdinati()n
1x2.31
1x3.30
O of Type | 1.00 1x2.14 1x2.51 3 6
1x3.36
1x2.53
1x2.38
1x3.31
Og, of Type | 0.97 1x2.16 1x2.39 3 6
1x3.29
1x2.47
1x3.59 1x2.51
Or of Typell 1.25 1x1.95 3 6
2x3.95 2x2.56
1x3.82
Og of Typell 1.32 1x1.94 1x3.86 2x2.42 2 6
1x5.95
1x3.40
Or of Type Il * 1.36 1x1.97 1x3.94 2x2.46 3 5
1x3.98
1x3.79 1951
X2.
Og of Typell * 1.74 1x1.93 1x5.21 2 5
1x2.69
1x5.38
1x3.73
1x2.42
O of Type Il 2.15 1x1.94 1x3.94 2 5
1x2.47
1x4.33
1x3.79
1x2.41
Og, of Type 1l 2.14 1x1.93 1x4.00 3 5
1x2.49
1x4.79

Au i F7E Type II¥F1 Type IIT I JE 38 i} 5% A F Type II*H1 Type III 1% Ce F) & R
B W B . L BRFRE AE 1.36—2.15 eV Z [H], PRRAS, H Ce BB ECH 5, #HEE Type I #1 Type
T Type I 1 Type I 0.97—1.32 eV. X T % IT 4 Ce 1 6 Bz, 845 Au JEE TS TE Type IT*
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Fig. 6. Differential charge density on stepped Au/CeO,(111) surfaces (Left: Top view; Right: Side view): (a) O of Type I, (b) Og of
Type I; (¢) Or of Type II, (d) Og of Type II; (e) O of Type II*, (f) Og of Type II*; (g) Or of Type III, (h) O of Type III; the
purple regions indicate charge depletion, while the green regions indicate charge accumulation at those locations.
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Fig. 7. DOS for (a) Type II* on CeO, (111) surface, (b) Type III on CeO, (111) surface; (c) Au adsorbed at O site of Type II*;
(d) Au adsorbed at Or site of Type III; spin-up and spin-down represent the electronic states with spin directed upwards and down-

wards, respectively.

053101-9


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 3R Acta Phys. Sin. Vol. 74, No. 5 (2025)

053101

FHECAR B ER 9 oK e g, R Au JR TR0 Aut,
Au-5d BT FEEMGTE 2.9 — 1.1 eV e, >
RIMETE 0.3 — 0.8 eV JuHIN; 5 Type HI(& 7(b))
FHE, 756 — —0.2 eV {EFE N, O-2p Al BEEH
AL RS, X — AR R T O JFF 254
I IBPEREE Au-5d 5 O-2p Z 2L,
XFPZAE T I BT Au—O BB 0k O—
Au—O #2454, JFmifE i O-2p HiE 5 Au-b5d HL
T 2 () A B, R T ) A TR .

A, AWE5E S Janssen 55 B (1 BF 58 — FL.
Janssen 55 P B 48 ), Au )i 719 5dz?HliE 5
6s LI 1) 24 LA P LA AR S Dy TR 31 T OG5
YER. Aw il 24X A H0E, TR T AR T Aut
TR (M FLF 2540 ELACR U, 2205 T8 L P~
B, —A B2 R E S R AR Z [ 2 7
] b, 1 A — AN R e oy i b, GBS EAAR. X
FREUEHES (45 AT 5 5 0 2 A B Bl i 4l T
i T ECAAR T B HE RO AR RS B NI T
Aut R E B )i, S B o Rl RS g
AR LT oA, /NG SR LR ] 2
J¥ 7. AR SRS R (i 4(d) FE 7(d) FioR)
AR T RS, Won Au &4 TR s-d 241k, H
HAOKRBER L) LY Au HA 1 5d Bk, X5 Lk
HL 45 R 18 SR — 3L

4 # #

S5 TR, A 1o X5 AN [ W BRHSE o55 B4) FEL i
FeRALHRIHEATIRA ST, BT Au/CeOy(111) 14
P Au R B RRE P R AR S I G R BT
ST W PR TR TR T DG Y 1 R o 4 A% 5 )
MR, #R8 T AU ZAE Au/CeO, AL FE
MR, JUHRRECO AR T R R g . SRR
KRG, V1 DR T 5 R AL
HA S-S (0,-0,) FBUH Fcfa e iYW AR,
HWHREHN 1.19 eV, H Au—0 FEK W &4 %, J&
T Au 5iZA R B AN AR 2550 A B
1 Bader 43 M1t —HUESE, Au J7F7E W B F2
WA 0.33] e IEFRLAT, T Ce JEFIHMTNIIN 2.42] el
R 2.27|e|, RIFEAERATEEREIG. DOS 58
R, JEATEE R Au 68 A TH > #2, Au R
THAA N Aut, Ce-4f BLIE B5 IR K AESL, Cett
PR JF Ny Cedr, TSR T Au 7€ O,-O, fi 55 -

R RRE. I Ah, H T B S Y T A BRI
TR T B B R BCALIRAS, TGS T 5 B A% Au
J5 -1 W B 0. AR 2 Type IIL A6 i (VR Bt g
WK 1.36—2.15 eV), JLW B RE & T H A A7 A5
FE Type T4 o5 b, Au J5F B Ha fof £ 38 i =
+0.35|e|, T Ce J&.F 19 HL A AR A & A 1k, A
2.40[ e[l 2 2.11e|, K4 T Au/Ce*t—Aut/Ce’*
. DOS 21 %, Au Y 6s HL 4 K i i
25, [ABEHE T Ce-4f HUIE I MR PR AELL, SEIL T
HLF AN Au 18] Ce Y%, X 5P 1 O,-O,, i 5
I AHLEIAR L. 3k 28 K IR T X Au/CeOy(111)
ST BEAIL A BILAR, E E f f R FA
FHOC U A I IR AL 1 8 A R A4

S 0k

[1] Haruta M, Kobayashi T, Sano H, Yamada N 1987 Chem.
Lett. 16 405
[2] LiY J, Wen H, Zhang Q, Adachi Y, Arima E, Kinoshita Y,
Nomura H, Ma Z M, Kou L, Tsukuda Y, Naitoh Y, Sugawara
Y, Xu R, Cheng Z 2018 Ultramicroscopy 191 51
(3] Zielinski M, Juszczyk W, Kaszkur Z 2022 RSC Adv. 12 5312
[4] Berrichi A, Bailiche Z, Bachir R 2022 Res. Chem. Intermed.
48 4119
[5] Megias-Sayago C, Lolli A, Ivanova S, Albonetti S, Cavani F,
Odriozola J A 2019 Catal. Today 333 169
6] Li Q L, Xie W, Chen G Q, Li Y F, Huang Y J, Chen X D
2015 Nano Res. 8 3075
[7] LiuHP, CaoZ L, Yang S Y, Ren Q Y, Dong Z J, Liu W, Li
Z A, Chen X, Luo L L 2024 Nano Res. 17 4986
[8] Kim C, Thompson L 2006 J. Catal. 244 248
9] ChenY, Hu P, Lee M H, Wang H 2008 Surf. Sci. 602 1736
[10] Hernéndez N C, Grau-Crespo R, De Leeuw N H, Sanz J Fdez
2009 Phys. Chem. Chem. Phys. 11 5246
[11] Zhang C, Michaelides A, King D A, Jenkins S J 2010 J. Am.
Chem. Soc. 132 2175
[12] Engel J, Francis S, Roldan A 2019 Phys. Chem. Chem. Phys.
21 19011
[13] Shu P L, Tian X, Guo Q, Ren X, Zhao B, Wen H F, Tang J,
Li Y J, Yasuhiro S, Ma Z M, Liu J 2024 Phys. Scr. 99 105990
[14] Teng B T, Wu F M, Huang W X, Wen X D, Zhao L H, Luo
M F 2012 ChemPhysChem 13 1261
[15] Lu Y, Quardokus R, Lent C S, Justaud F, Lapinte C, Kandel
S A 2010 J. Am. Chem. Soc. 132 13519
[16] Lustemberg P G, Pan Y, Shaw B J, Grinter D, Pang C,
Thornton G, Pérez R, Ganduglia-Pirovano M V, Nilius N
2016 Phys. ReV. Lett. 116 236101
[17] Fu Q, Saltsburg H, Flytzani-Stephanopoulos M 2003 Science
301 935
[18] Bezkrovnyi O, Bruix A, Blaumeiser D, Piliai L, Schoétz S,
Bauer T, Khalakhan I, Skdla T, Matvija P, Kraszkiewicz P,
Pawlyta M, Vorokhta M, Matolinové I, Libuda J, Neyman K
M, Kepinski L 2022 Chem. Mater. 34 7916
[19] Tibiletti D, Amieiro-Fonseca A, Burch R, Chen Y, Fisher J
M, Goguet A, Hardacre C, Hu P, Thompsett D 2005 J. Phys.
Chem. B 109 22553

053101-10


https://doi.org/10.1246/cl.1987.405
https://doi.org/10.1246/cl.1987.405
https://doi.org/10.1246/cl.1987.405
https://doi.org/10.1246/cl.1987.405
https://doi.org/10.1246/cl.1987.405
https://doi.org/10.1246/cl.1987.405
https://doi.org/10.1246/cl.1987.405
https://doi.org/10.1246/cl.1987.405
https://doi.org/10.1016/j.ultramic.2018.04.003
https://doi.org/10.1016/j.ultramic.2018.04.003
https://doi.org/10.1016/j.ultramic.2018.04.003
https://doi.org/10.1016/j.ultramic.2018.04.003
https://doi.org/10.1016/j.ultramic.2018.04.003
https://doi.org/10.1016/j.ultramic.2018.04.003
https://doi.org/10.1016/j.ultramic.2018.04.003
https://doi.org/10.1039/D1RA09434C
https://doi.org/10.1039/D1RA09434C
https://doi.org/10.1039/D1RA09434C
https://doi.org/10.1039/D1RA09434C
https://doi.org/10.1039/D1RA09434C
https://doi.org/10.1039/D1RA09434C
https://doi.org/10.1039/D1RA09434C
https://doi.org/10.1007/s11164-022-04796-5
https://doi.org/10.1007/s11164-022-04796-5
https://doi.org/10.1007/s11164-022-04796-5
https://doi.org/10.1007/s11164-022-04796-5
https://doi.org/10.1007/s11164-022-04796-5
https://doi.org/10.1007/s11164-022-04796-5
https://doi.org/10.1016/j.cattod.2018.04.024
https://doi.org/10.1016/j.cattod.2018.04.024
https://doi.org/10.1016/j.cattod.2018.04.024
https://doi.org/10.1016/j.cattod.2018.04.024
https://doi.org/10.1016/j.cattod.2018.04.024
https://doi.org/10.1016/j.cattod.2018.04.024
https://doi.org/10.1016/j.cattod.2018.04.024
https://doi.org/10.1007/s12274-015-0813-z
https://doi.org/10.1007/s12274-015-0813-z
https://doi.org/10.1007/s12274-015-0813-z
https://doi.org/10.1007/s12274-015-0813-z
https://doi.org/10.1007/s12274-015-0813-z
https://doi.org/10.1007/s12274-015-0813-z
https://doi.org/10.1007/s12274-015-0813-z
https://doi.org/10.1007/s12274-024-6508-6
https://doi.org/10.1007/s12274-024-6508-6
https://doi.org/10.1007/s12274-024-6508-6
https://doi.org/10.1007/s12274-024-6508-6
https://doi.org/10.1007/s12274-024-6508-6
https://doi.org/10.1007/s12274-024-6508-6
https://doi.org/10.1007/s12274-024-6508-6
https://doi.org/10.1016/j.jcat.2006.08.018
https://doi.org/10.1016/j.jcat.2006.08.018
https://doi.org/10.1016/j.jcat.2006.08.018
https://doi.org/10.1016/j.jcat.2006.08.018
https://doi.org/10.1016/j.jcat.2006.08.018
https://doi.org/10.1016/j.jcat.2006.08.018
https://doi.org/10.1016/j.jcat.2006.08.018
https://doi.org/10.1016/j.susc.2008.02.036
https://doi.org/10.1016/j.susc.2008.02.036
https://doi.org/10.1016/j.susc.2008.02.036
https://doi.org/10.1016/j.susc.2008.02.036
https://doi.org/10.1016/j.susc.2008.02.036
https://doi.org/10.1016/j.susc.2008.02.036
https://doi.org/10.1016/j.susc.2008.02.036
https://doi.org/10.1039/b820373c
https://doi.org/10.1039/b820373c
https://doi.org/10.1039/b820373c
https://doi.org/10.1039/b820373c
https://doi.org/10.1039/b820373c
https://doi.org/10.1039/b820373c
https://doi.org/10.1039/b820373c
https://doi.org/10.1021/ja906687f
https://doi.org/10.1021/ja906687f
https://doi.org/10.1021/ja906687f
https://doi.org/10.1021/ja906687f
https://doi.org/10.1021/ja906687f
https://doi.org/10.1021/ja906687f
https://doi.org/10.1021/ja906687f
https://doi.org/10.1021/ja906687f
https://doi.org/10.1039/C9CP03066B
https://doi.org/10.1039/C9CP03066B
https://doi.org/10.1039/C9CP03066B
https://doi.org/10.1039/C9CP03066B
https://doi.org/10.1039/C9CP03066B
https://doi.org/10.1039/C9CP03066B
https://doi.org/10.1088/1402-4896/ad77f9
https://doi.org/10.1088/1402-4896/ad77f9
https://doi.org/10.1088/1402-4896/ad77f9
https://doi.org/10.1088/1402-4896/ad77f9
https://doi.org/10.1088/1402-4896/ad77f9
https://doi.org/10.1088/1402-4896/ad77f9
https://doi.org/10.1088/1402-4896/ad77f9
https://doi.org/10.1002/cphc.201101007
https://doi.org/10.1002/cphc.201101007
https://doi.org/10.1002/cphc.201101007
https://doi.org/10.1002/cphc.201101007
https://doi.org/10.1002/cphc.201101007
https://doi.org/10.1002/cphc.201101007
https://doi.org/10.1002/cphc.201101007
https://doi.org/10.1021/ja105958p
https://doi.org/10.1021/ja105958p
https://doi.org/10.1021/ja105958p
https://doi.org/10.1021/ja105958p
https://doi.org/10.1021/ja105958p
https://doi.org/10.1021/ja105958p
https://doi.org/10.1021/ja105958p
https://doi.org/10.1103/PhysRevLett.116.236101
https://doi.org/10.1103/PhysRevLett.116.236101
https://doi.org/10.1103/PhysRevLett.116.236101
https://doi.org/10.1103/PhysRevLett.116.236101
https://doi.org/10.1103/PhysRevLett.116.236101
https://doi.org/10.1103/PhysRevLett.116.236101
https://doi.org/10.1103/PhysRevLett.116.236101
https://doi.org/10.1126/science.1085721
https://doi.org/10.1126/science.1085721
https://doi.org/10.1126/science.1085721
https://doi.org/10.1126/science.1085721
https://doi.org/10.1126/science.1085721
https://doi.org/10.1126/science.1085721
https://doi.org/10.1021/acs.chemmater.2c01659
https://doi.org/10.1021/acs.chemmater.2c01659
https://doi.org/10.1021/acs.chemmater.2c01659
https://doi.org/10.1021/acs.chemmater.2c01659
https://doi.org/10.1021/acs.chemmater.2c01659
https://doi.org/10.1021/acs.chemmater.2c01659
https://doi.org/10.1021/acs.chemmater.2c01659
https://doi.org/10.1021/jp054576s
https://doi.org/10.1021/jp054576s
https://doi.org/10.1021/jp054576s
https://doi.org/10.1021/jp054576s
https://doi.org/10.1021/jp054576s
https://doi.org/10.1021/jp054576s
https://doi.org/10.1021/jp054576s
https://doi.org/10.1021/jp054576s
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 74, No. 5 (2025) 053101

[20] Feng J, Guo Q, Shu P L, Wen Y, Wen HF, MaZ M, Li Y J, Lett. 104 081910
Liu J 2023 Acta Phys. Sin. 72 110701 (in Chinese) [{5 4, 5§ [31] Barth C, Laffon C, Olbrich R, Ranguis A, Parent Ph,
SR, EFMGE, W EH, WG, SR R, XIMER, R R Reichling M 2016 Sci Rep. 6 21165
FORT AT FERINAL 2023 PrHEEAR 72 110701] [32] Shu P L, Guo Q, Tian X, Wei J, Qu Z, Ren X, Wen H F,
[21] Perdew J P, Burke K, Ernzerhof M 1996 Phys. ReV. Lett. 77 Tang J, Li Y J, Sugawara Y, Ma Z M, Liu J 2024 Surf.
3865 Interfaces 51 104738

[22] Cococcioni M, De Gironcoli S 2005 Phys. Rev. B 71 035105

(23] Zheng Z Y, Wang D, Zhang Y, Yang F, Gong X Q 2020
Chin. J. Cata. 41 1360

[24] Wilson E L, Grau-Crespo R, Pang C L, Cabailh G, Chen Q,
Purton J A, Catlow C R A, Brown W A, De Leecuw N H,
Thornton G 2008 J. Phys. Chem. C'112 10918

[33] Kozlov S M, Vifies F, Nilius N, Shaikhutdinov S, Neyman K
M 2012 J. Phys. Chem. Lett. 3 1956

[34] Chu D R, Wang Z Q, Gong X Q 2022 Surf. Sci 722 122096

[35) Wen H F, Sugawara Y, Li Y J 2020 Acta Phys. Sin. 69
210701 (in Chinese) [If4e &, HFREEA, Z5H0 2020 PR30

[25] Ma Z M, Shi Y B, Mu J L, Qu Z, Zhang X M, Li Q, Liu J 69 210701]
2017 Appl. Surf. Sci. 394 472 [36] Zhou H, Wang D, Gong X Q 2020 Phys. Chem. Chem. Phys.

[26] Owen C J, Jenkins S J 2021 J. Chem. Phys. 154 164703 22 7738

[27] Chen L J, Tang Y, Cui L, Ouyang C, Shi S 2013 J. of Power [37] Zhou C Y, Wang D, Gong X Q 2019 Phys. Chem. Chem.
Sources 234 69 Phys. 21 19987

[28] Kim H Y, Henkelman G 2013 J. Phys. Chem. Lett. 4 216 [38] Piliai L, Matvija P, Dinhovd T N, Khalakhan I, Skéla T,

[29] Kozlov S M, Neyman K M 2014 Phys. Chem. Chem. Phys. 16 Dolezal Z, Bezkrovnyi O, Kepinski L, Vorokhta M,
7823 Matolinova I 2022 ACS Appl. Mater. Interfaces 14 56280

[30] Olbrich R, Pieper H H, Oelke R, Wilkens H, Wollschldger J, [39] Janssen E M W, Wiegers G A 1978 J. Less-Common Met. 57
Zoellner M H, Schroeder T, Reichling M 2014 Appl. Phys. 47

Charge transfer characteristics of Au adsorption on
Ce0,(111) surface’

TIAN Xin Y24  SHU Pengli V9%  ZHANG Ketong V%  ZENG Dechao V34
YAO Zhifei V2% ZHAO BohuiV®%  REN Xiaosen V¥4  QIN LiY?%
ZHU Qiang V%  WEI JiuyanV?  WEN Huanfei V2% LI Yanjun %

Yasuhiro Sugawara®  TANG JunY®%  MA Zongmin V341
LIU Jun D244

1) (State Key Laboratory of Dynamic Testing Technology, North University of China, Taiyuan 030051, China)
2) (School of Instrument and FElectronics, North University of China, Taiyuan 030051, China)
3) (School of Semiconductor and Physics, North University of China, Taiyuan 030051, China)
4) (Shanxi Key Laboratory of Quantum Sensing and Precision Measurement, North University of China, Taiyuan 030051, China)
5) (Department of Applied Physics, Graduate School of Engineering, Osaka University, Osaka 5650871, Japan)

( Received 30 October 2024; revised manuscript received 23 December 2024 )

Abstract
Au/Ce0y(111), as an important catalyst system, has demonstrated excellent catalytic performances in a

variety of fields such as the catalytic oxidation and the water-gas shift reactions. In order to reveal in depth the

Au/Ce0,y(111) catalytic mechanism, especially to understand the interaction of the active components on an
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atomic scale, in this work, the adsorption properties on the Au/CeO,(111) surface are investigated by
calculating the adsorption energy, differential charge density, Bader charge, and the density of states by using
density functional theory (DFT+U). First, five adsorption sites of Au/CeO,(111) are identified in the planar
region of CeO,(111), and the most stable adsorption configuration is found to be located at the bridging
position between surface oxygen atoms (the oxygen-oxygen bridging site), which suggests that Au interacts
more closely with the oxygen-oxygen bridging sites. Further, the differential charge density and Bader charge
reveal the charge transfer mechanism in the adsorption process. Specifically, the Au atoms are oxidized into Aut,
while the Ce** ions in the second nearest neighbor of Au are reduced to Ce?*, and the adsorption process is
accompanied by a charge transfer phenomenon. Au also exhibits a unique adsorption behavior in the CeOy(111)
step-edge region, where a highly under-allocated environment is formed due to the decrease in the coordination
number of atoms in the step edge, which enhances the adsorption of Au in a highly under-allocated
environment. The adsorption of Au at the step edge is enhanced by the lower coordinated environment due to
the reduced coordination number of the atoms at the step edge. By comparing four different types of step
structures (Type I, Type II, Type II*, and Type III), it is found that the higher adsorption energy of Au at
Type II* site and that at Type III site are both mainly due to the lower coordinated state of Ce atoms at these
sites. Charge transfer is also particularly pronounced at the Type III sites. It is also accompanied by electron
transferring from Au to Ce*" ions, making Type III the preferred adsorption site for Au atoms. By constructing
a more comprehensive Au/CeO, model, this study breaks through the previous limitation of focusing only on
planar adsorption and reveals the adsorption mechanism of Au/CeQO, at the edge of the step, which provides a

new perspective for understanding in depth the catalytic mechanism of Au/CeQy(111).
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Charge transfer characteristics of Au adsorption on Ce0O,(11 1) surface

TIAN Xin  SHU Pengli  ZHANG Ketong = ZENG Dechao  YAO Zhifei ~ZHAO Bohui  REN Xiaosen
QINLi  ZHU Qiang WEl Jiuyan WEN Huanfei Ll Yanjun  Yasuhiro Sugawara TANG Jun MA
Zongmin  LIU Jun
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