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(b)) HEZ ()] HZE
15 A 15 A

(c) -2Br; (d) TPt; (e) BPt; (f) HPt

Fig. 1. The crystal structure model of BiOBr{001} surface with different atom exposure terminations and single atom Pt adsorbed

1SR

on different positions of BiOBr{001}-BiO: (a) -BiO; (b) -1Br; (c) -2Br; (d) TPt; (e) BPt; (f) HPt.
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2. (a) Band structure and (b) total density of states and projected density of states of bulk BiOBr.
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Fig. 3. The optimized top view of (a) BiOBr{001}-BiO, (b) BiOBr{001}-1Br, and (c) BiOBr{001}-2Br.
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Fig. 4. The band structures and density of states of BiOBr{001} surface with different atom exposure terminations: (a), (b) -BiO;
(), (d) -1Br; (©), (1) -2Br.
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F1  ARFETFRFELS BiOBr{001} i 72 M e Al T 13 4528
Table 1.  The calculation results of the surface energy and electronic properties of the BiOBr{001} surface with different

atom exposure terminations.

Surface Egi/(Jm?)  Eg/(Jm?) B /(Jm2) 19 Ww/ev  VBM CBM E,[eV SEL
{001}-BiO 2.244 0137 2224 2576 G202 GF-1142 0878 -1.1420.126
{001}-1Br 0.005 ~0.002 0203 7203 GFO G2397 2397 38250
{001}-2Br 2.142 0025 2225 7566 G-F O G2217 2217 0.011-0.128

250000 - K 7(a),(b) & TPt/BiOBr{001}-BiO & & )

P D O o AR R A B T P 7(a) TR B Ly
E g ?"‘) :Eiggﬁggﬁégi LA RESL (impurity energy levels, IELs), J&
—§ 150000 | é % H A Pt 5d BB oTik, HiHl-2.3 — —1.5 eV RER
EA - S0 (7 7(b). A E BiOBr{001}-BiO fE#i&st %
] < , . o B (18] 4(a)), TIAL Pt EISIA, FE46EH VBM [ (%
< 50000 f 250 3°8Vaveljf§th/ni°° 450 REJT i Fe, H ORI EEEAF B R RRAE. JRT, SIA

e or P, HoA s FS 415 A8 1 I RE J7 1) 0 7% 0T 75 4%

200 300 400 500 600 700 800
Wavelength /nm

B 5 A JE TR BiOBr{001} 3 i 1Garmola F
Fig. 5. The optical absorption spectrum of the BiOBr{001}
surface with different atom exposure terminals.
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Fig. 6. The difference charge density of the BiOBr{001}
surface with different atom exposure terminals: (a) -BiO;
(b) -1Br; (c) -2Br.
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Fig. 7. The band structure and density of states of single-atom Pt at different adsorption positions on BiOBr{001}- BiO surface:
(a), (b) TPt; (c), (d) BPt; (e), (f) HPt.
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F 2 HJET Pt 7E BiOBr{001}-BiO IiAN[F]W M & 1M 6E . Zh s ORI T A

Table 2. The calculation results of the adsorption energy, work function, and electronic properties of single-atom Pt at dif-

ferent adsorption positions on BiOBr{001}-BiO surface.
Sites = Fags /(J-m?) Pt-Bi length/A VBM CBM E,/eV Pt 5d states SEL

T -5.189 2.612 G-F -2.379 G -0.745 1.634 -2.307— -1.497 -0.745—0.063

B —5.427 2.568 F -2.045 G -0.741 1.634 -1.688 — —1.609 -0.741—0.517

H —6.087 2.831 G F -2.101 G —0.746 1.356 -2.061 — -1.777 -0.746—-0.013

250000 (a) H=ZZ (b)) HZZ |(o)| HZZ
2 » Pure BiOBr 15 A 15 A 15 A
] 5 « BiOBr{001}-BiO
£ 200000 F i + TPt/BiOBr{001}-BiO
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< el
% :
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k: ’ ¢ o h
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& 8 HJsiF Pt 1E BiOBr{001}-BiO T A [/ W fhH i 1t
S ]

Fig. 8. The optical absorption spectrum of single-atom Pt
at different adsorption positions on BiOBr{001}-BiO surface.

%3
Table 3.

9 HJFT Pt 7E BiOBr{001}-BiO i A~ [ W B {37 & 1) 25
ISPHTTE R (a) TPt; (b) BPt; (c) HPt

Fig. 9. The differential charge density of single-atom Pt at
different adsorption positions on BiOBr{001}-BiO surface:
(a) TPt; (b) BPt; (c) HPt.

Pt/BiOBr{001}-BiO & &Y pR%L W 1 Mulliken HLfZEfKIE A Q
Work function W and Mulliken charge change value AQ of Pt/BiOBr{001}-BiO.

Systems Pt

BiOBr{001}-BiO  TPt/BiOBr{001}-BiO  BPt/BiOBr{001}-Bi0  HPt/BiOBr{001}-BiO

Work function /eV 5.650 2.576

Pt Mulliken charge AQ /e — — —

3.300 3.001

-0.810

3.254

-0.860 -0.920

OIRT T R R A AR B 22 0 AT R T, IR TP AL (R
AT, ORI T R A, Pt W TE
BiOBr{001}-BiO K 1AL | AL /AL, Pt 5t
TRER M IEAR, U] Pt & REFATHE T2 4K,
FRBIE TN Pt AL Pt JRFAE =4 i 230 i 11X
SR FFICE A, R0 2 28 T A A BT
HEH/NT (A1 CO,, CO, Oy, Ny Z5)B3437 i,
Mulliken 73 J& 4387 (W% 3) Hidlit i — 2D 55 H
T Pt REFHYHT324K, HIU Pt 352 i TRk
F1558 (-0.920¢).

BT U B RESR, T R 58 T Pt/BiOBr
{001}-BiO JeEALIA R B FHRAT R, ikl 10 B
R Pt/BiOBr{001}-BiO 1 & (6L B T
MALHLR L E, Pt(5.650 eV) ek e BiOBr{001}-
BiO(2.576 eV) 7, 76 M-S $%fil F i, Stk T M
BiOBr{001}-BiO & [l sh # 5 Pt, HFIH
HITOKBEGEA ]2, th T PR PR L e
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Fedp, BORAE M-S Ftif b A ff O 1 K 2R R A
CIEZ2 ANTIEE RS &: kUi W e S VA L E A
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e - - Er
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_ i 4
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Fig. 10. Possible electron transfer mechanism of Pt/BiOBr
{001}-BiO photocatalyst system.
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Abstract

In this work, the geometrical configuration, electronic structure, optical properties and charge transfer
behavior of BiOBr{001} surface with three different atomic exposure terminations (-BiO, -1Br and -2Br) and
single-atom Pt at different adsorption positions on the BiOBr{001}-BiO surface (top, bridge and hollow site)
are calculated by the first-principles calculation method based on density functional theory (DFT). More
emphasis is placed on the research of the relative rule between single-atom Pt and BiOBr{001} surface. The
calculation results show that the BiOBr{001}-BiO system exhibits the appearance of surface energy levels and
the shift towards the lower energy for valence band and conduction band, enhancing the photocatalytic
oxidation performance, especially, the existence of surface energy levels below the conduction band will
contribute to the separation and migration of electron-hole pairs and the significant improvement of photo-
response capability. Besides, the work function of BiOBr{001}-BiO system is much lower than one of noble
metal Pt, which is beneficial to the directional transfer of photogenerated charge. Therefore, the BiOBr{001}-
BiO system should be selected as an ideal substrate for interaction with the noble metal Pt. Furthermore,
single-atom Pt is adsorbed at different positions of BiOBr{001}-BiO surface, with induced impurity energy
levels in the forbidden band, achieving the smallest adsorption energy, the best photo-response capability.
Particularly, the transferred charge number is the largest value (—0.920¢) when Pt atom is adsorbed on a hollow
site. However, the open electron-poor region will be formed when Pt atom is adsorbed at the top and bridge
sites of BiOBr{001}-BiO surface. What is more, our findings should provide the excellent theoretical guidance
for achieving the photocatalytic CO, reduction and nitrogen fixation on the BiOBr{001} surface to build up the
top and bridge sites as the adsorption sites of Pt atom. The adsorption sites of Pt atoms are located at the
hollow sites of BiOBr{001} surface, which should obtain the high photocatalytic oxidizing activity of degrading
organic pollutants. Finally, our work can not only present the basic data for the optimized local electronic
structure and photocatalytic application for noble metal decorated BiOBr-based materials, but also provide a
kind of research strategy for further exploring and designing efficient noble metal decorated BiOX-based or
other semiconductor-based photocatalyst systems.
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