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WE . B TBH%4T BiOBr 49Kk v R EAH AL #2, B4 XRD, Raman,SEM, TEM, UV-Vis-DRS % T B4 A [7] #1440 7
TR RE S S A EAT RAE 25 R B S IR IR (=400 °C), BiOBr A 0] Biy05Bryy A% 48, W JE i BiOB1/BiyOsBryy 5 i
45, Wi AR ZEE M RERE, T ST P25 TiO, M6 e ROk VAR A AL R i G AP BE DA TS R BT S . P25 TiO,>BiOBr>BiOBr/
Biy03Bryg, BEAT 454953 BT AT %1 BiOBr 5 BiyOsBry I AL T Y5 0 25 AN R T f ff 43 5 ) DAL 9 MR BRAIG R0, M AR 4504 F T 1
WG R TE AR P S MAS G AR TS PR IBUT R (BiOB1/BiyOsBry)-Pi>BiOBr-Pi>P25 TiO,-Pt, (BiOBr/Biy0sBryg)-Pt 15k =i 1 P
A F BiOBr/Biy0yBry, 75 25 5 Pr f 2k 19 Up W] 43 B9 06 A4 20 732 B2 | BFS BiOB1/Bin05,Bryo A1 1906 AE 45 7CHE # | BiOBr/Pt M
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Effect of Surface Phase Transition and Pt Loading of BiOBr Nanosheets on
Synergistic Photocatalysis

SONG Xiao-Long MU Kai WANG Chang-Hua™
(Department of Chemistry and Biology, Bethua University, No. 15, Jilin Street, Jilin, 132013, China)

Abstract: BiOBr nanosheets were synthesized by solvent thermal technique and their phase transition behavior
was studied under thermal treatment. The structure was characterized by XRD, Raman, SEM, TEM and UV-Vis-
DRS techniques. The results illustrate that BiOBr has transformed to BiyO;3Brjy upon calcination above 400 °C
and BiOBr/Biy0;Bry, surface phase junction is formed. The photocatalytic activity of as-obtained catalysts was
tested via degradation of gaseous acetaldehyde and compared with the reference P25 TiO,. The activity decreases
with the increase of temperature, and the tested activity follows the order: P25 TiO,>BiOBr>BiOB1/Biy03Bry.
The energy band structure analysis demonstrates that the decreased activity of BiOBr/BiyOsBry is due to the
inefficient charge separation induced by the type I heterojunction between BiOBr and BiyO3Brj. Interestingly,
when Pt loading on the surface of aforementioned catalyst via photoreduction of H,PtCls under UV light, the
activity order is: (BiOB1/Biy03Brip)-Pt >BiOBr-Pt >P25 TiO,-Pi. We believe that the activity order may be
attributed to enhanced charge separation efficiency induced by the synergistic effect between BiOBr/Biy0;Bry

heterojunction and Pt loading.
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HT T R 1 2 AR 2 R R 3 ) A Y B R B
FREAY I mi A AL BIOX(X=CL, Br, 1) B —
T ELA IS G AR AR AT K B, b AR AL B
F14) J2 PR 45 K R PN S P 3 B A AT RUAIE 1S 2 LT 48 X
(4325, DT Je 3 v O S 0 S e AR v g 5 R FE OB fi
B P25 TiO, #H L, BiOBr M 2547 95 B (2.8~2.9 eV)
FRAR AT WA AR S MR | RS R T RS AT
Sz RS Sy T k204 BiOBr AL Y SEH]
BrfE, AATTR PR A #5545 1 T B ml 58 402
BiOBr M i AL 16 P | 41 BiOBr/AgBr/Ag™, BiOBr/
ZnFe,0, ";BiOBr/C;N; ™ BiOBr/Bi,WO, 9, BiOBr/
BiOIl'94§

FEMRZ P SR 5 4 i i T Berpr ) b 3y
TR T o ELA2 | R) B AT AR E S S5 45 A 1) 43 11
BG4 T A5 52 9 Bk, H A, AT g B R
RART TIOL(BYBLEL ™ TiO,, BLEK T TiOy/ 4 41 A
Ti0,"™, a-Ga,0yB3-Ga,0,I1 55 5 Jit 45 I Uk B 1 2 i A
S I 4 B G A RE R SR AN A EE 2T $Ah B
A BiOBr A IH] 5 45 19 TAE A A kil . AT
VEH R B B ABBEIR L T BiOBr 442K F )2 i AR 722
118, 852 BiOBr AHIH] 5 BT 45 W TE 551, RIS,
TR BiOBr SGAEALTEPE IR B G R P
U5 9 BiOBr 2 i AH S T 45 (4 56 A A6 T35 4 189 58 A ]
fil M K 3% T AR S 5T 45 R B 4 e B 2 i B IR A T BL
il R, DL S R R fig S s A 2 0y, 5 5 ]
P25 TiO, #H AL, PPUrZOGHE AR e AR BLTS G
Yy % % 77 1T A S FH AL

1 SEWHES

1.1 FEAFIRGE
1.1.1  BiOBr 44Kk i & BiOB1/Biy0+Br;, 5 i1 45 (1)
il %

R FH PGk 8 167 . PRI 0.30 g Bi(NO,)s-
SH,0 F1 0.60 g 1175 ke 5k = B BL AL 2 (CATB) , i
T 40 mL K SEEH B 10 min 58 T 50 mL X
R ZEH 150 CHNER 24 h, ¥ #1 2 =i 5 S K
YRR 80 C T, 15 BiOBr 49K A fiE L7
I Ja B A5 B0 0 BiOBr 49K 5 FE & 43 3l F 5 f o
200,400,600 °C T~ #Bhbe 0.5 h, HBBE 5 FE i 43 il i 44
4 BiOBr-200, BiOBr-400, BiOBr-600,

1.1.2  BiOBr/Pt 2 (BiOBr/Biy05Br,o)-Pt 55 45 1 il £

I 0.01 g BiOBr 3¢ BiOBr-400 # i 4r # T
20 mL ZFEH FINA 1wt% ) HPCl 7K 0.26
mL, A N, S 5 min J5 & T EIMTE T LMK 4 h(E
P 365 nm, G5 0.3 mW -em™?), W AF 1B B0
BV WEAT ICP-AES MK, R A Pt R A7
15, IE] HPiCl, 2GR I Ry Pr, &35 Pr 02K
N Iwt%, a0 8 0K B R K B T
o RO L TRIREERC0.01 g B P25 Tio, A b
Iy 45 TiO-Pt,
1.2 LMK

I 0.02 g BB AR 5] 40 A TR S Y R Y
JUATTE AR 0.785 em?, P4 S NS & T 258 500
mlL A RSN, A A TS E A 0,(20%)/N,
(80%)TR & Ak, AR 25 — AL B (0N, B9 SART I8
1A HIK )G FRE AN A, ARR R 28 28 9 0 25 S
X W P HIAE 45%) , TESS 5 mL SFE T [ 2 dw
G B 30 min J5 T 150 W AT (Hayashi la-410uv-3)
AT RBHCAEALINIR B 10 min BURE G S
FH 3% 42 (SP-2100a, BFRL Co.)I 5E £, 8% Fil — %A fk.fie
571338
1.3 EEAFIMRIE

KA FEI-250 ¥ & S A% o F WA (SEM, I
ML R 20 KV, BORAEECH 100~200 000, TAE#E
A E E %) K JEOL JEM-2100 % 1 it 7 % i %
(TEM, #AEH R R 200 KV, TAEB R & H 25 ) 0+
i FRTE 300 B 5 A R4 7 L R AE L & H] Rigaku D/max-
2500 7 X HHEATHL (XRD) & Jobin Yvon HR800
B X 7 B 35 A (Raman) X FFE 5 (14 99 4 45 #4) 147 %
fiE . XRD M 25440 TAE ML 40 kV, FLTEA 100
mA ,Cu Ka $74:(1=0.154 18 nm), 14 {5 [ A 505
60°, RN 50 min™!, PLESE 7 %L
i, hr =S S RO AS 488 nm MK
JCUE A E A 100~1 000 em™, 2K H] Lambda 900
S AP AT WG TEASOT R i B W ORIV R4 T RAE |, BaSO,
YER23 [, HAE FEY 200~600 nm,

2 ZR5iTie

2.1 BiOBr #X R ER#AE T BiOBr B3R 2R

B 1A TRRE S A L B EE E] ] a yali
BiOBr #K I A i e &1, eh AT LU IR i
FE R RER, Gk ZWEE R 10 nm 247,
K/ANZ)H 300 nm, SBRE IR R 200 C(El by, F
i RS WA BN T 30T oK & AR W) S AR Ak Bl AR
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(a) BiOBr; (b) BiOBr-200; () BiOBr-400; (d) BiOBr-600.

FL A TRl ol ) 31 4 e 5
Fig.1 SEM images of different samples
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Bl 35 600 C(E d), 98k B2 1R 1 & 40 nm
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/INBE A R A TR T R BB R E TR
FEAW SRR, SRSk )R Z
) RS | 2 A A A A A R
2.2 BiOBr XK ER A2 S BiOBr MR
2.2.1 XRD 53#r

2 MASFEEE S XRD B B i g N T 2 I
53 5165 26 BiOBr 200,400 F1 600 °CHBE 9 FE i
21t 5 PDF K F(No.73-2061)%F L, Jir A 41T S #4855
PRV J5 b A BiOBr AHW) A, 0 Ho A 2% 5T A7 5 06g 1)
FEAE e A RE S ELA A ) B It 25 M o L 1) 38
T, BiOBr (AT ST VSR BEBG I | P TE AR %S R
BiOBr M9 45 i 0 3 i sl ROSE 3, 248 e Tkt
ik 400 CHY, B& BiOBr HAT 11640 | 7E 28.2°F1 29.1°
ML E] 2 AR SN a0 2945 PDF R A
(No.70-4762)%F Lt | AT HIIZ 2 A7 5 08 %o 1 T B 4% i
AH1Y BiyOsBryy, XM BiOBr #H M BiyOsBr, #H %%
A5 FEEL 2 A BiOBr A1 BiyyOsBryo MR, 24IE%
TELEE K 600°C B, 28,201 29.1°4b (1 1 A 77 55 1 58k &
I B [WIET 7F 30.0°,36.0°,42.4°,43.0°F1 53.3°
ISR BT LA E AT S Z&xt ke, efnIaE T
BinOsBrio FH,  Fh 06 o] DAHE W7 % 3 B R BiOBr AH 1]
BiyOy Bryo #7228 0 & i
2.2.2 TEM&HRTEM 45t

= BiOBr
Z  OBOBr o Bi,0,Br, —— BiOBr-200
3 —— BiOBr-400
o —— BiOBr-600
ge g 5
a3 = a oz
S = - Sg” — 90
a2 % R__om R GA_|
o

2 OR[ARESH Y X 2 AT 5
Fig.2 XRD patterns of different samples

K 3a~d M4l BiOBr FIAS [ Il 4B BS BiOBr K
BB AN H & B BB IR 9k R T A
LR AR B, IERA T BiOBr 49K I #AOR R e M
Kl e M4l BiOBr 21K h iy & 3 A S LB IR R
EIFTLAFE 1, F 2 SRS S 808 T 0L, 36 E T
BiOBr HAT R AF 45 5 5[] I I A5 i A% 25 8 i)
70349 nm, XA T BiOBr (9 (101) dhifi, & £
BiOBr 41K 1 400 CHbeJ5 1Y & 43 BF 3% 5 v 55 1R
F o B aT LA 310 PR 223 6T 4 ks R B0, 46 I o AR AL
[ BE 2 0.349 nm B9 &g XTI T BiOBr BY(101)&n
ZBCIREE N 0.300 nm 1 i 4% X B F BiyOsBry 1
(213)fH T, Itk BiOBr 5 BiyOsBry, — 7% Z [A]4% fiil
B AmaEs:, £ W] LLR & 1)) B BiOBr/
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(e) BiOBr 442K J i 43 HF HL B 181 5 (NBiOBr-400 FY i 43 H¥ i 458 141
Fig.3 TEM images of (a) BiOBr; (b) BiOBr-200; (c) BiOBr-400; (d) BiOBr-600 and HRTEM images of (e) BiOBr and (f) BiOBr-600

Biy03Bry 5 B 45
2.2.3  Raman 73 #7

4 A FEFE A Raman eI A B s B A
T2 A% 46 BiOBr 200,400 1 600 CHBAE Y
FES R E AT LU 46 BiOBr A 200 CHBERE AL i
TE 125 & 595 em™ Ab HV LB BB B A5
XF T T A Bi-Br B A Bi-O BT Alg 47 ¥k 3l A5
A2 JBHRE TR TR 400 B 7 2 037 A 06 9 o R TR
ARATIA K B S 202 3K AT BB 5 BigyOy,Bryg fn AH 75 it
I6A % B Re IR 18 600 CHY , ZFLBR T 46 BiOBr 1
PR, 7E 154 261,380 cm™ b H 3L T &AM 1 B
U | 3E 3 5 SRS AT, 380 em ! A AN AL U6 U1
T BiOBr % 5 F 1 Eg & Blg 89 #R s #1012 154
261 cm™ Ab 5 457 F% U 1] BE 2 A R BinyOsBryg it AH 2L
A5 T e 0] BiOBr J2 A K X FREE M5 R A, 1243
BrdL ik —250ERE T BiOBr il N AAHAE T
2.2.4 UV-Vis Jei& st

] 5 S A R i 1 58 b — AT WL SBT3 el
LT, ZliAH BiOBr 1 7E 58 A% XA 5 i I i 1 78

Al DL DX W A 55, H G TE 440 nm A4, BEE
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Fig.4 Raman spectra for different samples
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Fig.5 UV-Vis absorption spectra for different samples
(28 & BT I 5 IR 1Y, A R B i 7 R e i
B 5 A5 R R R B &R T TR L s SOk iR i Y
Biy05Bry, 17 Bk 2.51 eV, % T BiOBr(2.94 eV),
A | Wi i 21 52 iR T BiOBr 11] BiyyO5,Bry 55748
[ EEEGER
2.3 BiOBr #k i & & BiOBr/BiyO;Br,, &K &

A e 8 11 B 3K

VEHE ST Sy b R Ak 40 S PEAR A1 A6 500 1 KB D'
b PERE Bl 6 Sy LR B RRAR K CO, Az B B
()£l fh B AT LU | B 2 BRI 38, o'
PRI PE 2 BRSO [F] BiOBr/BiyO5,Bry,
SRS B IS PE R B 400 CCHBRE IR RE A TR M A
Bk, BIOBr 4% 5 1906 1 A0 0 1 359 R 1 i
P25 TiO,, {HAFEE I, DAIERIE BiOBr YT Mt
LT P25 X B FRATIN S 2R i O R
it JEC ) ) AN TR) & 1) LA AE 1238 | 4 K 22 B e RO
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Fig.6  Curves of acetaldehyde degradation and CO,

generation over difference catalysts

BHE PRI H RS A5 10 S 0 | A 3k 26 S N | e
BB R E BEZAER, A TAEERMN O
T [ it S O, AN FEAERARAE T, BT DATE R T AN [ P25
Uf | 35 H5 3 T R T A 45 SRt — B e,

Sk T G b AR S O 45 A X AR 1 3 M 1
W AL AR HE 40 2885 22 X6 BiOBr A1 BiyO5,Bryy 1Y
Sl L B AT, E =X ~0.5E+E,, AR T E,
LRI RE BT E=—4.5 eV X AT FIK
R BRI A Ry 2 e T R 1 5 T 448 X i 17 P
B LT 3ME By R AR 19 A7 IR AL, BiOBr
H BiyyO5,Bryy B4 B 535K 2.9 F1 2.5 eV, &iHHE
BiOBr I Biy05,Bryo (571 057 & 4357124 0.24 F1 0.30
eV, A e A B 5 1 A O e A, sl 7 B
N, AR ILREAT S5 FRATT AT LAABCE AR T (1)K
FHIEH &, BiOBr 19 A HL 7 1 28 7 CHD B ) 5
£ Biy05Bryg, BiyOy Bryo fE— & B JE LI 7 2 &1
OB AT B 5 BT 4G T i 2 7 OF R AR BAR B 0
I3 BTN I A Ak S = AN FI Y X A J2 BiOBr/
Bi,,03,Bry, B PE#L BiOBr I K, (2)5 TiO, #H
E , BiOBr Hl BiyOsBry, 1Y 344 7 B AR WAL, S5 17
B, WA R, A 0, M TiE
JFHLAV (-0.046 V)T HT, TiO, W LLSEEE O, Y L+
I J A R 4 H B R RY R AR T BiOBr 1 BiyOy,Bry,
(1) 5 B TR B B T8 B 0,20, BRI L 125 /XA
HILRE S XWAFERE T A4 BiOBr R R G AL
T AN TiO, PIZRIL

Pootentlal / eV vs. NHE

B 281 eV

Bi,,0, Br

24731 10

7 BiOBt/BisOsBr, 5 [ 25 11 RE T 45 44 7R 2 [

Fig.7 Schematics for the band structure of BiOBr/
Bi,,03,Bryg heterojunction (NHE=normal
hydrogen electrode)
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Biy 05, Bryo)-Pt (8 = AL G Ve S Bt & 8 P 145
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Biy05Bry, I 5 LR R AE J1 55, ANRESCEL 0, 1
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Pt 4% fish A] 42 2 56 45 H 7 i BiOBr B¢ Biy05,Bry I7] Pt
M5 , N BiOBr M BiyOsBry IS5 LAV & T
0, FIRCHL 30 Ji7 HLZ.(0.68 V), 1T P 14 40 2800 2 1
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Fig.8 Curves of acetaldehyde degradation and CO,
generation over BiOBr based catalysts after

Pt loading
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Fig.9 Schemmatics for the band structure of
(BiOBr/Biy04,Bryg )-Pt heterojunction
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S 5 H B Biy0yBryo T R E Pr, JFJH AU T8
Ji0, Mt R 6AE 25 X BiOBr 47 % 78 2|
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R IG5E BiOBr M PE A L H P25 Tio,, (A —25
e 5 o 45 & ol BB R P 5 & B, (BiOBy/
Biy 03 Bryo)-Pt W PE ST TiO,-Pr, HoE P M 1 5%
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