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Photoelectrocatalytic Property and Reaction Mechanism of Ag@AgBr/Ni
Thin Films at Negative Bias for Rhodamine B
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Abstract: Ag@AgBr/Ni thin films plasmonic photocatalyst were prepared by electrochemical method. The surface
morphology, phase structure, optical characteristics of the thin films were characterized by scanning electron
microscopy (SEM), X-ray diffraction (XRD) and ultraviolet-visible diffuse reflectance spectroscopy (UV-Vis DRS),
respectively. lts photoelectrocatalytic properties and stability at negative bias under visible light were evaluated
with thodamine B (RhB) as a model compound. Using eletrochemical technique and a method of adding active
species scavenger to the solution, mechanism of photoelectrocatalytic degradation of the films were explored. The
results show that the Ag@AgBr/Ni thin film prepared under optimum condition are composed of AgBr
microparticles whose surface has silver nanoparticles with a significant surface plasmon resonance (SPR) effects.
The Ag@AgBr/Nifilm is photoelectrocatalytically more active than TiO/ITO (indium tin oxide) film. At optimum
cathodic bias and under visible light irradiation in 12 min, the photoelectrocatalytic degradation rate of
Ag@AgBr/Ni film is 10.2 times as much as that of porous TiO, (Degussa P25)/ITO film. Compared with no
cathodic bias, the photoeletrocatalytic degradation rate of the Ag@AgBr/Ni thin film to RhB is increased by 2.0
times and the thin film has obvious photoelectric synergistic effect. The photoelectrocatalytic activity almost kept

unchanged after five recycled experiments. The improvement in photoelectrocatalytic activity for Ag@AgBr/Ni
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thin films could be mainly attributed to the activation of nano Ag particles on the electrode for photocathode

reaction (Conduction band reaction) with a significant SPR effects. Furthermore, the photoelctrocatalytic reaction

mechanism of Ag@AgBr/Ni thin films for RhB at negative bias was proposed.
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Fig.1 Scanning electron microscopy (SEM) photographs and energy dispersive spectrum (EDS) of Ag@AgBr/Ni thin film
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Fig.2 XRD pattern (a) and the magnified XRD
pattern (b) of Ag@AgBr/Ni thin film
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Fig.3 UV-Vis diffuse reflectance spectrum (a) and band
gap (b) of Ag@AgBr/Ni thin film
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Fig.4 Effects of cathodic bias on photoelectrocatalytic
activity of Ag@AgBr/Ni thin film under visible

light irradiation
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Fig.10 Cathodic bias scanning experiments of dye RhB
from -0.020 V to —0.120 V

Al s 265 XL P 8 1 /1) W 2 3K T R 2 ik Ak ) A
XA O A A F ARG DR

T B B AATTAT Ag@AgBr S A Ak B £ B2 17 1)
RS FE 0] WG R | Ag@AgBr 1 RhB #4185
K, AgBr Bl L FERIT 2 5, &5 R ARl
AL PR B B kA AR AR R AR B 4 oK
Ag T S AR A O B HoAwm A= AR TR
Yt BOR A B RhB® W] AgBr Sl ih i A6 L 7~ 1M
A B fift B A % RhBY IE BT A 3 (RhB—RhB* +
e). X EIRE G AL EOE ML) BN AR R T AF
EXFHY B IE B F A 2 RhB, I 7E AR R
HAFETE

N T IRARZOGHAEIL RhB PLH A TAETE
— 3 B i 3 R DA X A AT L ST RS N TG O BR OB 2%
P BB SE e R AT T XS i gE . 10 2R
B S A4 9 min B AAEBL, EIROVARRR AR 2ot

HEAC A AEAL A B i R 2 22 R IEI AT WL AR SR 4
T i e 0 XL A 56 T v B o T S S i P 4
{EL 3G IR/ FE DR R M -0.100 V35 Bl i KA,
I 55 1 4 i A5 e A A A TR]

SCHRPORITFR AT A FT A9 T AR 8 0 G fk
Fef % P B RN R G, B P B IEE T A M
B (RhB* ) 5B & B 7 H H 30, ) s8R AL A h
(- OH) 4 52 0 72 B e s 1 S g, 1 %7 7] B(RhB) 5
0, 3% - OH 1Y S 218 Sy, >4 171 i Hs 266 X (B /s
B RO R G 2 5 RN R # P B A
AN, (R H A BT 3% M S VR B 3N
DRI TTT P 3 O A 8 2 25 AR 388708 5 254 970 i e 48 oL
BREF, B F X RhB—RhB* +e 9 520 () BELASAE
TR, WP 2 17 7 46 T 5 5 B il S I (9 5 PR B 34
FELL RhB A, HIMMH M AR W/, H
A A8 T AN S 5 R il BN 1 YR DLAS [R] 1Y
TEAAFAE T L H AR BT 3 M R AR B AR
PR T A G P R i e 2 2% Xl RO LA A B =2
JIT LA B e A A B 22 B AS T A, Rl & =2,
10 MZE R AT LIER | % PHBH Bl i IE B F H 2k
RhB* 5 BB T 14 8046 WV T 4 B 2 Ag@A @B/
Ni RS F A b (OB AL Y 2 R N R AR
2.9.3 AR FR 32 BEE MR I

K11 2R AT R 8 -0.100 V F, AR
[Fi) 356 1= 0 7P Al 500 T B FEL B O A AR R % RhB 2 i
TR RZ MR, SCE6 L R 28 X (p )RR AT
BEAE S F2 38 [ b B (- OH) 2R AR | X 2R R AR S 8 41
TUBS T A (0, ) AR, & Floli 3 590 76 J L R ¢
W) U TR R S LTS e B P B B W R R
FEZ LA 100:1,  BPARAR 0 099 B2 24 1.04%107 mol -
| B 6 N O B T 72 2 | N O Bl | 7 1 [ 2
FHUT B R At 22 MR B2 BEAR (£ d), 5 A AT fif
R 0 B i 2 (a) B LU DA AR f# O min , B A 2% 1R
87.0%FF KA 17.0% , W O, ZOGHEAS FFI] B 1Y
FEIEEW RN SR I - OH 4K, RhB K
fift 2R bt A B TE) A 2R fR A 2 (b) B, OGfiEfR 9
min , B 580 48.0% , 55 A AT AT 63 35590 1 & G0 A4
Pl BRI B 1 AR, LS8 A ] 35 9 rh A
O, FFN M R GE, XUl -OH W2 FEfE % FH] B
(1) 32 B0 PR A AR R (R AR TR AN A 0,7, il
L ()2 M A pH R A S B A AR O HL A
16 9 min, FE#E R I B EEILE 31.8%, BT prii 2ot
AL RhB 9 R ZE MY A, AR, X5



1550 Jd Hl fk

(a) Without any scavenger

100 (b) With hydroxyl radical scavenger

(c) With hole scavenger
(d) With superoxide radical scavenger

80

60

40-

Degradation rate / %

204

0 2 4 6 8 0 12
Photoelectrocatalysis time / min
B 11 ARG Ag@AgBr/Ni #2616 15 14
Y 52 Wi
Fig.11  Effects of different scavengers on the photoelect-
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(Appled cathodic bias is —0.10 V)
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