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Synthesis and visible-light photocatalytic activity of Ag/TiO,
ordered porous composite films

ZHAO Yongxun, YANG Beifang, FU Zhengping

(CAS Key Laboratory of Materials for Energy Conversion, Department of Materials Science and Engineering,
University of Science and Technology of China, Hefei 230026, China)

Abstract: TiO, ordered porous films (TIO) were fabricated via TiCl, sol-gel dip-coating process using self-
assembly SiO; colloidal crystal as templates and Ag nanoparticles were achieved on the TIO by a liquid
infiltration route, and Ag/TiO, ordered porous composite films (ATIO) were obtained. The
characteristics of the composite films were measured by Raman, FESEM, TEM, XPS and UV-vis. The
results reveal that the average size of Ag nanoparticles is about 10 nm, and strong interaction exists
between Ag nanoparticles and TiO, nanocrystals. Visible light photocatalytic activities of samples with
different Ag/Ti relative atomic concentration ratios and cycling tests were evaluated by analyzing the
degradation of methylene blue (MB) in aqueous solution, and were compared with Ag/TiO, disordered
composite films (ATF). It is found that the TIO with AgNO; concentration value 10 mmol/L in the

precursor solution exhibits 3.19 times visible light degradation rate compared with conventional Ag
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deposited TiO; disordered film without the ordered porous structure. This obvious enhanced visible-light

photocatalytic activity for the Ag deposited TIO sample can be attributed to the synergetic effect of Ag

nanoparticles and TIO ordered porous structures. The repeated cycling tests suggest that samples show

stable photocatalytic activity.

Key words: TiO, ordered porous film; Ag nanoparticle; synergetic effect; photocatalytic activity

0 5§

HF TiO, EA i A 1% 1 B Ak 2% 5 e A
TCEESF LA N2 I T 95 7K Ak 3R 28 <4k
SEAFR Y E L Y TIO, HFBR K 9E (3. 2 eV, Bl gk
W) AL RE B 5 K FHOE 5% B9 A6 L L IF Bk
A S U A R T B R R AR, ™ BRI
TERISERR . R ot 3T AR R AT T G fal 2k
TiO, JefEAL 76 PR AT T K it 0y 23, 3 i Ak 2 8
P, LA B B 748 e 5 5 H Al E S0k 4 s 4 Ak
YIEA 45, 0t 7D TiO, B9 W Wi 4 8 2 A %
XL S Ah, #E TiO, 2 UURL 3R 42 J8 (Au, Ag, Pt,
Rh 1 Pd %) J2 32 = 4 A6 570 06 M 19 A 20 2, R
Bt 4 @ AT LA AR L DT 1 5806 AR L 2 R 43
B HL B gk B 4 8 8Ok Ok AY TiO, R
B HH ST UL A i R 30k TR B 4 T I 2 T A
TR (SPAOT . SR, 13X B 1F 5% E B 56 T R
4 BUTFRTE TiO, 80# P25 ¥R b8y 61k i .
XFF B a BAEA P 2 fL45 0 TiO, #2118 1
o bW 2 LA BRI E  A A5,
IO R A ) A 3 A e A M R R A KA LR T AR
GIFRD A SN R R 2L b eSS P N A DN S
K. Ozin AN F) 2 % 7 808 i TiO, &
FA RO TG PR 2] T 32 5. s o7 R At
AU 45 89 N-F 3£48 2% TiO, & M £ il
JE A F N-F $E482% TiO, JCR M, X MB 19 ]
WA RS T 6 AL . X EEFTEF N-F
B 5 WA 7 ZFL45 1 1) 22 5 B R0 .

AR TiO, FEAT T 9 BRI AL 27 B X ol 1k
FH S I B e 7 L RN A B 3B 15 L L SO, AR i 4Ry
REHR , 76 335 41 IS B i #8 H Ag 40K UKL DT AR 1Y
TiO, £ 2L 4 W, 38 1 X 1k 57 1 — 2 510
IR AF 58 T 10700 1Y b M 45 4 T 3L o0 R 4 AR
FG2F W5 4 Ak 06 M ) 56 R JF LAWY 3L
(MB) g H 45 B i ) % 58 T 180 Ag 40 K UKL 1)
TiO, A 17 ZfL 5 G W R AT U6 6 fiE 1k 15 .

1 SEI§

1.1 #eEFHE

I (2 em X 1.5 em) K YR AE N B CFE 25 48 A
2 F R A B | 434 4l ek C B (R 25 48 A4k
SR A PR B M alD) R 24Kk B A i TR 15
min. K [ H 1 SiO, BAARER (BRE 315 nm) L BEH
VO R ) — o VR B TR S A B AT A B
10 mL B f R L 0 vk 0 BBk R R LA A
SO, BERER . T55 CHEATTE H UM, & LN
ARHETAETE FEHI T LA AW SO,
2 A i A SRR . K T A5 JE AR BB 7E 550 “C 4845 1 h,
D2 448 5 AR P AL e D G R o ) 32 422

FH ¥ T BE 5 12 3 7 il & TiO. A Ty £ L B
(TIO). B 5, 76 I ZU 4 B F o 10 581 Bk (I 25 42 1A
FE2ER F A R ] A2k 4l Z 48 5 A 25 mL JGK
CEEM VKR . ARS8 FE 30 min 15 E)IR #0435 B
Vo e H YR T T A5 A RS AR AR R AR R A T R 3
min, LA — 5 0 38 B JEA T $2 40, 4R 5 76 LA P 20
min {2 A Sk B . 2 YR B RN T S 86 0 R
FE AT U DR TEBIN (R 25 BR g 3 4 i 31 58 . R
k- BE I A W AE 450 CIB ok 1 h i 48 1k Bk 45 .
e o 1B ok 58 B Y ST BR-FE A A A 5 mol/L 1Y
NaOH ([ 244 F Ak 2% 380 700 A BR 2 &L 43 B 4l K %
WL 4 b DL EBR SO, AR B K 2 FL A5 5 R
fBEK (TTO).

Ag YN KUK 38 3 A 5 3 0 A E Y% T10
BA 10 mL K HI 2 BEIR A % 5 i AR [F kB AgNO;,
([ R — T 4l 3 W (AgNO, iR
350K 2.5,10 F1 20 mmol/L) , ZEHEF 50 C K2 5
h. e ¥ =B 288K e B R EE = IR T
TR A B G R A AR ie Dy ATIO-2, ATIO-
5.ATIO-10 1 ATIO-20. K T XF Lt B 7 % A FI H
SIO, FEAR A AR B 22 A1, 78 H Al 52 36 2% 4 A [8] Y
LT A BT A AR R R AL A Ag 41K
WORL DT AR TiO, JC 7 W I (AgNO; ¥ W 2 10
mmol/L) F4l TiO, JToJF #7452 ATF-10



416 T EAFHERKFFR

F 41 %

A TF.
1.2 #EUeFIRE

K #0636 8RR B %% L (LABRAM-
HR) /3 Hr A A 700 1 di A L 30 & DR A K 514, 5 nm
(9 ZU5R O % 5 R 3 & 0 43 4 L B (JSM-6700F)
F133 5t B 7 5 5 (JEOL-2010) WL RE 5 1Y 26 1 B
SR EE 4 5 R % B T 8 1% AL (ESCALAB-250)
M RE i e R AL M oT R L= M & (LA C 1s 45
Ak 284. 8 eV HEAT R MED 5 R A 240 AT UL 43 o0t ok
JE 31 (Unico UV-2800 AH) Ml iz £ & 19 5% 2% W 1k
PR
1.3 RENFEENTEN

B i 90 4 e BE A 2 mg/ L AAFLA 40 mL () MB
VWA R VAR AR AT L O O A b BE Y E AR B A
Y, By MB oz Tl 35 7K v i UL — Rl LR R
HRRESLIE IR R 20 WLk K E & 400~760 nm
B 2T (B KAL22, m st e s B 1 A BR A FDD.
6 BRI S A A TR A B T I A ) i i R R
30 min Pk B W% B /i WO 30 A O i Ak R N
SV R W T K 29 10 em, B A R RE Y I E] K150
min, 5B 30 min SRAE— K. E RN oE B, iR 2
T 400 R 25 30 B LU DR AIE A% BT 1 50 I A SR 4 R
YR FH R A0 ] UL oy 6 06 I i HAE 662 nm Ak 1Y
W BE L W B A5 5 W B AR RO R Gy —
] B3 e I 1 T 6 A Ol C, W B 2R R O (G —
O/ Co X 100 %. Aot Ak 52 96 76 15 iR & 1F T
AT,

2 FERMWiE

2.1 Raman i 44

K&l 1 s ke 7E 100~800 cm *JEENA 5 4
Raman §§ 30, v/ T 144,197,395,516 1 638 cm ',
43R F TiO, BLEKT # W E, L E, . By, » (By, /A Hl
E, & sl 0, B 058 ) H At 2% i A A9 Raman
. Raman Z5 3R], TG+ AR B A TiO, 8iEkH
LT
2.2 FESEM % #7

Kl 2(a) Ml 2(b)J& SiO, B AR S AR AR 1 22 1
Wil i) FESEM R H. SiO, fiek 52 3 = 4 4 7 5% 3
FUHES] Bk A2 29 315 nm. & 2(o) Fl 2(d) J& TI1O £
A I 2 T AN B i FESEM B R, /T L Y =466 )7
KALLE M FLARZI R 290 nm, JEJEZ) 4.7 pm, 5 &
2(b) T SiO, A5 A Y J5E B AR — 3. A X T R R

144 cm™

intensity / a.u.

BoO oo

1 -1
197 cm 395 em™ 516 cm~' 638 cm

—/\-.____’___
200 400 600 800
Raman shift / cm™

e

B 1 #&G@TIO. (b)ATIO-2, (¢) ATIO-S.
(d) ATIO-10 F1(e) ATIO-20 #J Raman i
Fig.1 Raman spectra of (a) TIO, (b) ATIO-2,
(¢) ATIO-5. (d) ATIO-10 and (e) ATIO-20
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The inert image in () shows normal cross section of TF

B2 Sio, B REERANRE () FHE (b, TiO, BF S HEEAMRE (o
HE(OFEFRBEBERA; UE Ag REH Ti0, EF S ESHKE(ATIO-10) (0
TiO. TFHE(THRE(DFEASFHABERERA
Fig. 2 FESEM images for top view of as-prepared SiO. colloidal crystal template (a) and its cross section (b) ,
top view of TiO, ordered porous film (¢) and its cross section (d), top view of Ag loaded TiO, ordered porous

composite film (ATIO-10) (e) and TiO, disordered film (TF) (f)

500 nm

3 AgMATIO BF SILEEGEBFEATIO-IONESBERF QNS SBEBEHBEERRF D
Fig. 3 Representative TEM micrographs of as-prepared Ag depositing TiO, ordered porous

composite film (ATIO-10) (a). and its HRTEM image (b)
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The insert image in (c) demonstrates the Ti 2ps,2 peak varies

with the AgNO; concentration in precursor solution for the samples of ATIOs
4 TiO. BFSILHEE (D Ag i TIO, AF ZILE S HE (ATIO-2) (b)HI XPS £,
TIO #1 ATIO-5 ) Ti 2p (O Ag AR TiO, BF S E A HE Ag 3d (D HIE S ¥ XPS i
Fig. 4 XPS survey spectra of TiO, ordered porous film (a) and Ag loaded TiO, ordered porous
composite film (ATIO-2) (b); high-resolution XPS spectra of Ti 2p of TIO and ATIO-5 (¢) and Ag 3d

of all Ag deposited TiO, ordered porous composite films (d)
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Tab.1 The relative atomic concentration ratio and
Ti 2p. Ag 3d binding energy of the TIO and
ATIO samples according to XPS analysis
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TI1O — 458. 45 464. 30 — —
ATIO-2 0. 14 458. 75 464. 45 367.8 373.8
ATIO-5 0. 31 458. 85 464. 60 368. 2 374.2
ATIO-10 0. 34 458. 95 464. 80 368. 0 374.0
ATIO-20 0.38 459. 00 464. 85 368. 1 374.1
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Fig.5 UV-vis absorption spectra of TIO, TF, ATF-10 (a), and Ag nanoparticles deposited TIO

with 2, 5, 10 and 20 mmol/L of AgNQ; precursor solution concentration. respectively (b)
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Fig. 6 Photocatalytic degradation of MB on various TIO and TF samples with different amount

of Ag concentration under visible light irradiation (a), and the photodegradation rate histogram

of various samples for visible light photocatalysis after 150 min (b)
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Fig.7 The test of cycle degradation MB
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with 5 mmol/L AgNO; precursor solution
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