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FEZE: LUBKIR T B RTSKAAR, AL /S bedE = B e A LR, SR — 2 K $GE IR 45 5 i J b PR 45 Hh AR 45 88 1
HOCT AL TIO, SefEfbil. 4EREW, Priilfiny Ag@ Ag,S/porous TiO, HEALTI W BIELH A1, FFA - Hdkn™
H1, £ BET HLRIEFAK 243.9 m*/g, SFHFLAEN 2. 98 nm. Hh FHR IR 1A 55 2 T 400, HEALTREI 0L Frar # 31
475 nm 4k, HAE AT WL [ A w7 SR 5, et LA R R Sy g, R AR AR P R 5. R RS
CIESE A B T 400 nm) R 90 min Ag@ Ag, S/porous TiO, ] LA FH KA Jd €6 fiff 3 1k 1) 98% . I LUt
MEARITE RS A 5 YOG, AF F RV W 0 1B (0 R it R AT RE AR 1E 90% L) L, HATRERDBREILIEVE. R AT B
ik, LARIGHT RO SRRl XHEAAT R TT R PEREBEA T T, 25K, Pl i3 AL ] Ag@ Ag,S/porous

Ti0, HA R AW EACR , MG HARAE] 11 mm.
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PESES: 0643.32 XEIRE: A
LA, TiO, PROHAEAL G R | etk ia e vk
bf . R TTRE BRI S, 80T T AL
S AHGRAE Ry —Fh n BUSEAR 2 SRR, HRERL
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1.1 EEFINE&E

B4 g WAL TN ke sk = H e (CTAB) #8745 7 %
)20 mL KB Tk, FERRAFEAME T, RIGE
A 20 mL £k#iR T HEE, 20 mL 0.1 mol/L AgNO,
%, 10 mL 0.1 mol/L Na,S ¥, HREKEE/R L2
M1 300 K FARIR A HOICE TR AR B
FE40 CHEIR THiFE4 h, =i THRIL 24 h, AR
VU s N A 1 1 TR R L 22 H, 100 Cfin# 12 h,
PAFTOTE B4 B, B TOK M 258 F /K R
YR 3 R, 2LUE, 76 80 CT Uk 8 h, WA EI A
K, 7450 CThEHE4 h, BRETIELA, BFE, i
FAARAEGUT T BRI 15 min, {52 5 bR (938 43
Ag' R Ag” BB -BALAR S B TR 3 i &2
L FAL B R A AL A L, FRiCh Ag@ Ag,S/
Porous Ti0,. [FJ#EJ7 A AR B N AgNO, %5 i Fl
Na,S IR IFES , ARICN Porous TiO,, ik Jyiks
BOL R ARSI CTAB | AgNO, A Na, S # K I1)
Fedh, Anidoh Tio,.
1.2 A FIH RS MK

i Hitachi S-4100 FH i 5% (SEM) , H AHL T
R AkE A 72 1 JEM-2100F 3% % 535 41 i, 7 55 1%
BE(TEM) S HFE i R TE 35 FH H AR B2 A R A7 1Y
D/MAX-2500 % X 5 £ 117 5 ( XRD ) {353 H7 i L 741
AR ZH R L R, Cu 38 Ko BB 5T, FISAE KR
0.01°, 475 F 20° ~80°; FiZE[E Micrometric 2\ H)
A7 ASAP2020 [ Bl AR ( BET) {5 B fiE 1k
FIH L R AR AL 50415 TS E PE 2R A4 1
LambdaBio40 % %5 41 J 56 %A ( DRS ) i 4 £k 77
R v L FHAE G B A e TS ) A 7 1
TU-1901 RIXOEHELAM OGRS T (UV-Vis) il i F
SR 1 I B (.
1.3 EAFIAFEMN

e b RRIA : FRER 0.2 g ki), S 4
& 50 mL 20 mg/L B FEARF (MO) B, S 0L
30 min, JAFIU P, K bR RORCE AT O
UEIE R P KT 400 nm) T, ATHE 25 em, 7E—i01
PEFE— A2 A T HEAT 6 AL R A FH LA

3 15 min BURABE A8, ME EIS AL
B LUR S MO Ff (%

MBEEREINR . LA FF 1 RS2 00 B R, SR
AT A P A B R 400 e

2 RS

2.1 X ST RE S

K1 kS TiO,(a) | Porous TiO,(b) il Ag@
Ag,S/Porous TiO,(c) i) X SN, A if) PDF
A (JCPDS 21-1272) K dh A TiO, 5% fi AHATT 5
W, 7 260=25. 28° AbAT I e, IR T B0 Bk AH
(101) fhim, WERIZREE, ULHI4S M EEARGS, 73 AME
20 il 37.80°, 48.05°, 55.06°, 62.69° 75.03°
AR TS W 23 ) %) T BEBR T AH (004) | (200)
(211), (204) , (215) Fh1ir, #E& () FFER () 7E
26=30. 80° 4kt BB SR I AR EK - 1T 5 0, AR Tk
R (PDF-#29-1360) (121) &4Ta, XEAEM (a) fr
B MR, 3 TR CTAB (952 Wi 75 5 e
A FE T B R A A s AR () FIRE S (e )
(1 XRD EE A% e R ATAT AR 2, Ag,S BA
HBA UL TiO, ShAHZEH, FE5 (¢) 7E 20=25.73°
AE B Ag,S AT TG, XN Ag,S MEFR T AH (PDF-#
04-0774) (110) fhmaE, FfHAE 26 Sk 38. 12°F1 44. 30°
HH AR A bE BB RO AT S e, X W T ( PDF-#65-
2871)ARA(111) F1(200) ShTd, 158 BIAR S 7RG I i
REFRIEA RS Ag iR RN A, il SRR (o)
H, BUBR AR O 85. 3% , MREKETAHN 14. 7%,
I 2K ( Scherrer) J7 R SR, FE L (o) BYRF-HARLAR
S 16.13 nm.
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Fig. 1 XRD patterns of samples
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2.2 Ag@ Ag,S/Porous TiO, 3R #7 5 5), K/ANME 10 ~20 nm 4347, X5 XRD &
K2 JgEih Ag@ Ag,S/Porous TiO, RYHIEEEI,  Z5RWIE. o MEOEIRTRDS N Ag,S B AR

Bt a f b 4 HES SEM &, o,d,e B4t B, WLIEH Ag,S 7E 2L — FAL AR M 19 234 1L

TEM . M a,b afLAFH, FEG A LB B, PR/ SRR AT Ag 99K BURL, N

LR H, SR TR e BB e, B P 2e PR A0 SARS LR T Ag B9 (111) T 55 XRD

WAL AN =l (CTAB) BBR LT 74k o fLgE 1 20 ff1 38. 120t BUA W I 1) i IT1V) 5

¥, M TEM & ¢ F1 d o] LU H BT il 45 00 04 RHR0RE

T
A ‘?
e 500 nm

Ag (111)) 4

ﬁ E 023 nm

10 nm!

Kl 2 kil Ag@ Ag,S/Porous TiO, f) SEM A1 TEM &
Fig.2 SEM and TEM images of Ag@ Ag,S/Porous TiO,

2.3 BET XHEHD#H B LIE H AL 5L Porous TiO, (A) 1 Ag@ Ag,S/

K 3 fkE S Porous TiO,( A) fil Ag@ Ag,S/Por- Porous TiO, ( B) 1) N, W [f- i B 45 vl il £k ¥4 4 1U-
ous TIOL(B) 1) N, WM SRLINLE , PHBIIRE  PAC-V N, STt A {2 P/P,=0.35 il P/P, =
WAL A A . 0.75, BHE P/P,=0.4 F1 P/P,=0.7 Z[a] H Bl [A]
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W, il A R AT B LAY, Uil Ag@ Ag,S
R Z G B BB R, HiFES Ag@ Ag,S/
Porous TiO, SE L4524 2. 98 nm, BJH 35 0% fff L
#°3.30 nm, BJH ¥ EREFLA A 3. 22 nm (ke
it Porous TiO,( A) EI 424 3. 15 nm, BJH 1y
W REAL AR N 3. 57 nm, BJH -3 B L%k 3. 55
nm, fLAEA 8N, ORI EZ L TR AR
TR T B AL AR BT, o BT v B 1 FLAR A e vh ]
DL SRR i A FLAR 250 A 72/ T 10 nm (5 ]
M. koL Ag@ Ag,S/Porous TiO,(B) # BET Fb3E
BN 243.91 m*/g, 32 85 F Zhu' ™ A 45 1 £ 4L
Ag,S BPER) TiO, AARHI LR 112,74 m?/g, i3
B FHFRATTAY -5 7 2 AT DAAS 3 bE 3 T AR e A A
A, ARTOCErERER SR, T34h, 455 SEM A
TEM [t n] LUFE B il £ 19 22 FLARLFL IR 20 A 24
5] SEMRESE , TRALER M HLIE S A, R AREUK.

150

A:Porous TiO,
B: Ag@Ag, S/Porous TiO,
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Fig.3 N, low temperature adsorption-desorption isotherms and

pore size distribution of Porous TiO, and Ag@ Ag,S/Porous TiO,

2.4 UV-Vis 2 K &t DRS 3¢i 947

& 4 R i UV-Vis 18 [ 5 DRS K. & 4
Ha DUE H, AR AL TiO,(a) AL, Porous TiO,(b)
FIFERL Ag@ Ag2S/TiO, () 16 W2 B m) Al UL
HEX A LIRS, Bl vE RN, PR b OBk
NPRAFEF] 400 nm fb, BN 3.1 eV FEi ¢
HEMBGH PR 5] 475 nm 4b, B 96 BN FRALE
2.61 eV. FTLUAH, FEh o XFEANERIAT LG
WP RE W] A5, 7E 450 ~ 600 nm Ab Y IR ST 8 R
JERER, IR T Ag 3R 1H 45 B AR 4iR 8500 i ™
HER AR Ag,S BUBRAESEIEAR /N 0. 92

eV, I H Ag@ Ag,S HATF B TIRIIRANL, Ag,S
A, B RESL, [EAHEA o RIARIF SE AL
8, BN S B AT LG DI, S T AR AT
TLYERIMIRCR , St 1Al WO CHEAL T 1.
a:TiO,

b:Porous TiO;
c:Ag@Ag,S/Porous TiO

I

Intensity
boneoxSnERmRRERRE
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Fig.4 UV-Vis spectra of samples

2.5 JefEitEaemlik

K5 f#E L TiO, . Porous TiO, 1 Ag@ Ag,S/
Porous TiO, JEAEMLFEAR 20 mg/T MO ¥ Y i (%
figth . LS thal IE L, WOt fr, &
AIREAL b ¢ X MO [ R B FEAE a4 IR B 2 22
K, BEEHFLIRZE A A B R A b 4 T AR A B 5 114 Wi
BERE . ZESGRBIFBE, 90 min AE 5 a FEA# MO fy
WA, UF 22% , HUCHFES b o JI R ff
RO HA F] 50% F1 98% , Hh Ag@ Ag,S/Porous
TiO, RYMEALTE Ve, TE/ ML) 90 min A BEAT]
DLKS P EERGE 5E 2 or . B TR arby o S RRSS TiO, |
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Fig. 5 Photocatalytic decolorization of MO over different samples
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Porous TiO, F1 Ag@ Ag,S/Porous TiO, 7£ 500 nm
JCR RIS R, FIRERT IR AR, ¢ B f
G HETCRCR.

A TG BB 2 AL 25, BA R R
TR, 675 T (W B 8 T 18 5, Sk Sl A B iz
PET R IR AL, AN AN CTEFL N I B
TR S i TOERIMCR, TSGR 1 AR 1t
AT YE. HEALTR & B 2 P 3k Ag@ Ag,S )T,
— I, T Ag RIAEE TR, (1T Ag@
Ag,S/Porous TiO, Y L i Bl 411 58 2] n] W't X 3K,
F DT, AgyS MR —Fh n BUE AR K, A
ABUNRER AT L (0.92 V), IFPP AR 5P
B n-n SEREEHY , HEEACTIE VE AT DR RN 7E
KT 400 nm SEIRBAT , FERLAPAY Ag B T7ER M
S AR IRV T A e A L S O, T
£ Ag 55 TiO, [A77fERY Schottky #4422, 5 56 EH
T Ag BURI RS 2 TiO, TafF, fefll Tio, St
TR E. R TR R TiO, i — 4
5 B AL R LG 23 O, OB AR IR O, 283
— RN A RAT iR A AL BE ST - O B X [ fif
AHLTG ). AL R R T

Ag+hv—Ag™ (1)
Ag™+Ti0,—Ti0," + Ag"" (2)
Ag,S + hv—Ag,S (h") + Ag,S (e7) (3)
Ag,S (h*, e )+Ti0,— Ag,S (h*)+TiO,(e")
(4)
e+ 0,— -0, (5)
TiO,(e”) + 0,— TiO,+ - 0, (6)
h"+ OH — - OH (7)
h*+ H,0 — - OH + H* (8)
- 0,70r O - OH + MO — degradation products
(9)

R T LB T A AR A R DGR
Pk, FHAT TOCHEIRIE A FI TR MO iy S5, anf&l
6 ffias, AJLAE Y, ##15F] Ag@ Ag,S/Porous TiO,
TEVRIMET S UG, X MO €2 F i 22 AT RE R 35 78
90% LA b, UiH, A5 AT T BA RIS
E M
2.6 EALFIRANE ERE

PARI A B R S G, SR 40 T B 12 X A
IR PERE A T K, SR A (EAR S mm) J]
BT HCIE R IRk b, R — s R RE ARy AR 0 iR 48

1.0

Degradation rate
= F B2 F = =
[ w - wm =) 2
T T T T T

o
—
T

T 2 s 4 s
Using cycles
6 Ag@ Ag,S/Porous TiO, f§ IR FI| F it F JLA%S (14 4 ik 26

Fig. 6 Photocatalytic decolorization rate of MO recycled
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for five times

Fb SEREFRIEA 37 C AR IELRE 3740 PO IR R 1%
97 16 ~18 h 7247, MEMEHCR.

M7 T LR A dh a FEEdh b BOA KRB
MRERCR, FEih o A HCAHH A A B, 2
AN E EARY ORE 1L mm, RWIAES ¢ BAER
AR PERE. XFELREMh a 70 b, FPEHES R EUE , B
AUCEIRERE; XFECRERD b R e, BEITRE R D
W PR R TAR-B AR B A Ag@ Ag,S WFETE,
SR TR e RIS, 7 A KR L RS T
FEHE TR RIS I 3 SR, MO R
TR TS - OH Al - 0,7 %%, R IA LY
SRR AR W B I BCR T MR Z
FLES SR R RE 7, 3N 152 705 A R Y
Hefubim AL, AT A] AGE BERRL 5T R BE.

a: TiO,
b: porous TiO,
c: Ag@Ag,S/porous TiO,

Pl 7 i AU B P BRI 345 2

Fig. 7 Theantibacterial performance test result of samples



472 BT M

(4 27 %

34 B

FATR B BB 2 R — 2B K A Gk
2, F5E IR SR A B R T A S IR IR SO
BT 2 FLZ5 M L HE AL ) Ag@ Ag,S/Porous TiO,.
SERAERFEW], AR A BOR A R AR, R
AHLTS G BAT SR B RE /), 7E KT 400 nm St
T, 90 min {#if5 50 mL 20 mg/L MO fJii & [F i 215
#)98% , I HAEALFIEEZ A S W, IIREIRI54L
AR I T, DTG AR E PR A AR
Ag@ Ag,S/Porous TiO, FI| FH 2 FL45 F4 14 5i Wz i 14 1
Ag RTHAF B 100 LA KW & B O [ &%, S5 T
HOCHEATEE. @I ERE IR, KU &
MEHERA RUFRPTRETERE. RATIRE T —Fopr 8
JEHEAEM B BEAR , TFX OGN T 1 e
AT TR R RLERERA R IT A4t T — AR
P, ARMEREE R OCHE T R WIR A, TERR B AL
ek TR K K BH RE %% 16 14 52 B i 45k
E i 4 S

Sk

[1] Suljo Linic, Phillip Christopher, David B. Ingram plas-
monic-metal nanostructure for efficient conversion of solar
to chemical energy [ J]. Nature Material, 2011, 1038
(10): 911-921.

[2] Awazu K, Fujimaki M, Rockstuhl C, et al. A plasmonic
photocatalyst consisting of silver nanoparticles embedded
in titanium dioxide [J]. Am Chem Soc, 2008, 130(5) :
1676-1680.

[3] Wang P, Huang B B, Qin X Y, et al. Ag@ AgCl; A
highly efficient and stable photocatalyst active under visi-
ble light [ J]. Angew Chem Int Ed, 2008, 47 (41):
7931-7933.

[4] Wen Yan-yuan(JR#2%% ), Ding Chan-ming ( J /T H]).
Ag@ AgCl B B BLER I AH 29 K A8 1 ) & S OB i
PERELJ]. Chin J Catal (fi#AL24R) , 2011, 32(1) : 36~
45.

[5] Wang Yun-fang ( £#J75), Wang Ya-wen ( £ 30),
Ding Guang-yue( T3 H ), et al. Ag@ AgCl/Ag, PO, [t
RSO RE M ALERITFELT] . Journal of Synthet-
ic Crystals ( N L k%4 ), 2012, 41(5): 1286 -
1297.

[6] Wang En-hua ( & & 4), Liu Su-wen (XI| % ), Li
Tang-gang (AL H]) | e al. Ag@ Agl %15 T K 51 8%
TiO, R A A (4 1 5 B n] W' e e A 1 RE Y F 50

(7]

(8]

(9]

(10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[J]. Chinese Journal of Inorganic Chemistry ( TGHAL 2
#4R), 2011, 27(3) : 537-541.

Krishnakumar B, Swaminathan M. Photodegradation of
acid violet 7 with AgBr-ZnO under highly alkaline condi-
tions [ J]. Spectrochimica Acta Part A: Molecular and Bi-
omolecular Spectroscopy, 2012, 99. 160-165.

Han Yan-yan ( 5 #E 4 ) , Wang Wei ( £ &), Song
Ming-xin( REAWT) , et al. Ag/AgCl BG40k T/ 58
PRI I 20 K 2T 24 R o) 5 5 T LS i A I A TP e A
[J]. Chemical Journal of Chinese Universities ( 1855 /%
EF24R) , 2012, 33(3) . 604-607.

Yang Yan-qing, Zhang Gao-ke, Xu Wei. Facile synthesis
and photocatalytic properties of Ag-AgCl-TiO,/ rectorite
composite [ J]. Journal of Colloid and Interface Science,
2012, 376, 217-223.

Guo Jian-feng, Ma Bo-wen, Yin An-yuan, et al. Highly
stable and efficient Ag/AgCl@ TiO, photocatalyst; Prepa-
ration , characterization and application in the treatment of
aqueous hazardous pollutants [ J]. Journal of Hazardous
Materials , 2012, 211 . 77-82.

Hem Raj Pant, Bishweshwar Pant, Ram Kumar Sharma,
et al. Antibacterial and photocatalytic properties of Ag/
Ti0,/Zn0 nano-flowers prepared by facile one-pot hydro-
thermal process[ J]. Ceramics International, 2013, 39
1503-1510.

Chen Xiao-fen ( [ 1% 75 ), Liu Jing-bing ( X1 4 K ),
Wang Hao(VE 1) . ZSLOGHEATI AT BERE [T].
Chemical Industry and Engineering Progress (4t L i
J&), 2012, 31(2) . 331-338.

Yogendra Lal Verma, Manish Pratap Singh, Rajendra
Kumar Singh. Ionic liquid assisted synthesis of nano-por-
ous TiO, and studies on confined ionic liquid [ J]. Mate-
rials Letters, 2012, 86 . 73-76.

Wenjie Zhang, Jiawei Bai. Synthesis and photocatalytic
properties of porous TiO, films prepared by ODA/sol-gel
method[ J]. Applied Surface Science, 2012, 25 (8):
2607-2611.

Yoshitake H, Sugihara T, Tatusmi T. Preparation of
wormhole-like meso-porous TiO, with an extremely large
surface area and stabilization of its surface by chemical
vapor deposition [ J |. Chem Mater, 2002, 14, 1023 -
1029.

Zhou Xiao-guang ( & %), Zhai Hong-ju (275 % ).
Agy S GAK-TICR AR AT 45 5 M RAL [T ] Jour-
nal of Northeast Normal University ( ZRACIHTE K22 ( H AR
Bl ), 2007, 39(4) . 97-101.

Hanna Tiainen, David Wiedmer, Haugen H J. Process-



%55 4 RIS — Ll - R B2 AL Ti0, ML AR Pk RE 473

ing of highly porous TiO, bone scaffolds with improved [20] Chen Tian-hu( K JE), Li Hong-wei( 2273 4% ), Wang

compressive strength [ J]. Journal of the European Ce- Jia-quan(VEFAIL) , et al. M\MEEA-SRNKE GHiH
ramic Society, 2013, 33, 15-24. MBI R S RAELT]. Jowrnal of the Chinese Ce-

[18] Zhu Lei, Meng Zeda, Trisha Ghosh, et al. Hydrothermal ramic Society (FEFRERIA R ) , 2005, 24(2) :123-126.
synthesis of porous Ag,S sensitized TiO, catalysts and [21] Hebeish A A, Abdelhady M M, Youssef A M. TiO,
their photocatalytic activities in the visible light range nanowire and TiO, nanowire doped Ag-PVP nanocompos-
[J]. Chinese Journal of Catalysis, 2012, 33(2) :254— ite for antimicrobial and self-cleaning cotton textile[ J].
260. Carbohydrate Polymers, 2013, 91. 549-559.

[19] Jin Li-guo( 457 H) , Wu Ze( 5 &), Wei Tian-xin( =H [22] Pourahmad A. Ag,S nanoparticle encapsulated in meso-
KHr) , et al. kK Ag,S/TiO, T 55 A T i 25 Al porous material nanoparticles and its application for pho-
St MERE [J]. Jowrnal of Functional Materials and De- tocatalytic degradation of dye in aqueous solution [ J].
vices( IREM B 5 28 {224k ), 2011, 17(2) . 136- Superlattices and Microstructures, 2012, 52 276-287.
141.

One-pot Hydrothermal Synthesis of Ag@ Ag, S modified porous TiO,
and Its Photocalytic and Antimicrobial Properties

ZHU Li-xiao, ZHAO Zhi-huan” , YUE Xue-yong, FAN Ji-min
(College of Chemistry and Chemical Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: The photocatalyst of Ag@ Ag,S/porous TiO, was synthesized by one-pot hydrothermal synthesis method
with Ti( OBu), as forerunner and cetyl trimethyl ammonium bromide( CTAB) as a template. The results showed that
the synthesized photocatalyst of Ag@ Ag,S/porousTiO, was mainly anatase with a small part of brookite phase. lts
BET specific surface area was 243.9 m’/g and the average pore diameter was 2. 98 nm. With surface plasmon reso-
nance , the photo-absorption bound had a red-shift about to 475 nm, which significantly enhanced the response of the
visible range and the photoinduced electron-hole pairs separated easily. The photocatalysis-reaction of methyl orange
was used to vertify the reaction activity of as synthesized photocatalysts, with the xenon lamp (the wavelength be-
yond 400 nm) continuous irradiating for 90 min, the degradation rate of the methyl orange solution reached 98% .
Moreover, after five times reusing, the degradation rate of methyl orange remained over 90% , which can be
explained the as synthesized photocatalysts had stable photocatalytic activity. The antibacterial performance test
suggested that the photocatalyst also showed good antibacterial function.

Key words: one-pot hydrothermal synthesis; Ag@ Ag,S; surface plasmon resonance; porous TiO,; antibacterial

performance



