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Preparation of S and metal co-doped TiO, and
their photocatalytic activities
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Abstract: S-, Mo-, Pt-, Fe-doped, and S/Mo, S/Fe, S/Ag co-doped TiO, nanoparticles were synthesized by sol-gel
method. The doped TiO, photocatalysts were characterized by XRD, XPS and UV-Vis, and the photocatalytic activities
were evaluated by photodegradation of 1-naphthol-5-sulfonic acid (L-acid) under ultraviolet and visible light radiation.
The results show that the crystal form of all catalysts is single anatase expect S/Ag-TiO,, and the absorption band of all
doped-TiO, is red shift. For photodegradation of 10 mg/L L-acid, photocatalytic activity of S-TiO, is better under the
visible light irradiation, while the photocatalytic activity of S/Ag-TiO, is better under the ultraviolet light irradiation. All
doping elements are doped in the crystal of TiO, and reduce Ti,, binding energy from X-ray photoelectron spectra (XPS).
The sulfur element doping not only increases the photocatalytic activity of the S-TiO, sample, but also simultaneously
enhances the photocatalytic activity of sulfur element and metallic element co-doping the sample.
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Fig.1 Degradation efficiency of L-acid with different light

source: (a) Ultraviolet lamp of 250 W; (b) Haloid lamp of

150 W
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7E 150 W IR A8 0 24T (3K 500~520 nm))sHE
N3 h i, ST L-ER IV AT LA v
ot S-Ti0(39.5%) > S/Mo-Ti05(16.4%) > S/Fe-TiO,
(12%) > S/Ag-TiOx(9.9%) > 4li TiO(5.4%) > Fe-TiO,
(3%) >MOo-TiO5(1.8%) > Pt-TiO»(0%), S-TiO, [FI A%
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Fig.2 XRD patterns of different catalysts
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Table 1 Lattice parameter, absorption band and anatase

content of catalysts

. Content of ~ Width of
Sample Crystalline . Energy
No size/nm anatase absorption qapleV
' phase/% band/nm
0 17.4 100 410 3.02
1 9.7 100 510 2.43
2 24.7 100 430 2.88
3 32.1 100 450 2.76
4 329 100 460 2.69
5 23.3 100 450 2.76
6 24.7 100 600 2.06
7 21.9 42.2 420 2.95

HE 2 DLASER 1 wa, 8 500 C A7)
S/Ag-TiO, A A L0 A A, T A S A A B (R o —
MBI AR S5 1, X UL Ag 24K T TiO, AR
A A, B IR TiO, BRI XRD i o 2 B
M5 A0 RFIE N, IX 0] B8 2 i T3 m K
Gl AL FPREAR R ZILE 9~33 nm 2 [A] . 541 TiO,
FALE, 4% S 5 TiO, RN, X5 SCHk[13]9
Mg R, LRSI TiO, AR AR K, X
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Fig.3 UV-Vis diffuse reflectance of different catalysts
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fR) W AE W, 3X 6 W] S/Mo-TiO, « S/Fe-TiO, LL %
S/Ag-TiO, ¥ S #ELL SO F1 SYHEARAEE. B 4D
W, Z G RELE 234.9 eV AbSh Mosgs, IIRFAEIE, 1T 230.5
eV AN Mosqs, IRFIEE , 1X R AL S/Mo-TiO,
T Mo 2L Mo TERAEAEM . Bl 4y, 7107 eV
N Fe, 05 1) 2p3/2 [RRFAE I, IX Ui AL ] S/Fe-TiO,
Hf) Fe LA Fe B M- e . B 4G) T, Agaasn IMIEALE
368.1 eV 4b, Agaays MIEALE 374.1 eV b, P& [A]AH
75 6.0eV, XUt S/Ag-TiO, TR T &) Ag.
WAL, &B20cRm B CBAS TO, itk N . 5B
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B 5 BT A S EAGT Tig, (K172 7% XPS %%

HIE 5 7J%0, 40 TiO, 71 459 eV(Tiypp) Ml 464.5
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GREIRDN, IFEB TR N, Th, 455 ReD
FRE AR N R A= A4k, XU 2k it o T B 1 (14
HWMBEG. Bl: {E S-TiO, FEMH, S BUR s Sim
PR R, XSRS TiY S T RIS
vy XFFFE S Fe-TiO, . S/Fe-TiO, . Mo-TiO, &
S/Mo-TiO,, Fe''5 Mo [H#5 4% HEAE TiO, IR fE 1
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Fig.4 XPS spectra of all doping elements: (a) S-TiO,; (b) Mo-TiO,; (c) Pt-TiO,; (d) Fe-TiO,; (¢) S/Mo-TiO,; (f) S/Mo-TiO,;
(g) S/Fe-TiO,; (h) S/Fe-TiO,; (i) S/Ag-TiOy; (j) S/Ag-TiO,
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Fig.5 XPS spectra of Tiy, of catalysts: (a) Pure TiO,; (b) S-TiO,; (c) Mo-TiO,; (d) Pt-TiO,; (e) Fe-TiOy; (f) S/Mo-TiOy;

(2) S/Fe-TiO,; (h) S/Ag-TiO,

SR, AR AR R R HAT TS P R T IS
(R BRARSRAME P, X F4F i S/Ag-TiO, K Pt-TiO,»
Ag'5 PHUIBUE TiO, RN KT & 8%, oAb+
AW TiO, WA 8RB R TR Ag'sk Pt*
F, e EZ fhas TiVE S, AT
Ti—O—Ti &5 & fig.

Bl 6 BT R #- AL Oy R 520 B XPS 1%

I 6 740, 4l TiO, 7 532.4 eV AL L O 45 1L
g, WK 3 AN, 2300k 531.1 eV, 5324 €V,
533.5 eV, Hi 855 e BRI PN AN R TiO, I A s 4,
gh O R I R R AR, S ATET & R A 4y
WA 74.55%F0 25.45%.

L4l TiO, 1) Oy WL AT LUK IR, S-TiO; ¥ Oy
WA B A W ARk, 1) Mo-TiO,. Pt-TiO,+ Fe-TiO,+
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Fig.6 XPS spectra of Oy, of different catalysts: (a) Pure TiO,; (b) S-TiO,; (c) Mo-TiO,; (d) Pt-TiO,; (e) Fe-TiO,; (f) S/Mo-TiO,; (g)

S/Fe-TiO,; (h) S/Ag-TiO,

S/Mo-TiO,. S/Fe-TiO,+ S/Ag-TiO, [F) Oy WA F KL
T B AR, Y 4E 529 eV LAy B O R fIE U s
F 4k, S-TiO, Pt-TiO,+ Fe-TiO, S/Mo-TiO,+ S/Fe-TiO,+
S/Ag-TiO, HEAFIIT Oy WETE W] 0 T8 A R4, X BEH] %
R IR S R AR, AN TR, T
IR AMANIE,  S5ERER/INE FE IRk & 8 AR A TR
U, J& T TiO, il g 40, 4 & BEBOR I R T F2 Ak

S, MR Mo-TiO, U TEXTFR, 1% Mo-TiO, F¥: i
R A LR — I s SUB AR, B3] Mo Je& I
B A0 R RS T R HAT F I

Lhiix 8 PP AL T A, S-TiO, A& I
¥ 3 A L ) (64.9%) W 2 A T S/Mo-TiO(40%)
S/Fe-TiO4(33.41%)+S/Ag-Ti05(26%) 4l Ti0(25.45%)-
Pt-TiO5(12.75%)~ Fe-TiO(11.13%) LA f2 Mo-TiO,, iX



F19GEE 5 W

e, . S H4JE ISk IO, HEALTIM i # K HOG AL BE 917

B S AAEALFIAE T G R R L1 0 6 A A 355 I 3
AR5, USRS UK S 54 BB T LIk
KHIINR RIS . TR IR AL ] LA 3O
A, TR I T R [ 3R IR A AL,
BB AR 2% 2y AEd i v R A A S R P

R R I S-TiO, AL S*. S*f1 8*JL4s
PRI, B LLIBL S LUK S 154 @SB Lk
A AR T T RH B LB AR, T SHB I D
MEATE TR = T AR B 2R & 8 5 2 AL, LR AT 6
H: BHETHBRME T B2 04 T8 E TR
SR, AT A A AR S R Rk R R
By, FBARMATEETE. B FIRRR T S
PRAEAT T8 IR AR AERE T 21 A P 1 A A, 40
T TP RS R A, B TR IR
Uk, S B S 5485 445 Tio, 45 LL &
TSR .

1) SR I~ B 1 45 TR 45 45 2% 1) TiOL M K
1, Bk S/Ag-TIO, 4t HARIBINBUERN A, BAG
I R A T WA

2) XF 10 mg/L (1) L-BREAT By, AEmT OGRS,
S-TiO, MM TR MR, TERAME T, S/Ag-TIO,
e TR . o, S-Tio, LUK S 548t
FAEAAERIMDE S T WO ICT, e fb im e 14t
TiOy. 4 XPS TR, BAICHEBAZ TIO, sk
W, B2 E AT R BRI 5 A e 1 A7 8 R R T AN TR
JEMLSA R, SEE AR TR, [ IERARS, B
BAk S UK S H& g B R A L OB
A .

3) S 5 Mo. Fe. Ag LB AREHR MK TiO, 7E 5
AR WSR2
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