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Larger Adsorption Effect of Fluoride than Phosphate on Phenol Degradation
over the Irradiated Anatase TiO, and Pt/TiO,

Liu, Shengwei Zhao, Jianjun Xu, Yiming*
(Department of Chemistry and State Key Laboratory of Silicon Materials, Zhejiang University, Hangzhou 310027)

Abstract It is known that fluoride and phosphate in aqueous solution can accelerate the photocatalytic degradation of phe-
nol over anatase or P25 TiO,. But the mechanism still remains under debate. In this work, an anion-free anatase TiO, is pre-
pared, followed by deposition with 0.52 wt% Pt (Pt/TiO,). Reaction was performed in aqueous solution at initial pH 5.2,
where 99% of anions were in the form of F~ or H,PO, . On the addition of 0.1~30 mmol/L anions, the rate constants of
phenol degradation (k.ps) were all increased, confirming the positive effect of fluoride and phosphate, respectively. Interest-
ingly, there was a linear relationship between the increase of k., and the amounts of anion adsorption, the slope of which
became larger in the order of fluoride>phosphate, and Pt/TiO,>TiO,. These observations indicate that the positive effect of
anions originates from the adsorbed anions on solid, and that fluoride was more active than phosphate. A (pho-
to)electrochemical measurement showed that fluoride and phosphate were negative and positive, respectively, to O, reduc-
tion, but they were all beneficial to phenol oxidation. Furthermore, in the presence of fluoride and phosphate, the flat band
potentials of TiO, were shifted by —159 and 89 mV, respectively. The former favors orbital overlapping of phenol with TiO,
valence band, and the latter favors orbital overlapping of O, with TiO, conduction band, all of which promotes the interfacial
charge transfers. Since inorganic anions are widely present, this result would benefit the mechanism study of a semiconductor
photocatalyis and its application. As a reference, pure anatase was prepared from the hydrolysis of tetrabutyl titanate, fol-
lowed by calcination in air at 400 ‘C for 2 h. The solid was then deposited with Pt, produced in situ from the photocatalytic
reduction of H,PtCly in the presence of methanol. Solid was characterized with X-ray diffraction, N, adsorption, Raman, and
X-ray photoelectron spectroscopy. After Pt deposition, anatase phase remained unchanged, but the solid pores were blocked
by a mixture of Pt and PtO,. Photoreactions were performed at room temperature under UV light at wavelengths equal to and
longer than 320 nm. Organic compounds and inorganic anions were quantitatively analyzed with a high performance liquid
and ionic chromatography, respectively. (Photo)electrochemical measurement was performed in a three-electrode compart-
ment, where a Pt gauze was used as counter electrode, and a AgCl/Ag as reference electrode.

Keywords anatase TiO,; fluoride; phosphate; adsorption; photoelectrocatalysis; charge transfer
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Figure 1 XRD patterns (A), Raman spectra (B), Pt 4f spectra (C) and N, adsorption-desorption isotherms (D) for the samples of (a) sAT, (b) Pt/sAT, and

(¢) TiO/FTO glass
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Figure 2 Effect of fluoride (A) and phosphate (B) on photocatalytic degradation of phenol. Samples were (a) sAT, (b) Pt/sAT, (c) sAT+ 10 mmol/L anions,

and (d) Pt/sAT-+ 10 mmol/L anions
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Figure 4 Concentration and adsorption effect of fluoride (A, A”) and phosphate (B, B), where k, and k, represent the rate constants of phenol degradation
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75 mL R 10 5 PRI ORIR G, HI A G
B, Ak 24 he R DR OBER, AR 100 CTE,
W, KAV, SRIEAE400 C M2 h L
S EETTRNERY, & PUSAT. Bl 50 mL BIFH(1 g
TiO,~ 5 mL CH;0H F1 120 uL H,PtCle), F 300 W & )&
RITIESS 3 h, 138, RBEF KRSV, 80 CTE. &
T, PUSAT KZ1&H 0.52 wt% Pt.

KM TP #s RAE B 4. HA Rigaku A #
D/max-2550/PCX XRD 1%, v%:[E Horiba JobinYvon /2 ]
LabRAM HR Evolution ¥t &+ 2 i, HA
Hitachi 7 & SU-8010 #7 #fi # F & fil 81, 3%
Micromeritics 2 7 ASAP 2020M BRI B (150 “C i
<, 77 K l5E), HA Shimadzu /A &) ESCA Lab 220i-XL
JEHLFRETE (LA C 1s 455 RE 284.6 eV IZIE).

4.3 SELFISHR

S NE AN Pyrex BEFE, AMIN25 CHEIRAEIKE.
WA EW AR 300 W s 7R KT, BEESRB#E 10 cm.
DL A BT, W 15 I R4 R AL T 3.3
mW/em?. FRUGHI LASL, S2ib 264 Ay B 50 mL, 50
mg JEHEALT], 0.43 mmol/L ZKf), 10 mmol/L NaF B¥
Na;PO,, Fi#% NaClO, 5 NaOH ¥R i pH £ 5.20. &
VRS 5 min, BEEE 30 min, SRIGEAMGIRST. R —
SENFIE, B 2 mL BIFW, 0.22 um JEMIENE. DL
Dionex A & P680 w1 R AL, BT A MLk
fE(Apollo C18 AHKE, & 0.1% BRI 111 FEIKYE
).

BT B S2 36 D TR R . 20 mL BIFSH 100
mg JEHEAFIFIANFER L (Co)) NaF 8¢ Na;PO,, 1757 %
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1 F F ®R

pH 5.2. 7EBEYF, #iikk12h, L)€, PLSEE Dionex A H
1SC-90 &7 EibA, e Je - B & ik . FRARIEIR
FEZ, THE AT 1) 9188 1 W b &
4.4 ERHIEREELFNRK

Y SCER T, A TiO, BEfAR2 4 25 mL TBT &5
5.5 g LMRIRA, HEAT] 120 mL 0.1 mol/L HNO; .
IN#E 80 C, fR¥F 8 h, HHiHEH. FNRIUHE LN
N, 220 CJM 12 h. AHG, HEARRRYE, Mt
BENZ) 1%, BTEEINAFH. LA doctor-blade 21l
MR AL, BUEE ERRE, WA 50% %K L
(PEG-2000). KHiR & RAAII21R7E FTO FHIHE, AR
5, 450 CHRE 2 h. BB H Uik, RS R 2%
H, f# TiO, HARBRFEIMAET [ em X 1 cm.

KA B R CHIG60E HLAL2:TAES,, K TiO,
VLR T A BB ) LSV il 2k, Pt WY EEL AR A X AR, Ag/AgCl
H NS AR, SCRFFLEBT N 0.5 mol/L NaClO, ¥,
FHEEZE 10 mV/s. T kG AR S S S0
SO, AR SEIe R AR — AN k. B R A
SHRWE: LT, WA 30 min, WE LSV
k. RJE, WA 30 min, FIE LSV k. StHibaE
A KRR B I SEIR I N, SR P b, Jedidb st
¥ 500 W AT, JEIEHT, WA 30 min. A5, KK
ME LSV HiZk: TiO,—TiO,+ B & T >TiO, + 7
—TiO, + K By + B & 7. AR R AER T, e
NaOH Hid ek, HHMBAiKg, PLER L —5K%
F bR b OB B, ilid Mott-Schottky iz, W52 AR
PR AL eI BB, RIFESS Z. AL P D
L2 C=—1/2nZP). UL C2 XA EAEIE, FxT B4
SrE, HEE AR s RN E R AL T 5
A S ik FE e m, S8 LR — TAEf Ak, B Tk
MARE 7, ARl 52 A2 B P .
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