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Abstract The supported nano-TiO, electrode was prepared in laboratory, and the photoelectrocatalytic
degradation of benzoic acid under UV irradiation was investigated detailedly. The micro-structure and pho-
toelectrocatalytic property of TiO,-film were characterized by scanning electron microscopy, X-ray diffrac-
tometry and photo-current response. A value of pH 10.5 was chosen to detect more intermediates generated
during the photoelectrocatalytic degradation of benzoic acid by GC/MS. The degradation kinetics, removal
yield of total organic carbon, degraded intermediates and the formation of active radical species in different
experimental conditions were examined by HPLC, TOC, GC/MS and spin-trap ESR spectrometry. Accord-
ing to above experimental results, the mechanism of benzoic acid photocatalytic degradation was deduced
initially. Due to the combined effect of hydroxyl and active oxygen radicals, the hydroxylated benzoic acid,
via cis,cis-muconic acid, was decomposed into low molecular weight acid and CO,.
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Figure 1 (A) SEM images of TiO, film; (B) XRD patterns of
the TiO; film on TCO substrates
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(a) under dark condition; (b) UV irradiation. Scan rate=10 mVes '
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Figure 3 Effect of initial pH value on the kinetics of photoelec-
trocatalytic degradation of benzoic acid (2 X 10™* mol/L)
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Table 1 Effect of pH on the benzoic acid degradation and TOC
removal after 240 min UV irradiation

No, —PH il i TOC %K %/%
JFh 459 k/min ' 25 BRI ARFLEE /%

1 2521 0009 93 70

2 4526 0011 95 66

3 6828 0012 9% 63

4 105 44 0016 99 55
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Figure 4 (A) Degradation kinetics of benzoic acid (2X107*
mol/L, pH 10.5), (B) temporal changes in TOC under different
conditions
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Figure 5 Representative GC traces obtained on partial photoelectrocatalytic degradation and silylation of the mixture (A) benzoic acid
(2X107* mol/L, pH 10.5); (B) muconic acid (2X 10~* mol/L, pH 10.5)
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Table 2 El-mass spectra data of various peaks in Figure SA

No. Retention time/min  Intermediate Formula weight m/z values (mass-to-charge ratio) of EI-mass spectra (relative abundance)

1 8.43 HO,C—CO,H 234 73 (27), 75 (29), 147 (100), 190 (31), 100 (6)
OH 66 (10), 73 (62), 75 (22), 79 (12), 93 (24), 147 (100), 148 (16), 149 (11),
2 8.79 Ho,o— 220 177 (12)
CO,H
3 10.00 Ho,o— 248 73 (25), 147 (100), 148 (17), 149 (9), 233 (5)
4 11.16 HOG ~ COH 260 73 (36), 75 (9), 93 (24), 95 (8), 147 (100), 148 (17), 149 (9), 245 (8)
HO,C
5 11.53 - 262 73 (25), 75 (10), 93 (6), 147 (100), 148 (17), 149 (9), 247 (10)
HH
] 1199 oL 260 73 (38), 75 (20), 93 (27), 95 (10), 133 (8), 143 (21), 147 (50), 148 (9), 149
' CoH (7), 245 (100), 246 (20), 247 (10)
HO,C._CO5H
7 12.30 Y 336 73 (89), 75 (18), 133 (7), 147 (100), 148 (9), 221 (6), 292 (12), 321 (6)
OH
HOG 73 (100), 75 (32), 133 (7), 147 (77), 190 (12), 233 (22), 234 (5), 307 (5)
9 13'23 >_\ 350 ( )7 ( )? ( )9 9 bl bl 9 9
335 (11)
HO  CO.H
" 1456 CCOQH 256 73 (37), 75 (15), 79 (6), 93 (18), 95 (7), 147 (83), 148 (14), 149 (8), 153
' . COH (6), 169 (100), 170 (14), 271 (8)
OH

" 1523 COH - 73 (62), 75 (9), 93 (55), 95 (36), 126 (24), 147 (21), 193 (60), 223 (75), 224
' (36), 267 (100), 268 (23), 282 (28)
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No. Retention time/min Intermediate Formula weight m/z values (mass-to-charge ratio) of EI-mass spectra (relative abun-
dance)
OH
1 15.64 282 73 (58), 75 (11), 91 (15), 93 (50), 95 (18), 126 (20), 147 (29), 193
’ (49), 223 (61), 224 (13), 267 (100), 268 (25), 269 (10), 282 (38)
CO,H
13 15.93 HO—QCOzH 282 73 (75), 75 (10), 93 (70), 95 (23), 126 (26), 147 (13), 193 (72), 194
(13), 223 (90), 224 (19), 267 (100), 268 (22), 282 (21)
HO COzH 73 (100), 75 (11), 93 (6), 147 (66), 148 (10), 189 (7), 219 (7) , 227
14 16.58 440
HO,C OH (5),292(13),293 (7)

“Peak 8 was benzoic acid with retention time of 12.75 min.
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Figure 6 DMPO spin-trap ESR spectra of TiO,-film photocatalytic system under different conditions

(A) In aqueous solution when applied 0.5 V under UV irradiation; (B) in methanolic media when applied 0.5 V under UV irradiation; (C) in aqueous solution only

under UV irradiation; (D) in methanolic media only under UV irradiation
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Figure 7 Proposed pathway of the photoelectrocatalytic degradation of benzoic acid when applied 0.5 V under UV illumination

Number of these intermediates corresponds to that of Table 2



1980 4

Vol. 67,2009

4

M fg g2
BE T RIHSEIGHE, 2R TR RO HU MR AL B e o
S PRI IAG RE, R B Ao (B SA
L 2 FoR), X—45ie 5 L imrsel e e, R
] ()2 (1 TR R R VE L, c(OHD)IE (K 6A 5K 6C),
545 R 1) A o) ) 2 vmnils— (181 4A), X AIAH
JERF RV AA LIRS, X— DB O =24k
H. XTHEE 4A 5K 4B Fronfics, 15K 6 s 2w
ESR 15 545G (Kl 6B &l 6D), FAl HEDN A H R ¥ i
PRI G SR A R (BRI T, BR T O
YERAE, & EILE iR YA A A B AR IAETE. X
LB BT AT (K Se i e g 8 0% LR AR A,
1 Pichat 5575 UV FEUF FOGMEAL MRk S #2 b, @
IS SOD R I A i 1D Wi 55 pHL X v ] 7= ) 1) 5%
Wi, HE R T SN HLER: 1 R RSk 1 R ) i Rk
TR ERAMIEEY), SR)5 5B AT A B
YIEE 1 B AN RN S B FRN TR, i
GC-MS Kzl 2155 6 AR 71 O 4 —FR(K] SA) &
AL 1) 1) 2R A W 4 5 1 5T AR B TR R, % R A
OH" 5 VAW Rh (1 3L [l VE 1 1 — P A s 2 A 1y
SR ZIREE 2 Fin). CO, fl HyO. ARl b pr s
ghie, TTLABE T 2 R R O Ak AL, ]
7 FR Gl ZE UL 2 B 7 o FURASER 4540 N R
BRI —Rh EBLR AR, BRibZ Ab, 0T BEA7 AR 2L e %
il B8 AT).

232

(1) ARG X R ERATARE i B A5 5 ¥R
ik, ASZIHIAF ML A BUERT B TiO,, HWUKL A
5], gk, HATRGR R A PE BE.

(2) BUS pH AR T IR BRI A, [ e As il
BT [P 4. B IR R 2 N 0 —
i, A DREASA A SN TR R CO, M H,O.

(3) JCHMERR T c(OH)IIHE N, FEFFAR IR
AR fipp ok 3 B vl — Ay, (R R S A B i e
B 7RI B HEI S AN, AT REE i B TR R )
FEAE, WA 1 A R s AR ) T
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