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Figure 1 Experimental equipment for photocatalytic degradation of
PCP (color online).
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ME2(a) T LAE H, 24H,0, 5P25 K& &40 A HITiO,
REJEHIHTRIMDERRS I, HO,ME K R Edt T
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H,O,>8iEkH TiO,/H,0,.  #EM I AH, 0, «OHAE 51
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=
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B2 (a) SRR PR OH S B ELEL; (b) 45 A 2 o A i)« OH 35 525 X 34 F52- I ] i 28 (W9 28 i R2 1)

Figure 2 (a) Comparison of the *OH concentrations produced by various systems at 2 min; (b) concentration-time profiles of *OH generated in

various systems (color online).
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H,0,+0," — *OH+OH +0, ©)
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H,0,+h, — O, 2H" (11)

Kakuma5!" " W1 22 3], BT TiO AW
H,0,2> SEUIT A B« OH S B AL, A AITHEN, 72486
B TIO A, [ BE(4) /2 2 ii-OH I = B 4%, TAE
UK TiO/H,0, /K R h, i1 T-H,0, I Ak L for(E0=
1.48 V vs. SHE, pH 0){&TH,0 (E’=2.7V vs. SHE,
pH 0), K PE(11) 8N F 2B, T FE-OH & 2 P
TMTE S 4L A M TIONH,0,/k R 71, HO, I EI AT A
OH & A R = (F2(a)), XA[REZH T 444
TiO, 3 [H Wt irTH, 0, 7T BAVE M i AL S 34E s OH 1) A
}&[17].

3.2 HO,M¥R IO, Mz
TiO, W 0, A AT BERUE T B2 (10) A1 7
(11), A AT RERIE T A U e, MBI RN
es, 10, — 0, (12)

F3(a) Ak B2 minf &Rk R4 100, 55
bz, ME3(a)H o] DUE H, 7EMAH,0,8T, 3FTiO, Bt
4 B0, T SE KN P25 > BLAR T TiO,> 4 21 7 AH
TiO,. Kakuma!"*Idi FHMCLAL %% K ek frill 7 884k
WM& A MTIONEpH 9% Fr=4AEm0,”, 4R
N, FTAERIO, & B S A M TIOS BT TiO,,
HRATMSE RA 5, X 0] BE R pHA [F KA 7 AN

(a) 0.04
0.03
Fo02
0.01

0.00
R & v o

ov Ov OV
D2 Q@\’L szsfb ?x\zﬂz

IFi) 35 S P 22 5

IIAH,0,J5, AT RO, ™ K15 5 AP25/H,0,> 4
2L A A TIONH,0.> 818k TiO,/H,0,, HO,  HI{E 5 ki
FH G E] B LK T 3G n(E3(b)). BiEKA TiO MM
H,0,/5, “OHF &K, MO, & &Fm, HIES
KA TIO M, O, EERIE T R M(10). 44044
TiO, JIANH,0, )5, *OH&E B RO, & &, Ui
ELEAAMTIONER T, O, EERIFET KM (11)
AI(12).

3.1.3  H,O, BRI H, O, 3K FE Y 55 0]
FRAE SCHRRE, HO, 128 g f gl

2e,, +0,+2H" - H,0, (13)
2, +2H,0— H,0,+2H" (14)
20, +2H" — H,0,+0, (15)
e, O, 2H" — H,0, (16)

ARSEEGH, IMAH,0, 8, WA IH,0,3 FE 45 R 3K
B, 3FITiO,fT A B I H, 0,3 B K /N NP2 5> B Bkl
TiO,>& 2L A AHTIO, (KEl4(a)), 5O, KA figs Bk —
B, VETE3M SR TIONR W, MN.(15)F(16)7E
H, O, (125 AL A 357 b 8 2 B R A
MIAH,0,)5, 3P TIONE L H TH,0, 354 BT 54 .
{EREE R EIR, BUEKH TiO,H FIH,O 8 IR T At
ININH,0,, TSR T HARMROSH g e, 45
A 2 FEBUERN TIO W I NH,0, )5 3 51 -OH1E 5 1)
BAR, FRATTHEM, 7EBUEKH TIO I, *OHTEH,0,/]
A O R AR B DGR A
2.0H - H,0, (17)

0.06
(b) == R/H,0,

= P/H,O,

0.04 +
4= A/H,O,

A470

~v- H,0,
0.02

|

v

0.00 ™ r :
0 1 2 3 4
Irradiation time (min)

B3 (a) SAERFPERO, E 5 LA (b) FA k& A AERUIIO, IS -1 1] Hh 2k

Figure 3 (a) Comparison of the signals of O, generated in various systems at 2 min; (b) signal-time profiles of O, generated in various systems

(color online).



A HLO, TR TIO 74 28 i 1 SR Al )7 A R JHL T S ) B it A

R & v Q\qu@moqu Q\QWVX\?\QW

(b) 15

= 10+

=

S s

z

S - R/H,0, == P/H,0,

01 - AH,0, - H,0,
0 1 2 3 4

Irradiation time (min)

Bl 4 (a) BFPEEAF T A MHO K EEI LS (b) & Fhok
PR A2 KT HL O, 9 FE- I 18] H 22 (09 28 R 2 1)

Figure 4 (a) Comparison of the H,O, concentrations generated in
various systems at 2 min; (b) concentration-time profiles of H,O,
generated in various systems (color online).

3.2 TiO,/H,0,{k & AT LML AFPCP
3.2.1  XFPCPREAFH 3 M 5E A

S E T IMAH,0, U J5 X PCP [ fif 256 % [ fift i
kPR, S 1T CUE H, IIAH,0, 87, 3F028
T B TIO, B iR PCP I KA N P25> B K0 TiO> 4 21 F1 4
TiO,, X5 V52 SCHRRIE A [F] S A TIO, R 1k B8
FH—0 IRE FAEP2S G e J1 i K T84k
WM& LCAMTIO, H2SMAH0,UUE, &4 A8
TiO, KA LS B FIFE T, —IARTIZ506%, B34
AR 2 B AE K /N N4 4041 #H TiO,/H,0,>P25/
H,O, >t 8k TiO,/H,0,.  FRATIHENIX 3= ZE i T PCP
HeOHR A M. MillsZP HiaE, EP25 btk &,
«OH = B BPCP AL I B 51 T2 iVl 1 i &, Bl
J& 2P E BT A A R TCBQAITCHQ. A A Bk
B E =R Lt — 25 5 eOH R B AE IR . LR/
43T, Antonopoulous M 4 4 5 PCPEN-F-TiO, Yt i
ik R LA BEfE, R BIPCPYEpH 10/ F &
BES5OHR M. WA KRR g 8ol LUE H,
P25IAH,0,J5, *OH. O, XH,O,s S{Ey LTF,
[E] I PCP G4k B 2R et 38 K, U BHHL,O, IR
W5E T P2SEMEALEE /). TiO, (BHAKE)IIAH,0,/5,

6

100 7

50 1

Degradation (%)

——P —@—R —&—A —¥—P/H,0,
[—€—R/H,0, —»—A/H,0,

0 5 10 15 20 25 30
Irradiation time (min)
Bl 5 A [ SN 5 St A Bk AP C I 1 i i 26 5 [ At
[F] 5 2% i £k B (19 2 FoRz D)
Figure 5 Relationship between degradation ratio and time during

photocatalytic degradation of PCP in different reaction systems (color
online).

F 1A SRR R G HEAL B AEPCPIN ) 5 318 A kLT
Table 1 Comparison of reaction rate k£ during photocatalytic degrada-
tion of PCP with different reaction systems

SRR R k (min™") R
P25 0.1323 0.9959
BUEKH TiO, 0.0325 0.9899
A HETION 0.0107 0.9916
P25/H,0, 0.2929 0.9933
BUKD TiOy/H,0, 0.0242 0.9951
&4 A MHTIONH,0, 0.5081 0.9926

*OHAE 5 B#AK, U BIH,0, [ 0 N S M T Tio, (Bidk
ByrReOH 4. RN, H,O.MIInAfH0, 15 5183,
ULEIH,O, I NAR 3 T B8R TiO, 10, "= 4. If
HANAH,0, )5, v H,O, 9 B I 5. B2, Si%k
W TIOLIE I ANH,0, 5, PCP I Ak, s ZE it /),
VLHHTEPCPY G AL B FE Hp, ~OHEE = AR R, ik
FEIR/NGE T PCPRIBR IR R, f)5, MMAH,0,)5,
S LA AHTIONNF EPCPIIRE J43 3 T HOR 4,
2T P25, KRBT IMAHO,E, &4 AMTION
H,O, 3 W 2 AL )« OHBE 22, IR PCP R A B 3 )
itk gE

3.2.2 X EYIRIR

FE 2 R 2% T PCPIRAE ™Y, #9KI E TCBQ
RNEBR P, ASCHHPLCIEX 8] =9 kAT
SEVERE BT, 455K, FP25XPCPREAT LELL
B, FRIAl =43 EH TCBQ. TCHQ X OH-TrCBQ
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(Kl6(a)). FRATLE 2 7 B TAE A A E s 55 25 7 IR - DU A
FF- K AT B 18] 5 1AL (EST-Q-TOF-MS) X P25/PCP % {4
At 2 b TP A B R B ) = AT T S e LA
IR, {EP25/PCPILHEALIR R, BT AR s i) =4 3
FAFETCBQ. TCHQ. OH-TrCBQMIOH-DDBQY.
HFTCBQI #EVE 38 T BEAAL S #PCP, H & —Fhm ik
s PR A =4, BT LS DNAR AR B, A
1M i B DNA A7 SDNAGRG. 1 A 6(b)r] LLE H,
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Figure 6 HPLC analysis of major intermediates produced in (a) P25/
PCP and (b) P25/H,0,/PCP systems.
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Figure 7 HPLC analysis of concentrations of major intermediates produced in (a) P25/H,0,/PCP, (b) rutile/H,0,/PCP, and (c) anatase/H,0,/PCP

(color online).



A HLO, TR TIO 74 28 i 1 SR Al )7 A R JHL T S ) B it A

F 2 WIEER AT ESO2HTINAL A HIICs fH”
Table 2 1Cs, values of the compounds tested by photobacteria
phosphoreum 502
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Figure 8 Toxicity changes during degradation of (a) TiO,/PCP system
and (b) TiO,/H,0,/PCP system (color online).
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H,0, regulates the production of reactive oxygen species in TiO,
system and the degradation process of pentachlorophenol

Hai-Yan Ma'”, Lixia Zhaol’z*, Hui Zhang], Liang-Hong Guo'”

" State Key Laboratory of Environmental Chemistry and Eco-toxicology, Research Center for Eco-environmental Sciences, Chinese Academy of
Sciences, Beijing 100085, China
2 University of Chinese Academy of Sciences, Beijing 100049, China
*Corresponding author (email: zIx@rcees.ac.cn)
Abstract: The titanium dioxide photocatalytic oxidation technology of pentachlorophenol (PCP) has attracted
widespread attention because of its high degradation efficiency and low toxicity. How to reasonably regulate the
production of highly toxic intermediates during the degradation of PCP is currently the hotspot. The photocatalytic
degradation of PCP is closely related to the production of reactive oxygen species (ROS). This article studied the effect
of H,0, addition on the production of ROS including *OH, O,  and H,0, in three different types of TiO, photocatalytic
systems and their effects on the degradation efficiency of PCP. The results showed that after H,O, was added, the
amount of three kinds of ROS produced by the P25 solution increased, and the degradation rate k£ of PCP increased. The
anatase TiO, solution produced less *OH, but more O,  and H,O, after H,O, was added. The amount of three kinds of
ROS produced by the rutile TiO, solution increased, and the degradation rate of PCP increased by 50 times. The effects
of three kinds of TiO,/H,0, systems on the photocatalytic degradation of PCP and its intermediate acute toxicity were
identified by high performance liquid chromatography and luminescence inhibition. The results showed that there were
no highly toxic intermediate products such as tetrachloro-1,4-benzoquinone during the degradation process, and the
acute toxicity during degradation was significantly reduced. These results indicated that the addition of H,O, can
regulate the ROS production and PCP degradation process in TiO, photocatalytic system, and significantly reduced the
acute toxicity during the degradation of PCP.

Keywords: titanium dioxide, hydrogen peroxide, photocatalytic degradation, reactive oxygen species, pentachlor-
ophenol
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