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CuBi,0,/Bi,WO, Z-type Heterostructures for Effective Removal
Ciprofloxacin in Photo-electro-Fenton-like System
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Abstract In response to the serious problem of antibiotic pollution in the current water environment, herein, a
CuBi,0,/Bi,W0, (CBWO) Z-type heterojunction photoelectric catalyst was synthesized by a simple solvothermal
method. The morphology and structure were obtained through SEM, which showed that the structure of the CBWO-60
was cuboid rod-like morphology and nanosheet. The EDS elemental mapping images displayed that Cu, W, Bi and O
elements were evenly dispersed in CBWO-60. The crystalline phases and molecular structures of the catalyst were

determined by XRD and FTIR. These results firmly confirmed that the successful synthesis of the composite. The
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large specific surface area of CBWO-60 was investigated via BET. XPS analysis proved that the Cu” and Cu*'

coexisted, which promoted the cycling of Fenton reaction. Moreover, the displacement of binding energy well verified
the strong electronic interaction rather than a physical contact between CuBi,0, and Bi,WOyq in the heterojunction.
The band structure of the heterojunction was proved by UV-Vis DRS and VB-XPS analysis. The interface charge
transfer situation of the heterojunction was investigated by PL, EIS, and transient photocurrent response spectra. In a
series of catalysts, CBWO-60 has the highest degradation efficiency for Ciprofloxacin (CIP) in the photo-electro-
Fenton-like (PEF-like) system, with a degradation efficiency of 98.0% at 90 min. At the same time, when the initial
pH of the solution was in the range of 2—6, the system could always maintain effective CIP removal efficiency. The
pH range of this system was broadened to some extent compared to the conventional Fenton method. In the PEF-like
system, CBWO-60 showed high catalytic activity to quinolone, sulfonamides and tetracycline antibiotics, which
proved the universality of CBWO-60. Finally, the degradation efficiency of CIP still maintained 87.8% after five
cycles of experiments, and the crystal structure of CBWO-60 remained unchanged after the reaction. Based on the
results of HPLC-MS, five possible pathways for CIP degradation were proposed. This study provided a new idea for
the purification and treatment of antibiotic pollution in the water environment.

Keywords Photo-electro-Fenton-like system; CuBi,0,/Bi,WOg; Z-type heterojunction; Ciprofloxacin; Reactive

oxygen species
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1 SEIGERS

1.1 RFI 5

=IKAERA [ Cu(NO,), 3H,0 [ M LKA ilER A Bi(NO), - SH,O 1y F iR fr T A bR ey A
PR E] ;s KA IREN (Na,WO, - 2H,0) I F R b 2= 0 DU T 5 JCKBRAREH (Na,SO,) I F R HE i
P R RA R A FLBR (H,80,) 1 F REJC 4k TH R Al ZE L (NaOH) | L-41 24 R
(CH,NL0,) . & ZFE(C,H,0,) F1 5, 5-— F BE-1-nik Mg wk-V-48 46 4 (DMPO) I T K A JEL L AR AR R A BR
23] JooK E(CHOH) FEE 4% R B (K,Cr,0,) I F R VLR AL TH AR BeAn A FRA A 5 3 4k &
(C,H 05, Catalase) W4 TR SRS AE DB AR IR w5 S B (CH0, IPA) Fil = L BER%E [ N(CH,CH,0H),,
TEOA 1T F RKH b AL 25504 BR 2 | 5 X260 (CH,0,, PBQ) FFRN VLA (CIP, C,H,,CIFN,0,) 5+
WACE RGBS AR B FRA R i K 28K

SUS010 A H# i 7 B Al BE (SEM, H A H 7.2 1)) 5 D/Max 2200 PC 7 X R # AR AT 5L (XRD, H
AR PRV 3 NicoletiS5 B HLUH A5 4T AN (FTIR , 25 FEZEER RIH/RBHEA R 3 XSG T-RES
I (XPS, 2[5 28 B3R C /R FHE A A ) 5 Autosorb-1Q Y [ 2% 18 FH 43 A A ( 36 [ B AL AR A Al )
UV-3600Plus B 2E5h-1] W43 EETH(UV-Vis, H AR HAF]) 5 F-7000 BISEEEHAL (PL, HACH 32
Al ) 5 JES-FA200 U HL i HeAiR i 354 (EPR, HASHL T2 F]) 5 XEVO TQS B =5 8808 AH €015 - i 156
{X(HPLC-MS, 2 FERFHMAH]) 3 CHIT60E B Ak ~% T A, (i R AS AT FRA ).
1.2 X
121 AR 8 F & CuBi,O, 40K & — LK BGL KIS . 58, ¥ 1 mmol Cu(NO,),-3H,0 fil A
F 25 ml LB PRSP, FFEH 1S min EEE AR KT WM. [ ERE RS IA 2 mmol
Bi(NO,),+5H,0, kE P 15 min. ZJ5, ZERIZIGEFE T, 9 2 %% i 5 mL(2 mol/L)NaOH
VW, ELEVEWR pH K 14 54 CRIMBOB WS Wik 4 40). St 3 hn , BRI 2 i 5N 48
W, 7E180 'C N WS h. R R HARRHIEENG, BO0 B, LB RSB E L2
W TE . BT, B3RA30 CuBLO B AR AE 110 CRIE XU T4 .

VA PGL B 45 CBWO & AL . % 1 mmol Bi(NO,),+SH,0 #10. 5 mmol Na,WO, - 2H,0 i&f# T
25 mL & R, A0 AGE 5 CuBL0, 8K, #7530 min. [ FIRER P AIIA 25 mL B, Ltk
30 min. K HUTF IS IEOINA RIS R, T180 'C/N 10 h. fEmEE HARH R EIRG, #.0IE
FUNEH, 2 B oK PR IABOR G T 60 CHEFE T T4 . 3l 1 H%E CuBi,O, TSI &, Hil45 T CuBi,0,
7 Bi, WO, 19 5t 2 53 55050 5 K 40%, 60% F1 80% 2 A 4L 7, 43 Hlid i CBWO-40, CBWO-60 Fil
CBWO-80. Bi,WO, BRI £5 Fikihil & CBWO AL B3R AR, R AN CuBi,0,.
122 MM e M rh T — 251 PEF-like 1A 2 M CIP (5256 . (i FH A9 AT WOGIE A A
B A 300 WARAT (42420 nm). f%E5 (CF, 3 emx4 emX0. 5 em) F Pt (1 emx3 em ) 43 5IVE R ROW
() RS AN BE A, , 7620 B P AR 2R A TR, . S AR AL TR AN R - W — S R AL B T
AP, A 70 mL(50 mg/L) CIPYE R , FEEeit i b I e b o sl 5 . RIS R
NARZHEA O,, AREEHHE 30 min AR IR IR FE-F- SRR SIS RIS IS eREUE 5 & A e HL R ST
SEUR, DL 2 A S N R F IR B 2] . RN RFEEIEA T, AR B [B] (] B A ACER 2 mL ) SV, 280
FLUBREE U8, FHEEAR-1T DL o B T WA 7 276 nm AR IR G EE (R, THIR CIP RYREAR L% .

2 FHR5iE

2.1 BUFIHRIRMERRE

{8 SEM XA R B TE S B4 73R4, 4n&l 1(A) 7w, CuBi,0, 2 B H 61 B HRAR S5 #4 , 1M Bi,WO,
SR BRI S LR 1(B) | B PR R T R A 2 )5, A1 CBWO-604E:5 T CuBi,0,
AYIEABRAR G5 1), HERTH S 1) Bi, WO 2K 3G K T AL B bR AR L& 1(COF(D) |, iX 3R
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PR AR EL BN 2 4, I HIE K0 Fe i R AT BE S A R 15 YW (R W A% B A . obah, i SRk
CBWO-60 TG4 Al W, JGZ Cu, O, WHIBi 504G [ B 1(E)~(H) .

1 um B 2 um 1 um

Fig. 1 SEM images of CuBi,O,(A), Bi,WO.B) and CBWO-60(C, D), EDS element mapping images of
Cu(E), O(F), W(G), Bi(H) in CBWO-60(E—H)
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B, CuBi,0,19 (211) & TR Bi,WO, (19 (131) FhTHI I EE S, B U150 5, X AT AR 5 AR 0] S Joa b
PITE BAT . aniE 2(B) BRI FTIR Sk — 20 R AR AL A9 Ak 27 5 S B R 1A 454 . 3t X e
AL, AR LB ARG g5 T CuBiL0, il Bi,WO, T A B4R HE AT ST 7 X R IHLE CBWO
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Fig.2 XRD patterns(A) and FTIR spectra(B) of CuBi,O,, Bi,WO, and CBWO composite catalysts
with different mass ratios between CuBi,O, and Bi, WO,

K3 (A) AR B XPS 23 K], K13(B)~(E) 2% 0k IAEAIE . ik 3(B) s, W, gk iz
F37. 6 /135, 4 eV AL AP AW AT UC U JE o W, FTW,, 1L B 3(C)J Cu, FORS A RERS , A2 933.0,
953. 0 Fl1935. 5~947. 5 eV Wi A RHIEIE AT S35 & A Cuy,, o Cuy, A Cu™ B TR, J0H, ££933.0
F1953.0 eV AL 4> F 06 AT DLk — 2045 AN, 454 R 933. 8 F1953. 6 eV ALY WL IE I J& T
Cu*, (i F932. 1 F1951. 7 eV b {4~ 04 A& T Cu*. (EASFE AL, 584K Bi,WO, F1 CuBi,0, M H,
CBWO-60 H W, FRHIEIE [0 IR 25 G BE 7 I 7% , RSB R B, WO, R I HL 5 = % BEHG I 5 5 AR
2, Couy, FRFAE UG D[] 5 25 5 BT TS . XIGIE T 52 B MR S R 254 I TE B, JF ELUERA T 5 i 45
S LT M CuBi 0, 1] Bi,WO, I [iEAE 2> 2. IeAh, 7T A FE S Y Bi, 2 BB LIEI 3(D) I, £ F
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Fig.3 XPS survey scan spectra(A) and XPS detailed spectra of W(B), Cu(C), Bi(D) and O(E) in CuBi,0O,,

Bi,WO, and CBWO-60

N T 2SR A RO S 4, 8 2ok SR - S B 5 T MR L 2R T R R L AR 43 Al
L. B 4(A)RH T Bi,WO,, CuBi,0,F1 CBWO-60 it &I FH- LB SRR 2R, T 0L, T e S S B
IVAYSEIR AR RS A, A H3 RU IR, R RIAAAENFLESA . & 4(B) 2y 3R AF AR BIH FLAR 5
MK, Hrp, Bi,WO,, CuBi,0, 1 CBWO-60 i~F-24 L4253 54 5. 55, 3. 80 #13. 82 nm, 54 fLE5H AL
PR (2~50 nm)—3. 2 1A%, 4 CuBi,0, 5 Bi,WO, E 45, CBWO-60 [ £ AL (21. 9 m%g) %
CuBiL,0, /f —E LB RS, X5 SEM H & &M RO Z TR 5 28 A G .
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Fig.4 N, adsorption-desorption isotherms(A), BJH pore-size distribution curves(B) of Bi,WO,,

CuBi,0, and CBWO-60

Table 1 Specific surface area and pore structural details of Bi,MoO,, CuBi,O, and CBWO-60

Catalyst Specific surface area/(m?-g™") Pore volume/(cm®+g™") Average pore size/nm
Bi,WO, 78.7 0.145 5.55
CuBi,0, 3.6 0.028 3.80
CBWO-60 21.9 0.046 3.82
Chem. J. Chinese Universities, 2024, 45(1), 20230370 20230370(5/12)
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fif FH 28 A0 - 17 DL 18 S5 55 (UV-Vis DRS) S it % 16 570 9 6 et BE A 7 3R AE . Fr 181 5. (A) AT L,
CuBi,0, F1 Bi, WO, i #5: KM 4 (A,) 43 1178 700 F1430 nm 2247, Kf Bi,WO, Fl CuBi,0, & & )5, Z A+
£ CBWO-60 5 Bi,WO A EL, A BEAT 2185 (460 nm) , X F B 52 G001 A S IR FBLAT ey, It
T3 B 5. B S (B) B2 Taue plot 2423 [ 20 (1) J3H8AF 2 B FE & (%) Taue B, 7T UL, Bi,WO,
CuBi,0, M E 435147 2. 87T Fl 1. 78 eV.

(ahv)lxn = A(hv - Eg) (1)
SRt o AL o) s b ISR EC(6. 62610 I-0) 5 ob1a) WHs A HHHG (V)
P ARESFTERE ;s n 5 SRS HAR G

A) — CuBi,0,
— Bi;,WOs
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Fig. 5 UV-Vis DRS spectra of as-prepared samples(A), Tauc plots of CuBi,0, and Bi,WO(B), VB-XPS
spectra of CuBi,O,(C) and Bi,WO(D)

K 5(C)F(D) 5354 CuBi, 0, Fl Bi,W O, I -X S 2 S HL 19 (VB-XPS) 3 (8], AT LAFS 215X A
il B SR AN HE B (E ) 0508 1. 21 F12. 95 eV, AL, A (2) 7T LATH545 81 CuBi,0, A1 Bi,WO,
2 AR S AL (E ) 2051 0-0. 57 F10. 08 eV. 25 FAAR, A LAFEN 1 CBWO & & 5 B4 it AL 74
W LR EI[E6(A) ]
E,=Ey - Eg (2)
J TR FEAS RMEAL T AE /T WO T AR F IR A0, M PLOGIEXT Bi,WO,, CuBi,0,
CBWO-60 AL AN HEA TRAE . (] 375 nm AP XA S A 70K, B KRR 24 7 420 nm 247, HE
& 6(B)HT, o B 5w 1 R 516 TR B T Bi,WO, 7E 415~420 nm A0 4 15 44 €0 & STk, X UK T Bi,WO, 14
fE& S, FE T Big A1 O, I 44fbHLiE (VB) $]%5 W, i (CB) Z (Bl i Y6 AE B BRI, &4 CuBi,0,
J&i , CBWO-60 1Y PLUEHE 55 Bi, WO AH LI 5 555, 308 W S SR 25 45 40 A T8 A A8 PE i 176 e -h Xt iy
A3 CuBLO, R SRR PLUGSR B, AT AE 2 HAE R A AT WOGIUR T, 7 AR AR B 14kt
A BRIE B, CuBiLO, BAXT CIP (AL R A BB IR et i ] T iX—4518 .
i FH L AL 2= BB (EIS) TEHRIE T A [ A7 Al AR fi B RN BT 6 (C) 1L AT IR L5 9F
S R IE L E 6 (COFEIK ], Hodr, R, R, CPEFI W, 2355t 10 T i A BH. . A i A B L 8 E AR
DL ITCH R Warburg BHBT, HXTRN 25081 F 3% 2. 7 EIS Nyquist B H 2 R RO, St i Fe far 5 4% FaL BH
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MR Lz, S TSRS H BN 1555 T By, WO, A CuBiL,O, 0] T 45 ke 2, CBWO-60 H AT A
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Fig. 6 Valence and conduction bands distribution of Bi,WO, and CuBi,O,(A), PL spectra(B), EIS(C)
and transient photocurrent response spectra(D) of Bi,WO,, CuBi, 0, and CBWO-60
Inset of (C): equivalent circuit diagram.

Table 2 Resistance parameters of Bi, WO,, CuBi,0, and CBWO-60 determined by EIS’

Catalyst R, 10°CPE-T CPE-P R, W -R W-T W-P

Bi,WO, 19.16 1.9137 1.077 49.44 488 1.7193x10° 0.65102
CuBi,0, 18.73 1.2728 1.037 72.15 13.1 1.2344x10°° 0.35936
CBWO-60 19.99 2.0426 1.030 43.98 1.244 4.0139x107 0.36839

R, R, CPE and W, correspond to solution resistance, charge transfer resistance, constant phase angle element and warburg impedance,

respectively.

El6(D) B TR E R N AR RS R O . B ST TGO A B R AT
3L TR B ' HE I R B AT BT, H CBWO-60 G HEL I 5 B {2 2 3 T Bi, WO, Ml CuBi,0,, ik
FIRE A WOGER P2 A TR BRI T, IF ELE b BL,WO, A1 CuBi,0, S 8 HEA F 8 S5 R A5 H i 1 e %
FEBR, BIPIH THE e-h X 2 A1
23 BUFIRFERE LS

wmE 7(A)~(C PR, BFFET RN TS [R] 59 52 -6 4 BHE PEF-like 224805 CIP FEFFPERERY
ZESt . B, 3FOANIESE G LTI RN CIP IR U 22 4y, Horpr, CBWO-60 &5 AL 51 L B
AR A R AR RCR (90 min B, FEFRCR A 98. 0% ) Fllf KA 3l 7124 % 81 (k=0. 04409 min™"). [HIIL, 24
CBWO-60 1E A f5e {4 H 461 &2 5 b4 L F 4 B H BT B F 5% B 6 AIE . LAk, 5 40 Bi,WO, 1 CuBi,0, 4 H ,
CBWO-60 Xt CIP [ B fift 50 % A it 2h 1 445 30 T RIR T, Ui B A& ARk e 52 3 45 B A 1 T
Bi,WO, Al CuBi,0, K HFEMEALEF .

WE7(D)~(F) fis, #8985 T CBWO-60 7EAS A4 45 148 T %F CIP Btk RE i A8k . T LA 2,
PEF-like /& R %% EF-like {& 2 Fll PC {4 R X} CIP ) B R AR I A — @ B EE IR T, FL8h 145 500 51
Y& EF-like R R FIPCIR R I 1. 345F0 12, 745 . SOEFE AT WA EI AGFITF -0, e, W EZFIEEY)
R AR, IF HAE e mT IS 5 0,0, 3G AL 72, UEmi e bR 2 Fh A 8 32 5 9 - OH AR A#: CTP.

YRIE T CBWO-60 5 Jii 25 fit: Ak 771 S AR ] He 9] Bi,WO, F1 CuBi,0, FUHLAK IR S 1%t CIP AR RR | [
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Fig.7 CIP degradation rate curves(A), corresponding Kinetic curves(B) and Kkinetic constant(k)(C)
in PEF -like system with Bi,WO,, CuBi,O, and series of CBWO composite catalysts, CIP
degradation efficiency curves(D), corresponding kinetic curves(E) and kinetic constant(k)

during different catalytic systems(F)

fif B2 AN 1 8 (A) i/ . TEREAN RN R, BIUABR A i Ak R0 CIP 114 Bk gt R 3R I s () P 9 A% A T I
T, ABHAE P RE AR 2 L CBWO-60 & A M KL 25 . LR FAIEFI T : (1) CBWO-60 Hh 53 i 45H 111E
PEETE T AR AT WG SRR R, AR TR A R 0 R, [RIRHRIE T Y64 he s Ak
Be )y, A AT CIP W R sl it s (2) 162 A4k b Bi, WO, F CuBi,0, I BRI ALAE F i PEF-like {4 5
PR T HEINEE B ROS, fEZFROS BYALFE AL T CIP WREfR I RETS 21 T A RSt .
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Fig. 8 Factors influencing the degradation efficiency of CIP in PEF-like system: the effect of mechanical
mixtures and composite heterojunction catalysts(A), the effect of different initial pH values

(B) and universal experiments(C) of CBWO-60 for the degradation of different antibiotics in PEF-
like system

AT RS Y AR IR pHAE K/, 898 T PEF-like 14 28 FRVA TR R TR XT CIP R R 15
M. QN8 (B) B, MW IR pH AE 2~6 JEEIIT, PEF-like {4 R UG A REMS L5 2501 CIP LBRAKHE . 90
min P, CIP FIFEFRBCRAY A H] T 97. 4%, 98. 0%, 87. 4%, 81.9% F178. 5%, F L TAEG 25k 2 %}
VTR TR 251 T2 R (B Ak pH YE LM 2. 8~3.5), PEF-like 14 22 4 pH 7 FH 3G FEIA5- 3 T A R 58 .
SR, MW pHAELIS 2 7 A1 8 B, CIP AR AFRLHAE 90 min B (R 65. 5% F148. 17% , iX 2 Frh A1
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M T PEF-like {4 2 R AEALIE 1 .

T T CBWO-60 I A B4 BE X AN [G] Rl S 40 25 275 G W 1) 418 Ak 0 14 R 88 i 3 1, 6 438 CIP
BT R (ENR) . B30 B (PFX) | fiff g FR O R (SMX) F1ER R PO FR 2 (TC) A Ry MBI Hp A= K -7 IIE .
WE8(C) R, 1E PEF-like (KR H, CBWO-60 X M 52 | fifh Bz 2 DU PR 2 2 hi A R B0 H i 1
VAR BE S . 7£90 min Y, CIP, ENR, PFX, SMX Fl1TC A4 [ #2543 5135 %) T 98. 0%, 96. 6%, 96. 4%,
92. 9% F196. 5%, SLEE5 TS UER T CBWO-60 Y3815 14 .

24 BT REREIE

A TR R A4 S5 K T PEF-like 14 AL FEAE CIP I FE HP A IEEYIFR, a0 9(A) TR . TETPA,
PBQ 1 Cr (VDAFTERF, CIP HIFREAR R 20 TR . 7890 min i, CIP YFRAR R Hh 43. 5%, 49. 3%
H143.9%, F£W-OH, -0 fl e FEAEIL AR CIP i R P 1) T AR HEMWAIER . L4k, A TEOA F1
Catalase 73 57 K h*FI H,0,J5 , CIP IR FESCRAE— &R B WA FrREAIK, 1iBH h /Il 1,0, 7€ CIP [fifk
FAL TSR RT Y . RS AEW] T 7E PEF-like 1A R A% CIP it F2h, <OH, -0;. e FIh ¥ K
T—EEA.
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Fig. 9 Effect of different scavengers on CIP degradation during PEF-like process(A), EPR spectra of
DMPO-- OH(B) and DMPO-- O, (C) in different catalytic processes

{8 F DMPO 1E 4 - OH F1 - O, A 4R 51, AEAS Rl Ak ad B2 Hh i AT T EPR 52565 . Wi 9(B) iR, LA
CBWO-60 A AL PEF-like, EF-like Fl PC A 2R HA74G 0 H 58 A 1:2:2: 1 ) DMPO-+ OH AYERAEI , §IF
BT -OH (AFAE . (EASE R, 7 PEF-like 11 F2 H DMPO- - OH HFRAIF U658 & 452 EF-like F1 PC 1 72 (2. 3%
Hag , R PEF-like /R R AT LA™ AT FE 5 1 - OH FH T CIP By =&k B . Ik ok, 727 F DMPO #i3k - 059
S LA T AN ZE LRI 9(C) ], IER PEF-like A 27742 T £219-0;. DL F EPR SLIEHE 5
AR Z v CIP R A% —3, FE43560IUE T PEF-like 1A 2 rh % Hy PR R VR FH BE S0 k22 bl M b 1)
AR

T 3o B BT T A A AL R FT 1, B A CuBi,0, 1 Eyy HE - OH/H,LO 4RI B HL AV (2. 38 eV vs.
NHE) 5 7, FF Lk CuBi,0, % AT UL Y6 & 7= A= 1) b J6 3 Ak 1,0 772 4 -OH; 3 H i1 T Bi,WO, ¥ E,, It
0,/ 05 B AR I HL A (-0. 33 eV ws. NHE)H 1E, KL, Bi,WO, i h* ANEES O, K F=AE - 0;. (HA it
EPR 52 AT 401, CuBi,0, F1 Bi,WO, & 45 15 2 () CBWO-60 fEALFI7E SN BE 648 BERS A 1 B i 14
ZrREA - OH F1-0;. fitt, FoATTHEN CuBi,0, F1 Bi, WO, Z [AITE AL T Z B S 4% , SeA: 80k T g~
FRAZAN B IR - 7ET] WG T, CuBi,0, F1 Bi, WO, 435I 7 4 e Az e Flh, Hirh, Bi,WO, 1
CB FHYEAE e 2ol i F 45 BT 5 CuBLO, B9 VB F 64 Wi &, RIS B T ELA A S Ak 1 i Y
Bi,WO, ) VBA: h' (Ey,=2. 95 V) FLEA &A1Y CuBi,0, 1 CB YAz e (E,=—0. 57 V), LB T
HAE IR T A O B RS R, AR T RVAR R D 2R B ™A

ZE LR, HEW T PEF-like {4 28 H CBWO-60 & 45 57 S 25 4 AL S 7E S M o FE A o] D648 S F Ak %
fi# CIP B9 e W HLFR, 4l Scheme 1 FT7Ks .
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Scheme 1 Schematic illustration of the mechanism of CBWO Z -scheme heterojunction catalyst for
CIP degradation in PEF-like system

AT IR, CBWO-607E G & N & e e b [ (3) ], Hirp, JEELE BiL,WO, VB _EREA:
ho ¥ 5 H,0 i 7 A= -OH [ X (5) |, HA 858 IE JiAE H Y CuBi,0, CB _EAYEA: e AT LA 0,77 4 - 0,
[:(4) ], A, fEmAB RS, CBWO-60 1Y EF-like AL it 237 A F o TG ME A &L . 56, O,
RERSTE BAL 2 10 22 A2 P R B I 72 A HL0,[20(6) 1. BRJ5 , AR FA R (%) Cu B 70T L5 H,0, SO 40
A -OHFI- 0L () A (8) |, bAk, Mk e thBEE S Cu Fl Cu FRFR L AR [ X (9) JRL R 1k H,0,™
A-OH R[S (10) ], fe)m, AR EERTT , 2Rt B B F L AL A E R, 2T
Xf CIP 2311 iR B i, 9 LA LA 5B 1k CO, . HLO FITCHLES F55 /Ny TP ik .

CBWO-60 + h—>h* + e (3)
0,+e—-0; (4)

H,0 + h——>+OH + H* (5)

0, + e + 2H—>H,0, (6)

H,0, +Cu’ + H—>+0H + Cu* + H,0 (7)
H,0, + Cu®—>+0; + Cu’ +2H" (8)
Cu® + e—Cu’ (9)

H,0, + e——>+OH + OH" (10)

2.5 CIPHIBEfRIEE

HRAE HPLC-MS BT AR5 (1) CIP B Aol A rp ™ A= g v IASFP S, 40 T CBWO-60 7E PEF-like {42 2 B
CIP [ ] g4 (Scheme 2). TEREARIFR , SUERTAEW) A (m/z 362) J&:H CIP 43 F HRIRE A Z 2 ROS (30
SAALTFIR R0 . B, ROSTREETCHT TR AR 1 N—C 5, XUBEAT AR 1 1T 2 2 — AN ERTE J BA I 2
Y B(m/z 334). 7€ ROS i — 5840 T 43 AR 2 Hr A C(m/z 291) . HHEIAR D (miz 263) Rl i & 367
Y1 G (m/z 245)5%. FEIRARN, CIPRIA b0 F IR T 1 Se o LB A U™ ) E (m/z 330) , BiEE B )G
T 2 R LI 58 SRR WEER A T B S0 A5 3 FR )R F (m/z 314) RN G (m/z 245). TERARITF , MG ERER |1
CJET A —A 5 A i 3R B 7= A4 T R AR H(m/z 348) , Z 5 16 ROS (TG T b — 224 Fe i ok
FFRILAT BN (m/z 288) 43T . TEREARIVER, CIP 8 2 W24 3 4 A migH B 44 ) (m/z 318) , BifiJe i 2e— 1>
BREATRNR R K (m/z 274). FEIRFEVH, CIP FIWRMEIR B S 2 A SR A A AT - A 25 40 1)
L(m/z362), B TR0 A AT E H 2 P3N, e iR S R PARE AT A I M (m/z 334) 1%, B85
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Scheme 2 Possible degradation pathways of CIP

2.6 PEF-like ZZHFaE ML

LA ST T CBWO-60 & A fb R AR E M . CIP RGO A& 10(A) i, FEIEZES
WARFR T, CIP B PR ACR A BA 2] T 98. 0%, 96. 8%, 96. 0%, 91.3% F187. 8%, 7543 1FH CBWO-60
£ PEF-like (K R HA RS et . 7258 SURIEA LIRS , CIP YRR IS A FRAIT, v RESE th /)
T A AR T ISR I R R A R 3 Y

1001(A) B)
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Fig. 10 Cycle experiment with CBWO-60 in PEF-like system(A), XRD patterns(B) of fresh and used
CBWO-60 and SEM image of used CBWO-60(C)

] 10(B) F1(C) 43591 4 B A S o7 i Ji CBWO-60 A XRD 33 U FI SEM FE . i 18 10(B) A L, CBWO-
6055 ﬁ%f@%’fﬂ@?ﬁmﬁm TV%@&QHUF%ZIK%HT A8 I HSE(CORD) M, #EAE7]
N ET G TSR A I B2 [ 10(C) ], X CBWO-60 1) 5 i g5 fg AR H e e, SEIR 25 45 1

3 %

K WG 25 15 50 AR 0 il 25 A5 8 T — RN R A LB ) CBWO Z B 57 B 45 44k 1), 38 3 SEM
XRD ., FTIR . 0 BRI 5256 R0 XPS XA A TE SR AN Z5 A A T T R AE . #8958 T CBWOAE A B4
B PEF-like {4 2 i L BEfR CIP (1 RE . AW MW U6 pH 2R 3 B, CBWO-60 1L 71 4E 90 min P X
CIP R f#RFIR 98. 0%. FFH., CBWO-60 7E 4 4L 5 G SL K 5 TS RESL BT CIP Y78 34 Rt , SO I Je i
AT ) SRS A &R AR, TERH R A AR TR R R M R AT, LA, i WS T2E | YRR 2K
RSB AE ZER T CBWO G AL FITE PEF-like 248 (I MF23E 1 . {8 UV-Vis DRS. EISi
PL 3 RS ' L S i) 1y Yot LA R A3 A5 MR HIEA T T Ol AR 22 BRI AR5 40T . ok, il il afm) se s
K EPRMERIR 5T T 5 5 B S0 B 15 PR YD R, AR 4 HPLC-MS #fi 22 1 s WP AR f A2, $2 T
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