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ET WO3/AuNPs/FTO BB ZEN B RK PSS T
HWEKY, ZEN, KT, K %2

U (e W54 TR, BT 361021)

2 (BITRZEAL T 228E, B1T 361005)

B OE &7 RSN AT (Co) Rt AL . BARTEB R SnO2iE I S BRI (FTO) R HIT
LG KR (AUNPs) , FHIE K #AGELE AUNPS/FTO R 4E K WOs, 53] WO3/AuNPS/FTO. JEid H# AT X
SFHERATH ST WO3/AUNPS/FTO HLH) (IR TS A S A R AE b AT T 3RAE. £5 32K, AuNPs Y544 fE FTO 3KIf,

WOs BREEBARMESIAEK . BERTEH —E B RN Co?'itf, T Co?*5 ZlFRE R EERIRCALIEM, % T 4

2+ A~
AR T SEBRRE T Co?t s AR .
KA el

=

B SR A 2 X IRE S, % WO/AUNPSIFTO (¥ H i = B e o ZEARAL I & 0F e i bR E S
CO?"RJETE 0.5 ~7.0 umol/L Y[l N 2L MR R, FHRAY 0.3 umol/L (3s/k) D o FARTFEH T HKAKF Co &7
Mg, M)y 95.0% ~ 110.0%; JHT4E4E% B12 H Co

FLAT B TR

=

BRI, W 5E E-5 E bR S5 R
> I

ZENA; EA0Ks BiE T ARK

1 531 5

s BT %

[SN=EN

B (Co) FEANMAREZ P EAEEMN, 2ARBLHMETRLZ —. B, KAEGRAELERBIZTHE
CofiZ5; Corlfeit Nl AL LB 1) 5 O T HE SR A AL 1 o (@R N Cor BANLI~1.5 mg, &1k
WCo Bt i, 2B b A LB TEE, G G ER, A LAEBCEIE 2  IbE BT, SN,
HEFET A KB, Co &

e IE ERR N E . T, KllJRECof) kA /LR
s

PEC) 1EN—Rof R Hr iR

ERA SR PR B EEL BAL SEAGIINESL S A AT 0 X e S A A, AH Y IR A AE AR SR A
Yt 4k (Photoelectrochemical, , e
Hodr, WVE RS 5, BRI B2 P 5t kAR FE - 25 O o 8, |l P2 AR O FE R 8O R AR SIS 5
T HORAE 5 AR IS 5 A =058 AN F], R, PEC/#r B A K
e N—FME R VER TN R, H

MR AERISAT A R AR USRI . [RIG, FREITRMER . REL R Cota il 7%,

db B2
Ak s e
SO T L

TIM AL P12,

5 e R SR Y =SS (WOs)
FEH2.5~2.8 eV, SHM-AT WG 430~500 nm, BA RIEFHA]
LGN, E AL FIPECAHR BATIR 5 AL VF 2 9618, ARSI LRI, £90KK T (AuNPs) IR
LB T RILIRY. (SPR) i WOs/AuNPs/FTOS & F MK EL A B8 i1 G IR IS IR A L - 25 O 43 B R, AT
B3 W O3/ AuNPs/FTO 6 Fu i S04, g o, 38 JE M 1) 2 B mT DA 380 B WO 28 71, 8 3EWOs/FTO )G i o).
DojerZ I 5T KB, Co? ] 523K FHIRELAL A . X ULHH, Co? M REXT Z IR R I LS 5= 5
M. AT, B AT AR LR B AR R A Co* (1 4iE .

RHTFRIL, (EBERZMR (PBS) o, Co* rIHlIHIWOs/AuNPs/FTORG U, (HIMHIFR KA, Toik

SEPLTCo® [ RGN 2 s fEPBS- L BEE R, L BB BRI R, JHFEWO ST, MoK 5
WO3/AuNPs/FTORI G LI N, 17 244K R P AFTECO* I, Co?" SRERFL R FIRLAL/E -, 5oma T BRI f il 5,
M) T PBS- ZEEAR R . TERALIIZRAE T, Je IR r s REE 5 Bl P Co? K B4R MK R,
A LASEIAT Co? &= MM AT ENH T B RAKFHCo* ME, [FICEH95.0%~110.0%, i BH A 5 1 HE
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2.1 {XF5EH

CHI660b HLAL 22 TAEWG (B REAERERRAT]D; 150 W AL H G TAT IR (bR LA RIEE IR A
7]); RH digital white S025 f i#ifEds (FE[E IKA AF]); S-4800 i T BB (SEM, HAHLAFD;
X FHRATHL (22 MR X Pert Pro); 4AT HAM . Ag/AgCl ZEL M. 122 () Wi GRS
BHRHEARAFD.

TKE IR (NaaWO42H,0) . — /KA HERE: (NHg)2C204-2H20) HCL. CoClas /K L EE (43 Hr4id,
PERRLE AR IR A T =/KER &R (Sigma A1) . BRI Sn02 iE W FHIHE (FTO, Sn0; JEJE(300+£50)
nm, A 15Q, EE 1.1 mm, RINEFERMBEFEEGRATD.

2.2 SKWHE

2.2.1 AuNPs/FTO K% ¥ FTO 3R K 1.5 cmx1.0 cm 4%, F VAR 2 EEFEE Al /K 75 B A 5 Ve 3 1%,
BT, & o SR IR VAE FTO RV AuNPs ). FTO 16 TAE Ak, 4107 N sk, Ag/AgCl
NZHHM, 0.5 mmol/L HAuCly NHMK, 7£-0.245 V TFUiA 100 s 5, 100°CHAE T 10 min, 153
AuNPs/FTO HiL%.

2.2.2 WO3/AuNPs/FTO FI%Hl%& K SCHR[13]HI 5 VE1E AuNPs/FTO HLR R I WOs. BACDIRUIR: 04 ¢
Na;WO4-2H0 ¥ T 30 mL #84li/K, iAHEHA 0 10 mL HC1 (3 molV/L) £ FiRVER, Hefisk &4 w o
TEo M 0.2 g (NH4)2C204 2HO $iiHF BV EETE . N 30 mL @ 267K, 8+ 30 min. FTO FHLE 7] T RHEELE
NENEE, IO _EREERTIKK 15 mL, B MEET 120 CHAE TR 12 he V4R ERBET S
FEik. FTO HBA/KIELE, T 60 CHA T T2 h, HET 450°C LR 1 h, I, FTO RMEMEM
BN AR, 193] WO3/AuNPs/FTO.

2.2.3 Co* IR DL WO3/AuNPs/FTO N TAEHHL, 122 AR VGBI, Ag/AgCl NS LLHM, M —=H
W RS WAT IR RE AT A 100 mW/em, B LKA 0.6 Vo £ CEERT 0.05 mol/L B R 3 2 ¥ (PBS)
B, AR E BRI AT H (o), ERFEREL T, R MR 48 W 4 BE-PBS %l R INE & 1 mmol/L
Co? Vi, MR FE T i 2R, BB EAERN L, HEICHR TRE (Al=1L-1).

3 ER5WIR

3.1 WO3i/AuNPs/FTO HIFRIE

1A-C N FTO (A), AuNPS/FTO (B), WO3/AuNPs/FTO (C)f) SEM &l. MK 1 AT W,, AuNPs Y5711
FUE FTO K1 (B 1B); /K#= N JG, AuNPs/FTO RIHEM T — 2 WOz FE41 (K 1C), HHEAKEEME
M. H WOs/AUNPS/FTO f T #R4F-X B kR RS (EDX, B 1D) AW, SN R AR EEE
W. Sn. O Al Au, HH Sn FEEREH FTO HJE, EMRIIE AL T WOs/AuNPS/FTO.

1 FTO (A). AuNPs/FTO (B)f1 WO3/AuNPS/FTO (C)JH1Hifs: (SEM) M ; (D) WOs/AuNPS/FTO [fHL
THRE-X G aeRE (EDX) A&
Fig. 1 Scanning electron microscope (SEM) images of FTO (A), gold nanoparticles (AuNPs)/FTO (B) and



WO3/AuNPs/FTO (C); (D) energy dispersive X-ray (EDX) spectrum of WO3/AuNPs/FTO
H FTO.WOs/FTO.WO3/AuNPs/FTO [1J XRD ik (& 2) 0] WL, WO; [ 147 w64 B 45 5 HoAw it~ (JCPDS
no. 83-0950) AHXFN, #HE—BIGAE WO # I & . 4, WO3/AuNPs/FTO [ XRD K HETE 20=44.46°4b )
U XsF BT Au(200), FK B WO3/AuNPs/FTO HEAR ] % I -

2 FTO. WOs/FTO #1 WO3/AUNPS/FTO [ X-S 2675 (XRD) FAEL;

Fig.2 X-ray diffraction (XRD) patterns of FTO, WO3/FTO and WO3/AuNPs/FTO
3.2 Co**¥t WOs/AuNPs/FTO PEC 1T B98N

Wik 3A Frn, WOs/AuNPs/FTO G HIRZIN WO3/FTO (1) 2 %, X/ZHT AuNPs [1) SPR RN Fl R 4F

SHAES, TR WOs B2 7O I B AR, 1858 WO; ] WoeRfige /o0S). stiG=5 42 T 76 PBS
TN ZEERT 5, WO3/AuNPs/FTO HELARAG N 20 pmol/L Co? it Byt izt . 4l 3B Fizn, 24 PBS HAE 4
BZIF, WO3/AuNPs/FTO HLFAE PBS GBI ZI N 4.4 pA; I 20 pmol/L ) Co?* I, Y& B T BEA 4.3 pA,
IHIFEEEIR /N, R0, 24 PBS & A 6 ng/mL ZEEN, ®TABEEAEENE, "6 80HE WO 2578, B
WOs -2 5O B A LR, IG5 WOs/AuNPs/ETO )G HLIF R, S B FER N E] 6.0 pA, fEIE R
JIN 20 umol/L Co*", HIT Co*' 5 SRR E I I ALk &40, SRR IR JFEPE, i WO3/AuNPs/FTO
FEHLHI PR, LRI AT, PBS- R R L FEARFE B2 2008 PBS A R 19 f5. Rk, 2] B B A
WO3/AuNPs/FTO HLF N Co? HRGI . HAL AR A Co* FITHI Ly M2k (J& 3C) w[ L, WO3/AuNPs/FTO
HRTE CBER AR YE R AF, IR H Co* X 10 ML IHIVE [ FAR Y F I K 1K) RSD {E35/N T 5%, i B F ik
BB B I

3 (A) WOs/AuNPs/FTO 1 WO3/FTO fiHi HLL i Zk:  (B) £ PBS H1AIA 6 ng/mL ZFEHT )G
O3/AUNPS/FTO HLER A I Co?* (20 umol/L) 11 HLIAt 1 28 (COWOs/AUNPS/FTO HEA il £ I (n=10),
20 pmol/L Co?; fmE HiJE: 0.6 V; PBS: 0.05mol/L, pH=5.0; &4J: 100 mW ¢m?

Fig.3 (A) I-t curves of WO3/AuNPs/FTO and WO3/FTO; (B) I-t curves of WO3/AuNPs/FTO in 20 pmol/L
Co?*-PBS solution in the absence and presence of 6 pg/mL ethanol; (C) Repeatability for preparation
WO3/AuNPs/FTO electrodes (n=10). 20 pmol/L Co?*; Bias potential: 0.6 V; PBS: 0.05 mol/L, pH=5.0; Xe
lamp: 100 mW/cm



3.3 EMFRHRKL

HE T LBEININE . PBS (1) pH (ALK (i B HL R 6T WO/AUNPS/FTO HEARAS I 5 umol/L Co?* R R HI5
Wi, H1 /& 4A TT%0, PBS LR 20 &N 6 pg/mL I, Kl Co® i IR 2B Bk, LI G I 3R A A v
BE— WK 2RI, Co* Xt FLIR NI /e I A% . P 4B 7 )L, PBS pH {H7E 4.0~6.0 U N, JYEHT
AR /N, pH=5.0 BRI ZEAE I KT pH=4.0 1 6.0 IR 248, 1024 pH>6.0 I, T OH 52
BEGe2F A3 00, SRS EUE RS2 2500, M 22 (E B R AKs  Ah, B SR TR B R WOs 72
M. UREHBEMN O VIR 0.6 V, AT B AR IBHNA B, (RE RN 0.6 VE, 15
FI R EERR, RMREER . &0, RAERNAEN: CEREAN 6 ng/mL, pH=5.0, fkEHEN
0.6V.

4 (A) ZESKFE. (B) PBS & pH fEA1 (C) fh & LXK Co?* (5 umol/L) 4
Fig. 4 Effect of (A) ethanol concentration, (B) pH value of PBS and (C) bias potential on detection of 5 umol/L
C02+

AR TR 5 pmol/L Co? Kl ISR U 18] 5 Ffra » [FIVR < J 7S 7% ZLE-PBS Y& R4 2016 FL R ) 410
HIFEFIN T Co* Y RN 10%, L IIATT VAR Co® fA A 4L ar i sk 1k

K 5 &)@ 35t Cor Rl s, Horb a-o 4304 5 umol/L ) Co?*. Na'. Pb?*. Ni?*. K'. Mg%*. AP,
Ca®*. Ba®*. Cu?*. Fe**. Cr¥*, Mn?. Cd**fl zZn*
Fig. 5 Interference of various metal ions in detection of Co?*. a-0: Co?*, Na*, Pb?*, Ni%*, K*, Mg?*, AP**, Ca?*, Ba®",
Cu®, Fe®*, Cr¥*, Mn?*, Cd?* and Zn?* respectively. Concentration of each kind of metal ion is 5 pmol/L

3.4 fERAEENT Cor RO RE
wnE 6A Fivs, FERRIRNZMT, BEE Co™ AR K, WOs/AuNPs/FTO I HIFREE N, 2
MM Co™ W EERT 7.0 pmol/L B, YL HIVR T B LR AL /N 4 6B s, Co* M BEAE 0.5~7.0 umol/L
Y N5 WO3/AuNPs/FTO LR IFO IR PRI ME 2 R IF IR PE R R, LM TN AI=0.1711+0.2888Ceon+
(pmol/L) (R*=0.9940) . MIiX WO3/AuNPs/FTO HLARAE ZBEAR R G 20 IR, 2 BbrdER 2 S (0.03),
TFEARATER R (3S/k) N 0.3 umol/L.



6 RrIEL B I TE I Rt e (AR bRE AR ZR(B). ZBEIREE: 6 ng/mL; IWEHE: 0.6 Vs HFEHRE
#: 0.05mol/L PBS, pH=5.0; fi/]: 100 mW/cm
Fig. 6 I-t curve (A) and linear relationship between Co?" concentration and A/ (B) for detection of Co®". Ethanol: 6
pg/mL; bias potential: 0.6 V; electrolyte: 0.05 mol/L PBS, pH=5.0; Xe lamp: 100 mW/cm

5CEkdkIE R Co* ik (R D ML, AW T WOs/AuNPs/FTO 1) PEC ¥%, A H R
TOAMBEAEEAE, X5 PEC MRS IR EM G, B 7 NFTESLIY PEC LR mAE, o,
HAENBE RS, 1EFTE WOs/AuNPs/FTO Hiflk I, T AuNPs ) SPR RN FI ZBERIE RN, A RBOEET
WO; 7%, WO3/AuNPs/FTO WG HREETH & . MINA Co*'fg, Co* FIEERE Y RIMEAIER, m T B
FRIERIAE, DRI rEIR A2 BP0 .

1 ANA Co? Haril J5 2 (A i R

Table 1 Comparison of detection limits of various methods for detection of Co?*

Ji it BR S 3CHR
Method LOD Ref.
(umol/L)
AL IR
4.0 (18]
Electrochemical
AT WL E
0.85 (1]
UV-Vis spectrophotometry
AT WOt E
0.36 (201
UV-Vis spectrophotometry
SO FT RS <o .
UV-Vis spectrophotometry '
JeHAL AL 03 ¥NIRES

Photoelectrochemical method This work




K7 PEC &AM Co* i #2.
Fig. 7 Schematic diagram for photoelectrochemical (PEC) detection of Co*".

3.5 SEPRFFMRAVEET

RN T AR FTA TV HERA T, K WO3/AuNPS/FTO HELAR AT E SRAKH Co? Hutaill. 45 BRI, FIHE bR
02 BL R AN IR O (UV-Vis) JEFIARHE AL E L) PEC V47E H R KEE MRk Co*' e fEH K
K3 AN 2.0+ 4.0 F1 6.0 pmol/L Co**, MZEMIFREINLE . 415 2 Fran, PEC A1 EARVE I 2 45 R A —
#H, FEN 95.0%~110.0%, 5 VAT LI AR AR ZE /N T 5.0%. [FIRE, R AT A0 T 484 %
B12 (VB12) 1] Co*" &, HU 3 32443 B12 VS (1 mg/mL, Co** & &%) 7700 pmol/L), fIA 5 mL
WHCL, fdEmaIied, ezt BWEEHKERZE 25 mL (CoCly MEEZ) N 0.924 mmol/L). HUF:
b 20 L, JIN 5 mL 2 ARV PR BEATAS I, B PEC VARSI Co? K22l 8200 umol/L, 5 EAREA A
—3%.

FEAREER T 5-G-2-(H e R)-1,3- & FEF(5-CI-PADAB) 5 /K 1 Co? & & B 5 2T oS3k AT R . AR T
T AJ7iEEEG T AR A RO R AR, RS R IR . PR, TR Co* TR i
For sk FE HR A R G P S T

2 PEC VX [ SRR O AR [ESORI6 4 2 2 B12 BRI &5 5
Table 2 Detection results of tap water sample and Vitamin B12 with PEC method

. IR ENIRES EL&S [ i
P AR RSD
Spiked This method Recovery National standard
Sample (n=5, %)
(nmol/L) (umol/L) (%) method (pumol/L)
1.9 95.0 42
2.2 110.0 4.9 2.2
2.0
2.1 105.0 4.9
42 105.3 3.7
EP/FN
3.8 95.1 3.8 4.1
Tap water 4.0
43 107.5 4.4
6.4 106.7 3.5
5.7 95.3 3.1 6.0
6.0
6.3 105.6 3.6
VBI12 0 8200 106.5 4.1 7700

4 2518

7E FTO FKH T AuNPs, JHI K WLE R R — 55 % W03, FIF Co? % WO3/AuNPs/FTO
HARTE PBS-Z AR ZC IR HEIER, @7 CoX il ik, RIS, B3] Co KLk



PEJE AN 0.5~7.0 pmol/L, #HBEA 0.3 pumol/L, XT H K B InAx B U 45 58 E brikiin, R E A
95.0%~110.0%. BEALIEASHI/E 706 B, FRE ML, mrsesixt Co* Pl REUGI, J5o:nldt— BRIt
F WO3/AuNPs/FTO ) PEC 25 &, H T Eaa i b e g E YRl
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Photoelectrochemical Detection of Co** Based on WO3/AuNPs/FTO Electrode

ZHENG Chen-Yan !, LI Bai-Chuan !, CHEN Xiao-Mei !, CHEN Xi 2

! (College of Food and Biological Engineering, Jimei University, Xiamen 361021, China)

2 (College of Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005, China)

Abstract A photoelectrochemical (PEC) method was constructed for detection of Co?* based on
a WO3/AuNPs/FTO electrode. Gold nanoparticles (AuNPs) were electrochemically deposited on
the surface of FTO and then tungsten trioxide (WOs3) with vertically aligned plate-like structure
were hydrothermally grown on the surface of AuNPs/FTO. The WO3/AuNPs/FTO was
characterized by scanning electron microscopy and X-ray diffraction (XRD) patterns. From the
PEC results, Co*" had a weak inhibition effect on the photocurrent of WO3/AuNPs/FTO. After
addition of ethanol, the photocurrent decreased obviously. On this basis, a sensitive PEC platform
was constructed for monitoring Co?* in the range 0f0.5-7.0 umol/L with a detection limit of 0.3
umol/L. The recovery was from 95.0% to 110.0%, indicating that this method had good accuracy

and was expected to be applied to the detection of Co*" in real samples.
Keywords photoelectrochemical; tungsten trioxide; gold nanoparticles; cobalt ion; tap-water
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AT FEENL N T B SR B 8 - PR I R ' A 22 T . EFE R, (E PBS- ZBHATT, LFEiE R
SRR R, THAE WOs eH 2T, MK IG5 WO3/AuNPS/FTO DG HIR, 1 2444 & F 42 7E Co* I, Co?*
SRR R BECALAE I, SR T BRI AR SR, AT T PBS- LR R AOG IR, AT LS Co®
SRR P REA . R .



