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Abstract

In recent years, ZnO has received extensive attention as a non-enzyme sensing material. In this
paper, it is mainly on the Ag-ZnO nanocomposite fibers, which were fabricated by electrospinning
the mixture containing zinc acetate, silver nitrate, polyacrylonitrile and polyvinylpyrrolidone and
obtained by calcination subsequently. The morphology of the resultant fibres was investigated by
scanning electron microscopy and transmission electron microscopy. The composition and crystal
structure of the sample were investigated by X-ray photoelectron spectroscopy and X-ray diffrac-
tion. The good electrical conductivity of Ag-ZnO nanofibers was confirmed by cyclic voltammetry
and electrochemical impedance spectroscopy. The resultant Ag-ZnO modified electrode presented
excellent catalytic activity to the reduction of H;0.. The detection concentration range is from 1 x
10-5 to 4 x 10-3 M (R2 = 0.9992), with the minimum detection limit of 0.3 x 10-¢ M (S/N > 3).
Ag-Zn0O nanocomposite fibers have high selectivity, high sensitivity and good stability in the
non-enzyme hydrogen peroxide sensing.
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1. HIE
LR H,OFE T L Bt ML AN B 2B AR 2 N, (EK PR B R Y HL0, RES 2B 2

IR, AT S EMA FREM, FI HO0, KA AT B 5 2 AR O3 45 U A
A E RIS X [1]o HyOp kI 3 ZR M AR, 2 DLBAR IS S AL VIR (HRP)XT HoO, BAT iy e B AN
AT, TUAFE AR B 2, T H,0, ZE MR IRAER (2] (3]0 2R, RIRBEH TREMZE. A
Tt B TR B A R B ARSI, R, Wi — M e A S AL A R L A [4]. FER RN
KEPEEF, AR GRAP RN SRR, T AR R e RUE . AL TERE . DR mi N
() AAG E PELF S5 O 2 T HoO, (IR (5] [6]. mAUKRL 1 A REABEE R, SR G, LYW
FVELF . EAVERELF 2RI S ML PR U S5 AR A IR TR RE T T AT BRI JI[7]. Si)8 5 Zn0 B
HHH RS ZnO 1T .

TR, DR Ag-ZnO FIAUKMBHINGIRIR 90KEE . 90K B SR 4% I AR s E a4k 3
R, BRI . RZHIRPORE SR, QUK 4 BA S KA LER AU 3 i 4
SR, RS2 R AL A AR — (8]

RSO YT CIREE. TR PG IE(PAN) MR LAt e B (PVP) IR S RIS AR £ 4 )5 22,
bt 200 il e 3 31 Ag-ZnO GKE AR kL. il 1Y Ag/Zn BEJRLL, SRIFEIEKAR LI Ag-ZnO 4K
214k . 1% Ag-ZnO R LT AR A B RAFI)- S FVE A= 5 T PEAL 5, A BB SEILRT HLO, 1 vy R I
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2. SEEGER4y
2.1. SCISZ5

L (Zn(Ac)y2H;0), PAN (MW = 150 kDa), Nafion 7 (5%)F1 PVP (MW = 1300 kDa)fi Sigma
ArE B, RN (AENO;), WA MEHL0,) M T A HARKFRIE Ao iral, W8 B 254 B0 5l55 A A .
SZE K F 18.2 MQ B4l K (Thermo Fisher, USA).

2.2. Ag-ZnO MK EESHRAHIE

1%, HL0.50 g PAN i1 1.0 g PVP 7E 10 mL DMF Hin#k 40°C iR, RRiailAR 3 50i&E WG N — & &
) AgNOs Bt HE 6 /NS BB ERERRVAW, BN 0.2 g Zn(Ac),2H,0, FREEHiRE 12 /NG, 1331952281
K. FERAG I YT 22 264F F (R 12.5 kV, JiiE 0.8 mL/h, MEFREIER AL MERES 15 cm), i
KLY R 22(Ag-PAN-PVP-Zn(Ac),) . FTER U B I PR L YEAE 5 b B 25°C/h sl Nz
150°C, FEOR¥FE 1 /NBF, Bl JSTE 250°C NOREF 1 /NI, 7E 650°C FIELLINFA 2 /N, B 5 A H1 2 = A5 2
Ag-ZnO KB EMEL. BT AgNO; IIAE, 752 Ag/ZnO FE/RLLA 0. 0.16 F1 032 [
Ag-PAN-PVP-Zn(Ac), YK LF4E, 7 HIFRIEHN ZnO Ag-ZnO-1 Fil Ag-ZnO-2 YK T4k

2.3. Ag-ZnO/GCE HByI&

FESZI6 2 1, Bk B (GCE)R I 1.0,0.3 F110.05 um ALO; ¥y K3l I F 2015/ /K TR A W8 75 e 4%
¥ Ag-ZnO GUKLT4E4E 54 0.0005% Nafion (K Z (1.0 g/L) i 5 $5 45 70 B . PRV S 23 B 10 pL 43
B R ) GCE R, HA TG, KA Ag-ZnO K 4F4E121i GCE (Ag-ZnO/GCE). AN[F] Ag/Zn /R
EE(0+0.16 1 0.32) 1) Ag-ZnO 4K 41 4 &1 F K 43 il b5 ic 8 ZnO/GCE Ag-ZnO-1/GCE 1 Ag-ZnO-2/GCE.
W4 Nafion ) HH(Nafion/GCE){E F % IE H ¥

2.4. REEFZE

8T 3 kB4 A T 2 4085 (FE-SEM,  Hitachi, S-4800) 3% i} H1 1 & 3 %% (TEM/EDX, JEOL,
JEM-2100F)#HAT KL 4E T3 0T . R X S ST 5 (XRD, D/max-2550VB+/PC)FI X S 40 HL-T e
(XPS, AXIS Ultra DLD)Z) T A4 6k (1 & A 45 #4) FZH 1 o

2.5. BENIE

Ha AL 25206 R ) = B bl R GE(Pt ZR XTIl Ag/AgCl 2 EL HLAR (AT KCI)FI Ag-ZnO/GCE T4 Hat)
7E u-AUTOLAB-III HiAL 2 TAERE#EIT . 7E5H 5 x 107 M K3Fe(CN)¢/K4Fe(CN)4([Fe(CN)s]* )1 0.2 M
KC1 R R IR 225 (CV) F AL 22 BHBT(ELS) 73 BT Hi AR P B . 7 0.1 M PBS 3FM(N, H1A1, pH = 8)
R CV K HE ~ B R (i-t) I 2R 343047 H,0, 204
3. IWERSTHE
3.1. EEAHNERTHT

3 3 B EL 5 2240 45 1) PAN-PVP-Zn(Ac), F1 Ag-PAN-PVP-Zn(Ac), YK £ 4k R 22 1) SEM K553 5 4n 14
LA~ 1O W LVE R 220403 5] BARTHDGHE, KA 4E EARZI N 350 + 70 nm. 4] 1(A)~E] 1(C)
XN R TS, TR Ag MIEULT, SR BRe)a AR gt i se 91, KRBk Zno
RAR(E 1(AY). T Ag £F4E(Ag/Zn0 = 0.16) PR KF 5 FIAF4E 251, 2 4EH E AR 2975 50 + 20 nm 9K
KRR, FORDER %, 2IEERA(E 1(BY). SR, 2 Ag/ZnO EE/RELZIES] 0.32 B 1(C), £F
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e, RN gKBUROR AR I i B T3R5 . BRI, Ag B8 BN Ag-ZnO M EHITES . @i i1y
Ag/Zn BERLE, WTLASE|I 5] HOELER Ag-ZnO 4K G414k .

Figure 1. FE-SEM images (A)~(C) of ZnO, Ag-ZnO-1 and Ag-ZnO-2 nanofiber precursors; Pattern (A')~(C") corresponded

to the samples after calcination of fibers (A)~(C)
& 1. ZnO. Ag-ZnO-1 F1 Ag-ZnO-2 K LFH R 221 FE-SEM BHR(A)~(C); BR(A)~(C)X R T4 (A)~(C)ZiT kR
ERIERL

K] 2(A) 9 Ag-ZnO-1 FE & TEM BEH& . GIKEF4E /NI AR BR R B2 M R, AP 4EEARZ0°H 100
nm 7747, OO N - 6 TEM BB 2(B)) 2 0T I R dl A% 25 80 14519 0.28 nm AT 0.23 nm [ &5 A% [H]
FEXT B T 75 7 R ZnO [9]F1(100) AT Lo 575 (fec) Ag [10189(11 1) o E B Ag 49K kL sk DA ik AE ZnO
M. EDX H3### TEM FIJCR M UIE 2(C)s FTLVEH, Ag PUKRRIIY 5153 ATTE ZnO KA 4R T .

Figure 2. TEM image of Ag-ZnO-1 nanofibers (A); (B) is the high resolution TEM image of corresponding (A); (C) is EDX
spectrum of Ag-ZnO-1 nanofibers and the corresponding O, Ag and Zn element mapings

2. (A) Ag-ZnO-1 YREFHER TEM Elf%; (B) MEEIE S ¥ TEM Elfg; (C) Ag-ZnO-1 YREFHER EDX KiE R
STRIAY O, Ag#lZn TENTHE
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afi ZnO Al Ag-ZnO-1 HKEF4ER) XRD 45 F w1 3 fim - ZnO £ 5l 1 7E 20 = 31.8°,34.4°,36.2°,47.5°,
56.6°, 62.9°, 66.4°, 67.8°, 69.1°ALHIATHIE, 43 71VHT ZnO )(100), (002), (101), (102), (110), (103),
(200), (112)F1(201)FMHI[11], IXZRHH ZnO NN T7 4860 AR (JCPDS, No.36-1451). 54f ZnO 9K £F- 4+
Eb, Ag-ZnO-1 FEARTE 20=38.1°(111), 44.3°(200), 64.4°(220), 77.4°(311)H1 81.5°(222) {7 B &b 57 #h H
T Ag [12]/ R SLJT 25K (feo) TN I, KW T Ag BBUMAF(E, 5 TEM &5 —FL.

= Ag st

& Zno %a;:
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Figure 3. XRD patterns of ZnO and Ag-ZnO-1 nanofibers
[& 3. ZnO #1 Ag-ZnO-1 FHKEFHR) XRD EIR.

SERGE R XPS 73T Ag-ZnO K E L4 iR A, [ 4(A)N Ag-ZnO-1 1) XPS A=A,
ME2F| Ag 3d. O 1s il Zn 2p (8% XPS W, 7E Zn 2p Al Ag 3d X415 43 2% XPS RERE i[5 4(B)~&
MO . BT Zn2p [X, 1021.2 eV F1 1044.3 eV IPIAFFIEIGE 5 55 BT Zn 2ps, F1 Zn 2p,, 5 A6
[13]. ££ 367.6 eV 1 373.6 eV AL TR PIMFFAEIE[14], 73 XN T Ag 3ds, M1 Ag 3dy, FIES A BE(K 4(C))s
HUgIEREEZ) A 6.0 eV, UEBH T AR B Ag IAEAE

A g B Zn 2p c 3dgp =367.6 0
& 5/2 .
ﬁ 2p312=1 021.2
: . ; 3dqo =373.6
3 5 g 32
- S | 2pqp=1044.3 -
2 2 2
@ 5 @
& 0 ¢
2 g 2
£ j= =
200 400 600 800 1000 1050 . 1_040 1030 1020 376 374 372 370 368 366
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Figure 4. XPS survey spectrum of Ag-ZnO-1 nanofibers (A) and the core level XPS spectra of Zn 2p (B) and Ag 3d (C)
4. (A) Ag-ZnO-1 ¢HKEF4E R XPS £FREE, K Zn 2p (B)FN Ag 3d (O)TTZEAI XPS &/ ##AiL

3.2. BILESH

ZnO/GCE. Ag-ZnO-1/GCE Hl Ag-ZnO-2/GCE fE& 4 1 x 107 M [Fe(CN)e]> ™ 7 0.2 M KCI ¥ i)
PRI CV FEIS 25l 5(A)FE 5(B)Fras. BT Nafion FIfFLE, B FARER RN HUEBOK I G
- W43 B . % Nafion/GCE % & HLMK b, 16 - W& A7 22785 367 mV. HT[Fe(CN)6]* %} Nafion fll ZnO ]
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BB HE R LSS I I S B bE 2, OV 2 h ZnO/GCE _EHISELIE 545 5 HE— 2D FRAI%, 0604 Hi fir 2 3¢
— UK. A Ag AFTERT, Ag-ZnO-1/GCE ] CV £k 0% - a7 22 B W45 /N, 17 HVGAF s mt A st X,
ot B BT (5] 5(B)) H EL A 85 72 HBE Ret B ETS 23 45 Mk B 0 2 [ R KU/ . X80 Ag 9K Bk i
TEEM RGN T Ag-ZnO-1 AH4e) SRR BT8R )1, BEE Ag S EAREEIGIN, XM Ag-ZnO-2/GCE
(1) CV i 2l - g B A7 22 S G oK, (B B A IS, X FEZR B T 2 1) Ag & 8 -5 B4k
ZUNTTTAE FLAR S LM R P, 15 SEM BRIE I 45 3R — 5. Ag-ZnO-1/GCE A 5 K IR FL i Rl /N ) Ret,
LR B 1 T I AP PR H 1 A% BE R R T S AR R AL RE

A B s Bare/GCE
5L e Nafion/GCE
20 A ZnO/GCE
v Ag-ZnO-1/GCE
< 4r * AgZnO-2IGCE v
iy ] v o ¢
e (1] 3 g 3F . 7 ° R
[<}] = “# A A
- s o 0o, v o 0
5 N ol EoB Y, S
O 20} Bare/GCE T4 o AL
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Figure 5. CV and EIS curves of Bare/GCE, Nafion/GCE, ZnO/GCE, Ag-ZnO-1/GCE and Ag-ZnO-2/GCE in 0.2 M KCI
solution containing 2.5 x 107 M [Fe(CN)]*

5. Bare/GCE.\ Nafion/GCE\ ZnO/GCE\ Ag-ZnO-1/GCE 1 Ag-ZnO-2/GCE fE &7 2.5 x 107 M [Fe(CN)¢* "9 0.2 M
KCl i&i&+H) CV F1 EIS ghzk

3.3. H,0, £ Ag-ZnO-1/GCE EHBELITR

TS Ag-ZnO GOK A AE AR YE, B 2 FARAE 5 2 mM H,O, 1) 0.1 M PBS (N, 11 f1, pH =
&) RIS CV Bk 6 Fizr. Bare/GCE 1 CV ik FAVEH R/ H,0, B 714, ZnO/GCE 1£-1.01
V b H BB B3 K R RS S, R ZnO X H,0, HIiE 5 B A ki . Ag-ZnO-1/GCE FIIE JE HL it kK
BN I FLGAR A IEFE B—0.84 V 4T, X KB Ag-ZnO-1 £ 4 T Ag 9K Bk B I 19 S vk i
TYKEEMEIMALTEE . T Ag-ZnO-2/GCE AL RIS, B LT YT 4 22 LT 4k 4K BURL I
MEEBRSEN, M Ag-ZnO-1 GUKLF4E 1) m K47 L R RORLY) 5 70 A A Rt R s 1 . ZERE S 1
SeH6 kPR Ag-ZnO-1/GCE AF Al F Bl

3.4. Ag-ZnO-1/GCE ¥} H,0, LB R Y i-t Fhgk

Ag-ZnO-1/GCE 1E Rt &35 Bl AE—0.90 V BB E FLAL R Al HoO, W B2, X RZFR i-t fhiZean ¥ 7(A) B
TNy FEGE PPN N HyO, B, FELAENA S AR5 B 52, JE7E A I 18] N A B AS . Rk i Ze an 14 7(B) AR,
FE 1 x107° M~4 x 107 M IREEVERH N, AR HyO, WRBE 2 1) S B R AP AR ME e 2R, RS 2R 1 (] ) 5 7
N Ip(RA) = —23.548 x 10°C(M) — 0.015 (R* = 0.9992), HILAMR(LOD)A 0.3 x 10° M (S/N > 3),

FT ZnO FHEHOAS FAL IS HyO, IR TE RE EL i s 45 T35 1 [15] [16] [17] [18] [19]. ASCHHY
Ag-ZnO-1/GCE X} HyO Ml A 45 B A 94 52 915 Rl AN AR PR I B, X 2 B2 VA R T Ag 40K RET-7E ZnO
YR EFYE RS AR T PR, YUK E S A4 B A RS A TE Y, WK
T X5 Ho O o i ) R B
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Figure 6. CVs of Bare/GCE, ZnO/GCE, Ag-ZnO-1/GCE and Ag-ZnO-2/GCE in 0.1 M PBS (N,-saturated, pH = 8) in the
presence of 2 x 107> M H,0, (Scan rate: 50 mV s ")

[# 6. Bare/GCE, ZnO/GCE. Ag-ZnO-1/GCE F1 Ag-ZnO-2/GCE & A 2 x 10~ M H,0, Y 0.1 M PBS (N, {fif, pH =
8)KI CV BRZ(FEEE : SomVs)

0 A olB
............... y = -23.548x - 0.015
......... :
20} R’ =0.9992
i -40 <
= l Z a0}
- .80 10 uM I -
[ 30 uM 2
£ o | S gof
3120 oM 5
© 103 uM o 80}
160} 200 250 300 350 100
200 400 600 800 0 1 2 3 4
Time /s Concentration / mM

Figure 7. (A) Amperometric responses of Ag-ZnO-1/GCE electrode for the successive addition of H,0O, (applied potential:
—0.9V). Inset: magnification of the amperometric response curve of the sensor; (B) The linear calibration curve of the H,O, sensor
& 7. (A) Ag-ZnO-1/GCE ITELLMAN H,0, BY i-t ML (BBAL: —0.9 V). HEEAEKEMRZBATS; (B) H,0,
R AR MR T 2%

Table 1. Comparison of various ZnO-based electrode materials for the detection of H,0,

%= 1. I ZnO-EE &M RHEIRERIT H,0, MERIELE

ZnO-based materials Linear range/pM LOD/uM References
AgNPs/Zn 2~5500 0.42 15
Pt-ZnO 20~5000 1.5 16
Enzyme/ZnO 4.8~200 2.0 17
g-C3Ny/ZnO NSs 50~14150 1.7 18
AgNPs/ZnONRs/FTO 8~983 0.9 19

Ag-ZnO 10~4000 0.3 This work
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AL, FATT AR LAIRIE Ag-ZnO-1/GCE fEf A5 T kBBl 8 fom. 78 Ml A
200 uM H,O, I B T 52 35 ) L i i N (THUSE FLURAE 0.9 V), T 24 I AAH R FR ) 200 uM (JRER(UA). I
THIRIN(NaNO,) % EJZ(DA) A MER(AA)) S TN, R ILIE R R LA, R T4
TR FEAEX H,0, BRI JLTF WG ATAT S0, Ag-ZnO-1/GCE BA L S HIHLF I AE Mk #:tk . 78
Ag-ZnO-1/GCE _FH 5 10 i, 15 21 HyO, e 52 FL i A A X AR AR 22 (RSD)/N T 10%, % B Ag-ZnO-1/GCE
X} HyO, (AR I B A R RS E 1

6l 200 yM UA

200 uM NaNoO,

< 2T l 200 uM DA
z T L
© 18 | 200 uM H,0, T 200 |IMAA
0 \
E 200 UM H,0,
3 f Ww
O -24r 200uMH,0, 4
200 M H,0, W}M
30F
0 200 400 600 800 1000
Time /s

Figure 8. I-t curves of Ag-ZnO-1/GCE in 0.1 M PBS (N,-saturated, pH = 8) with sequential addition of 200 uM H,0,, and
200 uM UA, NaNO,, DA and AA in between H,0, addition (E =—-0.9 V)

8. Ag-ZnO-1/GCE 7£ 0.1 M PBS (N, {8#0, pH = 8)5 70 H,0, Z 8], fXIRMM 200 uM UA. NaNO,. DA F1 AA
Y i-t FHZE(E=—-0.9 V)

4. &g

B Ag-PAN-PVP-Zn(Ac), & HI SRR 1 — IR V95 22 S B Ab 38, Dl % 1 Ag-ZnO H A 9K A4
5 Zn0 GREF4EAHEL, Ag-ZnO 4K EF4E ) B 5 R A AL A3 PR R 3E B 10 Ag AR BRI A7 AE B O .
Ag-ZnO-1 YK A LT AP RME R A HL0, A BRI AR AR, 1% r AT v JC B A% I N T
H,O, £, ZRPEVERTE . KM PRI, IR BRAs e s . Prrdiae 1. 1% Ag-ZnO 9K E & 4F41E N
T A 77 B A AR K R A= A N FH Y 7

S
XM TAEER) T E 5 B R H 42 No. 21776045, 21476047) ) 3 HF
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