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W E. AT ZnO %k B4 (ZnO nanoparticles, ZnO NPs) 34 luminol-H, O, 1% & %, 4
SR EHBER AR EL—AH L R AN ETRHKFHE HO, 895 %, £ pH,ZnO
NPs . luminol #= H, O, R E A F R H e, ARALZHET HO, KEL 0.06~20 pmol/L &
B HO, R AN (g OFEE LSRRG TH (g A) L RBHEME R BB
(LOD) 40.016 pmol/L (3¢). stk m A Tk #E HO, 6gml 2, w4 95%~102%,
RSD (n=11)% 2.41%.
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Determination of H, O, in rainwater using flow injection chemiluminescence

enhanced by ZnO nanoparticles

CHEN Hua , CHEN Zugin, YANG Min, XIE Xue
(School of Chemistry and Chemical Engineering, Chongqing University, Chongqing 400044, P.R.China)

Abstract: Based on the fact that the ZnO nanoparticles (ZnO NPs) can enhance the weak chemilu-
minescence (CL) of the luminol-H; O, system, a simple, fast and sensitive flow injection CL method was
developed for the determination of H,O, in rainwater. Experimental parameters affecting CL were
optimized, including pH and concentrations of ZnO NPs, luminol and H, O,. Under optimal conditions, the
logarithm of CL peak area (Ig A) is linear with the logarithm of the concentration (lg ¢) of H, O, when the
concentration of H, O, ranges from 0.06 to 20 ymol/L and its limit of detection is 0.016 pmol/L(3¢). The
method has been successfully applied to the determination of H, O, in rainwater, giving recovery rate in the
range of 95%~102% and RSD (n=11) of 2.41%.
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£ T B AR 7 (R4 BT DR S O A R AR B T Iz g S

R BARL 1 T BAT IR Y W BN AL 2 M B Tz T A A A R AR R AN OK A R Bl T T Ak
SR IGAT BT ISR T 45 Tl LI o 2 L s PR AR R A AR AEE . ZnO NPs J& —Fh n Bl
ACE W R B ARG 09 e A 3% Pk B A ] 55 18T B0 A% (58 B R 3 2 45 i S5 00 A © 8T iz B T A
AT T AT AR AL BT R P RE T S p, L ZETY & B ZnONPs £ #F Luminol-H, O, 1k
BB HTFIE T ZnO A KA Luminol O, %OBRIIM . & 576 H A BRI IR | . 7 407
FE L TT VY A3 TR P RS 00 R 3R 255 U Sl R S R ST 1O B T A A O A i vk L O i T R
KR H, O, E iyl . %07 76 B A5 DR L 52 SR e 2k v 9 B T M A A R

1 SCIGE sy

L1 4|5 HF

IFEM-E B3t 8l T8 554k 2 KOG 43 A3 0 22 i 1 43 AT A & 47 BR A 7)) s UV-2450 25011 W43 6 e BE i (H
A& SHIMADZU 2 aD) 5 # 7 K- (H A« SHIMADZU 23 ) s $5 A0 5L 0 0 B bE 2 (442 7 WURE 920X 28T ) 5
R VR B O AL GL-16 ACE IR A /R 43 I A28 A PR FD s KQ-100B B 75 33k 7 1 A (1S L i 7 3 2 A PR
A1) s DELTA320 pH ¥+ CHy ks B —FE R 2 08 A7 BR A ) 5 3O DZG-303A 2 A il #5450 O 45 7 £ e 57 B4
K JEAT PR F]) s ZEISS Libra200 i 5 # B5 (f [ ZEISS 24w .

Luminol (Aladdin 23 &) B BE (4 14, 3 R R4k T A B2 7D EDTA. Na,CO; . NaHCO; | Zn
(CH;CO0), + 2H, O F1 NaOH (43 #r 4l . AR Rl b Tl ) 5 9286 K O 2585 7K
1.2 FRAEA &R EC

WERFREL 0.442 9 g luminol. A 0.1 mol/L NaOH W . - E A £ 250 mL A% €2 84 . B AL
10 mmol/LE KRR 4 CFBGIRAE UE 7 dJE M. RAIETFE A 0.1 mol/L Na,CO;-NaHCO;
(pH 9.83) 5% v i RURR T8 B0 JUr 75 ok 52 BV ARC A
1.3 ZnO #4K F#L (ZnO NPs) 5 #l &

Z W SCHRL 20 % ZnO NPs: FRHL 3.2927 g Zn(CH,; CO0O), » 2H,0(0.03 moD) , % F 100 mL f HI By
Wi TEFSIRHTE T A 10 min, 755 % 7 U1 A0 VR 4 I VAL RS B0 B B PR A8 SR NI B 60 C R [l
L R D00 FE 5 AN W L S0 24 b SN S5 RS H1 B 200 . #3050 1300 r/min B5.043 B 10 min, SEH]
FR BV R 5 25 W0 7 SR K W 4k B B A9 BB ZnO NPs, B 9000 il 46— B0 ZnO NPs. HLBi4)
Mrads R L H 4 1 ZnO NPs JEAR N BRIE Rife A 36 nm,
14 ZEEFRHNE

KL R B 55 luminol-ZnO NPs-H, O, 194622 & . S5 4% : luminol ¥ £ 5 0.10 mmol/L;
luminol % # pH % 9.83; ZnO NPs i &t ¥ FE 7 0.10 g/Ls Ho O, ¥ B 0.10 mmol/L; i 30 % % i
20 r/min,
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Fig.1 Diagram of flow injection CL system
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2 HR5®

2.1 ZnO PKRMALRHFENXFELR K

FZEZAE luminol-H, O, (AR HHIN ZnO NPs J5 520 45 R K 2 fiR . 7ECH ZnO NPs f21E 1 51
Ty luminol-H, O, A5 24K, ZnO NPS J&—Fh 2 SR MR LA T . Y — B ik Sk
BT BE G F A ZnO NPs, —NHF Wi gk 212 LGB N T — 4200 BlE RIS B
HL 25 50 WV TR e VA TP W Sl AR U A B T A R 2 (O2 )L 05 Gt — R 55 72 m Pk 5 48 o
BRI EMIEC O, [AlE A7 123 B S B 2R 8 b 1 2 348 i - OHL, B A ZnO NPs #] 4 4653
fiff H, O, 7= A — S 3g dE ] =4 - OH F1 O %01 X 2 [ i 35 5 luminol 2 A2 i luminol [ 3.,
Luminol { f8EA" OH S N I3 58 6 2 &0, FEI s R 8 R 498 3 f5. ZnO NPs By AL 358 T
luminol-H, O, {627 &G R EZCAE 5 i m R U .
2.2 KIGEMHH%ERE
2.2.1  RF ZnO NPs Ji 2 K E A F X0 % a

#%2 ZnO NPs it i BE Xk 2% &G R 52, R E5 L& 3 fr7R . ZnO NPs i 5 ¥ B 7E 0.025~0.10 g/L
i, A2 RO TR (AD B ZnO NPs J57 i ViR B 38 00 i 8 fin 4 o dt vk B2 3K 31 0.10 g/ L il i i B 31 0 K
M ZnO NPs i R T 0.10 g/L B iz M R k2% &b i i AR 25 ZnO NPs J5t i 3 3 1 3 Km0 08/ .
AR IR ZnO NPs i 1 B2 1 38 R & A= 5 48 B ARG AL Pk B8, DTS2 i = 2k A el R A i Y, Y
ZnO NPs kA AT, o7 5 A% 366 008 2800 T R 23 A AIK B by 5 1) A o 490 OKORE 3% TRV M P 3R W0
B TR 0 K SR (1) S N R T 5 S VE R . IR SRR SE e ZnO NPs Jli i 5k 0.10 g/ L.,
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Fig.2 Enhancement of luminol-H, O, CL
by ZnO NPs

2.2.2 R F luminol ;K B x4 5 & %69 % h

Luminol ¥ & 252 WAL~ K 0t 4 R AN 4 Fros .

c/(gL1)

B3 ZnO NPs REREMEZER LN
Fig.3 Effect of the mass concentration of

ZnONPs solution on CL

>4 luminol ¥ EEJE 7 0.01 ~0.10 mmol/L B}, {2

KNG T AP luminol ¥ B2 34 i M3 K L 24 luminol ¥ K F 0.10 mmol/L B, fk 2% & 6 04 i R Jin A4S B
BT, FEm5 R A luminol B E A 0.10 mmol/L,

2.2.3 RF luminol &% pH x4t 3 & % 69 % v

% 4% luminol ¥ pH XML~ KGRI IR A5 R ANE 5 Bz . 24 luminol K pH JEFI1E 9.26~9.83 I},

Jeoe et BB pH A S IR . s 2 9.83 i i BUX B fr R fE . 24 luminol ¥ pH KT 9.83 5. &
D' VA TT ARSI R B o Tuminol 5 R P4 ¥ I v B R i P ARG L A P A% 0 T S 3 P P luminol ¥
pH {H7E 9.26~9.83 {5 [l N XJ luminol 9 & 56 H A R K M52 2 o J5 ZeF 58 Rk ] luminol ¥ ¥R pH fE K
9.83,
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Fig.4 Effect of the concentration of luminol

solution on CL

2.2.4 KRB H,O, RETLF Z A0 Ha

H, O, ¥ % luminol-ZnO NPs-H, O, & & k2% & 61
EunE 6 s, 24 H, O, WEFEHLHILE 0.01~0.10 mmol/L
WAk 2 kO W T AR B HL O, Mk B B9 39 i 14 A, Y
H, O, ¥ KT 0.10 mmol/L J5 , W ARG A B &, & T
VA, JEEEWESE R A H, O, ¥R EE K 0.1 mmol/L,
2.3 ZSeE.ENRFERE

H 4 P b 2% #F: ZnO NPs it & ¥ 25 0.10 mg/L;
luminol ¥ % 0.10 mmol/L;luminol Ik pH & 9.83, 1M
FEFK H, O MW, 25753 H O, MWKEETE 0.06 ~
20 pmol/L i Hl N, H, O, ¥ BE 1 X %k (lge) Tk 2 & Ol i
MR X E (g A) HA RIFMEEXR, LEXRN
lg A=0.751 6lg ¢ +8.719 2(+>=0.995 9, n=11), IRE
TUPAC(36) BLAE » 715575 i At BR (LOD) 2 0.016 pimol/ L,
SEATIN E WA 0.4 pmol /L) Ho O, ARUEV IR 11 ¥k, HAH
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Fig.5 Effect of the pH of luminol solution on CL
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Fig.6 Effect of the concentration of H, O,

solution on CL

XIARUENR 224 2.41 00 . 5 R FIHAG 7 20 2 H, O, & A SCHRAH HL (e 1) AR 258 07 ¥k RE WS A5 BRI A

00 R A 458 BE 1) e AV L

1 HMtAZENE HO, 3HSHILR

Table 1 Comparison analysis parameter of this work with some established methods for H; O,

Vi [WIReS LAVEFEH/ (mol « LY KB/ (mol « LY Bl FHCHk
48 5143 W7 5.0X1077~1.0X107" 2.0X1077 (6]
H Ak 2 43 7 5.0X1077~2,0X107° 5X 1077 [8]
o2z &t 2.0X1077~2.0X10"° 1X10°7 [27]
OB 5 8.0X107%~2,0X107° 4X107° [28]
A S 6.0X10%~2.0X10"" 1.6 X10°¢

24 FiER

N TR ARSI T L R e R OK P R RE S A TR T TR E SR AR R L LR E
0.4 pmol/LEy H, O, FEAT TS5 . IAHX R 22 + 5001 THKF BRR. S5-Ik 2 B . kbl LG
FER Fe' " LLAh, Hol g 73 T W00 T4, I AGE &9 NaF o] DUEER Fe' ™ i T4 .
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Table 2 Effect of coexisting ion

T BT AVFRIE L
Na',K",Cl" ,Br ,NO* ,F 1 000
HPO; ,SO 500
Ca’" ,NH/ 200
HSO; .Mg*" 100
Zn*"  Ni*t 50
Cu** ,SO%~ 10
Mn*" ,Co*" 5
Fe'™t 1

2.5 Hmah
W A A5 B AN () B 8] () R 7K i U8 S s AR M I A I W K o HL O, 19 3 5 [8) B X6 A i 47 [ i 232 0
TS SR TE 95% ~ 102% Z i), High R tn e 3 FiR.
£3 MAKHRHO WUELER

Table 3 Resuts of analysis of hydrogen peroxide in rainwater

BRI RESREE/(umol + L) ARMEMIAKL/Cumol + L) MIEREL/ (umol + L) IR/ %

0.2 0.59+0.001 9 102
20140621-F |- 0.39 0.4 0.7740.003 2 97
0.8 1.17£0.002 6 98
0.1 0.30£0.002 1 96
20140621-F1 4 0.20 0.2 0.4040.005 3 96
0.4 0.5840.009 1 95

3. 5%

2 F LT ZnO NPs GB35 luminol-H, O, fb2% & 6. @7 T luminol-ZnO NPs-H, O, i 3 T 5§ 1k %
RO F . 7 BRI E MK i H, O, 380 T B g it . Ho O, WEETE 0.06~20 pmol/L 5
FINL.H,O, i lg ¢ Fllg A BA RIFHLIEXRZR . LOD K 0.016 umol/L(30) . a1 & Jy 95% ~102% ,RSD
(n=11)2 2.41% . 5HAWTT A L . T 1 B 08 DR | R 2R3 9 L T P 45
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