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Enhancement of chemiluminescence of Luminol-EDTA system by

CuFe,0, nanoparticals and its application

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

Abstract: A new chemiluminescence system of Luminol-EDTA-CuFe, O, NPs was firstly developed based
on the fact that CuFe, O, nanoparticals (NPs) could significantly enhance the chemiluminescence (CL)
intensity of the Luminol-EDTA system. The UV-Vis spectra and the chemiluminescence spectra suggested
that no new luminophor formed after the introducing of CuFe, O, NPs in the Luminol-EDTA system. The
possible mechanism of CuFe, O, NPs participated in Luminol-EDTA system was proposed by combining
with the property of CuFe,O, NPs. Additionally, it was found that rutin could inhibit the
chemiluminescence of the proposed Luminol-EDTA-CuFe, O, NPs system. Combined with flow injection,
the system was applied to the determination of rutin in rutin tablets. Under the optimal conditions, the
relationship between the relative CL intensity and the logarithm of concentration of rutin was linear when
the concentration of ratin ranged from 2X10"®* mol/L to 2X10° mol/L with the detection limit of 1.21 X
1077 mol/L. The recommended method has been successfully applied to the determination of rutin tablets
and the recovery was between 97 %5-102% and RSD (¢=1X10 "mol/L , n=11) was 2.54%.
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M2 Je ol e — b S BERE R Lk VI R AR B TR e AT T i I AEOR L AR T I S S AL K
D61 BIRITTE B L AN P JRy BR T 237 A8 77K ) S 4R KOkE 7~ T T WO A 27 RO 30 1 T2 9 L AT an
VERUR BE R R G AE L B A R A 4% 4 99 K RE 1 Ak Luminol-H, O, b2 % 6 14 7 I 22 A A7
KRB YT . CuO GIKAL T AL Luminol-H, O, fb2% & oA R0 A I 4 . 6 NS T 40Kk
T2 545 RO BT 5 RN fe 2 (192 Luminol K6 fA & . b UL Luminol-H, O, W HE8)" iz, HIN
H, O, WOt 5 sr i HBA ANk 2 Luminol-H, O, fb2 26k R H SHER & HARGE I LA —E W
B

LB B T A2 KOG HO AR 2 i 9 K MR 4 4 1 R L B R AOR B RN L A Ok R
G RAAKSRL T REEGURBER Y S H P REEGUOR BT S S A RO IR E R R AT R R K2
BORE PN KRRV PEAS G o T BRI 2 — b PERE AL R (920 SRR R RE AL RL AR T2 2 evi ™. gk
BRIR A (CuFe, O, NPs)7EUHUME A W B RE A b 1 BB 55 0 T 2 © A B0 A 98 15 0T L 28 3 SR K i
AT CuFe, O, NPs. B AT RAF BRI TE 8 CuFe, O NPs 5 U T 506

E A RIE . CuFe, O, NPs HA7 25 S AWy B 5T, 7T DL fb o S0 f0 %0 AR R 0k Bl BE . BT R B 7
#A CuFe, O, NPs B UL T » Luminol-EDTA A 355 9 % 6 . i CuFe, O, NPs BIITA AL 22 KO6 R KR
F o B H WAL T LuminolEDTA-CuFe, O, NPs A2 AOGHMA R S T AOCATRE 75 50 6L iR 55 SR
HAz M 2 o 5 B B L RIS B SE T 0GR e R OB L.

POT XA R PR YR A R AT IR B A L A0 B A DR S R R A L Y I
SOV FH T 9 3 o I i 1L B PR A T S ot A R S L T AR R R AR A R Tl
SR AR R G Y, EEATAE TR 2 & IR L DAY RS HATINE T T
ERE A R RBOBOH A5 LD OO BE R PO LA T AR R A L
MAERUESEDT . EEIET AT I R ORI 456 WS i S HOR R AT Luminol-EDTA-CuFe, O, NPs
Ao ROCHTIR A o] A PR ERR I T T R R RR T

1 LWHE

1.1 E5KH

IFFM-E B3 8y 13 55127 & 06 43 A (PG 22 5 308 43 A A0 A PR 2 1) 5 00 Sl 4 30 0 1 0 b 2 (4 3 i XL
LA AR S s UV-2450 2 4h—0] W43 66 FE 1 (H 48 SHIMADZU 24 ")) s i F K F (H A& SHIMADZU 24
A 5 R R VR B O ML GL-16 AC M IEVA ZR 4 AT A A8 A PR \)D s KQ-100B 7 8 75 I v vk # (IS L Tl i 7 A 2
A MAFD s DELTA320 pH it G R 8 — 48 R 2 AL A FR 2 7D 5 3CRT DZG-303A 4l 7K il 25 4 Ol B R SRR 77
B R AT BR 2 A 5 3R DU G &9 B vy 48 (1 ifg 3R AR A& A IR A FD S

Eokit (Aladdin 22 F]) 5 7= T AR e b C 124 0 A2 0 1l s 28 ) s & B o i 4, TR I AR Ak T R
F) 3 E 2 T 20 000, 6K 2 EDTA ., J& K NaAc,Na,CO, ,NaHCO,,CuCl, « 2H,O,FeCl, « 6H,0O #I
NaOH Gr#r 4l , s T BF e Ak Tt 5 7 0 25 kb o i 52 B 46, 52 36 FH /K 349 B ik
1.2 &XEEERAES

FHA AT R HERRFREX 0.442 9 g Bk, H 0.1 mol/L NaOH ¥ it 8 45 T 250 mL AR sm i,
BC il 10 mmol/L & oK 15 i & Wk, B T UKAR . 8 4C MRS, i E A A, REH=E H
0.1 mol/L Na, CO;-NaHCO; 2 v %5 1 i 8 il Ur 75 Wk B2 . REC B &

1.3 CuFe, O, &k Bt g %l &

CuFe, O, NPs ¥ 4l il 5 Jy % 2 B SCHR [ 24 -25 ] R K #4245 FREX 0.426 2 g CuCl, » 2H, 0
(2.5 mmol) f1 1.351 4 g FeCl, « 6H,O(5 mmoD) F 40 mL W& AR ., TEEREET .8 10 min, 53|
W IV . FEARER 3.60 g Jo/K NaAc #1 1.00 g B & ZFE 20 000 JiT A b 3B ¥ W, B F ik 1 6 1 48 L3k
30 minZE 47 J5 55 3] 50 mL VUG L0 B0 48 5 F OB i EE 200 C R RN 8 hy W SR JF R I E = .
LB FIKMTCK SRS E B LU 5 IR FE 60 CFH2S T4 6 h 753 B4 CuFe, O, gKRL, HRE L,
il & — 2 ' CuFe, O, 4Kk, T 2 tb2: %0k,
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14 UERAHLHERE

KT BT 7R U % AF 58 Luminol-EDTA-CuFe, O, NPs K& £ B4 27 & . 70 0 # #Om (585 77K
EDTA & Ki# A )¢ CuFe, O, NPs i i A 0 #9455 B 5 A\ 0 07 RS0, R R AR E T o 1 ARE S T - 18 53 R 1Y)
BT T B RN AT I A R 77 2R AL 2 6 B 8 SCR AR ZOGAE T s R T I AR A 6 1 &
T3 B0 Ak 25 OG5 BE 58 U T W2 ROGREARAE AT = T, — 1. L% 45F: Luminol ¥k £ %y 40.0 pmol/L;
Luminol pH 2} 10.97;CuFe, O, NPs JFis &~ 6.5 mg/L; EDTA ¥ &} 4.32 mmol/L,
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Fig.1 Schematic diagram of flow injection CL system
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2.1 CuFe,O, NPs 1A T X & L BI 2 1M

#4227 Luminol-EDTA fk 2% % 61k & 76 in A CuFe, O, NPs Fi J5 & G50 B 28 4k, & 2 fr s .
Luminol-EDTA %6455 . in A CuFe, O, NPs J5 & B B34k . #% CuFe, O, NPs 4+ F 7K o1 # 75 30 min
1B CuFe, O, NPs, B F I B 2 HoAE AL IS M SEae 45 R R W], FIE WL A A e . Box il &
B ) BE A Cu® " X AR R e m . PR O3 b 1 B8OV R Sk B CuFe, O, NPs i AS J2& oAt 48 9 it 1) 52
U P= SR AT ST RS O NS F D A =S o
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Fig.2 Effect of CuFe, O, NPs, rutin on studied CL system

22 RWHEMFHERE
2.2.1 GRBREWGYH

FEEPTTAFAE ST 22 ~ 80 pemol/ L i [ Y AN [F] Wk BE 5 oK 1 vk BE % AL 2 OB I 3 i (A&l 3) . 4 AR 3k
U BV BERN - AT MK (LR XKV B T 40 pumol/ L U R 1635 SOB LB K e 12
BRI AN R AT e ) 55+ 2% i 30 a0 T £ AR L AR S v e 3 48 KAV 40 pimol/ L
2.2.1 &kt pH s A k9 %k

W34 0.1 mol/L Na,CO;-NaHCO, Zmiafy pH, %5 1M TIAE ST &K E W pH 7E9.00~
11,40 5 A R] pH W2 KOG 0 P 4, 255K BE pH (93N AT 2 — B0 5 &5 pH
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Fig3 Effect of luminol concentration on the CL intensity Fig.4 Effect of pH on the CL intensity

2.2.3 EDTA REMILFE A FH 0

FET P TAAAESNE T D EDTA WETE 0.11 ~ 6.48 mmol/L Ju [l N A [H] EDTA ¥k B2 Ak 2 KOt i 3
Wi (WL 5) o SRR AL BEHE EDTA B3R K. 2 EDAT #JEAF] 4.32 mmol/L i, AT #{E 15 B 5
K FHARFFIANRAE Bk EDTA W N 4.32 mmol/L #4175 22507 .
2.2.4 CuFe,O, h R B K TR EFHFL G H W

BEFTTAFAE AN T CuFe, O YR BURL TR AE 0.50 ~ 9.50 mg/L i il P Ak 27 At i 1 19 52
U, GIEL 6 JIT 7N . AL BEF CuFe, O, 4 2K JURL B BE VR B2 1 38 DR 0 K, 4 CuFe, O 45 K JURL 5T L e J5E 3k %)
6.50 mg/L B AAT I K AT, 24 CuFe, O, 4K PFORLIF i Wk B K F 6.50 mg/L i, AI R ifii i % CuFe, O, 4
K AL IR G JRE ) 38 K T AR ARG 35K T B S PR A 24 4 K CuFe, O, 3 Wk 7 K 85 I 498 KL 1 2 A 1A 56 1 i )
BT L, 3£ CuFe, O, G9K UKL BT 5 9 B2 N 6.50 mg/L #E47 5 L0 #r .

500 350 -
— ] ]
—_—
400} 30015 / \.
250 e
300
~ | _ 200}
2007 150
100 100 |-
50 1 1 1 1 ]
1 1 1 1 1 ]
0 1 2 3 4 5 6 0 2 4 6 8 10
Cypra/(mmol - L) c«".urez()/ (mg - L)
5 EDTA KENLFRKHZ M B 6 CuFe,O, #K HAL i & 3 4L 5 & S 192 0
Fig.5 Effect of EDTA concentration Fig.6 Effect of CuFe, O, nanoparticle
on the CL intensity concentration on the CL intensity

2.3 ZMSeEENRIBEEE

T FREE RS T A T T E , EDTA ¥ :4.32 mmol/L, Luminol pH:11.00, Luminol ¥
J&:40 pmol/L.CuFe, O, NPs it ¥ : 6.50 mg/L W& A T h s TR & & . SCIefs 3 4 T & Wk B 7R
2X107%~ 8X10 "mol/L 5 8X 107"~ 2X10 "mol/L & [ PN,/ T ¥k FE B9 X $ (lg o) AR X1k 2% & 6 (AD
BRI (P =0.995 7 F1 0.994 0) R MR AI=918.14 1g ¢ + 7 449 F1 AI =94.77 1g ¢ +2 398,
(Horp AT A2 ROGER BERRARME . ¢ S TR BE) LA PR (3S/ND 2 1.21 X107 mol/L. % 1 X107 mol/L#Y
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BT I E 11 L 15 H RSD Ol 2,54 %,
24 HEWRHTFHE
TERACLIE ZAF R o 7E 1 X107 mol/L 9 75 T % W H I AAS [ ok B 09 T 46 B85 1 A 90 4 B, #F X i 22
E5YAE AT HKFE ERR . g5 1 s BAH P T 245 A o D0 ARl o L 5 36 AR e AT 52
®1 FHYERHEMR

Table 1 Effect of coexisting substance

T BT CIE23%0713; 4
Na', K', Cl", NO; , SO,*" 1000
TEMY S BKG 500
T A b bR 200
R W 100

2.5 LERFEEmEN
Wi g AT (20 mg/ )20 Fr L ERA R S AR IR &) R 15 5 5 A ~F 33 T &, AR S PRI A Y T
— h A B RS IR KBS 15 min, I YUK E R 2 100 mLLBES) . b Uk ERE RS BUE S HRE
T ROT R R R APEVS I N AR SR BRI e . AR AT THE ST R R T S & [ EE AT AR 18]
S AR 2,
K2 BETHRBATUEMER

Table 2 Results of analysis of rutin in rutin tablets

107 ¢ piygman /(mol « L7 107 ¢ gypy o /(mol « L7 [|] i %/ %%
0 3.15 £ 0.051 —
2 5.19 £+ 0.019 102
4 7.03 £ 0.032 97
8 10.96 £ 0.026 98

2.6 LEEANMEERIT

BT 1HE CuFe, O, NPs Xf Luminol-EDTA 3458 £ F i 7] 58 1k 2% & G WL, 43 501 %5 48 T 1R 3R 19 58 b7
TR (B 7 54k 28 K ek (B 8) . SCHR R » K85 1 B A 28 S04 43 51k 294 1 346 nm™, H
7RG KA CuFe, O, NPs fil EDTA J& » £ K 35 (1 5 AE 9 050 0 037 8 5 A B As .t & 5 8 g
. B8 IR, Luminol-EDTA-CuFe, O, NPs {& & i 5 K &S 5 O A SCERHGE 19 & K3 1 koL ik——
Wk A5 3 —EIEABHE T ERAR BH B T e R & BT R 425 nm TR R L IR AR R A A ORI B R 7S
Y. 22H0—A1 RO 3E 5 1 2% RO EIE M 9255 R W, CuFe, O, NPs il A Luminol-EDTA J5 . & A £ AT
(90 ot VA A BT I R R . B L CuFe, O, NPs il A Luminol-EDTA fb 2% & ik ZGE 2] T fE 1L
R PEHR]

BEA 0 25 58 T W R COL) XTI Ak 2 & DGR F 105 M, 78 Ak 27 B0 A o 280038 A RN I TR O 5 4
15 min, [ £ T B A (O 5, Z Luminol-EDTA-CuFe, O, NPs {b2% kK GIk R 1 K ICTHEE, BR4A
(O FTJG fL 27 & 60 B A AL () 45 SR AN 9 Fim » BR AR COL) J5 % R F8 19 1k 2 & 6 (8 B 8 0 55 L % ot o L
o 0L T BRAR COL) FIE AT = AR s ZU R A2 & . A5 R B IEMBARWR T K O, 257 Luminol-EDTA-
CuFe, O, NPs fb2% K6t 2.
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Fig.7 UV-visible absorption spectra of Fig.8 Chemiluminescence spectra of
chemiluminescence system Luminol-EDTA-CuFe, O, NPs system
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Fig.9 The CL intensity of the existence and absence of O,

HR A4 DA B SR 25 3, 4 Luminol-EDTA-CuFe, O, NPs fb2% & 6k R HLEE AT fE N AE R AT S
CuFe, O, NPs #}# (VB) { L FERIE ] S5 (CB) I, CuFe, O, NPs % [fi £ 2y B 7 1] A W7 % 75 8 48 (O 3l
A A N E F A RO, D NS T &R ARG RGN E T 8 REE T/ O, A
BB K B B (L) Bk AL O O, ZIAHE—25 R A BOCHE R 6 E—— R & 3 —8 L4
R ERER YRS 3 AR U ER R 0 2 AN R A 4. EDTA J&—Fp i FHREEFI M S
FLEDTA 5 CuFe,O, NPs il & 7 B U &) KAEB K -4 8 B 7B, A W4t d 5 45
CuFe, O, NPs'aly LR = A 21 O, i b kO, S22, CuFe, O, NPs YRR i | Hi 319 4
BELA K B HH 3 22 ) HL A B SO AR T B0 TR R AR RO 5 R KRG 5

3% #

2 3R K I 4% T K P45 479 CuFe, O, NPs, 3488 T # 19 Luminol-EDTA-CuFe, O, NPs fk2%
BRI R U CuFe, O, NPs I T4 2% &6 . Luminol-EDTA 5 Luminol-H, O, b2 & GIK ZAHLL .
EDTA A2 %4k Luminol fb2¢ &% BT LALA R 15 S AR T LA 347 19 R80E P L 45 6 58 40—l DL s o 1% %
o2 & 661 3T T Luminol-EDTA-CuFe, O, NPs {K R AT REM AL . f6 1k 5250 55 140, 25 & i 8l i S Ak 2
BRI E TR T R T %0 ik S Ak 2 TR AR L ELA T I 2 e S PR SR A A T B S B
o7 v ELA R
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