highlights.paper.edu.cn
H10% 5190 Q\} MEREL Y EREREY Vol.10 No.19
2017 “F 10 A %" Highlights of Sciencepaper Online October 2017

TR - TR RTUR B 4 FEN
FEAR MBS LA = S B S B TE B

5 M, HAKR, XNEBFE, 2BH, TEE
(ZHRFRFNLFER, T4 212013)

WE: I ERATNRREEER AT G TRNEE FERE=AAAFE (lambda-cyhalothrin, LC)

B K KT B i B A4 (fluorescent molecularly imprinted polymer, FMIP ) 2k, W = & & &4 B A AR T -

AHEBELE (AM) AIh Bk, HAER N Z KRR, —FERFER L _BE (EGDMA) AXEKA, &
AR R F B A4 R AL B 8 FMIP 43k, FMIP Uk R Ut AL o JUAT A AL, 58 21 B 500 Ot A e DL B 3t

Bira T EEafRat. MEFMIP BBk KA BES ZAARF BN REEZRTNEMLR, HbETT
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Selective detection of lambda-cyhalothrin residues by
fluorescence molecular imprinting with precipitation
polymerisation of allyl fluorescein and acrylamide

GAO Lin, ZHENG Xudong, LIU Enxiu, LIU Enli, LI Chunxiang

(School of Chemistry and Chemical Engineering, Jiangsu University, Zhenjiang,
Jiangsu 212013, China)

Abstract: A novel fluorescent molecularly imprinted polymer (FMIP) microspheres are fabricated via
precipitation polymerisation, and used for detecting uitratrace amounts of lambda-cyhalothrin (LC) in
honey. Using LC as template molecule, acrylamide (AM) as functional monomer, allyl fluorescein as
fluorescent monomer, and ethylene glycol dimethacrylate (EGDMA) as crosslinker, the FMIP
microspheres are prepared to form recognition sites with micrometer. The as-synthesized microspheres
exhibit regular geometry, which possess high fluorescence intensity and highly selective recognition for
target molecule. Moreover, the fluorescence intensity of FMIP microspheres show a good linear
relationship with the concentration of LC, which are described by the Stern-Volmer equation with a
correlation coefficient of 0.993 6. A lower limit of detection (LOD) is found to be 0.004 nmol/L. The
results of practical detection suggest that FMIP microspheres by the developed method are satisfactory for
selective determination of LC concentration in honey samples. The FMIP microspheres has certified that
they could be reused for no less than 5 times without remarkably loss of signal intensity.
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AR B BRI R L7 (pyrethroid pesticides, PPs) J&—2fA & Bty it R disml, HAHEK. &
L AREE Ml R T 08 S ik B N I A U HRT, XPEREER PPs BRI IREE T ST . MR
PESE DT TH 9T OO R A KOG AR, SEEIREE IR R CAG R85 PPs Ak B (%) 5 KB PR
0.05 pg/g™l.

AHFGTE T VTVE B A RN BN H B FMIP A% 8% T 24 K I i = i AU s e D=
SRR A, AM A ThRE AR, RN IR R N TG A, EGDMA A, AR 2T A
IR, CRE R HILLALL H# FMIP ALK S o ZBRAER 15, FMIP WETE ik 15 = 980 U 44 IR ok
S MBI BEME R 5 ASCPEA R T OFMIP ORI SE R . TESH . SCW BRSSP, It 34y
FAEEN LK AW (fluorescent non imprinted polymer, FNIP), [f/i& FMIP ik £ prtPedk . #lye [ .
LOD K HARME 52 am B2 OC R o LASEBRAE iy IRl 45 SRk 1t B FMIP A% Jsk 23 1 B 4% Do

1 XWEs
L1 B

D A o SRS EERMEERAA R AR Chilg, PED #8240 =R 5N, maEm s
B SN BRI B N R EhRERE S AR (JEat, D 5 AM. EGDMA. A 5% TN
grrat, WA TR AR R, PED s SRR T RS RS S K IR
K.

2) A3 AH B AR 21 A8 324 (Fourier transform infrared spectrometer, FTIR) , & [, Themo Nicolet
NEXUS 470 %, 5% KBr Hs 4 A8, 35 08 32 W0, WA il 4 000~400 em ™ 4594 L7 5 3408 (scanning
electron microscope, SEM) , HZA, S-4800; #6466 L, £, Cary Eclipse; WOGILER LT
W, I, Leica TCS SPSII, [HZASWUR GIR MK 488 nm.

1.2 M5 T EN AR R3S B &%

LL EGDMA AZZEEA). MR E (0.005 3 ) AfESIHE CHIZEHA) © AM A IhRE k.
SRR N AR 2> TS FIZE 60 mL Z R REAT RO EARSE I HE AR R FRIDUE B R R A
AM. KIS . EDGMA FlH S R AMEE =7 T KEA 100 mL B+, [FRIA 60 mL
CIERATEAR . #dr HARHEWER 1 PR W08 B BIE RS NI S min, 78%01 20 min BLgHL
TR, RGN MR N I DR IS s R (4

= ) %1 #|& FMIP I&ESAE
20 r/min) . BFEE T A 60°C IR FFR R 24 h. & =1 #&E Ag

Tab. 1 Dosage of each component of prepared FMIP
NSRRI BOHU AT RIS BORE 40C FITH rwmy aws  BobvinmL

=R E A e
TR TEE B ERIE 2R GRS LB T 40°C 1 0.284 4 0.8 0.499 5
AT FNIP FEK 1) 1 4% 1 FE B T AR AR 43 1 2 b oA, 2 0.2133 0.6 0.374 6
4405 FMIP HllA . i EESHT, FMIP %4 68%, 3 0.1422 04 02497
FNIP =% 64%.
1.3 Rk

1) Bt & FMIP 43 BRI [R) R 2 A TR AR 25 (R . MEFIFREL 100 mg FMIP [ /&1 100 mL Jo/K LB
FIHETEI R, REE 8 s MERATCE 0, 0.1, 0.2, 0.5, 1.0 nmol/L 3G HU A e i N 2 B 45 H
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2) A3 UER L 5 mL FMIP 2 R RIS [ 9 B 1) — S R AG e v i N Le g3 v, B R TR & TG
B2 h kBT BRAT IS, R 96 e TR T O . R A I R s, e R S R,

3) LA bRE, PELERR.
1.4 EEMERHNR

S IBCE 1 nmol/L FI G TG lE . SNAI NG WG HEH LWE M 100 mL, 4358 H S mL ik 3 Fp
WIRINAEES 5 mL FMIP 2 HOR L T, REwmiR G . Ml 9 e Gk K 496 nm) . EH
5o
1.5 FILK

VEBL SR T S5 M AL B S U BB e . S s lE . RIS A R TS, |E 1.0 nmol/L &
AT AN BAEE AN SRS R 2R A G ) LBV A ¥R 100 mL, =H S mL il VR &%
I 5 mL FMIP 2 B0 i Lh a8, %R S . KlZe oA ik, (BRI K 496 nm) . HH 5 K.

2 SRS

2.1 FMIP f3RH FTIR J4i% 547

FMIP Bk i 46 ft RE i FTIR S6 i 3 M43, o
B 1R, A0 1730, 1258, 1151 cm™' ARG ) )& %
TEGDMA 1) C=0 Il C—O 4,3 440 cm 'l 1 613 cm ™'
Ab (REAE U AM v T i3 [ ) i i sh i [T
1 677 em ' Ab HIBLIRAE Ry AM BRIESE P h =0
EIPh AR S0 . HEAL, 1391 em ! ALEIREEIEIH R T AM —IMPER | ol
o C—N BINGES), AR AR 4000 350 000 2500 208 TS0 1000 5
DEFI R B W 8 )« FTIR S5 UE B FMIP 3K & B 2 | PR, KRS 20 FMIP 20R 1
2.2 SEM 4M7 FTIR &

Fig. 1 FTIR spectra of fluorescein, allyl fluorescein and
H SEM 735l M4 T A R4 53 1) FMIP TESURRIE, 45 FMIP microspheres

B 2 Fion . BEEASHEG A AR T B R (it FMIP 1 % FMIP 3) , fERIZE T 5 BLE0 0 (1 BRI AR
HE 2c WL, FMIP 3 HARNEIE AR, BRI BUERDGR AR . R ERI4E N, FMIP 3
TUERI T3 RAR L4 2.0 pm. EARSZIGH, BRI I pie A OV Bl %, DU R A I N 1 JE B Y e T 1
o RN, FAT YR ARSI R AW e R SR R IR ST A 27 A UiV IO B 380 5N 25 (1)

b—FMIP 2
2 FMIP Gl BRB f A AN AZ I T B A2 4K ¥ SEM

Fig.2 SEM images of FMIP microspheres with the decreased amount of monomer and crosslinker
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. BRI, I USRS OV A RS YRR B R 0.5~2 pm, (HIEHAE 1~2 pm 2|7 .
2.3 FMIP S ER K e 3 M Re

Bl 3 JE7s T FMIP SR BOE IR B BB R, w LU FMIP Gk S D05 2 (0 4 (L 986 &
GF, RN LS R TR G E 520 nm AR BRINER (SO CanEl 4 Tha iR o [
I P 3t r] DUR B Y, FMIP R AT SO (BRI LA AR H A B B 1 o3 ek o O S
HOBIE TN NI 9L AN FMIP SR AR, W LBEAT T 9 e MR AL . BIrAT 9 0t e il 7 S 2 1 F
B ORI E 496 nm IS HEATINE . & 4 AT LU B, FMIP SRR B 29Ot KR S AR T L
N Z AT 32 nm (EERS, ORI M L5035 th F BPIRESHAS N AW E B e RS 1k
GEINEZRR R A S
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i
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3 FMIP BRI HOE IR AL 1l W A B 1l 1R 4 DG F A FMIP SR I 98606 1%
Fig.3 Confocal laser scanning microscope image Fig. 4 Fluorescence spectra of allyl fluorescein and
of FMIP microspheres FMIP microspheres

2.4 TR LR 5L R 44

[ 51 4 A 925 e AR A I 360 50 e S AN B AN DL AR RO G R (RIEA T RS JEHE sk i — AN LA
A B A T 5 — AN B E BB G JrvE. FEPOaT,  SEllE — RS R R B AR TR Sl 5 v
RI9EGEMAE, IR SR OCR M2, RIArdEhZe, vl SRR 28 a0 5 26645 th =] )
TR e BRIGINGERE SR D¢ TR, FERRIE 28 1 A PR SV P AR I IR B s W SR A i v
(GRS =

ARSI T I S A A B XS FMIP Sk 28 Y Re K A, 2l bsdE th 2k I & Stern-Volmer J5
= (1 Fros]Nmf3 B EE .

(Io/D)-1=Ksy-Cc (1

b, 1o AT =S IR FMIP 73 8O A A 9 6HRAE : T A AFAE = 3 SR BRI FMIP 43 B ¢
JGHRIE: Koy WHEREE Co WA RFNIKEE

WA 5 B, FMIP 43 B0 0 5¢ i 2 B — 5 S0 2 I 1 58 i 328 i gk 2>, ARG R ¥ FNTP 43 H0H 1Y)
PR L EN A A AR, X UL BN FR rh, RSO R S 5 T B R EEME I BV A7 s %,
IMTAE FNIP & el F v R BETE B R R A 25, IXFE M T — 7 HE B s S 46 T FMIP 7kt Sa
R T LLE Y, A BRI E A 0~1.0 nmol/L I, Z&GsmEm KIS m LR i &t
Origin 2012 fll# Stern-Volmer J7 F£15 Hi FMIP Sk (1 4k [51 V3 7 B2 (1o/1)—1=0.29-C—0.006 08, R*=0.993 6,
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LOD (3s/S, s Mhs#EfmZE, S AT RERIRRED S 0.004 nmol/L.

800 L) L) T L)
0 030 800
700 025 0
2020 700 |
600 - 0.15
20.10
1.0 nmo! \.«0.05 600
= 500 0 ! 500k 1.0 nmol/L
o 0 0.20.40.60.8 1.0 o
¥ 400 | W E/(nmol/L) #
o = 400 |
300 300 F
200 F 200 F
100 | 100 |
0 1 1 1 1 — 0 1 1 1 1
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P /mm K /mm
a—FMIP b—FNIP

5 FMIP 433k &5 FNIP S3RAS 0~ 1.0 nmol/L == J5i S 55U 3 1 14 i) 1
Fig. 5 Responses of the FMIP microspheres and FNIP microspheres to LC in the concentration range from 0 to 1.0 nmol/L

2.5 BEHEMNE

FIRNIEFE FMIP TBR A BEPE TR R, SR FRAb 22 S5 4 5 — Gl S0 4G B AT B9 s U A e . U
Ble BRORSEERAE N S G AL B o T AU 23 A B 24 R v V6 FMITP FER 20T 43 B0 ¢ Y6 5 S5 P K
FREE KPR FMIP TR AEFR MM AE . B 6 W = A F A BT FMIP AOXE K RE ) i T Hodl 3 Fhsz 4+
Y, (HIE%F FNIP AOXE K RE 7oK WHT S 5. DR, UERT EMIP PN & A8 B Pk DR A7 sk v e VR .

(=)
S
BRE /A,
N
3
TREF/a.u.

b WA 700 kA

o 0 SR oo = AT

a—FMIP b—FNIP
Bl 6 4 Fh 1.0 nmol/L A%} FMIP B BRI FNIP fBR (1) 4 K R
Fig. 6 Quenching degree of FMIP microspheres and FNIP microspheres by 4 kinds of 1.0 nmol/L pyrethroids

2.6 TR

PR ae S AL RS I T2 bR . Rk, %52 FMIP ALK ST TSR AR SR A VP S hE b
R SRR . D SR AL FMIP AR (K50 TIRRE ), JERE S M AL A U B . 0% 3
Wi ICRAERAE N T O PN = U B H T R . I 7 o, 3 RS 4 A HURIIR)
IR SEOCHERGRIL I T BN AR, SEr AR FEBLH W] & K T8, ATLAEW] FMIP fRont T
SREURA R BAT R R, Xk AL A T IR B A AR A T A
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2.7 XPEEEERE SN 5 A VR %2 BEMRPRERE=SSAHINGINLER
Tab. 2 Detection results of different concentrations of LC

X FMIP B ASI S5 B £ i o = 5 S0 3046 B 1
& BTN, B 5.0 g I RE AR T =0
SUE SRS (0, 0.1, 025, 0.5, 1.0 nmol/L) , i

in honey samples

SRR AEERE /(nmol/L) Ky UK E/(nmol/L) Ky H /%

0 0 —

HI 1.4 TR TiEEAT 08, AR G5 SR AR 2 Fiios 010 0.3 103
JLAE IS b L] FMIP AR mT DA 28 B 4 095 0.26 104
N0 e B i R AR = R S T 0.50 0.49 08
AVEAT FMIP ORI 906 24E 1, #5100 mg 1.00 0.97 97

FMIP fERIIA 100 mL —fE F 4 BEAMEE 2 h
AT 9K . MRS, 8 FH FRERES IR (AR LR 9:1) TR A ¥ e i FMITP A3k o g Bt 1) = 3 5
AN, B O, I CEETE 3 Kk, R BRSO GRE, itk E S S k. 4R 8 B
N, Gt S WCESAEHG, FMIP 19058 B2 A IR BERAE, DAtk FMIP fask o] 24T 2 R AL .
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Fig. 7 Interference test of different pyrethroids on the Fig. 8 Effect of reuse of FMIP microspheres on
fluorescence response toward LC of FMIP microspheres fluorescence intensity
+ A
3 g

AR SN BT 5 i T — a7 C=C XU DL HAA, JFEE ST R il & 179067
T EEEAR S o MBI BT I T BO Bl 46 I 9O AL A BB . ABCEYE . L2 Eik . 5tk
JRAFHEAT T B RAE . BL =50 A ER5 AW WO B, WEGT T 501 BV IEAR S (10 2 St Aor TN vis
POMERENE . BUT-PENE WAL a), PR 790 s e B UM LB R N 735 o Rl 45 2R AR 4T
F PR AE, E S R SO S TN T AT DI A . ) SO A I B I R R S v RE R B
RBIEFEE . RV A LOD. [, 9t R R HE AN, T LLEE R,
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