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PIL o
PIL-G o
2
2.1
( ) CBM40A VP plus LCA5C .SPD-0A VP
plus 77251 ( Rheodyne ) ; Prestige21 N
Uv2450 - ( ) : KQ300DE (
) LGIH2 ( )i TGLASB  TGLA6GG
( ) o
(44 pm ) . . ( Sigma ) 1-
- ( ) ( AIBN ): N N-
( DMF ) . .
. . 1.0 g/L
0.45 pm 4C .
2.2
Agilent ZORBAX SB-C,, (250 mm x 4.6 mm i.d 5 pm); : 260 nm; : -
(73:27 V/V);  :1.0 mL/min.
2.3 PIL-G
2.3.1 G Hummers ( Graphite oxide GO) * :2 g
1 g NaNO, 46 mL.  H,SO, 6 ¢ KMnO, . 35C 8 h 92 mL
« 98C 15 min 350 mL 10 mL o 5% HCI
o 24 h o
200 mg GO 200 ml, 1h 100°C 24 h
G.
2.3.2 (1- 3- ) G 1- 3- (1-Vinyl 3-
hexylimidazoliumbromide VHIm*Br) .,
100 mg GO 260 mL. DMF- (9:1 V/V) 0.043 mol VHIm"Br~ 0.22 g AIBN
70°C 8 ho o 100°C 24 h,
. (1- 3- )
( Poly( 1-vinyl-3-hexylimidazolium bromide) -Graphene Poly( VHIm" Br™) -G) 1 o
2.4
15 mg Poly( VHIm"Br™) -G DMF 1h 0.4 mg SPE o
20 mL v20 mL o
50 mL 6.5 mL/min 2 mL( 2 1 mL)
3
3.1 PIL-G
2 (A) GO(B) G(C) Poly( VHIm Br) -G( D) . 2
. GO N GO o
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Graphite oxide{G0) Poly (1-viny1-3-hexylimidazolium Poly (1-viny1-3-hexylimidazolium
bromide)-Graphite oxide bromide)-Graphene
(Poly (VHI'Br)-GO) (Poly (VHI'Br)-G)

1 Poly( VHIm"Br7) -
Fig.1 Synthesis scheme of Poly( VHIm"Br™) -G

2 (A) GO (B) (C)  Poly( VHIm*Br") G ( D)
Fig.2 SEM images of flake graphite (A) GO (B) graphene ( C) and poly( VHIm*Br’) -G ( D)
G
¥ . PIL G PIL PIL
Poly ( VHIm" Br") -G GO FTIR ( 3) Poly ( VHIm" Br’) -G 1728 cm’
(C=0) 1046 cm® (C—0) GO G; Poly( VHIm'Br) -G FTIR
(1549.1461 1163 cm™) Poly( VHIm" Br") G
Poly( VHIm*Br’) -G GO UV ( ) GO a
230 nm Poly( VHIm*Br') -G 270 nm S W
GO G :
7 ° E w
3.2 E
Poly( VHIm*Br") w
G Poly( VHIm" Br") 4000 3000 2000 1000 500
G G G Wavenumber (cm™)
Poly( VHIm"Br™) -G SPE
3 Poly ( VHIm® Br') (a) Poly
(VHIm*Br') G (b) GO(c) FTIR
Poly( VHIm"Br) -G Poly( VHIm" ) L
Fig. 3 FTIR spectra of Poly ( VHIm" Br™)
Br) G ° (a) Poly( VHIm*Br) G (b) and GO ( c)
4
SPE 3 o
2.5 ~20.0 mg Poly( VHIm*Br) -G 4  OPPs ( 4. N

Poly( VHIm"Br’) -G 15 mg



832

: 5 mg
o Poly( VHIm"Br") -G
5 25 ~250 mL
50 mL
50 mL
Poly( VHIm"Br") -G

Poly( VHIm"Br’) -G T
o 50 mL.
(4.5 ~15.5 mL/min)
6 N
6.5 mL/min

6.5 mL/min.

0.75

0.60

0.45

0.30

Extration recovery(%)

0.15

Sample volume (mL)

5 4  OPPs

Fig.5 Effect of sample volume on the extraction

efficiency of four OPPs
:10.0 mg;

:2.0 mL o

16.5 mL/min;

Extraction conditions: adsorbent amount:

10. 0 mg ;

sample loading flow rate : 6.5 mL/min; eluent solvent:

15 mg.
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4 4  OPPs
Fig.4  Effect of adsorbent amount on the extraction
efficiency of organophosphorus pesticide ( OPPs)
. : 50 mL; © 6.5 mL/min;
© 2.0 mL B
Extraction conditions: sample volume: 50 mL; load flow rate:
6.5 mL/min; eluent solvent: 2.0 mL tetrahydrofuran.
( = Fenitrothion; Parathion; EZR
Fenthion;, == Phoxime) .
80000
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§
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. 40000
g
~
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0
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6 4  OPPs
Fig.6  Effect of sample loading flow rate on the extrac—
tion efficiency of four OPPs

: 100 mL;

0 2.0 mL °

© 10.0 mg;

Extraction conditions: adsorbent

100 mL;

sample volume:

amount: 10.0 mg; eluent solvent: 2.0 mL tetrahydrofuran.

2.0 mL tetrahydrofuran. ( Fenitrothion; Parathion; gzzz3
(= Fenitrothion; Parathion; EEx Fenthion;, = Phoxime) .
Fenthion;, == Phoxime) o
5 ( N N AY )
o (1~5mlL) 2 mL
2 mL.
3.3
1. 4
5 ~200 pg/L. S/N=3 LOD=5 pg/L. 3 5,50 100 pg/L
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5 RSD<7.3% . Poly( VHIm® Br") -G-SPE-HPLC OPPs
Poly( VHIm"Br) -G-SPE-HPLC ( .
) OPPs . 3 (820 100 pg/L)
2 . 3 80.0% ~110.0% RSD
(n=3) 0.8% ~4.5% OPPs . 7

1
Table 1  Performance evaluation of the developed method

RSD (% n=5)
Analvies Linear range Correlation coefficient LOD
naytes (ne/L) (R?) 5 pg/L 50 pg/L 100 pg/L ((pe/L)
Fenitrothion 5 ~200 0.9941 7.3 4.6 2.5 5
Parathion 5 ~200 0.9908 3.0 2.6 3.1 5
Fenthion 5 ~200 0.9995 5.9 2.6 3.0 5
Phoxime 5 ~200 0.9993 3.3 2.3 3.6 5
2
Table 2 Recovery and precision in analyzing spiked real water sample ( n=3)
Lake water Tap water Pond water
Added
Analytes Recov RSD Recov RSD Recove RSD
(/1) seovery (%) crmvery (%) coovery (%)
8 81.3 1.5 80.0 2.1 80.0 1.7
. . 20 92.0 0.8 98.0 2.2 96.0 2.7
Fenitrothion
100 90.0 2.0 95.6 3.4 95.6 3.4
8 98.8 3.5 101.3 2.7 97.5 4.5
. 20 108.5 2.0 110.0 1.4 108.0 1.9
Parathion
100 90.8 2.5 95.1 1.2 101.8 3.2
8 91.3 4.2 93.8 4.3 95.0 4.5
20 104.5 1.4 102.5 3.5 105.0 2.1
Fenthion 100 9.5 2.1 94.3 1.3 93.3 1.8
8 108.8 2.8 103.8 3.3 105.0 4.3
20 103.5 1.6 100.0 2.7 103.0 2.7
Phoxime 100 101. 1 1.8 99.8 2.1 103.2 2.9
3.4 Poly( VHIm'Br’) -GSPE G-SPE OPPs
Poly( VHIm" Br") -G G-SPE Poly( VHIm"
Br’) -G-SPE  OPPs 8. G o
Poly( VHIm" Br") G G G
; Poly( VHIm" Br") Poly( VHIm"Br’) -G
Poly( VHIm*Br) -G G o
G
- PIL G G
. Poly( VHIm" Br) G SPE

OPPs. PIL-G-SPE GSPE  OPPs PIL G . PIL-G
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Preparation of Composite Material of Poly( ionic liquid) -stabilized
Graphene and Its Application for Solid-phase Extraction
of Organophosphorus Pesticides

XU XinXin HE LiJun~ CAI Tian-Pei YOU Li-Qin XIANG Guo-Qiang ZHAO Wen-Jie JIANG Xiu-Ming
( School of Chemistry and Chemical Engineering Henan University of Technology ~Zhengzhou 450001 China)

Abstract 1-Vinyl-3-hexylimidazolium bromide ionic liquid was attached onto graphene oxide sheets through
the electrostatic interaction between ionic liquid and graphene oxide. After polymerization and reduction a
poly( ionic liquid) -stabilized graphene composite material ( PIL-G) was obtained and characterized by Fourier
transform infrared spectroscopy scanning electron microscopy and ultraviolet-visible spectrometry. The PIL-
G was firstly used as solid-phase extraction ( SPE) adsorbent for organophosphorus pesticides ( OPPs) . The
factors that affected the extraction efficiency of analytes including adsorbent amount sample volume sample
flow rate eluent solvent and its volume were optimized. Combined with HPLC method good linearity for the
determination of OPPs was obtained in a range of 5200 pg/L with correlation coefficients ( R*) of
0.9908-0.9995. The recoveries of OPPs at three spiked levels ranged from 80.0% to 110.0% with RSD less
than 4. 5% . In comparison with G PIL-G materials as SPE adsorbent could enhance the dispersion of
graphene and exhibited higher extraction efficiency for OPPs. The proposed method was suitable for the
determination of OPPs in environmental water samples.

Keywords Poly( ionic liquid) ; Graphene; Solid phase extraction; Organophosphorus pesticides
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