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o m=T
BeMIM T,N TLN -
PF, = BF, o BeMIM TN -
DLLME BeMIM Tf,N -DLLME  HPLC
o BeMIM  Tf,N -DLLME
(K) °
2
2.1
( ) SPD-H0A VP Plus - LCH0AT VP  .CBM-0A
VPplus ; 77251 ( Rheodyne ) o 804 ( ) o
: 0DS (250 mmx4.6 mm 5 pm); ™MC g (5 pm); : -
(80:20 V/V); :1.0 mL/min; 1254 nm.
2.2
N N N ( ) o (
) o ( LiTf,N )o 1= 3-
( 1-Octyl-3-methylimidazolium bis ( trifluoromethyl) sulfonyl imide =~ OMIM TN )
14
N N (Cccl) . (C,CL) o
( 0.10 g/L
1.0 g/L) . o
2.3 BeMIM Tf,N
BeMIM TN 19 0.2 mol 1- 100 mL
o 72 h 50 mL
4 50°C 24 h. 1- 3- ( 1-Benzyl3-methylimidazolium bromide
BeMIM Br) LT, N 200 mL 24 h
Ag” Br~ o BeMIM TN 50°C 48 ho
CDCl, BeMIM  TE,N "H-NMR 6 :3.91 (s
3H) 5.30 (s 2H) 7.20 (m 1H) 7.27 (s 1H) 7.38 (m 5H) 8.78 (s IH) .
2.4 DLLME
5 mL 10 mL 1 mL 40 pL BeMIM Tf,N
; / BeMIM TN / BeMIM
Tf,N ; 4000 r/min S min BeMIM TN ;
5 pL HPLC o
( Enrichment factor EF) ( Enrichment recovery ER)
EF ER
(1):
N CoiVia Ve
ER:TU:TVO:EFXTO (1)
Nt Coa Vi > oy Gy
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3.1 BeMIM Tf,N DLLME
3.1.1 BeMIM TIf,N
. 2 I( BeMIM TN
OMIM  TEL,N ) (cCl,  C,CL) 1 .
c,Cl, 4 BeMIM  Tf,N
o OMIM IL  DLLME
B (11 pl) OMIM  Tf,N BeMIM  Tf,N 25
40 pL BeMIM  Tf,N OMIM  TE,N . BeMIM TN
BeMIM  Tf,N
— BeMIM  Tf,N
o IL IL
1 BeMIM TE,N
Table 1 ~ Comparison of extraction efficiency using BeMIM  Tf,N and other solvents as extraction solvents
BeMIM  Tf,N OMIM  Tf,N C,Cly, CCl,
Analyte EF ER( %) EF ER( %) EF ER( %) EF ER( %)
Fenitrothion 324 77.6 250 60.9 - - 155 47.9
Parathion 339 81.4 276 67.4 164 39.4 136 42.1
Phoxim 337 80.9 294 71.8 212 50.9 134 41.4
Phorate 317 76.1 - - - - - -
Chloronaphthalene 296 71.1 246 59.9 - - 169 53.0
Anthracene 332 79.8 260 63.4 - - - -
Chlorpyrifos 288 69.0 231 56.5 106 25.8 93 29.0
EF: ( Enrichment factor) ; ER: ( Enrichment recovery) ; —: ( Analyte was interfered with extraction
solven) . BeMIM TN : 1-Benzyl3-methylimidazolium bis trifluoromethyl) sulfonyl imide.
3.1.2 BeMIM Tf,N EF 0 1 mL
BeMIM T{,N (3540 4550 55 L) 7 EF ER
o EF
 ER
ER o BeMIM  Tf,N 40.0 pL EF
ER., BeMIM  Tf,N 40.0 pLo
6001 a Fenitrothion 1001 b
Parathion
. 500 Phoxim
8 Phorate 80
= Chloronaphthalene <
f 400+ ,—\nthrari‘ne é
S Chlorpynifos Z
é ' 15 60 Fenitrothion
<= 300F S Parathion
g é Phoxim
3 L Phorate
= 200+ 40 Chlorénaphthalene
Anthracene
Chlorpynifos
100 1 1 1 J 20 L 1 1 J
35 40 45 50 55 35 40 45 50 55
Volume of [BeMIM|[TLN] (L) Volume of [BeMIM|[TELN] (L)
1 BeMIM Tf,N EF( a) ER( b)
Fig. 1 Effect of BeMIM Tf{,N volume on EF (a) and ER (b) of analytes

1 mL © 5 mine

Extraction conditions: 1 mL of methanol; centrifugal time 5 min.
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3.1.3 DLLME
o N N 4 o EF
EF EF ER 3
BeMIM  Tf,N o
40 pL (0.6 ~1.4 mL) o
16 pL 5 pL EF ER ( 2)o
EF . Be-
MIM  Tf,N BeMIM  Tf,N
( ER) o EF ER 1 mL.
6007, Feniirothion 100[ ,
Parathion
_ o0t o ol
3 I Ao S
g 400 Chlorpyrifos E ol
= 300p § Fenitrothion
£ ol e B
“hloronaphthalene
Anthracene
100 L L L 1 20 Chlorpyrifos L )
0.6 0.8 1.0 1.2 14 0.6 0.8 1.0 1.2 14
Volume of methanol (mlL) Volume of methanol ( mL)
2 EF(a)  ER(D)
Fig.2 Effect of dispersive solvent volume on the EF (a) and ER (b) of analytes
BeMIM Tf,N 140 pL; © 5 min
Extraction conditions: 40 pL of BeMIM Tf,N ; centrifugal time 5 min.
3.1.4 DLLME
o 0 ~15 min .
EF ER o
IL-DLLME o
o 258 11 14 min EF
ER o 2 min 9 pL EF ER
o 5 ~14 min 12 wL EF  ER o
5 min o
3.1.5 o IL
o NaCl (0 ~
30% w/V) 3 o Ve G,
(1) EF C_, ER EF V_, o (0~3%)
BeMIM  Tf,N 12 pL 7 uL Vo C.
EF ; EF Vo EF  V_, ER o
(3% ~30%) 7 nL 22.5 L C.. EF v EF V.,
ER o o
3.2
( 2), 7
0.9994 ~0.9998 o 3 (10 40 100 pg/L)



946 44

6001 1007
a Fenitrothion )
Parathion %0

. L Phoxim r

g 450 Phorate =

] Chloronaphthalene IS

t B Anthracene - 60r

Z  300F Chlorpyrifos E

g 3 L Fenitrothion

S 3% 40 |’urath(;0n ’

= Phoxi

S 150f Phorate

201 Chloronaphthalene
:\'mhrac(‘;nc
0 | | | | | ) 0 | Chlgrpyrifos | | | ]
0 5 10 15 20 25 30 0 5 10 15 20 25 30
NaCl (%, w/V') NaCl (%, w/V')
3 NaCl EF( a) ER( b)
Fig.3 Effect of NaCl amount on EF (‘a) and ER (b) of analytes
BeMIM Tf,N 140 plL; © 5 min; : 1 mL o
Extraction conditions: 40 pL of BeMIM Tf,N ; 1 mL methanol; centrifugal time 5 min.
5 3 RSD( n=5) 1.1% ~4.3%

RSD(n=3) 0.8% ~4.8%. LOD(S/N=3) 0.01 ~1.0 pg/L.

2
Table 2 Performance of the developed method

Spiked level

LOD . Correlation 10 pg/L 40 pg/L 1000 pg/L

Analyte (pg/L) Linear range coefficient
’ e (pg/L) (R?) RSD*  RSD® RSD*  RSD® RSD*  RSD®
(%) (%) (%) (%) (%) (%)
Fenitrothion 0.04 1.0 ~ 1000 0.9996 2.7 1.4 2.9 3.2 2.0 0.8
Parathion 0.04 1.0 ~1020 0.9994 1.4 2.4 1.4 4.8 1.5 1.5
Phoxim 0.04 1.0 ~990 0.9997 3.5 1.5 1.5 4.4 1.5 1.5
Phorate 0.5 5.0 ~ 1000 0.9994 2.2 1.2 2.7 3.0 1.1 1.7
Chloronaphthalene 0.04 2.5~253 0.9998 3.8 3.2 1.5 4.3 2.2 3.3
Anthracene 0.01 1.3 ~200 0.9995 2.7 2.8 1.6 3.9 3.3 1.6
Chlorpyrifos 1.0 2.0 ~ 1000 0.9998 2.6 3.6 3.3 4.2 4.3 3.0

a: (n=5); b: (n=3).

a: Intra-day RSD( n=5); b: Inter-day RSD(n=3) .

3.3
. . 3
(10 40 100 pg/L) 3 .3
RSD 82.7% ~118. . °
3% 0.7% ~5.6% :
BeMIM Tf,N -DLLME 1 ;
. 100 pg/L .
4 |
3.4 BeMIM Tf,N -DLLME S |
2 4 6 8 10 12 14 16
¢ (min)

BeMIM Tf,N -DLLME
BeMIM Tf,N / / 4 (a) (b)
Fig. 4  Chromatograms of spiked Yellow River water

A o

BeMIM Tf,N -DLLME before (a) and after ( b) using the BeMIM Tf,N -

BeMIM ~ TE,N / / DLLME procedure
( 2) ( 3) 3( The peak number is the same as in Table 3) .
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K.
C ed
K = sed ( 2)
water
_ CO VO B Csed Vsed ( 3)
water
: Vy + 7,
Csed C\\aler BCMIM TfZN CO
VO Vsed Vd
3
Table 3 Determination results of real water samples using BeMIM Tf,N -DLLME-HPLC
Tap water Rain water Yellow River water
No Analvte Spiked level
’ yie (pe/L) Recovery RSD Recovery RSD Recovery RSD
(%) (% n=3) (%) (% n=3) (%) (% n=3)
10 103.5 1.9 118.3 1.2 113.0 1.6
1 Fenitrothion 40 106.9 1.4 117.4 1.6 106.0 0.7
100 97.5 3.1 112.5 3.8 110.0 2.7
10 82.7 2.0 102.4 2.9 97.6 3.5
2 Parathion 40 94.5 2.7 102.4 2.4 96.2 2.9
100 84.7 3.3 99.4 1.4 95.4 4.8
10 100.3 1.4 115.5 0.7 97.5 4.0
3 Phoxim 40 107.6 1.2 105.6 2.1 93.2 2.7
100 105.7 3.6 113.8 3.4 104.7 2.3
10 89.1 0.8 100.3 1.0 105.8 2.9
4 Phorate 40 93.9 3.8 85.6 2.4 106.2 3.2
100 91.5 1.0 103.6 2.5 105.3 0.8
10 104. 4 1.2 106.2 3.1 101.0 0.7
5 Chloronaphthalene 40 101.1 4.5 111.2 4.2 102.0 1.0
100 104.3 3.3 105. 1 1.4 99.1 2.6
10 97.4 1.1 98.9 1.8 93.2 1.5
6 Anthracene 40 101.1 2.4 105.5 3.2 91.9 1.9
100 100.9 3.3 100. 8 1.5 97.1 2.3
10 93.5 0.8 103.0 3.6 101.4 3.4
7 Chlorpyrifos 40 102.2 3.6 100.7 3.5 105.9 2.8
100 99.1 5.6 108. 4 2.8 102. 1 2.0
4 BeMIM TLN / / K /
K, ) BeMIM  Tf,N
( T ) ° K Kn/w
BeMIM Tf,N -DLLME
4
Table 4  Partition coefficients of analytes in BeMIM  Tf,N -methanol-water and octanol-water system
Fenitrothion Parathion Phoxim Phorate Chloronaphthalene Anthracene Chlorpyrifos
1gK 3.27 3.27 3.35 3.19 3.03 3.35 3.00
1gK,,, * 3.30 3.83 4.39 3.56 4.00 4.45 4.66
BeMIM Tf,N IL DLLME HPLCUV
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- BeMIM Tf,N DLLME

EF ER. BeMIM Tf,N -DLLME K
BeMIM  Tf,N T IL
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Benzyl Functionalized Ionic Liquid as New Extraction Solvent of
Dispersive Liquiddiquid Microextraction for Enrichment of
Organophosphorus Pesticides and Aromatic Compounds

WANG Ya-Li YOU Li-Qin MEI Yu-Wen LIU JianPing HE Li-Jun"
( School of Chemistry and Chemical Engineering Henan University of Technology Zhengzhou 450001 China)

Abstract A benzyl functionalized ionic liquid 1-benzyl3-methylimidazolium bis ( trifluoromethyl)
sulfonyl imide ( BeMIM Tf,N ) was synthesized and characterized as an extraction solvent of dispersive
liquidiquid microextraction ( DLLME) for enrichment and determination of 5 organophosphorus pesticides
( phoxim fenitrothion chlorpyrifos phorate and parathion) and 2 aromatic compounds ( chloronaphthalene

and anthracene) from environmental water samples by high-performance liquid chromatography ( HPLC) .



6 ; - 949

BeMIM  Tf,N had higher extraction efficiency than 1-octyl3-methylimidazolium bis ( trifluoromethyl)
sulfonyl imide and common organic solvents such as CCl, and C,Cl,. The extraction was performed using
40 pL of BeMIM T2N and 1 mL of methanol as extraction solvent and dispersive solvent respectively with
centrifugal time of 5 min. Under the optimal conditions the method proposed here provided a good linearity
for all analytes with correlation coefficients between 0.9994 and 0.9998. The repeatability values described
as intra-day and inter-day relative standard deviations ( RSDs) of five replicate experiments at three different
concentrations of 10 40 and 100 wg/L were 1.1% —4.3% and 0.8% —-4.8% respectively. The limits of
detection ( LOD) were 0.01 pg/L-1.0 pg/L at a signal-to-noise ratio ( S/N) of 3. This developed method
was convenient and speedy and could be employed to detect the analytes in three real environmental water
samples with satisfactory relative recovery of 82. 7% —118.3% and RSD of 0. 7% —5. 6% . Introduction of
benzyl group into the imidazolium could obviously enhance the extraction efficiecny for analytes due to the 77
interaction between BeMIM  Tf,N and analytes. BeMIM Tf,N was a satisfactory extraction solvent
with a high enrichment factor of 339 and extraction efficiency of 81.4% . Partition coefficients of all analytes in

BeMIM Tf,N -DLLME system were determined and the extraction mechanism was discussed.

Keywords Benzyl functionalized ionic liquid; Dispersive liquiddiquid microextraction; Organophosphorus

pesticides; Aromatic compounds
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