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Abstract

Room temperature ionic liquids (RTILs) were used as extraction solvent in liquid-phase microextraction (LPME) coupled with liquid
chromatography. Using 1-hexyl-3-methylimidazolium hexafluorophosphat®([][PF s]) as extraction solvent, some parameters related
to LPME of 4-nonylphenol (4-NP) and #¥t-octylphenol (4¢OP) were optimized. Although EMIM][PF¢] can suspend a much larger
volume of drop on the needle of the microsyringe than the conventional solvents such as 1-octanol and carbon tetrachloride, the method
sensitivity was analyte dependent because of the different partition coefficients and the relatively large viscogMiMI[RF¢]. The
proposed procedure has a detection limit and enrichment factor @§0-3 and 163 for 4-NP, and 0ufg I=* and 130 for 40P, respectively.
Aqueous samples including tap water, river water, and effluent from sewage treatment plant were analyzed by the proposed method and the
recoveries at 1Qg |~* spiked level were in the range of 90-113%.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction one of the typical RTILs, was reported to have large viscos-
ity, low miscibility with water and moderate dissolvability
Liquid-phase microextraction (LPME), performed by us- of organic compound§—9]. Therefore, it should be pos-
ing a single drop of solverit—4] or a small length of porous  sible to suspend a large volume drop on the needle of a
hollow fiber-protected solverib], has shown to be an at- microsyringe for efficient LPME and thereby provide high
tractive alternative for sample preparation. It was reported sensitivity for HPLC determination. In our previous study,
that LPME has comparable extraction efficiency and repro- [CgMIM][PF¢] was used to LPME of polycyclic aromatic
ducibility with the widely used solid-phase microextraction. hydrocarbons with higher enrichment factor than that with
The advantage of LPME is that it is inexpensive and there traditional solvent$10].
is freedom of selection of appropriate solvent for extraction  The 4-nonylphenol (4-NP) and #¥t-octylphenol (4t
of definite analytes. However, drop-based LPME suffered OP), two major alkylphenols in aquatic environment, are
from the relatively small drop volume (typicallyll) and mainly come from the degradation production of 4-nonyl-
thus low sensitivity in high-performance liquid chromatog- phenol polyethoxylates andtért-octylphenol polyethoxy-
raphy (HPLC). Furthermore, the commonly used solvents in lates[11], which are two groups of non-ionic surfactants
LPME are incompatible with reversed-phase HPLC. widely used as detergents, wetting agents, emulsifiers and
Room temperature ionic liquids (RTILS) are ionic media stabilizerd12]. Being more persistent than their parent com-
resulting from combination of organic cations and various pounds and have been found to elicit estrogenic activities
anions that are liquids at room temperature. 1-Hexyl-3- [13], 4-NP and 4-OP have received a great deal of attention

methylimidazolium hexafluorophosphate ¢MIM][PFg]), in recent years, and various analytical methods over these
contaminants has emerged recemtl].
* Corresponding author. Fax:86-1062923563. The objective of this study is to exploit the potentiality
E-mail address: gbjiang@mail.rcees.ac.cn (G.-b. Jiang). of RTILs for LPME of 4-NP and 4-OP. Some LPME
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related parameters were optimized and the proposed proce-
dure was applied to determine 4-NP antt@P in aqueous
samples.

2. Experimental
2.1. Reagents and samples

4-NP and 4t+OP were obtained from Tokyo Kasei Ko-
gyo, Japan. Standard stock solutions (1@@0nl—1) of
these compounds were prepared in methanol. Working
solutions were prepared daily by appropriate dilution of
the stock solutions with water. Reagents for synthesis of
RTILs including 1-methylimidazole (99%), 1-chlorohexane
(95%) and hexaﬂlflorOphOSphoric acid (GO-WL% solution in Fig. 1. Schematic diagram of the ionic liquid-based liquid-phase microex-
water) were Obtamed. from Acros Organics. HPLC-grade traction. (1) Stir bar; (2) sample solution; (3) RTIL drop; (4) PTFE tube;
methanol and acetonitrile was purchased from Scharlace s septum: (6) microsyringe.
(Barcelona, Spain). All the other chemicals were analyti-
cal grade reagents (Beijing Chemicals, Beijing, China) and ] )
ultrapure water (EASYpure LF) water was used throughout. Pe€nd & 10ul [CeMIM][PF ] drop, the tip of the microsy-

Tap water sample was collected from water tap in our lab- finge needle was sheath_ed witha 3 mm long polytetrafluoro-
oratory, river water samples were collected from the Haihe ethylene (PTFE) tube with (0.6 mm i.d. and 1.8mm o.d.) as
River in Tianjin, and the wastewater sample was the effluent Shown inFig. 1. When carbon tetrachloride and 1-octanol

collected at Gaobeidian sewage treatment plant in the eastVere compared as extraction solvents, the same extraction
part of Beijing city. Collected samples were filtered through Procedure was performed butdRIM][PF¢] was replaced

a cellulose membrane with pore size OB and main-  With the target solvent.

tained in glass containers, then stored at a temperature of

4°C. 2.4. HPLC determination

2.2. RTIL synthesis The HPLC equipment included an Agilent 1100 Series

IsoPump, an Agilent 1100 Series FLD fluorescence detector

1-Hexyl-3-methylimidazolium hexafluorophosphated[C ~ Seét at 220 nm excitation and 315nm emission, and a per-
MIM][PFg]) was synthesized as described elsewhere sonal computer equipped with an Agilent ChemStation pro-
[8,9,15] Briefly, [CsMIM]CI was prepared by adding equal  gram for LC used to process chromatographic data. A 7725
amounts (0.2 mol) of 1-methylimidazole and 1-chlorohexane injector (Rheodyne, USA) and an Agilent Zorbax RXsC
to a round-bottomed flask fitted with a reflux condenser and column (150 mmx 4.6 mm, particle size pm) were used
reacting for 48 h at 76C. The above produced §®IM]CI for injection and separation of the analytes enriched in the
was washed with ether and dried under vacuum &80  RTILs. The mobile phase was a mixture of acetonitrile—water
[CeMIM][PF¢] was prepared by slowly adding hexafluo- (70:30 (V/V)).
rophosphoric acid (0.13mol) to FMIM]CI (0.1 mol) in
100 ml of water. After stirring for 12 h, the lower liquid
portion was washed with water until the washings were no 3. Results and discussion
longer acidic. The RTILs were cleaned up withp@®s and

dried under vacuum at 8C. 3.1. Comparison of extraction solvent
2.3. Extraction procedure The physical and chemical properties such as density,
viscosity and solubility of extraction solvents have signifi-
Withdrew 10pl of [CeMIM][PFg] into a 5041 micro- cant influence on the extraction efficiency of target analytes.

syringe (Agilent), clamped the microsyringe into place such Therefore, three solvents includingdlIM][PFg], carbon

that the needle of the syringe was immersed into the 15 ml tetrachloride and 1-octanol, with physicochemical parame-
sample solution held in a vial, then depressed the plunger toters shown infable 1 were compared as extraction solvents
expose a 1@l of [CsMIM][PF ] drop to the sample and turn in this study.

on the magnetic stirrer. After stirring for the prescribed time,  Experiments demonstrated that the largest drop that could
the [GMIM][PF g] drop was retracted into the microsyringe stably suspended on the tip of the microsyringe needle
and then injected into the HPLC system for analysis. To sus- (sheathed with a 0.6 mm i.d., 1.8 mm o.d. and 3mm long
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Table 1
Some physicochemical properties of the studied solvents and analytes
[CeMIM][PF¢] Carbon tetrachloride 1-Octanol 4-NP t<OP

Molecular mass 312 153 130 220 206
Melting point (C) 23 16 81-8%
Density (g mt?) 1.2¢ 1.5¢ 0.83 0.95% 0.922
Viscosity (25°C, Pas) 0.586 9.6 x 10742 9.0 x 1073
Solubility in water (mgt?) 7500 8000 307 5.4 12.6
Log Kow 448, 4.2 412

a Ref. [16].

b Ref.[17].

¢ Ref. [9].

d Ref. [15].

polytetrafluoroethylene tube) was jL0for RTILs, and 5ul provide the largest peak area for both 4-NP andCR if
for 1-octanol and carbon tetrachloride, respectively. There- the largest drop was adopted. Thus, further comparison of
fore, a drop volume of fl was adopted for comparing extraction solvents was conducted.
the enrichment efficiencyTable 2 showed the obtained
analytical signals (peak area) when 25~1 4-NP and 3.2. Drop volume and extraction time
4-t-OP were extracted for 20 min by usingd@IM][PF¢],
1-octanol and carbon tetrachloride as extractant, respec- Fig. 2 showed the effect of [fMIM][PFg] drop volume
tively. Results shown inTable 2 indicate that 1-octanol and extraction time on the HPLC peak area, which was
possessed the largest peak area for both 4-NP arORi- studied by exposim a 5 or 10pl drop to aqueous sam-
When [GMIM][PFg] was adopted, the peak area of-©P ple solution for different time. For further comparison with
was almost the same as that when 1-octanol was usedl-octanol, a 51l 1-octanol drop was also exposed to aque-
but the peak area of 4-NP was only half of that when ous sample solution for different time with results shown in
1-octanol was used. The partition coefficients #ag) of Fig. 2 As can be seen, when apy3-[CgMIM][PF¢] drop
4-NP and 40P between 1-octanol and water were shown was adopted, the peak area increased with the increasing of
in Table 1 The partition coefficients of 4-NP andt49P extraction time up to 20 min, then decreased gradually with
between [GMIM][PFg] and water are not available, but the increasing of extraction time due to the dissolution of
can be expected to be one magnitude lower than that in a[CgMIM][PF ] in sample solution. If a 1@l [CsMIM][PF ]
1-octanol-water system as it was reported that the partitiondrop was adopted, however, the peak area increased with ex-
coefficients of organic compounds in J&IM][PF g]/water traction time within 40 min, and the obtained peak area was
system is generally one magnitude lower than that in almost three-fold that when ht drop was adopted. From
1-octanol-watef18]. The partition coefficients of the an- Fig. 2 it is clear that the obtained peak area of 4-NP by us-
alytes between two phases is a very important parametering a 54l drop of 1-octanol was much larger than that by
of extraction and higher partition coefficients is beneficial using 5ul [CeMIM][PF¢], which probably due to the higher
for getting enrichment factof5]. Therefore, it seems rea- partition coefficient of 4-NP in the 1-octanol-water system
sonable that 1-octanol provided larger peak area. However,and the much lower viscosity of 1-octanol. Fot-®P, how-
LPME is usually a non-equilibrium procedure, and the ob- ever, the obtained peak area by usingl3.-octanol was
tained peak area is the complex result of various parametersalmost the same as that by using/JCgMIM][PFg] when
including partition coefficient and diffusion coefficient of the extraction time was less than 20 min, but larger than
analyte, solubility of extraction solvent, viscosity of both with 5wl [CgMIM][PF ] over 20 min due to the dissolution
sample solution and solvent. Considering that the largestof [CgMIM][PFg] in sample solution. In conclusion, 10
suspended drop volume of §@IIM][PF¢] is two times of [CsMIM][PFg] provided the largest peak area oft-©BP
that of 1-octanol, it was expected thag]IM][PF ] should while 5pl 1-octanol possessed the largest peak area of 4-NP.
A drop of 10ul [CeMIM][PFg] and an extraction time of
40 min were adopted in the following study.

Table 2
The obtained peak area when 2§~ 4-NP and 4-OP were extracted
for 20 min by using 5ul drop of different solvents

3.3. Sample volume

The influence of sample volume on the peak area was
studied in the range of 5—-25 ml. Results indicated that with
[CeMIM][PF¢] 76 215 the increasing of sample volume, the peak area 6DR
1-Octanol _ 164 222 decreased significantly wile the peak area of 4-NP decreased
Carbon tetrachloride 76 165

very slowly. We suspected that the decrease of peak area

4-NP 44-0OP
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Fig. 2. The effect of drop volume and time on extraction of 15 ml ofu8% ! spiked 4-NP and 4-OP. (J) 4-t-OP, 5pl [C4MIM][PF¢]; (A) 4-NP, 5l
[C4sMIM][PF¢]; (M) 4+t-OP, 10ul [CsMIM][PF¢]; (A) 4-NP, 10ul [C4sMIM][PFg]; (x) 44-OP, 5ul 1-octanol; O) 4-NP, 5ul 1-octanol.

was due to the fact that more amount ofgMIM][PF¢] the aqueous phase. The correlation coefficigrRisgbtained
was dissolved into the sample solution, and thus less resid-py determining six 4-NP and #OP standards covering the
ual RTILs drop could be injected into the HPLC system for |inear range of 10-10@g 1~ were 0.9995 and 0.9992, and
detection. To demonstrate this assumption, the sample so+the detection limits (S/N= 3) were 0.3wg 12 for 4-NP and
lution was saturated with §BIM][PF¢] before extraction 0.7pg 11 for 4t-OP, respectively.

to eliminate the dissolution of [{MIM][PFg] drop for ex-
traction. It was found that the peak area increased gradu-
ally with the sample volume in the range of 5-25ml. This
result demonstrated that our assumption is right. A sample Lu;
volume of 15ml was adopted in the following studies as 5
lower sample volume resulted in inconvenient operation for 4
extraction. 0

%

3.4. Analytical performance ]
30

Under the above selected conditions, some characters of -
the proposed method were investigated. The enrichment fac- 4
tor and precisions (R.S.Du, = 5) of the proposed proce- 53
dure, measured by repeated enrichment of standard solution r ! ‘ : : . . ‘
containing 25.g =1 4-NP and 40P, were 163 and 7.8% i
for .4_NP' and 130. and .3'2% for t4OPf respectively. The Fig. 3. Typical chromatograms of effluent collected from a local sewage
enrichment factor is defined as the ratio@fC,, whereCq treatment plant. (A) Sample blank: (B) sample spiked withug0
is the concentration of analytes in the RTILs phase after ex- 4+.0p and 4-NP. Peaks identified as: (Lsd@M][PFe]; (2) unknown
traction andC, is the original concentration of analytes in  substance; (3) 4OP; (4) 4-NP.

o
'
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