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Ionic liquid for high temperature headspace liquid-phase microextraction
of chlorinated anilines in environmental water samples
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Abstract

Based on the non-volatility of room temperature ionic liquids (IL), 1-butyl-3-methylimidazolium hexafluorophosphate ([C4MIM][PF6]) IL
was employed as an advantageous extraction solvent for high temperature headspace liquid-phase microextraction (LPME) of chloroanilines in
environmental water samples. At high temperature of 90◦C, 4-chloroaniline, 2-chloroaniline, 3,4-dichloroaniline, and 2,4-dichloroaniline were
extracted into a 10�l drop of [C4MIM][PF6] suspended on the needle of a high-performance liquid chromatography (HPLC) microsyringe
held at the headspace of the samples. Then, the IL was injected directly into the HPLC system for determination. Parameters related to
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PME were optimized, and high selectivity and low detection limits of the four chlorinated anilines were obtained because the extra
erformed at high temperature in headspace mode and the very high affinity between IL and chlorinated anilines. The proposed
as applied for the analysis of the real samples including tap water, river water and wastewater samples from a petrochemical
rintworks, and only 3,4-dichloroaniline was detected in the printworks wastewater at 88.2�g l−1 level. The recoveries for the four chlorina
nilines in the four samples were all in the range of 81.9–99.6% at 25�g l−1 spiked level.
2004 Elsevier B.V. All rights reserved.
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. Introduction

Chlorinated anilines were widely used in a variety of in-
ustries[1–3] and are often found in wastewater discharged

rom these plants. As these substances are suspected can-
erogenous and highly toxic to aquatic organisms or human
eings[4–5], most of them have been included in list of pri-
rity pollutants by the US Environmental Protection Agency
EPA).

High-performance liquid chromatography (HPLC) is
ost frequently used for the determination of chlorinated
nilines[6–8], and sample pretreatment is usually required.
urrent sample pretreatment methods for wastewater sam-
les involve solid-phase extraction (SPE)[9], solid-phase
icroextraction (SPME)[10], liquid–liquid extraction (LLE)

11], and supported liquid membrane extraction (SLM)[12].
derivatization step, however, was usually required in SPE
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and SPME because of the strong polarity and high solub
of the analytes.

In our previous study[13–14], ionic liquids (IL) were
used for liquid-phase microextraction (LPME) of some
ganic pollutants. The main advantages of IL for LPME w
the applicability of long-term headspace extraction du
the non-volatility of IL, and the compatibility with HPL
due to the non-harmfulness of IL to HPLC column.
this present study, 1-butyl-3-methylimidazolium hexafl
rophosphate ([C4MIM][PF6]) IL was demonstrated to be
suitable extraction solvent for high temperature heads
LPME of chlorinated anilines in environmental wa
samples.

2. Experimental

2.1. Reagents and chemicals

HPLC-grade acetonitrile was purchased from Dik
(Dikma, China). Standard stock solutions (1000 mg l−1) of
021-9673/$ – see front matter © 2004 Elsevier B.V. All rights reserved.
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4-chloroaniline (4-CA), 3,4-dichloroaniline (3,4-DCA), and
2,4-dichloroaniline (2,4-DCA) (Acros Organics, Belgium),
as well as 2-chloroaniline (2-CA) (Tokyo kasei Kogyo, Japan)
were prepared by dissolving 0.025 g of the compounds in
25 ml acetonitrile. The solutions were stored in brown glass
bottles and kept at 4◦C. Fresh working solutions (10 mg l−1)
were prepared daily by appropriate dilution of the stock solu-
tions. Reagents for synthesis of [C4MIM][PF6] including 1-
methylimidazole (99%), 1-chlorobutane (99%) and hexaflu-
orophosphoric acid (60 m% solution in water) were obtained
from Acros Organics. The synthesis and physicochemical
properties of [C4MIM][PF6] IL were described in our previ-
ous study[13]. All of the other chemicals and solvents were
of analytical reagent grade and ultrapure water (EASY-pure
LF) was used throughout.

2.2. Extraction procedure

The extraction procedure is the same as that described
in our previous study[13], except that a 10�l IL drop was
used as extractant and 50 ml flask was adopted for holding
20 ml of sample solution, and the flask with sample solution
was placed in recycling hot water to control the extraction
temperature. The hot water was provided by a thermo bath
system (TB-85 Thermo Bath, Shimadzu, Japan) setting at
expected temperature.
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3.1. Effect of salt addition

The optimization of salt concentration was conducted
by keep using 10�l of IL extractants for extraction 30 min
at 60◦C, while adding varied amounts of sodium chloride
(NaCl) in 10 ml of phosphate buffer solution (pH 12.0)
spiked with 0.2�g ml−1 of chlorinated anilines. Experiments
demonstrated that for the four chlorinated anilines the ex-
traction efficiency increased with the NaCl concentration up
to 20% and followed by decreasing with further increas-
ing of NaCl concentration. This result is in agreement with
those reported in reference[8]. This phenomenon can be
explained by the two simultaneously occurring processes:
the salting out effect, and the electrostatic interactions be-
tween polar molecules and salt ions in sample solution.
At the beginning, the former process plays the predomi-
nant role, but salt molecules begin to interact with analyte
molecules when salt concentration increased further, which
directly leads to the decrease of the respond. Therefore, 20%
NaCl was adopted as the final addition in the following
studies.

3.2. Effect of temperature

Usually, increasing temperature improves the evapora-
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.3. HPLC determination

The LC-VP liquid chromatographic instrument (S
adzu, Japan) consists of an SCL-10Avp system contr

wo LC-10ATvp pumps, and an SPD-M10Avp detector
ing at 240 nm. Samples were injected with a 7725i ma
njection valve with a 20�l loop (Rheodyne, USA). Dete
ion was achieved by the technique of photodiode array d
ion. Data acquisition and process were accomplished

Class-VP Workstation (Shimadzu, Japan). The analy
olumn was a 250 mm× 4.6 mm i.d. C18 column (Inertsi
DS-P, GL Sciences Inc., Japan, 5�m particles). The mo
ile phase was a mixture of acetonitrile–water (50:50,
elivered at a flow rate of 1.0 ml min−1.

.4. Sample collection

Tap water samples were collected from water tap in
aboratory, river water samples were collected from the H
iver (Tianjin, China), and the wastewater samples w
indly supplied by a petrochemical plant and a printwo
hese samples were all stored at the temperature of 4◦C after
ollection.

. Results and discussion

In this study, parameters related to liquid-phase micr
raction were optimized by utilizing the univariant meth
or simplifying the optimization procedure.
ion of target compounds from the sample matrix to
eadspace. In this experiment, we also investigated th

ect of temperature (from 50 to 90◦C) on the extraction e
ciency. Fig. 1 shows that temperature has significant
ect on the extraction. With the increasing of the temp
ure, the extraction efficiency improved sharply as expe
herefore, an extraction temperature of 90◦C was consid
red as the optimum temperature in the following exp
ents.

ig. 1. Effect of temperature on the peak area of chlorinated anilines. B
olutions (pH 12.0, 10 ml) containing 20% NaCl (w/v) and spiked
.2�g ml−1 of chlorinated anilines were extracted with 10�l [C4MIM][PF6]

or 30 min at different temperature. (�) 3,4-DCA; (�) 4-CA; (�) 2,4-DCA;
�) 2-CA.
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3.3. Effect of sample pH

For a weak organic base and acid, the extraction efficiency
depends on the sample pH. The sample solutions were often
adjusted to appropriate alkalinity prior to extraction, so that
the chlorinated anilines were de-ionized and their solubility
in the sample solution reduced and extractability increased.
Experiments demonstrated that the extraction efficiencies im-
proved significantly with the increasing of pH up to 10 and
then increased very slowly with further increasing of pH. This
is because the pKa values of 4-CA, 2-CA, 3,4-DCA and 2,4-
DCA were 4.15, 2.65, 2.00, 2.96, respectively[12,15], and
the non-ionic chlorinated anilines predominate largely over
the protonated ionic ones at pH > 10. Based on this investiga-

tion, a samle pH value of over 10 is thus recommended and
pH 12 was adopted in the following studies.

3.4. Effect of sample volume and extraction time

During the headspace extraction process, sample volume
can influence the magnitude of the headspace and thus might
influence the extraction efficiency. For the optimization of
sample volume, different volume of phosphate buffer so-
lution (containing 20% NaCl, w/v; pH 12.0) spiked with
0.2�g ml−1 of chlorinated anilines were extracted for 30 min
at 90◦C. Experiments showed that the largest analytical re-
sponse was obtained at 20 ml of sample for all the studied
chlorinated anilines. Further increasing of sample volume re-
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ig. 2. Typical chromatograms of the four chlorinated anilines standard, wa
astewater sample from printworks; (C) wasterwater sample spiked with chlo

dentified as: (1) 4-CA; (2) 2-CA; (3) 3,4-DCA; (4) 2,4-DCA.
stewater sample and sample spiked with standard. (A) standard (25�g l−1); (B)
rinated anilines standard (75.0�g l−1); (D) blank; (E) standard (1.0�g l−1). Peaks
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sulted in the decreasing of peak area, which can be explained
by the two successive processes occurred in the extraction
proceeding. At the beginning, the percentage headspace de-
creases with the increase of sample volume, which acceler-
ates the diffusion of the analytes into the IL drop until satu-
ration. If sample volume further increased, however, the an-
alytes will take more time to transfer from the liquid to the
headspace, thus the response begins to decrease. Therefore,
20 ml was chosen as the optimal sample volume.

The optimization of extraction time was conducted at the
above-optimized conditions. Experiments showed that the
highest peak areas of the analytes were obtained at 30 min
of extraction time, and further increasing of extraction time
resulted in decreasing of peak areas. The probable reason is
that, with the increasing of extraction time at the given high
temperature, more water vapor will present in the headspace
and the amount of analytes in IL drop decreased due to the
distribution of anlytes between the IL and the water vapor
phase. Another possibility is some chlorinated anilines might
degraded at such a high extraction temperature (90◦C). Ac-
cording to this investigation, 30 min was chosen in the fol-
lowing study.

3.5. Analytical performance and application

Each analyte exhibited good linearity with correlation
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88.2± 5.8�g l−1 level in waste water from printworks) were
in the range of 81.9–99.6%. The typical chromatograms were
shown inFig. 2.

4. Conclusions

A novel procedure, high temperature headspace liquid-
phase microextraction based on ionic liquid, was proposed
for the determination of chlorinated anilines in environmental
water samples. The main advantages of the proposed proce-
dure were the applicability of long-term headspace extraction
at high temperature (90◦C) due to the non-volatility of IL,
and the high efficient trap of chlorinated anilines in IL due
to the very high affinity between IL and chlorinated anilines.
Therefore, the proposed method possessed high sensitivity
(LODs = 0.5–1.0�g l−1) and low influence of sample matrix
(with recoveries of 81.9–99.6%). On the other hand, the pro-
posed method is rapid and easy to conduct as IL is compatible
with HPLC column and thus IL with extracted analytes can
be injected into the HPLC system for determination.
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.5–100�g l−1 for 2,4-DCA). The repeatability was studi
y five replicate experiments. This proposed procedure
essed good repeatability with relative standard devia
R.S.D.s) in the range of 5–7%. This is because IL is a
table and non-volatile compound and there is no losin
xtractant during headspace extraction. The limits of d
ion (LODs), estimated based on signal-to-noise ratio
S/N = 3), were in the range of 0.5–1.0�g l−1. The excel
ent characteristics of IL contributed a great to these
ow LODs. At first, the involatile IL permits the headspa
xtraction at a high temperature of 90◦C to make the fou
hlorinated anilines with high boiling point (232◦C for 4-
A, 208.8◦C for 2-CA, 272◦C for 3,4-DCA and 245◦C for
,4-DCA [15]) diffuse into the headspace and thus be

racted more efficiently. In addition, the very high affin
etween IL and chlorinated anilines[16] benefitted the tra
f chlorinated anilines in IL.

The applicability of the proposed method was ev
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