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bstract

In this paper, investigations have been carried out to determine the suitability of imidazolium-based ionic liquids (ILs), 1-methyl-3-
lkylimidazolium hexafluorophosphate [Cnmim][PF6] (n = 4, 6, 8) and 1-methy-3-alkylimidazolium tetrafluoroborate [Cnmim][BF4] (n = 6, 8),
n replacing volatile organic solvents for liquid–liquid extraction of selected endocrine-disrupting phenols from aqueous solutions. New experi-

ental data have been reported for the extraction of phenol, bisphenol A, pentachlorophenol, 4-octylphenol and 4-nonylphenol by the ILs. The
esults showed that distribution ratios of the endocrine-disrupting phenols were influenced significantly by pH of the aqueous phase, nature of the
Ls, chemical structure of the phenols, and the presence of some salts in aqueous solutions. It was found that in the range of pH <7, most of the

henols were extracted quantitatively from aqueous solution into the ILs. The selective separation of some of the phenols from their binary mixtures
as also investigated, and the possible driven forces for the extraction were discussed based on the hydrogen-bonding and hydrophobic interactions
etween the ILs and the phenols. It is expected that these results are promising for the liquid–liquid extraction, separation and preconcentration of
ndocrine-disrupting phenols in analytical science and related industrial process.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Liquid–liquid extraction is an effective separation method in
nalytical science and in chemical industry. Generally speak-
ng, traditional solvent extraction employed partitioning of a
olute between two immiscible phases, typically an organic sol-
ent and an aqueous solution. The organic solvents used are
sually volatile, toxic and flammable. Therefore, to establish
ore effective and cleaner extraction methods are desired for

he development of new separation processes.
Endocrine-disrupting chemicals (EDCs), also called envi-

onmental hormone, have already become a threat to the
lobal eco-system. They are stimulants in our living environ-
ents, which function as hormones, interfered with the normal
ecretory process in human body, leading to various negative
iological effects and a threat to the health of human beings and
nimals [1,2]. The alkylphenol, pentachlorophenol, and bisphe-
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ol A are common endocrine-disruptors. These compounds
re of human health concern due to their potential hazards to
uman reproductive health [3]. Alkyl phenols have been used
o make non-ionic surfactant of alkyl phenol polyethyleneox-
de ether in auxiliary ingredient industry. Bisphenol A and
entachlorophenol were applied to produce epoxyresin and phe-
olics, insecticide and herbicide, respectively. These phenols
idely exist in environment.
Ionic liquids (ILs) are, as their name implied, liquid ionic

edia composed of organic cations and inorganic or organic
nions, which remain liquid at the temperatures below 100 ◦C.
hey have no-detectable vapor pressure, and are non-flammable
t ambient conditions. Their properties could be modified by
uitable combination of different cations and anions. Therefore,
Ls are regarded to be novel environmentally benign solvents
or chemical synthesis and catalysis [4–6], chromatographic
ethods [7], and electrochemical applications [8,9]. In recent
ears, application of ILs in separation and extraction of organic
ompounds, for example, substituted benzene derivatives [10],
iofuels [11], antibiotics [12], organic acids [13], polycyclic
romatic hydrocarbons [14], amino acids [15,16], azo dyes

mailto:jwang@henannu.edu.cn
dx.doi.org/10.1016/j.seppur.2007.11.005
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17], S-compounds in diesel oil [18,19], anabolic androgenic
teroids [20], some phenolic compounds [21], and some organic
ompounds bearing different functionalities [22], has received
ncreasing attention, and several excellent reviews have been
ublished [23–27].

In this work, experimental measurements have been per-
ormed to determine distribution ratios of endocrine-disrupting
henols between ILs and aqueous solution at different pH values.
ive phenols with different chemical structures were chosen:
henol, pentachlorophenol, bisphenol A, 4-octylphenol and 4-
onylphenol. At the same time, [C4mim][PF6], [C6mim][PF6],
C8mim][PF6], [C6mim][BF4] and [C8mim][BF4] ionic liquids
see Fig. 1 for their chemical structure) were selected. This selec-
ion makes it possible to investigate how the nature of anions,
ength of the alkyl chains on the imidazolium ring and chem-
cal structure of the molecular compounds affect extraction of
ndocrine-disrupting phenols from aqueous solutions.

. Experimental

.1. Reagents

1-Bromobutane, 1-bromohexane, 1-bromooctane and 1-
ethylimidazole (Shanghai Chem. Co., C. P.) were distilled

wice at reduced pressure. The middle fraction of the distillate
as collected. Sodium hexafluorophosphate NaPF6 (Shang-
ai Chem. Co., C. P.) was purified by recrystallization twice
rom deionized water. Sodium tetrafluoroborate NaBF4 (Tianjin
emio Chem. Co., A. R.), pentachlorophenol (Shanghai Chem.

o., A. R.), phenol (Beijing Chem. Co., A. R.), bisphenol A

Tianjin Guangfu Chem. Co., A. R.), 4-octylphenol (Aldrich,
.R.) and 4-nonylphenol (Alfa Aesar, A.R.) were used without

urther purification. The pH values of aqueous solutions were

t
w
c
v

Fig. 1. Chemical structures of
n Technology 61 (2008) 324–331 325

djusted by using aqueous HCl or NaOH and measured by using
digital pH meter (Hangzhou, pHs-2).

.2. Preparation of ionic liquids

[C4mim][PF6], [C6mim][PF6], [C8mim][PF6], [C6mim]
BF4] and [C8mim][BF4] were synthesized according to the pro-
edure described in literature [28,29]. Sodium bromide and any
esidual reactant were removed from the ionic liquids by wash-
ng with water until no precipitation was formed with addition
f aqueous silver nitrate solution (1.0 mol L−1). The washed ILs
ere dried under vacuum at 75 ◦C for 2–3 days to remove small

mount of water. All ionic liquids were stored in a desiccator
nder vacuum prior to use, in order to protect ionic liquids from
etting. The content of water, bromide and sodium in the ILs
as, respectively, determined by Karl–Fisher titration, bromide-

elective electrode and atomic absorption spectrometry. It was
ound that less than 0.02 wt.% of water, 0.008 mol kg−1 of Br−
nd 0.021 mol kg−1 of Na+ were remained in the ILs. The ionic
iquids were also characterized with 1H NMR (Bruker, AV-400),
nd the results were accordance with those reported in literature
30,31].

.3. Distribution ratio measurements

Extraction was performed at room temperature (24 ± 1 ◦C).
ecause of the limited solubility of the phenols in water, a known
mount of phenols was dissolved in deionized water to prepare
queous phenol solutions in the concentration range of 1 × 10−5
o 4 × 10−3 mol L−1. 5.0 mL of such a solution was contacted
ith 1.0 mL of pure IL. The phase-contacting experiments were

arried out in carefully stoppered glass vessels. The system was
igorously stirred with magnetic stirrer. After stirring for 30 min,

the ILs and the phenols.
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he two phases were carefully separated using a centrifugal
achine. Before and after extraction, concentrations of a given

henolic compound in aqueous solutions were determined with
UV spectrophotometer (Shanghai, model 752) at 272 nm. Its

oncentration in ionic liquid phases was calculated by material
onservation. Distribution ratios of the phenols between a given
L and aqueous solution were calculated by

= CIL

CW
(1)

hese also allow the extraction percentage (E) to be calculated
y

= CIL

CIL + CW
× 100% (2)

here CIL and CW refer to equilibrium concentration of the
henols in ionic liquids and in aqueous phases, respectively. It
hould be noted that although ionic liquids employed in this
ork are immiscible with aqueous phase, they do have very low

olubilities in water. Since the ionic liquids solubilized in the
queous phases also absorb at the selected wavelength, addi-
ional measurements were performed in order to subtract the
onic liquids contribution from the total absorbance measured.
herefore, an ionic liquid saturated aqueous solution was used
s a reference solution for the spectrometric determination of
he phenols concentrations.

For the selective extraction, concentrations of the components
n ionic liquids and aqueous phases were determined at 270 nm
y using an Agilent liquid chromatograph (HP1100) equipped
ith a diode array detector. In the selective extraction from envi-

onmental samples, tap water and lake water were collected,
ept for some time, filtrated, and then used for the extraction
xperiments. The values of distribution ratio were measured in
riplicate with uncertainties less than 5%.

. Results and discussion

.1. Effect of phase volume ratio and temperature

Preliminary experiments showed that the extraction equi-
ibrium was achieved within 10 min or less. Therefore, phase
ontact time of 30 min was employed throughout the extraction
xperiments in order to guarantee the distribution equilibrium

etween two phases.

Table 1 shows, as example, the effect of phase volume ratios
n values of distribution ratio of bisphenol A and phenol between
C6mim][PF6] and aqueous solution. It can be seen that values

able 1
istribution ratios between [C6mim][PF6] and aqueous phase for bisphenol A

pH 7.03) and phenol (pH 7.16) at different phase volume ratios

henols VW/VIL

1 5 10 12 25 50

isphenol A 490.5 473.1 455.7 445.1 432.3 414.1
henol 21.6 18.3 18.0 17.1 16.5 15.9

s
t
c
4
t
4
o
t
o
s
m
t
5
t

ig. 2. Effect of temperature on the distribution ratios of phenol and bisphenol A
etween [C6mim][PF6] and aqueous solution: (�), bisphenol A and (�), phenol.

f distribution ratio decrease slightly with increasing phase vol-
me ratios. The distribution ratios remain rather high at high
hase volume ratio, say 50, of aqueous to IL. Therefore, in
rder to decrease the quantity of IL used in the extraction and
he loss of IL in aqueous solution, 1 mL of IL and 5 mL of
queous solution, i.e., VW:VIL = 5:1 were typically used in the
xtraction.

To examine the effect of temperature on the extraction of
he phenols, the extraction experiments of phenol and bisphe-
ol A by [C6mim][PF6] were carried out at 25, 30, 35, 40, 45
nd 50 ◦C. Fig. 2 shows the temperature dependence of the dis-
ribution ratios. Obviously, temperature has little influence on
he distribution ratios within the experimental error. Therefore,
he extraction experiments were performed at room temperature
24 ± 1 ◦C).

.2. pH dependence of the distribution ratios

Experimental data of distribution ratios for the phenols
etween ILs and aqueous solutions are collected in Table 2
s a function of aqueous phase pH. As an example, the
H dependence of distribution ratios of the phenols between
C6mim][PF6] and aqueous solution is shown in Fig. 3. As can be
een, D values of the endocrine-disrupting phenols except phe-
ol are quite high, and they remain an almost plateau under the
ondition of pH <7, and then they decrease steeply in the range
f pH >7. Similar results have been found in other ionic liquids
tudied. This behavior can be related to the charged characteris-
ics of the phenols at different pHs. It is known that the ionization
onstants (pKa) of phenol, pentachlorophenol, bisphenol A and
-nonylphenol in water are 9.96, 4.74, 10.3 and 10.28, respec-
ively [32–35]. Although we found no pKa value available for
-octylphenol in literature, it can be deduced that pKa value of 4-
ctylphenol should be similar to that of 4-nonylphenol based on
he Hammett–Taft equation [32]. For phenol, 4-nonylphenol, 4-
ctylphenol and bisphenol A, calculation of the fractions of the
pecies in aqueous solutions [36] indicated that they existed in

olecular form in the range of pH ≤ 7. Then, their anionic frac-

ion increases with increasing aqueous phase pH, and reaches
0% at pH = pKa. Therefore, it seems appropriate to state that
he interactions between ionic liquid and molecular form of the
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Table 2
Distribution ratios of the phenols between ILs and aqueous solution as a function of pH of aqueous phase (24 ± 1 ◦C)

pH [C4mim][PF6] [C6mim][PF6] [C8mim][PF6] [C6mim][BF4] [C8mim][BF4]

Bisphenol A
1.86 389.0 412.0 447.1 759.1 1043.3
3.26 389.0 412.0 447.0 747.7 1882.6
4.95 382.3 414.8 503.6 808.1 1882.6
7.03 416.1 432.3 492.4 962.1 2465.1
9.17 225.0 233.6 432.0 562.5 802.9

11.61 0.60 0.76 20.8 21.2 40.3
12.01 0.18 0.22 0.45 2.07 31.8

4-Nonylphenol
3.23a 200.0 350.0 550.0 NDb ND
5.19 210.0 347.2 527.8 ND ND
7.09 200.0 338.9 450.0 ND ND
8.43 156.3 283.3 316.7 375.0 725.0

10.20 93.2 212.5 235.7 368.8 700.0
11.03 38.6 192.0 227.1 327.8 595.0
12.61 0.49 156.7 163.8 162.7 233.3

4-Octylphenol
3.23a 124.2 211.9 243.3 362.5 656.3
5.27 123.3 231.7 275.0 383.4 645.8
7.04 160.8 237.5 278.6 397.2 687.5

10.22 35.5 111.5 125.0 118.8 132.8
12.07 0.81 53.3 62.5 62.4 75.8

Pentachlorophenol
3.16a 58.9 176.5 541.1 430.0 1175.0
5.12 54.6 171.4 537.5 424.9 1141.7
7.03 27.4 162.5 505.6 408.0 1096.7

10.25 21.5 153.2 496.5 387.8 922.4
12.73 14.3 120.3 462.8 121.0 544.9

Phenol
3.23 11.4 17.4 23.3 20.2 37.5
5.25 11.3 16.7 23.4 20.8 37.4
7.16 11.2 15.9 22.8 20.1 36.0
9.52 7.8 10.6 11.8 14.1 32.7

11.68 1.9 2.1 3.8 4.1 7.5

a VW:VIL = 25:1 was used at these pHs because of the low solubility of 4-nonylphenol, 4-octylphenol and pentachlorophenol in water and their very low concentrations
i
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n aqueous phase after extraction.
b Not detectable because of low concentration of the compound in aqueous p

henols are responsible for the high distribution ratios under
cidic conditions.

It is found from molecular dynamic simulations that ILs are
trongly solvated by the hydrogen-bonding solvents, principally
y forming hydrogen bonds with the anions [37]. Based on this
esult, the hydrogen-bonding interactions of [PF6]− or [BF4]−
ith hydroxyl H of the phenols will be expected. On the other
ands, hydrophobic interactions between imidazolium cation of
he ILs and the phenols are also very important as far as the inter-
ctions of the IL with the phenols are concerned. This suggests
hat hydrogen-bonding and hydrophobic interactions between
Ls and the phenols make it easy for the transfer of phenols
rom aqueous solutions to the ionic liquid phases, leading to high
istribution ratios observed experimentally. In basic solutions,

art of the hydrogen-bonding interactions vanished because of
he decreased fraction of molecular form of the phenols. This

ay be a possible reason for the decreased distribution ratios
bserved in the range of pH >7.

c
b
a
[

fter extraction.

.3. Effect of chemical structure of both the ionic liquids
nd the phenols

As can be seen from Table 2, extraction efficiency of the
Ls for a given phenol in the acidic range follows the order:
C8mim][PF6] > [C6mim][PF6] > [C4mim][PF6]; [C8mim]
BF4] > [C6mim][BF4]; [C8mim][BF4] > [C8mim][PF6], and
C6mim][BF4] > [C6mim][PF6] under the same conditions.
ig. 4 is a representative graph showing this trend for the
artitioning of phenol into the five ILs. These results imply that,
or a given phenolic compound, its distribution ratios increase
ith increasing length of alkyl chain on the cation of the ILs,

nd their values are much higher into a IL with [BF4]− anion
han that with [PF6]− anion at given pHs. Clearly, the former

an be interpreted by an increase of hydrophobic interactions
etween a phenolic compound and the ILs, and the latter is
scribed to the different in hydrogen-bonding strength between
BF4]− or [PF6]− and the given phenolic compound. Quantum
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the distribution ratios of phenol (pH 7.16) and bisphenol A (pH
7.03) between [C6mim][PF6] and aqueous solution were deter-
mined and shown in Figs. 5 and 6, respectively. It is clear that,
ig. 3. The pH dependence of distribution ratios of the phenols between
C6mim][PF6] and aqueous solutions: (a): (�), bisphenol A; (�), 4-nonylphenol
nd (�), 4-octylphenol; (b) pentachlorophenol and (c) phenol.

hemical calculations [38] indicated that effective negative
harge of [BF4]− is much stronger than [PF6]−. So, compared
ith [PF6]− anion, strength of hydrogen-bonding between

BF4]− and the phenols should be much stronger, suggesting a
igher distribution ratio accordingly.
Another interesting result revealed from Table 2 is that, in the
cidic range, extraction efficiency of the phenols by a given IL
ecreases in the order: 4-nonylphenol > 4-octylphenol > phenol;
nd pentachlorophenol > phenol. Considering the fact that 4-

F
i
(

ig. 4. The pH dependence of distribution ratios of phenol between ionic liquids
nd water: (�), [C8mim][BF4]; (�), [C8mim][PF6]; (�) [C6mim][BF4]; (�),
C6mim][PF6] and (�) [C4mim][PF6].

onylphenol, 4-octylphenol and phenol have similar pKa values
nd, therefore, similar acidic strength in water, the decreased
xtraction efficiency of these phenols is possibly attributed to
heir decreased hydrophobic interactions with the ILs. However,
here is a great difference in pKa value for pentachlorophe-
ol (4.74) and phenol (9.96). This suggests that the decreased
ydrogen-bonding interactions are probably the main reason for
he decreased extraction efficiency of phenol relative to pen-
achlorophenol. Because there are two phenolic hydroxyls and
wo aromatic rings in bisphenol A molecules, the stronger inter-
ctions with ILs and the higher extraction efficiency of this
ompound will be expected.

.4. Effect of salts

In order to investigate the effect of salts, present in aqueous
hase, on extraction of the phenols, seven kinds of salts including
aCl, NaNO3, Na2SO4, NaI, NaClO4, Zn2SO4 and Al2(SO4)3
ere used in this study. As example, the effect of these salts on
ig. 5. Effect of type and concentration of salt on the distribution ratios of phenol
nto [C6mim][PF6]: (�), ZnSO4; (�), Na2SO4; (�), Al2(SO4)3; (�), NaClO4;
�), NaI; (�), NaNO3 and (�), NaCl.
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ig. 6. Effect of type and concentration of salt on the distribution ratios of
isphenol A into [C6mim][PF6]: (�), ZnSO4; (�), Na2SO4; (�), Al2(SO4)3;
�), NaClO4; (�), NaCl; (�), NaNO3 and (�), NaI.

n the presence of salts, the distribution ratios of these phenols
ncrease with increasing concentration of salt present in aque-
us phase except for the extraction of phenol in the presence
f NaNO3 or NaCl, and that of bisphenol A in the presence
f NaI. This can be explained by salting-out effect. Gener-
lly, salts dissolved in aqueous solution could combine with
ater molecules, which reduced the concentration of free water
olecules, increased the relative concentration of the phenols,

nd made the organic molecules be preferably extracted into the
L phase. Therefore, the stronger the hydration ability of salt,
he stronger its salting-out effect. It is known that [39] the Gibbs
nergy of hydration are −4525, −1955, −365 kJ mol−1 for Al3+,
n2+, Na+, and −1080, −430, −340, −300, −275 kJ mol−1 for
O4

2−, ClO4
−, Cl−, NO3

− and I−, respectively. This suggests
hat the salts NaCl, NaNO3 and NaI have the weak hydration
bility. Therefore, the change of the distribution ratios of phenol
nd bisphenol A was not significant in the presence of these salts.
he results shown in Figs. 5 and 6 are generally in agreement
ith this knowledge.

.5. Selective separation and determination of the
ndocrine-disrupting phenols

It can be seen from Table 2 that the values of distri-
ution ratios of the phenols are greatly different under the
ame conditions. This makes it possible to separate some of
ndocrine-disrupting phenols selectively. As example, Table 3

hows the selective separation results, as determined by HPLC,
or phenol + 4-octylphenol, phenol + 4-nonylphenol, bisphenol

+ 4-octylphenol and bisphenol A + 4-nonylphenol mixtures by
C6mim][PF6] or [C8mim][PF6] ionic liquids. These findings

b
a
d
r

able 3
elective extraction of the representative phenols by ionic liquids at pH 12 and Vw/V

Phenol (1) + 4-octylphenol (2) Phenol (1) + 4-nonylphenol (2)
[C6mim][PF6] [C8mim][PF6]

10.6% 17.5%
96.5% 92.0%
n Technology 61 (2008) 324–331 329

ndicate that, in a single step, these phenols can be effectively
eparated from their binary mixtures by using [C6mim][PF6] or
C8mim][PF6] as extractants. Therefore, quantitative separation
s expected to be achieved by a multiple step process.

In order to test the applications of this approach
C8mim][PF6] has been used to separate phenol from 4-
onylphenol in tap water and in lake water, respectively. The
esult shown that phenol and 4-nonylphenol were not detected
n these environmental waters. Next, further experiment was car-
ied out to determine the recovery of known amounts of phenol
nd 4-nonylphenol added to the samples. It is shown that, in a sin-
le extraction, 98.3 and 92.5% of 4-nonylphenol was extracted
electively by the ionic liquid, and 82.3 and 94.8% of phenol
as remained in the lake water and tap water, respectively. This
emonstrates that ionic liquids can be used for the selective sep-
ration and determination of some endocrine-disrupting phenols
n environmental waters.

.6. Recovery and reuse of the ILs

Experiments were also carried out for the recovery and reuse
f the ILs. For this purpose, the phenolic compound in the final IL
hase was separated by back extraction with 0.1 mol L−1 NaOH
queous solution. Usually, most of the phenols can be removed
rom IL phase by three times of back extraction. For example,
fter back extraction three times, about 99% of phenol, bisphe-
ol A, 4-octylphenol and 4-nonylphenol, and more than 90% of
entachlorophenol could be removed from [C4mim][PF6] and
C6mim][PF6] ionic liquids. The recoveried ionic liquids were
ashed with water to be neutral, dried under vacuum at 75 ◦C

or several days, and then can be reused for the next extrac-
ion of the phenols. However, it should be mentioned that the
C8mim][PF6] phase containing pentachlorophenol is difficult
o recovery because of the less pH dependence of the partitioning
f pentachlorophenol in [C8mim][PF6].

.7. Compared with other extracting solvents

In this work, the ILs exhibited high extraction efficiency
or the endocrine-disrupting phenols. For example, most of
he extraction percentage of bisphenol A, 4-nonylphenol, 4-
ctylphenol and pentachlorophenol was more than 98% under
he acidic conditions. In fact, the five kinds of endocrine-
isrupting phenols were extracted nearly quantitatively from
queous solution into the ILs at pH ≤ 7. In Table 4, the distri-

ution ratios of the phenols into [C4mim][PF6], [C8mim][PF6]
nd [C8mim][BF4] are compared with those into benzene and
ichloromethane [40] at pH ≈ 7. As can be seen, distribution
atios of the phenols between benzene or dichloromethane and

IL = 5/1

Bisphenol A(1) + 4-octylphenol (2) Bisphenol A(1) + 4-nonylphenol (2)
[C8mim][PF6] [C8mim][PF6]

10.4% 18.0%
79.6% 95.1%
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Table 4
Values of distribution ratios for the phenols between [C4mim][PF6], [C8mim][PF6], [C8mim][BF4] dichloromethane or benzene and water (pH ≈ 7, 24 ± 1 ◦C)

Phenols D

Dichloromethanea Benzenea [C4mim][PF6] [C8mim][PF6] [C8mim][BF4]

Bisphenol A 20.51 17.80 416.1 492.4 2465.1
Phenol 0.24 2.08 11.2 22.8 36.0
Pentachlorophenol 2.21 3.77 27.4 505.6 1096.7
4-Octylphenol 9.64 17.78 160.8 278.6 687.5
4-nonylphenol 10.76 25.71 200.0 450.0 –
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a Ref. [39].

queous phase are significantly lower than those between the
onic liquids and water. For example, the value of distribution
atio for pentachlorophenol into [C8mim][BF4] is about 496
imes as high as that into dichloromethane under the same con-
itions. Even if the [C4mim][PF6] ionic liquid was used for the
xtraction, which has the lowest extraction efficiency for the
henols investigated in the present work, the average value of
istribution ratio for the five phenols is about 23 and 11 times as
igh as those into dichloromethane and benzene, respectively.
herefore, those ionic liquids have potential application in prac-

ical liquid–liquid extraction process of the endocrine-disrupting
henols from aqueous solution.

. Conclusions

Experimental data for the distribution ratios of selected
ndocrine-disrupting phenols, including phenol, bisphenol A,
entachlorophenol, 4-octylphenol and 4-nonylphenol, between
onic liquids and aqueous solution have been reported at differ-
nt pHs. The results shown that nearly quantitative extraction of
he phenols was achieved in a single step, and distribution ratios
f these endocrine-disrupting phenols were highly influenced
y pH of aqueous phase, nature of ionic liquids, and chemical
tructure of the phenols.

It was found that values of distribution ratio for the phe-
ols increased with increasing length of alkyl chain on the
ation of the ILs, extraction efficiency of the ILs with [BF4]−
nion was much higher than those with [PF6]− anion, and the
ydrogen-bonding and hydrophobic interactions between ILs
nd the phenols play an important role in the partitioning of
hese phenols into ILs from aqueous solution.

Furthermore, it is shown that some phenols can be separated
electively from their mixtures in environmental waters. From
hese findings, we conclude that ionic liquids can be used as a
otential Greener and high effective solvent to replace traditional
olatile organic compounds in liquid–liquid extraction, separa-
ion and preconcentration of endocrine-disrupting phenols.
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