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Abstract

In this work, a hydrophilic task-specific ionic liquid (TSIL) of 1-chloroethyl-3-methylimidazolium chloride functionalized
with 8-hydroxyquinoline was used in a dispersive liquid—liquid microextraction method followed by flame atomic absorption
spectrometry for the enrichment and determination of trace amounts of cadmium (Cd**) ions. The simultaneous chelation
and extraction of Cd** ions was carried out by the TSIL. Fine droplets of the water-immiscible TSIL containing target analyte
were generated in situ by addition of an anion exchanger potassium hexafluorophosphate (KPF) salt to the sample tube.
After phase separation by centrifugation for 4 min, the sedimented TSIL was diluted with acidified ethanol for measurement
of Cd** content. Some significant parameters influence the preconcentration of Cd>* ions such as sample pH, TSIL volume,
amount of KPF,, non-ionic surfactant and salt concentration were investigated. Under the optimal conditions, calibration
curve was linear in the range of 5-250 ug L~ Cd** with correlation coefficient of 0.9975 and a detection limit of 0.55 ug L™\,
The relative standard deviation for six replicate measurements of 50 ug L™! Cd** was 1.5%. The method was successfully
applied for the extraction and determination of Cd** ions in water and food samples.
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Introduction

Heavy metals such as Cd** ions are considered as environ-
mental pollutants and their effects on human health have
been studied. Among these metals, Cd** is considered as
one of the most hazardous elements and found naturally in
the earth’s crust [1]. It enters into the environment due to
improper disposal of wastes or contaminants [2]. Also, this
metal can be accumulated in the body through foods and
drinking waters for a long time and cause destructive effects
on several organs such as kidneys, liver and lungs even at
low concentrations [3-6].

According to the World Health Organization (WHO) and
the United States Environmental Protection Agency (EPA),
the maximum permissible concentration of Cd** in drinking
water is 3.0 and 5.0 ug L™!, respectively [3]. Therefore, the
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development of new enrichment methodologies to determine
the trace amounts of Cd*" in environmental and food sam-
ples has attracted significant attention. In this regard, several
detection techniques such as inductively coupled plasma-
mass spectrometry (ICP-MS) [4], inductively coupled
plasma-atomic emission spectrometry (ICP-AES) [5], flame
atomic absorption spectrometry (FAAS) [6], electrothermal
atomic absorption spectrometry (ET-AAS) [7] and UV-Vis
spectrophotometry [8] have been used for determination of
trace levels of Cd**. The FAAS is one the most commonly
used techniques for determination of metals in various sam-
ples, because of easy operation, low costs analysis, and high
sample throughput. Since, the FAAS technique does not
have enough sensitivity to measure trace metal ions in com-
plex matrices, it is necessary to use a preconcentration step
before analytical measurement [9]. Several sample prepara-
tion methods have been developed for separation/precon-
centration of Cd>* from environmental matrices including
liquid-liquid extraction (LLE) [10], solid-phase extraction
(SPE) [11, 12], co-precipitation [13] and cloud point extrac-
tion (CPE) [14]. However, the development of these tradi-
tional extraction methods are limited to some weaknesses
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such as time consuming, and the use of a large amount of
toxic and harmful organic solvents [15]. Therefore, current
trends in analytical chemistry are focused on simplification
and miniaturization of sample preparation procedures with
the use of less reagents and toxic solvents. New development
in microextraction methods such as solid-phase microextrac-
tion (SPME), liquid phase microextraction (LPME), single
drop microextraction (SDME), hollow fiber-based LPME
(HF-LPME), and dispersive liquid-liquid microextraction
(DLLME) offer unique benefits such as simplicity, rapidity,
high enrichment factor, and environment benignity [16—19].

The DLLME is considered as one of the most rapid, low
cost, and simple microextraction methods with a high extrac-
tion efficiency and enrichment factor [20]. Currently, this
method is mostly applied to aqueous samples, whereas initial
extraction and/or further cleanup may be needed for samples
with complex matrices [21, 22]. In this method, the analyte
can be extracted from an aqueous sample solution into an
extraction phase in the presence of a disperser solvent. Addi-
tion of small amount of disperser solvent to the sample solu-
tion disrupts the extraction phase into microdroplets which
enables efficient mass transfer of the analyte into the extrac-
tion phase and reduces the extraction time. However, the
most commonly used disperser solvents such as methanol,
acetonitrile, tetrahydrofuran and acetone are toxic. Moreo-
ver, the use of relatively high amount of disperser solvent
leads to higher solubility of the target analyte in the aqueous
phase and reduces partition coefficient of the analyte into
the extraction phase [23]. In addition, the common use of
halogenated hydrocarbons as extraction solvent is hazardous
to the environment.

Room temperature ionic liquids (RTILs) are green sol-
vents which are considered as alternative extractants for
traditional organic solvents because of their unique physico-
chemical properties such as non-volatility, good thermal sta-
bility, tunable viscosity and miscibility with water and polar
organic solvents [24]. They have been used widely in various
analytical separation/preconcentration methods. Recently,
ionic liquids based microextraction has attracted particular
attention of analytical chemists [25]. As a consequence, new
ionic liquid-based DLLME methods (IL-DLLME) includ-
ing temperature-controlled [26, 27], ultrasound, vortex, and
microwave-assisted IL-DLLMEs [28-30], and in situ sol-
vent formation IL-DLLME (in situ IL-DLLME) [31] have
been developed to eliminate the disperser solvents. Among
them, in situ IL-DLLME is a simple and fast microextrac-
tion method in which a metathesis reaction takes places with
extraction process in one step. In this method, a hydrophilic
IL is dissolved in an aqueous solution. Then, by adding
an ion exchange reagent, a cloudy solution of the hydro-
phobic IL containing the preconcentrated target analyte is
obtained [32]. In the mentioned DLLME:s, the presence of
an appropriate chelating agent for extraction of metal ions
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is necessary. The use of task specific ionic liquids (TSIL) is
an alternative strategy to enhance the metal affinity for the
IL phase in DLLME. TSILs are designed by incorporation
of a bidentate or a polydentate ligand as a functional group
covalently bound to the cationic or anionic part of IL [33].
This type of ILs increases the affinity of the target species
to the IL phase and enhances its distribution ratio for a task
specific extraction. TSILs can be used in the sample pre-
treatment to reduce the used volatile organic solvents, and
to develop eco-friendly separation [34-36].

Herein, we report a simple and fast in situ DLLME
method for the preconcentration of trace amounts of Cd>*
in water and food samples followed by FAAS detection. The
introduction of 8-hydroxyquinoline (8-HQ) to the 1-chloro-
ethyl-3-methyl imidazolium cation showed effectiveness for
the chelation and extraction of Cd** ion into the IL phase
and provided high extraction efficiency. The association of
the prepared TSIL with potassium hexafluorophosphate
(KPFg) salt by in situ anionic metathesis reaction generated
hydrophobic TILs. After addition of KPF, salt, very fine
droplets of the IL were dispersed in the aqueous phase. The
developed method has simplicity, ease of operation, without
use of an organic/disperser solvent or additional chemical
reagent that distinguishes it from conventional DLLME.
Effects of different parameters on the extraction recovery of
Cd>* ions using TSIL were investigated.

Experimental
Instrumentation

The determination of Cd** ions was carried out on a Shi-
madzu Model AA-6300G flame atomic absorption spec-
trometer (Kyoto, Japan) equipped with a deuterium lamp
for background correction. An appropriate cadmium hol-
low cathode lamp at a wavelength of 228.8 nm was used as
the radiation source, operated at 8.0 mA with a spectral slit
width of 0.7 nm. All measurements were made in an air/
acetylene flame. All solutions were prepared in ultrapure
water (18 MQ) which obtained from an Aqua Max system
(Young-Lin, Korea). A centrifuge (Hettich Model EBA 20,
Germany) was used to phase separation. Measurement of the
pH values were performed with a Bench top pH meter Model
3001 using a combination glass electrode (Trans Instrument,
Singapore).

Regents and materials

All chemicals used in this work were of analytical reagent
grade. 1,2-Dichloroethane, N-methylimidazole, potas-
sium hexafluorophosphate (KPF), and 8-hydroxyquinoline
(8-HQ) were purchased from Merck (Darmstadt, Germany).
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The non-ionic surfactant Triton X-114 was obtained from
Sigma (St. Louis, MO, USA) and used without further
purification. Stock solution of Cd>* at a concentration of
1000 mg L~! was prepared by dissolving appropriate amounts
of Cd(NOs;),-4H,0 salt in ultrapure water. Working standard
solutions also were prepared by diluting the stock solution of
Cd>* with ultrapure water. Phosphate buffer (0.1 M) was used
in preparation of the sample solutions with pH adjustment
using 1.0 mol L™' NaOH or 1.0 mol L™! HCl solutions.

Synthesis of TSIL

Synthesize of the TSIL was carried out as previously
reported with a minor modification [37]. Briefly, a mixture of
1,2-dichloroethane (1.77 g, 17.9 mmol) and N-methylimida-
zole (1.34 g, 16.3 mmol) was stirred at 45 °C for 12 h to obtain
an oily IL 1-chloroethyl-3-methylimidazolium chloride ([Cl-
C2CI1Im][Cl]). 8-HQ (1.45 g, 10 mmol) and KOH (0.56 g,
10 mmol) were dissolved in dry ethanol, and the reactants were
added to the ethanolic solution of [Cl-C2C1Im][Cl]. The mix-
ture was refluxed under stirring for 12 h. The resulting solid
product, [8-HQ-C2C1Im][Cl] ionic liquid, was recrystallized
with anhydrous ethanol and dried in an oven under vacuum.

Extraction procedure

An aliquot of 10.0 mL of aqueous sample solution containing
50 ug L™! of Cd** in a phosphate buffer (0.1 mol L™!, pH 7)
was transferred to a 15.0-mL conical-bottom centrifuge tube.
The appropriate quantities of NaNO; and Triton X-114 solu-
tions were added to the sample solution to obtain concentration
at 0.1% (w/v) and 0.075% (w/v), respectively. Then, 600 pL
[8-HQC2C1Im][Cl] in water (2.5%, w/v) was added to the tube
and shaken until a homogeneous phase was obtained. In order
to form the hydrophobic microdroplets of TSIL, [8-HQC-
2C1Im][PF¢], KPF, solution (0.1%; w/v) was added to the
mixture. Fine droplets of the extractant solvent were formed
and the resulted cloudy solution was centrifuged at 3500 rpm
for 4 min to accelerate separation of the two phases. The trace
amount of analyte could be extracted into the IL phase. After
removing the supernatant, the sedimented IL phase was diluted
to 1.0 mL acidic ethanol (HNO;, 0.1 mol L) as the diluting
solvent for direct analysis by FAAS. The extraction recovery
of Cd** ions (R%) was defined as the percentage of the amount
of analyte (C,)) which was extracted into the sedimented IL
phase (Cy):

C v,
R(%) = i><i>x100, 1
0 (Co Vo M

where Vy;, V|, C,, and Cy;, are the volume of sedimented IL
phase, volume of sample solution, initial concentration of
Cd>* ions in the aqueous sample and sedimented IL phase,

respectively. The Cy; was calculated by the calibration curve
obtained from standard solutions of Cd** ions and the sedi-
mented IL phase volume.

Preparation of real samples

In this study, some food samples including potato, let-
tuce and rice (from local market) and three water samples
including tap water (Our Laboratory, University of Birjand,
Iran), underground water (Shokatabad, 3 km of west of
Birjand, Iran) and bottled mineral water (Damavand, Iran)
were used to investigate the applicability of the developed
method under the optimized conditions. The water samples
were diluted with four portions of phosphate buffer and
adjusted to the desired pH value with 1.0 mol L™' NaOH or
1.0 mol L™ HCL.

To prepare food samples, 5 g of each sample were
weighted and washed with ultrapure water. To each sam-
ple, 10 mL of concentrated HNO; was added to decompose
organic matrices and heated on a hot plate to dryness. Then,
5 mL of hydrogen peroxide, 30% (w/v), was added and
heated for 2 h to complete the digestion. It was then cooled,
filtered, and diluted with phosphate buffer to 100 mL in a
volumetric flask and the pH was adjusted to the desired value
with 1.0 mol L™' NaOH.

Results and discussion

To achieve optimal conditions for the extraction recovery
of Cd>* ions, the influences of several experimental param-
eters, such as sample pH, IL volume, ion exchange reagent
volume, amount of non-ionic surfactant and salt concentra-
tion on the recovery of Cd>* by the developed microextrac-
tion procedure were assessed.

Effect of pH

The sample pH is a key factor in the extraction of metal ions
because it affects the metal-chelate complex formation. In
the TSIL, O and N donor atoms of 8-HQ could form a strong
bond with Cd** ion and led to form a neutral complex. Thus,
the influence of sample pH on the extraction of Cd** ions
was investigated in the range of 2.0-8.0 using phosphate
buffer (Fig. 1). The results in Fig. 1 showed that the maxi-
mum extraction recovery was achieved at pH 7.0. At low pH
values, the extraction recovery of Cd** ions was decreased
by taking protonation of the donor atoms in 8-HQ into
account which prevented the complex formation of 8-HQ
with Cd** ions. The enrichment of Cd*" ions enhanced
with the increasing pH value from 5.5 to 7.0 and decreased
gradually when pH value increased probably owing to the
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Fig.1 Effect of pH on the extraction recovery of Cd**. Conditions:
sample volume, 10 mL; cd*, 50 ug LY NaNO;, 0.1% (w/v); Triton
X-114, 0.05% (w/v); TSIL-8HQ, 300 uL of 2.0% (w/v); KPFg, 0.04%
(w/v)

formation of Cd(OH),. Thus, a pH value of 7.0 was selected
as the optimum pH for the further experiments.

Effect of TSIL volume

The extraction recovery of Cd*" ions is affected by the
amount of TSIL. To obtain maximum extraction recovery,
the effect of TSIL amount on the extraction recovery of
Cd** was assayed within the volume range of 100-600 pL
TSIL (2.5%, w/v) (Fig. 2). It was found that the extraction
recovery increased with increase of TSIL volume probably
due to the improvement of mass transfer of the analyte
to TSIL phase and remained relatively constant when the
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0 100 200 300 400 500 600 700
Volume of IL(uL)

Fig.2 The effect of TSIL volume on the extraction recovery of Cd>*.
Conditions: pH 7, sample volume, 10 mL; Cd**, 50 ug Lt NaNO;,
0.1% (w/v); Triton X-114, 0.05% (w/v); KPF, 0.04% (w/v)
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volume was more than 500 uL. Therefore, 600 uL of 2.5%
(w/v) TSIL was chosen in the next studies.

Effect of ion exchange reagent

To achieve complete separation of TSIL phase from aque-
ous solution, the introduction of an anion exchange reagent
to the hydrophilic TSIL was beneficial for in situ chang-
ing it to a hydrophobic TSIL through a metathesis reac-
tion. Several experiments were carried out with variation
of KPF, concentration in the range of 0.02-0.12% (w/v)
when TSIL was fixed at 2.5% (w/v). It is obvious from
Fig. 3 that the extraction recovery was increased up to
0.07% (w/v) KPF¢ and then remained constant. Thus, 0.1%
(w/v) of KPF4 was selected as the optimum concentration
for the subsequent studies.

Effect of non-ionic surfactant

Often some IL droplets remain on the wall of the centri-
fuge tube and lead to decrease the extraction recovery. It
is expected that a non-ionic surfactant Triton X-114 as
anti-sticking agent can overcome this drawback. In addi-
tion, diluted non-ionic surfactant can be used as a disper-
sion medium. In this work, the effect of Triton X-114 on
the extraction recovery of Cd** was investigated. Maxi-
mum recovery was obtained in the range of 0.05-0.1%
(w/v) Triton X-100 (Fig. 4). At higher concentrations, the
extraction of Cd?* ions diminished probably due to more
incorporation the chelated TSIL into the coacervate phase.

100
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N
=

40

20 +

0.00 0.02 0.04 0.06 0.08 0.10 0.12
KPF, Conc. (%, w/v)

Fig.3 The effect of KPFy concentration on the extraction recovery
of Cd**. Conditions: pH 7, sample volume, 10 mL; Cd**, 50 ug L™!;
NaNOj;, 0.1% (w/v); Triton X-114, 0.05% (w/v); TSIL-8HQ, 0.15%
(w/v)
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Fig.4 Influence of Triton X-114 on the extraction recovery of Cd**.
Conditions: pH 7; sample volume, 10 mL; Ccd*, 50 ug L NaNO;,
0.1% (w/v); TSIL-8HQ, 0.15% (w/v); KPFg, 0.1% (w/v)

Effect of salt concentration

It seems the increasing of ionic strength could assist to
separate phases and improves the extraction recovery
due to salting out effect. To evaluate the effect of salt
concentration on the extraction recovery of Cd**, addi-
tional experiments were devoted at different concentra-
tions of NaNOj; from 0 to 4% (w/v). The results showed
that increasing the NaNO; concentration up to 2.0%
(w/v) resulted in the increase of Cd** extraction recovery
(Fig. 5). Upon increasing the salt concentration, viscosity
of the sample solution increased that decreased the mass
transfer of the analyte from the aqueous phase to the IL
phase, which in turn decreased the extraction recovery.

100
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40 -
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0 05 1 15 2 25 3 35 4 45
NaNO; concentration (%w/v)
Fig.5 Effect NaNO, salt on the extraction recovery of Cd**. Condi-

tions: pH 7, sample volume, 10 mL; Ccd**, 50 ug L' : Triton X-114,
0.075% (w/v); TSIL-8HQ, 0.15% (w/v); KPFg, 0.1% (w/v)

Moreover, at high ionic strength, IL could not well dis-
perse in the sample solution and the extraction recovery
reduced.

Interferences study

To investigate the influence of common coexisting ions on
the selectivity of the method and extraction of Cd** from
food and water samples, various amounts of cations and ani-
ons were added to the binary sample solutions containing
50 ug L=' Cd**. In these experiments, the concentration of
coexisting ions which caused in +5% variation in absorb-
ance of the extracted Cd>* were considered as the tolerance
limit. As can be seen in Table 1, some common alkaline and
earth alkaline ions in food or water samples such as K*, Li*,
Mg?*, Ca®* Ba>* and the selected anions exhibited the toler-
ance limits of more than 100. Furthermore, no considerable
interferences were observed for the investigated transition
metals up to 100-fold excess except for Co>*, Cu®* and Ni>*
which interfered at 25-, 40-, and 40-fold excess, respectively.

Analytical figures of merit

Under the optimum experimental conditions, the analyti-
cal features of the method were examined. The calibration
curve showed a linear concentration range between 5 and
250 pg L™! Cd>* with a correlation coefficient of 0.9996.
The limit of detection (LOD) and limit of quantification
(LOQ) were calculated based on 3S,/m and 10S,/m, respec-
tively, where S, is the standard deviation of the blank signal
and m is slope of the calibration curve, were found to be
0.55 and 1.83 ug L™!, respectively. The relative standard
deviation (RSD %) for six replicate analysis of the 50 ug L™
Cd?** solutions was 1.5%. The enrichment factor, defined as
the ratio of Cd** concentration in the settled IL phase to the
initial aqueous sample, of 500 was achieved.

Table1 The effect of interferences ions on microextraction of
50 ug L™ Cd** ions by the developed method

Tons Tolerance
limit (w/w)

K*, Lit, Mg?*, Ba?*, Ca?* 1000
PO~ CO,27, SO,>7, NO, , F~, I~ 1000
Cr- 750
Fe’*, Cr* 150
APt 125
Pb** 100
Ni?*, Cu?* 40
Co** 25
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The analysis of real samples

The applicability of the developed method was assessed by
preconcentration and determination of Cd** in the food sam-
ples such as potato, lettuce, rice and in the water samples
like tap water, underground water and mineral water by the
addition/recovery experiments. The results are summarized
in Table 2. Satisfactory recoveries were obtained in the range
of 84-113% for different samples. The reproducibility was
determined by triplicate extractions of the spiked studied
samples. Results shown in Table 3 indicate that for all the
studied samples, the RSD% was within the range of 2-5%.
These results indicate that the method has potential for the
determination of Cd** in food and water samples.

Comparison with the other methods
The figures of merit of the in situ-TSIL-DLLME developed

method were compared with the other reported liquid-lig-
uid microextraction methods for separation/preconcentration

of Cd** followed by the determination with FAAS [16, 17,
23, 38-45] (Table 3). The features of the present method
using the TSIL include wide linear range, good precision,
high enrichment factor and suitable LOD. The developed
method is simple, easy to use, does not use an organic sol-
vent, disperser solvent, heat, ultrasonic or additional chemi-
cal reagents that distinguish it from the conventional DLLM
method.

Conclusions

Appending 8-HQ coordinating group to an imidazolium cat-
ion generated the task-specific ionic liquid [8-HQ-C,C,Im]
[Cl]. The anion exchange of [8-HQ-C,C,Im][Cl] with KPF¢
afforded a hydrophobic TSIL [8-HQ-C,C,Im][PF]. In this
work, we investigated the potential of the cation functional-
ized ionic liquid as a chelating agent and extracting solvent
for Cd>*. Our results showed that it efficiently extracted
Cd** from aqueous solution. Such TSIL-based DLLME

Table 2 The determination of Cd** in water and food samples by the developed method under the optimal conditions

Sample Added Cd** (ug L™')? Found Cd** (ug L") Recovery (%)
Tap water 0 4.3+0.1 -

30 289+1.0 84.2

40 44.0+1.0 99.3

50 53.9+0.7 99.3
Underground water 0 n.d® -

30 27.0x+1.4 90.3

40 414+1.6 103.6

50 49.6+0.8 99.2
Mineral water 0 n.d -

30 325+2.0 108.5

40 45.1+0.1 112.4

50 52.0+0.9 104.0
Sample Added Cd** (ug g™ Ha Found Cd** (ug g™ Recovery (%)
Potato 0 n.d -

6.0 5.34+0.18 89.2

8.0 8.42+0.40 105.2

10.0 9.04+0.96 90.3
Rice 0 0.16+0.02 -

6.0 5.46+0.04 88.6

8.0 7.64+0.26 93.6

10.0 9.46+0.14 93.1
Lettuce 0 n.d -

4.0 4.46+0.10 111.5

6.0 6.18+0.16 103.0

8.0 8.76 +0.18 110.0

*Mean of triplicate experiments + standard deviation
®Not detected
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Table 3 A comparison pereen Method LOD (ug LY RSD (%) Linear range (ug LY References

the analytical characteristic of

the developed method with the aTCIL-DLPME 0.62 27 2-250 [1 6]

?thgr repprted dlspgrswe liquid— DI LME 0.40 27 5100 [17]

iquid microextraction methods .

for the determination of Cd** VALLME 2.90 4.1 10-250 (23]

ions by FAAS ‘VALLME 0.50 4.2 10-200 [38]
YISFME 0.07 24 0.2-40 [39]
‘RTILME 0.05 2.7 0.12-100 [40]
‘VALLME 1.10 4.2 5-150 [41]
‘VALLME 0.21 34-6.8 5-20 [42]
fSPs-LLME 0.16 54 200-3200 [43]
¢TSIL-DLLME 0.05 4.5 2-10 [44]
"USAEME 0.91 1.6-2.6 10-600 [45]
'In situ-TSIL-DLLME 0.55 15 5-250 This work

“Temperature-controlled ionic liquid dispersive-liquid phase microextraction

®Dispersive liquid-liquid microextraction

“Vortex-assisted liquid—liquid microextraction

In situ solvent formation microextraction

“Room temperature ionic liquid microextraction

fSwitchable-polarity solvent based liquid—liquid microextraction

€Task-specific ionic liquid dispersive liquid—liquid microextraction

"Ultrasound-assisted emulsification microextraction

iIn situ task-specific ionic liquid dispersive liquid-liquid microextraction

requires low amount of extraction solvent without any need
for chelating reagent or dispersing solvent resulting in a fast
and low cost of operation for the microextraction. The modi-
fied DLLME is also environmental friendly, reproducible
and simple method that can be used for trace analysis of
Cd>* ions in food and water samples by FAAS.
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