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INTRODUCTION

Nickel (Ni) is an important ele-
ment and widely used in the manu-
facture of alloys due to its high
strength, high melting point
(1453 °C), and resistance to corro-
sion in many media (1). Nickel
enters aquatic systems through
anthropogenic activities, such as
mining, smelting, refining, alloy
production, plating, fuel combus-
tion, waste incineration, or through
the discharge of effluents bearing
nickel. Nickel, even at low concen-
trations, has severe short- and long-
term effects on the health of
individuals, is carcinogenic, and
causes atopic dermatitis (2,3). The
primary route for nickel toxicity is
mainly due to inhalation and conta-
minated food and water. Thus, it is
very important to determine the
nickel content in food and water
samples (4).

The direct determination of
trace nickel in environmental sam-
ples is usually difficult particularly
due to its low concentration and
matrix effects. Although the
graphite furnace atomic absorption
spectrometric (GFAAS) method is a
powerful analytical tool for the
determination of trace elements in
environmental samples, an initial
sample pretreatment is still neces-
sary. The widely used techniques
for the separation and preconcen-
tration of nickel include liquid-lig-
uid extraction (5, 6), coprecipitation
(7, 8), solid-phase extraction (9-12),
and cloud point extraction (13,14),
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ABSTRACT

A novel method based on
ionic liquid dispersive liquid-lig-
uid microextraction (IL-DLLME)
preconcentration and graphite
furnace atomic absorption spec-
trometry detection was devel-
oped for the determination of
nickel in lake water, tap water,
and seawater samples. In the pro-
posed method, 1-(2-pyridylazo)-2-
naphthol (PAN) was used as the
chelating agent, acetone as the
dispersive solvent, and ionic lig-
uid (1-butyl-3-methylimidazolium
hexafluorophosphate) as the
extraction solvent instead of a
volatile organic solvent. Some
parameters influencing the IL-
DLLME extraction efficiency of
nickel and its subsequent deter-
mination, such as the type and
volume of IL and dispersive sol-
vent, pH, the amount of PAN,
extraction time and centrifuge
time, were investigated.

Under the optimum condi-
tions, the enrichment factor was
67, the detection limit for nickel
was 18 ng L~! (30), and the rela-
tive standard deviation (RSD) was
6.5% (n=7, ¢=5.0 ng mL™1). The
method was successfully applied
to the determination of trace
amounts of nickel in different
water samples.

but they are time-consuming,
require large organic solvents, and
result in unsatisfactory enrichment
factors and secondary waste.

Dispersive liquid-liquid microex-
traction (DLLME) is a novel micro-

extraction technique, which is
based on a ternary component sol-
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vent system like homogeneous lig-
uid-liquid extraction and cloud
point extraction (15). It is simple,
rapid, and low cost, uses low sam-
ple volume, and offers high recov-
ery and a high enrichment factor.
DLLME has been widely used for
the extraction of organic compounds
and metal ions in environmental
samples (16-19). However, the
extraction and dispersive solvents
used in DLLME are still volatile
organic compounds.

Ionic liquids (ILs) are considered
green solvents and are of interest
due to their promising role as alter-
native solvents in organic synthesis,
catalysis, electrochemistry, etc. (20,
21). ILs have negligible vapor pres-
sure and non-flammability, as well
as good solubility for inorganic and
organic compounds, and have been
successfully applied in various areas
of analytical chemistry, especially
in separation sciences (22-25).
Many liquid-phase microextraction
(LPME) methods based on ILs have
been developed for the determina-
tion of organic compounds and
metal ions (26-30). Tonic liquid-
based DLLME (IL-DLLME) has also
been applied to the extraction of
different organic compounds and
shows some advantages over con-
ventional extraction techniques,
such as fast and easy operation, and
does not require highly toxic chlori-
nated solvents (31-33). However,
there are few reports available on
the application of IL-DLLME for
the preconcentration of metal ions

(34-30).

The aim of this work was to
assess the IL-DLLME technique
combined with graphite furnace



atomic absorption spectrometry
(GFAAS) for the determination of
nickel in real water samples. The
chelating reagent 1-(2-pyridylazo)-2-
naphthol (PAN) was used, which
reacts with metallic ions and forms
a very stable complex, and has
been applied to numerous applica-
tions in trace element separation
and preconcentration (37, 38). The
factors influencing IL-DLLME pre-
concentration and GFAAS determi-
nation were systematically studied.

EXPERIMENTAL

Instrumentation

A TBS-990 atomic absorption
spectrophotometer (Beijing
Purkinge General Instrument Co.,
Ltd., Beijing, P.R. China), equipped
with deuterium background correc-
tion and a GF990 graphite furnace
atomizer system, was used. A nickel
hollow cathode lamp was used as
the radiation source at 232.0 nm.
The optimum operating parameters
for GFAAS are given in Table I. The
pH values were measured with a
Mettler Toledo 320-S pH meter
(Mettler Toledo Instruments Co.,
Ltd., Shanghai, P.R. China). An 80-2
centrifuge (Changzhou Guohua
Electric Appliance Co., Ltd., P.R.
China) was used to accelerate phase
separation. A MK-III microwave
digestion system (Shinco Institute
of Microwave Digestion Technol-

ogy, Shanghai, P.R. China) was
used to dissolve the samples.

Standard Solutions and
Reagents

The stock standard solution
(1000 mg L") of Ni was obtained
from the National Institute of Stan-
dards (Beijing, P.R. China). Work-
ing standard solutions were
obtained by appropriate dilution
of the stock standard solution. The
solution of PAN was prepared by
dissolving appropriate amounts of
PAN (AR, Shanghai Chemistry
Reagent Company, Shanghai, P.R.
China) in ethanol. Extraction sol-
vents of 1-butyl-3-methyl-
imidazolium hexafluorophosphate
([C;MIM] [PF¢]) and 1-octyl-3-
methylimidazolium hexafluoro-
phosphate ([CsMIM] [PF4]) were
purchased from Shanghai Chengjie
Chemical Co., Ltd. (Shanghai, P.R.
China). A borate buffer solution
(0.01 mol L'") was prepared by dis-
solving appropriate amounts of
boric acid in water and adjusting to
pH 10.0 by adding diluted NaOH
solution. All other reagents used
were of the highest available purity
and of at least analytical reagent
grade. Doubly distilled water was
used throughout. Pipettes and ves-
sels used in the experiments were
kept in 10% nitric acid for at least
24 hours and subsequently washed
four times with doubly distilled
water.

TABLE I
GFAAS Operating Parameters

Parameters

Lamp Current 4.0 mA
Wavelength 232.0 nm
Slit 0.2 nm

Ar Flow Rate
Sample Volume 20 pL

200 mL min! (stopped during atomizing)

Temperature Program

Drying
Ashing
Atomizing
Cleaning

120 °C (Ramp 15 s, Hold 10 s)
600 °C (Ramp 10 s, Hold 10 s )
2000 °C (Ramp 0 s, Hold 3 s)
2200 °C (Ramp 1 s, Hold 3 s)
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Dispersive Liquid-liquid
Microextraction Procedure

Aliquots of 5.0 mL sample
solution containing Ni and
1.5x107° mol L'! PAN, the pH
being maintained at 10.0 by a
borate buffer, were placed in
10-mL screw cap glass test tubes
with conic bottoms. 0.2 mL of ace-
tone (dispersive solvent) containing
40 pL of [C,MIM][PF,] (extraction
solvent) was injected rapidly into
the sample solution with a 1.00 mL
syringe. A cloudy solution was
formed in the test tube. In this step,
the complex of Ni with PAN was
extracted into the fine ionic liquid
droplets. Then, the mixture was
centrifuged at 3000 rpm for 14 min-
utes. After this process, the dis-
persed fine droplets of ionic liquid
were deposited at the bottom of
the conical test tubes (about
25 pL). Then, 20 L of the sediment
phase was removed using a 50-uL
microsyringe (minimum scale of
1 pL) and injected into the GFAAS
for analysis.

Calibration was performed
against aqueous standards submit-
ted to the same DLLME procedure.
A blank submitted to the same pro-
cedure described above was mea-
sured parallel to the sample and
calibration solutions.

RESULTS AND DISCUSSION

Effect of Ionic Liquid and Its
Volume

The type of extraction solvent
used in DLLME is an essential con-
sideration for efficient extraction.
It should be water-immiscible,
liquid in the experimental condi-
tions, have an extraction capability
of the compounds of interest, and
higher density than water. Imida-
zolium-ILs with PF4~ as anion are
hydrophobic and relatively inex-
pensive, and were used in this
work. [C,MIM][PF] and
[C¢MIM] [PF¢] were studied as
extraction solvents using 0.2 mL
of acetone as the dispersive



solvent. It was found that a higher
analytical signal of Ni was obtained
when [C,MIM][PF;] was used.
Therefore, [C,MIM][PF4] was
selected as the extraction solvent
in subsequent experiments.

In order to examine the effect of
the volume of IL, solutions contain-
ing 0.2 mL of acetone and different
amounts of IL in the range of
20-60 pL were subjected to the
same DLLME procedure. It was
found that the analytical signal of
Ni increases in accordance with an
increase in volume of IL up to 40 YL,
then it starts to decrease. This drop-
off may be due to a rise in sediment
volume. Thus, 40 uL of [C;MIM][PF]
was used for subsequent experi-
ments.

Effect of Type and Volume of
Dispersive Solvent

For the DLLME method, the
main criterion for the selection of
dispersive solvent is its miscibility
in the extraction solvent and aque-
ous solution. Therefore, acetone,
acetonitrile, and methanol were
tested as dispersive solvents. The
effect of these solvents on the

extraction efficiency of DLLME
was investigated using 0.2 mL of
each solvent containing 40 YL of
[C,;MIM][PF,] as the extraction sol-
vent. The highest analytical signal
of Ni was obtained with acetone as
the dispersive solvent. So, acetone
was selected as the dispersive sol-
vent in this work.

The effect of the volume of
acetone on the extraction efficiency
was also examined. Various experi-
ments were performed using differ-
ent volumes of acetone (0.10, 0.20,
0.30, 0.40, and 0.50 mL) containing
30, 40, 45, 50, and 70 pL of
[C,MIM][PFE], respectively. It was
necessary to change the volume of
IL by changing the volume of ace-
tone to obtain a constant volume in
the sediment phase (25 pL). The
results showed that the analytical
signal of Ni increased with an
increase in the volume of acetone
up to 0.20 mL. A reduction in the
analytical signal was observed
when the volume of acetone
exceeded 0.20 mL. Thus, 0.20 mL
of acetone was used for subsequent
experiments.
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Effect of pH

Separation of the metal ions by
DLLME involves prior complex for-
mation with sufficient hydrophobic
property in order to be extracted
into the small volume of the IL
phase, whereby the desired precon-
centration is obtained. The pH of
the sample solution plays a distinc-
tive role in the formation of the
complex and the subsequent
extraction. The effect of pH on the
DLLME extraction of Ni was studied
in the pH range of 3 to 12. As can
be seen in Figure 1, the analytical
signal of Ni increased with an
increase in pH from 3.0 to 9.0, and
then remained almost constant. In
this work, a pH of 10.0 was selected
as the compromise condition.

Effect of PAN Concentration

The influence of the concentra-
tion of PAN on the DLLME extrac-
tion of Ni was evaluated in the
range of 5x107° to 2.5x1073 mol L.
As can be seen in Figure 2, the ana-
lytical signal of Ni increased with
an increase in the concentration
of PAN up to 1.5x107% mol L'! and
then decreased. The decrease is

Absorbance

pH

Absorbance

Concentration of PAN (mol L', 10)

Fig. 1. Effect of pH of the sample solution on the IL-DLLME
extraction of Ni. IL-DLLME conditions: Ni, 5.0 ug L'!; sample
volume, 5.0 mL; dispersive solvent (acetone) volume,

0.2 mL; [C,MIM][PF ] volume, 40 ul; PAN concentration,

1.5x107° mol L.
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Fig. 2 Effect of PAN concentration on the IL-DLLME extraction
of Ni. IL-DLLME conditions: Ni, 5.0 ug L'’; sample volume,

5.0 mL; dispersive solvent (acetone) volume, 0.2 mL;
[CMIM][PF] volume, 40 uL; pH 10.0.



probably due to the competition of
PAN itself with the Ni-PAN
complex to be extracted into IL.
Hence, a PAN concentration of
1.5x107% mol L* was employed in
this study.

Effect of Extraction Time

IL-DLLME involves a transfer of
analyte from the aqueous phase
into the ionic liquid phase which is
time-dependent. The extraction
time in this experiment was
defined as the interval between
injection of the mixture of acetone
and ionic liquid and the start of
centrifugation. The effect of extrac-
tion time was investigated within
the range of 5 to 20 minutes using
the experimental conditions
described. As shown in Figure 3,
the absorbance-time curve revealed
that the extraction equilibrium
could be attained within 16 min-
utes, a longer extraction time did
not affect the extraction efficiency
by much. Hence, the cloudy solu-
tion was left standing for 16 min-
utes before centrifugation.

Effect of Centrifugation Time

Centrifugation is an important
step in order to obtain two distin-
guishable phases in the method.
After a certain centrifugation time,
the IL phase can be separated from
the aqueous phase very well. In
order to achieve the best extraction
efficiency, a centrifugation time in
the range of 3 to 20 minutes was
considered. It was found that the
highest analytical signal of Ni was
obtained with a centrifugation time
of 14 minutes. When the centrifu-
gation time was longer or shorter
than 14 minutes, the analytical sig-
nal decreased. Maybe a shorter cen-
trifugation time resulted in the
incomplete sedimentation of the IL
drops and a longer centrifugation
time resulted in heat generation,
which led to dissolving parts of the
IL phase. Therefore, the time of
14 minutes was adopted in further
studies.

Pyrolysis and Atomization
Curves

The purpose of the pyrolysis
step prior to atomization is to
remove the matrix as much as pos-
sible in order to reduce the magni-
tude of the background signal. In
order to avoid Ni loss during the
pyrolysis step, the optimal pyrolysis
temperature should be selected.
Pyrolysis and atomization curves
were established using 5.0 pg L' of
Ni solution submitted to the IL-
DLLME procedure. Figure 4 shows
that the optimum pyrolysis and
atomization temperatures for Ni
were 600 °C and 2000 °C, respec-
tively.

Interferences

The potential interference in the
present method was investigated.
The interference was due to the
competition of other metal ions for
the chelating agent and their subse-
quent co-extraction with Ni. In
these experiments, solutions con-
taining 5.0 pg L' of Ni and the
interfering ions were treated
according to the recommended

Absorbance

Extraction time (min)

Absorbance

Temperature (°C)

Fig. 3. Effect of extraction time on the IL-DLLME extraction
of Ni. IL-DLLME conditions: Ni, 5.0 ug L''; sample volume,
5.0 mL; dispersive solvent (acetone) volume, 0.2 mL;
[CMIM][PF4 volume, 40 ulL; PAN concentration,

1.5x107 mol L'!, pH 10.0.

Fig. 4. Pyrolysis curve (a) and atomization curve (b) for Ni
after IL-DLLME extraction. IL-DLLME conditions: Ni, 5.0 ug L'!;
sample volume, 5.0 mL; dispersive solvent (acetone) volume,
0.2 mL; [C,MIM][PF4 volume, 40 ulL; PAN concentration,

1.5x10” mol L', pH 10.0.
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procedure. The tolerance limits of
the coexisting ions, defined as the
largest amount making the recovery
of Ni less than 90%, are listed in
Table II. Large amounts of alkaline
and alkaline earth metal ions have
no interference on the DLLME
extraction of Ni because of their
very low stability constants of the
PAN complexes.

Evaluation of Method
Performance

For the purpose of quantitative
analysis, a calibration curve for Ni
with concentrations ranging over
four orders was obtained by spiking
the standards directly into doubly
distilled water and extracting under
the optimal conditions. Linearity
was observed over the range of
0.5-100 pg L! with a correlation
coefficient of 0.9972. The limit of
detection (LOD), based on a signal-
to-noise ratio (S/N) of 3, was 18 ng L.
The precision of this method was
determined by analyzing the stan-
dard solution at 5.0 ug L' of Ni
seven times continuously, and the
relative standard deviation (RSD)
obtained was 6.5%. The enrichment
factor, calculated as the ratio of the
analytical signal of Ni obtained after
and before extraction, was 67 for a
5.0-mL sample solution.

Analysis of Real Samples

The accuracy of the proposed
method was examined by determin-

TABLE IT
Tolerance Limits
of Coexisting Ions

ing the concentration of Ni in envi-
ronmental water reference material
(ERMs, GSBZ 50009-88, P.R. China).
The concentration of the coexisting
ions in the reference material is
0.15 pg mL"! of Cd, 1.51 pug mL! of
Cr, 1.69 pg mL! of Cu, 1.68 ug mL!
of Pb, and 0.494 pug mL! of Zn. The
analytical value (0.53 + 0.06 ug mL?,
n=5) was in good agreement with the
certified value (0.50 £ 0.02 pg mL?).

The proposed method was also
applied to the determination of Ni
in lake water, tap water, and seawa-
ter samples. Lake water samples
were collected from East Lake
(Wuhan, P.R. China) and tap water
samples were freshly collected in
our laboratory after allowing the
water to flow for 5 minutes. Seawa-
ter samples were collected from
Xiamen, P.R. China. All water sam-
ples were filtered through a 0.45 pm
membrane filter and analyzed as
quickly as possible after sampling.
In addition, the recovery experi-
ments of different amounts of Ni
were carried out and the standard
solution of Ni was added before
preconcentration. The results in
Table III show that the recoveries
were reasonable for trace analysis
and ranged from of 92-101%.

TABLE III
Determination of Ni (ug L)) in
Natural Water Samples (n=5)

Added Found Rec.?

0

Samples

Coexisting Ions Tolerance
Limits (mg L')?*
K*, Na* 1000
Ca*t, Mgt 800
AP, Pb2+ 5
Cd?**, Mn?*, Cr3*, Fe3* 1
Cu?*, Co?*, Zn** 0.5
SO, NO;~, CI- 1000

Lake Water O 11.1+0.6 -
10 20.7%1.2 96

20 30921 99

Tap Water 0  4.5+0.3 -
10 14.3x0.8 98
20 24.7+1.5 101

Seawater 0 8.8+0.6 -
10 18.3x1.1 95
20 27.2%1.6 92

* Ni%* concentration 5.0 ug L.

2 Rec. = Recovery.
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CONCLUSION

In this work, a new method of
dispersive liquid-liquid microextrac-
tion (DLLME), based on the use of
ionic liquid (L), was developed for
the preconcentration of nickel in
water samples (lake water, tap
water, and seawater) prior to its
determination by graphite furnace
atomic absorption spectrometry
(GFAAS). The use of a nonvolatile
ionic liquid as the extraction sol-
vent decreases the possibility of
exposing the operator to a toxic
solvent. IL-DLLME proved to be a
rapid, simple, sensitive method
offering a low limit of detection
(18 ng L'Y) and a good enrichment
factor (67). The proposed method
can be applied to the determination
of trace nickel in various water sam-
ples.
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