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A simple, highly sensitive and environment-friendly method for the determination of trace amount
of nickel ion in different matrices is proposed. In the preconcentration step, the nickel from 10 mL of
an aqueous solution was extracted into 500 �L of ionic liquid, 1-butyl-3-methylimidazolium hexafluo-
rophosphate [C4MIM][PF6], containing PAN as complexing agent. Subsequently, the PAN complex was
back-extracted into 250 �L of nitric acid solution, and 100 �L of it was analyzed by flow injection flame
atomic absorption spectrometry (FI-FAAS). The main parameter influencing the extraction and determi-
oom temperature ionic liquid
ickel preconcentration
icro-volume back extraction

nation of nickel, such as pH, concentration of PAN, extraction time and temperature, ionic strength, and
concentration of stripping acid solution, were optimized. An enhancement factor of 40.2 was achieved
with 25 mL sample. The limit of detection (LOD) and quantification obtained under the optimum condi-
tions were 12.5 and 41.0 �g L−1, respectively. To validate the proposed methods two certified reference
materials 681-I and BCR No. 288 were analyzed and the results were in good agreement with the certified
values. The proposed method was successfully applied to determination of nickel in water samples, rice

flour and black tea.

. Introduction

Nickel is an essential participant of metabolism of plants and
ome domestic animals. However, even at low concentration, it
ay have a general toxic effect on human organism, causing

osopharynx, lung disease, malignant tumors, and dermatologi-
al problems [1,2]. Nickel enters waters from dissolution of rocks
nd soils, biological cycles, atmospheric fallout, especially from
ndustrial processes and waste disposal [1]. These facts explain the
mportance of monitoring nickel concentration in natural waters
nd food samples from public health and environmental point of
iew. According to the international regulation on water quality,
he approved content of nickel in drinking water is 20.0 �g L−1

1]. Thus, determination of nickel in drinking water requires much
igher sensitivity than what is achievable with flame atomic
bsorption spectrometry. Therefore; a preliminary separation and

reconcentration prior to its determination could be a good choice.
everal methods have been proposed for separation and pre-
oncentration of trace amount of nickel including, liquid–liquid
xtraction (LLE) [3–6], solid phase extraction (SPE) [7–11], cloud

∗ Corresponding author. Tel.: +98 351 8212667; fax: +98 351 8210644.
E-mail address: sdadfarnia@yazduni.ac.ir (S. Dadfarnia).
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point extraction (CPE) [12–16] and liquid phase microextraction
(LPME) [17–19].

LLE is among the classical pretreatment techniques that have
been widely employed in analytical chemistry [19,20]. Although
it offers high reproducibility and high sample capacity, it suffers
from several limitations, including large volume of organic sol-
vent with toxic properties. Recently, considerable interest has been
manifested on using room temperature ionic liquids (RTILs) as the
green solvent to replace the traditional volatile organic solvents
in a wide range of application [21]. RTILs are organic salts con-
sisting of an organic cation with delocalized charge and organic or
inorganic anions that are liquid at room temperature. These ionic
solvents possess numerous fascinating properties and are of funda-
mental interest to modern chemistry and chemical industry. These
properties are mainly due to their lack of vapor pressure, high
conductivity, high stability, and low viscosity, wide tune ability
regarding hydrophobicity, polarity as well as solvent solubility and
miscibility [22–25]. Several reports have been appeared in which
RTILs have successfully been utilized for extraction of metal ions
as chelate of various organic liquids [26–31]; however, only a few

of them involve preconcentration of metal ions [30,31] and to the
best of our knowledge, there is no report on extraction of nickel
with RTILs. Thus, development of an extraction/preconcentration
method based on RTILs for determination of trace amount of nickel
ion is challenging.

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:sdadfarnia@yazduni.ac.ir
dx.doi.org/10.1016/j.jhazmat.2009.08.118
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In this study 1-(2-pyridylazo)-2naphthol (PAN), a classical
eagent for spectrophotometric determination of transition metal
ons [32], was utilized as a ligand for liquid–liquid extraction of
ickel with ionic liquid 1-butyl-3-methylimidazolium hexafluo-
ophosphate [C4MIM][PF6]. The extracted nickel in RTIL was then
ack-extracted into micro-volume of nitric acid and was deter-
ined by flow injection flame atomic absorption spectrometry.

. Experimental

.1. Reagents and standard solution

All chemicals used throughout this study were of highest purity
vailable and was at least of analytical reagent grade. The standard
olution of nickel (II) (1000 mg L−1) was prepared by dissolv-
ng proper amount of Ni(NO3)2·6H2O from Merck (Darmstadt,
ermany) in 0.1 mol L−1 nitric acid solution. Working solutions
ere prepared daily by appropriate dilution of stock solution.
ll solutions were stored in pre-cleaned polypropylene from Nal-
ene (Lima, Oh, USA) containers. Doubly distilled water was
sed throughout in sample preparation. 1-Methylimidazole, potas-
ium hexafluorophosphate, 1-cholorobutane, 1-(2-pyridylazo)-
naphthol, nitric acid and ethyl acetate, were obtained from Merck.
he samples were filtered through a 0.45 �m membrane filter
25 mm in diameter, Dura pore TM, Millipore) prior to analysis.

.2. Apparatus

The nickel determination was carried out on a Buck Scientific
tomic absorption spectrometer (Model 210 VGP, USA) with a hol-
ow cathode lamp at a wavelength of 232.0 nm using air-acetylene
ame. The operating conditions were set as recommended by
anufacturer. The single line flow injection system consisting

f peristaltic pump (Ismatic, MS-REGLO/8-100, Switzerland), and
otary injection valve (Rheodyne, CA, USA) with a loop of 100 �L
apacity was used for effective control of the amount of sample
nd reproducibility of the measurements. The absorbance time
esponse was monitored on an x-t chart recorder (L-250) and quan-
itative analysis was based on measurement of the peak height of
ransient signals. The pH measurements were carried out with a

etrohm pH meter (model 691, Switzerland) using a combined
lass calomel electrode. The purity of ionic liquid was confirmed
ith 1H NMR and 13C NMR spectrums obtained by a Burker

00 MHZ spectrometer.

.3. Preparation of ionic liquid

The ionic liquid [C4MIM]PF6 was prepared as described else
here [27,30,31,33]. Briefly, 1-butyl-3-methylimidazolium chlo-

ide [C4MIM][Cl−] was prepared by adding equal amount (0.3 mol)
f 1-chlorobutone and 1-methylimidazole to a 250 round bot-
om flask fitted with reflux condenser. The flask and its content
ere heated at 80 ◦C for 24–48 h, until a golden viscous liquid
as formed. The viscous liquid was cooled and was washed three

imes with 50 mL portion of ethyl acetate in a separation funnel.
hen, the lower liquid portion [C4MIM][Cl−] was slowly added to
50 mL potassium hexafluorophosphate (0.3 mol) solution at 4 ◦C;
nd the solution was stirred at room temperature for 12 h. A 15 mL
ichloromethane was added to the lower liquid portion and the
ixture was washed with water until the washing was no longer

cidic. The washed RTIL was dried with anhydrous magnesium sul-

ate. The solvent was removed with rotary evaporation and finally
as purged with nitrogen gas. The purity of final product was

haracterized with 1H NMR and 13C NMR with a Burker 500 MHZ
pectrometer. The [C4MIM]PF6 was stored in contact with deion-
zed water to equilibrate the water content of RTIL phase.
s Materials 173 (2010) 534–538 535

2.4. Sample preparation

2.4.1. Water samples
The water samples were filtered; the pH was adjusted to ∼7 and

was treated according to the given procedure.

2.4.2. Rice flour
Rice flour (7.69 g) was placed in a 100 mL beaker and was dis-

solved in 7 mL concentrated nitric acid. Then drop wise, 4 mL of
hydrogen peroxide (30%, w/v) was added and the solution was
heated on a hot plate for 10 min. After cooling to room temper-
ature, the solution was filtered; its pH was adjusted to ∼7, and
then was transferred into a 50 mL volumetric flask. Its volume was
adjusted with deionized water and was treated according to the
given procedure.

2.4.3. Black tea sample
8 mL of 1:1 nitric acid solution was added to 4 g of black tea and

was heated at 100 ◦C for 2 h. Then the solution was cooled to room
temperature, filtered and after adjustment of pH to ∼7, it was trans-
ferred into a 50 mL volumetric flask, the volume was adjusted with
deionized water and was treated according to the given procedure.

2.4.4. Standard reference material
The ore samples were prepared as described else where [34], i.e.

proper amount of standard ore 68I-I or BCR No. 288 was weighed
into a beaker, 5 mL concentrated nitric acid was added and the mix-
ture was heated. Then 3 mL of hydrogen peroxide was added, and
to remove the excess amount of hydrogen peroxide, the mixture
was heated to near dryness. Next, ∼10 mL of doubly distilled water
was added to the beaker; the solution was filtered and after adjust-
ment of pH to ∼7, it was transferred into a 20 mL volumetric flask,
and the volume was adjusted with deionized water and was treated
according to the given procedure.

2.5. Procedure

The pH of 10 mL of standard or sample solution containing not
more than 5 �g of nickel was adjusted to ∼7 using 0.1 mol L−1 nitric
acid or ammonium hydroxide and was transferred into a ∼15 mL
conical-bottom polypropylene tube containing a stirrer bar. Then,
500 �L of PAN in RTIL (2 × 10−2 mol L−1) was added, the magnetic
stirrer was turned on and the solution was mixed for 15 min at
1250 rpm. In this step Ni2+ was complexed with PAN and extracted
into RTIL. In order to separate the phases, the mixture was cen-
trifuged for 5 min at 3500 rpm and the aqueous phase was removed
by decantation. The analyte was then back-extracted into acidified
aqueous phase by adding 250 �L of 1.5 mol L−1 nitric acid solu-
tions, mixing for 1 min with a vortex, and centrifuging for 3 min
at 1500 rpm. Finally, 100 �L aliquot of the resulting solution was
introduced into the FAAS by the use of a single line flow injection
system.

3. Results and discussion

It is well known that PAN form a 2:1 complex with nickel
ion (log K�2 = 27.5) which is extractable to organic solvents [32].
In the preliminary study it was confirmed that 1-(2-pyridylazo)-
2-naphtol (PAN) in ionic liquid [C4MIM][PF6] also is capable of
extracting nickel from aqueous solution. However, one of the prob-
lems in extraction with ionic liquid (IL) in glass vessel is the

interaction of IL with the glass, which results in sticking of IL phase
onto the wall of the container even after centrifugation at high rpm.
This problem was alleviated by Baghdadi and co-workers [35] by
addition of non-ionic surfactant to the aqueous phase. However, in
this study we used a different approach; a polypropylene centrifuge
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ig. 1. Effect of pH on nickel extraction. Conditions: sample volume, 10 mL; nickel
oncentration, 200 �g L−1; PAN concentration, 6.8 × 10−2; RTIL volume, 500 �L;
itric acid volume, 250 �L.

ube was employed instead of glass tube. It was observed that with
he use of polypropylene or Teflon tube and without addition of any
xtra chemical, the IL did not stick on the wall of container. So, in
rder to solve the problem and to eliminate the possibility of con-
amination by extra chemicals, all the extraction was performed in
he polypropylene tube. Furthermore, to establish the best condi-
ions of extraction and analysis, the procedure was optimized by
nivariable method.

.1. Effect of pH

The separation of metal ions by RTILs extraction involves prior
ormation of a complex with sufficient hydrophobicity which can
e extracted into small volume of ionic liquid. It is well known that
H of the sample solution plays a unique role on metal-chelate
ormation and its subsequent extraction. The effect of pH on the
omplex formation and extraction of nickel ions was studied in the
ange of 1–10 using nitric acid or ammonium hydroxide. The results
llustrated in Fig. 1 reveals that the recovery is nearly constant in
he pH range of 6–7. The progressive decrease in extraction of ana-
yte at low pH is due to competition of hydrogen ion with analyte
or reaction with PAN, and the decrease in extraction at pH greater
han 7 is probably due to precipitation of nickel as nickel hydrox-
de. A pH of ∼7 was selected as optimum value for subsequent

ork.

.2. Effect of PAN concentration

The concentration of PAN has effect on the recovery of analyte
hat was evaluated. The results showed that (Fig. 2) the recov-
ry of nickel increase with an increase in PAN concentration from
.4 × 10−4 to 1.7 × 10−2 mol L−1 and then remains constant up to
he 1.0 × 10−1 mol L−1. Thus, the amount of PAN at concentra-
ion lower than 1.7 × 10−2 mol L−1 is insufficient for formation of

neutral complex with nickel. In this study a concentration of
.0 × 10−2 mol L−1 was employed.

.3. Influence of extraction time and stirring rate

One important factor influencing the extraction efficiency and
peed of analysis is the extraction time. In order to have good
recision, sensitivity and high speed, it is necessary to select an
xtraction time that guarantees the achievement of equilibrium

etween aqueous and RTIL phase and maximize the extraction of
nalyte. The effect of extraction time was investigated with the time
arying from 5 to 40 min at a stirring rate of 1000 rpm. The results
howed that the recovery of analyte increase with an increase in
xtraction time up to 15 min and then remains constant with fur-
Fig. 2. Effect of PAN concentration on nickel extraction. Conditions: sample volume,
10 mL; nickel concentration, 200 �g L−1; pH ∼7; RTIL volume, 500 �L; nitric acid
volume, 250 �L.

ther increase in extraction time. Thus, an optimum stirring period
of 15 min was selected.

Another important factor influenced the extraction speed is stir-
ring rate. A proper stirring rate causes adequate dispersion of IL in
aqueous phase resulting in an increase in the interfacial contact of
two phases, thereby aqueous phase mass-transfer coefficient and
subsequently extraction speed will increase [36]. Hence, the extrac-
tion was performed according to the recommended procedure but
with different stirring speeds (750–2500 rpm). The results showed
that a stirring rate of 1000 rpm was adequate for the prevailing
experimental conditions.

3.4. Effect of temperature and ionic strength

The effect of temperature on extraction was studied by varying
the temperature between 5 and 70 ◦C. It was found that the extrac-
tion efficiency is constant in the temperature range of 20–50 ◦C;
but a further increase in temperature causes a decrease in recovery.
This might be due to increase in solubility of RTIL at high temper-
ature as well as degradation of complex. Thus, the extraction was
performed at room temperature for its more convenience.

The effect of ionic strength on extraction of nickel was stud-
ied by varying the concentration of NaClO4 within the range of
0–1 mol L−1. The results showed that addition of salt has no sig-
nificant effect on extraction efficiency. At this stage the amount of
nickel remained in the original aqueous phase was determined by
graphite furnace atomic absorption spectrometry and was found to
be negligible. Thus the extraction was quantitative (>95%).

3.5. Back extraction

In order to recover the ionic liquid and to achieve further precon-
centration factor, the RTIL extract was submitted to procedure of
back extraction. Fig. 1 demonstrated that, diminishing the media
pH (pH < 4) leads to low stability of Ni–PAN complex, causing its
dissociation and consequently release of nickel ions to aqueous
phase. Therefore, for quantitative back extraction, the concentra-
tion of nitric acid solution was optimized. For this purpose, the RTIL
extract was back-extracted into 250 �L of nitric acid solution with
concentration varying from 0.5 to 4.0 mol L−1. Quantitative back

extraction (>95%) was observed when the concentration of nitric
acid was at least 1.5 mol L−1. Therefore, 250 �L of 1.5 mol L−1 nitric
acid solution was chosen for back extraction.

The agitation time for quantitative back extraction of analyte
was also studied and it was found that back extraction is very
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Table 1
Effect of foreign ions on the recovery of nickel: concentrated volume 10 mL, Ni concentration 200 �g L−1.

Foreign ion Molar ratio (ion/Ni+2) Ni recovery (%) Foreign ion Molar ratio (ion/Ni+2) Ni recovery (%)

NH4
+ 1000 101 ± 3 Zn2+ 25 96 ± 2

Ca2+ 500 99 ± 4 Cu2+ 25 98 ± 2
Mg2+ 500 99 ± 4 F− 1000 100 ± 3
Ba2+ 1000 99 ± 3 Br− 1000 99 ± 3
Ag+ 500 98 ± 3 I− 1000 101 ± 4
Pb2+a 500 99 ± 5 NO3

− 1000 101 ± 3
Fe3+a 250 99 ± 3 CO3

2− 500 100 ± 2
SO4

2− 500 98 ± 3
CH3COO− 1000 100 ± 3
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Table 2
Analytical characteristics of the method.

Linear range (�g L−1) 50–500

Slope 7.3 × 10−3

Correlation coefficient (r) 0.9998
RSD at 50 �g L−1 (%) (n = 7) 3.1
Detection limit (�g L−1) 12.5
Quantification limit (�g L−1) 41.0
Enhancement factora 40.2

absorption analysis, suggesting the proposed procedure is reliable
for the sample type examined.

Furthermore, the accuracy of the proposed procedure was ver-
ified by applying the method to the determination of nickel in two

Table 3
Determination of nickel in real sample.

Sample Added Found Recovery (%) GFAAS

Rice flour (�g g−1) – 0.42 ± 0.01 – 0.41 ± 0.01
0.65 1.05 ± 0.04 96.9

Black tea (�g g−1) – 0.34 ± 0.01 0.31 ± 0.01
1.25 1.58 ± 0.05 99.2

Tap water (�g L−1) – NDa 2.56 ± 0.08
60.0 59.5 ± 2.5 99.2

100.0 101.2 ± 3.3 101.2

Well water (�g L−1) – NDa 1.90 ± 0.03
60.0 61.2 ± 3.0 102.0

100.0 98.8 ± 2.2 98.8

River water (�g L−1) – NDa 3.11 ± 0.08
60.0 59.9 ± 2.8 99.8

100 98.5 ± 2.6 98.5
Hg2+ 250 98 ± 2
Cd2+ 25 97 ± 4

a In the presence of citrate (0.01 mol L−1) a molar ratio of 1000 was tolerated.

ast, i.e. in approximately 0.5 min the recovery was completed. An
ptimum agitation time of 1 min was then chosen.

.6. Effect of sample volume

The nickel concentration in real samples such as natural waters
s usually very low. Thus, the sample volume is one of the

ost important parameters in development of preconcentration
ethod, since it determines the sensitivity enhancement of the

echnique. For this purpose, different volumes (5–20 mL) of sample
olution containing 2 �g of nickel, under optimum conditions, were
ubjected to extraction/back extraction procedure. Quantitative
xtraction was observed when the aqueous volume was between 5
nd 10 mL. It was noticed that higher sample volumes partially sol-
bilized the RTIL phase, leading to non-reproducible results. Thus,
he solubility of [C4MIM][PF6] in aqueous phase limit the magni-
ude of preconcentration factor. A sample volume of 10 mL was
elected for further experiments. Consequently, an enrichment fac-
or of 40 was determined based on consideration of the sample
olume (10 mL) and back extraction volume (250 �L). Furthermore,
he enhancement factor determined on the basis of the ratio of
lope of calibration standard curve with microextraction and with-
ut microextraction, was found to be 40.2; thus, extraction/back
xtraction procedure is quantitative.

.7. Interference study

The effect of potential interference ions in natural water and
ood samples on determination of analyte was examined. The study
as performed by analyzing 10 mL of 200 �g L−1 of nickel solution

ontaining concomitant ions at different concentration, according
o the recommended procedure. The tolerance limit of coexist ions
s defined as the largest amount making variation of less than 5% in
he recovery of analyte. The results of this investigation are sum-

arized in Table 1, proving that the nickel recovery was almost
uantitative in the presence of excessive amount of the possible

nterfering cations and anions.

.8. Analytical performance

Under the optimum condition, the calibration graph was con-
tructed by processing standard solutions of nickel according to the
iven procedure. The linear concentration range was 50–500 �g L−1

ith a correlation coefficient of 0.9998. The calibration function
as Y = 0.0073C + 0.0208, where Y is the peak height and C is the

oncentration of nickel in �g L−1.
The precision of the method was studied by processing seven
eplicate solutions at the same day. The relative standard deviation
or 50 and 200 �g L−1 nickel was 3.1 and 2.1%, respectively. The limit
f detection and quantification based on 3Sb/m and 10Sb/m, (where
b is standard deviation of the blank signals and m is the slope of
alibration curve after extraction) was 12.5 and 41.0 �g L−1, respec-
a Calculated as the slope ratio of the calibration graphs
obtained with preconentration of 10 mL solution and without
preconcentration.

tively. The analytical characteristics of the method are summarized
in Table 2.

3.9. Analysis of real sample

The proposed method was applied to several categories of sam-
ples including, tap water, ground water, river water, sea water, rice
flour and black tea, with diverse matrix cation and anion concentra-
tion. The results are given in Table 3. Reliability was checked either
by spiking the sample or comparing the results with data obtained
by furnace atomic absorption analysis. As the results showed the
recovery of spiked sample is good, and there is satisfactory agree-
ment between the results and data obtained by furnace atomic
Sea water (�g L−1) – NDa 3.66 ± 0.04
60.0 60.5 ± 2.9 100.8

100 97.2 ± 2.4 97.2

Results are mean and standard deviation of three independent measurements.
a ND: not detected.
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Table 4
Determination of nickel in ore reference materials.

Sample Amount found (�g g−1) Amount accepted (�g g−1)
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[35] M. Baghdadi, F. Shemirani, Cold-induced aggregation microextraction: a novel
BCR No. 288 4.39 ± 0.48 4.57 ± 0.11
Euro-standard No. 68I-I 156.3 ± 6.8 160 ± 10

esults are mean and standard deviation of three independent measurements.

tandard reference ore materials (68I-I and BCR No. 288). Reliability
as checked by comparing the data with the accepted values. The

esults of this investigation, together with the accepted values are
iven in Table 4. As can be seen, at 95% confidence level there is no
ignificant different between the results and accepted values. Thus,
he procedure is reliable for analysis of wide range of samples.

. Conclusion

It was demonstrated that with the use of polypropylene tube
he problem of sticking of IL to the wall of container can be solved;
nd a novel, simple and selective preconcentration method based
n the use of RTILs as extraction solvent has been described for the
etermination of nickel in various samples. The figure of merit of
he proposed method is comparable to the other reported methods
4,5,7–10,12–14,17] and additionally, the method has the advan-
age of environment-friendly. The present method was successfully
pplied to separation, preconcentration and final determination
f nickel by FI-FAAS in real waters and food samples with good
ccuracy and precision. Furthermore, it offers an alternative proce-
ure to techniques such as GFAAS and ICP-OES for determination of
ickel at �g L−1 level in real samples. The main benefits of the sys-
em are enhancement of FAAS sensitivity, no use of organic solvent,
ejection of matrix constituent, low cost and environment-friendly.
uture work will be directed at microextraction of metals with
TILs from different matrices.
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