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ABSTRACT

In the present article, modified IR-120 Amberlite resin was used as sorbent for preconcentration trace amounts of nickel ions. Nickel ion was adsorbed 
quantitatively onto IR-120 Amberlite resin that modified with 5-)4-dimethyl amino-benzylidene)-rhodanin in the pH range of 5.5-7.0. The adsorbed nickel ions 
were eluted with 5.0 mL of 3 mol L-1 nitric acid solutions and nickel was determined by flame atomic absorption spectrometry. The linear rang was 0.62 ng 
mL-1 and 18.0 µg mL-1 in initial solution. Detection limit was 0.141 ng mL-1 in initial solution (3Sbl, n=7) and preconcentration factor was 160. Relative standard 
deviation for the 7 replicated determination of 4.0 µg mL-1 of nickel solution was ±1.3%. The effects of the experimental parameters, including the sample pH, 
flow rates of sample and eluent solution, eluent type, breakthrough volume and interference ions were studied for preconcentration of Ni(II) ions. The method was 
successfully applied for separation and determination of nickel ions in water and standard samples.
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INTRODUCTION

Nickel can be released into the atmosphere from several industrial 
processes, including oil and coal burning power plants, trash incinerators, 
and metallurgy industry. Moreover, nickel can enter into aquatic body from 
dissolution of oxide and sulphide rocks containing nickel combined with 
others elements. Thus, the exposition of nickel may take place by air, food 
samples, drinking water and mainly by skin contact with contaminated soils 
and alloys containing nickel.1 Although nickel is considered an essential 
element, which acts as an activator of several enzymes beyond to enhance 
the insulin activity, excessive nickel amount in the organism is very toxic, 
which can be manifested by affecting the activity of natural killer cells.2 In 
addition, the chronic exposition at high nickel concentration can cause cancer.3 
Another common disease caused by skin disorder is known as nickel-eczema. 
This disease is more pronounced in workers daily exposed to great amounts 
of nickel and in those people who are sensitive to nickel.4 The most common 
reaction is a skin rash at the site of contact. However, in some sensitive people, 
dermatitis may occur at a site away from the site of contact. Less frequently, 
some people who are sensitive to nickel have asthma attacks following 
exposure to nickel. Nickel is normally present in environmental samples at 
low concentration, thus requiring sensitive techniques for its determination. 
Considering the analytical techniques, flame atomic absorption spectrometry 
(FAAS) is the most used for this purpose. However, previous preconcentration 
steps are commonly necessary to attain the low levels required of the limit of 
detection.5 The literature reports several preconcentration procedures such as 
liquid–liquid extraction,6 micellar mediated extraction,7 and co-precipitation.8 
The solid-phase extractors used in preconcentration methods are commonly 
from synthetic origin and they are classified as polar and non-polar sorbents, 
chelating resins, and ion exchange resins.9 Solid phase extraction (SPE) 
involves the transfer of analytes from aqueous phase to the active sites 
of the adjacent phase.10,11 SPE has come to the forefront compared to other 
preconcentration and/or separation techniques, as it offers several advantages 
such as flexibility, higher enrichment factors, absence of emulsion, low cost 
(because of lower consumption of reagents), speed and simplicity, safety 
with respect to hazardous samples and more importantly environmental 
friendly.12-14 Chelate modified macroporous polymeric sorbents have numerous 
advantages over inorganic oxide and natural organic based sorbents.15 These 
include (i) hydrolytic stability over a wide pH range, (ii) higher surface area, 
(iii) greater surface polarity, (iv) regenerability, (v) kinetically faster sorption 
and desorption mechanisms due to permanent pore structure and (vi) easy 
accessibility. In the present investigation, the analytical potential of IR-120 

Amberlite resin modified with 5-)4-dimethyl amino-benzylidene)-rhodanin 
(Fig. 1) was examined for preconcentration of Ni(II) in aqueous samples prior 
to their flame atomic absorption spectrometric determinations. The analytical 
conditions for the preconcentration (quantitative retentions) of analyte elements 
were investigated.

Fig. 1: 5-)4-dimethyl amino-benzylidene)-rhodanin.

EXPERIMENTAL

Apparatus
A Varian Model SpectrAA 220 atomic absorption spectrometer was used 

for measuring Ni(II) in an air–acetylene flame. The operating conditions were 
as follows: wavelength, 232.0 nm; lamp current, 4.0 mA; slit width, 0.2 nm. 
The acetylene flow was 1.5 L min–1 and the air flow was 3.5 L min–1. The pH 
measurement was carried out using a Metrohm pH meter (model 713) with a 
combined pH glass electrode calibrated against two standard buffer solutions at 
pH 4.0 and 7.0. A funnel-tipped glass tube (5×100 mm) was used as a column 
for preconcentration. All glassware and columns were washed with a mixture 
of concentrated hydrochloric acid and concentrated nitric acid (1:1) before use. 

Reagents
All reagents were of analytical reagent grade. Stock solution of Ni (II) 

was prepared from nickel metal strip (99%) in a minimum volume 1:1 (v/v) 
nitric acid (Merck). A 0.018% solution of 5-)4-dimethyl amino-benzylidene)-
rhodanin in ethanol was prepared. Buffer solutions were prepared from 0.5 
mol L-1 acetic acid and 0.5 mol L-1 sodium acetate for pH 3-6, from 0.1 mol L-1 
potassium dihydrogen phosphate and 0.1 mol L-1 disodium hydrogen phosphate 
for pH 6-8 and from 0.5 mol L-1 ammonia and 0.5 mol L-1 ammonium acetate 
for pH 8-10. 
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Sampling
Water samples were collected from three regions in Kerman province, Iran 

(Kerman drinking water, river water and wastewater of Copper factory). Before 
the analysis, the organic content of the water samples was oxidized in the 
presence of 1% H2O2 and then concentrated nitric acid was added to it. These 
water samples were filtered through a cellulose membrane filter (Millipore) of 
pore size 0.45 µm to remove particulate matter. The pH of the filtered water 
samples were adjusted to approximately 6.0 using sodium acetate/acetic acid 
buffer solution.

Column preparation
2.0 g of IR-120 Amberlite resin was suspended in 100 mL solution of 

,HCl ,H2O and C2H5OH , with proportion of (1:2:1) for 24 h. The solid was 
filtered, washed with water until removing any excess of nitric acid (neutral pH 
of solution) and then was dried at 110 ◦C in an oven and was stored in calcium 
chloride desiccators until use. For preparation of column each time, 200 mg 
of the IR-120 Amberlite resin was added to funnel tipped glass tube. The IR-
120 Amberlite resin was saturated with5-)4-dimethyl amino-benzylidene)-
rhodanin by passing 5 mL of a 0.018% 5-)4-dimethyl amino-benzylidene)-
rhodanin solution in ethanol at a flow rate 0.5 mL min-1. Afterwards it was 
washed with water until excess reagent was eliminated from the column. 
All experiments were done in a funnel-tipped glass tube (5´100 mm) as a 
column for preconcentration. Before sample loading, the column must be 
preconditioned by passing a buffer solution. Then, the column could be used 
repeatedly for 20 times. 

Procedure for the sorption of nickel ions
An aliquot of the solution containing 0.5-90.0 mg of nickel ions was taken 

in a 50 mL beaker and 5 mL of buffer with pH =6.0 added to it, then diluted 
to ~25 mL with distilled water. This solution was passed through the column 
at a flow rate of 2.0 mL min-1. After passing this solution, the column was 
cleaned with 5 mL of distilled water. The adsorbed nickel on the column was 
eluted with 5.0 mL of 3.0 mol L-1 nitric acid. The eluent was collected in a 5.0 
mL volumetric flask and nickel was determined by flame atomic absorption 
spectrometry.

RESULTS AND DISCUSSION

At the first, the potential of the Amberlite IR-120 Resin for preconcentration 
of nickel ions was investigated. The results showed that the recovery for nickel 
ion was less than 50%, if unmodified resin was used as sorbent. Therefore, 
unmodified Amberlite IR-120 is not suitable for preconcentration of nickel 
ions. Therefore, 5-(4’-dimethylamino-benzyliden)-rhodanin reagent was added 
to Amberlite IR-120, and then the modified Amberlite IR-120 was studied for 
preconcentration. The results showed that modified Amberlite IR-120 with 
5-(4-dimethylamino-benzyliden)-rhodanin was suitable for preconcentration 
of nickel ions (recoveries are more than 97%). In order to achieve the best 
performance, the separation/preconcentration procedure was optimized for 
various analytical parameters, such as type, concentration and volume of 
eluent, pH of the sample solution, flow rate of eluent and sample solutions 
and volume of the sample solution. Various ions interference effects were also 
investigated.

Effect of the sample pH
Since the pH of the aqueous solutions is an important analytical factor 

in the solid phase extraction studies of metal ions, 16-18 the influence of pH on 
the recovery of nickel ions were examined in the pH range of 2.0-8.5. The 
results are shown in Fig. 2. Ni(II) ions were quantitatively recovered in the pH 
range of 5.5-7. In subsequent studies, the pH was kept at approximately 6 using 
sodium acetate/acetic acid buffer solution.

Fig. 2: Effect of the pH of sample solution on the recovery of analyte ions

Choice of eluent
Another important factor which affects the preconcentration procedure is 

the type, volume and concentration of the eluent used for the removal of metal 
ions from the sorbent.17 Optimization of the elution conditions were performed 
in order to obtain the maximum recovery with the minimal concentration and 
volume of the elution solution. The ions were stripped with 5.0 mL of different 
concentrations of various eluting solutions. From the results shown in Table 1, 
it is obvious that 5.0 mL 3.0 mol L−1 HNO3 is the best eluent.

Table 1: Obtained recoveries in choosing the eluent type a

Eluent, 5.0 mL Recovery, %

HCL 2.0, mol L−1

H2SO4 3.0, mol L−1

HNO3 3.0, mol L−1

86.5
77.8
98.4

a Initial samples contained 20.0µg Ni(II) ions in 25 mL 

Effect of flow rates of sample and eluent solution
The retention of analyte on an adsorbent also depends on the flow rate of 

the sample solution.17 Thus, the effect of flow rates of the sample and elution 
solutions on the retention and recovery of ions was investigated under optimum 
conditions. It was found that retention and recovery of the ions was independent 
of flow rate in a range of 0.5–1.5 mL min−1. Therefore a flow rate of 1 mL min−1 
was applied for sample and elution solutions in all experiments.

Breakthrough volume
The measurement of breakthrough volume is important in solid phase 

extraction because breakthrough volume represents the sample volume that 
can be preconcentrated without loss of analyte during elution of the sample.17 
The breakthrough volume of the sample solution was tested by dissolving 20.0 
µg of Ni(II) ions in different volumes (25-1000 mL) and the recommended 
procedure was followed. Nickel was recovered quantitatively in the range 
of 25–800 mL. The preconcentration factor (the ratio of the highest sample 
volume for both the analytes (800 mL) and the lowest eluent volume (5.0 mL)) 
was 160.

Evaluation of sorbent property
The sorption capacity is an important factor because it determines how 

much sorbent is required for quantitative enrichment of the analyte from a 
given solution. The sorption capacity of modified IR-120 Amberlite resin was 
determined by passing different volume of 100.0 µg mL-1 Ni (II), followed by 
the determination of retained Ni (II) using FAAS. The maximum capacity of 
the sorbent was 730 µg of nickel per gram of modified IR-120 Amberlite resin. 
The modified IR-120 Amberlite resin sorbent was subjected to several loadings 
with the sample solution and subsequent elution. It was found that adsorption 
properties of the adsorbent remained constant after 20 cycles of sorption and 
desorption. 

Analytical performance
The reproducibility of the procedure was evaluated by a model solution 

containing 20.0 µg of nickel ions (n = 7). The relative standard deviations 
(RSD) were found to be ±1.3%. The calibration curves for the determination of 
nickel according to the general procedure under the optimized conditions are 
shown in Fig. 3. Linearity in the final solution was maintained between 0.1 and 
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18.0 µg mL−1 for nickel with correlation factors of 0.999 or 0.62 ng mL-1 and 
18.0 µg mL-1 in initial solution. The limit of detection (LOD) for the analyte 
ions based on 3δbl/m (n = 7) were 0.141 ngmL−1 for nickel in initial solution. 
The sensitivity of 1% absorbance for nickel was 0.028 µg mL−1.

Keikinzoku Kogyo (NKK) No. 920, aluminum alloy. A 100.0 mg sample 
of the standard alloy was dissolved completely in a mixture of nitric acid (5 
mL), hydrochloric acid (5 mL) and H2O2 (3 mL) by heating. The solution was 
cooled, diluted and filtered. The volume of the filtrate was increased to 100.0 
mL with distilled water in a calibrated flask. An aliquot of the sample solution 
was taken and nickel ions were determined by the usual procedure. The results 
were shown in Table 3, are in good agreement with the certified values.

Analysis of nickel ions in real samples
In order to assess the applicability of the method to real samples, it was 

applied for the separation and recovery of Ni(II) ions in different sample 
waters including river water, tap water and wastewater (Copper factory). For 
the preconcentration and determination of nickel ion, 250.0 mL of the prepared 
water sample was passed through a column and analyzed by recommended 
procedure. The reliability was checked by spiking experiments. The results 
are shown in Table 4. The recovery of spiked samples was satisfactory, and 
hence the presented procedure may be applied for the preconcentration and 
determination of nickel ions in different samples.

Table 4: Determination of Ni(II) ions in water samples.

Recovery, % Nickel found, 
ng mL-1 a 

Spiked 
amounts, ng 

mL-1
Sample 

- 0.67±0.05 0 River water 
(Shoor, Kerman)

-
102.3

Below of 
linear range
8.19±0.24

0
8.0

Tap water 
(Kerman) 

- 0.77±0.06 0 Wastewater 
(Copper factory 
Sarcheshmeh) 

* Average of five determination, ±standard deviation.

CONCLUSION

The present study demonstrates use of a sorbent based on the modification 
of IR-120 Amberlite resin with 5-)4-dimethyl amino-benzylidene)-rhodanin 
reagent. The modification of IR-120 Amberlite resin is simple, and the reagent 
remains in the column, which allows it to be used several times. The procedure 
offers a useful, rapid and reliable enrichment technique for preconcentration 
of Ni(II) ions in various samples with acceptable accuracy and precision. 
Comparison of the present methods for separation and preconcentration of 
trace amounts of nickel with other methods is shown in Table 5. It shows that 
the proposed method has a low detection limit compared with previous studies 
22-24, 26-33 and it allows the determination of ng mL−1 levels of nickel. Also the 
preconcentration factor is higher than the other sorbents21,22,24,26,28,30-33. The 
method is economical due to the possibility of multiple uses of the sorbent.

Fig. 3: Calibration curve for Ni (II).

Interferences
Matrix effects are important problems in the determination of metals in 

real samples.19,20 In order to assess the possible analytical applications of the 
recommended procedure, the interference of several cations and anions were 
examined under optimized conditions. For these studies, an aliquot of aqueous 
solution (25 mL) containing 20.0 µg of analyte ions was taken with different 
amounts of foreign ions and the procedure was implemented. The tolerance 
limit was defined as the highest amount of foreign ions that produced an error 
no greater than ±4% in the determination of investigated analyte ions. The 
results, summarized in Table 2, show that the proposed method is selective 
and can be used in various samples for determination of these metals without 
interference.

Table 2: Effect of interferences a

Tolerance limit, mg Ion

160
24
20
15
12
10
8.0
7.0
3.0
1.5
1.2
0.8
0.8
0.7
0.5
0.4
0.3
0.1
0.05
0.04

CH3COO-

SCN-

Ca2+

Al3+

NH4
+

S2O3
2-

NO3
-

PO4
3-

Fe3+

I-

Mg2+

Zn2+

Pb2+

Cd2+

Cu2+

Co2+

Mn2+

Hg2+

EDTA
C2O4

2-

a Initial samples contained 20.0 µg Ni(II) and different amounts of diverse 
ions in 25 mL. 

Analysis of nickel in standard alloy
The proposed method was applied for determination of nickel in Nippon 
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Table 5: Comparison of the present method with other methods for preconcentration and determination of nickel. 

Sorbent Analysis methods Eluent Preconcentration 
factor 

Detection limit, 
ng ml−1 Ref 

C18-silica ICP-OES HNO3 100 0.06 21 

Nano alumina FAAS HNO3 21 4.1 22 

Activated carbon FAAS HNO3 330 0.55 23

Homocystine-Agarose FAAS HCl 100 0.49 24

Octadecyl silica FAAS HNO3 250 0.03 25

Natural zeolite FAAS HNO3 140 0.14 26
Ethylene glycol dimethacrylate 

polymer FAAS HCl 200 2 27

Amberlite XAD-2 Spectrophotometry HNO3 46 2 28 

Silica FAAS HCl - 20.8 29 

Naphthalene Spectrophotometry DMF 30 10 30

Diaion SP-850 FAAS HNO3 125 5.2 31

Dowex Optipore SD-2 resin FAAS HNO3 50 1.90 32

TiO2 nanotubes FAAS nitric acid/ethanol 
(1:9, v/v) 66.7 1.0 33

120-Amberlite IR FAAS HNO3 160 0.141 Present 
work 
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