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Introduction

Heavy metals can easily enter the food chain through a 
number of pathways, and long-term exposure in a con-
taminated environment can cause progressive toxic effects 
[1–3]. Copper is one such heavy metal harmful to human 
health. The presence of Cu(II) causes serious toxicological 
concerns [4]. Consequently, it is desirable to develop sim-
ple, selective, efficient, and eco-friendly methods for the 
extraction and analysis of trace heavy metals in environ-
mental and biological samples.

In spite of great improvements in sensitivity and selec-
tivity of modern analytical methods, the direct determina-
tion of these elements in real samples is a difficult task. The 
main reasons come from the complexity of the matrix and 
low concentration of analytes in some samples, which are 
often below the detection limits of available techniques. 
Thus, the use of separation techniques to overcome matrix 
interference or enhance sensitivity through pre-concentra-
tion of the analyte is required. There are many processes 
of separating and enriching metal ions from aqueous solu-
tion such as precipitation [5], liquid–liquid extraction [6], 
and solid-phase extraction (SPE) [7]. Among these meth-
ods, SPE is the most popular [8, 9]. SPE has many obvious 
advantages, such as low consumption of organic solvents, 
simplicity, and ability to achieve a higher enrichment factor.

Recently, research has focused on the use of nanoparti-
cles, particularly magnetic nanoparticles (MNPs), in many 
scientific fields. For instance, an SPE called magnetic solid-
phase extraction (MSPE), due to its the extremely small 
size, high surface area-to-volume ratio and the absence of 
internal diffusion resistance, provides better kinetics for 
adsorption of metal ions from aqueous solutions [10–13].

Graphene nanosheets have been intensively researched 
as adsorbent for metal ions since the ideal two-dimensional 
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material is characterized by a large specific surface area 
(2630 m2g−1) and can be prepared from graphite at low 
cost [14].

In the present study, we synthesized a new adsorbent for 
the extraction, pre-concentration, and determination of trace 
amounts of copper. Magnetic Fe3O4–graphene nanosheets 
coated with 1,6-hexadiamine were chosen as the adsorbent 
due to low cost, simplicity of use, and high synthesis yields.

Experimental

Reagents

All reagents used were of analytical grade. Ferric chlo-
ride (FeCl3·6H2O), potassium permanganate (KMnO4), 
1,6-hexadiamine, hydrochloric acid, sulfuric acid, nitric 
acid, H2O2, NaOH, and graphite powder (50 mesh) were all 
purchased from Merck (Darmstadt, Germany). The stock 
standard solutions (1000 mg L−1) of Cu(II) were prepared 
by dissolving appropriate amount of Cu(NO3)2·3H2O. 
Daily working solutions were prepared through serial dilu-
tions of the stock solution with deionized water prior to 
analysis. All vessels in the experiments were kept in 10 % 
HNO3 for at least 24 h and subsequently washed with 
deionized water before application.

Instrumentation

The concentration of Cu(II) ion was determined by flame 
atomic absorption spectrometry (FAAS) using a Shimadzu 
model Spect. AA-670 apparatus. A copper hollow-cathode 
lamp as the radiation source was used for the absorbance 
measurements at a wavelength of 328.4 nm and a 3 mA cur-
rent. All measurements were carried out in an air/acetylene 
flame. Details of operating conditions for the determination 
of Cu(II) ion were as per the manufacturer’s manual. FT-IR 
spectra in KBr were recorded on a Bruker tensor 27 spec-
trometer. A Metrohm model E-691 (Herisau, Switzerland) 
pH-meter with a combined glass electrode was used for pH 
measurements. X-ray powder diffraction (XRD) data were 
collected on a D/Max 2500 V/PC X-ray powder diffrac-
tometer using Cu Kα radiation (λ = 0.154056 nm, 40 kV, 
200 mA). SEM images were obtained using a Hitachi 
S-4160 field emission scanning electron microscope oper-
ating at 17 kV. An ultrasonic mode Parsonic 7500 was used 
for dispersion of experimental solutions.

Preparation of amino‑functionalized Fe3O4–graphene 
oxide nanocomposite (AF‑Fe3O4–GO)

Prior to the preparation of AF-Fe3O4–GO nanocompos-
ite, GO was obtained based on Hummers method [15, 

16], for which KMnO4 was used as oxidant. Next, the 
AF-Fe3O4–GO was prepared through the solvothermal 
method and using an autoclave at high temperature [17]. 
As per the typical method, a GO dispersion was prepared 
by sonicating it (0.5 g) for 3 h in ethylene glycol (35 mL). 
Then, FeCl3·6H2O (0.7 g) and 1,6-hexadiamine (4.5 g) as 
well as sodium acetate (1.4 g) were added to the GO dis-
persion with continuous sonicating at 50 °C for 30 min to 
form a clear solution. Finally, the obtained clear solution 
was sealed in a teflon lined stainless-steel autoclave. The 
autoclave was heated and maintained at 200 °C for 8 h, and 
allowed to cool down to room temperature. The obtained 
product was collected by the aid of a magnet, and then 
washed with deionized water and ethanol. The resultant 
precipitates (AF-Fe3O4–GO) were dried at 45 °C.

Procedure for magnetic solid‑phase extraction (MSPE)

Extraction procedure of Cu(II) ion was performed by the 
batch equilibrium technique. First, 50 mL of sample solu-
tion spiked with the appropriate amounts of Cu(II) ions was 
placed in a beaker and its pH was adjusted to six by the addi-
tion of dilute HNO3 or NaOH. Then, 5 mg of nanocomposite 
was dispersed into the solution. After sonicating at 30 °C for 
10 min, the adsorbent were isolated from the suspension with 
a Nd–Fe–B magnet (10 × 5×4 cm with 1.4 T magnetic field). 
Subsequently, 0.5 mL of eluent (0.1 mol L−1 HCl) was intro-
duced to desorb the adsorbed analytes from the adsorbent 
surface by sonicating for 2 min. Finally, the eluate was mag-
netically separated and introduced into the nebulizer of the 
FAAS. Scheme 1 displays the steps for MSPE of the target 
Cu(II) ions using synthesized AF-Fe3O4–GO nanocomposite.

Preparation of real samples

Firstly, the food samples were washed thoroughly with tap and 
deionized water. Secondly, the samples were dried at 105 °C 
for 24 h and grounded. One gram of the sample was placed in a 
100 mL beaker, and then 10 mL of concentrated HNO3 (65 % 
w/w) was added. The mixture was evaporated near to dryness 
on a hot plate at approximately 130 °C for 4 h. After cooling 
to room temperature, 3 mL of concentrated hydrogen peroxide 
(30 % w/w) was added. The mixture was again evaporated near 
to dryness. The resultant solution was diluted to 25 mL with 
deionized water. The filtration procedure was undertaken for 
samples which were not completely dissolved [18]. The MSPE 
procedure described was applied to the sample solutions.

Results and discussion

In order to select the optimum MSPE conditions for 
the extraction of Cu(II) ions, 50 mL copper solution 



2215J IRAN CHEM SOC (2015) 12:2213–2220 

1 3

(10 µg L−1) was used to study the extraction performance 
of the MSPE under different experimental conditions. All 
the experiments were performed in triplicate and the results 
were used for optimization.

Characterization

The formations of GO and AF-Fe3O4–GO nanocomposite 
were investigated using FT-IR spectrometry. FT-IR spec-
trum of GO is shown in Fig. 1a. The strong wide absorption 
band at 3419 cm−1 is characteristic of the stretching vibra-
tion of hydroxyl groups. There are also bands pertaining 
to carbonyl C=O and C=C groups (1708 and 1049 cm−1, 
respectively), carboxylic acid C–O band (1387 cm−1), and 
C–O–H deformation peak (at 1220 cm−1). Furthermore, 
FT-IR spectrum of nanocomposite is shown in Fig. 1b. The 
production of iron oxide nanocomposite can be seen from 
the occurrence of a strong absorption band at 576 cm−1 
[19]. The band of amine groups at 3436 cm−1, the stretch-
ing vibration peak of aliphatic C–N at 1183 cm−1, N–H 
deformation band at 1648 cm−1, and also C-H stretching 
band at 2924 cm−1 can be a confirmation of the formation 
of AF-Fe3O4–GO magnetic nanocomposite adsorbent.

Figure 2 shows the X-ray diffraction (XRD) patterns of 
the Fe3O4 and AF/Fe3O4/GO nanocomposite. As can be 
seen, the pattern of AF/Fe3O4/GO displayed obvious dif-
fraction peaks of Fe3O4, and the peak positions and intensi-
ties match well with the standard XRD data for magnetite 
(JCPDS card, file No. 79-0419). In the presence of GO, 
another new diffraction peak was found at 24° (curve b), 
which was corresponded to carbon for GO. The X-ray dif-
fraction pattern of Fe3O4/GO was similar to AF/Fe3O4/GO 

(not shown) that shows the amine modification does not 
result in the phase change of Fe3O4/GO.

The typical SEM images of GO and AF-Fe3O4–GO 
nanocomposite are shown in Fig. 3. The SEM observa-
tion shows that GO has a crumbled wave-like structure and 
quite smooth (Fig. 3a) and precipitated Fe3O4 nanopar-
ticles on the GO nanosheets with a size less than 100 nm 
(Fig. 2b).

Effect of extraction time

In the MSPE process, contact time is one of the impor-
tant factors influencing target analyte extraction. To study 
the effect of extraction time on the extraction efficiency 
of Cu(II) ions, extraction time was varied between 6 and 
16 min, while other parameters were held at constant val-
ues. The results indicated that the extraction efficiency 
remained almost constant after 10 min. Therefore, the 
extraction time of 10 min was selected as the optimum time 
(Fig. 4).

Effect of pH in sample solution

Acidity of the sample solution plays a significant role 
in the extraction of target metal ions by affecting their 
adsorption due to both chemistry of target metal ions in the 
solution and the protonation of the adsorbent donor atoms. 
Therefore, extraction efficiency of the copper ions on the 
adsorbent structure as a function of the pH of the sample 
solution was investigated. The results (Fig. 5) showed that 
maximum adsorption efficiency occurred at pH 6. When 
the pH value was low, the adsorption of copper ions was 

Scheme 1  Procedure for MSPE of the target Cu(II) ions using AF-Fe3O4–GO nanocomposite
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less. However, the adsorption amount sharply increased 
when pH increased to six. At the lower pH values, the low 
adsorption amount was due to competition of copper ions 
with hydrogen ions and probably the surface protonation 
of the adsorbent and occupation of active sites by protons 
rather than copper ions. At higher pH values, decrease in 
the extraction efficiency can be explained by the hydroly-
sis of copper ions or the precipitation of copper ions when 
pH value is too high. Based on the obtained results, pH 

6 was selected for all subsequent work and real sample 
analyses.

Effect of adsorbent amount

The amount of adsorbent is another important parameter 
in obtaining quantitative recovery. Nanocomposites have 
been used as better adsorbents for their high surface areas 
than conventional adsorbents. Therefore, fewer amounts of 
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Fig. 1  Infrared spectra of GO (a) and AF-Fe3O4–GO nanocomposite (b)
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nano adsorbents can achieve satisfactory results. To choose 
the optimum amount of the adsorbent for the extraction of 
Cu(II), different quantities of nanocomposite were tested 
in the range 2.5–20 mg. As shown in Fig. 6, the maxi-
mum extraction efficiency was obtained at 5 mg and when 
the amount of adsorbent was above 5 mg, the recovery 
remained almost invariant. Therefore, 5 mg of adsorbent 
was used in all experiments.

Effect of sample volume

In order to obtain a higher enrichment factor, a large vol-
ume of the sample solution is required. For this purpose, 
the effect of sample volume on extraction efficiency of the 
target analyte was studied in the range 25–250 mL and 
the obtained results are shown in Fig. 7. It is clear that the 
effect of increasing sample volume on the extraction effi-
ciency of copper ions was not observed until 50 mL and 
further increasing the volume decreased efficiency. This 
can be attributed to the more difficult transport of target 
analytes onto the adsorbent surface in larger volume sam-
ples because of a lower amount of adsorbent in the volume 
unit of the sample solution.

Desorption conditions

The effect of desorption time was studied and this revealed 
that within 2 min the copper ions could be quickly desorbed 
and more desorption time was not necessary. To obtain a 
high enrichment factor, a suitable eluent should be used. 
The eluent should elute the adsorbed analytes quantita-
tively in small volumes. Figure 5 shows that the adsorption 
of copper ions at pH <6 is low; thus, one can expect elution 
to favor acidic solutions. Therefore, various concentrations 
of HNO3 and HCl were used for desorption of adsorbed 

Fig. 2  XRD patterns for Fe3O4 (a) and AF-Fe3O4–GO (b)

Fig. 3  Scanning electron micrograph of GO (a) AF-Fe3O4–GO nano-
composite (b)
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analytes. The obtained results showed that 0.1 mol L−1 HCl 
solution is suitable for the elution of copper.

The effect of interfering elements

The influence of other ions in the extraction of Cu(II) was 
studied under optimized conditions. Solutions containing 
10 µg L−1 Cu(II) and different concentrations of other 
ions were prepared and subjected to the pre-concentra-
tion procedure. The tolerance limits of potentially inter-
fering ions are defined as the largest amount that cause an 
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Fig. 5  Effect of pH on the recovery of Cu from AF-Fe3O4–GO nano-
composite adsorbent. Extraction conditions: water sample volume, 
50 mL; extraction time, 10 min; extraction eluent type, 0.1 mol L−1 
HCl; adsorbent amount, 5 mg; concentration of Cu, 10 µg L−1
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Fig. 7  Effect of sample volume on extraction efficiency of Cu(II) 
ion. Extraction conditions: extraction time, 10 min; pH 6; eluent 
type, 0.1 mol L−1 HCl; adsorbent amount, 5 mg; concentration of Cu, 
10 µg L−1

Table 1  Tolerance limits of interfering species in the determination 
of 10 μg L−1 of Cu(II)

a At this ratio interfering effect was observed

Ion Added as Tolerance limit (Cion/CCu+2)
a

Na+ NaNO3 1000

K+ KNO3 1000

Zn2+ Zn(NO3)2·6H2O 500

Ca2+ Ca(NO3)2·4H2O 1000

Mg2+ Mg(NO3)2·6H2O 1000

Ni2+ Ni(NO3)2·6H2O 1000

Co2+ Co(NO3)2·6H2O 1000

Pb2+ Pb(NO3)2 10

Fe3+ Fe(NO3)3·9H2O 10

Cd2+ Cd(NO3)2 1000

Ag+ AgNO3 1000

CO3
2− K2CO3 500

Br− KBr 10,000

F− KF 10,000
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error in the absorbance value of no more than ±5 %. The 
results, summarized in Table 1, showed that within ±5 % 
error range, the presence of major cations and anions in 
natural water had no significant influence on the adsorp-
tion of Cu ion under the selected conditions.

Reusability studies

The effect of the frequent use of nanocomposite as an 
adsorbent of MSPE is an important factor. In order to 
evaluate the reusability of the adsorbent after the des-
orption of copper ions from the adsorbent, it was 
washed with 0.1 mol L−1 HCl aqueous solution and 
dried at a temperature of 50 °C. The results illustrated 
that the adsorbent could be re-used until the fifth time 
without a significant loss in the adsorption capacity. 
This represents another advantage of the use of nano-
composite for the removal of Cu(II) ions from aquatic 
environments.

Analytical figures of merit

Under the optimum conditions described above, calibra-
tion curves were constructed for the determination of 

Cu(II) ions based on the general procedure. The calibra-
tion curves were linear within the range 1–100 µg L−1 with 
good coefficient estimate (R2 = 0.999). The repeatability 
of the method was evaluated by eight replicate extractions 
of the spiked deionized water samples with the analyte at 
10 µg L−1 level under same operational conditions and 
presented as relative standard deviation (RSD) which was 
1.23 % indicating the good repeatability of the method. 
The enhancement factor was calculated by comparing the 
slopes of the calibration curves with and without pre-con-
centration and was found to be 95.08. The limit of detec-
tion (LOD) of the method was 0.9 µg L−1 based on a signal 
to noise ratio of 3.

Comparison with other methods

A comparison of the MSPE-FAAS and some previously 
reported methods for the extraction and determination of 
Cu(II) are summarized in Table 2. Compared to published 
methods, the linearity, LOD, and precision of the method 
are comparable or better. Furthermore, its low cost, sim-
plicity as well as its high selectivity for copper ions made it 
a suitable quantitative determination method.

Analysis of the real samples

The method was applied in the determination of trace 
amounts of Cu(II) ion in a wide variety of samples. The 
samples were also analyzed after spiking with obvious 
concentrations of Cu(II). Eggplant, red lentil, and mush-
room were analyzed. The analytical results are presented in 
Table 3. In view of the high selectivity provided by FAAS, 
the recovery of spiked samples is satisfactory (in the range 
of 97.2–99.1 %), which indicates the capability of the sys-
tem in the determination of Cu(II) in real samples with dif-
ferent matrices.

Table 2  Analytical characteristics of the different extraction methods

a Dispersive liquid–liquid microextraction
b Cloud point extraction
c Ionic liquid—dispersive liquid–liquid microextraction
d Magnetic solid-phase extraction
e Enhancement factor

Method Extraction method Concentration range (µg L−1) RSD (%) EFe LOD (µg L−1) References

FAAS DLLMEa 50–2000 5.1 – 3.0 [20]

Spectrophotometry LLE 10–400 2.0 5 2.0–4.0 [21]

FAAS CPEb 250–500 1.7 22 0.67 [22]

FAAS IL-DLLMEc 2–50 3.3 62.5 0.45 [23]

FAAS SPE 10–340 2.1 33 1.9 [24]

FAAS MSPEd 1–100 1.23 95.08 0.9 This study

Table 3  Analytical results for determination of Cu(II) in real sam-
ples

Sample Added
Cu (μg g−1)

Found Cu
(μg g−1) ± RSD (%) (n = 3)

Relative
recovery

Eggplant 0
0.5

0.26 ± 0.02 –
98.0 ± (1.0)0.75 ± 0.03

Red lentil 0
0.5

0.55 ± 0.09 –
99.1 ± (1.8)1.05 ± 0.11

Mushroom 0
10

5.86 ± 0.27 –
97.2 ± (1.1)15.57 ± 1.25
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Conclusions

In this study, the AF-Fe3O4–GO nanocomposite was suc-
cessfully synthesized with the solvothermal method and 
using autoclave at a high temperature as a new adsorbent 
for the MSPE procedure. The synthesized adsorbent was 
confirmed by SEM and FT-IR techniques. To test the fea-
sibility of AF-Fe3O4–GO adsorbent in MSPE, it was used 
as an extraction adsorbent for pre-concentration of trace 
amounts of copper in food samples such as eggplant, red 
lentil, and mushroom. The results proved that AF-Fe3O4–
GO-based MSPE method had great potential in pre-con-
centration of copper and the presence of major cations 
and anions in natural water had no significant effect on the 
adsorption of copper ion under the selected conditions. The 
proposed method based on the new adsorbent has an easy, 
simple, and inexpensive synthesis method. Moreover, its 
extraction operation is convenient, precise, effective, and 
sensitive in the pre-concentration and determination of cop-
per in real samples such as food samples.
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