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Abstract 

A simple, novel, accurate and selective method for the determination of trace amounts of Cu2+ ions in water and soil samples 

is proposed. The method is based on the separation and preconcentration of Cu2+ on a nano-SiO2 modified by a 

cetyltrimethylammonium bromide as surfactant and indane-1,2,3-trione-1,2-dioxime as complexing agent. The retained 

copper on the nano-sorbent was eluted with 1.5 mL of 1.0 mol L-1 HNO3 and measured by flame atomic absorption 

spectrometry. The synthesis of this nano-sorbent is also described and certified by FTIR, XRD and TEM techniques. 

Furthermore, several effective analytical parameters were evaluated and optimized. Under the best optimum conditions 

maximum absorption capacity, enrichment factor and limit of detection were 7.04 mg g-1, 333.3 and 4.4 µg L-1, respectively. 

The relative standard deviation of the preconcentration method was 0.28% (n=7) and calibration curve gave good level of 

linearity with correlation coefficient value 0.997. Finally, the feasibility and performance of the method was evaluated by 

determination of copper (II) ions in several water and soil samples with satisfied results. 
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1. INTRODUCTION 

Copper is widely used in many industries, such as 

electroplating, metal finishing, electrical, fertilizer, 

wood manufacturing and pigment industries. 

Rapid development of these industries has led to 

accumulation of copper(II) ion in environment. 
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 چکیده
 است. روش بر اساس جداسازی وبی و خاک پیشنهاد شده آهای گیری مقادیر ناچیز یون مس در نمونهپذیر برای اندازهیک روش ساده، جدید، صحیح و گزینش

-2و1تری اون -9و2و1-کننده سطح و ایندانبه عنوان عامل فعال سط ستیل تری متیل آمونویم برومیدشده توسیلیکای اصالحتغلیظ یون مس بر روی نانوپیش
موالر نیتریک اسید شسته شده  1.1لی لیتر از محلول می 1.9شده بر روی نانوجاذب با استفاده از باشد. مس جذبدهنده میدی اکسیم به عنوان عامل کمپلکس

ینی زیر قرمز تبدیل های طیف بجاذب تشریح شده و با استفاده از تکنیکیند سنتز این نانوآشود. فرای تعیین مقدار میو سپس بوسیله دستگاه جذب اتمی شعله
ایی تاثیر گذار تایید شده است. عالوه بر این، چندین پارامتر تجزیه TEMبردای میکروسکوپی روبشی گرمایی و تصویر XRD، پراش اشعه ایکس FTIRفوریه 
میلی گرم بر  4.14 سازی و حد تشخیص روش به ترتیب، فاکتور غنیین ظرفیت جذباند. تحت بهترین شرایط بهینه حاصله، بیشتریند بررسی و بهینه شدهآبر فر
بندی حاصل شد و منحنی درجه % 1.20ر تکرا 4برای  (RSD)بدست آمدند. انحراف استاندارد نسبی روش پیش تغلیظ کروگرم بر لیتر می 4.4و  999.9، گرم

( در چندین نمونه IIگیری یون مس )یی روش با استفاده از اندازهآپذیری و کارحاصل شد. در پایان، انعطاف1.334 خطی خوبی با مقدار ضریب رگرسیون محدوده
 بخشی بدست آمد.آب و خاک ارزیابی شده و نتایج رضایت

 هاي کلیديواژه

 .تعیین مقدار مس ؛پیش تغلیظ ؛جداسازی ؛لیگاند ایندان ؛برومید نیومستیل تری متیل آمو کننده سطحیعامل فعال ؛شدهسیلیکای اصالحنانو
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Copper and some other toxic heavy metals are non-

biodegradable and can exist for a long time in 

natural environment [1-2]. If the level of copper 

ions is beyond the tolerance limit, it will cause 

serious environmental and public health problems. 

Thus, it is necessary to remove copper ions from 

industrial effluents prior to their discharge. Up to 

now, numerous technologies have been developed, 

including chemical precipitation [3], ion exchange 

[4], liquid–liquid extraction [5], electrodialysis [6], 

biosorption [7] and so on. Considerable attention 

has been concentrated on the removal of copper 

(II) ions by adsorption method because it is simple, 

relative low-cost, effective and flexible in design 

and operation. Up to now, numerous adsorbents 

have been developed including activated carbon 

[8], carbon nanotubes [9], chitosan [10], 

lignocelluloses [11], synthetic porous inorganic 

materials [12], natural inorganic minerals [13], 

zero-valent iron [14] and functionalized polymers 

[15] and so on. However, most of these adsorbents 

show unsatisfied adsorption capacity due to 

diffusion limitation or the lack of enough active 

surface sites, and some problems, including high 

cost, difficulties of separation and regeneration of 

adsorbents from wastewater and secondary wastes, 

have to be faced. So, it is very important to develop 

novel adsorbents with large adsorptive surface 

area, low diffusion resistance, high adsorption 

capacity and fast separation for large volumes of 

solution. Considering these characteristics, nano-

materials attracted much attention and various 

nano-adsorbents have been exploited to remove 

heavy metal ions from solution.  

Because nanometer-sized silica (Nano-SiO2) has 

high surface area, high sorption capacity and high 

chemical activity, it could be successfully applied 

for the separation and concentration of trace metal 

ions in environmental samples modification of 

silica surface relates to all the processes that lead 

to change in chemical composition of the surface 

[16]. Surface can be modified either by physical 

treatment (thermal or hydrothermal) that leads to 

change in ratio of silanol and siloxane 

concentration of the silica surface or by chemical 

treatment that leads to change in chemical 

characteristics of silica surface. By the 

modification the adsorption properties are 

significantly affected. Chemisorptions of chelating 

molecules on silica surface provides immobility, 

mechanical stability and water insolubility, 

thereby increases the efficiency, sensitivity and 

selectivity of the analytical application [17]. The 

most convenient way to develop a chemically 

modified surface is achieved by simple 

immobilization (or fixing) of the group on the 

surface by adsorption or electrostatic interaction or 

hydrogen bond formation [18-19] or other type of 

interaction. Simple impregnation of the solution of 

modifiers or covalent binding [20], so called, 

covalent grafting of the chelating molecule to the 

silica matrix is the common practice of developing 

a functionalized silica surface [21]. Nano-particles 

have received considerable attention because of 

their special physical and chemical properties [22-

24]. Nano-silica is useful filler, polishing material, 

pigment, catalyst and reinforcement material, and 

has been widely used in many fields [25-29]. 

However, the hydroxyl group on the silica surface 

absorbs moisture and causes the nano-particles to 

be agglomerated. The agglomerations cause poor 

dispersion capacity in the organic polymer matrix, 

therefore the applications of nano-silica was 

largely limited. Fortunately, this problem could be 

resolved by using some surface modification 

methods with different surfactant agents [30-33]. 

Surfactants are used in coatings for a variety of 

reasons, including emulsification, emulsion 

polymerization, wetting and dispersion. According 

to the different chemical structure of surfactants, it 

can be divided into the following four categories: 

nonionic, anionic, cationic and so on. Cationic 

surfactants bear a positive charge on the polar 

portion of a solution, for example, CTAB is a 

typical cationic surfactant with sixteen long-chain 

carbons [34-35]. It is frequently used in the 

electrodeposition coatings as pigment grinding 

aids and/or flow control additives. In addition, the 

systems can be very effective with greater surface 

activity than either. A variety of methods for 

surface modifying nano-particles have been 

developed, including chemical vapor deposition, 

physical vapor deposition, plasma coating method, 

liquid precipitation method, sol-gel method and 

micelles method [36-38]. In all of those methods, 

the liquid-phase methods were widely used 

because of the easier operating conditions and the 

low experimental cost.   

In present work, we have prepared Nano-SiO2 

modified by CTAB and Indan-1,2,3-trione-1,2-

dioxime, as a new and effective adsorbent for the 

preconcentration and determination of ultra-trace 

amount of copper ions by flame atomic absorption 

spectrometer (FAAS) in several environmental 

samples with satisfactory results. 

 

2. EXPERIMENTAL 
2.1. Apparatus 

The copper determination was carried out on a 

flame atomic absorption spectrometer (Varian, 

SpectraAA-220, Australia) with a hollow cathode 

lamp at a wavelength of 324.7 nm using an air–

acetylene flame and a deuterium background 

corrector. The burner height and the gas flow rates 

were adjusted to obtain the maximum sensitivity. 

A Metrohm 692 pH/Ion meter with a combined 
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glass-calomel electrode was used for measurement 

of test solution pH. A peristaltic pump (040D 

model, made in IRAN) was used to propel the 

solutions. 

 

2.2. Chemicals  

 All chemicals and solution with highest purity 

available from Sigma (St. Louis, MO, USA) and 

Merck (Darmstadt, Germany) were used and 

received. Doubly distilled water was used 

throughout. The stock standard solution of copper 

(1000 mgL−1) prepared from Cu(NO3)2 salt. The 

pH adjustment was done by addition 0.1 mol L-1 of 

hydrochloric acid (pH range of 1-3.5), acetic 

acid/sodium acetate (buffer solution for pH range 

of 3.5-6.0) and 0.1 mol L-1 of sodium hydroxide 

solution (pH range of 7-8) to prepare the desired 

pH solution. The Nano-SiO2 mesh 20-30 was 

purchased (from US Research Nano Materials) 

used and received. The cetyltrimethylammonium 

bromide (CTAB) was purchased from Merck 

(Darmstadt, Germany). Indane-1,2,3-trione-1,2-

dioxime as complexing agent (L) was synthesized 

as literature [39] at our laboratory (phase 

separation and FIA-Labratuare) and its solution 

was prepared in ethanol. 

 

2.3. Synthesized of nano-sorbent 

At first about 5 g of nano-SiO2 was activated by 

stirring and refluxing in 50 mL of 6 mol L-1 

hydrochloric acid for 4 h. Active nano-SiO2 

particles was filtered, washed several times with 

doubly distilled water to discard Cl- in solution and 

dried in an oven at 150 0C for 6 h. After that, 2.9 

mg of CTAB added to 100 mL of water solution 

containing 0.5 g of nano-SiO2 particles and pH was 

adjusted to 8 with NaOH 0.1 mol L−1 to form ad-

micelles on nano-SiO2 particles. Then 5 mL of 

ligand solution (0.1 mol L-1) was added while 

shaking the suspension was continued for 4 h. 

Next, suspended content filtered and washed 

several times with distilled water and dried at 50 
0C for 8 h. Finally, white-yellow solid precipitated 

and then dried at 60 0C for 24 h. Then, synthesized 

powder prepared to take TEM image and XRD 

patterns (Fig. 1 and Fig. 2, relatively). 

 

2.4. Column preparation 

The mini-column was prepared by firmly packing 

50 mg modified nano-adsorbent in a polyethylene 

syringe tube (40 mm length and 2 mm inner 

diameter) plugged with glass wool at both ends. 

The prepared mini-column washed with several 

reagents such as nitric acid, ethanol and distilled 

water respectively for several times. The 

performance of the mini-column was stable at least 

over 20 separation/concentration cycles.  

 

 
Fig. 1. TEM of nano-SiO2 modified with CTAB and 

Indane-1,2,3-trione-1,2-dioxime at 25 nm(a), 100 nm(b) 

and 200 nm(c)  

 

 
Fig. 2. XRD pattern of (a) nano-SiO2 and nano-SiO2 

modified by CTAB and complexing agent (Indane) (b) 
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2.5. Analytical procedure 

After pH of sample solution adjusted to 6.0, about 

10 mL of sample solution containing copper ions 

(2 mg L-1) was passed through the mini-column 

containing 50 mg of modified nano-SiO2 at a flow 

rate of 4.2 mL min-1 with the aid of a suction pump. 

Afterwards, the absorbed copper ions on the mini-

column was then eluted from the adsorbent with 

1.5 mL of 1 mol L−1 nitric acid at a flow rate of 8.2 

mL min−1 and then determined by FAAS. 

 

2.6. Pretreatment of water and soil as real samples 

Analysis of water samples for determination of 

copper ions content was performed as following 

route: 400 mL of sample was poured in a beaker 

and 10 mL concentrated HNO3 (63% v/v) and 5 

mL of H2O2 (30% v/v) for elimination and 

decomposition of organic compound were added. 

The samples, while stirring was heated to one tenth 

volume. After adjustment of samples pH to desired 

value the column SPE were performed according 

to general described analytical procedure. 

Homogenized soil sample 20 g was weighed 

accurately and in a 200 mL beaker was digested in 

the presence of an oxidizing agent with addition of 

10 mL concentrated HNO3 (63% v/v) and 2 mL 

HClO4 (70% v/v) was added and heated for 1 h. 

The content of beaker was filtered through a 

Whatman No. 40 filter paper into a 250 mL 

calibrated flask and its pH was adjusted to desired 

value and diluted to mark with deionized water. 

Then the general analytical procedure given at 2.6 

section was applied.  

 

3. RESULT AND DISCUSSION  

3.1. Effect of pH 

The pH of sample solution plays an important role 

in meta-chelate formation and subsequent 

preconcentration. Therefore a series of 2 mg L−1 of 

copper ion sample solutions with different pH 

values from 1.0 to 8.0 were introduced into the 

packed mini-column and copper ions were 

adsorbed. The initial pH of the sample solution was 

adjusted by solutions of HCl or NaOH (0.1 mol L-

1) and measured by a calibrated pH meter. As 

showed in Fig. 3 maximum absorbance was 

obtained at pH of 6.0. The progressive decrease in 

the retention of this metal ion at a low pH is due to 

the competition of the H3O+ ions with Cu2+ ions for 

complexation with ligand, and because of high 

amount of hydronium ions, its won and complex of 

metal-ligand decreased. To achieve high efficiency 

and good selectivity, a pH of 6.0 was selected for 

subsequent work and in all experiments the pH of 

solution was fixed at pH of 6.0. 

 
Fig. 3. Effect pH of sample solution, conditions: 10 mL 

of sample solution containing 2 mg L−1 of copper ions, 

pH is varied, amount of adsorbent 50 mg, and sample 

flow rate is 4.2 mL min-1. 

 

3.2. Effect of amount of nano-SiO2  

In order to investigate the effect of the amount of 

sorbent on the quantitative extraction of copper 

ions, the extraction was conducted by varying the 

amounts of the sorbent from 10 to 100 mg. The 

results indicated that the quantitative recovery 

(>95%) of copper ions was obtained with 

increasing of modified nano-SiO2 amount up to 50 

mg (Fig.4). Hence 50 mg of the modified nano-

SiO2 was used for further experiments due to the 

greater availability of the surface area at high 

amounts of the sorbent and to account for other 

extractable species. 

 

 
Fig. 4. Effect amount of nano-SiO2 (adsorbent), 

conditions: 10 mL of sample solution containing 2 mg 

L−1 copper ions, pH is 6.0, amount of adsorbent is 

variable, and sample flow rate is 4.2 mL min-1. 

 

3.3. Sample flow rate and volume 

The retention of copper ions on the sorbent 

depends on the flow rate of the solution loaded on 

the mini-column. The influence of flow rate of 

sample solution on amount of copper ions sorption 

on sorbent was investigated. The results showed 

the retention of the copper ions increased up to 4.2 

mL min−1 and then slowly decreased. Hence, a 

flow rate of 4.2 mL min−1 was employed. Also 
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sample solution volume is an important parameter 

for evaluate of concentration factor and to 

obtaining high preconcentration factor (PF). For 

that reason, the volumes of sample solution 

containing 0.02 mg of copper ions were varied 

from 10 to 500 mL. The copper ions were absorbed 

on the sorbent by applying the proposed procedure. 

As obtained results, quantitative recovery (>95%) 

was obtained up to 500 mL of sample solution, thus 

concentration factor about 333.3 could be 

obtained. 

 

3.4. Effect of elution condition 

For the elution of adsorbed copper ions on the 

mini-column, some parameters, such as type, 

volume, concentration and flow rate of eluent were 

investigated and optimized. The nature and 

concentration of eluting agents were found to have 

a significant effect on the elution process of the 

adsorbed ions from the solid phase.  

The acidic eluents is the best solution for obtaining 

efficient extraction. Due to this point, various 

eluent solutions such as acetic acid, nitric acid, 

sulfuric acid and hydrochloric acid were used in 

order to find an appropriate eluent for desorbing of 

copper ions from adsorbent surfaces. Based on the 

results showed in Fig. 5, the recovery was better in 

the presence of nitric acid as an eluent it was used 

as an appropriate eluent for desorbing of copper 

ion. 

 

 
Fig. 5. Effect type of eluents, conditions: 10 mL of 

sample solution containing 2 mg L−1 copper ions, pH is 

6.0, amount of adsorbent is 50 mg, sample flow rate is 

4.2 mL min-1, type of eluent is variable. 

 

In order to find optimum volume of the elution 

solvent different, volumes of nitric acid from 1.5 

to 6 mL were investigated. The results showed the 

quantitative elution was obtained using volume 1.5 

mL at flow rate of 8.2 mL min-1.  

The influence of nitric acid concentration on the 

elution of copper ion from the adsorbent was also 

examined and the results are showed that the 

copper ions were quantitatively eluted from the 

column with 1 mol L-1 nitric acid. 

In column solid phase extraction, flow rate of 

eluent is important parameter that affected 

recovery amount of desorbed analyte. So, a volume 

of 10 mL of the sample containing 2 mg L−1 of 

copper ions was passed through the column at 4.2 

mL min−1. Elution of the SPE mini-column was 

performed with 1.5 mL of 1 mol L-1 nitric acid at 

different flow rates between 2.2-8.2 mL min−1. As 

results obtained, the amount of recovery increases 

and quantitative recovery was observed at flow 

rates 8.2 mL min−1. 

 

3.5. Effect of foreign ions 

To assess the possible applications of the 

procedure, the effect of foreign ions which may 

interfere with the determination of copper ions by 

the presented method or/and often coexisting in 

various real samples was examined with the 

optimized conditions presented above. A 10 mL of 

copper ion 2 mg L-1 was taken with different 

amounts of foreign ions and the recommended 

procedure was followed. The recoveries of copper 

ions were higher than 95%. Tolerable limit was 

defined as the highest amount of foreign ions that 

produced an error not exceeding 5% in the 

determination of investigated copper ions by the 

combination of the SPE procedure and the FAAS 

method. The results are summarized in Table 1. As 

can be seen, large numbers of ions used have no 

significant effect on the determination of copper 

ions. 

 
Table 1. Effect of the interference of diverse ions on 

the recoveries copper ions (N=3) 

aAll values of RSD is between 2.0-4.5% 

 

3.6. Analytical figures of merit 

According to the description of International 

Union of Pure and applied Chemistry, limit of 

Foreign iona Tolerance limit 

(mole foreign 

ion/mole copper ion) 

Recovery 

(%) 

Na+, K+, Ca2+, 

Mg2+, Ba2+ 

>1000 95.8 

Fe2+ 200 95.5 

Mn2+ 250 96.5 

Cd2+, Pb2+ 100 94.4 

Ni2+ 5 92.3 

Zn2+ 100 95.0 

Co2+ 5 92.2 

NO3
-, Cl-, 

SO4
2- 

500 94.2 

Br- 1000 94.6 
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detection (LOD) for the copper ions was calculated 

based on 3Sb/m (where m is the slope of the 

calibration curve and Sb is the standard deviation 

for 7 blank measurements) was obtained 4.4 µg L-

1. Accuracy of the method was predictable based 

on the recovery while precision of the method was 

estimated as the relative standard deviations (RSD) 

of the replicate sample determinations. RSD% of 

the method for determination of the copper ion (2 

mg L-1) was 0.28%. These results indicated that the 

method had good precision for the analysis of trace 

amounts of copper ions. 

The capacity of the adsorbent is an important factor 

that determines how much sorbent is required to 

remove a specific amount of copper ions from the 

solution quantitatively. To study the adsorption 

capacity of modified nano-SiO2, was calculated as 

equation 1: 

 aE=(C0−CE)Vm−1                      (1)                                                                                            

At equation 1, C0 and CE are the initial and 

equilibrium concentrations (mg L−1) of copper ions 

in the solution, respectively.  Maximum amounts 

of copper ion that can be adsorbed by modified 

nano-SiO2 were found to be 7.04 mg per g 

adsorbent. 

Prencentration factor that reveal an ability of 

adsorbent to concentrate of copper ions in order to 

determination with detection system calculated by 

CF=Vsample/Veluent equation, maximum volume of 

sample solution is 500 mL and therefore the 

concentration factor of 333.3 could be obtained 

(Table 2). 
 

Table 2. Analytical figures of merit for determination 

of copper ions. 

Type of parameter Value 

Linear range  5-2000 (µg L-1) 

Limit of detection  4.4 (µg L-1) 

Loading capacity  7.04 (mg g-1) 

RSD  0.28 (%) 

Maximum retention  99.5 (%) 

Concentration factor 333.3 

 

3.7. Determination of copper ions real samples 

We have explored the feasibility of the 

methodology given with modified nano-SiO2 for 

determination of copper ions in water samples 

(Zanjan City, IRAN) by the standard addition 

method. The results are presented in Table 3 for 

several water and soil sample. The recovery of 

spiked samples is satisfactory reasonable and was 

confirmed using the addition method, which 

indicates the capability of the system in the 

determination of copper ions. A good agreement 

was obtained between the added and measured 

amounts. The recovery values calculated for the 

added standards were always higher than 96%, 

thus confirming the accuracy of the procedure and 

its independence from the matrix effects.  

Table 3. Determination of copper ions in real 

environmental samples. 

Real 

sample 

Added 

(µg/mL) 

Founded 

(µg/mL) 

Recovery 

(%) 

Tap water 0 

10 

50 

100 

0.1±2.1 

9.9±0.9 

50.1±1.8 

98.2±2.0 

- 

98.1 

100.1 

98.2 

Well water 0 

10 

50 

100 

1.8±0.8 

11.1±1.3 

51.3±2.0 

102.0±1.0 

- 

94.1 

99.0 

100.2 

Soil 

sample 

0 

10 

50 

100 

6.8±1.7 

17.0±1.7 

56.9±1.2 

107.0±0.9 

- 

101.2 

100.2 

100.2 

 

4. CONCLUSIONS 

A modified nano-SiO2 in presence of cationic 

surfactant (CTAB) as surfactant and Indane-1,2,3,-

reione 1,2-dioxime as complexing agent was 

synthesized and prepared. The 

extraction/concentration method is simple, fast, 

accurate and economical and for the determination 

of copper ions in environmental samples at ultra-

trace amounts. The system showed reproducibility 

and reliability in analytical data, with an RSD 

value of lower than 1% for seven experiments. 

About 50 mg of modified nano-SiO2 can be used 

as high as greater than ten experiments without any 

loss in its adsorption behavior. The system was 

successful in separation/concentration and 

determination of copper ions from large sample 

volumes (~500 mL). 

 

REFERENCES 

[1] M. Hosseini and N. Dalali, On-line solid-

phase extraction coupled to flame atomic 

absorption spectroscopy for determination of 

trace amounts of copper (II) ion in water 

samples, Indian J. Chem. Technol. 19 (2011) 

337-341. 

[2] N. Dalali, L. Farhangi and M. Hosseini, Solid 

phase extraction for selective 

separation/preconcentration of copper using 

N-benzoyl N-phenylhydroxyl amine as 

sorbent modifier, Indian J. Chem. Technol. 18 

(2011) 137-187. 

[3] J.S. Espana, E.L. Pamo, E.S. Pastor, J.R. 

Andres and J.A. M. Rubi, The removal of 

dissolved metals by hydroxysulphate 

precipitates during oxidation and 

neutralization of acid mine waters, Aquat. 

Geochem. 12 (2006) 269–298. 

[4]   M.G. Fonseca, M.M. Oliveora, L.N.H. 

Arakaki, J.G.P. Espinola and C. Airoldi, 

Natural vermiculite as an exchanger support 

for heavy cations in aqueous solution, J. 

Colloid Interface Sci. 285 (2005) 50–55. 



 

 

N. Vaezi et al./ Iranian Journal of Analytical Chemistry 4 (2017) 59-66 | 65 

[5] O. Arous, A. Gherrou and H. Kerdjoudj, 

Removal of Ag(I), Cu(II) and Zn(II) ions with 

a supported liquid membrane containing 

cryptands as carriers, Desalination 161 (2004) 

295–303. 

[6] U.B. Ogutveren, S. Koparal and E. Ozel, 

Electrodialysis for the removal of copper ions 

from wastewater, J. Environ. Sci. Health A 32 

(1997) 749–761. 

[7] S.H. Hasan and P. Srivastava, Batch and 

continuous biosorption of Cu2+ by 

immobilized biomass of Arthrobactersp, J. 

Environ. Manage. 90 (2009) 3313–3321. 

[8] S.M. Zhu, N. Yang and D. Zhang, Poly(N,N-

dimethylaminoethyl methacrylate 

modification of activated carbon for copper 

ions removal, Mater. Chem. Phys. 113 (2009) 

784–789. 

[9] G.P. Rao, C. Lu and F. Su, Sorption of 

divalent metal ions from aqueous solution by 

carbon nanotubes: a review, Sep. Purif. 

Technol. 58 (2007) 224–231. 

[10] A.H. Chen, S.C. Liu, C.Y. Chen and C.Y. 

Chen, Comparative adsorption of Cu(II), 

Zn(II), and Pb(II) ions in aqueous solution on 

the cross linked chitosan with 

epichlorohydrin, J. Hazard. Mater. 154 

(2008) 184–191. 

[11] S.R. Shukla, V.G. Gaikar, R.S. Pai and U.S. 

Suryavanshi, Batch and column adsorption of 

Cu(II) on unmodified and oxidized coir, Sep. 

Sci. Technol. 44 (2009) 40–62. 

[12]  P. Yin, Q. Xu, R.J. Qu and G.F. Zhao, 

Removal of transition metal ions from 

aqueous solutions by adsorption onto a novel 

silica gel matrix composite adsorbent, J. 

Hazard. Mater.169 (2009) 228–232. 

[13] M. Dogan, A. Turkyilmaz, M. Alkan and O. 

Demirbas, Adsorption of copper (II) ions onto 

sepiolite and electrokinetic properties, 

Desalination 238 (2009) 257–270. 

[14] R. Rangsivek and M.R. Jekel, Removal of 

dissolved metals by zero-valent iron (ZVI): 

kinetics, equilibria, processes and 

implications for storm water runoff  treatment, 

Water Res. 39 (2005) 4153–4163. 

[15] L.C. Zhou, Y.F. Li, X. Bai and G.H. Zhao, Use 

of microorganisms immobilized  composite 

polyurethane foam to remove Cu(II) from 

aqueous solution, J. Hazard. Mater. 167 

(2009) 1106–1113. 

[16] H. Yong-Meia , C. Mana and H. Zhong-Bob, 

Effective removal of Cu (II) ions from 

aqueous solution by amino-functionalized 

magnetic nanoparticles, J. Hazard. Mater. 184 

(2010) 392–399. 

[17] P.K. Jal, R.K. Dutta, M. Sudershan, A. Saha, 

S.N. Bhattacharyya, S.N. Chintalapudi and 

B.K. Mishra, Talanta 55 (2001) 233. 

[18] S.B. Savvin and A.V. Mikhailova, Modified 

and immobilized organic reagents,  Anal. 

Chim. 51 (1996) 42-49. 

[19] V.V. Sukhan, O.A. Zaporozhets, N.A. 

Lipkovskaya, L.B. Pogasi and A.A. Chuiko, J. 

Anal. Chim. 49 (1994) 700. 

[20] V.M. Ostrovskaya, Anal. Chim. 32 (1977) 

1820. 

[21] V.A. Tertykh and L.A. Belyakova,  

Khimicheskie Reaktsiis Uchestiem 

Poverkhnosti Kremnezema (Chemical 

Reaction with Participation of the Slica 

Surface, Noukova, Dumka, Kiev (1991). 

[22] M. Sladkova, B. Vlckova, I. Pavel, K. Siskova 

and M. Slouf, Surface-enhanced Raman 

scattering from a single molecularly bridged 

silver nanoparticle aggregate, J. Mol. Struct. 

924–926 (2009) 567–570. 

[23] N. Duxin, M.P. Pileni, W. Wernsdorfer, B. 

Barbara, A. Benoit and D. Mailly, Magnetic 

properties of an individual Fe−Cu−B 

nanoparticle, Langmuir 16 (2000) 11–14. 

[24] S. Sivasankar and S. Chu, Optical bonding 

using silica nanoparticle sol−gel chemistry, 

Nano Lett. 10 (2007) 3031–3034. 

[25] S.D. Bhagat, Y.H. Kim, K.H. Suh, Y.S. Ahn, 

J.G. Yeo and J.H. Han, Superhydrophobic 

silica aerogel powders with simultaneous 

surface modification, solvent exchange and 

sodium ion removal from hydrogels, Micro. 

Meso. Mater. 112 (2008) 504–509. 

[26] Y.L. Lee, Z.C. Du, W.X. Lin and Y.M. Yang, 

Monolayer behavior of silica particles at 

air/water interface: a comparison between 

chemical and physical modifications of 

surface, J. Colloid Interface Sci. 296 (2006) 

233–241. 

[27] Y. Ouabbas, A. Chamayou, L. Galet, M. 

Baron, G. Thomas, P. Grosseau, B. Guilhot, 

Surface modification of silica particles by dry 

coating: characterization and powder aging, 

Powder Technol. 190 (2009) 200–209. 

[28] C. Oh, Y.G. Lee, C.U. Jon and S.G. Oh, 

Synthesis and characterization of hollow silica 

microspheres functionalized with magnetic 

particles using w/o emulsion method, Colloid 

Surf. A 337 (2009) 208–212. 

[29] M. Castellano, L. Conzatti, G. Costa, L. 

Falqui, A. Turturro, B. Valenti and F. Negroni, 

Surface modification of 

silica:Thermodynamic aspects and effect on 

elastomer reinforcement, Polymer 46 (2005) 

695–703. 

[30] S. Sun, C. Li, L. Zhang, H.L. Du and J.S. 

Burnell-Gray, Effects of surface modification 



 

 

N. Vaezi et al./ Iranian Journal of Analytical Chemistry 4 (2017) 59-66 | 66 

of fumed silica on interfacial structures and 

mechanical properties of poly(vinyl chloride) 

composites, Eur. Polym. J. 42 (2006) 1643–

1652. 

[31] L. Xue, J. Li, J. Fu, Y. Han, Super-

hydrophobicity of silica nanoparticles 

modified with vinyl groups, Colloid Surf. A 

338 (2009) 15–19. 

[32] P. Rangsunvigit, P. Imsawatgul, N. Na-

ranong, J.H. O’Haver and S. Chavadej, Mixed 

surfactants for silica surface modification by 

admicellar polymerization using a continuous 

stirred tank reactor, Chem. Eng. J. 136 (2008) 

288–294. 

[33] W.M. Jiao, A. Vidal, E. Papirer and J.B. 

Donnet, Modification of silica surfaces by 

grafting of alkyl chains: Particle/particle 

interactions: rheology of silica suspensions in 

low molecular weight analogs of elastomers, 

Colloids Surf. 40 (1989) 279–291. 

[34] S. Swamp and C.K. Schoff, A survey of 

surfactants in coatings technology, Prog. Org. 

Coat. 23 (1993) 1–22. 

[35] I. Cherkaoui, V. Monticone, C. Vaution, and 

C. Treiner, Surface modification of silica 

particles by a cationic surfactant: 

adsolubilization of steroids from aqueous 

solutions, Int. J. Pharm. 176 (1998) 111–120. 

[36] Y. Otsubo, M. Sekine and S. Katayama, Effect 

of surface modification of colloidal silica on 

the electrorheology of suspensions, J. Colloid 

Interface Sci. 146 (1991) 395–404. 

[37] A.P. Rao, A.V. Rao and G.M. Pajonk, 

Hydrophobic and physical properties of the 

ambient pressure dried silica aerogels with 

sodium silicate precursor using various 

surface modification agents, Appl. Surf. Sci. 

253 (2007) 6032–6040. 

[38] S. Kim, E. Kim, S. Kim and W. Kim, Surface 

modification of silica nanoparticles by UV-

induced graft polymerization of methyl 

methacrylate, J. Colloid Interface Sci. 292 

(2005) 93–98. 

[39] M. Hosseini, N. Dalali, A. Karimi and K. 

Dastanra, Solid phase extraction of copper, 

nickel, and cobalt in water samples after 

extraction using surfactant coated alumina 

modified with indane-1,2,3-trione 1,2-

dioxime and determination by flame atomic 

absorption spectrometry, Turk. J. Chem. 34 

(2010) 805-814. 

 


	1.2
	مجله ایرانی شیمی تجزیه، دوره 2، شماره 2، مهرماه 1394
	مجله ایرانی شیمی تجزیه، دوره 2، شماره 2، مهرماه 1394
	مجله ایرانی شیمی تجزیه، دوره 2، شماره 2، مهرماه 1394
	مجله ایرانی شیمی تجزیه، دوره 2، شماره 2، مهرماه 1394
	مجله ایرانی شیمی تجزیه، دوره 2، شماره 2، مهرماه 1394
	مجله ایرانی شیمی تجزیه، دوره 2، شماره 2، مهرماه 1394
	مجله ایرانی شیمی تجزیه، دوره 2، شماره 2، مهرماه 1394
	مجله ایرانی شیمی تجزیه، دوره 2، شماره 2، مهرماه 1394



