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Introduction 

 Carbon nanotubes (CNTs) are relatively new materials with 

an increasing number of applications due to their unique 

electrical, mechanical, optical and chemical properties [1,2]. 

These excellent properties make CNTs promising materials for 

numerous applications,such as hydrogen storage [3], catalyst 

supports [4], chemical sensors [5] and nanoelectronic devices 

[6]. Since it has been proven that CNTs possess potential for the 

removal of many kinds of pollutants from water because of their 

ability to establish π– π electrostatic interactions and their large 

surface areas, CNTs have attracted great attention in analytical 

chemistry and environmental protection [7,8]. CNTs have 

shown exceptional adsorption capabilities and high adsorption 

efficiencies for various organic pollutants,  such as aniline, 

phenol and their substitutes [9], as well as diazinon [10]. In 

addition, CNTs were found to be superior sorbents for several 

divalent metal ions [8,11,12]. 

 Some of these methods suffer from poor limit of detection 

and harmful solvents are being used in some others. On the 

other hand, effect of foreign ions on theanalyte is not negligible 

in many instances. In such cases, preconcentration of the analyte 

makes the determination easier and the composition of the 

sample less complicated. In recent years, solid phase 

extraction(SPE) has offered attractive possibilities in trace 

analysis. It has reduced the solvent and time consumption 

drastically[13,14]. In order to increase the preconcentration or 

extraction power of SPE an organic or inorganic ligand is used 

in conjunction with the sorbont. Some of the ligands used for 

determination of lead and copper are: Amberlit XAD-2 with 3,4-

dihidroxybenzoic acid [15], silicagel modified with 3-

aminopropyl triethoxysilane [16], Levatit with di(2,4,4–

trimethylpentyl)phosphinic acid[17], silicagel functionalized 

with methyl  thiosalicylate [18], silicagel modified with 

zirconium phosphate[19] and C18   diskes modified with a 

sulfur containing Schiff’s base[20,28-32].  

 Comparing these examples with the presented method, they 

have either a lower enrichment factor or a higher limit of 

detection. On the other hand, the C18 disks can be used only a 

few times, while the proposed sorbent could be used more than 

50 times without loss of efficiency.  

 Surfactant coated alumina modified with chelating agents 

has been used for extraction and preconcentration of 

environmental matrixes and metals [21,22]. Here, the surfactant 

molecules have been associated on the alumina surface forming 

an admicell or hemimicell. Organic molecules attach themselves 

on the hydrophobe part and low concentration of metallic 

elements also on the hydrophobe part, which includes the 

chelating agent [22]. The Schiff’s bases which are obtained from 

salisylaldelyde are known as multidentate ligands. These agents 

can form very stable complexes with transition metal ions 

[23,24].  

 The main goal of the present work is development of a fast, 

sensitive and efficient way for enrichment and extraction of 

trace amounts of Pb(II) from aqueous media by means of a 

surfactant coated C18 modified with ethylenediamine-

functionalized multi-walled carbon nanotubes(E- MWCNTs). 

Such a determination has not been reported in the literature. The 

structure of ethylenediamine-functionalized 
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multi-walled carbon nanotubes(E- MWCNTs)is shown in Fig. 1. 

The chelated ions were desorbed and determined by FAAS.  The 

modified solid phase could be used at least 50 times with 

acceptable reproducibility without any change in the 

composition of the sorbent, E- MWCNTs or SDS. On the other 

hand, in terms of economy it is much cheaper than those in the 

market, like C18 SPE mini-column.  

Experimental  

Reagents and Apparatus  

 MWCNTs prepared by a chemical vapor deposition (CVD) 

method were used as received ithout purification. The purity of 

MWCNTs was more than 95% and the outer and inner 

diameters were 20–30 and 5–10 nm, respectively and the length 

between 5 and 200µm. All other reagents such as EDA, N-

HATU, concentrated H2SO4 acid, concentrated HNO3 acid and 

methanol were used as received. Millipore deionized (DI) water 

(18MΩcm resistance) was used for sample washing and solution 

preparation. All chemicals and MWCNTs were obtained from 

Sigma-Aldrich. Analytical-grade cadmium nitrate standard 

(Baker) was employed to prepare a stock solution containing 

1000 µgmL
−1

 of Pb
2+

, which was further diluted with DI water 

to the required Pb
2+ 

concentrations for the sorption 

measurements. All solutions were prepared with doubly distilled 

deionized water from Merck (Darmstadt, Germany). C18 powder 

for chromatography with diameter of about 50 µm obtained 

from Katayama Chemicals from supelco. It was conditioned 

before use by suspending in 4 M nitric acid for 20 min, and then 

washed two times with water. Sodium dodecyl sulfate (SDS) 

obtained from Merck (Darmstadt, Germany) and used without 

any further purification.  

Material preparation 

 The raw-MWCNTs were first treated with a (v/v 3:1) 

mixture of concentrated H2SO4 and HNO3 (Scheme 1). This 

mixture was then sonicated for 3 h at 40 
◦
C in an ultrasonic bath 

to introduce oxygen groups onto the MWCNT surface. After 

cooling to room temperature, the o-MWCNTs were added 

dropwise to 300mL of cold DI water and vacuum-filtered 

through a 0.05µm pore size PTFE membrane filter. The filtrant 

was washed with DI water until the pH was neutral. The sample 

was dried in a vacuum oven at 80 
◦
C for 8 h. The oxidized 

nanotubes (100 mg) were dispersed in EDA (60 mL). The 

coupling agent, N-HATU, (8 mg) was added and the dispersion 

was sonicated for 4 h at 40 
◦
C (Scheme 1). The obtained product 

was diluted with 300mL of methanol and vacuum filtered using 

a 0.05µm pore size PTFE membrane filter, after which the 

filtrant was washed extensively with excess methanol. Thus 

obtained e-MWCNTs were dried in a vacuum oven at 60 
◦
C for 

8 h. 

 
Scheme 1. Schematic presentation of the functionalization of 

MWCNTs 

Characterization of MWCNTs 

 Fourier-transform infrared (FTIR) spectra were recorded in 

the transmission mode using a BOMEM (Hartmann & Braun) 

spectrometer. Thermogravimetric analysis (TGA) was 

performed using a TA Instruments SDT Q600 from 20 to 800
 ◦
C 

at a heating rate of 20 
◦
C min

−1
 and a nitrogen flow of 

200mLmin
−1

. Elemental analyses were performed using a 

VARIO EL III Elemental analyser. The BET specific surface 

area, pore specific volume and pore diameter were measured by 

nitrogen adsorption/desorption at 77.4K using a Micromeritics 

ASAP 2020MP gas sorption analyzer. The pH values at the 

point of zero charge (pHPZC) of the samples were measured 

using the pH drift method [14]. The zeta potential measurements 

of the raw-MWCNT, o-MWCNT and e-MWCNT samples were 

performed using a Zeta-sizer Nano-ZS equipped with a 633nm 

He-Ne laser (Malvern). Suspensions of the samples at a 

concentration of 100mgL
−1

 in DI water were sonicated for 5min 

and the pH values of the suspensions were measured after the 

zeta potential measurements. The acidic and basic site 

concentrations were determined using the Boehm titration 

method [32]. 

Column preparation 

 E- MWCNTs (40 mg) were packed into an SPE mini-

column (6.0 cm ×9 mm i.d., polypropylene). A polypropylene 

frit was  placed at each end of the column to prevent loss of the 

adsorbent. Before use, 0.5 mol L
−1

 HNO3 and DDW were passed 

through the column to clean it. 

Apparatus 

 The pH measurements were conducted by an ATC pH 

meter (EDT instruments, GP 353)calibrated against two 

standard buffer solutions of pH 4.0 and 9.2. Infrared spectra of 

E- MWCNTs were carried out from KBr pellet by a Perkin-

Elmer 1430 ratio recording spectrophotometer. Atomic 

absorption analysis of all the metal ions were performed with a 

Perkin-Elmer 2380 flame atomic absorption spectrometer 

Preparation of admicell column: to 40 ml of water containing 

1.5 g of C18, 150 mg of the above Schiff base-chitosan grafted 

multiwalled carbon nanotubes was loaded after washing 

acetone, 1mol l
-1

 HNO3 solution and water, respectively, 

solution was added. The pH of the suspension was adjusted to 

2.0 by addition of 4 M HNO3 and stirred by mechanical stirrer 

for 20 min. Then the top liquid was decanted (and discarded) 

and the remained C18 was washed three times with water, then 

with 5 ml of 4 M HNO3and again three times with water. The 

prepared sorbent was transfered to a polypropylen tube (i.d 5 

mm, length 10mm).  

 Determination of Pb
2+ 

contents in working samples were 

carried out by a Varian spectra A.200 model atomic absorption 

spectrometer
 
equipped with a high intensity hallow cathode 

lamp(HI-HCl) according to the recommendations of the 

manufacturers. These characteristics are tabulated in( Table 1). 

A metrohm 691 pH meter equipped with a combined glass 

calomel electrode was used for pH measurements.  

Procedure  

 The pH of a solution containing 100 ng of each Pb(II) was 

adjusted to 2.0. This solution was passed through the admicell 

column with a flow rate of 5 ml min
-1

. The column was washed 

with 10 ml of water and the retained ions were desorbed with 1 

ml of 4 M HNO3 with a flow rate of 2 ml min
-1

. The desorption 

procedure was repeated 3 more times. All the acid solutions (4 

ml all together) were collected in a 10 ml volumetric flask and 

diluted to the mark with water. The concentrations of lead in the 

solution were determined by FAAS at 283.3. 

Determination of lead in water Samples  

 Polyethylene bottles, soaked in 1 M HNO3 overnight, and 

washed two times with water were used for sampling. The water 

sample was filtered through a 0.45 µm pores filter. The pH of a 

1000 ml portion of each sample was adjusted to 2.0(4 M HNO3) 

and passed through the column under a flow rate of 5 ml min
-1

. 
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The column was washed with water and the ions were desorbed 

and determined as the above mentioned procedure.  

Results and Discussion  

MWCNTs characterization 

 The FTIR spectra of raw-MWCNT, o-MWCNT and e-

MWCNT are compared in Fig. 1a. The H2SO4-HNO3 treatment 

produced carboxyl group on the external surface of the 

MWCNTs due to oxidation, as indicated by the presence of 

characteristic peaks at ≈3438 and ≈1726cm
−1

 of the stretching 

vibrations of υ(OH) and υ(C= O) of the carboxylic groups 

(COOH), respectively (Fig. 1a) [14,29,33].  

 
Fig 1. (a) FTIR transmission spectra and (b) TGA curves of 

raw-MWCNT, o-MWCNT and e-MWCNT 

 The asymmetric and symmetric stretching vibrations 

υas(CH2) and υs(CH2) were situated at ≈2924 and ≈2856cm
−1

. 

Overlapped vibrations of double bonds C= C and carbonyl 

groups C= O were present at ≈1631cm
−1

. The peak at 

≈1384cm
−1

 was due to sulfate groups υ(OSO3H) and δ(OH) 

bending vibration of COOH. The peak at ≈1097cm
−1

 was 

assigned to the υ(C–O) stretching vibration. The increased 

intensity of the O–H peak after oxidation and the appearance of 

C–H, C= O, C–O and OSO3H bonds suggest that oxidation of 

the MWCNTs successfully introduced COOH, OH, C=O and 

OSO3H groups onto the walls of the nanotubes [14,29,33]. The 

FTIR transmission spectrum of e-MWCNT (Fig. 1a) showed the 

absence of the band at ≈1726cm
−1

 and the simultaneous 

appearance of a band at a lower frequency (≈1650cm
−1

), 

assigned to stretching of the amide carbonyl (C= O). In addition, 

the presence of new bands at ≈1580 and ≈1180cm
−1

, correspond 

to N–H in-plane and C–N bond stretching, respectively. The 

peaks at≈3300–3600cm
−1

 were  due to the NH2 stretch of the 

amine group. A band at ≈800cm
−1 

was due to the out-of-plane 

NH2 bending mode [22,29]. The FTIR results verify that amines 

were covalently attached to the MWCNTs. All of these groups 

introduced on surface of the MWCNTs can provide numerous 

sorption sites and thereby increase the sorption capacity of 

oxidized and amino-functionalized MWCNTs [12]. 

 Thermogravimetric analysis, TGA, gave useful information 

about the functionalized MWCNTs, because most of the organic 

functional moieties on the MWCNTs were thermally unstable, 

i.e., most of the organic functional groups were decomposed 

before the onset of MWCNTs weight loss (Fig. 1b). The pristine 

MWCNTs sample was stable and hardly decomposed below 800 
◦
C while the o-MWCNT exhibited a weight loss of about 12 

wt% (Fig. 1b). The thermal degradation of o-MWCNT and e-

MWCNT was multistage processes due to the different 

functional groups introduced onto the surface of the nanotubes. 

The first weight loss interval below 200 
◦
C of all the samples 

was attributed mainly to the evaporation of saturated water [30]. 

At higher temperatures, the weight loss can be attributed to the 

thermal decomposition of side-groups. Thus, according to the 

TG analysis, the amount of amine covalently bonded to the 

MWCNTs was estimated, based on the total weight of e-

MWCNT, to be about 7 wt% in relation to the o-MWCNT. The 

attachment of amine at the surface of e-MWCNT was further 

confirmed by elemental analysis (Table 1). No nitrogen could be 

detected from the raw-MWCNT but a small amount of nitrogen 

(0.49%) was observed for o-MWCNT due to the oxidation. 

Based on the results presented in Table 1, the nitrogen content 

(4.08%) of e-MWCNT can also provide an estimation of the 

amount of attached amine (around 7 wt%), which is in 

accordance with the TGA results. Furthermore, the found 

decrease in the oxygen content of e-MWCNT (13.50%) in 

comparison to that of o-MWCNT (15.56%) may also provide 

direct evidence for the attachment of amines. 

Stability studies 

 The stability of the newly synthesized E- MWCNTs phases 

was performed in different buffer solutions (pH 1, 2, 3, 4, 5, 6 

and 0.1M sodium acetate) in order to assess the possible 

leaching or hydrolysis processes. Because the metal capacity 

values determined in Section 3.2 revealed that the highest one 

corresponds to Pb(II)s, this ion was used to evaluate the stability 

measurements for the E- MWCNTs phase [14]. The results of 

this study proved that the E- MWCNTs is more resistant than 

the chemically adsorbed analog especially in 1.0, 5.0 and 10.0 

M hydrochloric acid with hydrolysis percentage of 2.25, 6.10 

and 10.50 for phase, respectively. 

 Thus, these stability studies indicated the suitability of 

phase for application in various acid solutions especially 

concentrated hydrochloric acid and extension of the 

experimental range to very strong acidic media which is not 

suitable for other normal and selective chelating ion exchangers 

based on a nano polymeric matrix [9]. Finally, the E- MWCNTs 

phases were also found to be stable over a range of 1 year during 

the course of this work. Primary investigations revealed that 

surfactant coated C18 could not retain Pb(II) cations, but when 

modified with the E- MWCNTs retains these cations selectively. 

It was then decided to investigate the capability of the E- 

MWCNTs as a ligand for simultaneos preconcentration and 

determination of lead on admicell. The C18 surface in acidic 

media(1<pH<6) attracts protons and becomes positively harged. 

The hydrophyl part of SDS(-SO3
-
), is attached strongly to these 

protons. On the other and, the E- MWCNTs are attached to 

hydrophobe part of SDS and retain small quantities of metallic 

cations[22]. 
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Table 1. The operational conditions of flame for determination of lead 
Slit width 0.7 nm 

Operation current of HI-HCL 10 mA  

Resonance fine 283.3 

Type of background correction Deuterium lamp 

Type of  flame Air/acetylene 

Air flow 7.0 mL.min-1 

Acetylene flow 1.7 mL.min-1 

 

Table 2. Effect of foreign ions on the recovery of 100 ng of Pb 
Diverse ion Amounts taken (mg) added to 50 mL  % Found %Recovery of Pb2+ ion 

Na+ 92.2 1.19(2.9)a 99.6s(1.9) 

K+ 92.2 1.38(2.1) 99.7(2.2) 

Mg2+ 13.5 0.8(1.8) 96.9(2.7) 

Ca2+ 23.3 1.29(2.0) 95.4(1.9) 

Sr2+ 3.32 2.81(2.2) 99.2(2.1) 

Ba2+ 2.26 3.16(2.4) 98.3(2.0) 

Mn2+ 2.44 1.75(2.3) 99.5(1.8) 

Co2+ 2.37 1.4(2.3) 99.1(2.2) 

Ni2+ 2.31 2.0(2.14) 99.4(2.4) 

Zn2+ 2.44 1.97(2.1) 99.7(2.2) 

Cd2+ 2.63 1.9(2.0) 99.8(2.6) 

Bi3+ 03.2 2.7(1.4) 99.4(2.7) 

Cu2+ 2.56 2.81(2.3) 97.7(2.5) 

Fe3+ 2.40 3.45(2.4) 97.6(2.8) 

Cr3+ 1.30 2.92(2.2) 96.3(2.4) 

UO2+ 2.89 1.3(2.2) 97.3(2.2) 

NO3
- 5.5 2.3 (2.3) 96.4(2.6) 

CH3COO- 5.3 2.2(2.6) 95.5(2.2) 

SO4
2- 5.0 2.9(3.0) 99.4(2.1) 

CO3
2- 5.4 1.8(2.5) 96.3(2.5) 

PO4
3- 2.6 2.1(2.0) 99.9(2.0) 

a:
 Values in parenthesis are CVs based on three individual replicate measurements 

 
Table 3. Recovery of Pb contents of water samples 

%Recovery Found(µg) Amount added(µg)  

- - - Pb Sample Distilled water (100mL) 

96 0.043(2.40)a 0.050   

97 0.094(2.60) 0.100   

- 0.015(3.0) -   Pb Tap water(100mL) 

96 0.068(2.42) 0.050   

- 0.048(2.31) - Pb Snow water(50mL) 

99.0 0.155(2.30) 0.100   

- 0.045(2.31) - Pb Rain water(100mL) 

99 0.143(2.40) 0.100   

- - - Pb Synthetic sample 1 Na+, Ca2+, Fe3+, Co2+Cr3+, Hg2+, 1 mgL-1   

99 0.104(2.40) 0.100   

- - - Pb Synthetic sample 2 K+ Ba2+, Mn2+, Cd2+Ni2+, Zn2+ , 1 mg L-1 of each cation 

99 0.105(2.70) 0.100   
a: Values in parenthesis are CVs based on three individual replicate measurements. 
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Effect of pH  in does not occur 

 The effect of pH of the aqueous solution on the extraction 

of 100 ng of each of the cations Pb(II) was studied in the pH 

rang of 1-10. The pH of the solution was adjusted by means of 

either 0.01 M H NO3 or 0.01M NaOH. The results indicate that 

complete chelation and recovery of Pb(II) occurs in pH range of 

2-4 and that of in 2-8 and are shown in Fig. 4. It is probable that 

at higher pH values, the cations might be hydrolysed and 

complete desorption occur. Hence, in order to prevent 

hydrolysis of the cations and also keeping SDS on the C18, 

pH=2.0 was chosen for further studies.  

 
Fig. 4. Extraction percentage of Pb(II) against pH 

Effect of flow rates of solutions  

 Effect of flow rate of the solutions of the cations on 

chelation of them on the substrate was also studied. It was 

indicated that flow rates of 1-5 ml min
-1

would not affect the 

retention efficiency of the substrate. Higher flow rates cause 

incomplete chelation of the cations on the sorbent. The similar 

range of flow rate for chelation of cations on modified C18 with 

SDS and a E- MWCNTs has been reported in literature[21,22]. 

Flow rate of 1-2 ml min
-1

for desorption of of the cations with 4 

ml of 4 M HNO3has been found suitable. Higher flow rates need 

larger volume of acid. Hence, flow rates of 5 ml min
-1

and 2 ml 

min
-1

were used for sample solution and eluting solvent 

throughout respectively.  

Effect of the E- MWCNTs quantity  

 To study optimum quantity of the E- MWCNTs on 

quantitative extraction of lead, 50 ml portions of solutions 

containing 100 ng of each cation were passed through different 

columns the sorbent of which were modified with various 

amounts, between 10-50 mg of the E- MWCNTs. The best result 

was obtained on the sorbent which was modified with 40 mg of 

the E- MWCNTs.  

Figures of merit  

 The breakthrough volume is of prime importance for solid 

phase extractions. Hence, the effect of sample volume on the 

recovery of the cations was studied. 100 ng of each cation was  

dissolved in 50, 100, 500 and 1000 ml of water. It was indicated 

that in all the cases, chelation and desorption of the cations were 

quantitative. It was then concluded that the breakthrough 

volume could be even more than 1000 ml. Because the sample 

volume was 1000 ml and the cations were eluted into 10 ml 

solution, the enrichment factor for both cations are 100, which is 

easily achievable. The maximum capacity of 1.5 g of the 

substrate was determined as follow; 500 ml of a solution 

containing 50 mg of each cation was passed through the column. 

The chelated ions were eluted and determined by FAAS. The 

maximum capacity of the sorbent for three individual replecates 

was found to be 15.2±0.8 µg of each cation. The limit of 

detection (3σ) for the catoins[30] were found to be 3.20 ngl
-1

for 

lead ions. Reproducibility of the method for extraction and 

determination of 100 ng of each cation in a 50 ml solution was 

examined. As the results of seven individual replicate 

measurements indicated, they were 2.85% and 2.99% for Pb(II).  

Effect of foreign ions  

 Effect of foreign ions were also investigated on the 

measurements of lead. Here a certain amount of foreign ion was 

added to 50 ml of sample solution containing 100 ng of each 

Pb(II) with a pH of 2.5. The amounts of the foreign ions and the 

percentages of the recovery of lead are listed in Table 2. As it is 

seen, it is possible to determine lead without being affected by 

the mentioned ions.  

Analysis of the water samples  

 The prepared sorbent was used for analysis of real samples. 

To do this, the amounts of lead were determined in different 

water samples namely: distilled water, tap water of Tehran 

(Tehran, taken after 10 min operation of the tap), rain 

water(Tehran, 20 January, 2014), Snow water (Tehran , 12 

February ,2014), and two synthetic samples containing different 

cations. The results are tabulated in Table 3. As it is seen, the 

amounts of lead added to the water samples are extracted and 

determined quantitatively which indicates accuracy and 

precision of the present method.  

 Separation and speciation of cations by three columns 

system It is possible to preconcentrate and at the same time 

separate the neutral metal complexes of E- MWCNTs, anionic 

complexes and free ions from each other by this method[27]. 

Water samples were passed through the three connected 

columns: anoin exchanger, C18-silica adsorber and chelating 

cation exchanger. Each species of lead is retained in one of the 

columns; anionic complexes in the first column, neutral 

complexes of E- MWCNTs in the second, and the free ions in 

the third. We have proposed a method for determination and 

preconcentration of Pb in water samples using surfactant coated 

C18 impregnated with a Sciff’s base. The proposed method 

offers simple, highly sensitive, accurate and selective method 

for determination of trace amounts of Pb(II) in water samples.  
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