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ABSTRACT: At this study, thallium (I) ion-imprinted polymer, as a novel sorbent for Tl (I) and 

comparison with Tl(III) ion-imprinted polymer has been synthesized. This sorbent for 

preconcentration and solid-phase extraction of Tl(I) ions from aqueous solutions, used. Through 

preparing the binary complex of Tl(I) ions with 5, 7-dichloroquinoline-8-ol (DCQ) the particles of 

thallium (I) Ion-Imprinted Polymer (IIP) have synthesized. In the presence of 2-methoxyethanole 

(porogen) and 2, 2-azobisisobutyronitrile (initiator, AIBN) Thermal copolymerization of  

methyl methacrylate (functional monomer, MMA) and ethyleneglycoldimethacrylate(cross-

linkingmonomer, EGDMA) have done. The imprinted ion has removed from the polymer by removing the 

above particles with 1 mol/L HNO3 to obtain the leached IIP particles. Similarly, Control Polymer (CP) 

particles, have prepared without thallium (I) ions. The characterization of unleached and leached IIP 

particles was done by, Fourier-Transform InfraRed (FT-IR) spectroscopy, Brunauer-Emmett-Teller (BET), 

surface area analysis, and X-Ray Diffraction (XRD). As a function of pH, the preconcentration  

of thallium (I) has studied during rebinding with the leached IIP particles, for determination of thallium 

in aqueous solution, the weight of the polymer material, the elution and preconcentration times,  

the concentration of eluent(nitric acid), the volume of the aqueous phase and the volume of an eluent. 

ElectroThermal Atomic Absorption Spectrometry (ETAAS) has utilized. The method's Detection limit was 

0.1 mg/ mL, while the relative standard deviation for five times repeat was 3.5%. 
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INTRODUCTION 

Recently it has reported that ion imprinting method  

as a potential tool for preparing highly selective polymeric 

materials, applied in the Pre-concentration and extraction 

of different ions such as: Cd2+ [1,2], Ce3+ [3], Co2+ [4], 

Cr(VI) [5], Cs+ [6], Cu2+ [7-9], Fe3+ [10], Hg2+ [11,12], 

Ni2+ [13], Pb2+ [14,15], Pd2+ [16], Ru3+ [17], Sb3+ [18,19], 

Sm3+[20],Tl3+ [21,22], UO2
2+ [23-25] and Zn2+ [26]. Tl is 

well known, for its carcinogenic, mutagenic and 

teratogenic effects [27]. In nature thallium founded as 

Tl(I) and Tl(III) ions however its monovalent state has 

more stability, while its trivalent state; produce  

a complexes with better stability. Each elemental oxidation 

state exhibits different toxicity and bioavailability feature 

therefore, thallium speciation in the environment is  

so important [21].  The determination of Tl(I) is of great 

interest because of its clinical and environmental roles 

and also industrial applications. The amount of thallium 

in geological and environmental samples is lower than 

the detection limits of most of analytical methods. Thus, 

the extraction, Pre-concentration, and determination of 

trace thallium (I) from the natural water resources are  

so necessary and require more consideration. Tl(I) is highly 

toxic to the biosphere even more than Hg, Cd, Pb and Cu [28].  

In this study, a thallium (I) ion-imprinted polymer 

(IIP) as a new sorbent has been synthesized for Tl(I) ion 

and also compared with Tl(III) ion imprinted polymer 

with different pH and stoichiometry. This sorbent was used 

for extraction of Tl(I) in different water samples. 

 

EXPERIMENTAL SECTION 

Instrumentation  

A Shimadzu model AA-670 atomic absorption 

spectrometer with GFA-4B Graphite Furnace Atomizer (GFA) 

with a D2 lamp for background correction was used  

for determination of thallium. A thallium hollow  

cathode lamp, adjusted at 5 mA, was used as the radiation 

source. Measurements were carried out in peak height 

mode at 276.8 nm, using a spectral bandwidth of 0.5 nm. 

The atomic absorption signal at 276.8 nm was recorded 

on a graphic printed PR-4, and the height of the peak was 

used for determination of thallium. The temperature 

program for the furnace has been given in a previous 

work [28]. A sampler (Ependorf, Germany) was applied 

to inject 20 µL of the solution into the graphite tube.  

An F20520162 Velp Scientifica magnetic stirrer (Italia) 

was employed to stir the sample solution. The FT-IR spectra 

(4000–400cm−1) using KBr were recorded with the aid  

of a MB-154 model Bomem spectrometer. The XRD 

patterns were obtained with X-ray of 1.54056 ˚A 

wavelength by a Cu Kα X-ray source and a Philips 

PW1710 diffractometer (The Netherlands). pH values 

were measured with a Metrohm model 632 pH-Meter. 

The surface area analysis was carried out by using 

Quantachrome autosorbe-1 surface area analyzer (USA). 

An Agilent model 8453 UV–Visible spectrophotometer 

was employed to prepare the UV–Vis spectrum of  

the reaction mixtures 

 

Regents and materials 

All reagents were of analytical reagent grade and 

deionized water was used throughout. A stock Tl(I) 

solution (1000µg/ mL) was prepared by dissolving TlNO3 

(Merck) and dilution to 100mL with deionized water. 5, 

7-Dichloroquinoline-8-ol was obtained from Acros 

organics, New Jersey, USA, methylmethacrylate, 

ethylene glycoldimethacrylate and 2, 2-azo bis 

isobutyronitrile (AIBN) were obtained from Merck. 

Moreover, stock solutions of KNO3, NaNO3, Mg (NO3)2, 

Ca (NO3)2, Zn (NO3)2, Tl (NO3)3.3H2O and Cu (NO3)2 

(1000 µg /mL each) were prepared(Merck).  

 

Synthesis of the thallium(I) IIP materials 

The Tl(I) binary complex was prepared by dissolving 

1mmol Tl(I) nitrate (0.263 g) in 5mL of  

2-methoxyethanol. This mixture was then added drop wise 

while stirring to a solution of 2.0 mmol 5,  

7-dichloroquinoline-8-ol (0.44 g) in 5mL of  

2-methoxyethanol. The resulting orange solution  

was stirred for 1 h in order to complete the reaction.  

UV-Visible spectral studies, mole ratio plot (data are available 

on request) confirmed the formation of binary complex 

that the mole ratio of thallium to DCQ is 1:2. 

The above complex solution was mixed with 5mmol 

of MMA (0.500 g), 20mmol of EGDMA (4.20 g) and  

100 mg of AIBN. This solution was stirred for about 20 min 

until a homogeneous solution was attained. The 

preprepared solution was cooled to 0 ◦C, purged  

with Argon (99.999%) for 10 min, sealed and heated  

at 55°C during stirring for 24 h. The obtained particles  

were grounded in a mortar and dried in a hot air oven  

at 60 °C for 5 h and sieved to acquire the powdered particles.  
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Fig. 1: Proposed schematic representation of the ion-imprinted polymer process. 

 

About 3 g of these powdered particles were subjected to 

leaching with 200mL of 5 mol/ L HNO3 for 5 h to obtain 

thallium IIP particles. The control polymer (CP) particles 

were prepared in a similar way as that of the IIP preparation, 

but without the imprinted ion, thallium (I). The resultant CP 

particles were compared with IIP particles in terms of 

extraction ability. The proposed schematic representation  

of ion-imprinted polymer synthesis is given in Fig. 1. 

 

Analytical  procedures  

The extraction studies of the Tl+ ions with the 

prepared imprinted polymer were carried out by batch 

experiments as follows: Aliquots of Tl+ solution (50 mL) 

in the concentration range 1-500 ng/mL was treated with 

150 mg of polymer particles at various pHs and stirred 

for 35 min with the use of a magnetic stirrer. The pH 

value was adjusted to 7 ± 0.2 by adding sodium 

hydroxide or nitric acid.  

The Tl+ ions were eluted from the IIP particles using  

5 mL of 1.0 mol/ L nitric acid, through a filter paper.  

Their content in the eluent was determined with ETAAS 

at 276.8 nm. 

 

RESULTS AND DISCUSSION  

Characterization studies 

X-Ray Diffraction (XRD)  

The XRD patterns of the unleached (a) and leached 

(b) IIP particles are given in Fig. 2. It showed that  

the thallium was only present in the unleached polymer 

particles and it was completely removed after leaching. 

FT-IR spectra 

The IR spectra of unleached and leached Tl(I) 

imprinted polymers were recorded using KBr pellet 

method (Fig. 3). It is obvious that these polymers have 

the same backbone; (3487.41 cm-1 for OH; 2947.42 cm-1 

for aromatic and aliphatic CH; 1726.1 cm-1 for C=O; 

1450.3 cm-1 for aromatic ring and 1143.7 cm-1 for C–O). 

The broad absorption at 3487.41 cm-1 due to –OH 

stretching is weakened in unleached. This is due to  

the interaction of the deprotonated –OH group of DCQ 

with Tl(I). The peak near 756 cm−1 corresponded to νC–Cl 

in the spectra of both the leached and unleached 

polymers, illustrating that DCQ was kept intact in the 

polymer even after leaching. 

 

Nitrogen sorption 

The synthesized IIP particles were characterized using 

nitrogen sorption studies, in order to know the surface 

properties of the leached and control polymer particles. 

The surface area was determined by applying the BET 

equation. The surface area (m2/ g) is: 225 for IIP and 190 

for CP. Pore size analysis shows an average pore diameter 

of 18 A˚. These data indicate the formation of polymer 

particle with nano-pore and excessive surface area. 

 

Optimization of sorption and elution of Tl+ ion using 

IIP particles employing batch method 

In order to optimize conditions for obtaining high 

efficiency in preconcentration of Tl(I) ions by the 

proposed IIP, it is necessary to adjust several factors 



Iran. J. Chem. Chem. Eng. Darroudi A. et al. Vol. 39, No. 1, 2020 

 

62                                                                                                                                                                    Research Article 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: XRD patterns of unleached (a) and leached (b) thallium IIP particles. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: FT-IR spectra of the leached and unleached IIP 

particles. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: pH effect on the uptake of the thallium ions using 

leached IIP particles. 

 

including pH, sample volume, HNO3 concentration, 

eluent volume, preconcentration, and elution time.  

The percentage recovery of thallium ions was calculated 

from the ETAAS results.  

 

Effect of pH 

A series of solutions with the volume of 50 mL  

and thallium concentration of 50 ng /mL were prepared. 

The pH values of these solutions were adjusted between 

4.0 to 8.0. The extraction percentage of IIP particles 

increases with the increase in pH, as can be seen  

in Fig. 4. The increase in extraction percentage in the pH 

range of 4.0–7.0 for IIP particles is attributed to the 

competition of Tl(I) ions with H+ ions which forms  

a complex with 5,7-dichloroquinoline-8-ol. On the other 

hand, the extraction percentage is constant at pHs greater 

than 7. In the subsequent work, the pH was adjusted  

to 7.0 ± 0.2. 

Optimization of other experimental variables 

All the other parameters influencing the 

preconcentration of Tl(I) ions with IIP particles  

were systematically evaluated. The corresponding results 

are recorded in Table 1. It can be seen that the best condition 

for preconcentration occurs at about 0.15 ± 0.02 g of 

polymer particles used at pH 7. The effect of stirring time 

for the preconcentration of Tl(I) at pH 7.0 using 0.15 g of 

IIP shows that 35 min is enough. 

In this condition, the optimum elution time and eluent 

volume were 15 min and 5 mL, respectively. The 

concentration of eluent (nitric acid) is also important  

for the performance of the solid-phase preconcentration 

system. The effect of nitric acid concentration  

was studied in range of 0.0001- 2.0 mol/ L. The results 

show that the highest extraction was obtained in the 

concentration range of 0.01 to 2.0 mol/ L. At concentrations 

less than 0.01 mol/L of nitric acid, the elution process 
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Table 1: Optimum condition for various parameters on uptake of thallium with IIP. 

Parameter Range Optimum conditions 

pH 4.0-8.0 7.0 

Weight of IIP (g) 0.02-0.2 0.15 

Preconcentration time (Min) 10-40 35 

Elution time (Min) 5-20 15 

Concentration of eluent(M) 0.0001-2.0 0.01 

eluent volume(mL) 2-10 5 

Aqueous phase volume (mL) 50-1000 500 

 

was incomplete. Therefore, a 1.0 mol/L nitric acid  

was selected for further experiments. The change of  

the aqueous phase volume from 50 to 500 mL did not affect 

the adsorption efficiency of Tl(I). Higher volumes 

resulted in decrease of adsorption efficiency. 

 

Adsorption capacity 

The adsorption capacity is an important factor  

to evaluate the IIPs. In order to investigate the adsorption 

capacity of thallium on imprinted and non-imprinted 

polymer particles, 150 mg of polymer particles  

was introduced into a saturated solution of Tl(I) under  

the optimum conditions. The adsorption capacity of  

the imprinted and non-imprinted sorbent was calculated 

to be 9.1 and 4.9 mg /g, respectively. 

 

Interference effects  

In order to examine the effects of common coexisting 

ions on the extraction of Tl(I), different metals cations 

were added individually to the sample solution containing 

10 ng/mL of analyte. Interfering species (Na+,K+, Ca2+) at 

1000- fold ,species (Mg2+,Fe3+, Cu2+,Zn2+) 500-fold and 

Tl3+ at 100-fold excess were added to Tl(I) solution and 

the extraction procedure was followed. The results  

of interference effects are shown in Table 2. Some of  

the interfered metal ions could be masked, using appropriate 

masking agents such as EDTA, that explained and used  

in our previously article [28]. 

These ions were chosen because they coexist with 

thallium ions in natural sources and also have more or 

less the same charge or ionic radius with Tl(I) ion. It can 

be noticed that the presence of majority of cations has  

no obvious influence on the adsorption of thallium ions 

under the selected conditions. This shows that  

the proposed method is suitable for the determination of 

Tl(I) in real samples 

 

Statistical and calibration parameters 

Under the optimum conditions (Table 1), the calibration 

curve was linear over the concentration range of  2.5-300 ng /mL 

thallium(I) ions. The linear regression equation for thallium 

was A = 0.0078CTl + 0.0056 (R2 = 0.998). 

Five replicate determinations of 50 ng/ mL thallium 

solutions resulted a relative standard deviation of 3.5%. 

The limit of detection corresponding to three times 

of the standard deviation of blank was found to be 0.1ng/ mL. 

 

Real sample Analysis  

To assess the applicability of the procedure for real 

samples, it was applied for extraction and determination 

of thallium ions in water samples (tap water and well 

water). The results are summarized in Table 3.  

The reliability of the method was verified by the analysis  

of the samples spiked with the known amounts of thallium 

and good recoveries were obtained in all samples. 

 

Comparison of Tl+ and Tl3+ ion imprinted polymer 

Thallium can be found in nature as Tl(I) and Tl(III) 

species. Thallium(I) has higher stability, than Tl(III) 

forms complexes of greater stabilities. The Tl(III) forms  

a ternary complex with DCQ and vinylpiridine (VP), 

while Tl(I) forms a binary complex with DCQ. According 

to the results, a wider pH range can be used for Tl(I) ion 

imprinted polymer because of its higher stability. 

Acetonitrile and 2-methoxyethanol solvents were used as 

porogen solvents  in the preparation of Tl(III) ion 

imprinted polymer  and Tl(I) ion imprinted polmer, 

respectively.The relevant results are shown in Table 4. 
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Table 2: Effect of interferences on determination of 10 ng/ mL thallium (I) in the presence of foreign ions. 

Interfering ion Relative absorbancea 

Na+ 1.03 

K+ 1.02 

Ca2+ 1.06 

Mg2+ 1.07 

Zn2+ 1.04 

Cu2+ 1.09 

Fe3+ 1.05 

Tl3+ 1.08 

 

Table 3: Result of determination of thallium (I) in water samples. 

Sample Added thallium(I) (ng /mL) Found thallium(I) (ng /mL) RSD% Recovery 

Tap watera 0 ND  - 

 
20.0 19.0 3.0 95 

40.0 41.5 3.6 103.7 

Well watera 
0 ND  - 

10.0 9.4 4.0 94 

a Mashhad city 

 

Table 4: Comparison of Tl+ and Tl3+ ion imprinted polymer. 

 Tl3+-ion imprinted polymer Tl+-ion imprinted polymer 

Complex ternary(Tl3+:VP:DCQ) binary(Tl+:DCQ) 

Stoichiometry 1:2:2 1:2 

Linear range(ng /mL) 1-600 2.5-300 

porogen solvent Acetonitrile 2-methoxyethanol 

adsorption capacity(mg /g) 9.6 9.1 

 

CONCLUSIONS  

In this study, a thallium (I) ion-imprinted polymer  

as a new sorbent has been synthesized for Tl(I) ion and also 

compared with Tl(III) ion imprinted polymer with 

different pH and stoichiometry. This sorbent was used for 

solid phase extraction and preconcentration of Tl(I) ions 

from aqueous solutions.In the present work, a DCQ–Tl(I) 

complex was used for preparation of the ion-imprinted 

sorbent. The imprinted polymers exhibits valuable 

characteristics for adsorption and preconcentration of  

the target Tl(I) ions in the aqueous solution. The optimal pH 

for quantitative enrichment was 7 ± 0.2. The presence of 

majority of cations has no obvious influence on the 

adsorption of thallium ions under the optimized 

conditions. The main advantages of this sorbent are: ease 

and simplicity of preparation of Tl(I) ion mprinted 

polymer for separation, preconcentration and 

determination of thallium(I) ions. 
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