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The problem of purification of natural and technical waters of heavy metals has 

important role for improvement of ecological situation in the areas of high technogenic 

activity for a human. For solution of this problem various sorption materials are widely used: 

natural and synthetic ion exchangers, organic-mineral materials, composites and others [1-3].  

During the creation of new hybrid materials of different morphology with predictable 

properties, the sol-gel technology is used [4, 5]. By regulating the composition of organic and 

non-organic parts, the nature of modifier, the conditions of synthesis is created by the 

materials with different structural parameters and chemical properties, which find the 

application as sorbents, catalysts, carriers, etc. [6]. 

Throughout the research the organo-silica materials were obtained: the material 1 

(КS+C45) and the material 2 (KS) and some of their characteristics and sorption properties in 

relation to heavy metals are researched. 

Hybrid organo-silica materials were obtained by the sol-gel method in the presence of 

a gelation catalyst [7]. The volume ratio of tetraethoxysilane, ethyl spirit, and aqueous 

solution in the initial reaction mixture was 1: 2.5: 1. The concentration of the catalyst 

(ammonium hexafluoro silicate) was 0.02 mol/dm3. 

For obtaining of the material 1 (КS+C45), an aqueous solution was used as a modifier 

5,11,17,23 - tetrakis-diethylphosphonylmethyl-25,26,27,28-tetrapropoxycalix [4] arene (C45). 

The modifier was introduced into the polysiloxane framework of the matrix at the stage of 

hydrolytic polycondensation. The concentration of the modifier in the reaction mixture was 

1.74 mmol/dm3. 

During the obtaining of the material 2 (KS) the solution of the modifier into the 

reactionary mixture wasn’t injected. 

The specific surface area of the samples was estimated from the adsorption-desorption 

isotherms of nitrogen on the surface of materials (“Sorptometer Kelvin 1042”, measurements 

were performed at the A.A. Chuiko Institute of Surface Chemistry, Senior Researcher of the 

Department of Chemisorption and Hybrid Materials, Dudarko O. A.) (Fig. 1). The specific 

surface area of the materials was calculated by the Brunauer-Emmett-Teller (BET) method, 

and the average pore diameter was found from the pore size distribution (the Barrett Table 1. 

Structural adsorption characteristics of materials-Joyner-Gelendi method) (Table 1). 

The specific surface area of the samples was estimated from the adsorption-desorption 

isotherms of nitrogen on the surface of materials (“Sorptometer Kelvin 1042”, measurements 

were performed at the A.A. Chuiko Institute of Surface Chemistry, Senior Researcher of the 

Department of Chemisorption and Hybrid Materials, Dudarko O. A.) (Fig. 1).  

The specific surface area of the materials was calculated by the Brunauer-Emmett-

Teller (BET) method, and the average pore diameter was found from the pore size distribution 

(the Barrett Table 1. Structural adsorption characteristics of materials-Joyner-Gelendi 

method) (Table 1). 
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The obtained isotherms of the nitrogen sorption (Fig.1), according to classification of 

IUPAC, can be referred to isotherms of the IVth type, which are characteristic of 

polymolecule adsorption on porous bodies, complicated by capillary condensation. 

The type of hysteresis loop type, which is observed at the adsorption curve, according 

to classification [7], can be referred at H1, which is characteristic for which is typical for 

large-pore and medium-pore adsorbents, for globular and spongy structures. 

 

Table 1. Structural adsorption characteristics of materials 

material Sуд, м
2·г-1 dпор, nm 

1 347 9 

2 340 8 

 
Figure 1 Nitrogen sorption-desorption isotherms on the surface of hybrid materials  

1 (KS + C45) and 2 (KS). 

 

The research of sorption of ions of Н+, Cu2+ and Сd2+ at the surface of synthesized 

materials was conducted at the temperature of 20±2oС, ionic strength 0.1. Equilibrium ion 

concentrations in solution were determined by potentiometric method, using a laboratory 

ionomer I-160MI with glass electrode ESL 63-07, ion-selective electrodes ELIS-131Cu, 

ELIS-131Cd and silver chloride reference electrode (EVL 1-MZ). During the research of ions 

sorption of metals, the acidity of the suspensions under study was pH ~ 5.5 - 6. 

Isotherm of sorption of ions Н+ was described by equation of Lengmure, the 

adsorption capacity for the material 1 was 0.23 mmol/g and 0.14 mmol/g for material 2. The 

acidity of the environment in the near-surface layer of hybrid materials is related with the 

presence of surface silanol groups. Therefore, acidic-basic properties of the near-surface layer 

are conditioned by the properties of the matrix itself. 

On the basis of the data about general and equilibrium concentrations of ions of metals 

in solution over the sorbent, the sorption concentration was calculated, isotherms of sorption 

were constructed (typical curved are given at Figures 4-5). The results of sorption of ions 

metals (Cu2+ и Cd2+) on the surface of the hybrid materials were described by equation of 

Freundlich (Fig. 4-5). Such correlation is a consequence of imperfect adsorption, which is 

accompanied by a cooperative effect and may indicate the formation of several types of 

complexes. 
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Close quantitative estimates of ions adsorption of adsorption of metal ions on the 

surface of hybrid materials claims about mixed mechanism of sorption, absorption of metal 

ions happens both by complexation and in the result of ions-exchange. 

The extent of extraction of ions of metals was 72% (Cu2+) and 56% (Cd2+) by material 

1 and 67% (Cu2+) and 51% (Cd2+) by material 2. 

 

 Figure 4. Isotherm of sorption of ions Сu2+ 

on the surface of the material 1 

Figure 5. Isotherm of sorption of ions of Сd2+ on 

the surface of the material 2 
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