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Abstract. In this article, the optimal conditions for the synthesis of a complex-forming 

sorbent based on urea, formaldehyde and diethyldithiocarbamic acid have been determined. 

In this case, the initial substances were taken in the ratio of 1:1:2.5 mol, the temperature was 

40oC and 80-95oC and the environment (pH=8-10) was carried out, and as a result, the yield of 

the reaction was 90%. Properties such as moisture content of this obtained sorbent, bulk 

density, static exchange capacity of sorbent and density of sorbent in hydrated state were 

determined. IR-spectroscopic analysis of the obtained sorbent and the complex formed by it 

with metal was studied. 

Keywords: sorbent, urea, formaldehyde, diethyldithiocarbamic acid, IR-spectrum. 

Introduction 

Sorbents are widely used in hydrometallurgy as sorbents for concentrating various 

metal ions and neutralizing waste solutions containing heavy metal ions [1]. 

Direct heteroarylation of phenol fragments in the polymer chain with 1,2,4-triazine is a 

new method, that allows the modification of polymers by replacing the hydrogen in the 

phenol ring with sufficiently complex chelating groups in one reactor [2]. Ion exchange resins 

are used in many industries and have important practical importance[3]. The year-by-year 

increase in the demand for ion-exchange resins in the world market is related to the lack of 

clean water in the world, urbanization, industrialization, and other factors [4]. Synthesis of 

complex-forming ionite with high sorption parameters for the separation of a small amount of 

scandium ions in the solution is presented [5]. 

The method of obtaining new, chelating sorbents with layers of nickel acetylacetonate, 

nickel-malon, and acetoacetic esters welded by the method of sequential arrangement of 

molecules on the surface of silica gel is presented. Their structure and chromatographic 

description were studied using physicochemical methods [6]. The sorption properties of some 

Purolite chelated resins concerning rhodium (III) ions were studied. In this case, 3 different 

brands of resins with different functional groups were selected - S-920 with thiourea group, S-

108 with amino group, and S-895 with polyamine group [8]. When sorption was studied 
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under static conditions at a temperature of 75 C, the sorption capacity of sorbents to rhodium 

(III) ion was determined to be S-895 – 54, S-920 – 33, and S-108 – 26 mg/g [9,10]. 

Experimental part 

Materials. In the synthesis of complex-forming sorbent from this research work, "pure" 

and "chemically pure" brand reagents were used for synthesis based on urea, formaldehyde 

and diethyldithiocarbamic acid, and all reagents were purchased from “Merit Chemicals”. 

Methods. The structure of this sorbent and the structure of the complex formed by it 

with metals were determined by IR-spectra. 

Synthesis of sorbent. As a continuation of the above studies, lead 

diethyldithiocarbamate was first treated with the hydrochloric acid solution, the resulting 

precipitate was filtered and separated, and the filtrate was used for synthesis. In this case, 40 

ml (0.5 mol) of formalin was added to the reactor at a temperature of 40oC, sodium hydroxide 

solution was added until the medium became weakly alkaline (pH=8-10), and 12 g (0.2 mol) 

of urea was added to it and stirred at a temperature of 80-95oC. It was heated for 30-45 

minutes. A solution of diethyldithiocarbamic acid (7.3 g, 0.02 mol) was added dropwise to the 

resulting viscous mixture and mixed well. When the temperature increased to 95-100°C, a tar-

like mass was formed. The resulting resinous mass was placed in a porcelain bowl and dried 

in a drying cabinet at a temperature of 90oC for one day. After the dried polymer was crushed, 

the low molecular weight substances were washed first with 5% NaOH solution and then 

several times with distilled water until they became neutral. As a result, a white granular mass 

consisting of small pores was formed. The product yield was 90%. 

 

 

 
 

Results and Discussion 

IR-spectroscopic analysis of sorbent. IR spectroscopic studies were carried out on 

IRTracer-100 SHIMADZU infrared Fure spectrometer (Japan) (range 400–4000 cm–1, error - 4 

cm–1) sorbent in powder state. The interpretation of the spectra was carried out with the help 

of basic software, which performs automatic measurement of spectra, has tools for graphical 
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display of spectra and their parts, and organizes work with the user's spectrum library. In the 

experiment, "clean" and "chemically clean" brand reagents were used. Reagent solutions were 

prepared by dissolving the specific sample in known volumes of solvents[11]. 

The IR spectra of the obtained compound contain lines in the 3329.14 cm-1 region 

corresponding to the vibrational frequencies of CONHR secondary amide groups (bonded NH2 

groups, in one region). The appearance at 1622.13 cm-1 indicates a -C=O bonded group, and at 

1555.55 cm-1 we observe resolved resonances of R2NH secondary amine groups. We observe 

-CH3 groups in the region of 1381.03 cm-1. In the region of 1249.87 cm-1, there is a strong 

bond –S=S in thiocarbonates. 

In studying the structure and main properties of the three-dimensional structure of the 

obtained ion exchange polymers, it was found necessary to use physicochemical methods as 

well as chemical analysis methods. IR spectroscopy was used to establish the structure of the 

obtained ion exchangers[12]. 

Symmetric vibrational frequencies of ether groups are formed in the area of 1136.07 

cm-1, deformational vibrations of amino acids are formed in the area of 1022.27 cm-1, and S-N 

uneven vibrational frequencies are formed in the area of 754.17 cm-1. 

IR-spectroscopic analysis of KF-DT sorbent. 

 

Figure 3.2. IR spectrum of KF-DT sorbent 

The IR spectra of the obtained compound contain bands in the 3328 cm-1 region 

corresponding to the stretching vibrations of the primary amido groups. In the 1625 cm-1 

region, the appearance of lines indicates a bonded C=O group, and in the 1547 cm-1 region, we 

observe -NH groups. In dithizone, the bonded secondary amino groups with aromatic rings 

appear in the 1350 cm-1 region and show the bonded C = C group in the 1250 cm-1 region 

(Figure 3.2). 

Conclusion. 

Optimum conditions for synthesizing a complex-forming sorbent based on urea, 

formaldehyde, and diethyldithiocarbamic acid were studied. The structural structure of the 

obtained sorbent was analyzed using IR-spectra and its approximate structural formula was 

proposed. 
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