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Abstract: As a universal solvent, water plays an important role in the existence of all living organisms. Its continuous 

circulation through the hydrological cycle is essential for maintaining ecosystem balance. Wastewater is distinguished by its 

pollution and poses a great threat to the environment and all forms of life. Therefore, before discharging polluted water, it is 

necessary to properly treat it to mitigate its harmful effects. In this work, the sorption of Fe(III), Cu(II), Cd(II), Pb(II) metal ions 

from separate solutions and mixtures of their components was studied using sorbents obtained from rice husks for wastewater 

treatment. It is shown that the absorption capacity of sorbents depends on their properties. 

In the article, the synthesis of sorbent and the Raman spectra of sorbent obtained on the basis of urea, formalin and succinic 

acid (KFC) with some 3d-metals were studied. The results of Raman spectroscopic analysis of the metallocomplex formed by KFC 

sorbent with Cu(II), Zn(II) and Ni(II) ions were analyzed. The obtained spectrum results are presented on the basis of Fig. 

Absorption frequencies of KFC sorbent and its metallocomplexes for each field (group) were analyzed and included in the table. 

 

Keywords: sorbent, urea, formalin, succinic acid, asymmetric nas vibration, symmetric valence vibrations, deformation d 

vibrations KFC 

 

Introduction. Targeted synthesis of complex-forming sorbents containing nitrogen, 

phosphorus, sulfur, study of their physico-chemical and analytical properties, nature of 

substituents in ligands and acid-base properties of complex compounds formed with 

metal ions. Research is being conducted on the development of sorption systems that 

allow the selective separation of metal ions from complex solutions by means of modeling 

the process of formation of metal-sorbent systems[1]. Water as a universal solvent plays 

an important role in the existence of all living organisms[2]. Its continuous circulation 
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through the hydrological cycle is essential for maintaining ecosystem balance. 

Wastewater is distinguished by its pollution and poses a great threat to the environment 

and all forms of life. Therefore, before discharging polluted water, it is necessary to 

properly treat it in order to mitigate its harmful effects [3]. In this article, the sorption of 

Cd2+, Cu2+, Fe2+, Ni2+, Zn2+ ions by polysaccharide biosorbent was studied. The effect of pH 

on the distribution of metal cations in the heterophase system of an aqueous solution of 

metal sulfate and a sorbent containing cellulose was determined [4]. The article describes 

the process of sorption of Cu (II), Ni (II), Fe (III), Cr (VI) ions from model aqueous 

solutions by production waste (knop) and knop after chemical modification with 

solutions of organic and mineral acids; sodium sulfide has been studied. [5] In this study, 

the sorption of Fe (III), Cu (II), Cd (II), Pb (II) metal ions from separate solutions and 

mixtures of their components was studied using rice husk sorbents. It has been shown 

that the absorption capacity of sorbents depends on their properties.[6] In this work, the 

adsorption of metal ions from aqueous solutions by wastes of the woodworking industry 

was studied under static conditions. The effect of particle size of aspen sawdust on the 

level of adsorption of Zn2+ and Fe2+, Fe3+ ions was determined. Adsorption isotherms were 

obtained and adsorption parameters were calculated using Freundlich and Langmuir 

equations.[7] The article presents the sorption isotherms of copper (II) ion in a sorbent 

based on urea, formaldehyde and ethylenediaminetetraacetic acid (EDTA) according to 

the Langmuir and Freundlich models. [8]. In this research work, the removal of cations 

from an aqueous solution of wood processing waste-juniper bark sorbent was 

investigated. It was determined that the dynamic exchange capacity of these sorbents 

reached 22.52 mg/g at an initial concentration of 52 mg/dm in solution [9][10]. The process 

of sorption of heavy metals such as Sr, Ni, Zn from surface waters by the natural zeolite 

(KLT) of the Kholinskoe mine and the organozeolite mineral obtained on its basis was 

studied. According to the obtained results, internal diffusion coefficients and sorption 

levels of Sr, Zn, Ni, and Ca are good in pH 6, 7, and 8 [11,12]. Sorption mechanisms with 

unmodified and modified sorbents have been proposed, including chemisorption, 

electrochemical, and various variants of donor-acceptor interactions [13,14,15]. 

Compounds based on N-2-sulfoethyl chitosan of copper (II) and silver (I) ions in the 

solution were used as sorbents. The sorption selectivity of sorbents based on N-2-

sulfoethylchitosan has been shown to increase compared to copper(II) [16,17]. In a 

number of research works presented below, methods of obtaining sorbents based on 

various compounds are presented: Dithizone, calmagit[18], ammonium salts of 

dithiophosphoric acid O,O-diethyl ether[19], 8-hydroxyquinoline[20], 1-(2-pyridylazo) 

Several complicating agents have been proposed. 

Methodology. Synthesis of KFC sorbent. 1.2 g (0.02 mol) of urea was dissolved in 4 

ml (0.05 mol) of formalin in a three-necked flask equipped with a reflux condenser and 

an automatic stirrer for the synthesis of ionite, which forms a complex containing 

nitrogen and oxygen, and pH=8- Ammonium hydroxide solution was added until 9. The 

temperature was heated at 70-80℃ until a viscous mass was formed. 1.18 g (0.01 mol) of 

succinic acid solution in 5 ml of ammonium hydroxide was added dropwise to the 
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resulting viscous mixture and mixed. When the temperature increased to 110-130℃, a 

solid or gummy mass was formed. The resulting resinous mass was placed in a porcelain 

bowl and dried in a drying cabinet at a temperature of 100℃ for 20 hours. After the dried 

polymer was crushed, the low molecular weight substances were washed first with 5% 

sodium alkali solution and then several times with distilled water until it became neutral. 

As a result, a white granular mass consisting of small pores was formed. Product yield 

was 90%. 

Results.  

In the Raman spectrum (HORIBA Scientific) of the sorbent based on urea, formalin 

and succinic acid (KFC) in the 3128.42 cm-1 and 1176.01 cm-1 regions, valence symmetric 

νs and deformation δ vibrations of the n(NH2) group and 1116.43 cm-1 In area , the valence 

ν vibration frequency of the n(C-N-) group was observed. Together with this, the 

frequency of valence asymmetric νas, valence symmetric νs and deformation δ vibrations 

of the ν(CH2) group was formed in the fields of 2945.46 cm-1, 2828.42 cm-1 and 745.46 cm-

1. In the regions of 1725.93 cm-1 and 1519.24 cm-1, the valence asymmetric vibration of the 

ν(C=O) and   ν(COO-) group was formed, as well as the deformation δ vibration 

frequency in the region of 828.42 cm-1 . Also, the valence ν vibration frequencies of the 

ν(COOC) group were observed in the region of 1282.58 cm-1. The obtained spectrum 

results are presented in picture-1. 
 

 
Figure 1. Raman spectrum of KFC sorbent. 

 

The Raman spectrum (HORIBA Scientific) obtained as a result of Cu(II) sorption of 

KFC sorbent is presented in picture-2, according to the results of the IR spectrum, the 

valence symmetric νs of the ν(NH2) group at 3195.93 cm-1  and 1188.11 cm-1 deformation 

d vibrations and the valence δ vibration frequency of the ν (C-N-) group were observed 

in the region of 1116.43 cm-1. Together with this, the frequency of valence asymmetric νas, 

valence symmetric νs and deformation δ vibrations of the ν (CH2) group was formed in 

the fields of 2985.31 cm-1, 2895.2998 cm-1 and 785.82 cm-1. In the regions of 1765.11 cm-1 

and 1511.24 cm-1, the valence asymmetric vibration of the ν (C=O) and ν (COO-) group 

was formed, as well as the deformation δ vibration frequency in the region of 825.93 cm-
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1 . Also, the valence ν vibrational frequencies of the ν(COOC) group were observed in the 

region of 1231.58 cm-1. The spectrum results are presented in picture-3.2 
 

 
Figure 2. Raman spectrum of the complex formed by Cu(II) with KFC sorbent. 

 

The complex Raman spectrum (HORIBA Scientific) obtained as a result of the 

sorption of Zn(II) of KFC sorbent is presented in picture-3. According to the results of the 

IR spectrum, the ν(NH2) group is valence symmetric in the areas of 3268.94    cm-1 and 

1192.50 cm-1 νs and deformation δ vibrations and the valence ν vibration frequency of the 

ν(C-N-) group were observed in the region of 1182.82 cm-1. Together with this, the 

freCuency of valence asymmetric νas, valence symmetric νs and deformation δ vibrations 

of the ν(CH2) group was formed in the fields of  2935.29 cm-1, 2865.33 cm-1 and 765.82 cm-

1. In the 1745.94 cm-1 and 1516.24 cm-1 regions, the valence asymmetric vibration of the 

ν(C=O) and ν(COO-) group was formed, as well as the deformation δ vibration frequency 

in the 835.29 cm-1 region. Also, the valence n vibrational frequencies of the n(COOC) 

group were observed in the region of 1233.58 cm-1. The complex Raman spectrum 

(HORIBA Scientific) obtained as a result of Ni(II) sorption of KFC sorbent is shown in 

picture-4.  

 
Figure 3. The complex formed by Zn(II) with KFC sorbent 

 

According to the results of the IR spectrum, the ν(NH2) group is valence symmetric 

in the fields of 3461.88 cm-1 and 1196.91 cm-1 νs and deformation δ vibrations and the 
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valence ν vibration frequency of the ν(C-N-) group were observed in the region of 1146.41 

cm-1. Together with this, the frequency of valence asymmetric νas, valence symmetric νs 

and deformation δ vibrations of the ν(CH2) group was formed in the fields of 2967.81 cm-

1, 2861.18 cm-1 and 735.55 cm-1. 

In the 1738.83 cm-1 and 1533.21 cm-1  regions, the valence asymmetric vibration of 

the ν(C=O) and ν(COO-) group was formed, as well as the deformation δ vibration 

frequency in the 861.87 cm-1  region.  Also, the valence ν vibrational frequencies of the 

ν(COOC) group were observed in the region of 1283.64 cm-1. 
 

 
Figure 4. Raman spectrum of Ni(II) complex formed with KFC sorbent. 

Table 1 

Absorption frequencies in Raman spectra of KFC sorbent and its coordination 

compounds with Cu(II), Zn(II), Ni(II) ions, cm-1 

Vibration 

classifications 
KFC KFC+Cu(II) KFC+Zn(II) KFC+Ni(II) 

sm
-1

 

ν(NH) 3128,42 3195,93 3268,94 3461,88 

νs(CH2) 2945,46 2985,31 2935,29 2967,81 

νas(CH2) 2828,42 2895,29 2865,33 2861,18 

ν(C=O) 1725,93 1765,11 1745,94 1738,83 

ν(-COC=O) 1282,58 1231,58 1233,58 1283,64 

νas(-COO-) 1519,24 1511,24 1516,24 1533,21 

ν(C-N) 1116,43 1116,43 1182,82 1146,41 

(NH) 1176,01 1188,11 1192,50 1196,91 

(CH2) 745,46 785,28 765,82 735,55 

(-COO-) 828,42 825,93 835,29 861,87 

As can be seen from table-11, the ν(NH) vibration frequency and (C=O) vibration 

frequency in KFC sorbent are relatively shifted to other areas. It can be concluded as 

follows that the secondary amine and carbonyl groups in the KFC sorbent ensure the 

coordination of the metal ion and a chelate is formed. 

Discussion. Certain scientific and practical results have been achieved in our 

republic in the production of chemical industry products, in particular, in the selective 

extraction of non-ferrous and rare metals from the composition of solutions, and in the 

production of sorbents used for the purification of wastewater from heavy metals. In this 

article presented by the authors, the problem of pollution and self-cleaning of water 
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bodies from heavy metal compounds is considered. The process of sorption of heavy 

metal compounds (Cu (II), Zn (II), Pb (II), Cd (II)) by bottom sediments of different 

composition was studied. Equilibrium constants and rates of sorption of heavy metals by 

bottom sediments were obtained during laboratory studies. It was determined that the 

obtained data are necessary for predicting water quality as a result of pollution of a water 

body with industrial wastewater. 

Conclusion. The article contains a brief annotation of the work, key words. In the 

introduction, the relevance of the topic and the work of scientists on the topic are 

analyzed. The absorption spectra of the sorbent based on urea, formalin and succinic acid 

(KFC) and its complexes with some 3d metals were studied by Raman spectroscopy 

(HORIBA Scientific). Raman spectroscopic analysis of metal complexes formed by Cu(II), 

Zn(II) and Ni(II) ions with KFC sorbent was performed. From the results, it can be 

concluded that the secondary amine and carbonyl groups in KFC sorbent are coordinated 

with the metal ion and a chelate is formed. 
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