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Fundamental scientific research is being actively conducted in 
the world today on the synthesis of polymer-metal complexes 
and the creation of promising drugs for different purposes. In this 
regard, it is an urgent task to obtain polymer-metal complexes 
with biological activity, to determine their physico-chemical 
properties and possible areas of their application. The purpose 
of the research: to obtain complexes of pectin with some metals 
and to study their physical and chemical properties. 
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PEKTINNING RUX METALLI BILAN MURAKKAB BIRIKMASINING TIBBIY 
AHAMIYATI 

 
 

Annotatsiya/ Аннотация 
Bugungi kunda dunyoda polimer-metall komplekslarni sintez qilish va turli maqsadlarda 
istiqbolli dori vositalari yaratish bo‘yicha fundamental ilmiy tadqiqotlar faol olib borilmoqda. 
Shu munosabat bilan biologik faollikka ega bo'lgan polimer-metall komplekslarni olish, 
ularning fizik-kimyoviy xossalari va qo'llanilishi mumkin bo'lgan sohalarini aniqlash dolzarb 
vazifadir. Tadqiqot maqsadi: ba'zi metallar bilan pektin komplekslarini olish va ularning fizik-
kimyoviy xususiyatlarini o'rganish. 
Kalit so‘zlar/ Ключевые слова: pektin, metall komplekslari, viskometriya, kaltsiy, magniy, 
rux metallari jarayoni. 

 
1. INTRODUCTION.  
The study of the processes of complex formation of natural polymers with metals in the 

world attracts special attention of researchers. The problem of creating new effective drugs for 
agriculture and medicine is a prerequisite for obtaining new knowledge on the synthesis and 
prediction of the properties of metal complexes. The transition of the polymer complex form to 
drugs reduces their toxicity, gives them new biological activity, and acquires prolongation 
properties. The water solubility of polymer metal complexes is of great importance in this, which 
helps to increase the biodegradability of drugs and increase the possibility of their wider 
application in practice. In the human body, as well as in farm animals, microelements are of 
great importance, for example, calcium regulates intracellular processes, regulates the 
permeability of cell membranes, regulates the processes of conduction and contraction in the 
nerve, stabilizes heart activity, forms bone tissue, and mineralizes teeth. Calcium deficiency in 
the body leads to diseases such as osteoporosis, heart disease, rickets. 

Today, fundamental scientific research is actively being conducted in the world on the 
synthesis of polymer-metal complexes and the creation of promising drugs for various 
purposes. In this regard, it is an urgent task to obtain polymer-metal complexes with biological 
activity, determine their physicochemical properties and possible areas of their application 

Authors [5]. It was shown that the acetyl number of various pectins is in a wide range: 
from 0.01 to 2.5%. The authors also noted that the higher the acetyl groups in the pectin, the 
lower the gel-forming properties of pectin. For pectins used as gelling agents, the content of 
acetyl groups should not exceed 1%. 

Pectins are characterized by a difference in the distribution of carboxyl groups along the 
entire length of the pectin molecule, in particular, in apple pectins the carboxyl groups are 
evenly distributed along the length of the pectin molecule, but in citrus pectins this distribution 
is uneven. 

With an increase in the degree of esterification of pectin molecules and a decrease in 
their molecular weight, their water solubility increases, therefore, low-methoxyl pectins are less 
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soluble in water than high-methoxyl pectins. Molecules of pectic acids that do not contain 
methoxyl groups, although their molecular weight is insignificant, are insoluble in water. With 
vigorous stirring and at room temperature, 4-8 g of pectin dissolve in 100 ml of water, when the 
temperature rises to 60-80 ° C, the solubility of pectin increases slightly and amounts to 10 g 
of pectin in 100 ml of water. . Thus, the maximum concentration of aqueous solutions of various 
pectins does not exceed 10%. To increase the solubility of pectins, sugar can be added to 
water. This tendency can be explained by the dissociation of free carboxyl groups in pectin 
molecules and the pH of their aqueous solutions close to 3.5, i.e., the formation of an acidic 
environment in pectin molecules in water. Consequently, pectins are more soluble in water, the 
more methoxyl groups in their molecules, the more significantly the ability of pectins to form 
complexes decreases. Pectin solutions were characterized by significant viscosity. This is an 
important indicator, since there is a clear relationship between the viscosity of pectin and its 
gel-forming ability [6]. In this work [35], a polysaccharide-metal complex of a ruthenium 
compound was synthesized (Scheme 2). it showed a certain inhibition specificity towards the 
human renal cell adenocarcinoma cell line 786-O cells and reduced the toxic effects of the 
Ruthenium complex on normal cell lines, such as human normal kidney [35]. 

2. RESEARCH METHODOLOGY 
Polymer-metal complexes are synthesized by various methods, such as electro, photo, 

free radical polymerization (atactic polymers are synthesized), reflux, homopolymerization, 
copolymerization, and living and controlled polymerization (stereoregular polymers are 
obtained), polycondensation, synthesis of dendrimers and hyperbranched polymers-physical 
vapor deposition polymerization, radiation-stimulated welding method, polycondensation, 
emulsion polymerization, etc. [65]. Coordination polymers are materials with high surface area, 
porosity, and are widely used in ion exchange processes, adsorption, sensor technologies, 
heterogeneous catalysis, luminescence, and proton conductivity [66,67,68]. Coordination 
polymerization involving metal chelate compounds is the most preferred method for the 
development of polymer-metal complexes. Coordination polymers are composed of metal ions 
and bridging ligands that link them to solid-state structures that extend in one, two, and three 
dimensions. Two- and three-dimensional coordination polymers with potential voids are often 
called metal-organic frameworks or porous coordination polymers. They are obtained by the 
following methods: 

1. Conventional method 
2. Diffusion synthesis 
3. Solvents 
4. Microwave synthesis 
5. Sonochemical synthesis 
6. Electrochemical synthesis 
7. Ion-thermal synthesis 
3. ANALYSIS AND RESULTS 
As a result of processing the integral curves of Fig. 1, differential curves were obtained 

for the distribution of the pore volume by effective radii, which are shown in Fig. 2; 
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Figure 2. Differential curves of pore size distribution by effective radii of plant 

residue coals 
1-charcoal obtained from the roots of licorice, 2-modified sodium carbonate charcoal 
Benzene sorption-desorption isotherms for all samples were also obtained at 20°С in 

the range of R/Rs relative pressure from 1*10-5 to 0.95. The isotherms are depicted in Figure 
3. The isotherms are S-shaped and have a clear hysteresis loop, indicating the presence of 
capillary condensation in the transition pores. All the experimental points in the relative 
pressure range from 1*10-5 to 0.2÷0.3 fit well on a straight line, which shows that this equation 
is applicable for processing experimental data. 

As can be seen from Table 1, when changing coal, the total volume of pore space 
decreases, but this decrease occurs in different ways. When impregnated with an aqueous 
solution of Na2CO3, the decrease in total volume occurs mainly due to the decrease in the 
volume of macropores and partly due to micropores. Since the aqueous solution of the modifier 
cannot enter the micropores due to the negative capillary pressure, a slight decrease in their 
volume may be associated with the "blackening" of the entrances to the micropores. 

Table-1 
Soaking conditions and porous structure of activated carbon 

Sample Metal 
content 
in coal 
mg/g 

Total 
porosity 

П% 

Volume pore 
sm3/g 

Dubinin-
Radushkevich 

Energy 
classification 

is cal/mol 

distribution, 
n 

V 
mak 

Vn V 
mik 

10-9 W0 

Activated 
carbon 

- 63 0,28 0,17 0,48 0,75 0,50 5220 1,95 

Sodium 
charcoal 

28 60 0,25 0,18 0,45 0,7 0,47 5340 2,04 
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In addition, the wetting nature of the porous layers in activated carbon may differ from 
the wetting properties of graphite, and at least part of the micropores are wetted, for example, 
due to oxidation. 

 
Figure 3. Isotherm of benzene adsorption onto the obtained coal samples 
1-charcoal obtained from the roots of licorice, 2-modified sodium carbonate charcoal 
A different picture is observed when activated carbon is impregnated with carbonate 

solutions containing alcohol. Here, in all cases, the decrease in total pore volume is associated 
with a decrease in the volume of pores of all sizes, which indicates a more uniform distribution 
of the modifier in the pore space of the coal. 

It is worth noting that when the alcohol content rises to 75% and 95%. the concentration 
of sodium carbonate in the solution and its content in coal decreases, and the volume of 
micropores does not increase and even slightly decreases, which indicates that they are more 
fully filled. 

As can be seen from the table, the value of the constant in the Dubinin-Radushkevich 
equation decreases for modified coal, which indicates an increase in the adsorption potential 
in micropores. Since benzene was used as a sorbate in the recording of sorption-desorption 
isotherms, the increase in adsorption potential when modified with sodium carbonate can be 
explained only by the decrease in the average size of micropores. The value of the constant in 
the range of 0.76÷0.6 indicates the presence of micropores up to 5 - 7 A in the corner, the 
effective radii of other pores also decrease, which is confirmed by differential porograms for 
macropores (Fig. 2). ). 

The maximum volume of the sorption area Wo calculated using this equation 
corresponds practically to the volume of micropores and decreases with increasing alcohol 
content in the absorbent solution. 

The processing of the results showed that the isotherms of all samples of coal modified 
with sodium carbonate are characterized by the thermal adsorption equation with the degree 
of distribution n approximately equal to two, which corresponds to the data for unmodified coal. 
and modified by other substances. The characteristic adsorption energy of the studied samples 
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increases from 5250 to 5850 cal/mol; an increase in this parameter allows us to expect an 
increase in their sorption activity towards carbon dioxide. 

Table 1 summarizes the composition of the samples and their pore structure, obtained 
by numerical processing of porograms and isotherms. 

As can be seen from Table 1, the limiting concentration of sodium carbonate was used 
in water-alcohol mixtures, first of all, the amount of alcohol in the absorbent solution increases, 
increases. experiments with a constant content of the modifier reach the greatest value when 
impregnated with a 50% alcohol solution and then decrease. A sample soaked in a 10% 
aqueous solution of Na2CO3 has a lower carbonate concentration (6.47%). As can be seen 
from the table, due to the use of aqueous-alcohol solutions, the maximum amount of sodium 
carbonate in coal can increase to 130 mg / g, while when using aqueous solutions, feces are 
four times less (32 mg/g) . If necessary, the content of the modifier can be increased to 220 mg 
/ g by reabsorption with a solution of Na2CO3 in 50% ethanol. 

The table also shows that the porosity of the samples during soaking changes 
depending on the amount of carbonate in the coal: with an increase in the amount of K2CO3, 
the porosity decreases, and when it is weakened, the diffusion of sodium carbonate into the 
pores increases. 

Summary. Preparation of samples modified with sodium carbonate was carried out by 
impregnation with solutions of non-constant Na2CO3 content. This is explained by the desire to 
obtain sorbents with the highest modifier content. Unmodified coal has a higher sorption than 
modified coal. This is the basis for the use of cationic coals in medicine. 

Conclusion 
In all countries, the generation of large amounts of medicinal plant processing waste 

causes a number of negative economic and ecological consequences. It is necessary to 
produce industrially useful materials and practical application by purposeful use of licorice root 
extract residues. In this regard, it is very important for theory and practice to justify the rational 
use of these medicinal plant residues. The rationale for this solution is particularly relevant for 
the global scale. As a result of mechanical processing of plant residues, the issues of effective 
disposal of very large amounts of waste are solved. Carbon sorbent was obtained by thermal 
treatment of plant extract residues at 800-9000С. The sorption of benzene molecules to the 
obtained carbonization and activated carbon and their distribution into the pores were 
theoretically studied. The results of the study revealed that the sorption laws of 
thermodynamics correspond. If the heat of adsorption is higher than 50 kJ/mol, ion-molecular 
p-complexes are formed in the pores. The use of activated substances for the proposed coal, 
that is, the use of the modification method, allows for uniform distribution in the pores of the 
coal, increasing the absorption depth. 
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