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ABSTRACT: The solubility of the NaClO3∙CO(NH2)2-N(C2H4OH)3∙HNO3-H2O system from the freezing point (-44.2) 

to 60.0 °C was studied. A polythermal solubility diagram was constructed, on which the crystallization fields of ice, 

NaClO3∙CO(NH2)2, CO(NH2)2, and N(C2H4OH)3∙HNO3, are demarcated. The system belongs to a simple eutonic type. 

The physicochemical properties of the system [60%NaClO3∙CO(NH2)2+40%H2O]-N(C2H4OH)3∙HNO3 were also 

studied and a “composition-properties” diagram was constructed based on the obtained data. 
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I.INTRODUCTION 

 

Currently, to obtain high yields of cotton with good qualities, calcium chlorate-containing, mildly and complex-acting 

defoliants with physiologically active substances are used [1-5]. One of the most promising, agrochemical and 

economically feasible ways to increase the efficiency of the applied defoliants, increase crop yields and improve the 

quality of agricultural products is the combined use of defoliants with ethylene producers and mineral fertilizers [6–10]. 

There is insufficient data in the literature to substantiate the physicochemical bases and technology for obtaining 

complex defoliants based on calcium chlorate containing physiologically active substances and nutrients.  

In the synthesis of new effective defoliants, the use of sodium monochloroacetate, which is an intermediate for 

chemical production, is of considerable interest. It has defoliating and herbicidal activity [8].  

For the physico-chemical substantiation of the processes of obtaining soft-acting defoliants, it is necessary to know the 

solubility of salts in systems including the studied components and the interaction of the initial components in a wide 

range of temperatures and concentrations [5]. 

Based on the foregoing, we studied the interaction of components in a water system with the participation of calcium 

dicarbamidochlorate and sodium monochloroacetate in a wide range of temperatures and concentrations by the visual-

polythermal method. 

II. SIGNIFICANCE OF THE SYSTEM 

 

The article focuses on the study of the interaction of various salts in a multicomponent system by the visual 

polythermal method. The study of literature survey is presented in section III, Methodology is explained in section IV, 

section V covers the experimental results of the study, and section VI discusses the future study and Conclusion. 
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III. LITERATURE SURVEY 

 
Kucharov X. et al [5] clarified the interaction of components in the system of sodium chlorate, triethanolamine and 

water. The system has been studied over a wide temperature range. It is established that the system belongs to a simple 

eutonic type. 

 

Authors Hamdamova Sh.Sh. and Mirzaev N.A. [6] investigated the solubility of the magnesium chlorate-tetranolamine-

water system using the visual-polythermal method at temperatures from -56.0 to 31.2 °C. The polythermic diagramme 

of solubility was built, on which bordered the fields of crystallization of an ice, sixteen, twelve and six-aqua 

magnesium chlorate, treethanolamin and new substances with the structure MgОНClO3 ∙N(C2H4OH)3∙2H2O and 

(C2H4OH)3·HClO3 are established. The compounds were identified by chemical and physical chemical methods of 

analysis. 

 

Khudoyberdiev F.I. [7] studied the solubility in the NaClO3∙3CO(NH2)2-N(C2H4OH)3∙C4H4N2O2-H2O system by using 

a visual polythermal method. The solubility diagram of the system is constructed in the temperature range (-23.9) to 60 

ºС in order to justify the conditions for the synthesis of a new compound based on the starting components. 

 

IV. METHODOLOGY 

 

The objects of study are sodium monochloroacetate and calcium dicarbamidochlorate. Sodium chloroacetate forms 

colorless crystals. Sodium chloroacetate is soluble in water, poorly soluble in methanol, insoluble in acetone, benzene, 

diethyl ether, carbon tetrachloride [11]. 

Calcium dicarbamide chlorate was obtained by the interaction of melting carbamide with calcium chlorate at a molar 

ratio of components 2:1 2CO(NH2)2:Ca(ClO3)2 [12]. 

For quantitative chemical analysis, conventional methods of analytical chemistry were used, in particular, the amount 

of chlorate ion was determined by volumetric permanganometric [13] and calcium by volumetric complexometric 

methods [14]. The content of elemental carbon and hydrogen was determined according to the method [15]. The 

concentrations of sodium monochloroacetate were determined by the photometric method [16]. The visual-polythermal 

method was used to study the solubility of the components [17-18]. Crystallization temperatures were determined using 

glass mercurial thermometers TP-6 with a measurement range of -30 to +60 °C and LT-15 with a measurement range 

of          -100 to +20 °C. The pycnometric method was used to determine the density [19]. The viscosity of the solutions 

using a VTL viscometer, the pH of the solutions by FE20 METTLER TOLEDO pH meter and the refractive indices of 

the solutions using a digital refractometer (model PAL-BX/RI, ATAGO refractometer) were measured at a temperature 

of 20 °C [20]. The IR absorption spectra of the initial components and the studied compounds were recorded in the 

frequency range 4000 – 400 cm
–1

 on a FT-IR SHIMADZU MIRacle10 [21–24]. 

 

V. EXPERIMENTAL RESULTS 

 

The binary system H2ClCOONa-H2O was studied in the temperature range from -29.0 °С to 70.0 °С. The polythermal 

solubility diagram is characterized by the presence of crystallization branches of ice and monochloroacetic acid sodium 

salt at a temperature of -29.0 °C and a concentration of 58.0% CH2ClCOONa and 42.0% H2O [25]. 

The binary system Ca(ClO3)2∙2CO(NH2)2-H2O is characterized by crystallization branches of ice and calcium 

dicarbamide chlorate with a transition point at 15 °C, in which the concentration of Ca(ClO3)2∙2CO(NH2)2 is 46.1%. 

The results are in good agreement with the literature data [5, 26]. 

Solubility in the Ca(ClO3)2∙2CO(NH2)2- CH2ClCOONa - H2O system was studied using eight internal incisions. Based 

on the results of studying the sides of the system and internal incisions, a complete polythermal diagram of the 

Ca(ClO3)2∙2CO(NH2)2 - CH2ClCOONa - H2O system was constructed in the temperature range from -36.2 °C to 44.8 

°C (Fig. 1). 

On the polythermal solubility diagram of the Ca(ClO3)2∙2CO(NH2)2 - CH2ClCOONa - H2O system, the fields of 

crystallization are delimited: ice, Ca(ClO3)2∙2CO(NH2)2∙2H2O, C2H2ClO2Na and as a new phase 

(C2H2ClO2)CaOH∙H2O. 
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Fig. 1. Polythermal diagram of the solubility of the Ca(ClO3)2∙2CO(NH2)2- CH2ClCOONa - H2O system. 

 

The boundaries of the Ca(ClO3)2∙2CO(NH2)2∙2H2O, (C2H2ClO2)CaOH∙H2O and C2H2ClO2Na crystallization fields 

adjacent to the ice crystallization region are highlighted in green, red, and yellow, respectively. The crystallization 

fields of Ca(ClO3)2∙2CO(NH2)2∙2H2O and (C2H2ClO2)CaOH∙H2O are bounded by a blue line, and C2H2ClO2Na and 

(C2H2ClO2)CaOH∙H2O regions are bounded by a purple line. These fields converge at two triple nodal points of the 

system, for which the compositions of the equilibrium solution and the corresponding crystallization temperatures are 

determined (Table 1). Solubility isotherms at temperatures of -20, -10, 0, 10, 20, 30, 40 °С are plotted on the 

polythermal state diagram of the system. 

The new phase was isolated in crystalline form and identified by chemical and physico-chemical analysis methods. 

 

Table 1. Double and triple points of system Ca(ClO3)2∙2CO(NH2)2- CH2ClCOONa - H2O. 

 

Composition of the liquid phase (%) 
Tс 

(°С) 
Solid phase Ca(ClO3)2∙ 

2CO(NH2)2 
NaC2H2ClO2 H2O 

46.0 - 53.0 -15.0 Ice +Ca(ClO3)2∙2CO(NH2)2  ∙2H2O 

43.0 11.6 45.4 -24.0 The same 

42.3 15.0 42.8 -25.2 
Ice + Ca(ClO3)2∙2CO(NH2)2  ∙2H2O  + 

(C2H2ClO2)CaOH∙H2O 
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31.8 21.0 47.2 -26.0 Ice + (C2H2ClO2)CaOH∙H2O 

21.0 32.0 47.0 -29.0 The same 

11.6 44.2  -34.4 -//- 

11.0 46.0 43.0 -36.2 Ice + (C2H2ClO2)CaOH∙H2O + NaC2H2ClO2 

8.2 45.9 45.9 -34.0 Ice + NaC2H2ClO2 

- 41.8 58.2 -29.0 The same 

45.0 11.2 43.8 -5.0 
Ca(ClO3)2∙2CO(NH2)2∙2H2O  + 

(C2H2ClO2)CaOH∙H2O 

57.6 4.8 37.6 21.0 The same 

10.4 47.8 41.8 -33.8 (C2H2ClO2)CaOH∙H2O + NaC2H2ClO2 

9.8 54.2 36.0 44.8 The same 

 

The chemical composition of the solid phase isolated from the assumed crystallization area (C2H2ClO2)CaOH∙H2O 

corresponds to the following results: 

Found (wt %): Са
2+

-23.66; Cl-20.82; H-2.96. 

Anal. calcd. (wt %): Са
2+

-23.73; Cl-21.06; H-2.96. 

The solubility of the obtained new substance in water (in%): 22.76 at 10°, 29.62 at 20°, 32.62 at 30°, 34.02 at 40° and 

35.81 at 50°C. It is insoluble in organic solvents such as ethylene, toluene, benzene, acetone and chloroform. 

Comparing the data of X-ray phase analysis of the initial compounds CH2ClCOONа and (C2H2ClO2)CaOH∙H2O, it can 

be noted that all reflections on diffraction patterns, as a rule, are characterized by their own reflection angles, a set of 

interplanar distances and diffraction line intensities (Fig. 2). This indicates the individuality of the crystal lattice 

(C2H2ClO2)CaOH∙H2O. 

 

 
Fig. 2. X-ray phase analysis of monochloroacetic acid sodium (а) and double aqueous monochloroacetic 

hydroxycalcium (b). 

 

According to IR-spectroscopic studies, it can be seen that the vibrations of NaC2H2ClO2 and the new compound 

(C2H2ClO2)CaOH∙H2O contain all the bands of stretching and bending vibrations inherent in them (Fig. 3). 

The IR spectrum of NaC2H2ClO2 is characterized by absorption bands at 667.4 and 763.81 cm
-1

 conditioned to 

antisymmetric and symmetric stretching vibrations of the C-Cl group. The bands at 929.69 cm
-1

 are caused by a non-

planar, deformational vibrations of the OH-bond of the carboxyl group, and the stretching vibrations as(C=O) and 

а 

в 
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s(C=O) of the carboxyl group are attributed to to absorption bands in the frequency range of 1593.20, 1396.46 and 

1247.94 cm
-1

. 

The IR spectra of (C2H2ClO2)CaOH∙H2O differ from the spectra of free monochloroacetic acid sodium salt by the 

presence of new absorption bands in the frequency range of 3363.86 and 3537.45 cm
-1

. They are characteristic of 

asymmetric and symmetric to OH stretching vibration groups, in which it is related with the formation of a hydrogen 

bond in crystallized water. 

 

 
Fig. 3. IR spectra: monochloroacetic acid sodium (а) and double aqueous monochloroacetic hydroxycalcium (b). 

 

In order to substantiate the process of obtaining an effective defoliant based on calcium dicarbamidochlorate and 

sodium salt monochloroacetic acid, the solubility and rheological properties of the components in the 

[55%Сa(ClO3)2∙CO(NH2)2+45%H2O]-C2H2ClONа system were studied, the results of which are shown in table 2. 

 

Table 2. Physicochemical and rheological properties of the [55%Сa(ClO3)2∙CO(NH2)2+45%H2O]-C2H2ClONа system. 
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98.0 2.0 13.5 1.391 1.660 6.84 1.4122 -//- 

96.0 4.0 12.0 1.398 1.800 6.4 1.4136 -//- 

94.0 6.0 10.0 1.408 1.920 6.0 1.4154 -//- 

92.5 7.8 8.0 1.415 1.960 5.68 1.4160 
Ca(ClO3)2∙2CO(NH2)2  ∙2H2O + 

(C2H2ClO2)CaOH∙H2O 

90.5 9.5 12.2 1.428 2.300 5.4 1.4192 (C2H2ClO2)CaOH∙H2O 

88.5 11.5 15.2 1.439 2.620 5.16 1.4216 The same 

86.5 13.5 17.8 1.449 2.900 4.98 1.4240 -//- 

83.5 16.5 20.7 1.459 3.240 4.74 1.4268 -//- 

81.1 18.9 22.8 1.466 3.440 4.56 1.4284 -//- 

 

Based on the results of studying the physicochemical and rheological properties, a composition-properties diagram of 

the [55%Сa(ClO3)2∙CO(NH2)2+45%H2O]-C2H2ClONа system was constructed (Fig. 4). 

 

 
 

Fig. 4. The "composition-properties" diagram of the system [55%Сa(ClO3)2∙CO(NH2)2+45%H2O]-C2H2ClONа at 20 

С, depending on the amount of addition of H2NC2H4OH·HNO3. crystallization temperature (1) density (2); viscosity 

(3); pH of the medium (4); refractive index (5). 

 

The results of the study show that when the sodium salt of monochloroacetic acid is added to a 55% saturated solution 

of calcium dicarbamidochlorate, the crystallization temperature initially decreases from 15.0 °C to 8.0 °C and then rises 

again to 22.8 °C, an eutectic point is formed when the concentration reaches 7.8%. At the eutectic point, 

Ca(ClO3)2∙2CO(NH2)2∙2H2O and (C2H2ClO2)CaOH∙H2O crystallize together. Further addition of the sodium salt of 
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monochloroacetic acid leads to increase temperature and changing indicators of composition and properties. This 

indicates that a new phase (C2H2ClO2)CaOH∙H2O is formed in the system. 

A further increase in the concentration of the sodium salt of monochloroacetic acid in the solution of the system leads 

to an increase in density from 1365 to 1466 g/cm
3
, viscosity from 1500 to 3440 mm

2
/s, refractive index from 1.4088 to 

1.4284, and a decrease in the pH of the solution from 7.42 to 4.56 were observed with an increase in concentration to 

7.8 %. A sharp change in all curves confirms the phase transition. 

 

VI. CONCLUSION AND FUTURE WORK 

 

The solubility of the components in the Сa(ClO3)2∙CO(NH2)2-C2H2ClONа-Н2О system was studied for the first time by 

a visual polythermal method. The phase diagram demarcates the crystallization fields of the starting substances and the 

new compound Ca(C2H2ClO2)OH∙H2O. The formation of a new compound is confirmed by chemical and physical-

chemical analysis methods. The results of the study of the composition-properties of the system 

[55%Сa(ClO3)2∙CO(NH2)2+45%H2O]-C2H2ClONа show that an effective defoliant can be obtained on the basis of 

calcium dicarbamidochlorate and sodium salt monochloroacetic acid. 
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