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INFLUENCE OF ALKALI METAL CATION ON THE FORMATION OF DOUBLE SALTS IN A SYSTEM 
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We investigated phase equilibrium in aqueous systems chloride salt and alkali metal and rare earth elements (neodymium, gadolinium) at 25–100 °C by isothermal solubility in the article. Temperature and concentration limits of crystallization of initial salts and double compounds 
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. We identified double chlorides which were synthesized and identified by physical and chemical methods of analysis.
Keywords: water-salt systems, chloride of alkali metal, chloride of neodymium, chloride of gadolinium, dual chloride.
Statement of the problem. In recent years interest of the study of physical and chemical properties of rare earth elements (REE), alkali metals and their compounds that gets widespread use in modern technology, metallurgy, chemical industry, energy, medicine is growing. Optical quantum generators, storage computing devices are created based on chloride REE compounds [1–5]. Salt and rubidium cesium is used in medicine, organic and inorganic synthesis as catalysts [6]. Lithium chloride is used in creating sources of nutrition pacemakers [7–8].
In connection with the foregoing, it is important the study of phase of balance weights in chloride water systems of alkali metals and rare earth elements (neodymium, gadolinium) in a wide temperature range in order to obtain the data required to make the technology division of REE and alkaline metals; working regulations synthesis of binary compounds found in ternary systems, study of their structure and properties of the purpose of further usage.
Analysis of recent research and publications which begin to solve the problem. Data of solubility in triple aqueous systems of chloride salt and alkali metal neodymium (gadolinium) and properties of double salts crystallize in these systems, in literature is very limited. At 25 °C only system 
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 [10] was investigated.

The purpose of research – to determine the influence of cations of alkali metal salts on the formation of binary systems 
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Tasks of studies:
- to explore heterogeneous equilibrium in water-salt systems 
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- to build politerms of solubility on which to determine the concentration and crystallization temperature limits of precursors and double-salts in the studied systems;
- to conduct a synthesis of double chlorides detected in the diagrams of the systems and confirm their identity by methods of physical and chemical analysis;
- to set the number of dependent and double salts of neodymium and gadolinium that crystallize in chloride systems from range of alkaline metal and temperature;
- to identify the use of obtained experimental results with solubility in the studied water-salt systems and practical application of double synthesized compounds.
Materials and methods of the research. We used chlorides of alkali metals and neodymium (gadolinium) qualifications of «ch.d.a.» and «h.ch.» additionally purified by overcrystallization. Phase balance in the ternary systems 
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, was studied by isothermal solubility method at 25, 50, 75 and 100 °C in air and liquid thermostat, designed by the authors and protected by patents [11–14]. The thermodynamic equilibrium with constant stirring and temperature control within ± 0,1 °C was installed 20–28 hours.
Chemical analysis of liquid and solid phases were carried out on ion content 
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. Number of gadolinium and neodymium was determine trylonometricly by the presence of xylenol orange in buffer acetate solution [15], chloride ion – by Moore’s method [16]. The content of alkali metal salts was calculated by difference, based on the total content of chlorides. We received results for individual transferred components of analysis of salts and then we applied them to the diagram solubility.
Identification of double salts found in the studied systems was carried out by Skreynemaker’s method, chemical and crystal optical methods of analysis. The synthesized compounds was investigated as dual pycnometrycal, micro photographic, IR spectroscopic, X-ray phasal and, if it is possible, X-ray methods.
Results of the research. The method of isothermal solubility of the first study phase balance in ternary systems 
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Based on diagrams we study the influence of nature alkali metal cation, temperature of the nature and the number and composition of binary compounds, which crystallize in them.

The following table shows the composition of double salts and their crystallization temperature range, and picture 1 and 2 shows two politerms solubility of 10 investigated.
Composition* and temperature range of the formation of double chlorides

systems at 25–100 °C
	System
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 – alkali metal
	The composition of the double chloride and formation of temperature range
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	The composition of the double chloride and formation of temperature range
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	avtonika, 25–100 °С
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	avtonika, 25–50 °С

1–1–5, 75–100 °С
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	avtonika, 25–100 °С
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	1–1–5, 25–100 °С

3–1–2, 100 °С
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	avtonika, 25–75 °С

3–1–2, 100 °С
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	2–1–10, 25 °С

1–1–5, 50–100 °С

3–1–1, 75–100 °С
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	2–1–7, 25–50 °С

3–1–5, 75 °С

3–1–2, 100 °С


* The first number indicates the number of molecules 
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, the second – number of molecules of neodymium (gadolinium) chloride, the third – number of water molecules.
** For systems 
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 at 25 °C literary data are published.
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Pic. 1. Politerma of system’s solubility 
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Pic. 2. Politerma of system’s solubility 
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So, systems 
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 at 25–75 °С – eutonic type.
At 75 and 100 °С in a system 
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 we found double salt of 
[image: image54.wmf]O

H

5

NdCl

KCl

2

3

×

×

.  The system «rubidium chloride – neodymium chloride – water» double chlorides 
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 (100 °С) crystallized. System 
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 is characterized by a complex interaction of components, which resulted in a solid phase outbox salt, double chlorides 
[image: image58.wmf]O

H

10

NdCl

CsCl

2

2

3

×

×

 (25 °С), 
[image: image59.wmf]O

H

5

NdCl

CsCl

2

3

×

×

 (50–100 °С) and 
[image: image60.wmf]O

H

NdCl

CsCl

3

2

3

×

×

 (75–100 °С) crystallized, and also at 50 °C solid solutions of 
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 (pic. 1). 
At 100 °C the system «rubidium chloride – gadolinium chloride – water» double salt of 
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 (pic. 2) was found. In a system 
[image: image63.wmf]O

H

GdCl

CsCl

2

3

-

-

 double chloride crystallize: at 25–50 °C – 
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. Thus, when the temperature increases from 75 to 100 °C the partial loss of water occurs by crystalline double 
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Analyzing the effect of alkali metal cations on the number and composition of double salts in the studied systems can conclude that ability of formation of complex compounds with increasing radius cations of an alkali metal from 
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In systems 
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 number of double chloride increases with increasing temperature of research. Also we found that neodymium cation 
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All double chlorides we emphasis for the first time. All found double salts were synthesized and identified by chemical, crystal optical, thermal complex, IR spectroscopic, phasal X-ray, and if it is possible, methods of X-ray analysis.

Conclusion from research and prospects. The results are interest for REE chemistry, alkali metal and can be used in processing of technology of hydrochloric materials.

We developed regulations synthesis of ten single crystals of double neodymium chloride (gadolinium) and alkali metals, which are isolated and identified for the first time.

The dependence of the number of double connections and their composition from the radius of alkali metal, temperature of research and cation of REE is installed.
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