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Abstract ( The use of sodium selenosulfate as a chalcogenizing agent in the chemical bath deposition of films of zinc subgroup metal selenides or related solid solutions has been considered. Based on thermodynamic processes, an expression for the initial concentration of selenium ions in the solution, which depends on the concentration of selenosulfate and the medium's acidity, has been obtained.
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Introduction

Sodium selenosulfate, chemically known as Na2SeSO3 is an inorganic compound containing selenium in the oxidation state of -2, bonded with a sulfate group. It can be considered a selenium analog of sodium thiosulfate (Na2S2O3), where one sulfur atom is replaced by selenium. It is soluble in water, making it suitable for use in aqueous solutions. Sodium selenosulfate is usually prepared through a reaction between sodium sulfite (Na2SO3) solution and elemental selenium [1-3]. It is mainly used in the synthesis of various chalcogenide thin films (such as ZnSe, CdSe, or CdSxSe1–x , CdxHg1–xSe solid solutions, etc.). During deposition processes, sodium selenosulfate act as a selenium source that can be used in the chemical bath deposition (CBD) method for depositing thin films of metal selenides or related solid solutions. The CBD method, which involves the hydrolytic deposition of selenides from Na2SeSO3 solutions, has several advantages: Na2SeSO3 is more stable in aqueous solutions than selenourea (NH2)2CSe, the quality of the resulting semiconductor films is comparable to those obtained by other methods, and the cost-effectiveness and simplicity of Na2SeSO3 synthesis without using toxic substances.
Presenting main material
An aqueous working solution for the chemical deposition of metal selenides MeSe (Me = Zn, Cd, or Hg) contains a metal salt, a chalcogenizing agent, a complexing agent, and, if necessary, a pH regulator [3]. The complexing agent binds metal ions into complexes, preventing the rapid formation of an insoluble MeSe precipitate, as well as the chalcogenizing agent, which slowly releases chalcogen ions into the working solution. One of this chalcogenizing agents is sodium selenosulfate Na2SeSO3. The process of its hydrolysis in an aqueous medium can be described by the following equation (Eq. (1)):
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The reversibility of selenosulfate hydrolysis allows Eq. (1) to be used as a basis for analyzing the ionic equilibria occurring during the deposition of metal selenides and for further determining the conditions for MeSe formation.

The equilibrium constant of the process (Eq. (1)) can be expressed as follows (Eq. (2)):
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Hydrogen selenide (H₂Se) is a weak acid; its dissociation constant is expressed as follows (Eq. (3)):
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This acid is present in the solution as H2Se molecules and HSe–, Se2– ions. Their total concentration, according to Eq. (1), is numerically equal to the concentration of sulfate ions (Eq. (4)):
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The molar fractions of undissociated H2Se and HSe–, Se2– ions in the solution are given by Eqs. (5-7):
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where 
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. This variable β is used to simplify and enhance the presentation of Eqs. (5-7) and other equations in this work.
Taking into account Eqs. (3-5), Eq. (2) can be transformed as follows (Eq. (8)): 
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From Eq. (6), we can find the initial concentration of selenium ions in the solution, depending on the concentration of selenosulfate and the acidity of the medium (Eq. (9)):
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(9)
The synthesis of the MeSe compound in an aqueous solution occurs through the following process of precipitate formation (Eq. (10)):
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A necessary condition for its flow is the expression of the solubility product constant KSP(MeSe) (Eq. (11)):
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The initial metal concentration in an aqueous solution with the presence of a complexing agent will be (Eq. (12)):
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where 
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 is the minimum molar concentration of the metal-containing salt required for the progression of precipitate formation (Eq. (10)); αMe2+ is the molar fraction of the free Me2+ ions in the solution, which can be found from the following equation (Eq. (13)):
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where [L] is the concentration of the free ligand; 
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 are the stability constants of the metal complex forms.

Considering this, Eq. (11) can be written as (Eq. (14)):
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Substituting Eqs. (7) and (8) into Eq. (14), we obtain (Eq. (15)):
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From the latter Eq. (15), we can express the minimal molar concentration of the metal-containing salt required for the precipitation of MeSe phase in an aqueous solution containing selenosulfate. This is presented by Eq. (16) below:
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This Eq. (16) can be used to determine the boundary conditions for the formation of zinc subgroup metal selenides, MeSe, or their related solid solutions, 
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, MeSxSe1–x, MeS1–xSex, in various systems of working solution compositions. For example, this was done in [4] to construct the boundary conditions curve for HgSe and to find the formation zone of HgSxSe1–x in the mercury-tartrate-thiourea-selenosulfate system (Fig. 1). It was also taken into account and verified that the parallel formation of metal oxide or hydroxide as a by-product should not occur, according to Eq. (17). As a result, HgSxSe1–x films were synthesized under the determined conditions. Thus, Eq. (16) can be used to predict the synthesis conditions for films of other related metal selenide compounds.
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where KSP(Me(OH)2) is the solubility product constant of metal hydroxide; KH2O is the ionic product of water (equals to 10–14).
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Fig. 1. Example of the determined boundary conditions of HgSe and HgSxSe1–x formation in the mercury-tartrate-thiourea-selenosulfate system, according to [4]
Conclusion

The application of Na2SeSO3 in the CBD of selenide compound films has been examined. The reversibility of the selenosulfate hydrolysis process allows it to be used as a basis for analyzing ionic equilibria occurring during the deposition of metal selenides or related solid solutions, as well as for determining the conditions for their formation. The corresponding equation that allows this analysis is provided, along with an example of its use. Thus, the Na2SeSO3 compound is valuable in the field of materials science for depositing films of metal chalcogenides due to its controlled release of selenium under CBD conditions, making it suitable for forming thin layers of semiconductors and other functional materials.
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