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films, not taking into account the chemistry of the process, the effect of the nature of 

the substrates and the composition of the reaction mixture on the structure and 

properties of the films. 

Possible variants of toxic components replacement in reactive mixtures and 

creation of non-cadmium materials, replacement of monofilament materials with solid 

solutions, which have other, and sometimes even better properties are considered. 

The data of quantum-chemical calculations of possible ways of formation of the 

theory of transient reactive complexes in the reactions of CdS and ZnS synthesis using 

the semi-empirical PM6 method in a vacuum are presented. 

It was established, that hat the study of the effect of the nature of the complexing 

reagent and the chalcogenizer on the properties of thin films will allow to carry out a 

reasonable choice of components of the reaction mixture to offer new available 

chalcogenizers and to minimize the composition of the reaction mixtures through the 

use of dual-purpose reagents. 

Justification of the regularities of bond formation "substrate-film" and "film-film" 

in the synthesis of AIIBVI thin films allow in one cycle process to obtain thin films and 

form on their basis structures both on volumetric and on thin film substrates.  

The second section describes the features of the thin films synthesis and methods 

of studying their properties. The dependences for calculating the boundary conditions 

of the low soluble metal chalcogenides phases formation using thiourea for the 

synthesis of sulfides and sodium selenosulfate for the synthesis of selenides of zinc 

subgroup are presented. 

It was established that the conditions for the formation of a particular metal sulfide 

or selenide are determined by the quantity and ratio of the four main factors of the 

process: pH of the medium, concentration of the chalcogenizer, initial concentration of 

the metal salt and the stability of its complexes with the ligands. 

The features of the hydrochemical synthesis of thin films by chemical deposition 

(CD) and chemical surface deposition (CSD) methods are described. In CSD the 

substrate surface is used as a source of heat, which ensures the localization of the film 

deposition area. 
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The description of methods for investigation the structural, optical, morphological 

and electrophysical properties of thin films and structures on their base and a method 

for determining the thickness of zinc and cadmium sulfides and selenides films by 

means of anodic stripping voltammetry method are given. 

The choice of the semi-empirical method of the reaction system convergence to 

the minimum energy by PM7 program package of the MOPAC 2012 for the simulation 

of intermediate stages and geometric parameters of molecules in the synthesis of thin 

films of sulfides and selenides of zinc subgroups and a comparison of theoretical or 

calculated data with those obtained experimentally was substantiated. 

The third section is devoted to the calculation of the formation conditions of 

sulfides and selenides of zinc subgroup with the aim of reasonable choice of working 

solutions components and their quantitative ratios. 

The concentration limits of the starting substances and the range of pH values, 

under which the precipitation of sulfides and selenides of zinc, cadmium and mercury 

films is possible without the impurities of byproducts with the use of different nature 

ligands is substantiated. 

It is shown that for the synthesis of zinc and cadmium chalcogenides it is most 

appropriate to use the solutions of ammonia, hydrazine hydrate, trisodium citrate as 

complexing reagents, and sodium hydroxide can be used only for the synthesis of zinc 

chalcogenides. The use of sodium thiosulfate, potassium iodide and potassium 

rhodanide is optimal for the synthesis of mercury chalcogenides. 

Based on the calculations, the composition of the working solutions was selected 

substantiated and chalcogenides thin films of zinc, cadmium and mercury were 

synthesised. Their structure was confirmed by the data of X-ray diffraction analysis. 

For the synthesis of zinc selenide films, it is suggested to use elementary selenium 

as chalcogenizer instead of selenourea or sodium selenosulfate. This allowed to 

maximally simplify the reaction system and avoid the formation of zinc hydroxide as 

a byproduct. 

In the fourth section, the results of studies of the influence of nature and the initial 

components concentration in working solutions and CD parameters on the structural, 
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It is established that optimal conditions, selected on the base of the model and 

established experimentally, which ensure the maximum possible transformation of the 

initial components are the same, i.e. the films with the maximum content of cadmium 

are formed in both cases.  

The impossibility of zinc chalcogenides films synthesis by the CSD was founded, 

due to the formation the formation of a large number of by-products.  

It was established that in the case of CSD on substrates, which have a pronounced 

crystalline structure, the films with the same crystalline structure as the substrate are 

formed. This is proved for the case of depositing cadmium sulfide film on the substrate 

of crystalline cadmium telluride, i.e, there is a coercive orientation. When an 

amorphous substrate is used for CSD, the polycrystalline forms of films are formed 

usually. To a thickness of 100 nm, all films retained the same crystalline structure as 

in the case of synthesis on model glass substrates. 

For the case of CSD, the microcrystals that forms a film at the stage of nucleation 

are located chaotically on the substrate surface. After the formation of a solid coating 

of a certain thickness, the crystallographic faces, on which the growth of the 

chalcogenide film becomes impossible, begin to form. When the number of such 

unfavorable for the growth of the faces reaches a critical value, growth ceases because 

the upper layer becomes oriented. 

The sixth section provides the results of studies of the properties of designed 

substitution solid solutions thin film samples and photosensitive thin film structures.  

The CdxZn1-xS, ZnSxSe1-x, HgSxSe1-x thin film solid solutions were synthesized. 

Their structural, optical and morphological properties were investigated. 

Structural, optical and morphological properties of structures consisting of double 

layers of thin films: ZnS/CdS, ZnS/HgS, ZnS/CuS, ZnS/Ag2S, ZnS/ZnO, ZnSe/ZnS, 

ZnSe/CdS, ZnSe/HgS, ZnSe/Ag2S, CdSe/CdS, CdS/CdSe were obtained and 

investigated. It was found that for all cases the crystalline structure of films materials 

of structures corresponded to the crystalline structure of zinc sulfide or zinc selenide 

thin films, synthesized under optimal conditions. 
































































































































































































































































































































































































































































































































































































































































































































































































































































































