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Abstract 

The scientific research has been devoted to the study of the mathematical 

modeling to optimize the Mo-S thin films formation process by 

electrochemical deposition way. The calculations were carried out with the 

program specially designed for this process in Optum ME package program. 

The optimal electrolysis mode and electrolyte composition have been selected 

together with studying of some factors (initial concentration of the 

component, temperature, current density and so on). Namely, the Students 

and Fishers criterions were determined using these results and the regression 

coefficients were estimated for future practical applications. The obtained 

regression equation allows calculating the molybdenum amount in Mo-S 

alloy synthesized with the known concentration of the components in certain 

current density. The made calculations indicate that the regression equation 

solved for Mo-S alloy determines the function between the composition of 

the alloy, the parameters of electrolysis and composition of the electrolyte  

Keywords: Mo-S films, electrodeposition, Student and Fisher criteria, mathematical 

modeling 

The production of alloys [1-7] having the content essential to Galvanotechnology is a 

significantly complex problem. Various factors, such as the concentration of components of the 

electrolyte, the current density passing through the electrolyte, temperature, etc. affects this 

process. The change of these factors usually influences the electrochemical process differently 

and manipulates the process to different directions. To regard the effect of all these factors is too 

difficult that we have made the experiment mostly changing just one factor and keeping stable 

others. The investigative way like that is required much time and has low effectivity. On the 

other hand, in some cases, the determination of the optimal condition of the process becomes 

hard or doesnt allow to solve prominent problems. Therefore, the obtaining mathematical model 

based on results getting from a lot of experiments decreases the number of reactive to a 

minimum and reduces investigative time significantly.   

As is known the thin films of the MoS2 semiconducting compounds are the most important 

member of the diamagnetic and widely applied in the solar cells, integrated circuits, transistors, 

solid lubricants, optimal detectors, capacitors, and etc. At the same time, this compound is used 

in the oil industry as a promising and inexpensive catalyst in the hydro desulfonation process. 

Regarding the application areas  [8-13] of MoS2, the mathematical modeling of electrochemical 
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deposition of the Mo-S systems is considered practically very important process [14-15].  

 It is possible to learn the effect of the main parameters on going of the process and to 

determine the optimal condition of the process based on analysis of the results by mathematical 

statistical methods. To confirm the experimental results, the regression equation based on 

experimental data is established, the criterions of significance and adequacy are calculated  [16-

19]. Exactly, this technique was applied to the electrodeposition process of Mo-S thin films.   

         All possible combinations were realized for chosen levels when the process is planned 

through the comprehensive experience scheme (CES). During CES the number of indispensable 

experiments was calculated according to the following formula:  
kN 2  , here, к- number of the factors. 

We have learned three factors affecting on the deposition process of molybdenum: the 

concentration of Na2МоO4 (Z1) – within 0.1-1.2 М, the concentration of Na2SO3  (Z2) – within 

0.01- 0.2 М, the current density (Z3) -  2.8 – 9 mА/cm
2
. Then, using the following formulas: 
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The following formula has been used for passing from natural scale factors into wide scale 

factors  
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The possible number of combinations consisting of three factors is 823 N . The 

actualization planning of the experiments is shown in Tab.1 (Planning matrix).  

The coefficients of the regression equation are determined by the least squares method as 

following: 

Any bj coefficient of the regression equation is equal to scalar multiplication of y column 

and corresponding to the latter xj column and the result is divided into experiment number of 

planning matrix 8:
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Table 1. The planning matrix of the experiments 

 

 

 

 

 

 

 

 

In Tab. 1, at first, the coefficients of the linear regression equation are calculated using the 

presented plan: 

3322110
ˆ xbxbxbby                  (3) 

For example, lets calculate one of the coefficients. To calculate the 
1b  coefficient 

corresponding to  x1 we have to calculate the sum of multiplications: 
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Analogically, b0 = 40.45; b2 = 2.175; b3 = 17.7 .
   
 

Then, the regression equation develops as follows: 

3
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(4) 

To get the full regression equation we added the following coefficients: 

3211233223311321123322110
ˆ xxxbxxbxxbxxbxbxbxbby 

    
(5) 

The relationship effects are determined analogically with linear effects. So, it is necessary 

to accomplish the following operations to calculate 12b coefficient: 
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Similarly, other coefficients are also determined: 
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№ 

Natural scale factors Wide-scale factors  
y  

1Z  2Z  3Z  1x  
2x  

3x  

1 0.1 0.01 2.8 -1 -1 -1 8.8 

2 0.1 0.01 9 -1 -1 +1 30.8 

3 0.1 0.2 2.8 -1 +1 -1 7.1 

4 0.1 0.2 9 -1 +1 +1 41.4 

5 1.2 0.01 2.8 +1 -1 -1 44.3 

6 1.2 0.01 9 +1 -1 +1 69.2 

7 1.2 0.2 2.8 +1 +1 -1 30.8 

8 1.2 0.2 9 +1 +1 +1 91.2 
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Additionally, Students and Fishers criterions are determined to make collateral 

experiments, coefficients of regression are calculated and the adequacy of the equation is 

checked. 

In consequence of the covariance matrix   1
XX T

of planning experiments is a diagonal 

matrix, the coefficients of the regression model were nt correlated between each other. The 

coefficient values of the regression equation were separately checked by Students criterion. The 

getting out of redundant coefficients from regression equation doesnt effect on other 

coefficients. 

In other words, the coefficient values of the regression equation are characterized like the 

affection of the corresponding factor on y quantity. The diagonal elements of the covariance 

matrix are equal to each other, therefore, all coefficients of (3) and (4) equations are determined 

with the same preciseness: 

NSSbj   

For example, three additional parallel experiments set up in the center of the planning and 

get the following values for y quantity: 
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Estimating coefficients with reference to Students criterion is: 
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Here, Sb0 – mean squared error (MSE) of the experiments, 0b  - coefficient of regression. 

The table values of Students criterion for the estimation level of P=0.05 and free forced 

number f=2 is tp(f)=4,3. All calculated coefficients and the coefficients particular to a 

relationship  (except b12 coefficient) were also accepted precious coefficients due to Students 

criterion. And the regression modeling of the approved process as follows:  

)6(9.2975.5625.37.17175.2425.1845.40ˆ
3213231321 xxxxxxxxxxy   
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Fishers criterion was used to demonstrate the adequacy of the obtained regression 

equation. Calculations were accomplished with the program specially designed for this process 

in Optum ME package program. When the concentration of Na2МоO4 and Na2SO3 are 1.2 М and 

0.2 М, respectively, the current density is  9 mА/cm
2
, 

 
the result of (5) equation is equal to 

experimental results, in both cases the amount of molybdenum in a deposition is 91,2%. From 

coefficients identifying linear and nonlinear relationships, just one coefficient correspondent 

with the relationship between Na2МоO4 and Na2SO3 is far less than others and signed by «-» 

sign. It means that the coefficient of this relationship doesnt play a roll in increasing the 

molybdenum amount in the deposition layer. 

It was passed from wide scale size into natural scale size using (1) formula. As a result of 

that the following equation was obtained:  

)7(9.17
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The adequacy of obtained (7) equation was determined due to the following equation: 
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For example, when the concentrations of Na2МоO4 and Na2SO3 are 1.2 М and 0.01 М, 

respectively, the current density is 2.8 mА/cm
2
, the values obtained from (7) equation is ŷ

=44.232, the obtained experimental parameter is 44.3. Thus, the error of  (7) equation is:   

%15.0%100
3.44

232.443.44



 .  

The errors for other experiments dont pass over 1%. 

So, it is possible to make a result from experiments that the mathematical modeling of the 

y function is as an object. The nonlinear optimization problem was solved and the technological 

condition provided maximum parameters of y function was determined on based on (7) equation 

and in given limitation of factors. Thus, the investigative interval of the technological parameters  

Z1=1.2, Z2=0.2 və Z3=9 provides the maximum yield of the main product  ymax=91.46.    

Thus, it is possible to make a result that the mathematical modeling of y function is as an 

object. Optimization operation was carried out based on (5) function and the technological 

condition provided maximum parameters of y function was determined.  

So, the condition within investigating interval  Z1=1.2, Z2=0.2 and Z3=9 of the parameters 

provides the maximum yield of required product  ymax=91.2 %.  

The obtained regression equation (5) allows us to calculate the molybdenum amount in 

synthesized Mo-S alloy in a given concentration of the alloy. So, the regression equation 

determines the function between the composition of the alloy and the parameters of electrolysis 

and the composition of the electrolyte. 
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