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Actuality. Accurate knowledge of true, non-idealized behavior of aqueous and 

nonaqueous electrolyte solutions over wide ranges of pressure and temperature is of 
significant importance to chemistry, chemical engineering, energy, materials and 
pharmaceutical industries. Applications of electrolyte solutions are very versatile and 
include, in particular, development and delivery of drugs, control of water pollution, food 
processing and so on. Generally, solubility constitutes one of the most important physical-
chemical properties of a substance [1−3].  

Theory and data processing details. Artificial neural network (ANN) is a flexible 
mathematical model. Various types of ANN are known in the literature. The radial basis 
function network (RBFN) is among the most commonly used types of ANNs [4, 5]. The 
present work investigates applicability of the RBFN model for prediction of solubilities of 
such common salts as NaI, CsClO4 and NaBr in a variety of nonaqueous solvents and 
solvent mixtures [6]. The model uses experimental data available in the literature in order 
to train the ANN. Once trained, the ANN can be used to predict solubilities of other, 
related systems. The computations involved in the RBFN have been performed using the 
MATLAB 7.11b. 

Cross-validation was used to estimate the capability of the artificial neural network. 
In order to characterize prediction capacity the root mean squared error (RMSECV) of 
cross-validation was used: 
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where ti and yi refer to the actual value and predicted value for sample i, respectively; N is the 
number of samples in a testing set. The 4-fold, 3-fold, 2-fold cross-validation procedure 
was applied. 

 
Results and discussion. Table 1 shows the cross-validation errors for prediction 

of mole fraction solubility of NaI in different mixtures.  
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Table 1 
Values of cross-validation errors for prediction of mole fraction  

solubility of NaI in different mixtures at different mixtures 

Type of cross-validation 
RMSECV 

water/methanol 
mixtures (313.15 K) 

water/ethanol 
mixtures (298.15 K) 

water/propan-2-ol 
mixtures (303.15 K) 

4-fold 0.048 0.083 0.063 
3-fold 0.019 0.250 0.089 
2-fold 0.0077 0.022 0.043 

 
Table 2 shows the cross-validation errors for prediction of solubility of CsClO4 in the 

propylene glycol/methanol mixtures at 288.15 K.  
Table 2 

Values of cross-validation errors for prediction of solubility  
of CsClO4 in the propylene glycol/methanol mixtures at 288.15 K 

Type of cross-validation RMSECV 

4-fold 0.0028 
3-fold 0.00067 
2-fold 0.00039 

 
Table 3 shows the cross-validation errors for prediction of solubility of NaBr in 

nitromethane/methanol mixtures at 293.15 K. For the last solute / solvent composition 4-fold 
cross-validation procedure was not applied, because this data set includes just 9 samples. 

Table 3 
Values of cross-validation errors for prediction of solubility  

of NaBr in nitromethane/methanol mixtures at 293.15 K 

Type of cross-validation RMSECV 

3-fold 0.083 
2-fold 0.017 

 

From Tables 1-3, it is evident that RBFN is effective at different size of training set.  
Conclusions. By choosing a not large training set of experimental data from the 

literature, we have employed the RBFN algorithm, which allowed us to calculate 
accurately the salt solubilities over broad ranges of solvent composition, solute 
concentration and temperature. So, we are able to calculate accurately the solubilities of 
the 1-1 electrolytes for other temperatures, concentrations and solvent compositions 
without the need for additional experimental measurements. 
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