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In this study we have tried to model ultrasonic velocity of 15 halogen containing organic liquids. For this purpose, we have used 

physicochemical and topological parameters. We found that the ultrasonic velocity can be modelled using both the parameters. The 

best model obtained, after regression analysis, contains surface tension, density and second order-valence connectivity index. The R2 

value comes out to be 0.9416. The model has been tested for any kind of defect and observed that the proposed model is free from any 

defect.  
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1. INTRODUCTION 
The ultrasonic velocity plays an important role in understanding the ionic interactions of liquids. The chemists study the 

change in the property of such liquids by the study of changes in excess volume of liquids employing ultrasonic velocity 

measurements. The thermodynamic properties of pure and mixture organic liquids have been used by scientists [1-2] to 

study the behaviour and mechanism of action of organic liquids.  

 

In past, we have worked on modelling of drug activities and successfully demonstrated that the physico-chemical 

parameters as well as topological indices may be used for theoretical estimation of biological activities of drug molecules. 

 

Very recently we have also tried to model the ultrasonic velocity of some 20 organic liquids which were experimentally 

studied by Parthasarthy and co-workers [3]. We found that excellent results were obtained when the physico-chemical 

and topological indices are taken together. Such results have been published [4-9] in reputed journals.   

 

To extend this study we tried to model the ultrasonic velocity of halogen derivatives of 15 organic liquids which were 

studied by Parthasarthy et al [10].  

 

Topological descriptors [11,12] are simple numbers which are derived from the molecular graphs of a molecule. 

Molecular graphs are constructed from the structure by the atom connections. These graphs are used for the construction 

of distance matrix and using the mathematical relationships one can obtain the descriptors which are numerical values. It 

is worthy to mention that the Chemical application of Graph theory is a branch of chemistry which has wide application 

in mathematical modelling. 

 

2. METHODOLOGY USED 
The methodology given by C. Hanch [13] is very useful in modelling any property of organic molecules. Hansch proposed 

that the properties of molecules can be modelled using physic-chemical parameters and a linear relationship can be 

established. Th mathematical relationship relevant for this is as below 

Y = Σ Mi Xi + C 

 

Where Mi are the coefficients and Xi are parameters (variables). Here Y is dependent variable and Xi are independent 

variables. In statistical terms this relationship is called multi-parametric correlation. This method is used for establishing 

correlation between dependent and independent variables.  

 

The following steps are involved in modelling: 

1. Drawing of structure and saving mol file. 

2. Calculation of Physico-chemical parameters 
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3. Calculation of Topological descriptors 

4. Regression analysis 

5. Proposed models 

6. Testing of proposed model 

 

The Chemskech software [14] is an effective software which not only helps in drawing of structure of any molecule but 

also calculates physic-chemical parameters of drawn molecules. It has a built-in module for that. Therefore, we used 

Chemsketch to draw the structure of molecules and calculated the physic-chemical properties. The molecules are saved 

in the form of mol file which will be used by the Dragon software for calculation of Topological indices [15]. 

 

As mentioned earlier, the mol files are used for the calculation of topological descriptor by Dragon software [16]. This 

software calculates topological, electronic and many other semi-empirical properties of molecules. The parameters 

(descriptors) are saved and used for the modelling purposes. Thousands of descriptors can be obtained using Dragon but 

we have to use only few of them for obtaining fruitful correlations. 

 

For obtaining correlations NCSS [17] software has been used. This software also calculates correlation matrix which 

shows which parameters are suitable for braining suitable models. The different modules in the software also help the 

user to test the model for any kind of defect. It calculates VIF (valence Inflation Ratio) which is a parameter for testing 

the defect due to collinearity. LOO (leave one out method) for acceptability of proposed models and in deciding which 

model is the best by checking the cross validated values of parameters [18,19]. 

 

Presentation of Data: 
The values of ultrasonic velocity given by Parthasarthy [10] has been presented in Table 1. 

 

Table 1 Compounds used in the present study and their ultrasonic velocity 

 
The physico-chemical parameters (MV, ST, D, Pol) obtained from Chemsketch software for present set of compounds 

are reported in Table 2.  

 

Table 2. Values of calculated physicochemical descriptors for the compounds used in the present study 
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The independent topological parameters Randic connectivity index [20,21], Kier and Hall Valence connectivity indices 

[22,23], Wiener index [24], Balaban index [25] have been calculated using Dragon software. The mathematical formulae 

for the calculation of these descriptors are discussed in the literature [15]. Such values are presented in Table 3. 

 

Table 3 Values of calculated topological descriptors for the compounds used in the present study 

 
 

The correlation matrix showing inter-correlation among all the parameters are demonstrated in Table 4.  

 

Table 4. Correlation matrix for the inter correlation of the structural descriptors and their correlation with ultrasonic 

velocity (UV) 

 
 

The data was subjected to regression analysis [26] and many correlations have been obtained. Such correlations are 

reported in Table 5.  

 

Table 5. Quality of obtained statistical parameters for different models 
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This table also reports the quality of various statistical parameters. On the basis of such values, one may decide which 

model is most suitable for modelling the ultrasonic velocity of present set of compounds. 
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The quality factor, Q, proposed by Pogliani [27, 28] which is ratio of R/Se is also recorded in this table for different 

correlations. Higher the value of Q the better will be the model. 

 

The value of cross validated parameters has been calculated and they are reported in Table 7. The VIF and other 

parameters for the best proposed model have been calculated and are presented in Table 8. The estimated values of 

ultrasonic velocity of present set of compounds have been estimated using best model. Such values are presented in Table 

7. A graph has been plotted for the comparison of observed and estimated ultrasonic velocity and the same is shown in 

Fig. 1. 

 

 
Fig. 1. Correlation between observed and estimated activity using best model 

3. RESULTS AND DISCUSSION 
We have tried to obtain one-, two-, three- parametric correlations. On the basis of value of statistical parameters, we 

decide which correlations are of use. A close look of Table indicates that: 

 

In one-parametric correlation with 1χ only is the best model. It has better potential to model the ultrasonic activity of 

present setoff compounds. The correlation with Ultrasonic velocity is 0.8805. The second parameter which has capability 

of correlation is Wiener index. Its value is 0.8769. ST has the minimum capability and D, Pol, MR have moderate potential 

as their values range from 0.57 to 0.5952. Interestingly the density shows negative correlation (-0.5952).  

 

We have considered all the above information while attempting in higher order correlations. The correlations obtained 

with their statistical parameters are summarized in Table 5. The results are discussed below.  

 

One-parametric model: 
Out of many one-parametric model one with 1χ gave excellent result as compared to others. The model is as under: 

 

UV =144.4298(±17.9137) 1χ +57.901      … (1) 

N=15, Se =0.0617, R2=0.8333, Adj R2=0.8205, F-ratio=65.004, Q=14.795 

Here and hereafter, N is number of compounds, Se is error of estimation, R2 is square value of correlation coefficient, Adj 

R2 is adjusted R2, Q is Pogliani’s Quality Factor which is ratio of R/Se. Higher the value of Q better will be the proposed 

model. 

 

Two-parametric model: 
We tried two-parametric model by adding parameters to above model. Few statistically better models have been resulted 

with 1χ as correlating parameter. The R2 value for the model changes from 0.8333 to 0.8998. This improvement in R2 is 

due to addition of first order valence connectivity parameter in to above model. The significant change in adjusted R2 

clearly indicates that the added parameter has its fair share in the proposed model.  The best two-parametric model with 
1χ is reported as under.  

 

UV=170.6324(±17.1813) 1χ -71.5211(±25.3454) 1χv+64.0459    ... (2) 

N=15, Se =0.0498, R2=0.8998, Adj R2=0.8831, F-ratio=53.892, Q=19.0477 

 

Interestingly one more-two-parametric model with better R2 value has been observed where two different parameters have 

been found as correlating the ultrasonic velocity. One is surface tension (ST) and other is density (D) These are physic0-

chemical parameters whereas above model was with topological parameters. Best two-parametric model with physic-

chemical parameters is as under. 

 

UV=22.6737(±1.8285) ST-433.5393(±33.2448) D+43.8067    ... (3) 

N=15, Se = 0.0386, R2= 0.9397, Adj R2= 0.9296, F-ratio= 93.489, Q =25.1135 

 

y = 0.9541x + 52.751
R² = 0.9541
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In this model the coefficient for Density is negative suggesting that the density has a negative effect towards modelling 

ultrasonic velocity of present set of compounds while ST has a positive role. 

 

Three-parametric model: 
We have tried for three-parametric model. First, we tried with physic-chemical parameters and found that when MW is 

added to the two parametric model with physic-chemical parameters the R2 value shows a significant change from 0.9397 

to 0.9403.  This improvement is justified due to addition of MW or not can be understood on the basis of adjusted R2 

value. In fact, this value has been reduced   from 0.9296 to 0.924. Therefore, it may infer that the addition of MW though 

improved the R2 value but decrease in adjusted R2 does not permit the model to be accepted. The value of Pogliani’s 

quality factor Q also shows a dip (24.1217) in the data therefore, the model is also rejected on this count also.   

The model obtained with physicochemical parameter is as under: 

 

UV=21.9006(±3.0329) ST-457.8124(±81.8561) D+0.3203(±0.9793) MW+60.1178 ... (4) 

N=15, Se =0.0402, R2= 0.9403, Adj R2= 0.924 F-ratio= 57.724, Q =24.1217 

 

In the above model the error of estimation incase of MW coefficient come out to be 3 times the value of coefficient hence 

addition of MW is also rejected on this observation. 

 

When in place of MW we added 2χv which is a topological parameter, a three-parametric model with improved statistics 

has been yielded. The model has shown improved values of R2 (from 9397 to 0.9541) Adj R2 (from 9296 to 0.9416) and 

Q (from 25.1135 to 27.7494). Therefore, we may conclude that the addition of 2χv   is justified. The model is as given 

below: 

 

UV=18.0515(±2.9935) ST-499.0359(±46.4709) D+64.7003(±34.8132) 2χv +70.8757  ... (5) 

N=15, Se =0.0352, R2= 0.9541, Adj R2= 0.9416, F-ratio= 76.223, Q =27.7494 

The coefficient of second-order valence connectivity is negative indicating that this parameter has retarding effect towards 

ultrasonic velocity of present set of compounds.  

 

We have also found another three-parametric model with similar statistical values. In this model out of three correlating 

parameters one is physicochemical (MW) and two are topological third-order valence connectivity (3χv) and first order 

Randic connectivity index (1χ).  

 

UV=197.5872(±51.3169)3χv+99.9946(±16.1830) 1χ -3.2605(0.6957) MW+83.9064  ... (6) 

N=15, Se =0.0352, R2= 0.954, Adj R2= 0.9415, F-ratio= 76.125, Q =27.748 

 

A comparison of two models (eqns. 5 and 6) reveal that they have almost identical values of statistical parameters. But 

on the basis of Adj R2 and Q values we will prefer three-parametric model (Eqn. 5) with ST, D and 2χv as the best model 

for modeling ultrasonic velocity of present set of compounds.  The rule of thumb [29,30] says that it is not permitted to 

use more than 3 parameters for modeling when the number of compounds are 15. Hence, no higher parametric 

modelsmwere tried. 

 

To confirm the above finding we have estimated the ultrasonic velocity of present set of compounds with the best model. 

The estimated values are reported in Table 6.  

 

Table 6. Cross validated parameter for the proposed models 
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The good agreement in the observed and estimated values suggest that the model (Eqn. 5) is best for modelling the 

ultrasonic activity of the present set of compounds. 

 

Further confirmation is obtained by plotting a graph between observed and estimated values. The trend line regression 

equation of this graph shows that more than 95% data is explained by the model hence may be accepted. The predicting 

power of the model comes out to be 0.954. 

 

Test of the model: 
The models proposed   have been tested for any defect. The VIF (variance inflation factor) [32] is very effective   method 

for checking the collinearity defect. If the value of VIF is more than 10 for any parameter involve in the model the model 

suffers from the defect of collinearity. 

In this study for proposed models the value of VIF is less than 10. Therefore, we come to the conclusion that the proposed 

models are free from the defect of collinearity. 

 

In Table 8, we have reported all the values calculated for this factor for the best model. 

 

On the basis of λ 
The Eigen values calculated for the models are also used to decide whether the model is acceptable orr not. If the value 

of λ is greater than 5 then model suffers from collinearity otherwise it is free from this defect.  In all the proposed models 

the λ values have been found to be less than 5 (Table 7). 

 

Table 7. Observed and estimated values for the present set of compounds using best model 

 
 

On the basis of condition number (k) 
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The condition number (k) is another parameter to test the presence of collinearity.  If k is more than 100 then the 

collinearity exists in the model, however, the values reported in Table shows that k is less than 100 for all the proposed 

models (Table 8). 

 

Likewise, the tolerance value (T) equal to 1 or less indicates absence of collinearity. 

 

Table 8. Ridge regression parameters for the best obtained models 

 
 

The Ridge trace and VIF trace also show that the proposed best model (Table 8) is free from the defect of collinearity. 

Hence, we may safely say that the proposed best model (Eqn.) is free from any defect of collinearity and is most suitable 

for modelling the ultrasonic velocity of present set of compounds. 

 

Ridge trace and VIF graphs have been depicted in Figs. 2 and 3 respectively. 

 

 
Fig. 2. Ridge plot for UV 

 

 
Fig. 3. VIF plot for UV 

On the basis of Cross validated parameters 
In Cross-validation [Table 7] we obtain the values of PRESS, SSY, SPRESS, R2

CV and PSE. These parameters help us in 

deciding the predictive power of the proposed model. The PRESS value is a good estimate of the real prediction error of 

the model.  If it is smaller than SSY the model predicts better than chance and the proposed model can be considered 

“statistically” significant. 

 

It is also important to mention that to be a reasonable QSPR model, the value of PRESS/SSY should be smaller than 0.4. 

However, if the value of this ratio is smaller than 0.1 the model is accepted as an excellent model. If the PRESS value is 

transformed in a dimension less quantity by relating it to the initial sum of squares, we obtain R2
CV i.e., the complement 

to the traces of unexplained variance over the total variance. Thus, PRESS and R2
CV have good properties and are used 

for deciding whether the proposed model is acceptable or not. 

 

A perusal of Table 7 shows that on the above counts the proposed model (Eqn.) is most appropriate for modeling the 

ultrasonic velocity of present set of compounds. The R2CV value comes out to be 0.9518. Also PRESS/SSY for the model 

comes out to be 0.0481, PSE 34.6532 which is less than SSY value (Table 6). 
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4. CONCLUSION 
On the basis of above discussion, we may conclude that 

1. The ultrasonic velocity can be modeled using physic-chemical and topological parameters. 

2. Connectivity indices related to connectivity of atoms play dominant role in modeling the ultrasonic velocity of present 

set of compounds. 

3. Best results are obtained when physic-chemical and topological indices are taken together. 

4. The coefficient of ST in the model has positive coefficient suggesting that surface tension has a positive effect towards 

ultrasonic velocity. 

5. The density has negative coefficient in the proposed model suggesting that it has retarding role towards has ultrasonic 

velocity. 
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