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Abstract 
 
A quantitative structure-activity relationship (QSAR) model was constructed to predict the electrical conductivity of 46 
compounds of monothiophene derivative. In the present study where used to establish QSARs based on quantum 
mechanically derived molecular descriptors, hydrophobicity and steric effects. The structure-activity relationships were 
discussed by multiple linaire regression (MLR) r =0,91 and neural network (NN) r =0,95. The correlation coefficient 
obtained with MLR and NN is fairly good to evaluate a quantitative model. To test the performance of this model we 
have used the cross validation method (r =0,85).  
  
Key words: Quantitative structure activity relationships (QSAR), Conductivity σ, multiple linear regressions (MLR), 
Neural Network (NN), Cross validation (CV).   
 
 
1. Introduction 
 
Over 40 years ago, conjugated polymers were envisioned as futuristic new materials that would lead to the next 
generation of electronic and optical devices. The development of electronic devices based on conjugated polymers, since 
polythiophenes (PTs) possess excellent and high conductivity when doped, [1]. To date PTs have been used in variety of 
application including: transistors, hole injection layer in polymer, electrical conductors, environmental sensors, and solar 
cells, [2]. 
The geometric structure of polythiophene is sketched in fig.1, it exists in a continuous network, often a simple chain, of 
adjacent unsaturated carbon atoms, i.e., carbon atoms in the sp2 hybridized state, [3]. This type of structure gives the 
corresponding materials proprieties of semiconductor wide band gap Ep >1.5 eV, [4]. 
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                                               Fig, 1. Chemical structure of polythiophene 
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QSARs can play an important role in molecular electronic, solid physics, materials chemistry, and the ability to predict 
electrical activity, for example electrical conductivity is valuable in any number of industries. 
The main contributions to the widespread use of QSAR models come from the development of novel structural 
descriptors and statistical equations relating various physical, chemical, and biological proprieties to the chemical 
structure. 
The success of the QSPR and QSAR approach can be explained by the insight offered into the structural determination of 
chemical proprieties and possibility to estimate the proprieties of new chemical compounds without the need to 
synthesize and test them. 
The main hypothesis in the QSPR and QSAR approach is that all proprieties (physical, chemical,..) of a chemical 
substance are statistically related to its molecular structure [5]. 
In our study, we are concerned to seek the relationship between electrical conductivity of polythiophene and physico-
chemical proprieties using statistical methods and neural network. 
 
 
2. Methodology 
 
2.1. Data and Software 
2.1.1. Database 
In this work, a set of 47 organic compounds derivatives of monothiophene has been investigated and analyzed to 
determine a quantitative relationship between structure and conductivity. 
The conductivity is expressed in logarithmic form and its unit is S/cm. 
 
2.1.2 Software 
Statistical evaluation of the data and multivariate data analysis has been performed mainly by the software products 
Mystat version 12 [6], Statlab version 3 [7], Matlab version 7 [8]. 
The work has been performed on a personal computer running Microsoft Windows operating system version 7. 
 
2.2. Molecular Descriptors 
The descriptors are used to characterize the molecules to be analyzed, they can be calculated from the structure 
(constitution, configuration and molecular conformation) or properties ( physical, chemical, biological) belonging to 
molecules. 
The molecular descriptors were selected in such a way that they represent the features necessary to quantify the 
conductivity properties [9]. 
Eight descriptors were chosen to model response factors, which are molecular weight (MW), Van Der Waals surface 
(WS), Dipole moment (µ), Hydrogen bond Acceptor (HBA), constant Rekker (Frekker), HOMO Energy (EHOMO), LUMO 
Energy ( ELUMO) and chemical hardness (η). 
 
2.3. Descriptors calculation 
Molecular descriptors are formal mathematical representations of a molecule, obtained by a well-specified algorithm, and 
applied to a defined molecular representation or a well-specified experimental procedure: the molecular descriptor is the 
final result of a logic and mathematical procedure which transforms chemical information encoded within a symbolic 
representation of a molecule into a useful number or the result of some standardized experiment [10]. 
 
2.3.1. Molecular weight 
The molecular weight is the weight of all atoms present in molecule. 
 
2.3.2. Van Der Waals surface 
Van der waals surface or van der waals envelope is the surface of the union of the spherical atomic surface defined by the 
van der waals redius of each component atom in the molecule [11]. 
 
2.3.3. Dipole moment 
The dipole moment µ (or electric dipole moment) is a vectorial quantity that encodes displacement with respect to the 
center of gravity of positive and negative charges in a molecule defined as:  

      
1

n

i ii
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=
= ⋅∫                                                                                                                       (1) 

 
Where qi are point charges located at position ri. The SI unit for dipole moments is the coulomb meter, but they are often 
expressed in Debye. 
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The elements of the vector µ are called dipole moment components: 
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Where x, y, z, are the coordinates of the charges. Molecules with zero dipole moments are called nonpolar, others polar, 
moreover, dipole moments equal to zero indicate molecules with a center of symmetry [12]. 
In our studies, we calculated the dipole moment aside from the HF method utilizing a 6-31G basis set by the software 
Gaussian 03.  
 
2.3.4. EHOMO and ELUMO 

The EHOMO and ELUMO values were calculated for lowest energy conformer without further geometry optimization using 
the ab-initio Hartree-Fock method utilizing a 6-31G basis set. 
 
2.3.5. Chemical hardness 
The definition of the chemical hardness given by eqs:  
 

2

2

E

N N υυ

µη  ∂ ∂ = =   ∂ ∂  
                                                               (3) 

 
It’s need from the knowledge of the energy as a function of the number of electrons. 
In terms of orbital energies, the chemical hardness is:  
         

 L Hη ε ε= −                                                            (4) 

 
 
Where εH and εL are the eigenvalues of the highest occupied molecular spin-orbital (HOMO) and the lowest unoccupied 
molecular spin-orbital (LUMO) [13]. 
 
 
2.3.6. Hydrogen bond accepter 
Hydrogen bond is the attractive interaction of a hydrogen atom with an electronegative atom. 
Katritzky, Mu et al say that all the H-bond descriptors are assigned zero if hydrogen atoms in the molecule can be 
donated, moreover, hydrogen bond acceptors are usually restricted to oxygen, nitrogen, and sulfur atoms. 
 
2.3.7. Constant rekker 
The log P of a molecule is calculated by summing up the fragmental contributions and applying the appropriate 
correction factors as: 

                                                 0 1 1
log b . .

n n

i i j ji j
P f N C N

= =
= + +∫ ∫                                            (5)                              

 
Where fi and Ni are the hydrophobic constant and the number of occurrences of ith fragment in the considered 
compound, Nj is the number of occurrences of the jth correction factor. 
Cj is the value of the considered correction factor describing some special structural features; in practice, it can be 
calculated as: Cj = Kj*  0.219 
Where 0.219 is the so-called “magic constant” and Kj is an integer value characterizing the jth correction factor [14]. 
 
 
3. Results and discussion 
 
A QSAR study was carried for a series of 46 derivatives of polythiophenes, in order to determine a quantitative 
relationship between structure and conductivity. 
Table 1 shows the chemical structure of the series of training set, the values of σobs and values of calculated σ by MLR 
and NN. 
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Table 1. he chemical structure of the studied compounds, the values of log(σobs) corresponding to reference [15] and 
values of predicted log(σ)MLR and log(σ)NN are calculated using MLR and NN respectively. The values of log(σ)CV are 
calculated with the cross validation method with "leave one out" procedure used to test the performance of the model. 
 

N R1 R2 Logσobs 

(S/cm) 
LogσMLR 

  (S/cm) 
LogσNN 

(S/cm) 
LogσCV 

(S/cm) 

1 C2H5 H 2.25 2.27 1.93 1.88 

2 C3H7 H 2.20 2.29 1.85 1.81 
3 C4H9 H 2.17 2.12 1.77 1.74 
4 C5H11 H 2.14 2.00 1.71 1.67 
5 C6H13 H 1.47 1.86 1.65 1.66 
6 C7H15 H 1.65 1.74 1.59 1.59 
7 C8H17 H 1.60 1.60 1.52 1.51 
8 C9H19 H 1.92 1.50 1.47 1.46 
9 C10H21 H 1.84 1.34 1.38 1.36 
10 C12H25 H 0.60 4.37 1.69 1.70 
11 C14H29 H 0.84 0.82 1.12 1.16 
12 C18H37 H 0.30 0.30 0.85 1.01 
13 C20H41 H 1.04 0.07 0.71 0.55 

14 C6H5 H 2.14 2.70 2.14 1.87 
15 mCH3O-C6H5 H 1.60 -0.40 0.92 0.39 
16 mCF3O-C6H5 H -2.74 -2.65 -2.50 -1.43 

17 C2H4-C6H5 H 1.11 2.60 1.64 1.70 

18 C3H6-C6H5 H 1.39 2.45 1.56 1.53 

19 C2H4-O-CH2-C6H5 H 1.30 0.12 0.61 0.44 

20 O-CH3 H -0.88 -1.21 -1.24 -1.39 

21 O-C2H5 H -2.01 -1.27 -1.27 -1.24 

22 O-C3H7 H -2.22 -1.42 -1.42 -1.09 

23 O-(CH2)9-CH3 H -2.52 -2.24 -2.62 -2.61 

24 O-(CH2)10-CH3 H -2.52 -1.70 -2.70 -2.74 

25 O-(CH2)11-CH3 H -1.22 0.84 -2.19 -1.84 

26 O-(CH2)12-CH3 H -1.69 -1.48 -2.32 -1.01 

27 O-(CH2)13-CH3 H -2.69 -1.86 -1.43 -1.03 

28 O-(CH2)14-CH3 H -3.01 -2.18 -3.22 -3.33 

29 CH2-O-C2H5 H -2.01 -0.86 -0.33 0.48 

30 CH2-O-CH3 H 1.00 -1.00 -0.77 -2.48 

31 CH2-O-C7H15 H -1.01 -1.36 -1.00 -1.15 

32 (CH2)2-O-C4H9 H 1.74 -0.11 1.43 1.78 
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33 (CH2)2-O-C6H13 H 1.69 1.84 1.69 0.29 

34 (CH2)3-O-C5H11 H 1.00 1.32 1.00 0.23 

35 CH2-O-CH2-O-(CH2)2-O-CH3 H -3.01 -2.21 -2.78 -0.94 

36 (CH2)2-O-(CH2)2-O-CH3 H 2.39 1.16 1.72 1.24 

37 (CH2)2-O-(CH2)2-O-(CH2)2-CH3 H 1.00 1.01 1.71 0.68 

38 H CH3 2.69 2.57 1.98 1.80 

39 CH3 CH3 -0.31 0.79 1.03 0.83 

40 CH3 OCH3 2.34 1.27 2.68 2.77 

41 H OC4H9 -3.01 -2.48 -3.09 -3.39 

42 OC4H9 OC4H9 -5.01 -4.61 -4.97 -3.51 

43 CH3 OC4H9 0.30 0.67 0.22 0.32 

44 CH3 OC8H17 0.00 0.00 -0.20 0.13 

45 CH3 OC12H25 0.69 1.05 1.26 1.31 
46 H S-C2H5 -3.01 -3.08 -2.92 0.08 

 
 
3.1. Multiple linear regressions 
The electrical conductivity was first regressed with the molecular descriptors selected for the QSAR study (table 2). 
 
Table 2. Type of molecular descriptors selected for the QSAR study 
 

Molecular descriptors Type 
Van Der Waals surface (SW) steric 

Dipole moment (µ) electronic 
Energy of the highest occupied molecular orbital (EHOMO) electronic 

Energy of the lowest unoccupied molecular orbital (ELUMO) electronic 
Chemical hardness (η) electronic 

Hydrogen bond acceptor (HBA) steric 
Rekker constant (Frekker) hydrophobicity 
Molecular weight (MW) Physici-chemical properties 

 
The selection of descriptors is based on the values of p-value, the descriptors with a p-value greater than 0.05 are 
eliminated. Descriptors selected are a p-value less than 0,05. 
The equation of the model is:  
 

Log (σ) MLR = 26.89+ 0.059*(PM) – 2.233*(SW) –0.737*(µ) + 0.731*(HBA) + 1.970*(FRekker)     +     
272.635*(EHOMO) + 289.30*(ELUMO)  + 295.714*(η)                                         (6) 

 
 

  N= 47, r = 0.91, p≤  0.05, SE= 0.9                                           (7) 
 
 
The coefficient of correlation shows that the model has a good and power explanatory. 
The correlation between log(σ)obs and log(σ)MLR  is illustrated in the following plot (r=0.91) Figure1. 
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Figure1. Graphical representation of log (σ) obs versus log (σ) MLR. 
 
3.2. Neural network 
Despite the good results we obtained by multiple linear regressions, it’s likely that any nonlinear relationship occurs. The 
neural network is the proper concept to accomplish this stain. 
In our study, the layer is formed by entering the eight descriptors proposed by linear regression. 
The hidden layer contains two tansig neural and the output layer neural is a linear or network configuration is (8-2-1) 
mark, and the number of weights should be between 1.8 and 2.3. 
The correlation coefficient obtained by neural network is 0.95 which enabled us to offer a good model. 
The correlation between log(σ)obs and log(σ)NN  is illustrated in the following plot Figure2. 
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Figure2. Graphical representation of log(σ)obs versus log(σ)NN 
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3.3. Cross validation (leave-one-out) 
 Leave-one-out croos validation (LOOCV) involves using a single observation from the original sample as the validation 
datum and the remaining observation as the training data. This is repeated such that each observation in the sample is 
used once as the validation data. This is the same as K-fold cross-validation with K being equal to the number of 
observations in the original sample. 
In this part of work, we can test the performance of the neural network and validity our choices of descriptors by MLR. 
The correlation coefficient obtained by LOOCV is 0.85. The results are illustrated in the following plot figure 3. 
N.B: for after all the results we obtained and submitted in the graphs, we note that althought two parts: high when 
logσ≥0.85 and low when logσ≤0.85. 
After the regression equation we note that the coefficient of contribution of electronic descriptors is very important which 
means that the conductivity is directly related with the energy of the systeme ( EHOMO, ELUMO, η). 
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Figure 3. Graphical representation of log(σ)obs versus log(σ)CV  

 
 

4. Conclusion 
 
The statistical analysis that we have undertaken to establish a structure-conductivity relationship for the polythiophenes, 
shows that the conductivity is related to the electronic descriptors which are calculated by ab-initio methods. 
The reliability of this study has been tested by three different statistical methods: MLR, NN and CV. 
A comparison of all the methods indicates that the NN is more reliable than others and has a high predictive power. 
Finally QSAR is a broadly used tool for developing relationships between the effects (e.g.activities and properties of 
interest) of a series of molecules with their structural properties. It is used in many areas of science. It is a dynamic area 
that integrates new technologies at a staggering rate. 
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