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ABSTRACT 

Polytiophene (PTh) and it’s derivatives are the polymer based materials with a π-conjugation framework. Pth is a 

useful photoelectric material and can be used in the organic semi conductor devices, such as PLED, OLED and solar 

cells. Based on molecular structure and property relationship (QSPR, QSAR). Pth contain different substituents in 

position 3 and 4 such as electron-donating or electron-withdrawing groups. 

All molecular geometries were optimized at BLYP/6-31G* level of theory. The energy Gap Eg between HOMO and 

LUMO level is related to the π conjugation in the PTh polymer backbone. In this study, the BLYP/6-

31G*calculations were performed for the non-substituted and 3,4-substituted to investigate the stable geometries. 

The theoretical calculations show that substituted are stable and have a minor of Eg and have a good agreement with 

those of the experimental data. 
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1. INTRODUCTION 

Conjugated polymers are of considerable interest due to their electronic properties and their potential technological 

application [1]. They have many advantages compared to inorganic semiconductors such as easy processing and 

tunable optical gaps. Their electronic properties are determined by the delocalized π-electrons along their carbon 

backbone [2]. Among them, polythiophene (PT), and it’s derivatives are used in several applications such as 

displays, electromagnetic shielding, molecular electronic [3], and due to the thermally stable in ambient temperature 

and have been used in the new optical devices, such as surface light emitting diode (SLED) and light emitting diode 

(LED) [4].  

One of the main goals in the field of electrically conducting polymers is to have a complete understanding of the 

relation-ship between the chemical structure of the polymer and its electronic and conduction properties. Once such 

an insight is achieved, the desired electronic properties could be obtained by specific synthesis after molecular 

design. The conduction properties of an undoped polymer, in terms of the band theory of solids, are known to be 

related to its electronic properties, such as ionization potential (IP), electronic affinity (EA) and band gap (Eg) [5]. 

 The key factor that determines the intrinsic properties of the polythiophene are their band structures, particularly the 

positions of the conduction and valence bands and the gap between them (figure 1). 

S n
 

Fig1. The conduction and valence band and gap on polythiophene 
 

Therefore, the π-electrons in conducting polymers play a major roll in determining their electrical conductivity and 

band structure [6]. 

The energy between valence and conduction band of a polymer is related to the lowest energy of its monomer units 

to the bandwidth resulting from the overlap between the monomer orbital [7]. 

A band gap is defined as the difference between the highest occupied molecular orbital (HOMO) and the lowest 

unoccupied molecular orbital (LUMO) energy levels in the polymer [8]. 

                                              Eg=ELOMO  - EHOMO   (ev)           (1) 

So the electrical conductivity is directly related to the HOMO and LUMO energy of the molecule, and that to a great 

agreement with the values of contribution coefficients we found in the linear regression equation: 

mailto:khalidchimie76@hotmail.com


IJRRAS 12 (3) ● September 2012 Dguigui & al. ● ab-Initio and DFT Study of Polythiophene 

 

 
 

428 

 

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)       (2)     [9]. 

The relationship between these electronic properties of a polymer and its chemical structure is, however, not 

completely understood. Some understanding of this relationship has been achieved through an in sigh into the 

ground state properties of the undoped polymeric systems by Quantum chemical calculations were carried out 

initially at the Hartree Fock (HF) level of theory and DFT. 

 

2.  COMPUTATIONAL DETAILS 

Initial geometries were optimized at Hartree-Fock (HF) level of theory and further reoptimized using DFT methods 

to include correlation corrections. In this study, an exchange functional which was proposed by Becke [10] in 1988 

using a gradient-corrected correlation functional of Lee, Yang and Parr was employed (BLYP), further optimization 

was done using the B3LYP model of density functional theory (DFT). B3LYP combines the Becke exchange 

functional and the correlation functional of Lee, Yang and Parr [11]. All is calculated with the basis set split valence 

augmented with polarization function type (d) 6-31G* [12,13].  

In this work, we can make a theoretical study on the energy band gap of thiophene, and we have compared with the 

experimental value, that in the first step, then we will study the effect of substituent on Eg. 

All calculations on the oligomers studied in this work were performed using Gaussian 03 program package [14], and 

COMPAQ Presario CQ61 machine. 

 

3.  RESULTS AND DISCUSSION 

3-1/ Geometries 

The calculated geometries of thiophene are given in table 1, also given in the table is the experimental geometry of 

(Th). The stable geometry of thiophene monomer is shown in figure 2. 

 

 
Fig 2: Structures of thiophene monomer 

 

Table1: Optimized structure of thiophene oligomers using HF and DFT methods with basis set 6-31G*. 

Parameter   RHF  Error  BLYP   error  B3LYP Error  exp[15] 

Monomer        

Bond length        

  S1—C2 1,725   0,011   1,754    0,04   1,736  0,022   1,714 

  C2—H6 1,071   0,007   1,088   0,01   1,081  0,003   1,078 

 C3—C4 1,437   0,014   1,436   0,013   1,429  0,006   1.423 

 C4==C5 1,345   0,025   1,378   0,008   1,367  0,003   1,370 

Bond angle        

  S1C2C3  111,82   0,32 111,41    0,09  111,50    0,00 111,50 

  C2C3C4 112,53   0,12 112,91    0,26  112,74   0,09 112,65 

  C4C3H7 123,78   0,45 123,91    0,32  123,93   0,30 124,23 

From the results obtained in table 1, we note that the two functional pure and hybrid (BLYP, B3LYP) are very 

closely with experiment, either for bond length and bond angle. Pure and hybrid functional geometry are almost 

identical Compared to Hartree-Fock. Thus, at HF, π-electrons are more localized. This is most likely due to the 

neglect of electron correlation. For geometry calculations, DFT (B3LYP) is more relevant than HF and that due to 

the correlation effect. 
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3-2/ Energy band gaps 

Band gap control in π- conjugated polymers and specifically in polythiophenes is a practically important aspect that 

is referred to in various articles and it is also an interesting theoretical subject [16]. Low band gap conjugated 

polymers are of interest for their intrinsic conductivity in electronic devices and also in devices such as light 

emitting diodes and solar cells. 

The band gaps in conjugated polymers are governed by their chemical structures, therefore, the detailed band gap 

theoretical calculations were carried out on the polymer structures. The theoretical quantity of Eg for direct 

comparison with the experimental band gaps should be the transition energy from the experimental band gap should 

be the transition energy from the ground state to the first dipole allowed excited state [17].  

At the molecular level, Eg corresponds to the adiabatic transition energy, however, the crudest estimate, but most 

widely used due to its highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital 

(LUMO), HOMO and LUMO are shown in figure 3. 

 

 
Fig 3: HOMO and LUMO of thiophene 

 

Since our calculations are for isolated molecules, we have attempted to compare our calculation to experimental 

results. Table 2 summarizes the energy band gap of intrinsic thiophene monomers at HF, DFT (BLYP, B3LYP, 

B3P86, and LSDA) with various combinations of basis sets.  

 

Table 2: energy band gap in eV of thiophene at various levels of theory 

Methods Basis set 

       6-31G      6-31G(d)     6-31+G       6-31G(d,p) 

RHF 12.60(ev) 12.68(ev) 11.42(ev) 12.67(ev) 

BLYP 5.49(ev) 5.44(ev) 6.08(ev) 5.46(ev) 

B3LYP 7.39(ev) 7.29(ev) 6.98(ev) 7.31(ev) 

B3P86 7.57(ev) 7.45(ev) 7.55(ev) 7.46(ev) 

LSDA 6.70(ev) 6.53(ev) 6.63(ev) 6.52(ev) 

Expt value:                                                   5.23(ev) [18] 
 

The energy gaps between highest occupied and lowest unoccupied molecular orbital (ie. HOMO-LUMO energy 

gaps) were calculated for n PTh (n=1) using Hartree-Fock (HF) and density functional methods (DFT) with various 

combinations of basis sets. As expected, the restricted Hartree-Fock (RHF) energy band gap of thiophene monomer 

is overestimate compared to experimental value because of the neglect the correlation contribution. 

The improvement of the band gap is obtained in applying a higher level basis set, the absolute error is 6.19 – 7.45 

(ev). 

 Hybrid density functional (B3LYP and B3P86) overestimate the difference between HOMO and LUMO energy 

gaps respectively by up 2.16(ev) and 2.34(ev). 

 The pure DFT (BLYP) yielded a good agreement with the experiment, the absolute error is 0.21(ev) with basis set 

6-31G* 
 

3-3/ Substituent effect at Eg 

The effect of substitutions on the gap in thiophenes has been extensively studied both experimentally and by 

quantum chemical modeling. 

We show that extrapolation of HOMO-LUMO gaps for π-conjugated oligomers using pure functional (BLYP) and 

the 6-31G(d) basis set predicts the band gaps of conjugated polymers. 

The resulting calculations of energy, HOMO, LUMO and Eg value of non-substituted and substituted thiophene are 

shown in table 3. 
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Table3: Energy HOMO, LUMO, Eg of substituted thiophene monomers 

Monomer EHOMO ELUMO Eg (ev) Eg (exp) 

  S     TH 

-0.19282 0.00745 5.24 5.23 

S

O CH3

ThOCH3 

-0.166936 0.00678 4.72 -- 

S

OO CH3CH3

TH(OCH3)2 

-0.17326 0.00623 4.88 -- 

S

O

CH3

THCH2OCH3 

-0.19194 0.00704 5.41 -- 

We notice after table 3: 
                                         THOCH3<TH(OCH3)2<TH<TH-CH2OCH3 

Indicating that the substitution by an alkoxy group (electron donating) leads to decreases gap energy. In our case, the gap energy 

is reduced by 0,52 ev for THOCH3 and 0.36 for TH(OCH3)2. Therefore, the substitution at β position by R1=H and R2=OCH3 is 

very relevant for decreases the gap energy of thiophene, and for synthesis a new materials.  

 

CONCLUSIONS 
At the outset of this work, we optimize the geometry of thiophene and calculate the gap energy Eg in the 6-31G* basis set with 

different methods to specify the relevant. 

BLYP method with 6-31G*basis set calculations have been carried out successfully to study the electric conducting of thiophene 

substituted, it was found that the substituted thiophene by OCH3 present a minor Eg than other substituted. 
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