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Abstract 
We have investigated the effect of doping in new conjugated compounds based on thiophene and oxathiazole 
with the DFT method at UB3LYP level with 6-31G(d) basis set. Our attention focused on the study on the 
geometries and electronic properties in neutral and doped state. The absorption properties were determined by 
ZINDO/s, CIS/6-31G(d) and TD//B3LYP/6-31G(d) calculations. The effects of doping, the ring structure and 
the substituent on the geometries and electronic properties of these materials are discussed. We show that the 
doping process modify both bond lengths and torsion angles and also electronic properties by enhancing the 
planarity and decreasing the band Gap. The results suggest these compounds as good candidates for opto-
electronic applications. 
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I. Introduction 
Organic π-conjugated polymers and oligomers are almost the most intensively studied conducting polymers 
because of their good environmental stability in both the neutral and doped states [1,2], These materials have 
attracted much interest for potential application in optoelectronic devices du to their electronic and photonic 
properties  [2]. Whereas polymers obtained as highly amorphous, small oligomers are not amorphous and 
can be synthesized as well defined compounds. Moreover, theses oligomers provide interesting models for 
understanding the structural and electronic peculiarities which control the charge transport and optical 
properties in parent polymers [3]. On the other hand oligomers based on mixed heterocyclic compounds in 
which electron-donating units coexist with electron- withdrawing ones in the polymer main chain were 
studied [4]. 1.4.4-oxadiaozole considered as important five-membred compound among the large 
heterocyclic families, has been studied as excellent candidate for material applications during the past years 
due to its excellent thermal, chemical stabilities and high photoluminescence quantum yields [5]. However, 
the processing of these materials is limited by their insolubility. This problem was resolved by the 
incorporation of side chains into thiophene. Unlike unsubstituted oligomers, the substituted ones are soluble 
and this solubility facilitates their characterization and widens their applicability [6].  These materials are 
currently under intensive investigation for many applications in optoelectronic. One of the most important 
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factors of controlling physical properties is the band gap (Eg), which is a current topic of research. In 
particular, materials with a low band gap are desired in optoelectronic applications [7]. Many ways have 
been used to modulate this parameter as the modification of chemical structure or doping process. A better 
understanding of the electronic and optical properties of these new materials requires knowledge of their 
conformations and electronic structures. More importantly, these properties can be tuned by different 
substituent in several positions. On the other hand, theoretical calculations provide a lot of useful 
information that help chemists to build up a good relationship between structure and properties of these 
materials. In this regard, theoretical studies of oligothiophenes certainly facilitate the knowledge of 
polymeric structure. Smallest oligomers can play also an important role in understanding charge transport 
mechanism and physical properties of polymers. In this work, we are going to carry out the DFT calculations 
and to discuss the structural and electronic properties of neutral and doped oligothiophenes (n=2-8). In this 
work, the theoretical analysis on the geometries and electronic properties of conjugated compound based on 
thiophene and oxadiazole {OxTOxTOx(CH3); TTOxTT; TTOxTT(OMe); TTOxTT(CN); TTOxTT(F); 
TTOxTT(CH3)} is reported, as shown in Fig.1. Some of these new series of organic compounds have been 
successfully recently synthesized [8]. The theoretical ground-state geometry and electronic structure of the 
studied molecules were investigated by the DFT method at B3LYP level with 6-31G(d) basis set. The effects 
of the ring structure and the substituent on the geometries and electronic properties of these materials were 
cited in details in another work [9]. The results are discussed in comparison with the properties of the doped 
compounds.  
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R= R1: TTOxTT(OMe) ; R2 : TTOxTT(CN); R3 : TTOxTT(F) ; 
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Figure. 1: Studied compound 

 
2. Methodology  
DFT method of three-parameter compound of Becke (B3LYP) [10] was used in all the study of the neutral, 
polaronic and bipolaronic oligomers. The 6-31G(d) basis set was used for all calculations [11–14]. To obtain 
the charged oligothiophene structures, we start from the optimized structures of the neutral form. The 
calculations were carried out using the GAUSSIAN 03 program [15]. The geometries structures of neutral 
and doped molecules were optimized under no constraint. We have also examined HOMO and LUMO 
levels; the energy gap is evaluated as the difference between the HOMO and LUMO energies. The ground 
state energies and oscillator strengths were investigated using the ZINDO/s, CIS/6-31G(d) and TD-
DFT(B3LYP/6-31G(d)) calculations on the fully optimized geometries. In fact, these calculation methods 
have been successfully applied to other conjugated polymers [16]. 
 
 
3.  Results and discussion 
3.1 Geometric properties 
For all molecules, geometrical parameters were obtained after total optimization by B3LYP/6-31G (d). It 
was found that the DFT-optimized geometries were in excellent agreement with the data obtained from X-
ray analyses. To investigate the effect of the substituents on the geometries and electronic properties, the 
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optimized structures of several substituted oligomers built on thiophene and oxadiazole {TTOxTT(Me), 
TTOxTT(OMe), TTOxTT(CN) and TTOxTT(F)} were compared with the unsubstituted one TTOxTT. On 
the other hand, to investigate the effect of the ring structure, the optimized structures and the electronic 
properties of compound TTTTT(Me) were compared with those of TTOxTT(Me). The results of the 
optimized structures for all studied compounds show that they have similar conformations (quasi planar 
conformation) (see Fig. 2). We found that the consecutive units have similar dihedral angles (180°) and inter-
ring distances (1.443 Å). The incorporation of several groups does not change these parameters.  
In addition, since the p-doped π-conjugated molecule becomes the ultimate responsible of charged transport, 
it is interesting to study this phenomenon in our case. As said before, to obtain oxidized optimized structure, 
we started from the optimized structure of the neutral form. 
 

  
 

TTOxTT               TTOxTT(CH3) 
 

      
 

TTOxTT(OMe)               TTOxTT(CN)  
 

     
 

TTOxTT (F)               OxTOxTOx(CH3) 
 
 

Figure 2 : Optimized structures of studied oligomers.  
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Figure 3: Optimized CC bond lengths of neutral compounds OxTOxTOx(Me) (fille squares) and of its 
radical cation (open circles) calculated by the B3LYP/6-31G(d). 
 
 
Table 1 : Geometric parameters of compounds  OxTOxTOx(Me) obtained by B3LYP/6-31G(d). 
 

di (Å) Neutre Dopé 1 Dopé 2 
d1 1.29098 1.29967 1.31659 
d2 1.39520 1.37853 1.35394 
d3 1.30233 1.30785 1.32064 
d4 1.44024 1.43175 1.41643 
d5 1.37804 1.39563 1.41670 
d6 1.41930 1.39948 1.38211 
d7 1.38951 1.41623 1.44375 
d8 1.43886 1.40760 1.38047 
d9 1.30595 1.33755 1.37637 
d10 1.37782 1.33112 1.28755 
d11 1.30595 1.33755 1.37637 
d12 1.43886 1.40760 1.38047 
d13 1.38951 1.41623 1.44375 
d14 1.41930 1.39948 1.38211 
d15 1.37804 1.39563 1.41670 
d16 1.44024 1.43175 1.41643 
d17 1.30233 1.30785 1.32064 
d18 1.39520 1.37853 1.35394 
d19 1.29098 1.29967 1.31659 
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Figure 4: Optimized CC bond lengths of neutral compound OxTOxTOx(Me)  (filled squares) and its 
diradical cation (open circles) calculated by the B3LYP/6-31G(d). 
 
We can conclude that during the doping process and for all studied compounds the simple bonds become 
shorter, while the double ones become longer. The inter-rings bonds are longer than normal double bonds. A 
quinoid-like distortion emerges as a result of the oxidation. These results are consistent with the ab-initio HF 
and DFT calculations performed by J. Casado et al. [17] and S.M Bouzzine et al [18] for substituted 
oligothiophenes. The optimized geometry of the dicationic oligomers indicates the formation of the positive 
bipolaron defect localized in the middle of the molecule and extending over the adjacent repeat units. The 
charged species are characterized by a reversal of the single double CC bond pattern; the geometry process 
thus induces the appearance of a strong quinoid character within the molecule (figure 5). 
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 Figure 5: Simplified neutral (a), polaron (b) and bipolaronic (c) structures. 

 
The band gap of TTOxTT(OMe), is much smaller than that of the other substituted compounds. This may be 
attributed to the number of electron-donating methoxy side groups and also to the Coulombic interaction 
between sulphur of thiophene and oxygen atoms [19]. Concerning the comparison between the last two 
compounds TTTTT(Me) and TTOxTT(Me), it suggests that the replacement of thiophene ring in 
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TTTTT(Me) by oxadiazole leads to the stabilisation of both the HOMO level and LUMO levels with 
increase in the energy Gap. This is in agreement with what it was found in the cases of TTTTT and TTOxTT 
and with the experimental results [8]. 
Table 2 lists the theoretical electronic parameters of the studied conjugated compounds. In the case of 
compounds TTOxTT(Me) and TTOxTT(OMe), one remark that they exhibit destabilization of the HOMO 
and LUMO levels in comparison with those of unsubstitued one (TTOxTT) due to electron-donating 
substitution of methoxy and methyl groups; while in the case of TTOxTT(CN) and TTOxTT(F),  there is  a 
net stabilization of the HOMO and LUMO levels. However, these compounds have a smaller energy gap Eg 
than the unsubstituted one, which is due to the presence of different substituent as described previously [8].  
 
Table 2: Values of HOMO (eV), LUMO (eV) and Eg (eV) energies calculated for, TTTTT TTOxTT, 
TTTTT(Me), TTOxTT(Me), OxTOxTOx(Me), TTOxTT(OMe), TTOxTT(CN), TTOxTT(F) obtained by 
B3LYP/6-31G(d). 

compounds EHOMO/eV ELUMO/eV Egap/eV 
TTTTT 

TTOxTT 
TTTTT (Me) 

TTOxTT (Me) 
OxTOxTOx (Me) 

TTOxTT (OMe) 
TTOxTT (CN) 
TTOxTT (F) 

-4.860 
-5.414 
-4.626 
-5.125 
-6.046 
-4.540 
-6.246 
-5.452 

-2.080 
-2.166 
-1.853 
-1.980 
-2.638 
-1.560 
-3.255 
-2.212 

2.78 
3.24 
2.72 
3.14 
3.40 
2.98 
2.99 
3.23 

 
On the other hand and since the p-doped π-conjugated molecule becomes the ultimate responsible of charged 
transport, the values of the energy of the HOMO, LUMO, ∆EN(HOMO, LUMO) for several compounds in 
their neutral, polaronic and bipolaronic forms were determinate and presented in table 3. Available values of 
the gap energy in neural state are presented also in this Table for comparison. Traditionally and until now, 
charged stated in conjugated molecules have been discussed in terms of one-electron band model. We note 
that the energy gap decreases when passing from the neutral to the doped form for all oligomers. 
 
Table 3: Values of Gap energy (eV) of the several oligomers, respectively in their neutral, polaronic and 
bipolaronic forms. 
 

compouds Egap (eV) 
Neutral form 

Egap (eV) 
Polaronic  form 

Egap (eV) 
Bipolaronic form 

OxTOxTOx(Me) 3,40 3,11 1,56 
TTOxTT(CN) 2,99 2,73 1,28 
TTOxTT(Me) 3,14 2,87 1,39 
TTOxTT(F) 3,23 2,97 1,42 

TTOxTT 3,24 2,90 1,25 
TTOxTT(OMe) 2,98 2,82 1,53 

TTTTT 2,78 2,56 1,65 
 
Finally, it is important to examine the HOMO and the LUMO for these oligomers because the relative 
ordering of occupied and virtual orbital provides a reasonable qualitative indication of excitations properties 
[21].  In general, as shown in Fig 6 (LUMO, HOMO), the HOMOs of these oligomers in the neutral form 
possess a π-bonding character within subunit and a π-antibonding character between the consecutive subunits 
while the LUMOs possess a π-antibonding character within subunit and a π-bonding character between the 
subunits whereas it is the opposite in the case of doped forms 
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Neutral form 

   
 

Polaronic form 

  
Bipolaronic form 

 
 Figure 6: The contour plots of HOMO and LUMO orbitals of TTOxTT (Me), 

 
 
4. Conclusion 
In this study, the theoretical on the geometries and electronic properties of various compound based on 
thiophene and oxadiazole is performed in order to display the effect of substituted groups, the ring structure 
and the doping process on the structural and opto-electronic properties of these materials. The concluding 
remarks are: 
• The substitution of electron- donating groups on the thiophene ring destabilizes the HOMO and LUMO 
levels while the substitution with Fluorine or nitrile groups leads to the stabilization of the HOMO and 
LUMO levels with a decrease in the energy gap and results in a red shifting in the absorption spectrum. Such 
theoretical results are in agreement with experimental ones. 
• The replacement of thiophene ring by oxadiazole leads to the stabilisation of the HOMO and LUMO 
levels and increase in the energy gap.  
• For polaron and bipolaron oligomers, the obtained structures are completely planar. The gap energy 
decreases when passing from the neutral to the doped form for each oligomer. The quinoidic character is 
more accentuated when a second electron is removed 
The results of this study demonstrate how the electronic properties can be tuned by the backbone ring, side 
group or doping process and suggest these compounds as good candidates for opto-electronic applications.  
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