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Theoretical Investigation on Electronic Property of Blue-Light Emitting 
Conducting Polymers 

 
Potjaman Poolmee, Songwut Suramitr, Rungtiwa Chidthong and Supa Hannongbua 
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Thailand, 10900 
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Recently, conjugated polymers have attracted intense interest over the last two 
decades, owing to their unique combination of characteristics: electronic, optical, 
magnetic properties of semiconductors and processing advantages of polymers [1]. 
Polydiakylfluorene derivatives are one of the most widely investigated PLEDs due to 
their high efficient blue emission in both photoluminescence (PL) and 
electroluminescence (EL) [2]. In this work, the energy gaps of fluorene derivatives, as 
shown in Fig. 1, were investigated. HOMO-LUMO differents of these polymers were 
calculated by using density functional theory. Time-dependent density functional 
theory was performed to calculate excitation energy at the optimized geometries of 
the ground states using density functional theory. Energy gaps of polymers were 
obtained by plotting the energy of monomer through pentamers against reciprocal 
chain lengths and extrapolating to infinite chain length. This electronic property of 
polymers are obtained by employing the oligomer extrapolation technique, which has 
been successfully employed in investigating several series of polymers [3-4]. It was 
found that the energy gap of I calculated from B3LYP/6-31G* is 3.26 eV which is 
consistent with experiment (3.20 eV) [5]. In case of II, the predicted HOMO-LUMO 
energy gaps can also be useful to estimate the energy gap. The HOMO-LUMO energy 
gap calculated by B3LYP/6-31G* level are 2.20 eV. It shows the excellent agreement 
with experimental data (2.19 eV) [6]. However, the orbital energy difference between 
the HOMO and LUMO is still an approximate estimate to the transition energy 
because the transition energy also contains significant contributions from some two-
electron integrals. TD-DFT(B3LYP/6-31G*)//B3LYP/6-31G*, therefore, was 
performed on oligomers III. It was observed that the energy gap is 2.75 eV which is 
good agreement with experiment (2.87 eV) [7]. It can be concluded that the good 
agreement between the theoretical results and experiment can bring to a rotational 
design of the tunable-light emitting fluorene derivatives. 
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Geometric structure, vertical excitation energies (Egs) and maximum 
absorption wavelengths (λabs) of fluorene-pyridine oligomer (FPy)n (Figure 1) were 
studied by various methods. The geometry optimizations of FPy were obtained using 
by density functional theory (DFT), B3LYP/6-31G* level of calculation. It was found 
that the optimized geometry show planar structure more than fluorene oligomer. The 
vertical excitation energies of (FPy)n were calculated using time-dependent density 
functional theory (TD-DFT) at the B3LYP functional with the 6-31G* basis set based 
on B3LYP/6-31G* optimized geometries. The electronic properties of the polymers 
were obtained by the extrapolating those of the oligomers to the inverse chain length 
equal to zero (1/n=0). The HOMO-LUMO energy differences which is employed by 
B3LYP/6-31G* (3.16 eV) shows the good agreement as compared with experimental 
data (2.87 eV). From vertical excitation energy calculations, it was found that the first 
electronic excitations (S0→S1) are much higher oscillator strength which is the 
promotion of HOMO to LUMO.  And the vertical excitation energies of (FPy)n were 
also close to those determined experimentally from optical band gap. The maximum 
absorption wavelengths of oligomers are close to those determined experimentally 
from the absorption spectra records in THF and shown blue shift compared with 
polyfluorene. It is indicated that pyridine monomer can reduce the excitation energies 
of poly(fluorene). From this information is importance in a fine-tuning of the emitted 
color and at a significant improvement in quantum efficiency. 
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Figure 1. Chemical structure of Fluorene (FL)n and Fluorene-Pyridine (FPy)n 

oligomers. 
 
References: 

1. Yang, S.; Olishevski, P.; Kertesz. Synth. Met., 2004, 171. 
2. Liu, S.P.; Choon, S.; Chan, H. S. O. Synth. Met., 2005, 1. 
3. Aubert, P.H.; Knipper, M.; Groenendaal, L.; Lutsen, L.; Manca,; 

Vanderzande, D. Macromolecules 2004, 37, 4098. 
4. Wang, J.F.; Feng, J.K.; Ren, A.M.; Liu, X.D.; Ma, Y.G.; Lu, P.; Zhang, H.X.; 

Macromolecules 2004, 37, 3451. 



 

 

191

Oral Presentation III 

 

Apirath Phusittrakool, Sornthep Vannarat, Chanchana Thanachayanont, Songwut 

Suramitr and Supa Hannongbua,  

The effect of aluminium atom on structure and electronic properties of MEH-PPV. 

The 10th Annual National Symposium on Computational Science and Engineering 

Conference (ANSCSE10), March 22-24, 2006, Chiang Mai University, Thailand. 

 



 

 

192

 



 

 

193

 



 

 

194

 



 

 

195

 



 

 

196

 



 

 

197

Oral Presentation IV 

 

Songwut Suramitr, Wichanee Meeto, and Supa Hannongbua,  

Theoretical Investigation of Ground and Excited States Geometry of Conjugated 

Based on Carbazole Copolymers.  

The International Conference on Modeling in Chemical and Biological Engineering 

Sciences held in Bangkok from October 25-27, 2006, The Rama Gardens Hotel 

Bangkok, Thailand. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

198

Theoretical Investigation of Ground and Excited States Geometry of Conjugated Based on 
Carbazole Copolymers Songwut Suramitr, Wichanee Meeto and Supa Hannongbua* 
 
1Department of Chemistry, Faculty of Science, Kasetsart University, Bangkok 10900, Thailand. 
 
*Corresponding author: Tel. 662-942-8900 ext 217, Fax 662-942-8900 ext 324 
E-mail: fscisph@ku.ac.th 
 
ABSTRACT 

We report the ground state and the lowest singlet excited-state properties of carbazole-based 
molecules. Geometry optimizations have been performed for the ground state and for the first 
electronically excited state using density functional theory (DFT) and time-dependent density 
functional theory (TDDFT) levels using the B3LYP functional. Electronic excitation leads to quinoide 
type distortions, in particular to a shortening of the inter-ring bonds. Vertical excitations and the 
fluorescence transition from the lowest excited state have been calculated. The absorption and 
luorescence energy agree very well with the available experimental data. 

 
INTRODUCTION 

Recently, novel well-defined 2,7-carbazole-based (Cz) polymers were synthesized by Leclerc 
et al. Luminescent materials spanning the entire visible range have been prepared from these polymers, 
and can be used in Organic Light Electronic Devices (OLED). The absorption and emission energies of 
these copolymerized derivatives were correlated with their electronic transitions. Therefore for this 
work, the ground state and the lowest singlet excited-state for the carbazole-based molecules (Figure 1) 
were investigated using various theoretical approaches and basis sets. They were used here to study 
five carbazole-based molecules: Cz-dimer (Cz2), Cz-co-Fluorene (Cz-co-FL), Cz-co-Phenyl (Cz-co-P), 
Cz-co-Thiophene (Cz-co-Th) and Cz-co-Furan (Cz-co-F).  
 
METHODOLOGY 

The ground state and the lowest singlet excited-state geometries of the fluorene-based 
oligomers were optimized at the DFT and TDDFT levels, using the B3LYP functional. On the basis of 
the optimized geometries, the electronic absorption and luminescence spectra were calculated at 
TDDFT levels. Vertical excitations are computed at the ground-state geometry. The fluorescence 
transition is obtained as the vertical de-excitation at the optimized geometry of the excited state. The 
polarized split-valence (SVP) and the triple-ζ valence-polarized (TZVP) basis sets have been used. All 
calculations were done using the Turbomole version 5.7 program packages. 
 

RESULTS and DISCUSSION 

 
Figure 1. Chemical structure of carbazole dimer and carbazole-based copolymers. 
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In the ground state, Cz-copolymerized with five-membered aromatic rings are more stable in a 
planar configuration than with six-membered aromatic ring monomers. The excited state distances of 
the inter-ring bonds are slightly shorter (about 0.03 Å) than the ground stat geometry. The electronic 
excitation leads to formation of a quinoide type structure. The calculations at SVP and TZVP 
theoretical levels show the changes in distances at about 0.04 Å. It is noted that the SVP calculations 
predicted relative energies of the carbazole-based conformations in good agreement with TZVP 
methods. Taking this into account, it can be conclude that the B3LYP/SVP and TD-B3LYP/SVP 
method are appropriate, in terms of both accuracy and computing time, for the ground state and excited 
state geometry optimization and, therefore, it can be used for further analysis. The vertical excitations 
and the fluorescence transition excitation energies calculated by TDB3LYP/ SVP are agreed with 
experimental data to within 0.10 eV. In addition, based on the method used, TD-B3LYP/SVP 
calculations can increase understanding of some optical properties that might not be observable by 
experimental methods due to unstable transitions as in the case of Cz-co-P and Cz-co-F molecules. This 
structural and electronic information can be applied in the designing of novel conducting polymer 
materials. 
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