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Density functional theory (DFT) and time dependent DFT (TD-DFT) calculations were carried out for the oligomers of 3,4Ethylenedioxythiophene-Aniline (EDOT-Ani), 3,4-Ethylenedithiafurane- Aniline (EDTF-Ani) and Thieno [3,4-b] benzene-Aniline (PITNAni). Structural parameters, electrical conductivity, spectral properties and electronic properties such as ionization potential (IPs), (EAs),
HOMO-LUMO isosurfaces and energy gaps of EDOT-Ani, EDTF-Ani and PITN-Ani were calculated and compared using density
functional theory at the B3LYP/6-31G(d) level which has been successfully used in predicting trends in conjugated systems. EDOT-Ani
results showed good correlation with our previous experimental data. The vibrational frequencies with their assignments were also in close
agreement with experimental frequencies. The UV-Vis spectra were simulated with TD-DFT/6-31G(d) level of theory and the maximum
wavelength (λmax), optical band gap (Egopt ) and oscillator straight (f) of three oligomers were compared with each other and with
experimental values. Among the studied copolymers, PITN-Ani showed the narrowest band gap which could be attributed to its higher
donor acceptor property compared to two other polymers.
Keywords: Density functional theory, Aniline, Band gap, IR spectra, HOMO-LUMO isosurfaces

INTRODUCTION
Electronically conducting polymers have received
considerable attention because of their wide range of
technological applications in optical and electronic devices
[1], energy storage systems [2], solar cells [3-5], sensors
[6,7] and electromagnetic shielding [8]. These applications
can be attributed to their band structures. There have been a
number of attempts over the past decades to present novel
organic conjugated polymers with low band gaps [9,10]. It
has been reported theoretically and experimentally that
fusion of a benzene and thiophene in polythieno (3,4-b)
benzene (PITN) increases the quinoid contribution to
electronic structure and decreases the band gap [11-15].
Garcia et al. showed that the quinoid structure gives a
reasonable description of PITN especially for central
fragment of long oligomers [13]. Recently, PITN has been
*Corresponding author. E-mail: f-kalantari-f@iauyazd.ac.ir

hybridized with nano materials to improve the efficiency of
dye synthesized solar cells [16,17]. Among the conjugated
polymers, poly (3,4-ethylenedioxythiophen) (PEDOT) is
also a promising organic electrode material because of its
low band gap, low oxidation potential and remarkable
environmental stability [18-22]. This polymer has chains
which block the 3,4 positions of thiophene ring, exerting an
electron donating effect which reduces the band gap of
polythiophene to 1.2-1.7 eV and causes a high degree of
visible light transmission [23,24]. Quantum chemical
calculations have been employed for investigating different
aspects of PEDOT [25-29]. Aleman and Casanovas have
used some quantum chemical methods and investigated the
conformational and electronic properties of 3,4
ethylenedioxy thiophene dimers and the material generated
by interchanging the positions of oxygen and sulfur atoms
[25]. Dkhissi et al. were applied DFT and HF methods for
modeling PEDOT and PITN, and energetically show that
PEDOT has an aromatic character in the ground state which
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is in contrast to PITN [28]. Agbaoye et al. calculated the
elastic constants and mechanical properties of PEDOT using
semi local DFT calculations [29]. Due to flexible nature of
PEDOT, It can be doped with other polymers and materials
to develop novel functional materials. PEDOT:PSS (poly
styrene sulfonate) are being employed in electronic devices
[30]. When PEDOT is doped with PSS its structure changes
from benzoic shape to quinoid form [26]. Moreover,
PEDOT and its derivatives with low oxidation potential and
good forming ability are widely used in electrochromic
materials [31-33]. A series of phenantrene centered donoracceptor type electroactive PEDOT films with
multielectrochromic properties were synthesized by Colak
et al. [34].
In the category of conducting polymers, poly aniline has
attracted much attention due to its unique doping
mechanism, its ease of synthesis and high environmental
and thermal stability. Several studies have been carried out
for random copolymerization of aniline-EDOT monomers
in order to comprise the conductivity and electro catalytic
effect of both aniline and EDOT [35-38]. Copolymerization
of aniline and EDOT containing nano crystalline Barium
Ferrite particles show high saturation magnetization and
conductivity that can be used as a microwave absorbing
material [37].
In this work, using DFT-based calculations, we
investigate the conformational and electronic properties of
3,4-Ethylenedioxythiophene-Aniline copolymer (n-EDOTAni), 3,4-ethylenedithiafurane-Ani (n-EDTF-Ani) in which
the positions of the sulfur and oxygen atoms are
interchanged with respect to EDOT (Fig. 1), and n-Thieno
[3,4-b] benzene- Ani (n-PITN-Ani) with n ranging from 14. At first, we considered anti conformation for all
structures and let them fully optimize. The optimized
structures were used for calculating HOMO-LUMO energy
gap, ionization energies, electron affinity and IR simulation.
UV-Vis spectra and optical gap were also calculated using
optimized structures. The obtained results are compared
with available experimental data.

These are 3,4-Ethylenedioxythiophene-Aniline copolymer
(n-EDOT-Ani), 3,4-ethylenedithiafurane-Ani (n-EDTF-Ani)
and n-Thieno [3,4-b] benzene-Ani (n-PITN-Ani) with n
ranging from one to four monomers. All calculations were
carried out using Gaussian 09 [39] and density functional
theory at the B3LYP and PBE0 methods in combination
with 6-31G(d) basis set. These methods have been
successfully used in predicting trends in conjugated systems
without significant computational cost [40-43]. Different
conformations of the dimmer to tetramer forms of these copolymers were considered and the most energetically
structures with lowest band gap were selected for other
calculations. All structures were initially set in anti, syn,
anti-syn-anti and syn-anti-conformation and were fully
optimized. Ionization potentials (IPs) and electron affinities
(EAs) were estimated according to the energy results of
cationic and anionic forms of polymers. The HOMOLUMO energy gap was evaluated as the difference between
the highest occupied molecular orbital (HOMO) and lowest
unoccupied molecular orbitals (LUMO) energy levels. IR
spectra were simulated and scaled with a common scaling
factor of 0.9613. Time depended DFT (TD-DFT/B3LYP/631G(d)) calculations were also performed for estimating the
optical gap and simulation of UV-Vis spectra in DMSO
medium on polarized continuum model (PCM).

RESULTS AND DISCUSSION
Structural Parameters
Three copolymers were initially set in four conformers
(Fig. 1) and fully optimized. The most energetically stable
structures were selected for other calculations. Optimized
structures of 4-EDOT-Ani, 4-EDTF-Ani and 4-PITN-Ani
structures are presented in Fig. 2. It can be seen that after
full optimization, bridging angles change and all geometries
are in twisted manner to minimize steric hindrance of
cycles. The torsional angles between cycles are presented in
Table 1.
Structural results of EDOT-Ani show a syn-gauch
conformation after full relaxation. The torsional angel
between EDOT and aniline which are bonded with C-C
bond, is about 20-23°. Anyway, the torsional angle between
two monomers at C-N bond is about 58-60°. The interring
distance is 1.46 Å for C-C and about 1.39-1.40 Å for N-C

COMPUTATIONAL DETAILS
In this study, three conjugated polymers with low band
gap have been selected and copolymerized with aniline.
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Fig. 1. a) Anti, b) anti-syn-anti, c) syn-anti-syn and d) syn conformations of the studied co-polymers.

bond lengths indicating the benzoid structure of these
copolymers [44]. EDTF-Ani structure is twisted more than
EDOT-Ani. The torsional angles at C-C interring bond
change from 14-25° and the torsional angles between two
monomers at C-N bond are varying between 50-60°. The
monomers are in syn-gauch conformation after full
optimization.
The inter ring distances are the same as EDOT-Ani
distances. After full geometry optimization in PITN-Ani,
the structure changes considerably and achieves zigzag
geometry. Bond length extensions are slightly higher than

those in EDTF-Ani and EDOT-Ani copolymers. They are
1.40 Å for N-C and 1.47 Å for C-C bonds. Inter ring
torsional angles are more extended than two other
structures. They are about 40-41° at C-C bond and about
130° between two monomers at C-N bond. Higher inter ring
torsional angles and longer inter ring bond lengths show its
lower conjugation compared with previous co-polymers.

Electronic Properties
In this section, we investigate the HOMO/LUMO
energies, energy gaps of copolymers, and the effect of
585
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Fig. 2. Optimized structure of a) 4-EDOT-Ani, b) 4-EDTF-Ani and c) 4-PITN-Ani using B3LYP/6-31G* method.
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Table 1. Torsional Angles (in Degree) of the Studied Structures after Full Optimization Using B3LYP/6-31G*. The
Angels are Shown in the Figure Below. X = S and Y = O for EDOT-Ani, X = O and Y = S for EDTF and
X = S and Y = (C=) fot PITN-Ani
θ1

θ2

θ3

θ4

θ5

θ6

θ7

θ8

θ9

θ10

EDOT-Ani

-22.4

3.782

58.41

23.18

-0.39

-57.63

19.46

-0.34

59.20

-20.8

EDTF-Ani

24.9

8.148

60.08

-16.93

-17.8

-49.8

-15.40

20.97

54.82

14.27

PITN-Ani

41.79

-20.19

129.7

-39.86

19.60

-130.4

39.5

18.7

-128.4

39.8

X

X

H2N

X

NH

Y

X

NH

Y

Y

NH

Y

Y

Y

Y

Table 2. HOMO-LUMO Energies (in eV) and Energy Gaps (EH-L) Calculated Using
B3LYP/6-31G* and PBE0/6-31G*for Monomer to Tetramer Forms of EDOT-Ani,
EDTF-Ani and PITN-Ani

PITN-Ani

EDTF-Ani

EDOT-Ani

Structure

B3LYP

PBE0

HOMO/eV

LUMO/eV

EH-L

HOMO/eV

LUMO/eV

EH-L

Monomer

-4.83

-0.503

4.32

-5.06

-0.36

4.70

Dimer

-4.38

-0.718

3.66

-4.61

-0.587

4.02

Trimer

-4.31

-0.777

3.53

-4.89

-0.569

4.32

Tetramer

-4.19

-0.812

3.37

-4.54

-0.686

3.85

Monomer

-4.82

-0.419

4.40

-5.03

-0.28

4.75

Dimer

-4.46

-0.650

3.81

-4.64

-0.551

4.09

Trimer

-4.38

-0.686

3.69

-4.57

-0.587

3.98

Tetramer

-4.52

-0.730

3.78

-4.7

-0.577

4.12

-1.30

3.51

-5.05

-1.19

3.87

Monomer

-4.81

Dimer

-4.77

-1.51

3.26

-5.03

-1.41

3.62

Trimer

-4.73

-1.59

3.14

-4.99

-1.46

3.53

Tetramer

-4.59

-1.63

2.96

-4.91

-1.49

3.42
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structure on energy levels and conductivity. The
HOMO/LUMO energy levels for monomer to tetramer
forms of the studied co-oligomers are presented in Table 2.
The results indicate that by increasing the number of
monomers, the energies of LUMO states reduce and the
energies of HOMO states increase in all structures, which
help the coupling between the neighboring units. Higher
planarity of EDOT-Ani compared to EDTF-Ani helps the
increasing of the HOMO energies and stabilizing the
LUMOs. So, the conjugation along the chain increases and
the band gap reduces. In three studied oligomers, the gap
decreases when n increases. The H-L gap (EH-L) is obtained
about 3.37 eV for 4-EDOT-Ani and 3.78 eV for 4-EDTFAni. The energy gaps of dimmer structures are lower than
those obtained computationally for 2-EDOT (4.06 eV) and
2-EDTF (3.99 eV) [25]. So, Aniline part of these cooligomers reduces the energy gaps and increases the
conductivity of the polymer. PITN-Ani has the lowest
energy gap among the studied molecules. This is while it
was shown that PITN-Ani has the lowest planarity.
Therefore, its lower energy gap compared with EDOT-Ani
and EDTF-Ani can be attributed to its higher donoracceptor interactions along the polymer chain [44].
To compare different DFT functionals, PBE0 energy
gaps are also presented in Table 2. PBE0 functional was
proposed to be reliable for predicting the band gaps of
conjugated polymers [42]. The energy results show that
PBE0 gives higher energies than B3LYP as predicted
previously [42]. Band gaps obtained using PBE0 are higher
than those calculated using B3LYP functional. This is due
to more stabilization of the HOMO states and
destabilization of LUMO states at PBE0/6-31G (d) level.
The adiabatic electron affinity (EA) and ionization potential
(IP) are defined as:
EA = Eneutral - Eanion

(1)

IP = Ecation - Enutral

(2)

between IPs of three families of heterocyclic compounds.
By increasing the energies of HOMO state, the IP reduces.
Among the studied copolymers, PITN-Ani has the highest
IPs. Therefore EDOT-Ani and EDTF-Ani co-oligomers tend
to be oxidized more easily than PITN-Ani oligomer. By
increasing the number of monomers, the energies of HOMO
states increase and the LUMO states are stabilized, so, the
IP and the EA in all three co-oligomers reduce and increase,
respectively. The results show that EA values of EDOT-Ani
and EDTF-Ani are negative while the EA values of 2-4PITN-Ani are positive. The negative EA value show that the
conduction band edge is above the vacuum level and the
positive values of PITN show that the conduction band edge
is below the vacuum level. As can be seen from Table 3,
LUMO of PITN is lower and can be reduced better than
EDOT-Ani and EDTF-Ani co-oligomers. The IPs obtained
using PBE0 functional are close to those of B3LYP. By
increasing the number of monomers, PBE0 functional
overestimates the EA of oligomers. However, two
computational methods show the same trend for EA, IP and
HOMO-LUMO energies.
Isosurfaces plots of HOMO and LUMO are depicted in
Figs. 3-5. In All three monomers, the HOMO and LUMO
orbitals are extended throughout the optimized structures.
The HOMO is mostly concentrated on aromatic rings and
the LUMO is located on inter ring C-C bond, indicating the
benzoid character of these monomers. However, in 1-PITNAni HOMO spreads over the entire frame of molecule and
the C-C interring bond, confirming the electron conjugation
between PITN and Aniline ring. By increasing the number
of monomers, π orbitals are delocalized over the entire
frame of oligomers, so, the electron density of HOMO and
LUMO decreases. This delocalization increases the
conjugation and subsequently enhances the conductivity.
Another factor affecting on delocalization is the
torsional angles. By increasing the non-planarity of
conjugated backbone, the delocalization reduces [9]. As can
be seen from the figures, in tetramer structures, the HOMOs
are mostly prominent over the N atom of aniline and C atom
of adjacent monomer. This indicates the effect of N atom of
aniline on conjugation. It can be seen from Fig. 5 that
LUMO states of PITN-Ani are mostly localized over PITN.
This result can be attributed to acceptor moiety of PITN.

where Eneutral is the total energy of neutral molecule at its
optimized geometry. Eanion and Ecation are the total energies
of corresponding anion and cation calculated at their
optimized geometry.
The results presented in Table 3 show a little difference
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Table 3. Adiabatic Electron Affinity (EA), and Ionization Potentials (IP)
Calculated Using B3LYP/6-31G* and PBE0/6-31G* Methods for
Monomer to Tetramer Forms of EDOT-Ani, EDTF-Ani and PITN-Ani

PITN-Ani

EDTF-Ani

EDOT-Ani

Structure

B3LYP

PBE0

IP

EA

IP

EA

(eV)

(eV)

(eV)

(eV)

Monomer

6.440

-1.10

6.527

-1.10

Dimer

5.563

-0.431

5.688

-0.462

Trimer

5.282

-0.167

5.778

-0.361

Tetramer

5.043

-0.023

5.352

-0.125

Monomer

6.363

-1.146

6.441

-1.133

Dimer

5.606

-0.484

5.686

-0.482

Trimer

5.378

-0.259

5.473

-0.283

Tetramer

5.341

-0.108

5.486

-0.205

Monomer

6.338

-0.289

6.439

-0.265

Dimer

5.904

0.329

6.084

0.3063

Trimer

5.617

0.623

5.848

0.5611

Tetramer

5.388

0.822

5.672

0.7388

UV-Vis Spectra

lower conjugation compared to EDOT-Ani. The broad peak
at about 380 nm is attributed to π-π* electronic transition of
EDTF ring, and a peak around 310 nm corresponds to π-π*
excitation of the para substituted benzene segment in
aniline.
A bathochromic effect with lesser extent is observed for
4- PITN-Ani compared with 4-EDOT-Ani and 4-EDTF-Ani
oligomers, indicating the delocalization in aromatic ring of
this oligomer. It seems that an acceptor property of PITN
shifts the aniline peak to higher wavelength. Maximum
wavelength (λmax), optical band gap (Egopt) and oscillator
straight (f), calculated using TDDFT/B3LYP/6-31G*
method, are presented in Table 4. The results show the
highest λmax for PITN-Ani and the lowest one for EDTF-Ani
copolymer. The computed values of Egopt represent the
vertical excitation energies from the ground state to the first

The theoretically simulated UV-Vis spectra of EDOTAni, EDTF-Ani and PITN-Ani oligomers at the TD-DFT/631G* level of theory are given in Fig. 6 for all
conformations. The UV-Vis spectrum of EDOT consists
mainly of five distinctive absorptions at 424, 380, 367, 346
and 305 nm. The peaks at 300-367 nm correspond to π-π*
excitation of the para substituted benzene segment in
Aniline. The broad peak at 420- 426 nm can be attributed to
π-π* electronic transition of EDOT ring. Two peaks at 446
and 424 nm are in agreement with experimental results [38]
at 410 and 330 nm. The difference between experimental
and theoretical results is due to the gas phase and oligomer
study in our work.
By S/O substituting in EDTF-Ani, a hypsochromic shift
is observed which is due to greater steric factor and its
589
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Fig. 3. Isosurfaces plots of HOMO and LUMO states of 1,4 EDOT-Ani from B3LYP/6-31G* level with isodensity
value = 0.02 au. The electron accumulation is indicated with yellow and the charge depletion with red colors.

HOMO

LUMO

Fig. 4. Isosurfaces plots of HOMO and LUMO states of 1,4 EDTF-Ani at the B3LYP/6-31G* level with isodensity
value = 0.02 au. The electron accumulation is indicated with yellow and the charge depletion with red colors.
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HOMO

LUMO

Fig. 5. Isosurfaces plots of HOMO and LUMO states of 1,4 PITN-Ani at the B3LYP/6-31G* level with isodensity
value = 0.02 au. The electron accumulation is indicated with yellow and the charge depletion with red colors.

Fig. 6. UV-Vis. spectra of three studied copolymers at the TDDFT/B3LYP/6-31G* level.

excited state and are directly comparable to the optical band
gap observed from UV-Vis absorption spectroscopy [4548]. The computed values of EgH-L represent the valence to
conduction band energy difference in the ground state and

are directly comparable to the band gap measured from
cyclic voltammetry.
The results show that the optical band gap of EDOT-Ani
is about 2.92 eV in close agreement with experimental value
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PBE0

B3LYP

Table 4. Maximum Wavelength (λmax) in nm, Optical Band Gap (Egopt) in eV,
Oscillator Straight (f) and Exciton Binding Energy (EB) in eV,
Calculated Using TDDFT/B3LYP/6-31G*and TDDFT/PBE0/6-31G*
Methods
Egopt

λmax

f

EB

4-EDOT-Ani

2.92

424.46

1.4435

0.4538

4-EDTF-Ani

3.27

379.69

0.2497

0.5194

4-PITN-Ani

2.53

490.28

0.8393

0.4325

4-EDOT-Ani

3.16

392.21

1.118

0.6900

4-EDTF-Ani

3.68

337.22

0.71

0.4478

4-PITN-Ani

2.79

443.89

0.8428

0.6233

(2.88 eV) [38]. The highest optical band gap belongs to
EDTF-Ani oligomer with lower conjugation. The results
show that EgH-L values are all greater than Egopt values since
they take additional energies to fully separate the electrons
and holes into free carriers [49]. The difference in EgH-L and
Egopt is called the exciton binding energy (EB) which is
higher for EDTF-Ani oligomer. TDDFT results obtained
using PBE0 functional are also presented in Table 4 for
comparison. The results show that PBE0 calculations
overestimate the optical band gap with higher discrepancy
from experimental data. The maximum wavelengths are
lower than those in B3LYP results.

of dioxan and aniline rings, respectively. The band around
1582- 1606 cm-1 are corresponding to C-C and C=C
stretching of thiophen ring .It was theoretically predicted
that in PEDOT, C-C and C=C bands are appeared about
1454 cm-1 and 1370 cm-1. So, aniline ring shifts PEDOT
frequencies to higher values [28]. The vibration at
1077 cm-1 is assigned to C-O-C bond stretching in the
ethylendioxy group. C-S stretching band is observed at
about 814 cm-1. These results are in close agreement with
experimental data [38].
By replacing the thiophen ring with furan the C=C
frequency of aniline ring shifts slightly to higher
frequencies. The band at 2951-3004 cm-1 can be attributed
to C-H stretching of dithiophen ring. A peak at 1030 cm-1 is
assigned to C-O of furan ring. The vibrations at 961-978
cm-1 are assignable to C-S bond stretching in dithiophen
ring. In PITN, N-H stretching peak shifts to lower frequency
and appears at 3416 cm-1. The bands at 1600, 1515 and
1414 cm-1 are corresponding to aniline, thiophen and
benzene rings, respectively. The vibrations at 849 cm-1 are
assignable to C-S bond stretching in thiophen ring. N-H
bending is appeared at 350 cm-1.

IR Studies of Oligomers
The theoretically simulated IR spectrum of 4-EDOTAni copolymer is presented in Fig. 7. These spectra are
calculated by B3LYP/6-31G* method and systematic errors
in calculations are removed by applying a scaling factor of
0.9613 [39,50].
The major peaks values of three conjugated oligomers
along with available experimental bands are given in Table
5. A peak at about 3446-3505 cm-1 is assigned to N-H
stretching. The difference in simulated and observed N-H
stretching can be attributed to the fact that theoretical data is
for an isolated oligomer in vacuum state while the
experimental is that of condensed phase. The bands at 2930
and 3066 cm-1 are assignable to asymmetric C-H stretching

CONCLUSIONS
DFT quantum mechanical calculations have been
performed to examine and compare the structural parameter,
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a

b

c

Fig. 7. Scaled IR spectra of a) 4-EDOT-Ani b) 4-EDTF-Ani and c) 4-PITN- Ani oligomers.
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Table 5. Calculated IR Frequencies (cm-1) of EDOT-Ani, EDTF-Ani and PITN-Ani co-oligomers
EDOT-Ani

EDTF-Ani

PITN-Ani

Calculated

experimental

Approximated

Calculated

Approximated

Calculated

Approximated

frequency

I.R [38]

assignment

frequency

assignment

frequency

assignment

3446-3503

3345

ν-NH

3420-3504

ν-NH

3416

ν-NH

2930-3011

ν-CH2 (dioxan)

2951-3004

ν-CH2 (dioxan)

3078-3093

ν-CH (aromatic)

2930-3066

ν-CH (aniline)

3051-3088

ν-CH (aniline)

1600

ν-C=C(ani)

1582-1604

ν-C=C, thiophen

1544

ν-C=C,furan

1515

ν-C=C(thio)

ν-C=C(ani)

1610

ν-C=C(ani)

1389-1414

ν-C-C,C-

β-N-H, ν-

1564-1566

β-N-H, ν-

N(interring),

C=C(ani)

C=C

1606
1563-1559

1621

C=C(ani)
1521

1356

1487-1621

1360

ν-C-C,C-

1510-1528

N(interring),

N(interring),

C=C

C=C

wag

1296

wag

CH2(dioxan)
1294-1304

ν-C-C,C-

rockingC-H

1371

rockingC-H
(aniline), N-H

1283

ν-C=C,C-N

849.3

ν C-S

CH2(dioxan)
1298

rockingC-H

(aniline)

(aniline)

1077

1081

ν C-O

1030

ν C-O

567

Ring (Def)

814.2

826

ν C-S

961-978

ν C-S

350.2

β-N-H

802.7

ν C-H wag

807

613.3

Def(r), wagN-H

617-605

spectral properties and electronic properties such as HOMO,
LUMO, IP, EA and energy gap. The optimized geometries
are found to be in twisted and zigzag. The optimized bond
lengths and angles show the benzoid structure
of these copolymers. The electronic results show that

Def(r), wagN-H

copolymerization of the studied compounds with aniline
increases their conductivity. PITN-Ani has the highest IP
and the lowest EA among the studied polymers. So, this
copolymer is reduced better than EDOT-Ani and EDTFAni. The results show the narrowest band gap for PITN594
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Ani, due to higher acceptor property of PITN compared to
EDOT or EDTF. Isosurfaces plots of HOMO and LUMO
show that in tetramer structures, the HOMO is more
prominent over the N-C inter ring bonds, due to nitrogen
conjugation with thiophen or furan rings. The π-π*
transition of UV-Vis spectrum of EDOT-Ani, EDTF-Ani
and PITN-Ani together with optical gap and λmax are
calculated using TD-DFT/6-31G* method. The results show
good correlation with EDOT-Ani experimental values.
PITN-Ani shows the lowest energy gap and the highest
wavelength. This bathochromic effect shows the
delocalization in aromatic ring of this copolymer. The
quoted values of I.R spectrum evaluated at the same level of
theory are in good agreement with experimental data.
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