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ABSTRACT 
 

Poly(3-octylthiophene-2,5-diyl) denoted as P3OT with a chemical formula (C12H18S)n  is an 
alkylthiophene based conductive polymer with high electroluminescence that is soluble in most of 
the organic solvents. P3OT is a promising material for applications in solar cells, light-emitting 
diodes, displays, and other optoelectronic devices due to their processability, flexibility, and low 
production cost. In this work, DFT and TD-DFT methods were used to investigate the molecular 
and electronic properties of P3OT in a vacuum (gas phase). The effect of solvent was also 
investigated using different models such as Polarisable Continuum Model (PCM), Continuum 
polarisable continuum model (C-PCM), and Integral Equation Fourier Polarisable continuum model 
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(IEFPCM) with Chloroform, Tetrahydrofuran (THF), and Toluene as solvents. Gaussian 09 
program was used for all the calculations at the DFT/B3LYP/6-311+G(d) level of theory. The 
results obtained for the molecular geometry show that the lowest average value of bond length in 
the vacuum and the medium are 1.08311Å and 1.0830Å respectively. The HOMO, LUMO and 
Energy-gap calculated in the vacuum are obtained as -6.44eV,-3.63eV and 2.81eV respectively 
while the results obtained in medium show a little effect on the HOMO, LUMO and energy gap for 
all the solvents. The energy gap obtained is compared with the one in literature  (2.51eV).This 
indicates that the reported energy-gap leads by 0.3eV. From the UV-VIS spectrum, the excitation 
energy and oscillator strength were found to be 948.46nm and 0.0015 in the vacuum, while in the 
medium, the presence of solvents increase the excitation energy in the range 950.10-956.07nm 
and oscillator strength in the range 0.0020-0.0022. The open-circuit voltage was calculated 
theoretically. The result shows that the open-circuit voltage was found to be 2.711eV, this value is 
sufficient for possible electron injection from the molecule to the conduction band of ICBA(Indene-
C60-bisadduct). Thus, it can be concluded that P3OT shows high stability and low reactivity in a 
chemical reaction, and due to its strong absorption properties in both a vacuum and a medium, it 
can be used for solar cell application. 
 

 

Keywords: Poly (3-octylthiophene-2,5-diyl); conducting polymer; density functional theory; HOMO 
and LUMO.    

 

1. INTRODUCTION  
 

Since their discovery, organic materials based on 
conjugated polymers have attracted the interest 
of many scientists in the world, due to their 
unique electrical and optical properties, 
reasonable chemical stability, and easy 
processability. These unique properties of 
conjugated polymers enable the development of 
several electronic devices, such as organic light 
emitting diodes, organic solar cells, transistors, 
sensors and so on [1]. Polythiophene and its 
derivatives have been considered one of the 
most promising conjugated polymers due to their 
high stability, ease of structural modification, and 
controllable optical and electrochemical 
properties. In the beginning, the applications of 
non substituted Polythiophene were very limited 
because of its insolubility in many organic 
solvents, due to its extended conjugated 
structure. Furthermore, the alkyl chain has been 
incorporated into the thiophene units to obtain a 
functional monomer able to yield soluble 
polymers. The poly(3-alkylthiophenes) resulted to 
be highly processable conducting polymers 
whose solubility allowed their full characterization 
by spectroscopic method [2]. Poly (3- 
Octylthiophene-2,5 diyl) belongs to the poly(3-
alkylthiophene) family, it has a molecular formula 
(C12H18S)n. P3OT has been extensively studied 
as promising materials for applications in solar 
cells, light-emitting diodes, displays, or other 
optoelectronic devices due to their processability, 
flexibility, and low production costs. On the other 
hand, many important aspects of the electronic 
and optical properties of these materials are still 
not fully resolved [3].  

 In 2011, the investigation of the HOMO and 
LUMO of poly(3-octylthiophene-2,5 diyl) an[6,6]-
phenyl C61-butyric acid 3-ethylthiophene ester 
using cyclic voltammetry methods were reported. 
Platinum working electrode, platinum counter 
electrode, and SCE reference electrodes were 
used in conducting the experiments. The HOMO, 
LUMO, and band-gap energy of P3OT are 
5.59eV,3.76eV and 1.83eV while the HOMO, 
LUMO, and band-gap energy of PCBE are 
5.87eV, 3.91eV, and 1.96eV respectively [4]. 
Abu-Abdeen et al. also reported the effect of 
CNTs on the optical, electrical and mechanical 
properties of poly(3-octylthiophene-2,5 diyl). The 
result of their investigation showed that the  
addition of CNTs to the P3OT molecule 
decreases the value of the band gap energy from 
2.74eV to 2.51eV[3]. In 2013, the light-emitting 
assistance effect of perylene on polymer 
electrochemiluminescence  (ECL) device was 
also reported by Tatsuya et al, using poly (3-
octylthiophene 2,5 diyl) molecule. The HOMO, 
LUMO and band-gap energy were reported as -
4.97eV, -2.62eV, and 2.35eV respectively[5]. 
Very recently, spectrophotometry and 
ellipsometry methods were reported by Natalia et 
al. to investigate the basic optical parameters 
and electronic structure of conjugated polymer. 
Their report discovered that P3HT and P3OT had  
band-gap energies of 2.43eV and 2.51eV 
respectively [6]. 
 

Also, DFT and TD-DFT studies have been 
applied for several organic molecules such as 
Cyanidin [7], Phenylenevinylene [8], 
Aceantraquinoxaline [9], Triphenylamine [10], 
Thionopyrazine and thiophene [11], thiophene, 
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and benzene[12] for solar cell applications. DFT- 
based calculations have been significant in 
understanding the electronic properties of 
different systems on an atomic scale therefore 
performing studies using DFT will aid 
experimentalists in the design, prediction, and 
functionalization of different materials necessary 
for a specific application. 
 
In this work, the study of the molecular and 
electronic properties of poly (3-octylthiophene-
2,5-diyl)(P3OT) was reported, using DFT and 
TD-DFT methods. The study covered building 
P3OT, testing for stability, optimizing the 
structure with B3LYP at different basis sets, 
calculating the HOMO, LUMO and energy gap. 
The work further looked into some properties of 
P3OT that were not reported in the literature 
such as ionization potential, electron affinity, 
infrared spectrum, and UV Visible spectrum. The 
solvent effect was also investigated and 
reported. The open-circuit voltage was calculated 
theoretically using P3OT (Donor) and ICBA 
(Acceptor). 
 

2. THEORETICAL BACKGROUND 
 
2.1 Density Functional Theory 
  
Density functional theory is a variational method 
that is presently the most successful approach to 
compute the electronic structure of matter. Its 
applicability ranges from atoms, molecules, and 
solids to nuclei, quantum, and Classical fluids. 
The density functional theory is derived from the 
N-particle Schrodinger equation and is 
expressed in terms of the density distribution of 
the ground state and the single-particle wave 
function. DFT reduces the calculations of the 
ground- state properties of systems of an 
interacting particle exactly to the solution of 
single-particle Hartree-type equations. This is 
why it has been most useful for systems of very 
many electrons [13]. The entire field of Density 
Functional Theory rests on two fundamental 
mathematical theorems by Hohenberg and Kohn: 
 
The first theorem state that the ground state 
electron density uniquely determines the 
electronic wave function and hence all ground-
state properties of an electronic system. 
 
�(�) =  � �(�)                                             (1) 
 

� = ��� + ��� +
�

�
∫ �(�)�� ∫

�(�)′

 ��� ′ �� + ���    (2) 

The second theorem states that: the energy of an 
electron distribution functional reaches a 
minimum in correspondence to the actual 
ground-state electron density [14]. 
 
Since �′ ≠  � 
 
�[�] =  〈�′ �  �′〉 >  〈�� � ��〉            (3) 
 

2.2 Vibrational Frequency 
 
The vibrational frequencies are calculated with 
the following equations [15]: 
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�
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Where Vij is the Hessian matrix, mi refers to the 
mass of atom I, and ���  is a displacement of 
atom i in the x-,y- and z- direction. 
 
�� = ��     (5) 
 
Where U is a matrix of eigenvectors and λ is a 
vector of Eigen values, and 
 
   �� = ( 2���)�                  (6) 
 
Where λk is the Kth eigenvalue and vk is the Kth 
vibrational frequency. The infrared intensities can 
be computed with the equation [15]. 
 

�����

����
= 2 � ℎ��

��
+ 4 � � ���

�ℎ��
�                                                             

���

�

�.�

�

�.�

�

              (7) 

 

      ℎ��
��

= � ��
����

�� �
��ℎ��

����
�

��

��

                     (8) 

 
Where ESCF is the self-consistent field energy, f is 
the electric field, � is the nuclear coordinate, hUV 
is the one-electron atomic orbital integral, ��  is 
related to the derivative of the molecular orbital 
coefficient with respect to � by 
 
���

�
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(9) 

 
2.3 Global Reactivity Descriptors 
 
The global reactivity descriptors are described as 
[16-17]: 
 
The Chemical potential is defined as    
                     
 � = −�                                             (10) 
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The absolute electronegativity (χ) is given by the 
relation; 
 

� =
�����

�
                                                (11) 

 
The global hardness (η) and global softness(S) 
are defined as; 
 

� =
�����

�
                                                (12) 
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The electrophilicity (ω) can be calculated using 
the chemical potential and the chemical 
hardness; 
 

� =
��

��
                                                    (14) 

 
The energy corresponding to HOMO represents 
the ionization potential and LUMO corresponds 
to the electron affinity of the molecule. Using 
Koopmans theorem; 
 
Ionization Potential (IP) =  −����� 
 
Electron Affinity (EA) = −����� 
 
2.4 Open-Circuit Voltage (VOC) 
 
The maximum open-circuit voltage (VOC), is an 
important photovoltaic parameter that can be 
determined theoretically by the difference 
between the highest occupied molecular orbital 
(HOMO) of the donor and the lowest unoccupied 
molecular orbital (LUMO) of the electron 
acceptor. The theoretical value of VOC has been 
calculated from the expression [8]; 
 
  ��� =   �����

�����   −   �����
��������

 − 0.3                 (15) 
 

3. MATERIALS AND METHODS  
 

The molecular structure of poly(3-octylthiophene-
2,5-diyl)(P3OT) was built using Gaussview, 
which is a graphical user interface design for 
preparing input files for submission to Gaussian 
and to examine graphically the output that 
Gaussian produces. The built structure was used 
at restricted Hartree Forck (RHF) method with 
STO-3G basis set, in order to check the stability 
of the studied molecule. The stable structure was 
later used as an input for calculating the ground 
state geometry optimization at the level of 
Density Functional Theory with Becke's three 
parameters and the Lee-Yang-Parr gradient 

correlation potential (B3LYP) using different 
basis sets: STO-3G,3-21G,6-31G, and 6-311G. 
This procedure was performed to obtain the 
lowest minimum energy potential value. All the 
parameters were allowed to relax and each 
calculation converged to an optimized geometry 
that corresponded to true energy minima. The 
geometry optimization was further carried out by 
adding the polarization and diffuse functions to 
the basis sets 6-311G: DFT/B3LYP/6-311+G(d). 
This optimized geometry was then used as the 
starting geometry to compute the HOMO, LUMO, 
energy-gap, ionization potential, and electron 
affinity of the studied molecule. At the same level 
of theory, the vibrational frequency (IR spectrum) 
was also computed using the optimized 
geometry. The Vibrational frequency analysis 
was performed by computing the Hessian matrix 
and the force constants for all the normal modes 
of the molecule. The Frequency calculations 
involved computing the energy of the input 
structure, it then went on to compute the 
frequencies and intensities of each spectral line 
of the studied molecule. IRPAL 2.0 was used for 
the interpretation of the spectra. No imaginary 
frequencies were obtained which indicate the 
stability of the molecule was achieved. The 
optimized geometry was also used for the non-
equivalent TD-DFT/B3LYP/6-311+G(d) method 
for calculating the UV-Vis spectrum. The 
spectrum was plotted using GaussSum 3.0 
Software.  The solvent effects were implicitly 
considered for all the calculations at the same 
level of theory in the default (PCM), C-PCM, and 
IEFPCM models, using different solvents: 
Chloroform, Toluene, and THF. All the 
calculations were carried out using the window 
version of the Gaussian 09 software package 
[18]. 
 

4. RESULTS AND DISCUSSION 
 

4.1  Stability Check 
 

From the stability check, it was observed that 
there was an appearance of some partial bond in 
the thiophene ring, which shows that the 
structure was tightly stable and the bonding 
between the atoms are strong. The energies 
obtained for single stability and optimized-
stability are -23190.16eV and -23193.05eV. This 
indicates that the structure is approaching 
ground level. 
 

4.2 Geometry Optimization 
 
The main aim of geometry optimization is to 
determine the atomic arrangement that makes a 
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molecule stable. In this study, the molecular 
structure of P3OT was fully optimized in the 
ground state, using density functional theory at 
B3LYP with different basic sets of STO-3G, 3-
21G, 6-31G, and 6-311G. The results obtained 
for geometry optimization are presented in Table 
1.0, the minimum amount of energy and the time 
taken to complete each optimization are listed in 
the table. From the result, the basis sets 6-311G 
has the lowest minimum energy value of -
866.0773a.u (- 23566.8294eV). 
 

4.3 Optimized Bond Lengths 
 

The optimized bond lengths and bond angles of 
the studied molecule calculated at DFT/B3LYP 
with 6-311+G(d) basis sets, in a vacuum and a 
medium are listed in Table 2(a). According to 
molecular orbital (MO) theory, a covalent bond 
between two atoms is formed by the overlap of 
their atomic orbital. During overlapping, when the 
force of attraction between the atoms is balanced 
by the force of repulsion between the nuclei of 
two atoms, the equilibrium distance between the 
two atomic nuclei is called bond length [19]. The 
result obtained shows that the lowest average 
value of bond lengths in a vacuum and a medium 
are 1.08311Å and 1.0830Å. This indicates that 
these values are a bit higher in a vacuum than in 
medium, which implies that the bonds will be 
slightly stronger in medium. It was observed that 
the bonds C2-H6, C28-H30, C28-H31, and C28-H29   
between carbon and hydrogen atoms at the 
indicated positions have the lowest values of 

bond lengths ranging from 1.08311Å – 1.09488Å 
in vacuum and 1.08308Å – 1.09494Å in a 
medium. These are the strongest bonds and 
have the largest values of bond energy in P3OT 
molecule which cannot be broken easily. On the 
other hand, the bonds C2-C7, C25-C28, C7-C10 and 
C22-C25 carbon and carbon atoms have the 
highest value of bond lengths ranging from 
1.50189Å – 1.53253Å in a vacuum and 
1.50178Å – 1.53256Å in a  medium. These are 
the weakest bond and have the lowest value of 
bond energies; less amount of energy is required 
to break them. 
 
 

4.4 Optimized Bond Angles 
 

The bond angle is the internal angle between the 
orbital-containing electron pairs in the valence 
shell of the central atom in a covalent molecule 
[20]. From the result obtained, it was observed 
that the angle between H8-C7-H9, H20-C19-H21, 
H18-C16-H17, and H26-C25-H27 have the lowest 
values of bond angles in the range 105.429 -
105.815° in a vacuum and 105.449 – 105.923° in 
a medium. While the bonds C3-C2-H6, C1-C2-H6, 
C16-C19-C22, and C13-C16-C19 have the highest 
value of bond angles in the range of 129.754 -
114.845° in a vacuum and 129.663-114.814° in a 
medium. This shows that the values obtained in 
a vacuum are higher than the ones obtained in a 
medium by 0.091°. 
 

 
 

Fig.1. Structure of Poly (3-octylthiophene -2,5-diyl) (a) Initial (built) (b) Stable structure (c) 
optimized structure 

 
Table 1. Optimization at B3LYP with different basis sets (1a.u =27.211eV) 

 
Basic sets Energy (a.u) Energy (eV) Time (minute) 
STO-3G -856.0791 -23294.7683 12.40 
3-21G -861.5850 -23444.5894 16.19 
6-31G -865.9536 -23563.4634 19.30 
 6-311G -866.0773 -23566.8294 21.10 
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Table 2(a). Optimized bond lengths (Å) of P3OT in Vacuum and Medium at DFT/B3LYP/6-
311+G(d) 

 
S/N Bonds Bond length(Å)  

Vacuum 
Bond length(Å) 
Medium 

1 C1-S5   1.68835 
2 C1-C2 1.37439 1.37535 
3 C2-C3 1.42016 1.42013 
4 C3-C4 1.37808 1.37833 
5 C4-S5 1.68827 1.68801 
6 C2-H6 1.08311 1.08308 
7 C3-C7 1.50189 1.50178 
8 C7-H9 1.09805 1.09780 
9 C7-H8 1.09804 1.09779 
10 C7-C10 1.53076 1.53069 
11 C10-H12 1.09703 1.09712 
12 C10-H11 1.09689 1.09695 
13 C10-C13 1.53295 1.53312 
14 C13-H15 1.09855 1.09841 
15 C13-H14 1.09630 1.09619 
16 C13-C16 1.53327 1.53325 
17 C16-H17 1.09720 1.09721 
18 C16-H18 1.09823 1.09825 
19 C16-C19 1.53604 1.53613 
20 C19-H21 1.09836 1.09836 
21 C19-H20 1.09730 1.09731 
22 C19-C22 1.53337 1.53343 
23 C22-H24 1.09873 1.09871 
24 C22-H23 1.09671 1.09668 
25 C22-C25 1.53253 1.53256 
26 C25-H26 1.09732 1.09733 
27 C25-H27 1.09736 1.09737 
28 C25-C28 1.53040 1.53055 
29 C28-H29 1.09488 1.09494 
30 C28-H30 1.09388 1.09397 
31 C28-H31 1.09485 1.09492 

 

4.5  Frontier Molecular Orbitals 
 

The highest occupied molecular orbital energy 
(HOMO) and the lowest unoccupied molecular 
orbital energy (LUMO) are very important 
quantum chemical parameters. These orbitals, 
also called the frontier orbitals determine the way 
the molecule interact with other species.  HOMO 
acts as an electron donor while LUMO acts as an 
electron acceptor. Molecular orbital’s when 
viewed in a qualitative graphical representation 
can provide insight into the nature of reactivity 
and some of the structural and physical 
properties of molecules. The positive and 
negative phases are represented in red and 
green colours respectively [21]. 
 

The HOMO-LUMO gap (energy gap), which is 
the difference in energy between the HOMO and 
LUMO, is an important stability index. A large 

HOMO-LUMO gap implies low chemical 
reactivity because it hinders adding electrons to 
a high lying LUMO or extracting electrons from a 
low lying HOMO and prevents the formation of 
the activated complex of any further reaction 
[22]. The HOMO-LUMO gap is defined as;  
 

�� =  �����  − �����     

 
The results of the EHOMO, ELUMO, and Energy gap 
obtained in a vacuum and medium are listed in 
Table 3(a) and (b). 
 

4.6  Global Chemical Descriptors 
 

Ionization potential is defined as the amount of 
energy needed to remove an electron from a 
molecule. High ionization energy indicates high 
stability and chemical inertness, while small 
ionization energy indicates the high reactivity of 
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atoms and molecules. The electron affinity is the 
energy released when an electron is added to a 
neutral molecule. A molecule with high electron 
affinity tends to take electrons easily [16]. The 
chemical potential (μ) measures the escaping 
tendency of an electron and it can be associated 
with the molecule's electronegativity then, as μ 
becomes more negative, it is difficult to lose an 
electron but easier to gain one. The 
electronegativity(χ) represents the ability of a 

molecule to attract electrons. The hardness and 
softness are useful for understanding the 
behaviour of  a chemical system. A hard 
molecule has a large energy-gap and a soft 
molecule has a small energy-gap, therefore soft 
molecule will be more polarized. The results 
obtained for the global chemical descriptors are 
listed in Table 4.0 
 

 
Table 2(b). Optimized bond angles (°) of P3OT in Vacuum and Medium at DFT/B3LYP/6-

311+G(d) 
 
S/N Bonds Bond Angle 

in Vacuum 
Bond Angle  
in Medium 

1 C1-C2-H6 123.124 123.166 
2 C3-C2-H6 129.754 129.663 
3 C3-C7-H9 108.860 108.810 
4 C3-C7-H8 108.848 108.792 
5 H8-C7-H9 105.429 105.449 
6 H9-C7-C10 109.762 109.802 
7 C7-C10-H12 109.276 109.322 
8 H12-C10-H11 106.007 106.101 
9 C7-C10-C13 113.109 113.045 
10 C10-C13-H14 109.021 108.983 
11 H14-C13-H15 106.011 106.077 
12 H15-C13-C16 109.123 109.130 
13 C13-C16-C19 114.845 114.814 
14 H18-C16-H17 105.747 105.807 
15 H17-C16-C19                     108.609 105.605 
16 C16-C19-H20 108.503 108.501 
17 C16-C19-H21 109.231 109.221 
18 H20-C19-H21 105.706 105.766 
19 C16-C19-C22 114.968 114.951 
20 C19-C22-H24 109.201 109.184 
21 H24-C22-H23 105.873 105.923 
22 H23-C22-C25 108.847 108.850 
23 C22-C25-H26 109.302 109.292 
24 C22-C25-H27 109.245 109.237 
25 H26-C25-H27 105.815 105.869 
26 C22-C25-C28 113.342 113.328 
27 H27-C25-C28 109.425 109.417 
28 C25-C28-H30 111.554 111.540 
29 C25-C28-H31 111.369 111.333 
30 H31-C28-H29 107.370 107.403 
31 H29-C28-H30 107.470 107.501 

 
Table 3(a). EHOMO, ELUMO and Band Gap(Eg) of P3OT(Donor) and ICBA(acceptor) at 

DFT/B3LYP/6-311+G(d) computed in vacuum 
 

Molecule EHOMO(eV ) ELUMO(eV ) Eg(eV ) Previous work 
[6] 

P3OT -6.44 -3.63 2.81 2.51 
ICBA -5.96 -3.43 2.53  
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Table 3(b). EHOMO, ELUMO, and Energy gap of P3OT computed at DFT/B3LYP/6-311+G(d) in a 
Medium 

 
Model  C-

PCM 
  PCM   IEFPCM  

Solvent HOMO LUMO Eg HOMO LUMO Eg HOMO LUMO Eg 
Chloroform -6.529 -3.706 2.822 -6.515 -3.696 2.819 -6.515 -3.696 2.819 
THF -6.539 -3.716 2.823 -6.528 -3.707 2.820 -6.528 -3.707 2.820 
Toluene -6.504 3.684 2.820 -6.484 -3.670 2.814 -6.484 -3.670 2.814  

 

    
                                                                                            LUMO 

                                      (a) HOMO   

                          
                (b) HOMO                                                               LUMO 

 
Fig. 2. Molecular orbital of  (a)  poly (3-octylthiophene- 2,5-diyl) (P3OT) (b) Indene C60 

Bisadduct (ICBA) 
 

4.7 UV-Visible Spectrum 
 
UV-VIS spectrum is due to the interaction of 
electromagnetic radiation in the UV-Visible 
region with molecules, ions, or complexes. It 
forms the basis analysis of different substances 
such as inorganic, organic and bio-molecules. 
On the other hand, how the absorption of a new 
material matches with the solar spectrum is an 
important factor for the application as a 
photovoltaic material and a good photovoltaic 
material should have broad and strong visible 
absorption characteristics [23]. In this study, the 

UV-Visible spectrum was calculated from the 
optimized geometry of the studied molecule in a 
vacuum and a medium using TD-DFT at the 
B3LYP/6-311+G(d) level of theory. The 
absorption spectrum was presented as oscillator 
strength against excitation energy as shown in 
Fig 3(a) and (b), GaussSum 3.0 was used to plot 
the spectrum [24]. The results obtained in 
vacuum show that the studied molecule has 
maximum excitation energy of 948.46nm and 
oscillator strength of 0.0015. These indicate that 
P3OT is a good photovoltaic material due to its 
strong absorption character. 
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In the medium, the excitation energy and 
oscillator strength are listed in Table 5 using 
different models: PCM, C-PCM, and IEFPCM. 
With solvents: Chloroform, 
Tetrahydrofuran(THF),and Toluene. The results 
obtained show that due to the solvent effect, 
there was an increase in the excitation energy 
and oscillator strength. The excitation energies 
were in the range of 950.10-956.07nm for PCM 
and IEFPCM, and 951.36-955.89nm, Toluene 
has the highest value of excitation energy for all 
the models. While the oscillator strength was 
found to be 0.0020 for PCM and IEFPCM and 
0.0022 for the C-PCM model. 
 

4.8 Infrared Spectrum 
 

Infrared spectroscopy is the study of how 
molecules absorb infrared radiation and thus 
convert it to heat. Thus an IR spectrum is the 
study of the interaction of infrared light with 
matter. When a molecule absorbs infrared 
radiation, its chemical bond vibrates and may 
either be stretched, contracted, or bend [25]. 
From the result obtained, the molecule has 31 
atoms and 87 normal modes of vibrations, no 
imaginary frequency was found in both vacuum 
and medium. This shows that the molecule was 
stable. The spectrum was plotted as IR against 
frequency in Figure 4(a) and (b). In a vacuum, 
the most intense frequency was found to be 
3062cm-1 at an intensity of 111.70km/mol, at this 
frequency there is a medium =C-H stretch, 
strong (broad) dimer OH, and small Ar-H stretch 
mode of vibrations were observed. The second 
most intense frequency was found to be 3080cm-

1
 at an intensity of 87.6000km/mol. At this 

frequency there is a medium =CH stretch, strong 

(broad) dimer OH and small Ar-H stretch mode of 
vibrations were observed. The third most intense 
frequency was found to be 3010cm

-1
 at an 

intensity of 70.4199km/mol. At this frequency, 
there is a strong (broad) dimer OH and a small 
Ar-H stretch. IR PAL 2.0 was used to interpret 
these frequencies [26]. 

 

In  the medium, the most intense frequency was 
found to be 3058.66cm

-1
 at an intensity of 

190.6917km/mol. At this frequency, medium =CH 
stretch, strong (broad) dimer OH, strong 
(broad)dimer OH, and Ar-H stretch were 
observed. The second most intense frequency 
was 3013cm

-1
 at an intensity of 127.6619km/mol. 

At this frequency, strong (broad) dimer OH, 
strong (broad) dimer OH, and small Ar-H stretch 
were observed. The third most intense frequency 
was 501cm-1 at an intensity of 101.4608km/mol. 
At this frequency, small C-Br stretch and Wagg 
S-S disulfide asymmetry mode of vibrations were 
observed. 

 

4.9 Open-circuit Voltage (VOC) 

 
The open-circuit voltage of an organic solar cell 
is related to the difference between the HOMO of 
the donor and the LUMO of the electron 
acceptor, taking into account the energy loss 
during photo charge generation [22]. The 
theoretical value of VOC has been calculated 
using equation (15), the value obtained was 
2.7119eV. This value is sufficient for possible 
efficient electron injection; therefore the studied 
molecule can be used for organic solar cell 
application. 

 

Table 4. Quantum chemical descriptors of P3OT calculated at DFT/B3LYP/6-311+G(d) 

 

HOMO(eV) LUMO(eV) IP(eV) EA(eV) μ(eV) χ(eV) η(eV) S(eV) ω(eV) 

-6.44 -3.63 6.44 3.63 -5.03 5.03 1.40 0.70 9.02 

 

Table 5. Excitation energy (nm) and oscillator strength of P3OT at DFT/B3LYP/6-311+G(d) 

 

Model PCM  C-PCM  IEFPCM  

Solvent Excitation 
Energy(nm) 

Oscillator 
strength 

Excitation 
Energy(nm) 

Oscillator 
strength 

Excitation 
Energy(nm) 

Oscillator 
strength 

Chloroform 952.21 0.0020 952.66 0.0022 952.21 0.0020 

THF 950.10 0.0020 951.36 0.0022 950.10 0.0020 

Toluene 956.07 0.0020 955.89 0.0022 956.07 0.0020 



Fig. 3. UV-Visible Spectrum of P3OT (a) Vacuum (b) Medium

                                           (a)                                                                         

Fig. 4. IR Spectrum o
 

5. CONCLUSION 
 

A DFT study was carried out to study the 
molecular and electronic properties of P3OT for 
solar cell application. The study reported the 
stability test and optimization at different basis 
sets: STO-3G, 3-21G, 6-31G, 6
ground state energy obtained at B3LYP/6
was found to be -23566.8294eV.The optimized 
parameters (bond length and bond angle) were 
calculated at DFT/B3LYP/6-311+G(d), the results 
obtained show that the lowest average value of 
bond length in vacuum and medium are 
1.08311Å and 1.0830Å while the lowest value of 
the bond angle ranges from 105.429
vacuum and 105.449-105.923° in a medium.
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Visible Spectrum of P3OT (a) Vacuum (b) Medium 
 

                                                                       (b) 
 

IR Spectrum of P3OT in (a) vacuum (b) medium 

A DFT study was carried out to study the 
molecular and electronic properties of P3OT for 
solar cell application. The study reported the 
stability test and optimization at different basis 

31G, 6-311G, the 
at B3LYP/6-311G 

.The optimized 
parameters (bond length and bond angle) were 

311+G(d), the results 
obtained show that the lowest average value of 
bond length in vacuum and medium are 

while the lowest value of 
105.429-105.815° in 

in a medium. 

 

The HOMO, LUMO, and Energy gap are 
obtained as -6.44eV, -3.63eV and 
vacuum, while the results obtained in the 
medium shows a little effect on the 
HOMO,LUMO and energy gap for all the 
solvents. The energy-gap was compared with the 
ones in literature (2.51eV). The reported result 
was in agreement with the experimental value 
but is leading by 0.3eV.The ionization potential, 
electron affinity, chemical potential, 
electronegativity, hardness, softness and 
electrophilicity of the studied molecule were 
calculated and reported as 6.44eV, 3.63eV, 
5.03eV, 5.03eV, 1.40eV, 0.70eV, 
9.02eV.This indicates the high stability and low 

 
 
 
 

; Article no.JMSRR.70854 
 
 

 

 

The HOMO, LUMO, and Energy gap are 
and 2.81eV in 

vacuum, while the results obtained in the 
le effect on the 

HOMO,LUMO and energy gap for all the 
gap was compared with the 

ones in literature (2.51eV). The reported result 
was in agreement with the experimental value 
but is leading by 0.3eV.The ionization potential, 

finity, chemical potential, 
electronegativity, hardness, softness and 
electrophilicity of the studied molecule were 

6.44eV, 3.63eV, -
5.03eV, 5.03eV, 1.40eV, 0.70eV, and 

.This indicates the high stability and low 
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reactivity of the molecule in chemical reaction 
and also indicates that the studied molecule is a 
good electrophile. From the UV-VIS spectrum, 
the excitation energy and oscillator strength are 
found to be 948.46nm and 0.0015 in the vacuum, 
while in the medium, the presence of solvents 
increases the excitation energy in the range 
950.10-956.07nm and oscillator strength of the 
molecule in the range 0.0020-0.0022. This 
indicates that P3OT is a good photovoltaic 
material because of its strong absorption 
character in the visible and near-infrared regions. 
The result of the IR spectrum shows that the 
studied molecule was stable in both the vacuum 
and the  medium since no imaginary frequency 
was observed. It was also observed that the 
most intense frequency was found to be 3062cm-

1 
at an intensity of 111.70km/mol in  the vacuum 

and 3058cm-1 at intensity of 190.69km/mol in the 
medium.  The theoretical value of the open-
circuit voltage was found to be 2.711eV, this 
value is sufficient for possible electron injection 
therefore poly (3-octylthiophene -2,5- diyl) can be 
used for solar cell application.   
 

6. RECOMMENDATION 
 
The authors recommend the study of the 
molecule in anionic and cationic forms to give 
further details of its properties for practical 
applications. 
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