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ABSTRACT 
Our work consists of a theoretical prediction, through DFT and TD-DFT methods, of the 
electronic and optical properties of six conjugated organic compounds used as electron 
donor materials in BHJ solar cells, of which PCBM is the acceptor material. This study is 
necessary to discuss the effect of substituents (donor units) on the different properties 
of these compounds, and to predict promising materials in organic solar cells using the 
AMPS-1D simulation software. The results obtained show that all the molecules have 
good geometric, electronic, and optical properties, thus showing an increase in the power 
conversion efficiency of photovoltaic cells based on these materials, which reaches a 
value of 17% for the molecule P-Eth-TEdotT-A. 
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1. INTRODUCTION 
Since their discovery, organic materials based on conjugated molecules have 

aroused continuous interest due to their relevance in several fields of application, 
such as batteries Yuan and Wang (2020), light-emitting diodes Amin, et al. (2019), 
transistors Guo et al. (2021) and photovoltaic cells Riaz et al. (2020). Many 
researchers have been interested in the synthesis of short-chain compounds based 
on conjugated molecules because they are not amorphous and can be synthesized 
as well-defined structures Wegner and Klaus (2008). Molecules or conjugated 
polymers containing thiophene fragments have attracted much attention due to 
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their unique electronic properties, high photoluminescence quantum efficiency and 
thermal stability Zhang et al. (2019).  

These properties depend on the degree of electronic delocalization in these 
materials and the modification of the chemical structure due to the incorporation of 
charge carriers. In order to obtain materials having a predominant capacity, the 
development of new structures is currently undertaken using molecular 
engineering. 

In this context, quantum chemical methods have been increasingly used to 
predict the gap energy of conjugated systems Zgou et al. (2008), Bouzzine et al. 
(2008), Scharber et al. (2021) and for the choice of suitable materials to optimize 
the properties of organic photovoltaic devices Malki et al. (2018), Wang et al. (2018), 
Malki et al. (2017), Malki et al. (2020),  Karkri et al. (2020). 

Compared to traditional silicon solar cells where free charges are generated 
directly upon photoexcitation, exciton separation in BHJ organic solar cells requires 
overcoming a larger potential barrier (exciton binding energy > 50 meV) by due to 
the lower dielectric constant of the organic/polymer medium Coropceanu et al. 
(2007). In BHJ solar cells this is usually achieved by mixing materials with different 
electron affinities and oxidation potentials, i.e., an electron donor is used in 
conjunction with an electron acceptor, such than a PCBM or fullerene, which has 
molecular orbital energy states that facilitate electron transfer Nielsen et al. (2015). 
Figure 1 

 
Figure 1 Chemical Structure of the Studied Molecules Mi (I=1-6) 

This work presents the results of a theoretical study on electron donor groups, 
the aim of which was to identify potential candidates for use in organic photovoltaic 
cells. The calculations are made using the Gaussian 09 software, with the functional 
B3LYP and the basis 6-31 G (d, p). More specifically, it is a study of the effect of 
substitutions of atoms and donor units in these systems to understand how these 
substitutions could control certain properties of the molecules. In particular, we 
sought to optimize properties such as the optical gap, the energy of the HOMO 
(Highest Occupied Molecular Orbital) and the energy of the LUMO (Lowest 
Unoccupied Molecular Orbital) of the compounds with the aim of optimizing them 
for use in photovoltaic cells. In general, the ideal optical gap for a solar cell is around 
1.3 eV, and the HOMO and LUMO frontier orbitals of materials must be calibrated to 
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form a BHJ (Bulk Heterojunction) junction with the electron acceptor like the (6,6) 
methyl phenyl-C61-butyrate denoted PCBM. However, theoretical calculations are 
made on six Thiophene-based electron donor materials (Figure 1) to determine 
their geometric, electronic, and optical properties, and also the study of the 
photovoltaic properties of solar cells based on these materials, and the impact of the 
variation of the active layer thickness and temperature on their performance using 
the AMPS-1D simulation software. 

 
2. MATERIALS AND METHODS  

Density functional theory (DFT) using the exchange and correlation functional 
B3LYP Roquet et al. (2006) and Pople's basis 6-31G (d,p) Mikroyannidis et al. (2001) 
was used to determine the geometry and electronic properties of all materials 
studied. The calculations were carried out with the Gaussian program 09 Frisch et 
al. (2009). It has been shown that the DFT-B3LYP/6-31G (d, p) level is sufficient to 
accurately determine the geometric and energetic properties, the electronic 
structure, the absorption, and emission spectra of many π-conjugates organic 
molecules Ditchfield et al. (1971). The energies of the orbitals HOMO, LUMO and the 
gap (EHOMO-ELUMO) are also deduced from the most stable conformations of the 
molecules studied in their ground state. Excited state energies and oscillator 
strengths (OS) were calculated by the TD/DFT method Casida (1995) from the fully 
optimized ground state structure. According to the results obtained, the UV-Visible 
absorption and emission spectra were simulated using the GaussView 4.1.2 
software Dennington et al. (2007). In addition, the representation of the orbital 
density of the HOMO and the LUMO was carried out at the same level of theory using 
the program GaussView. Berny's algorithm using redundant internal coordinates  
Peng et al. (1996) was employed for energy minimization. 

 
3. RESULTS AND DISCUSSIONS 
3.1. OPTIMIZED STRUCTURES AND GEOMETRIC PROPERTIES 

The optimized ground state geometries (S0) of the six molecules studied in this 
work are shown in  
Figure 2  

 
Figure 2 Optimized Structures at the B3LYP/6-31G (D, P) Level of the Compounds Studied. 
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Figure 2. The most relevant geometric parameters (intercyclic bond lengths d and 
dihedral angles Φ between adjacent fragments) are reported in Table 1. 
Table 1  

Table 1 Intercyclic Distances (Å) and Dihedral Angle (°) Values of the Studied Compounds 
Obtained from Neutral State of Optimized Structures Calculated by B3LYP/6-31G (D, P) 
Level of DFT 

Molécules 
      

M1: Ptedotta 
 

P-T T-E E-T T-A 
 

 
D 1.46239 1.43722 1.43196 1.42637 

 
 

Φ 23.30 -0.843 1.195 -0.0329 
 

M2: Ptedott2a 
 

P-T T-E E-T T-T T-A  
D 1.46289 1.43792 1.43393 1.43630 1.42194  
Φ 24.423 0.663 1.126 0.926 0.151 

M3: Pethtedotta 
 

(P-Th)-T T-E E-T T-A 
 

 
D 1.44031 1.43528 1.43066 1.42124 

 
 

Φ -0.2206 -0.258 0.923 -0.235 
 

M4: Pethtedott2a 
 

(P-Eth)-T T-E E-T T-T T-A  
D 1.44037 1.43582 1.43351 1.43624 1.42195  
Φ -0.707 -0.354 -0;381 -0.119 0.012 

M5: Cbzethtedotta 
 

(Cbz-Eth)-T T-E E-T T-A 
 

 
D 1.44333 1.43589 1.43111 1.42162 

 
 

Φ 7.95 0.287 -0.586 0;28 
 

M6: Cbzethtedott2a 
 

(Cbz-Eth)-T T-Edot Edot-T T-T T-A  
D 1.44336 1.43639 1.43392 1.43658 1.42222  
Φ 7.65 0.158 -0.853 0.827 -0.00658 

 
The structural properties of a material that can be used in a photovoltaic device 

are very important. In fact, the more this material adopts a planar geometry, the 
more the intramolecular charge transfer is favorable. From Table 1, the analysis of 
the values of the dihedral angles Φ shows that all the molecules have a similar planar 
conformation. As for the values of the bond lengths, they are about 1.420 – 1.463 Å. 
Indeed, in these D-π-A systems, the π-conjugated group is used as an intramolecular 
charge transfer (ICT) bridge. Thus, the bond length between the D group and the π-
conjugate can elucidate a real interaction in the system. This short bond distance 
can promote intramolecular charge transfer. 

 
3.2. ELECTRONIC PROPERTIE 

Theoretical knowledge of the energy levels of the highest occupied molecular 
orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO) is crucial in 
the study of organic solar cells. Moreover, the HOMO and LUMO energy levels of the 
donor and the acceptor for photovoltaic devices are very important factors in 
determining whether the charge transfer between the donor and the acceptor is 
efficient. These energy levels can be obtained experimentally from the oxidation and 
reduction potentials measured by cyclic voltammetry Kini et al. (2020). 
Theoretically, these electronic properties can be determined by the DFT method 
Mancuso et al. (2020). Therefore, we calculated from the most stable conformation 
of the molecules studied, the values of the energies HOMO (eV), LUMO (eV) and the 
gap (eV) at the level B3LYP/6-31G (d, p). The results obtained are grouped in Table 
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2. The energy levels of the HOMO and LUMO orbitals of organic materials (M 1 to M 
6) are presented in Figure 3. 
Figure 3 

 
Figure 3 Sketch of Calculated Energy of the HOMO and LUMO Levels of Studied Molecules and the 
Acceptor PCBM 

 
By analyzing the results reported in this figure, we first notice that the LUMO 

energy level of all the compounds studied is above that of the acceptor compound 
(PCBM). The difference between these two levels is of the order of 1.0 eV, thus 
showing that the transfer of photo-excited charge from M i compounds to PCBM is 
possible Ghosekar et al (2021). 

The ability to donate electrons by the donor group in D-π-A compounds tends 
to influence the electrochemical properties. A D-π-A compound with a stronger 
electron donor is expected to give a high HOMO compared to that with a weaker 
electron donor. Analysis of the results obtained (Figure 3) shows that the energy 
levels of the HOMOs of these molecules are in the following order, M4 > M3 > M2 > 
M6 > M1 > M5, which indicates that the M 4 with the highest HOMO of -4.70 eV 
contains the strongest electron donor group. 

The energy gap (Egap) for PTEdotTA, PTEdotT2A, PTEthTEdotTA, 
PTEthTEdotT2A, (cbz-eth) EdotTA, (cbz-eth) EdotT2A was obtained by the 
differences in energy levels HOMO and LUMO (HOMO-LUMO) using B3LYP/6-31G 
(d,p). The band gaps in the case of these compounds are 2.26 eV, 2.09 eV, 2.13 eV, 
1.98 eV, 2.3 eV, 2.12 eV respectively. The band gap is generally low for all the 
systems studied, since these values are generally between 1.98 and 2.30 eV. The 
observed decrease in gap is due to the insertion of ethylyne, the insertion of 
thiophene units at the position adjacent to the donor and the insertion of Edot unit 
at the position adjacent to the acceptor, resulting in an increase in the conjugation 
length of the molecules, promising better intramolecular charge transfer. 

Therefore, all the studied molecules can be used as electron donors because the 
process of injection of electrons from the excited molecule to the acceptor 
conduction band (PCBM) and subsequent regeneration is possible in the BHJ 
Organic solar cell. 
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Open Circuit Voltage Voc 
The Voc parameter of a BHJ solar cell is theoretically related to the energy 

difference between the molecular orbital (HOMO) of the donor and the LUMO of the 
acceptor, taking into account the energy loss during charge generation Gadisa et al. 
(2004). From where, the maximum value of the Voc is estimated according to the 
following expression: 

Voc = ELUMO (accepteur) - EHOMO (donneur) - 0,3                                                              (1) 
Indeed, the higher this difference, the more favorable the charge transfer. 
Table 2 groups the values of Voc and the electronic affinities EA for all the 

molecules, calculated by the relation Anafcheh et al. (2012).  
EA= E(M) – E(M-)                                                                                                                  (2) 
Where, E(M) and E(M-) are the total energies of neutral molecule and anion 

states, respectively. 
Mi compounds have high EA values (Table 2), so they are qualified as excellent 

electron-carrying material. 
From the estimated values of Voc recorded in Table 2, we can notice that they 

are between 1.00 and 1.26 eV and decrease in the following order: M5 > M1 > M6 > 
M2 > M3 > M4. Thus, M1 and M5 are the molecules which present the highest Voc. 
Therefore, we can suggest that they are good candidates for photovoltaic 
applications. 
Table 2   

Table 2 Energy Values of LUMO, HOMO, the Gap, Voc, EA, of the Studied Molecule Calculated 
by B3LYP/6-31G (D, P) Level 

Compounds M1 M2 M3 M4 M5 M6 
EHOMO (eV) -4.93 -4.79 -4.76 -4.70 -4.96 -4.87 
ELUMO (eV) -2.66 -2.69 -2.63 -2.71 -2.67 -2.74 
Egap (eV) 2.27 2.09 2.13 1.98 2.29 2.13 
EA (eV) 1.71 1.77 1.73 1.83 1.71 1.83 
VOC (eV) 1.23 1.09 1.06 1 1.26 1.17 

 
3.3. FRONTIER MOLECULAR ORBITALS 

Analysis of OMF iso-density surfaces is important since it provides a reasonable 
qualitative indication of excitation properties and electron-hole transport capacity. 
Thus, we have represented in Figure 4 the spatial distribution of the electron 
densities of the HOMO and LUMO orbitals of all the compounds studied. According 
to this Figure, the surfaces of the HOMO electronic distribution of the studied 
molecules present an anti-binding character between two adjacent fragments and 
binding inside each unit and they are mainly localized on the electron donor group 
and the π-conjugate spacer. As for the LUMOs, they present a binding character 
between two adjacent fragments, so that the singlet states of lower energies 
correspond to an electronic transition of the type π-π*. In addition, they are 
essentially located on the π-spacer and the acceptor group A (2-cyanoacrylic acid). 
Therefore, electronic transitions of all D- π -A compounds, from HOMO to LUMO 
could lead to intramolecular charge transfer (ICT) from D to A across the π-spacer, 
so that the HOMO transition -LUMO can be classified as a π-π* TCI. On the other 
hand, the anchoring group (-CNCOOH) of all the compounds makes considerable 
contribution to LUMOs which could lead to strong binding with the PCBM acceptor 
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thus improving the injection efficiency, and hence increasing the short circuit 
current density Jsc. 
Figure 4 

 
Figure 4 The Contour Plots of HOMO and LUMO Orbitals of the Studied Compounds. 

 
3.4. OPTICAL PROPERTIES 

How the absorption of a new material matches the solar spectrum is an 
important factor for application as a photovoltaic material. In addition, a good 
photovoltaic material should have visible, broad and strong absorption 
characteristics. To better understand the optical property and electronic transition, 
the excitation energy and UV-Vis absorption spectra for the singlet-singlet transition 
of all molecules were simulated using the TD-DFT method in starting with an 
optimized geometry obtained by B3LYP / 6-31G (d, p) level. 

The excitation energies of the first singlet transition, the corresponding peak 
absorption wavelengths and the oscillator strengths of all molecules are listed in 
Table 3. 

The simulated absorption spectra of the studied compounds obtained at the 
B3LYP/6-31G (d, p) level are presented in Figure 5. 

PTEdotTA shows a series of bands between 399.63 and 458.83nm, and the 
strongest absorption at 556.97nm belonging to the HOMO - LUMO transition, 
PTEdotT2A shows a series of bands between 462.37 and 515.06 nm, and the 
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strongest absorption at 645.66 nm could be attributed to the electronic transition 
from HOMO to LUMO. PEthTEdotTA features a series of bands between 447.92 nm 
and 492.23 nm, and the absorption at 634.30 nm is attributed to the electronic 
transition from HOMO to LUMO. PEthTEdotT2A features a series of bands between 
493.28 nm and 533.26 nm, and the absorption at 684.32 nm is attributed to the 
electronic transition from HOMO to LUMO. CbzEthTEdotTA shows a series of bands 
between 405.95 nm and 443.55 nm, and the absorption at 580.86 nm is attributed 
to the electronic transition from HOMO to LUMOCbzEthTEdotT2A exhibits a series 
of bands between 450.23 nm and 486.35 nm, and the absorption at 635.73 nm is 
attributed to the electronic transition from HOMO to LUMO. We noted that the 
insertion of the thiophene donor and ethylyne spacer units into the oligomer 
backbone affects the electronic structure by donating charge carriers, thereby 
lowering the energy band gap and increasing the conjugation length. The λmax 
values of six compounds are in the order of PEthTEdotT2A > PTEdotT2A > 
CbzEthTEdotT2A > PEthtTEdotTA > CbzEthTEdotTA > PTEdotTA (see Table 3), 
which is in excellent agreement with the corresponding reverse order of Egap values 
displayed in the previous section. The oscillator strength (O.S), which corresponds 
to the molar extinction coefficient, is also increased by the addition of 
supplementary units of thiophene and ethylene. The absorption wavelengths 
resulting from the S0 to S1 electronic transition increase gradually with increasing 
conjugation lengths. 

It is well known that the position (related to the gap between the HOMO and 
LUMO levels) and the width of the main band of the absorption spectrum are the 
main parameters that can act on the light collection process and consequently on 
the efficiency of solar cells. From Figure 5, it clearly appears that the simulated 
absorption spectra present a similar profile for all the compounds studied; they also 
show an intense main band at high wavelengths from 400 to 850 nm. As shown in 
Table 3, the most intense contribution to the main band is the first singlet excitation 
HOMO - LUMO. 

The absorption spectrum of compounds M1 and M5 shows that they emit at 
higher wavelengths (556.97 nm and 580.86 nm) with higher intensity (f1= 1.3356 
and f2=1.3339). These encouraging optical properties suggest that these 
compounds, as electron donors, will be the best candidates for photovoltaic devices. 
Table 3 

Table 3 Absorption Spectra Data Obtained by TD-DFT Method for the Mi (I =1–6) Compounds at B3LYP/6-31G 
(D, P) Optimized Geometries 

Compounds Electronic Transition λ (nm) Eex O. S MO/Character 
M1 S0  ⟶  S1 556.97 nm 2.2261 eV 1.3356 HOMO->LUMO (98%)  

S0  ⟶  S2 458.83 nm 2.7022 eV 0.4353 H-1->LUMO (97%)  
S0  ⟶  S3 399.63 nm 3.1025 eV 0.24 H-2->LUMO (33%) 

M2 S0  ⟶  S1 645.66 nm 1.9203 eV 1.1806 HOMO->LUMO (99%)  
S0  ⟶  S2 515.06 nm 2.4072 eV 0.7639 H-1->LUMO (96%)  
S0  ⟶  S3 462.37 nm 2.6815 eV 0.547 HOMO->L+1 (84%) 

M3 S0  ⟶  S1 634.30 nm 1.9547 eV 1.3097 HOMO->LUMO (99%)  
S0  ⟶  S2 492.23 nm 2.5189 eV 0.8926 H-1->LUMO (86%)  
S0  ⟶  S3 447.92 nm 2.7680 eV 0.262 HOMO->L+1 (75%) 

M4 S0  ⟶  S1 684.32 nm 1.8118 eV 1.311 HOMO->LUMO (99%)  
S0  ⟶  S2 533.26 nm 2.3250 eV 1.1392 H-1->LUMO (83%)  
S0  ⟶  S3 493.28 nm 2.5135 eV 0.4059 HOMO->L+1 (75%) 

M5 S0  ⟶  S1 580.86 nm 2.1345 eV 1.3339 HOMO->LUMO (99%) 
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S0  ⟶  S2 443.55 nm 2.7952 eV 0.5912 H-1->LUMO (72%)  
S0  ⟶  S3 405.95 nm 3.0542 eV 0.0724 HOMO->L+1 (62%) 

M6 S0  ⟶  S1 635.73 nm 1.9503 eV 1.3865 HOMO->LUMO (99%)  
S0  ⟶  S2 486.35 nm 2.5493 eV 0.9915 H-1->LUMO (61%)  
S0  ⟶  S3 450.23 nm 2.7538 eV 0.0722 HOMO->L+1 (55%) 

 
Figure 5 

 
Figure 5 TD-DFT Simulated UV– Visible Optical Absorption Spectra of Studied Compounds 

 
3.5. PHOTOVOLTAIC PROPERTIES 
3.5.1. EFFECT OF THICKNESS 

In this part, we will represent a J-V characterization under illumination of the 
organic cells (whose architecture is represented in Figure 6) based on the materials 
studied using the numerical simulation software AMPS-1D. This characterization 
makes it possible to determine several parameters of the cell, such as the open 
circuit voltage (Voc), the current density (Jsc), the fill factor FF, the PCE and the series 
and shunt resistances. 

Figure 7 and Figure 8 show the J-V characteristic of the simulated solar cells for 
active layer thicknesses of 50 and 100 nm respectively. We introduced a layer of 
PEDOT between the anode and the active layer. 

This study allowed us to see the effect of the thickness of the active layer and 
the use of different donor materials on the parameters of the cell. 
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Figure 6 

 
Figure 6 Architecture of the Studied Solar Cell 

 
It should be noted that the insertion of a layer of PEDOT has an important role 

in the collection of charge carriers, because the PEDOT therefore makes it possible 
to increase the work function on the ITO side to 5.2 eV Kugler and Salaneck (2000),  
Brown et al. (1999). 

The efficiency 𝛈𝛈 is directly proportional to the Voc delivered by the device. 
Furthermore, to have high photoconversion efficiency, a high Voc is required, which 
is the case for the molecules M1 and M5 (section 2). 

The power conversion efficiency was calculated according to the following 
equation Chattopadhyay et al. (2002) 

 

𝜂𝜂 =
𝐹𝐹𝐹𝐹.𝑉𝑉𝑂𝑂𝑂𝑂 . 𝐽𝐽𝑆𝑆𝑂𝑂

𝑃𝑃𝑖𝑖𝑖𝑖
                                                                                                     (3) 

 
Where Pin is the incident power density, Jsc is the short-circuit current, Voc is the 

open-circuit voltage, and FF denotes the fill factor.  
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Figure 7 

 
Figure 7 J-V Characteristics for Different Mi For 50 nm Thickness 

Figure 8 

 
Figure 8 J-V Characteristics for Different Mi For 100 nm Thickness 

 
According to the estimated values of Voc recorded in Table 4, we can notice that 

they are between 0.995 and 1.322 eV (for a thickness of 100 nm) and decrease in 
the following order: M5 > M1 > M3 > M6 > M2 > M4. Compounds M1 and M5 occur 
with the highest Voc. Likewise for the values of the current density Jsc. Thus, the 
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power conversion efficiency of these two molecules has high rates compared to the 
other molecules, and which further increases by (M1: from 10.724 to 16.488%, and 
M2: from 11.112 to 17.071%) with the increase in the thickness of the active layer 
from 50 to 100 nm (Table 4), because enlarging the active layer allows the 
absorption of more photons, which makes it possible to improve the performance 
of the studied solar cells. 

Therefore, based on the good results found of Jsc and Voc for M1 and M5 
molecules, we can suggest that they are good candidates for photovoltaic 
applications. 
Table 4 

Table 4 Parameters of Solar Cells Based on M1 And M5 as a Function of Temperature 

Molecules 
 

Jsc(mA/cm2) Voc (V) FF 𝛈𝛈 (%) Rs (𝛺𝛺.cm2) Rsh (𝛺𝛺.cm2) 
M1 50 nm 11.022 1.280 0.760 10.724 7.10 126  

100 nm 16.812 1.302 0.753 16.488 5.34 103 
M2 50 nm 10.895 1.106 0.758 9.140 7.71 145  

100 nm 16.609 1.129 0.752 14.098 6.56 125 
M3 50 nm 10.895 1.146 0.760 9.485 7.75 153  

100 nm 16.609 1.168 0.695 14.618 7.30 146 
M4 50 nm 10.840 0.995 0.754 8.124 7.52 280  

100 nm 16.521 1.017 0.748 12.565 6.25 220 
M5 50 nm 11.070 1.322 0.759 11.112 6.82 130  

100 nm 16.889 1.344 0.752 17.071 5.12 110 
M6 50 nm 10.998 1.139 0.758 9.504 7.54 218  

100 nm 16.774 1.162 0.752 14.652 6.44 185 
P3HT-PCBM [32] 

 
7.58 1.07 0.628 5.094 

  

 
3.5.2. EFFECT OF TEMPERATURE ON THE PHOTOVOLTAIC 

CHARACTERISTICS 
In this part, the temperature is varied and the value of the thickness of the active 

layer is kept constant at 100 nm. Figure 9 and Figure 10 show the AMPS-1D 
simulation results of the J (V) characteristics of the organic solar cell based on M1-
PCBM and M5-PCBM respectively for different temperatures. 
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Figure 9 

 
Figure 9 AMPS-1D Simulation of the J(V) Characteristics of the M1-PCBM Based Organic Solar Cell 
for Different Temperatures. 

 
Figure 10  

 
Figure 10 AMPS-1D Simulation of the J(V) Characteristics of the M5-PCBM Based Organic Solar Cell 
for Different Temperatures. 
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The results of the simulation are grouped in the table below 
Table 5 

Table 5 Parameters of Solar Cells Based on M1 And M5 as a Function of Temperature. 

Molecules 
 

Jsc(mA/cm2) Voc (V) FF 𝛈𝛈 (%) Rs (𝛺𝛺.cm2) Rsh (𝛺𝛺.cm2)  
280 K 16.822 1.327 0.759 16.947 5.22 102 

M1 300 K 16.812 1.302 0.753 16.488 5.34 103 
 320 K 16.801 1.278 0.747 320 K 5.54 102  

340 K 16.791 1.254 0.740 15.588 5.63 101  
280 K 16.900 1.368 0.758 17.526 4.89 111 

M5 300 K 16.889 1.344 0.752 17.071 5.12 110  
320 K 16.878 1.320 0.748 16.622 5.58 109  
340 K 16.868 1.296 0.740 16.179 5.73 110 

 
It seems that 
1) The short-circuit current density Jsc is very insensitive to temperature. 
2) The open circuit voltage Voc varies very slightly with the increase in temperature. 

These results show that the optimal functioning of the photovoltaic generator 
substantially corresponds to functioning at constant optimal voltage. 

3) The PCE is slightly sensitive to the increase in temperature: when the temperature 
increases by 20°C around the ambient temperature and for an illumination of 100 
mW/cm2 the efficiency decreases by 2.5%. 

We can conclude that increasing the temperature of the organic photovoltaic 
cell presents a slight degradation of the photovoltaic parameters. 

 
4. CONCLUSIONS  

In this work, the electronic structure, and optical properties of six novel 
thiophene-based molecules were determined using density functional theory DFT 
and its time-dependent variant TD-DFT. Through this study, we were able to identify 
a direct relationship between the power of the donor group and the efficiency of the 
molecules studied in an organic solar cell. Based on the results obtained, we 
analyzed the role of the various electron donor groups selected on all the properties 
sought. Also, we studied their effects on the open circuit voltage Voc, the short 
circuit current density Jsc, the fill factor FF and the power conversion efficiency of 
the cell by discussing the key factors affecting these parameters in the aim to find 
potential compounds to be used in photovoltaics. It can be concluded that these 
thiophene-based molecules all have good photophysical properties, thus showing 
good compatibility with PCBM as an acceptor material. We can therefore suggest the 
potentiality of all the compounds studied in this field. In particular, the M1 and M5 
materials were found to be the best oligomers for solar cells, due to their particular 
properties found and their high values of conversion efficiency (16.488% and 
17.071% respectively) comparing with the values found in the literature. 

This theoretical approach could be, on the one hand, a good tool for orienting 
the synthesis of new compounds more useful as active materials in this kind of 
photovoltaic devices, and on the other hand, to predict the structure-properties 
relationship of other new compounds for use in this field. 
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