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Abstract:

In this work, ten new small molecules based on Thienylenevinylene as a donor and heterocyclic group A as acceptor
of electrons with the donor-acceptor-donor D-A-D structure were studied by density functional theory (DFT) and
time-dependent DFT (TDDFT) methods using the Gaussian09 program. The geometric and electronic properties of
these compounds have been analyzed and reported by using the DFT /B3LYP level with 6-31G (d,p) basis set.
Thus, we calculated the optical properties (absorption/emission) using the TDDFT/CAM-B3LYP/6-31G (d,p)
method. The influence of the change of acceptor (11-linker) on the electrochemical, photovoltaic and optic properties
has been investigated and discussed. The studied compounds have low energy gap which decreases by going
from C1 to C10, this improve the intramolecular charge transfer in these molecules. This work shows that the studied
compounds are promising and have good properties for optoelectronic and photovoltaic applications, especially in
BHJ solar cells with maximum power conversion efficiency (PCE) of 10% for C7 and C9.

Keywords: thienylenevinylene; DFT; HOMO; LUMO; gap energy; BHJ organic solar cells

1. Introduction

Organic solar cells based on conjugated small
molecules are the first organic photovoltaic cells
that were made at the end of the 1950s. These
materials have several advantages, such as well-
defined molecular structures, easier purification
and reproducibility. As a result, several research
efforts have been devoted to the development of
small molecule used in bulk heterojunction (BHJ)
cells in recent years, and the conversion efficiency
has been progressively improved [1-9].

An interesting approach is to use molecules
incorporating an electron acceptor group within
the donor conjugate system to improve
optoelectronic properties and create good
intramolecular charge transfer (ICT).

Small molecules based on Thienylenevinylene
show interesting optoelectronic and photovoltaic
performances as donor materials in photovoltaic
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devices [10,11]. Similarly, these compounds of
linear structure and symmetrical architecture (D-
A-D) have also led to efficient photovoltaic
devices in bilayer or bulk heterojunction, with a
heterocyclic electron acceptor group inserted as
bridge and which has affected the energy levels
of the frontier orbitals (decrease in LUMO and
increase in HOMO) and consequently the
reduction of the bandgap width depending on the
nature of this group. This molecular structure
improves charge transfer, thus covering a large
absorption band in the visible and near-infrared
range.

In this work, in order to save costs and
synthesis efforts as well as to provide a visual aid
to understand how the molecular structure affects
their properties, we were interested in the
theoretical study of the structural, optoelectronic
and photovoltaic properties through the DFT
theory of a series of D-A-D systems based on
Trithienylenevinylene by incorporating in their
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core various heterocyclic acceptor groups (A) as
shown in Figure 1. We used the DFT approach
with  B3LYP exchange-correlation function
combined with 6-31G(d,p) basis set to calculate
and to examine the structural properties
(optimization, bond lengths) and electronic
properties (HOMO, LUMO, Voc, a) as well as the
electrochemical and charge transport properties
(ionization potential (IP), electron density (ED),
reorganization energy). While the absorption and
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emission properties of these compounds were
studied using the TD-DFT/CAM-B3LYP/6-31G (d,
p) method.

Simulation of these compounds as donor
materials in BHJ solar cells combined with the
PCesBM, PC70BM and PC71BM acceptors, and
based on Scharber's model, the estimated
conversion efficiency gives best values which can
be as high as 10% with some compounds.
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Figure 1. Chemical structures of the studied molecules.

2. Material and Methods
2.1 Calculation methodology

In order to study the relationships between
structure and optoelectronic properties, all
quantum calculations were performed using
Gaussian09 package [12]. The optimization
geometry and electronic properties of all
molecules in the ground state have been carried
and calculated out by the DFT/B3LYP/6-31G(d,p)
method [13,14]. Basing on the optimized
structures, the absorption spectra and optic
properties parameters were calculated by using
TD-DFT approach with coulomb-attenuated
hybrid exchange-correlation functional (CAM-
B3LYP) and 6-31G(d,p) basis set [15 ]. The
choice of the CAM-B3LYP functional is to
estimate successfully the transition energies as
reported in the literature [16-19]. In addition, the
injection and charge transfer properties
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(ionization potential, electron affinity and
reorganization energy) of the studied compounds
were analyzed and discussed. Finally,
photovoltaic  parameters and  conversion

efficiency estimation were determined in the BHJ
structure of an active layer formed by a mixture
(Donor/Acceptor) of our compounds as electron
donor materials and fullerene derivatives as
acceptors.

3. Results and Discussion
3.1 Geometrical and optoelectronic properties
3.1.1 Geometrical structures

The optimized structures of the studied
molecules obtained by DFT/B3LYP/ 6-31G(d)
method in the ground states are depicted in Figure
2. According to these results, it can be seen that
all compounds have similar conformations (planar
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conformation). This is attributed to the vinyl  groups) of the order of 0.01A relative to C1 (Table
groups inserted between the aromatic rings. In 1). This improves the intramolecular charge
addition, we noted a slight reduction in the bond  transfer within these systems.

lengths d1 and d2 (between donor and acceptor

Table 1. Bond lengths d1 and d2 obtained by B3LYP/6-31G (d, p) method.
Ci c1 c2 C3 c4 C5 c6 c7 cs8 c9 c10

d1(A) 1.4382 1.4284 1.4270 1.4280 1.4314 1.4273 1.4305 1.4247 1.4248 1.4245
d2(A) 1.4382 1.4284 1.4270 1.4280 1.4314 1.4273 1.4305 1.4247 1.4248 1.4245

9-3339-30-CI23D B II
C1 C6
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Figure 2. Geometrical structures of the studied molecules optimized by B3LYP/6-31G (d, p) method.

3.1.2 The HOMO, LUMO frontier orbitals and
gap energy

The analysis of the highest occupied molecular
orbital (HOMO) and lowest unoccupied molecular
orbital (LUMO) is very important, because the
control of these parameters and even difference
between them (gap energy) has become
progressively a major topic for the chemical
engineering and of functional p-conjugated
systems. The calculated values of the HOMO,
LUMO and gap energy of all molecules obtained
by the by using B3LYP/6-31G (d, p) method are
reported in Table 2.

Table 2. Electronic properties of the studied
compounds obtained by B3LYP/6-31G(d, p).

Molecule Enomo (eV)  Evrumo (eV) Eg (eV)
c1 -4.89 (- -2.06 (- 2.83

4.959) 2.800) (2.15%
C2 -4.80 -2.69 2.11
C3 -4.76 -2.94 1.82
C4 -4.73 -2.95 1.78
C5 -5.05 -3.29 1.76
C6 -4.59 -2.85 1.73
Cc7 -4.88 -3.19 1.69
Cc8 -4.63 -2.98 1.65
C9 -4.82 -3.34 1.48
C10 -4.83 -3.43 1.40

aHOMO energy estimated from oxidation onset by
cyclic voltammetry (CV); PLUMO energy estimated from
reduction onset by CV; °Electronic bandgap estimated
from CV [20].

We found that the HOMO energy of these
compounds range from -5.05 to -4.63 eV, while
the LUMO range from -3.43 to -2.06 eV.
Compared to C1, we noted a stabilization of
LUMO energy and destabilization of HOMO, this
effect can be explained by the introduction of
electron-withdrawing groups as Tr-linker and the
resonance stabilization energy of the aromatic
cycles. Therefore, we show that C10 has the
lowest LUMO energy (-3.43 eV) compared to

other molecules, which can be due to the high
electron-withdrawing property of
benzobis(thiadiazole) group.

Going from C1 to C10, we noted a remarkable
decrease in the gap energy depending on the
increase of electron-withdrawing strength of the
introduced acceptor fragment. C10 has the lowest
gap energy (1.4eV), which is attributed to the
introduction of the benzobis (thiadiazole) group
which has the highest electron-withdrawing force.
Finally, the studied compounds have small energy
gaps; this property gives them good candidates
for applications in optoelectronic devices,
especially in organic solar cells.

The electron density distributions of the frontier
orbitals (HOMO and LUMO) on the studied
molecules backbone are shown in Figure 3.

We noted that the distribution of electron
density in the frontier molecular orbitals is similar
for all molecules. As shown in Figure 3, the
HOMO of all the compounds is located on the
entire system and possesses a Tr-antibonding
character between two adjacent fragments and p
bonding character within subunit. Whereas, the
LUMO is mainly distributed on the acceptor group
(tr-lincker) and we show that the LUMO exhibits a
m-bonding character within subunit. This means
that the electronic transition of these compounds
is involved in intramolecular charge transfert
between the donor and acceptor fragments.
Moreover, we conclude that ICT can be effectively
promoted by introducing a Thieno quinoxaline
(C8) or Thieno pyredaline (C9) r-lincker
acceptors.

3.1.3. Optical properties
3.1.3.1 Absorption properties

For the active materials in organic solar cells,
donor compounds play an important role in the
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absorption of sunlight because the acceptor
PCBM (mostly used in these cells) has a low
absorption in the visible and near-infrared region.
To examine the optical properties of the studied
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compounds as donors, a theoretical study based
on time-dependent density functional theory (TD-
DFT) was used.
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Figure 3. Electronic distribution density of the HOMO and LUMO orbitals of the studied molecules.

Basing on the optimized structures obtained by
the B3LYP/6-31G (d, p) method in the ground
state, the vertical excitation energies, oscillator
strengths  for electronic  excitations and
compositions of vertical transitions in terms of
molecular orbital were calculated by using the TD-
DFT/CAM-B3LYP/6-31G (d, p) method. The
obtained spectroscopic parameters are
summarized in Table 3. We noted that all
electronic transitions from the ground state (S0) to
the first excited state (S1) correspond to
HOMO->LUMO transition for all molecules, which
can be attributed to the intramolecular charge
transfer from donor to acceptor units and T-1r*
transition. Moreover, the studied molecules
absorb mainly the sunlight in visible region, and
the maximum absorption wavelength (Amax) of
these molecules ranges from 404 to 819 nm.
Compared with C1, the maximum absorption is
remarkably red shift (bathochromic effect)
passing from C2 to C10 in the order C1 < C2 < C3
<C4<C5<C6<C7<C8<CI9<C10 whichis
the excellent agreement of the reverse order of
the gap energy. This can be attributed to the
increasing of electron-withdrawing strength of the
incorporated acceptor units. Consequently, the
obtained results suggest these molecules as
excellent chromophores and good candidates for
organic solar cells applications.

3.1.3.2 Emission properties

To study the photoluminescence emission
properties of the compounds, we applied the
TDDFT / CAM-B3LYP/6-31(d, p) method to the
geometry of the lowest singlet excited state
optimized at the CAM-B3LYP /6-31 (d, p) method.
Generally, the emission energy is always lower
than the absorption energy, this effect was
observed by G. G. Stokes in 1852 [22]. The
Stokes displacement (SD) corresponds to the
difference between the  maximum  of
absorption A2b$ of the S0>S1 transition and the
maximum emission AS2  corresponding to the
S1->S0 transition. The calculated emission
parameters, SO0->S1 transition characters and the
Stokes  displacements  (ASm, — A2bs. are
presented in Table 4.

The obtained results analysis shows that all
electronic transitions from the first excited state
(S1) to the ground state (S0O) correspond to T*-1r
and LUMO->HOMO transition for all compounds.
This shows that the fluorescence phenomenon is
the reverse of the absorption process. Moreover,
we noted that the emission photoluminescence
spectra is red-shifted passing from C10 to C1
which in the reverse order of the obtained results
of absorption. Therefore, all compounds haven’t
high values of stocks shift which ranges from 66
to 225 nm, which reveals that the studied
compounds present a maximal conformational

Orbital: Electron. J. Chem. 12 (4): 220-231, 2020
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reorganization between ground state and excited  charge transfert and the electron injection from
state. In addition, this improves the intramolecular  LUMO of these molecules to the LUMO of PCBM.

Table 3. Absorption wavelengths (Aabs/nm), vertical transition energies (eV), main transition contribution
and oscillator strength (f) of all compounds.

Ci Transition Aabs (Exp.) Etr f Transition character in %
Cc1 S0 > S1 404.16 (424) [21] 3.06 1.40 HOMO - LUMO+1 (95%)
S0 > S2 291.05 425 0.14 HOMO-1 > LUMO (48%)
S0 > S3 277.92 446  0.01 HOMO - LUMO+1 (46%)
S0 > S4 252.79 490 0.06 HOMO-4 > LUMO (85%)
C2 S0 > S1 543.40 228 0.77 HOMO - LUMO (97%)
S0 > S2 351.24 3.52 0.01 HOMO-5 - LUMO (77%)
S0 > S3 345.52 3.58 0.62 HOMO > LUMO+1 (92%)
S0 > S4 332.09 3.73 0.1 HOMO-1 > LUMO (92%)
C3 S0 > S1 638.20 1.94 0.60 HOMO - LUMO (98%)
S0 > S2 369.41 3.35 0.02 HOMO-1 > LUMO (95%)
S0 > S3 350.41 3.53 0.91 HOMO - LUMO+1 (92%)
S0 > S4 336.49 3.68 0.10 HOMO-4 > LUMO (94%)
C4 S0 > S1 628.04 197 0.58 HOMO - LUMO (98%)
S0 > S2 397.90 3.1 0.52 HOMO - LUMO+1 (95%)
S0 > S3 349.09 3.55 0.06 HOMO-1 -> LUMO (66%)
S0 > S4 329.66 3.76 045 HOMO > LUMO+2 (59%)
C5 S0 > S1 638.03 194 0.64 HOMO - LUMO (98%)
S0 > S2 391.43 3.16  0.01 HOMO-1 -> LUMO (96%)
S0 > S3 339.55 3.65 1.12 HOMO - LUMO+1 (89%)
S0 > sS4 335.28 3.69 0.01 HOMO - LUMO+2 (95%)
Ccé6 S0 > S1 649.22 190 0.56 HOMO - LUMO (99%)
S0 > S2 403.63 3.07 0.52 HOMO > LUMO+1 (94%)
S0 > S3 363.23 3.41 0.01 HOMO-4 -> LUMO (62%)
S0 > S4 352.00 3.52 0.03 HOMO-1 -> LUMO (58%)
Cc7 S0 > S1 669.02 1.85 0.61 HOMO - LUMO (98%)
S0 > S2 395.63 3.13  0.01 HOMO-1 > LUMO (96%)
S0 > S3 383.67 3.23 0.01 HOMO-5 - LUMO (84%)
S0 > S4 343.77 3.60 1.08 HOMO - LUMO+1 (85%)
(03:} S0 > S1 696.10 1.78 0.27 HOMO - LUMO (97%)
S0 > S2 393.49 3.15 0.04 HOMO-1 > LUMO (87%)
S0 > S3 388.43 3.19 0.83 HOMO - LUMO+1 (88%)
S0 > S4 368.73 3.36  0.01 HOMO-3 - LUMO (97%)
C9 S0 > S1 773.54 1.60 0.33 HOMO - LUMO (98%)
S0 > S2 473.68 2.61 0.01 HOMO-2 - LUMO (86%)
S0 > S3 401.95 3.08 0.96 HOMO > LUMO+1 (94%)
S0 > sS4 386.15 3.21 0.17 HOMO-1 > LUMO (90%)
Cc10 S0 > S1 819.45 1.51 0.52 HOMO - LUMO  (100%)
S0 > S2 420.38 294 0.01 HOMO-1 > LUMO (96%)
S0 > S3 365.72 339 0.18 HOMO > LUMO+2 (87%)
S0 > S4 358.47 3.45 1.01 HOMO > LUMO+1 (83%)

Table 4. The maximum wavelengths emission ASn, (nm), the transition energies Ew (eV), the oscillation
strength f and the Stockes shift SS (nm) of the studied compounds.

Ci Transition Transition character Afmx (Aexp) Etr f SS

C1 S1-> S0 LUMO - HOMO (0.69) 470.33(512) [21] 2.63 1.37 66.22
C2 S1-> S0 LUMO - HOMO (0.69) 654.95 1.89 0.61 111.55
C3 S1-> S0 LUMO - HOMO (0.70) 756.02 1.64 0.50 117.82
Cc4 S1-> S0 LUMO - HOMO (0.70) 740.55 1.67 0.45 112.51
C5 S1-> S0 LUMO - HOMO (0.70) 763.25 1.62 0.53 125.22
C6 S1-> S0 LUMO - HOMO (0.70) 764.36 1.62 0.44 115.14
C7 S1-> S0 LUMO - HOMO (0.70) 802.42 1.54 0.50 133.40
C8 S1-> S0 LUMO - HOMO (0.70) 849.64 1.45 0.34 153.54
C9 S1-> S0 LUMO - HOMO (0.70) 963.76 1.24 0.23 225.63
C10 S1-> S0 LUMO - HOMO (0.71) 999.17 1.28 0.43 144.31

Orbital: Electron. J. Chem. 12 (4): 220-231, 2020



Alami et al.

FULL PAPER

3.2 Charge transfer properties
3.2.1 Dissociation energy of exciton

It is well known that the binding energy of an
exciton (electron-hole) noted Eb, can also be used
to give information on the capacity of exciton
dissociation. The low Ep value facilitates exciton

dissociation. In general, Eo can be expressed
using the following relation [23]:
Ep = |[AHy_L — Es1|  (2)

AEH.Lis the difference energy between HOMO
and LUMO in the ground state and Esi is the
energy of the first excitation (S0>S1).

Table 5. Es1 and Eb energy values for Ci molecules (i=1 to 10).

C5 Cé C7 Cs8 C9 c10

Molecule C1 C2 C3 C4
Es1 3.06 2.28 1.94 1.97
Eb 0.23 0.17 0.12 0.19

1.94 1.90 1.85 1.47 1.60 1.51
0.18 0.17 0.16 0.18 0.12 0.11

The obtained results of Ep calculations are
shown in Table 5, it can be seen that all molecules
have low Ep values [24], which are lower than 0.2
eV (with the exception of the C1 molecule of E» =
0.23 eV), this energy decreases in the following
order:C1>C4>C5=C8>C2=C6>C7>C3=
C9 > C10. This show that these compounds will
be able to more effectively promote exciton
separation and potentially improve the short-
circuit current (Jsc).

3.2.2 Charge transport and reorganization
energy

As donor materials, they should have a good
charge transport capacity (of electrons and holes),
which contributes to the increase of Jsc. The
charge transport mechanism can be described as
a self-exchange transfer process, in which an
electron or hole hops from one charged molecule
to an adjacent neutral molecule. The
intermolecular charge transfer rate (Kct) can be

estimated by Marcus' semi-classical theory

according to the following expression [25]:

Ker

_VZ m ( A ) 3

= JRekema P\ T 4k, T ®
Here:

V: is the integral of charge transfer (electronic
coupling between adjacent molecules),

h: is Planck's constant,
Kg: is Boltzmann's constant,
T: the temperature in Kelvin,

A: is the reorganization energy.

The electronic coupling V and the
reorganization energy A are two key parameters
that determine the rate of charge transfer, and
they must be maximized and minimized
respectively to ensure a high charge transfer rate.
In the case of a similar compounds family, the V
effect can be neglected in front of A, this has been
shown by studies carried out by Chakanoue's
team [26].

In general, the reorganization energy is
composed of both the intramolecular
reorganization energy of the molecule (inner A)
and the reorganization energy of the surrounding
medium (outer A) [27,28]. In this work, the external
A is induced by the slow electronic and nuclear
variations in solvent polarization of the
surrounding medium is neglected [29].
Consequently, the internal contribution becomes
the dominant factor. In this study, we calculated
the reorganization energy of holes and electrons
(A* and N) by a potential energy surface curve
method according to the following expression [30]:

At = [EX(M®) — EX(MT)]
+ [E°(MY)
—E°(M?)] “)

Here:

EO(MO) : is the total energy of the neutral
molecule,

Ex(MO) : is the total energy of the cationic
(anionic) form with neutral form geometry,

E*(M®): is the total energy of the cationic
(anionic) form,

EO(M?) : is the total energy of the neutral form
with cation (anion) geometry.

The calculated values of A*, A and the total

Orbital: Electron. J. Chem. 12 (4): 220-231, 2020
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reorganization energy A (= A*+ A°) of all molecules  are shown in Table 7.
Table 6. Reorganization energies of Ci molecules (i = 1 to 10) in eV.
Molecule Cc1 C2 C3 C4 C5 C6 C7 C8 C9 Cc10
A 0.25 0.27 0.27 0.28 0.30 0.27 0.29 0.27 0.29 0.30
N 0.25 0.27 0.27 0.28 0.30 0.27 0.29 0.27 0.29 0.30
A 0.50 0.54 0.54 0.56 0.60 0.54 0.58 0.54 0.58 0.60

From the obtained results of the Table 6, we
observed that the A* and A~ values are identical for
each molecule, this indicate an excellent balanced
transport of both electrons and holes. As
mentioned previously, the weak A value increases
the Kct. Moreover, we note that all Ci show small
A*, A and A values which range from 0.27 to 0.30
eV (A*and A) and from 0.54 to 0.60 eV (A). This
improves the ICT and suggests these molecules
as well charge transport materials for organic
solar cells.

3.3. Photovoltaic performance of the studied
systems in a BHJ cell

3.3.1 Photovoltaic parameters

In organic solar cells especially in bulk
heterojunction (BHJ) active layer, the analysis of
frontier orbitals energies of the molecular orbital
frontiers (HOMO and LUMO) of the studied
compounds as donors and compared with the
LUMO energy level of the fullerene derivative
acceptors (Figure 4) which is the most broadly

e
PCsBM

Table 7 summarized data of energy frontier
orbitals of all compounds and of acceptors:
PC70BM, PCesBM and PC7:BM, Voc and a. We
notice that energy HOMO of all compounds is
higher than LUMO of the acceptors and the Voc
calculate values of the studied compounds
(donor) blended with PCBM (PC70BM, PCesBM or
PC71BM) in the active layer of BHJ range from

used as an acceptor in solar cell devices. These
parameters are very important factors to
determine whether effective charge transfer will
happen from HOMO of donor (studied molecules)
to LUMO of acceptor (PCBM). Moreover, the
maximum open circuit voltage (Voc) of the bulk
hetero junction (BHJ) solar cell is related to the
energy difference between HOMO of donor and
LUMO of the acceptor, taking into account the
energy lost during the photo-charge generation
[31]. The estimated values of Voc have been
calculated from the following formula:

Voc = |Exomo (Donor) | — |ELumo (Acceptor) | — 0.3
(5)

Another photovoltaic parameter noted a which
was calculated as the energy difference between
LUMO of donor and LUMO of the acceptor. This
parameter must be greater than 0.3 eV but not too
high (between 0.3 and 0.5 eV) to ensure efficient
dissociation of excitons at the D/A interface [32,
33].

PCnBM

PCnBM
Figure 4. C60, C70, PC70BM, PCsoBM and PC71BM acceptor structures.

0.65 to 1.21V with PC70BM, from 0.59 to 1.05V
with PCe0BM and from 0.35 to 0.81V with PC71BM.
These values are sufficient for an efficient electron
injection from the Ci molecules (donors) to the
PCBM acceptors. In addition, a range from -0.13
to 1.48 eV with PC70BM, 0.27 to 1.64 eV with
PCs0BM and 0.51 to 1.88 eV with PC71BM, this
shows that the dissociation of the excitons at the

Orbital: Electron. J. Chem. 12 (4): 220-231, 2020
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D/A interface will take place except for C10 in
coupling with PC70BM the value from a is

Table 7. Calculated values of Voc (in V) and a in
PCBM A acceptors.

negative, this reveals that the electron injection
will be impossible from C10 to PC70BM.

(eV) for the systems studied in relation to PCBM and

EHomo ELumo Voc a
Molecule (eV)  (eV) TPCBM  PCwBM  PCriBM__ PC7oBM _ PCewBM _ PCrBM
C1 289  -2.06 1.05 0.89 0.65 1.48 1.64 1.88
c2 480  -2.69 0.96 0.80 0.56 0.85 1.01 1.25
c3 476 -2.94 0.92 0.76 0.52 0.60 0.76 1.00
c4 473 -2.95 0.89 0.73 0.49 0.59 0.75 0.99
c5 505  -3.29 1.21 1.05 0.81 0.25 0.41 0.65
c6 459  -2.85 0.65 0.59 0.35 0.69 0.85 1.09
c7 488  -3.19 1.04 0.88 0.64 0.35 0.51 0.75
cs 463  -2.98 0.79 0.63 0.39 0.56 0.72 0.96
co 482  -334 0.98 0.82 0.58 0.20 0.36 0.60
c10 483  -343 0.99 0.83 0.59 2013 0.27 0.51
PCroBM[34] -5.87 -3.54

PCeoBM [35]  -6.10  -3.70
PC/BM[36]  -5.93  -3.94

3.3.2 Conversion efficiency

We have estimated the conversion efficiency
of maximum power of the studied molecules in a
BHJ photovoltaic cell with ITO/Ci:PCBM/AI
architecture by using Scharber's model [37].

30 28 28 2.4 22 2,0 18 16 1,4 1.2

Eg (V)
Figure 5. Estimation of the photovoltaic conversi

According to Figure 5 and Table 8 data, the
conversion efficiency of the photovoltaic cells
ranges from 5 to 210%/PCzBM, from 4 to
10%/PCsoBM and from 2 to 8%/PC71BM. The
higher conversion efficiencies is 10% with C9:
PC70BM and C7: PCeoBM couples.

30 28 26 24 22 20 18 16 14 12 10
Eg (eV)

on efficiency of the compounds studied with PC70BM

(top right), PCsoBM (top left) and PC71BM (bottom) according to Scharber's model.
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Table 8. Estimated conversion efficiencies
according to Scharber's model for the different
Ci:PCBM couples.

Compound Conversion efficiency in %
PC70BM PCs0BM PC71BM
C2 5 4 2
C3 7 6 4
C4 7 6 4
C5 - 9 7
C6 6 8 3
Cc7 10 5 6
C8 8 6 4
C9 - 10 7
C10 - - 8

4. Conclusions

In this work, ten D-A-D type small molecules
based on Thienylenevinylene and different
heterocyclic acceptors as bridges were
theoretically studied using DFT/B3LYP/6-
31G(d,p) and TDDFT/CAM-B3LYP/6-31G(d,p)
methods, in order to investigate the geometric, the
optoelectronic and photovoltaic properties, also to
determine the effect of acceptor bridge on these
properties, then to improve the conversion
efficiency of the studied compounds for organic
solar cells application. The geometrical analysis of
the optimized structures of these materials shows
that all compounds have planar structures.
Comparing with C1, the introduction of
heterocyclic acceptors as bridge reduces the gap
energies from 2.82 to 1.40 eV in the following
order: C1<C2<C3<C4<C5<CB6<C7<C8<
C9 < C10. All molecules absorb in the visible
region and their absorption wavelengths range
from 404 to 819 nm with a bathochromic shift
passing from C1 to C10, indicating that spectra of
these compounds cover well the spectra emitted
from sunlight. Moreover, the calculated values of
Er and A indicate higher exciton dissociation
efficiency and well charge transfer. In addition, the
Voc and a of the studied molecules blended with
different acceptors (PCesoBM, PC7zBM and
PC71BM) range from 0.70 to 0.94 eV and from 0.2
to 1.8 eV respectively, indicating that these values
are sufficient for an efficient electron injection from
Ci to PCBM. Finally, the photovoltaic cells which
contain these materials (donors) coupled with
several acceptors (PCBM) present high
conversion efficiency which can reaches 10% for
the couples C7: PC70BM and C9: PCsoBM. At the
same time, it is important to note that these results

do not exclude the potential of these studied
compounds in applications in other optoelectronic
devices.
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