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Abstract-We have designed six molecular donors based on three azulene units connected serially with dif
fe rent substituted groups. The electronic structures, optoelectronic properties and absorption spectra of 
molecular donors are calculated by using time-dependent density functional theory (TD-DFT). The studied 
molecules demonstrate good properties with low energy gap, small exciton binding energy, high open circuit 
voltage and broad absorption spectrum. The molecular donor (MD5) is identified as the promising candidate 
of the organic solar cell because ofthe most enhanced in optical absorption , energy gap, open circuit voltage, 
energy driving force, exciton binding energy. 
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· INTRODUCTION 

During the last years, the performance of organic 
solar cells has been enhanced significantly and 
research into renewable energy has become one of the 
most important subjects in global energy strategy due 
to increasing energy consumption and restricted fossil 
resources. Organic solar cells (OSCs) have gained 
considerable attention during the past decade due to the 
advantages, including strong absorption in the UV visible 
light region, good photostability, flexible chemical struc
tures, solution-processable, low-weight, semitranspar
ent photovoltaic material and cost -effective [ 1-5]. 
Thus, the efficiency of solar cell offers an promising 
technology for balancing the increasing energy 
demand due to fast industrial development [ 6]. The 
efficiency of solar cell, such as dye-sensitized solar sys
tems (DSSCs) [7, 8], Perovskite solar cell [9, 10, quan
tum dot solar cells (QDSCs) [11], and organic/ poly
mer solar cells [ 12] , are still under the performance of 
silicon solar cells, with the maximum efficiency still 
below 13% for DSSC [13]. Small organic molecules 
have several characteristics compared to polymer 
materials are a high purity, precise molecular weight 
and easier energy level control [ 14-16]. The purpose 
of this article is to design small donor molecules have 
high optoelectronic properties used in applications of 
organic solar cells. 

While the location of energy levels controls the 
maximum efficiency, it was found that the molecular 
organization of the donor and the acceptor determines 
the performance of a majority. On the one hand, the 
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efficient charge transport controlled by the donor
acceptor arrangement. On the other hand, the effi
cient exciton dissociation needs large donor-acceptor 
interfaces, which requires a blending ofthe donor and 
acceptor segments on a molecular level r 17' 18] 0 

The efficiency of organic solar cells is related to 
many parameters, such as the short circuit current Osc) , 
open circuit voltage (V 0 c) and the fill factor (FF). 
Furthermore, enhances the efficiency of organic solar 
cells requires improving the electronic properties of 
organic molecules, such as high occupied molecular 
orbital (HOMO), low unoccupied molecular orbital 
(LUMO), and energy gap. Scharber et al. concluded 
that 10% energy-conversion efficiency is realizable for 
organic solar cells [ 19]. G enerally, a high-efficiency 
molecular donor should obtain many key necessities, 
such as a wide and strong absorption spectrum, appro
priate LUMO and HOMO levels, large hole mobility, 
excellent film formation ability, and miscibility with 
fullerene derivatives [2] . Generally, the LUMO energy 
level of the donor is positioned above that of the 
acceptor by at least 0.3 eV to confirm efficient electron 
transfer from the donor to the acceptor [20, 21]. Azu
lene-containing polymers have the important optical 
and electronic properties make them proposed mate
rials for organic solar cells. The power conversion effi
ciency of the azulene-based structures (as a donor) 
and phenyl-C7lbutyric acid methyl aster (as an accep
tor) reached 2.04% [22]. 

In this paper, we calculate geometric, electronic, 
and optical properties of molecular donors (MDs) by 


