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� The different performance of re-
ported dyes was rationalized by DFT
calculations.

� Present a comprehensive strategy to
design high-efficiency dye.

� Designed dyes 6 and 7 are promising
candidates to further improve
efficiency.
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a b s t r a c t

Factors associated with short circuit current density (Jsc) and open circuit photovoltage (Voc) of dye
sensitized solar cells (DSSCs) have been analyzed through DFT and TDDFT calculations to explore the
origin of the significant performance differences with only tiny structure difference (1.24% for 1 and
8.21% for 2) (Advanced Functional Materials 2012, 22, 1291e1302). Our results reveal that the insertion of
phenyl ring in 2 enlarges the distance between the dye cation hole and the semiconductor surface and
makes the benzothiadiazole (BTDA) unit, which has strong interaction with the electrolyte, far away from
the semiconductor, resulting in a decreased charge recombination rate compared with that of 1. How-
ever, the insertion of phenyl ring also results in a distortion of the molecular structure, leading to a
decreased light harvesting ability. Hence, two dyes (6 and 7) derived from 2 with better conjugation
degree, farther position of BTDA unit and longer molecular length have been designed to keep the ad-
vantages and overcome the disadvantages of 2 simultaneously. The results demonstrate that we get the
desired properties of dyes through reasonable molecular design, and these two dyes could be promising
candidates in DSSC field and further improve the performance of the cell.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

As one of the most promising renewable energy devices, dye
sensitized solar cells (DSSCs) are receiving tremendous attention
due to their low production costs, good flexibility, light weight and
easy production processes [1e6]. Up to now, the overall power
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conversion efficiency (PCE, h) of DSSCs has reached 13.0% [7] re-
ported by Gr€atzel and co-workers [8], however, which is still lower
than that of the traditional Si-based solar cells [9]. Thus, lots of
researches are still devoted to improving the PCE of DSSCs
[1,8,10e16]. Generally, a typical DSSC is mainly composed of
semiconductor material, dye sensitizer and electrolyte. There is no
doubt that the development of new efficient sensitizers is an
effective way to enhance the efficiency of DSSCs in view of the key
roles of the sensitizer played in the cell, such as affecting the
lighting harvesting efficiency, the charge transfer process and ul-
timately the PCE of the cell.

Currently, there are mainly three kind of dyes commonly used in
DSSC [2], including ruthenium dyes [16e18], porphyrin dyes [19,20]
and metal-free organic dyes [21e23]. Compared with the other two
types of dyes, organic D-p-A dyes have received an ever-increasing
attention due to their lower cost, easy of fabrication, relative higher
molar extinction coefficients and environmental friendly. Impres-
sively, the efficiency of DSSC based on champion organic dye (C219)
is up to 10.3% [24]. However, organic dyes also have their own
drawbacks such as the narrower absorption spectrum, and the faster

charge recombination due to the presence of the heteroatom [25].
Thus, great efforts have been devoted to the design and optimization
of novel dyes to overcome these shortcomings [26e33]. For
example, Haid et al. synthesized two triphenylamine-based (TPA)
organic dyes [34] with tiny structure difference, as shown in Fig. 1. It
is found that the insertion of phenyl ring between the benzothia-
diazole (BTDA) unit and the cyanoacrylic acid group of 2 can lead to a
6.5 fold increase in cell efficiency (1.24% for 1 and 8.21% for 2) [34].
How could this happen? In this paper, our initial interest focused on
exploring the physical origin of the performance difference based on
two organic dyes only with tiny structure difference. Here, in order
to shed light on the reason of the performance difference, key pa-
rameters including open circuit photovoltage (Voc) and short circuit
current density (Jsc) were systematically investigated in detail based
on density functional theory (DFT) and time-dependent DFT
(TDDFT) calculations. In addition, we also designed two dyes (6 and
7) with stronger light harvesting ability and slower charge recom-
bination, which will be potential sensitizers for DSSCs. We hope our
work can provide guidance to the design of new dyes and will move
the DSSCs field forward.

Fig. 1. The structures of studied organic dyes.
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