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Abstract

A new series of metalfree organic dyes for dye-sensitized solar cell application
was designed by considering the heteroanthracene dyes acting as an electron
donor group (D) accompanied with di«7conjugated (7)-acceptor (A)), namely
D-2(7-A). The geometries, electronic properties, as well as optical properties of
the D-2(7-A) systems were theoretically investigated. The ground state structures
were optimized using the density functional theory (DFT) method at the
B3LYP/6-31G(d,p) level of theory. The excited state properties of the system were
performed by the time-dependent DFT method at the CAM-3LYP/6-31G(d,p) level
of theory. The solvent effect was taken into account. The calculated results show
that all the D-2(7-A) systems can be candidates as dye sensitizer while they
possess HOMO and LUMO energy levels match to the energy level of conduction band
of TiO, and oxidation potential of I"/I,". This is confirmed that spontaneous charge

transfer and charge regeneration would be occurred.

Keywords : Density functional theory; Dye-sensitized solar cells; donor-7

conjugated-acceptor; Organic dye

Introduction

As one of the most commonly used for alternative energy, dye-sensitized solar cells
(DSSCs) are choice to fulfill some essential applications in the future. The DSSCs
have been intensively investigated since the report of high-efficiency solar cell based
on dye-sensitized colloidal TiO, films by O'Regan and Gritzel (O'Regan, B. and
Gratzel, M., 1991). Consequential a low-cost and easily design, then the fabrications
of DSSCs have attracted significant attention to take on the challenge. In particular,
development to use the devices based on potential low-cost replacement to other
technology is mainly caused. However, DSSCs are fabricated differently components
such as conductive transparent grasses, molecular dye sensitizers, metal oxides, and
electrolytes (Hagfeldt, A. et al., 2010). In this regard, one of the crucial parts in
the DSSCs, dye sensitizers are now challenged by devices investigating at a
molecular level. This focuses on organic dyes because of the dyes exhibit not only
higher extinction coefficient, but also simple preparation and purification procedure.

This indicates the promising perspective of organic dye classes.
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Accordingly, Snaith reported (Snaith, H.J., 2010) that the current maximum
efficiency of the best performing DSSCs is 13.4%, while the theoretical maximum
achievable with near IR dyes is just above 30%. Recently, a progress has been reported
in this field and a very large number of metal-free organic dyes have been developed
and shown good power conversion efficiencies in DSSCs (Tarsang, R et al, 2014;
Verbitskiy, E.V et al., 2014; Sirohi, R et al., 2012; Wu, C.G et al., 2013; Menzel, R et al.,
2012). To optimize DSSC efficiency, many efforts have been made to change the
different part of organic dyes. Generally, organic dyes containing an electron donor
unit (D) and an electron acceptor unit (A) as well as separated by a 7 -conjugation
bridge (7). The metalfree sensitizers are designed based on D-7-A, to achieve
effective charge separation and transfer (Fischer, M.K.R et al., 2010; Kim, B.H. and
Freeman, H.S., 2013; Chen, Z. et al.,, 2007). New architecture based on D-A-7-A
metal-free organic sensitizers was designed and predicted any properties for
guideline in experimental studies to fast screen new dyes-sensitized DSSCs (Ding, W.L
et al., 2013; Ding, W.L et al., 2013).

According to di-77-conjugated spacers-linked anchoring architecture D«(-7-A),,
the synthesis and characterization of this system for applications in dye-sensitized
solar cells have been reported by Grisorio and co-workers (Grisorio, R et al., 2013).
These results support the efforts aimed at the structural engineering of D(-7-A), dyes
to design new, more efficient and stable organic sensitizers. Due to architecture
D-(7-A), meets the results requirement, then this criteria read to design new for
highly efficient dye-sensitizers.

Based on above considerations, the modification and investigation of new
donor-7-acceptor type organic dyes bearing heteroanthracene as an electron donor
(denoted as D), thiophene units as m-conjugated linker (denotes as ), and
cyano-acrylic acid as an electron acceptor and anchoring part (denoted as A) have
been interested as dye sensitizer for efficient DSSCs. It is difficult to obtain several
geometry, electronic, and optical properties of the dyes designed by studying
experiments. However, theoretical calculations can alternative to predict their
properties of the dyes to apply for DSSCs. Due to the designed organic dyes are based
on architecture D-2(77-A) as displayed in Figure 1. Thus, the structural, electronic,
and optical properties of metal-free organic dyes have been investigated by the

density functional theory method.
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Computational details

The most stable structures of all dyes were optimized by using the density functional
theory (DFT) calculations. These calculations were performed with hybrid density
functional B3LYP and using 6-31G (d,p) diffuse basis set (Parr, R.G. and Young,
W., 1989; Hohenberg, P. and Kohn, W. 1964; Khon, W. and Sham, L., 1965;
Beck, A.D.J., 1993; Lee, C et al., 1988). For the single point energy calculations, the
time-dependent density functional theory (TD-DFT) under the long-range corrected
functional CAM-B3LYP (Yanai, T. et al., 2004) at the same level were used to calculate
the vertical transition energies to the valence excited-states. Electronic densities of
the highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular
orbital (LUMO) are calculated to show the position of the localization of electron
populations along with the calculated energy level diagram. The bulk solvent
effects in water, methanol, and ethanol phases were evaluated using the
Conductor-like Polarisable Continuum Model (C-PCM) (Cossi, M et al., 2003; Cossi, M.
and Barone, V., 2001; Barone, V. and Cossi M., 1998; Cossi, M et al., 1996). All calculations
were performed with GAUSSIAN 09 program (Frisch, M.] et al., 2010).

Results and discussion

Geometries

The optimized ground-state structures and their selected geometry parameters
of OSD and TSD dyes computed at B3LYP/6-31G (d,p) level are displayed
in Figure 2. As shown, each dye molecule was consisted into three fragments;
heteroanthracene acting as an electron donor (D), thiophene units acting as 7 -conjugated
linker (77), and cyano-acrylic acid acting as an electron acceptor and anchoring part (A).
For the purpose of comparison, the 7-bride (n and m numbers of thiophene units
from one to three units as showed in Figure 1) is affected for electron transfer

consideration.
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COOH COOH
OSD-1: nn =0
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TSD-1: nm =0
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TSD-3: nym =2
TSD-4: nym =3

Figure1 Modeled chemical structures of the dyes

To understand the structural planarity of the dye molecules, dihedral angle is
importantly parameter to consideration the electron flow from D to A part. According
to Figure 2, we observed that the symmetrical dihedral angles are not much
differences in all structures. Considering the dihedral angles between D and 7 -bridge,
optimized structures of all studied dyes showed that calculated dihedral angles are
less than 2° for the OSD-1 and TSD-1, indicating that the 7-bridge is coplanar with
cyano-acrylic acid. On the other hand, when the number of 7-bridge parts is one to
three units, the structural planarity of both OSD and TSD systems is significantly
changed to form the deflection structures. These results confirm here that primary
dihedral angle is more than 20 degree (Figure 2). In addition, trends of dihedral angle
are differently decreased when increasing the linker bridge. However, the molecular
coplanarity of 7-bridge and electron acceptor unit can be effectively injected into

the conduction band of TiO, through the anchoring group.
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Figure2 B3LYP/6-31G(d, p)-optimized structures of the dyes and their corresponding
dihedral angle is lettered in degree
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Figure 3 Frontier molecular orbitals of the dyes and their corresponding energy gap,
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gap

Frontier molecular orbitals and energy level diagram

The frontier molecular orbitals for the HOMO and LUMO are importantly
characters to explain the mechanism of electron flows. The additional linker bridge
unit effect on HOMO and LUMO orbitals is discussed. The LUMO level was just
above the conduction band of TiO, semiconductor, while the HOMO level was below

the iodine redox couple, leading to the criteria for good DSSC sensitizers.
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The frontier molecular orbitals of the dyes computed at the B3LYP/6-31G(d,p)
level of theory are displayed in Figure 3. As shown, the ground-state electron densities
of HOMOs of all studied dyes are located on the donor parts. Whereas the LUMO
electron densities of studied dyes are localized around the cyano-acrylic units,
resulting efficient electron transfer from the excited state of the dyes to conduction
band of TiO, semiconductor. In particular, both OSD+4 and TSD-4 dyes are distinctly
appeared because of the cyano group (-C2N) of acceptor units plays the strong
electron withdrawing. Moreover, HOMO-LUMO energy gaps (AE_, ) of all studied
dyes were computed and discussed. The values of AE qqp are also displayed in Figure 3.
In detail, the AE qqp Of the dyes is decreasing order OSD-1 > OSD-2 > OSD-3 > OSD4.
In the case of TSD dyes, trends of AEgap are also occurred to OSD dyes.
The calculated AE qqp Of all studied dyes are observed in the ranges of 2.095-2.884 eV,
resulting that the OSD-4 shows the minimum value of AE

gap’
the most linker bridge units are importantly affected onto molecular structures.

suggesting that

This indicated that the narrow band gap is the result requirements for efficient DSSC
sensitizers. In addition, observed AFE ap
to TiO, semiconductor (energy gap of TiO, cluster is 3.13 eV) (Balanay, M.P. and
Kim, D.H., 2008).

Furthermore, estimated schematic energy level diagram of related system is

of the work are still narrowed comparing

shown in Figure 4. According to the conduction band energy level (E_;) of TiO, with
the value of 4.00 eV (Asbery, ].B et al., 2001), and the redox couple of the electrolyte
I'/1,” of 4.8 eV (Ito, S et al.,, 2006) it is possible to view that the HOMO levels of
derivative OSD and TSD dyes are located below the I"/I,” redox potential and
LUMO levels are above the conduction band of TiO,. This is suitable for electron
injection into the conduction band of TiO, as well. This can be understood that
the intramolecular charge transfer from the molecular dyes to the TiO, through
anchoring group. At the same time, the lose electrons of the oxidize dyes could
be received electrons from redox potential of electrolyte. This is confirmed that
spontaneous charge transfer and charge regeneration would be occurred. Moreover,
it is concluded here that all the D-2(77-A) systems can be candidates as dye sensitizer
while they possess HOMO and LUMO energy levels are well match to the energy

level of TiO, conduction band edge and oxidation potential of electrolyte.
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Figure4 Schematic energy level diagram of the dyes, TiO, and electrolyte (I"/1,”)

Absorption spectra and electronic transition properties

To understand the electronic properties, it is well know that TD-DFT/CAM-B3LYP
functional is good choice to calculate their electronic properties. The C-PCM
continuum salvation model was also used to calculate the solvent effects in this work.

In consideration for the UV-vis absorption spectra, as shown in Figure 5, the
simulated absorption spectra observed peak in the visible region at around 380-570 nm.
In the case of OSD dyes (Figure 5a), absorption spectra of OSD-1 to OSD-4 show
the absorption maximum at 459, 486, 501, and 506 nm, respectively. Interestingly,
the maximum of absorption of OSD-3 and OSD-4 dyes could be observed peak
in about 60 nm red shift comparing to this of OSD-1. In addition, OSD+4 showed
the highest absorption coefficients and broader absorption spectra of the peak. However,
absorption spectra of TSD-1 to TSD-4 (Figure 5a) have quite similar results.
For absorption spectra of both OSD and TSD dyes of the C-PCM (UAKS)/TD-DFT/
CAM-B3LYP/6-31G (d,p) calculated in water and dichlorometane phases are
shown in Figure 5b and 5¢, respectively.

In order to understand the electronic transitions, the calculated transition
energies of all studied dyes in methanol solvent are listed in Table 1, and their calculated
transition energies in various different solvents are shown in Tables 2, 3 and 4.
As listed, the vertical excitation energies, light harvesting efficiency (LHE), maximum

absorption wavelength (A ), oscillating strengths (f) and transition characters of

in the present are importantly factors in DSSC. In the first parameter, the calculated
vertical excitation energies of the dyes are observed in the ranges of 2.451-2.861 eV
(second column in Table 2). The vertical excitation energies are accordingly dependent
on absorption peak. The absorption peak is at the lower excitation energy which

was assigned as 77-7* transition of thiophene based 7 -conjugated linker.
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Considering to the light harvesting efficiency (LHE), LHE is one of the
key factors of the dye which is related to possible to maximize the photocurrent response.
This LHE was evaluated by absorption energy of the dye. The LHE can be
determined using the relations: (Sang-aroon, W et al., 2012; Sang-aroon, W et al., 2013;
Irfan, A. and Al-Sehemi, A.G., 2012) LHE = 1-10" = 1-10" where A and f are the
absorption and oscillating strength, respectively. As also listed in Table 3, the
calculated LHE of the dye is increasing in order of OSD-1 < OSD-2 < OSD-3 < OSD+4.
The longest dye OSD-4 has the highest LHE, resulting to the wavelength of
maximum absorption of chromophoric group or conjugated bond of the dyes favors to
LHE. Comparing to TSD dyes, trend of the term LHE has similar results to OSD dyes.
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Figure 5 Simulated absorption spectra of all studied dyes
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Table1  The highest occupied molecular orbital energy (E,,.,,o), the lowest unoccupied
w0 and HOMO-LUMO energy gap (AE, ) of
studied dyes computed at the B3LYP/6-31+G(d,p) level of theory

molecular orbital energy (E;

HOMO LUMO

gas H,O | CH/(CL | gas H,O [CH(CL | gas | HO | CH/CL,

E, ! E oo’ AE, "
Dye

2 2

OSD-1 | -5.660 | -6.368 ©.422 | 2.803 | -1.469 | -1.497 | 2.857 | 4.898 | 4.925
OSD-2 | 5252 | 5987 | -6.014 | -2.721 | -1.606 | -1.606 | 2.531 | 4.381 | 4.408
OSD-3 | -5.116 | -5.823 5.878 | 2.857 | -1.742 | -1.742 | 2.259 | 4.082 | 4.136
OSD+4 | -5.007 | -5.742 5.796 | 2912 | -1.796 | -1.796 | 2.095 | 3.946 | 4.000
TSD-1 | -5.715 | -6.531 ©.585 | 2.830 | -1.497 | -1.524 | 2.884 | 5.034 | 5.061
TSD-2 | -5.388 | -6.232 ©.259 | 2776 | -1.606 | -1.606 | 2.612 | 4.626 | 4.653
TSD-3 | -5.252 | -6.041 ©.640 | 2.857 | -1.742 | -1.742 | 2.395 | 4.299 | 4.898
TSD+4 | -5.143 | -5.932 5987 | 2912 | -1.769 | -1.796 | 2.231 | 4.163 | 4.191

IneV.
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Table2  The vertical excitation energies, light harvesting efficiency (LHE), absorption
wavelength (4), oscillating strengths (f) and transition characters of all dyes in
methanol phase computed at the TD/CAM-B3LYP/6-31G (d,p) level of theory

Dye Energy * A0 f Transition character ©
gas H,0 [CH,CL| gas H,O |CH,CL| gas H,O | CH,Cl, gas H,O CH,Cl,
0SD-1| 2.939 | 2.697 | 2713 | 421.9 | 459.8 | 457.0 | 0.5889[0.7892 [ 0.7873 | H—L(93%)| H-L(94%)  H—L (94%
3.779 | 3574 | 3.579 | 328.1 | 346.9 | 346.4 | 0.3257 | 0.4980 [ 0.5333 | HoL+1 (90%) | HoL+1(93%) HoL+1 (93%
4157 | 4.004 | 4110 | 2983 | 302.8 | 301.6 | 0.0495 | 0.1234 | 0.1313 | H-1-L (54%) | H-1-L(71%) H-1-L (71%
4414 | 4411 | 4413 | 2809 | 281.1 | 280.9 | 0.6847 | 0.2057 | 0.2238 | H—L+2 (50%) | H-1—L+1 (40%) H-1-L+1 (38%
0SD-2| 2801 | 2.545 | 2571 | 442.7 | 487.2 | 482.3 | 0.8605[0.9728 [0.9769 | HoL(80%)| HoL(82%)  HoL(82%
3.255 | 2977 | 2.989 | 3809 | 416.4 | 414.8 | 0.8365 | 09035 | 09711 | HoL+1 (76%) | HoL+1(80%) HoL+1 (78%
3.808 | 3.719 | 3.712 | 325.6 | 333.4 | 334.0 | 0.1526 | 0.1225 | 0.1162 | H-2-L (34%) [H-15L+1 (36%) H-1-L+1 (36%
3.928 | 3.790 | 3.800 | 315.7 | 327.1 | 3263 | 0312404229 | 03954 | H-15L(47%)| H-1-L(51%) H-1-L (49%
0SD-3| 2.648 | 2.469 | 2.483 | 468.2 | 502.2 | 499.3 | 1.9850 [2.0518 [2.0952 | HoL(61%)| HoL(63%)  H-L(62%
2.899 | 2.698 | 2.697 | 427.6 | 459.5 | 450.7 | 0.7419 | 0.8216 | 0.8485 | HoL+1 (52%) | HoL+1(57%) H-1-L (31%
3.454 | 3314 | 3.312 | 3500 | 3742 | 3743 | 0.1273 | 01722 | 0.1456 | H-2-L (29%) | H-2-L(31%) H-2-L (1%
3.638 | 3439 | 3.463 | 3409 | 360.5 | 358.1 | 0.0241]0.0478 | 0.0326 | HoL+2 (36%) | H—L+1(37%) HoL+1 (39%
0SD-4| 2618 | 2.448 | 2451 | 473.6 | 506.5 | 505.9 | 2.4843[2.5212 [2.5464 | HoL(@2%)| HoL(@2%)  HoL@1%
2.783 | 2574 | 2.565 | 445.5 | 481.6 | 483.4 | 13681 | 14564 | 14903 | H-1-L (39%) | HoL+1(36%) H-1-L (37%
3.336 | 3.131 | 3.129 | 3716 | 396.0 | 3963 | 0.0061 | 0.0065 | 0.0020 | H—L+2 (33%) | H—L+2(30%) H—L+2 (31%
3.579 | 3327 | 3.344 | 3465 | 372.6 | 370.7 | 0.0169 | 0.0277 | 0.0144 | HoL+1 (46%) | HoL+1(49%) HoL+l (47%
TSD-1] 2.967 | 2.856 | 2.862 | 418.0 | 434.1 | 4332 | 05303 |0.8444 [ 0.8398 | HoL(92%)| HoL(93%)  HoL (93%
3.684 | 3.610 | 3.610 | 3365 | 343.4 | 343.5 | 0.1578 03129 | 03347 | HoL+1 (86%) | H—oL+1(90%) HoL+1 (90%
4.007 | 4.004 | 4.010 | 309.4 | 309.6 | 309.2 | 0.2504 | 02473 | 02815 | H-1-L (71%)| H-1-L(79%) H-1-L (79%
4.198 | 4.264 | 4259 | 295.4 | 290.8 | 2911 | 0.7007 | 0.4725 | 04799 |H-1-L+1 (35%) | H—L+2 (76%) H—L+2 (77%
TSD-2 | 2.917 | 2.753 | 2.766 | 425.0 | 450.4 | 4483 | 1.0385|1.2204 [1.2257| H-L(77%)| HoL(78%)  H-L (77%
3.293 | 3.096 | 3.095 | 376.6 | 400.5 | 400.6 | 0.6843 | 0.8124 | 0.8627 | HoL+1 (72%) | H—L+1(71%) HoL+1 (69%
3.758 | 3.765 | 3.755 | 3209 | 329.3 | 3302 | 0.2375[0.1107 | 0.1042 | H-2-L (33%) | H-1->L+1 (31%) H-1-L+1 (30%
3.924 | 3.885 | 3.800 | 316.0 | 319.2 | 3187 | 0.2869 03029 | 02919 | H-15L(36%) | H-1-L(41%) H-1-L (39%
TSD-3 | 2.806 | 2.606 | 2.611 | 441.9 | 475.8 | 4749 | 23630 | 2.4601 [ 24926 | HoL(56%)| HoL(56%)  HoL (55%
3.015 | 2773 | 2.765 | 4113 | 447.2 | 448.5 | 05382 | 0.5963 | 0.6096 | HoL+1 (48%) | H—oL+1(48%) HoL+l (47%
3.602 | 3455 | 3.454 | 3443 | 358.8 | 350.0 | 0.0832|0.0637 | 0.0494 | HoL+2 (26%) | H-2-L(27%) H-2-L (26%
3.818 | 3.612 | 3.631 | 3247 | 3433 | 3415 | 0.0084 | 0.0104 | 0.0068 | HoL+1 (41%) | HoL+1(42%) HoL+l (43%
TSD-4 | 2.616 | 2.533 | 2.530 | 474.0 | 4895 | 4900 | 2.8824|3.0271 [3.0441 | H-L(40%)| HoL(38%)  H-L (38%
2.743 | 2624 | 2.612 | 452.1 | 472.5 | 474.6 | 09358 | 10373 | 10563 | H-1-L (40%) | H-1-L(39%) H-1-L (39%
3.366 | 3.299 | 3.202 | 368.4 | 375.9 | 376.7 | 0.0002 | 0.0090 | 0.0140 | H—L+2 (36%) | H—L+2 (34%) H—L+2 (35%
3.599 | 3.503 | 3.505 | 3445 | 354.0 | 353.8 | 0.0007 [ 0.0004 | 0.0021 | HoL+1 (28%) | H—L+1(38%) H—L+1(33%

*IneV.;"Innm; © Only major contribution to the transitions for each states are in parenthesis.

Table3  Estimated light harvesting efficiency (LHE) of all dyes
LHE
Dye oas HO CHCL
OSD-1 0.742 0.838 0.837
0OSD-2 0.862 0.894 0.895
0OSD-3 0.990 0.991 0.992
OSD+4 0.997 0.997 0.997
TSD-1 0.705 0.857 0.855
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Table3  Estimated light harvesting efficiency (LHE) of all dyes (Cont.)

LHE
Dye gas H,0 CH,CI,
TSD=2 0.908 0.940 0.941
TSD-3 0.996 0.997 0.997
TSD4 0.999 0.999 0.999

“IneV.

Table4  The corresponding maximum absorption wavelength (A4 ) of all studied dyes
computed at the TD-DFT/CAM-B3LYP/6-31G(d,p) level of theory
Dye A
gas H,0O CH,(CI,
OSD-1 415.8 460.3 457.1
OSD-2 433.4 485.4 480.2
OSD-3 452.5 4944 492.6
OSD+4 465.1 498.1 498.1
TSD-1 408.2 434.8 433.4
TSD-2 4224 446.4 442.0
TSD-3 439.1 471.7 471.7
TSD+4 470.0 485.4 487.2

*In nm.

The corresponding maximum absorption wavelength (A4 ) of studied dyes
in methanol solvent computed at TD-DFT/CAM-B3LYP/6-31G(d,p) level is also
listed in Table 4. On the basic concept, the molecular dyes with broader absorption
spectra and higher extinction coefficients have been expected to obtain the higher
solar-to-electrical energy conversion efficiency (Gong, J et al., 2012). In calculation results,
the A of the D-2(7-A) systems are increasing in the order of OSD-1 < OSD-2 < OSD-3
< OSDH4. For TSD dyes, the A of the D2(7-A) systems are similar increasing
in the order of TSD-1 < TSD-2 < TSD-3 < TSD-4. When comparing to calculate
in gas phase, the A _ observed in methanol is ~32-51 nm shifting from 416 — 457,
435 — 486, 458 — 501 and 474 — 506 nm for OSD-1, OSD-2, OSD-3 and OSD+4,

respectively. However, the A __ observed in water and ethanol is slightly different.

max

Remarkably, for all D2(7-A) systems, there are several absorption bands which are

mainly observed in visible region.
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In the last one key parameter, transition characters of studied dyes in
methanol computed at TD-DFT/CAM-B3LYP/6-31G(d,p) level are also listed in Table 2.
The transition characters are explained to electron movement between HOMOs
to LUMOs which are dependent on the vertical excitation energies. Based on
calculation results, transition characters of the dyes observed only major contribution
that is the promotion of an electron from the HOMO — LUMO. In description results,
the transition character from the HOMO to the LUMO (94%) is mainly controlled by
vertical excitation energy of 2.704 eV. However, the majority of transition characters
is decreasing in the order of OSD-1 > OSD-2 > OSD-3 > OSD-4. For TSD dyes, trend
has similar result to OSD dyes. Furthermore, calculated transition characters of

studied dyes in various different solvents are also reported.
Conclusions

A new series of metalfree organic for dye-sensitized solar cell application was
designed by considering the heteroanthracene dyes acting as an electron donor group (D)
accompanied with di{7 conjugated (7)-acceptor (A)), namely D-2(7-A). The
geometries, electronic properties, and optical properties of D-2(7-A) systems
were theoretically investigated. The ground state structures were optimized using the
density functional theory (DFT) method at the B3LYP/6-31G(d,p) level of theory.
The excited state properties of the system were performed by the time-dependent DFT
method at the CAM-B3LYP/6-31G(d,p) level of theory. The solvent effect was
taken by using C-PCM continuum model. Based on calculation results, the AE, = of
the D2(7-A) dyes are observed in the ranges of 2.095-2.884 eV. However, the
LUMO electron densities of studied dyes are localized around the cyano-acrylic units,
resulting efficient electron transfer from the excited state of the dyes to conduction
band of TiO, semiconductor. In addition, the D-2(7-A) dyes showed the higher
absorption coefficients and broader absorption spectra of the peak, leading to higher
solar-to-electrical energy conversion efficiency. All of the D-2(7-A) systems can
be candidates as dye sensitizer while they possess HOMO and LUMO energy levels
match to the energy level of conduction band of TiO, and oxidation potential of I"/I,".
This is confirmed that spontaneous charge transfer and charge regeneration would

be occurred.
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