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ABSTRACT 

Two new donor-bridge-acceptor Carbazole with ethyl 2-oxopropanoate, 2-
oxopropanoic acid functional group moiety, coded P1 and P2, were synthesized 
and used as sensitizers in dye sensitized solar cells (DSSCs). The polarizability (α) 
and first order static hyperpolarizability (β) of P1 and P2 is calculated and the 
results are discussed. The observed FT-IR and FT-Raman data have been 
compared with computed frequencies and molecular electrostatic potential map 
approach have calculated by DFT method. Both dyes showed excellent 
photovoltaic properties with power conversion efficiency values of 6.72 and 
6.40% for P1 and P2 respectively. 

KEYWORDS: Dye-Sensitized Solar Cells (Dsscs), Optical And Electrochemical 

Properties, I-V Characterization, MEP. 

INTRODUCTION 

Solar energy, as a clean and continual energy 
resource, supplies sustainable developments of 
our society. The directly efficient utilization of 
solar energy is mainly realized by plants expect 
for photovoltaic power stations and photo-
thermal instruments. Along with the 
development of human society, the contradiction 
between the production and require of energy 
becomes more and more severe. Accordingly and 
in view of the environmental and economic 
issues of photovoltaic fabrications, dye-sensitized 
solar cells (DSSCs) have been expected as a 
potential alternative to conventional inorganic 

solid state solar cells in terms of their low costs, 
flexibility and easy manufacturing processes [1-
5]. In DSSCs, dyes play pivotal roles since it 
governs the photon harvesting and the charge 
generation as well as separation [6,7]. Although 
metal-containing dyes, such as polypyridylRu(II) 
and porphyrinZn photosensitizers, have shown 
excellent photovoltaic performance, [8-13] the 
limited resources and complicated syntheses 
restrain their application in large scales [14-16]. 
In comparison, the metal-free organic dyes with 
donor-π-acceptor (D-π-A) structure present 
promising development potential in view of their  
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comparably high efficiency, low cost, as well as 
easier preparation and purification [17-23] Since 
Sun and co-authors reported their metal-free 
organic dye T2-1, phenothiazine (PTZ) has 
become a well-known electron-rich skeleton in 
photosensitizers [24]. These dyes were then 
modified by various electron-donating groups, in 
which, the dyes possessing a structural feature of 
direct linkage between additional electron donor 
and PTZ showed worse photovoltaic performance 
in their DSSC devices [25-27]. It is of large 
importance to understand the property of the 
electron donor groups on the chemical stability, 
electron transfer properties, light-harvesting as 
well as their joint contribution to the Building 
Integrated photovoltaic devices. 

Recently, Bhanumathi Nagarajan and co-
adsorbents [28] are reported to result in Six new 
class of dyes phenothiazine based on π-
conjugated moiety are synthesized and analyzed. 
In metal-free Dye-sensitized solar cells are 
devices fabricated using these dyes with and 
without co-adsorbent, chenodeoxychloicacid. The 
molecular modeling approximately the 
phenothiazine moiety enabled a maximum of 12 
% photoconversion efficiency with one of the 
dyes.Zhu and co-authors have reported various 
organic dyes with a new structure of D-A-π-A, in 
which, benzothiadiazoles were introduced 
between electron donor and π-bridge moieties as 
an electron acceptor [29�32]. Similar structural 
dyes of D-A-π-A with quinoxaline, benzotriazole 
and phthalimide as new electron acceptors were 
also reported lately [33-41]. These additional 
electron acceptors can be regarded as “electron 
trap” tools that can modulate the molecular 
energy gap, broaden the light-harvesting range 
and promote the electron transfer from donor to 
anchor [29].  

We have reported carbazole-based D-π-A dyes of 
P1 and P2, in which π-spacers facilitate 
intramolecular charge separation via interrupting 
the conjugation of the electron donors. The 
theoretical and modeling scientists are taking 

interest in purpose of the Molecular structural, 
electronic and vibration spectral properties of the 
title compounds. These new dyes especially dye 
P1 display a notably enhanced power conversion 
efficiency of 6.72%, which is superior to the 
performance of the basic D–π–A dye P2 (6.40%). 
Finally, these novel dyes have been successfully 
used as sensitizers to the nanocrystalline TiO2 

based DSSCs and their improved performances 
and employ the corresponding devices for 
photovoltaic characteristics are also been 
presented. 

EXPERIMENTAL SECTION  

All solvents and reagents were purchased from 
Alfa-Asear Company and used as received 
without further purification. Ethyl 2-(5-(2-(9H-
carbazol-9-yl) acridin-6-yl) thiophen-3-yl)-2-
oxoacetate (P1):To a 50 mL round flask were 
added Carbazol (2.0 g, 11.96 mmol), 3,5a-
dihydro-2H-phenothiazine (1.7 mL, 12.5 mmol) 
and Ethyl 2-oxo-2-(thiophen-3-yl) acetate (0.6 
ml)was added and the reaction mixture was 
heated to 600C for 8h .After the addition, the 
reaction mixture was allowed to stir at room 
temperature for 12 h.It was crystallized from 
dichloromethane mixture to obtain the pure 
sample. 1H NMR�: 10.778738ppm (0.12cm), 
11.2677 (0.20), 9.371016ppm (2.51cm), 8.984582 
ppm (2.51cm), 8.984582ppm (0.11cm), 8.584347 
ppm (0.11cm), 8.8198 (0.13), 8.584347ppm 
(0.00cm), 8.446335ppm (0.00cm), 8.5338 (0.01), 
8.446335ppm (2.51cm), 8.294522ppm (2.51cm), 
8.294522ppm (0.02cm), 8.170311ppm (0.02cm), 
8.1971 (0.02), 8.059901ppm (2.51cm), 7.783877 
ppm (2.51cm), 7.9596 (3.88), 7.783877ppm 
(0.02cm), 7.659667 ppm (0.02cm), 7.7162 (0.02), 
7.659667ppm (0.08cm), 6.224342ppm (0.08cm), 
3.698722ppm (2.62cm), 3.339891ppm (2.62cm), 
3.5333 (3.10), 3.091469ppm (0.11cm), 2.925855 
ppm (0.11cm), 3.0325 (0.11), 2.925855ppm 
(7.01cm). 

2-(5-(3-(9H-carbazol-9-yl)-3,5a-dihydro-2H-
phenothiazin-8-yl)thiophen-3-yl)-2-oxoacetic 
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acid (P2):A procedure similar to that used for P1 
was followed reaction of 3,5a-dihydro-2H-
phenothiazine (1.246 g), 3,5a-dihydro-2H-
phenothiazine (0.58 g), 2-oxo-2-(thiophen-3-yl) 
acetic acid (0.6 ml)was added drop wise into the 
reaction mixture at 0oC are shown in Scheme 1. 

1H NMR�: 7.3653 (0.26), 7.4560 (0.25), 6.2434 

(0.27), 6.0887 (0.54), 4.8583 (0.04), 3.3786 (0.16), 
3.5675 (0.12), 2.9457ppm (14.0.01cm), 2.5240 
ppm (14.11cm), 2.9842 (12.01), 2.7632 (10.23), 
Calculated for 1H NMR: phenothiazine 6.7, 6.8, 
6.7, 7.0ppm, 9H-fluorene 7.55, 7.28, 7.38, 7.84, 
7.38. 

 
Scheme 1.Synthesis and structure of P1 and P2 

The compounds 9H-carbazole, 3,5a-dihydro-2H-
phenothiazine, 2-oxo-2-(thiophen-3-yl)acetic acid 
and Ethyl 2-oxo-2-(thiophen-3-yl) acetate was 
obtained from Alfa Aesar Chemical Company, 
India with purity of better than 99% and were 
used without further purification. The FT-IR 
spectrum of the ACM was recorded in Ge-based 
coating on KBr pellet technique using TENSOR27 
type a spectrometer in 4000-400 cm-1 region 
with 0.125 cm-1 resolution. The FT-Raman spectra 
of the [Mn (DDTC) 2] solid sample were 
measured at room temperature using a Bruker 
Spectrometer (model LabRAM HR Evolution) in 
785nm Wavelength. The excitation light source 
was a 1064 nm Nd: YAG laser. The solar cell 
efficiency is determined by its current-voltage 
(JV) characteristics under standard illumination 
conditions (Keithley, model 2400). A standard 
solar spectrum of air mass 1.5 (AM 1.5) with an 
intensity of 100 W/m2 also referred to as 1 sun, is 
used for solar cell characterization. The AM 1.5 
spectrum corresponds to sunlight that has path 
through the atmosphere 1.5 times longer than 
when the sun is directly overhead.  

COMPUTATIONAL METHODS 

The Molecular structure of P1 and P2 dyes have 
been completely optimized without any 
equilibrium constraints at the B3LYP method of 
DFT at 6-31g (d) level theory using Gaussian 09 
series of programs. The time-dependent DFT (TD-
DFT) calculation containing solvation effect of 
DMSO is good performed on the optimized 
methods with the B3LYP functional approach 
associated with the conductor-like polarizable 
continuum model (CPCM) [42-44] is conducted 
employing parameters and the molecular 
electrostatic potential (MEP) analyzed. 

RESULT AND DISCUSSION   

MOLECULAR GEOMETRY  

The optimized geometry of the P1 and P2 dyes is 
shown in Figure 1. The optimized geometrical 
parameters obtained by the large basis set 
calculation, the bond lengths, bond angles and 
dihedral angles are listed in Table 1. Since the 
molecular structure of P1 and P2 compounds of 
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the simulated values we can find that most of the 
optimized bond lengths, bond angles and 
dihedral angles. The distance between C30-C33, 
C33-C34 and C21-C22, C22-O23, C22-O24 atoms 

in cyanine groups of P1 and P2 dyes are 1.3676, 
1. 3471 and 1. 3968, 1.3652, 1.3998 Å 
respectively at B3LYP/6-311++G (d, p). 

 
Figure 1 

Table 1.The selected bond length (angstrom), bond angle (degree) and  
dihedral angle (degree) of the dyes P1and P2 

Dye Bond length( Å) Bond Angle(°) Dihedral Angle (°) 

P1 C30-C33 
C33-C34 

1.3676 
1. 3471 

C30-C33-O39 
C33-C34-O35 
C33-C34-O36 
C34-O36-C37 

124.0093 
124.0115 
132.991 
118.0066 

C30-C33-C34-O36 
O39-C33-C34-O36 
O35-C34-O36-C37 
O36-C37-C38-H62 

-170.035 
-144.011 
-178.284 
-179.961 

P2 C21-C22 
C22-O23 
C22-O24 

1. 3968 
1.3652 
1.3998 

C18-C21-O27 
C18-C21-C22 
C22-O24-C25 
O24-C25-C26 

126.0033 
126.9989 
114.0038 
113.1473 

C18-C21-C22-O24 
C22-O24-C25-C26 
H53-C25-C26-H55 
C22-O24-C25-H52 

-180.0103 
180.3079 
-179.0239 
-157.0052 

 

OPTICAL AND ELECTROCHEMICAL 
PROPERTIES 

The absorption spectra of P1 and P2 in 
dichloromethane (CH2Cl2) solution and the 
computed absorption spectrum are shown in 
Figure 2 and their relative intensities are 
tabulated in Table 2. The variation of the π-bridge 
of the electron- donating moiety leads to 
significant changes in the position of the lowest 
energy absorption band. The Calculated 

intramolecular charge transfer (ICT) absorption 
peak in the visible region is observed at λmax = 584 
and 530 nm for P1 and P2, respectively. As listed 
in Table 2, when replacing the thiophene unit 
with acid group acceptor, the absorption spectra 
of P1 and P2 broaden with respect to P1 in the 
visible region, and the absorption peaks (λmax ) 
are red shifted by 395 and 382, 460 nm, 
respectively.  

Optimized Molecular Structure of P1 and P2 
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Figure 2 Experimental and Simulated UV-Vis spectra of P1 and P2 

Table 2.Absorption wavelength (in nm), oscillator strength (f in a.u.), orbital transitions 
 and light harvesting efficiency (LHE) of the dyes P1 and P2 

Mol. Energy 
(cm-1) 

Wavelength 
(nm) 

Osc. 
Strength 

Major contribs Minor contribs LHE 

P1 18848 584 0.0005 H->L (97%)  -.0.00115 

19023 525 0.0028 H-6->L (66%), H-5-
>L (25%) 

H-8->L (4%) -0.00646 

20374 490 0.0034 H-2->L (96%) H-1->L (3%) -0.00785 

P2 17098 530 0.0013 H->L (99%)  -0.00299 

19469 513 0.0362 H->L+1 (94%) H-1->L+1 (2%) -0.08692 

21923 456 0.0023 H-6->L (22%), H-1-
>L (52%) 

H-8->L (17%), H-2-
>L (6%) 

-0.00530 

 
The electrochemical properties of P1 and P2 dyes 
were determined by using cyclic voltammetry 
(CV) with the aim to obtain the energy level 
position of the frontier or bitals. Under the 
application of positive potential, CV showed two 

quasi reversible oxidation waves which 
correspond to an oxidation-reduction process. 
These two peaks observed at (E1/2

ox) at -1.80, 2.43 
V for P1 (-1.75 V and 1.67 V for P2) versus 
ferrocene/ ferrocenium (Fc/Fc +) are attributed 
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to the oxidation of π-conjugated backbone and 
carbazole donor respectively. The well-defined 
first oxidation peak for P2 compared to P1, 
confirms better charge transfer between D-π-A in 
case of ethyl 2-oxopropanoate compared to the 
2-oxopropanoic acid. The HOMO and LUMO 

levels of P1 and P2 compounds were determined 
from the spectral analysis and CV data which are 
summarized in Table. We have also recorded CV 
of the cobalt based redox shuttle in order to find 
out the electrochemical potentials and energy 
level of the same (Figure 3). 

 
Figure 3.Cyclic Voltammograms of solid electrolytes 

VIBRATIONAL ANALYSIS 

The geometry of the molecule is possessing Cs 
point group symmetry. The 80 normal modes of 
vibrations are span into 51 modes of vibrations 
are in-plane bending vibrations of A' and 29 
modes of vibrations are out of plane bending of 
modes A'' species. The experimental FT-IR and FT-
Raman spectra of the title compounds along with 
the computed spectra are shown in Figs. 4 and 5. 
The observed FT-IR and FT-Raman wavenumbers 
along with the theoretical infrared and Raman 
frequencies of alongwith their relative intensities 
and probable assignments. The Benzene or 
aromatic ring C-H stretching vibration modes 
usually occurs in the region 3100 and 3000 cm-1. 
In general, the bands are not affected 
significantly by the environment of substituents. 
The C-H aromatic stretching vibrations are 
present in the benzene ring of P1 and P2 are seen 
as weak bands at 3086 and 3012 cm-1. The C-H 
aromatic in-plane vibration modes of hexagon 

ring and its derivatives are normally found 
between 1300–1000 cm-1. The prominent 
absorption peaks at 1153 and 1131 cm-1 in IR are 
assigned to the C-H aromatic in-plane bending 
vibration frequencies and C-H out of plane 
bending vibration frequencies of aromatic ring 
are observed in the region 1100–600 cm-1. The 
aromatic C-H out of plane bending vibrations of 
P1 and P2 is seen in the infrared spectrum at 704, 
642 and 561 cm-1and in the Raman spectrum at 
715 and 583 cm-1. The ring carbon–carbon 
stretching vibrations occur in the region 1625–
1430 cm-1. For benzene six-membered rings, e.g., 
pyridines and aromatic, there are two or three 
vibration modes in this region due to skeletal 
vibrations, the strongest usually being at about 
1512 cm-1. Chithambarathanu et al. [45] have 
observed the FT-IR bands at 1501, 1486 and 1457 
cm-1 in P1. The aromatic C-C stretching is not 
observed for the title compound, while the DFT 
calculations give the aromatic C-C stretching 
modes at 1309, 1483, 1449, 1530 cm-1. 
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Figure 4.Experimental and theoretical FT-IR spectra of P1 and P2 

 
Figure 5.Experimental and theoretical FT-Raman spectra of P1 and P2 
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HOMO-LUMO ANALYSIS  

In HOMO-LUMO and optical properties, it is 
essential to examine the HOMOs, LUMOs, energy 
gaps and oscillator strength. To gain insight into 
the molecular structures and electron 
distribution, the geometries of the 9H-carbazole, 
9H-fluorene containing H-phenothiazine unit 
were fully optimized and the density functional 
theory calculations was carried out employing the 
B3LYP/6-31G level with Gaussian 09 programme 
package. Effect of the solvents was simulated by 

employing DFT calculations using the polarizable 
continuum model (PCM). As shown in Figure 6, 
for the zeroth generation 1, 2, 5 and 6 the excited 
state LUMO was only localized on a heterocyclic 
ring and also self-charge transfer by the H-
phenothiazine group is observed [46, 47]. From 
the HOMO level of the zeroth generation 
dendrimers 1, 2, 5 and 6, electron density is 
homogeneously distributed on the electron 
donor 9H-carbazole, 3,5a-dihydro-2H-
phenothiazine and thiazole as linker system.  

 
Figure 6.Frontier molecular orbitals of P1 and SP2 dyes 

However in the case of dyes 1 and 2, the electron 
density is distributed to the withdrawing group of 
phenyl ring due to the conjugation between the 
phenyl rings in the core unit. It may imply that 
the planar H-phenothiazine blocked by 
triphenylamine can make electron distribution of 
HOMO to the electron distribution of the LUMO. 
The well overlapped HOMO and LUMO orbitals 
on the linker thiazine unit suggest the inductive 
or withdrawing electron tendency from 9H-
carbazole, 9H-fluorene donor unit to the H-
phenothiazine-based unit. Thus, the HOMO and 
LUMO energy gap induced by light irradiation 

could move the excited electron distribution or 
charge transfer across the thiazine bridge from 
donor unit to the acceptor unit. The oscillator 
strength can also prove the charge transfer from 
donor to the periphery and the oscillator 
strength, excitation energy values support this 
observation. The frontier molecular orbital of the 
zeroth generation dendrimers reveals that 
HOMO-LUMO excitation moves the electron 
density distribution from the donor 
triphenylamine to the acceptor thiophene at the 
periphery through thiazine bridging unit (Table 
3). 

Table 3.The HOMO and LUMO energy in eV obtained in B3LYP/6-311++G (d, p) 

Dye HOMO (eV) LUMO (eV) Band Gap (eV) 

P1 -5.92 -3.34 2.58 

P2 -6.35 -3.42 2.93 
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POLARIZABILITY AND HYPERPOLARIZABILITY 

The calculated and first-order molecular 
characterize the reaction of a molecular system in 
an applied electric field [48], and the 
computational approach allows the determine 
not only the strength of molecular interactions as 
well as the cross sections of different scattering 
and collision processes, but also the molecular 
nonlinear optical properties (NLO) has been of 
great interest [40, 41]. In the recent years, 
because of potential applications in dye sensitizer 
hemicyanine system, which is the measure of the 
high NLO property, generally possesses high 
photocurrent performance. In order to study the 
relationships among optical signal processing, 
photoelectric generation, and electronic 
communication, the polarizabilities and first 

hyperpolarizabilities of P1 and P2 dyes was 
calculated. 

In addition, the µtot and βtot of P1 and P2 were 
also calculated by B3LYP/6-311++G (d, p) level. 
And the values for µtot and βtot are 2.4123 D, 
2.3529 D and 67.20965 esu, 70.6497 esu shows in 
Table 4 and 5. This shows that the title compound 
is a better candidate than P1 and P2. The non-
linear optical activity of the molecular system, 
which is associated with the intramolecular 
charge transfer, resulting from the electron cloud 
movement through π conjugated frame work of 
electron. The physical properties of these 
conjugated molecular systems are governed by 
the high degree of molecular charge transfer axis 
and by the short band gaps. 

Table 4.Polarizability (α) of the dyes P1 and P2 (in a.u.) 

Dye P1 P2 

αxx 268.8093 203.9407 

αyy 217.8628 228.7335 

αzz 242.4163 231.9104 

α 243.029 221.5282 

Δα 113.418 418.65 

µtot 2.4123 2.3529 

Table 5.Hyperpolarizability (β) of the dyes P1 and P2 (in a.u.) 

Dye P1 P2 

βxxx 549.2194 717.0824 

βxxy 77.2177 7.1115 

βyyy 57.6503 11.6078 

βxxz 36.2551 74.2187 

βyyz -7.3143 15.2356 

βxzz -64.0669 -67.2639 

βyzz 3.4629 -1.0940 

βzzz 11.6203 -4.0497 

βtot 67.20965 70.6497 

 

MOLECULAR ELECTROSTATIC POTENTIAL 
ANALYSIS 

The Molecular electrostatic potential surface is 
the tool which is used mostly for predicting sites 
and comparative reactivities towards 

electrophilic attack of electric point like reagents 
on organic molecules and molecular properties of 
small molecules, hydrogen bonding interactions, 
actions of dye molecules and their analogues [49, 
50]. Electrostatic potential map illustrates the 
charge distributions of the molecule three 
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dimensionally. Knowledge of the charge 
distribution of MEP is in fact responsible for the 
chemical active behaviour of an agent in a 
chemical reaction of the molecule. They strongly 
influence the binding of a substrate to its active 
site. The Different colors on the MEP surface map 
are represented by different colors; the red 
represents regions of the most negative 
potential, the blue represents regions of the most 
positive potential surface and the green 
represents regions of zero potential. The 
electrostatic potential surface is plotted for title 

compounds at the B3LYP/6-311++G (d, p), 
optimized geometry was calculated. The visual 
presentation of chemical activity, the most 
positive potential (blue) regions of surface maps 
are linked to electrophilic attack and the most 
negative (red) potential is located at the oxygen 
atom of nitro group which can be considered as 
possible sites for nucleophilic reactivity as shown 
in Figure 7. It can be seen since the surface maps 
of the present dyes that the negative potential 
regions are mainly located at the O and N atoms. 

 
P1 

 
P2 

Figure 7.Molecular Electrostatic Potential Surface map of P1 and P2 

SEM ANALYSIS  

The recorded SEM images of the sample are as 
shown in Figure8 which provides direct 
information about the size and typical 
morphology of the as synthesized powders. The 
particles appear to be several microstructures, 

but the magnified representation shows that the 
agglomerates consisted of tiny crystallites with 
few tens of nanometer in size. A set of pores and 
voids were also practical in the agglomerates, 
which May be caused by the gases released 
during the combustion process. 
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P1 P2 

Figure 8.SEM images of with P1 and P2 dyes 

I-V CHARACTERIZATION 

The photovoltaic parameters for the constructed 
solar energy conversion are analyzed by 
employing the sensitizers in DSSC. We first 
studied the effects of dye adsorption solvent 
based on the P1 and P2 dyes shown in Table 6. 
The overall conversion efficiencies η were 
derived from the equation η = JscVocFF, where Jsc 
is the short circuit current density, Voc is the 

open circuit voltage, and FF is the fill factor. The 
photocurrent density–photovoltage (J–V) curves 
of sensitizers with solvent based measured under 
simulated AM 1.5 solar irradiation (100 mW cm-2) 
are depicted in Figure 9. The resulting P1 and P2 
dyes present the higher dye uptake amount 
produces the larger Jsc. The best performances 
are achieved with the Jsc of 12.3 mA/cm2, Voc of 
0.79, Efficiency (η) 6.72% by P1 as the dye 
adsorption solvent.    

Table 6.Photovoltaic performance of the dyes 

Dye Voc / V(mV) Jsc (mA/cm2) Efficiency (η in %) 

P1 0.79±0.003 12.3 6.72 

P2 0.79±0.003 12.0 6.40 

 
Figure 9.Short-circuit photocurrent density–voltage (Jsc–V)  

curve for the fabricated device with P1 and P2 dyes 
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CONCLUSION 

In conclusion, we have demonstrated a design 
strategy and synthesis of novel D–π–A type 
organic sensitizers different functional groups 
modifications that will optimize the photovoltaic 
properties of the carbazole-based DSSCs. We use 
this theoretical procedure to gain insights into 
the Molecular structure and electronic structures 
of the dyes. The Vibrational spectra and 
electronic transitions computed by a TD-DFT 
method including P1 relativistic effects show 
good agreement with the experimental data. In 
the spectroscopy signature region, both the IR 
and Raman peaks are found to have large 
intensities, which reflects large changes in the 
molecular dipole moment and molecular 
polarizability. Also, the vibrational contribution to 
NLO activity has been proposed.  

Photovoltaic measurements of the corresponding 
DSSCs showed an enhanced photovoltaic 
performance for the P1 sensitized solar cell, as a 
result of its higher short circuit current Jsc and 
open circuit voltage Voc parameters. Additionally, 
their HOMO-LUMO energy levels are in good 
alignment with that of P1 dye rendering them 
suitable for use in solid-state dye-sensitized solar 
cell and Molecular electrostatic potential were 
analyzed. It is likely that the introduction of the 
additional anchoring group extended the 
conjugation of the dyes between the electron 
donor and electron acceptors into the carbazole 
structure will further improve the performance of 
DSSCs. 
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