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INTRODUCTION

Solar energy is the source of nearly all energies on earth.
Among all the renewable power sources, solar energy is the most
inexhaustible, quiet, easily exploitable and adjustable to enormous
applications. In recent years, the major research work is carried
out on the synthesis of novel dyes that serve as light absorbers in
solar cells. The molecular composition of the organic dyes plays
an important role in the performance of dye sensitized solar cells
(DSSCs). The structural components of organic sensitizers suita-
ble for DSSCs can be divided into three categories: donor (D),
n-linker and acceptor with an anchoring (A) group [1,2].

A large number of organic dyes containing nitrogenous
electron donors such as carbazole, phenothiazine, coumarin,
triphenylamine, amine-substituted indoline, fluoreneamine and
thienoindole have been used with great success in DSSCs [3-14].
The m-conjugated linker in a D-m-linker-A system besides
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In present study, a new organic dye 2-(4-chlorophenyl)-1-(4-methoxyphenyl)-4,5-diphenyl-1H-imidazole (CMI) containing phenyl donor |
with imidazole ring as m-linker and chlorophenyl group as acceptor have been synthesized. The photophysical properties like solvato- |
chromism, optical band gap and fluorescence lifetime are estimated using experimental as well as quantum chemical computational |
techniques. Further, photosensitization of TiO, nanoparticles from CMI dye has been investigated using absorption, steady-state and time
resolved fluorescence methods. The increase in absorbance and a decrease in fluorescence spectra with different concentrations of TiO, |
nanoparticles confirmed the possibility of interactions between dye and TiO, nanoparticles. Rehm-Weller relation suggests that a decrease |
in fluorescence of CMI dye was due to photo-induced electron transfer process and the Stern-Volmer studies suggest that the fluorescence |
quenching mechanism was due to combined dynamic and static quenching process. Further, dye-sensitized solar cell using this newly |
synthesized CMI dye has been fabricated and characterized for their photovoltaic performance under illumination. Photovoltaic energy
conversion efficiency and fill factor of the CMI dye were found to be 1.76% and 0.56, respectively. I
|
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being a part of the light absorbing chromophore functions as
amolecular wire for electron transfer from the donor to acceptor.
Various aromatic/ heteroaromatic units such as naphthalene,
dihydrophenanthrene, fluorene, spirobifluorene, anthracene,
oligothiophene, thienothiophene, dithienothiophene, carbazole,
phenoxazine, phenothiazine, benzothiadiazole and benzotriazole
have been explored as m-linkers between the electron donor
and electron acceptor for tuning the absorption, electrochemical
and other characteristics required for DSSC performance [15-39].
Triarylamine containing imidazoles [40-42] or fused aromatic
imidazoles such as phenanthromidazole [43,44] and pyreno-
imidazole [45,46] have also been found to serve as promising
donors when connected with oligothiophene units.

In view of the above, the synthesis and characterization
of the novel donor-acceptor substituted imidiazole derivative
using experimental and theoretical methods is reported and
discussed.

This is an open access journal, and articles are distributed under the terms of the Attribution 4.0 International (CC BY 4.0) License. This
license lets others distribute, remix, tweak, and build upon your work, even commercially, as long as they credit the author for the original
creation. You must give appropriate credit, provide a link to the license, and indicate if changes were made.
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EXPERIMENTAL

Chemicals and reagents used for the synthesis and analysis
were procured from Sigma-Aldrich, India. Analytical grade
solvents were purchased from Lobachemie. Pvt Ltd., India.
The melting point was measured on a Boetius-Mikroheiztisch.
TLC was performed by using aluminium foil fluorescent indicator
from Merck KGaA (silica gel 60 F,s4, layer thickness 0.2 mm).
'H & “C NMR spectrum were recorded using a JEOL with
100 MHz operating frequency deuterated chloroform (CDCls)
solvents. IR spectra were of the dyes recorded using Nicolet
5700 FT-IR instrument.

Fluorescence lifetime measurements were carried out using
an ISS ChronoBH time correlated single photon counting spectro-
meter. A pulsed light emitting diode with excitation wavelength
340 nm was used as an excitation source. Cyclic voltammetry
(CV) studies were carried out using an electrochemical analyzer/
Work station (model: CHI1112C, series, USA) at0.1 M tetrabutyl-
ammonium hexafluorophosphate (TBAPFs) as supporting elect-
rolyte with a scan rate 1 x 107V s,

Computational details: The optimized molecular geometry
of the synthesized dyes was estimated by DFT calculations using
B3LYP/6-31G basis set as implemented in the Gaussian 09
program package [47].

Synthesis of 2-(4-chlorophenyl)-1-(4-methoxyphenyl)-
4,5-diphenyl-1H-imidazole (CMI): In a 250 mL round-bottom
flask, a 4-methoxy aniline (1 mmol, 0.123 g), benzil (1 mmol,
0.210 g), ammonium acetate (1 mmol, 0.75 g) and 4-chloro
benzaldehyde (1 mmol, 0.140 g) were taken in glacial acetic
acid (20 mL). The reaction mixture was then subjected to ultra-
sonication for 30 min and kept it for reflux for 4-5 h on heating
mantle. The progress of the reaction was monitored by TLC
(2:8 ethyl acetate:petroleum ether). After the completion of
the reaction, the mixture was cooled to room temperature and
poured into ice-cold water. The reaction mixture was neutra-
lized by aqueous sodium bicarbonate solution and the product
was extracted with ethyl acetate. The crude product recrys-
tallized by hot chloroform and ethyl acetate (2:6) to get a pure
2-(4-chlorophenyl)-1-(4-methoxyphenyl)-4,5-diphenyl-1H-
imidazole (CMI) with good yield (70-80%) (Scheme-I). Light
yellow colour solid, m.p.: 186-188 °C; IR (KBr, Vs, cm):
656 (C-Cl), 1251 (C-N),1527 (Ar, C=C), 1593 (C=N), 2857
(aliph. C-H), 2927 (Ar-H). '"H NMR (400 MHz, CDCls, 8 ppm):
7.59-7.53 (m, 2H), 7.42-7.35 (m, 2H), 7.29-7.19 (m, 8H), 7.14-
7.08 (m, 2H), 6.98-6.92 (m, 2H), 6.79-6.72 (M, 2H), 3.77 (s,

O NH, CHO
o
+ +
("
OCH;,3 cl
1 2 3

3H). "CNMR (100 MHz, CDCls, 8 ppm): 55.47, 114.4,126.6,
127.45, 127.43, 128.11, 128.28, 128.480, 129.44, 130.15,
131.18.

RESULTS AND DISCUSSION

The normalized absorption spectra of CMI dye in different
solvents is shown in Fig. 1 and the value of wavelength at absor-
ption maxima is given in Table-1. It is observed that the excit-
ation maxima of dye in a variety of solvents lies between 307
and 331 nm. On changing the media from non-polar to polar
solvents CMI molecule shows a redshift of 24 nm. The results
revealed that the solvents environment strongly enhances the
intra molecular charge transfer and there was a possibility of
T—T* transition.

——Benzene
1.0 ——Toluene
———Tetrahydrofuran
———Ethylacetate
0.8 ——Dichloromethane
o 1,4-Dioxane
I Methanol
g ———Ethanol
g 0.69 —— Acetonitrile
3 ——Dimethylsulfoxide
el
R
5 044
£
(e}
P4
0.24
0

T T T v T T T -
250 300 350 400 450 500
Wavelength (nm)
Fig. 1. Normalised absorption spectra of CMI dye in different solvents

The normalized fluorescence spectra of CMI dye in different
solvents is shown in Fig. 2. The fluorescence spectra of CMI
dye was recorded using wavelength (A2 ) at absorption maxima
in different solvents and the value of wavelength at fluore-
scence maxima (A™) is given in Table-1. It is observed that
the fluorescence maxima of CMI dye show 444 nm for benzene
and 475 nm for DMSO. The large solvatochromic shift between
these two solvents was due to the dielectric constant. The values
of Stoke shift varies with respect to the solvent environment
giving an account of the specific interaction between the solute
and solvent molecules. The less pronounced shift in the

O/

NH, Acetate N
> | )—@m
CH3;COOH N
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CMI

Scheme-I: Synthetic route for construction of 2-(4-chlorophenyl)-1-(4-methoxyphenyl)-4,5-diphenyl-1 H-imidazole (CMI)
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TABLE-1
PHOTOPHYSICAL PARAMETERS OF CMI DYE
Solvent A (nm) g (nm) A (nm) Qt;*i’glt(‘i‘m lig&‘gj?&“&) k, (x10°) K, (x10°)
Benzene 307 444 137 0.561 2.830 0.198 1.584
Toulene 308 448 140 0.585 2.860 0.205 1.505
Tetrahydro furan 308 449 141 0.586 2.860 0.205 1.502
Ethyl acetate 309 452 143 0.589 2.880 0.205 1.493
Dichloromethane 315 457 142 0.603 2.910 0.207 1.451
1,4-Dioxane 316 459 143 0.609 2.940 0.207 1.435
Methanol 323 460 137 0.632 2.950 0214 1.368
Ethanol 325 462 137 0.635 2.970 0.214 1.361
Acetonitrile 329 463 134 0.631 2.980 0.212 1.373
Dimethyl sulfoxide 331 475 145 0.639 2.980 0.214 1.351
—— Benzene with the help of UV-Vis spectrophotometer. The optical band
1.0 _$g't‘r‘::yedrofuran gap (E,) is determined from the onset of the low energy side
— Ethyl acetate of the experimentally recorded absorption spectra (Aouser) Using
= Dichloromethane . . .
—— 1,4-Dioxane eqn. 1 and the values of the optical band gap [48] in different
08 —rebely solvents is given in Table-2.
"‘% : S?r?wgﬂiytgﬁlfoxide 1240
g 0.6 B, = — 0
8 onset
= ol Table-2 showed that on changing solvent media from non-
g ’ polar to polar, optical band decreased from 3.543 eV to 3.255
z eV. This may be due to the formation of a hydrogen bond
0.2 between methoxy functional group of dye to the solvent
environment and this effect increase with increase in dielectrict
constant and the excited state is more polar as compared with
0 -
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Fig. 2. Normalized fluorescence spectra of CMI dye in different solvents

absorption spectra of CMI dye in all the solvents is due to the
less polar nature of the CMI dye in the ground state than in the
excited state.

In order to design an optoelectronic device like, dye sensi-
tized solar cell (DSSC), organic light emitting diodes (OLED's),
etc. one has to knowledge about the optical band gap and it
gives the information about electronic excitation energy levels
of the organic material. In electronic transitions, the dye aborbs
photon in UV-visible spectral range and promote an electron
from the highest occupied molecular orbital (HOMO) to lowest
unoccupied molecular orbital (LUMO) [48] and this can observe

the ground state.

The fluorescence quantum yield (0;) [49] of the CMI dye
was experimentally determined by comparing with the standard
fluorescent dye of known quantum yield [POPOP laser dye
(¢r = 0.97)] using following eqn. 2 in different solvents and
the values are given in Table-1.

1.0D;n’

1,0D¢n; 2)
where, ¢, I, OD and n represent quantum yield, integrated
fluorescence intensity, optical density and refractive index,
while S and R represent the sample and reference, respectively.
From Table-1, it was observed that the synthesized CMI dye
having good quantum yield and highly fluorescent. This is a
necessary and most important property of a dye in order to explore

q)s :q)R

TABLE-2
VALUES OF HOMO-LUMO AND CHEMICAL HARDNESS

Solvent Experimental calculation Theoretical calculation
oven Optical band gap E, (V) HOMO (eV) LUMO (eV) Energy band gap E, (eV) M
Benzene 3.543 -5.867 -2.643 -3.224 1.612
Toluene 3.503 -5.815 -2.629 -3.186 1.593
Tetrahydrofuran 3.464 -5.784 -2.601 -3.183 1.542
Ethyl acetate 3.444 -5.685 -2.572 -3.113 1.522
Dichloromethane 3.397 -5.715 -2.571 -3.144 1.632
1,4-Dioxane 3.388 -5.734 -2.611 -3.123 1.562
Methanol 3.324 -5.634 -2.451 -3.183 1.592
Ethanol 3.307 -5.534 -2.364 -3.17 1.585
Acetonitrile 3.272 -5.615 -2.456 -3.159 1.650
Dimethyl sulfoxide 3.255 -5.688 -2.504 -3.184 1.537
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in the field of optoelectronics. The values of quantum yield of
CMI dye in different solvent is given in Table-1. It is observed
that quantum yield of CMI dye varies from 0.561 to 0.639.
The change in quantum yield may be due to the formation of
a hydrogen bond between methoxy functional group of dye to
the solvent environment.

Further from the knowledge of quantum yield and average
life time, radiative rate (k;) and non-radiative rate constant (k)
were calculated using eqns. 3 and 4:

¢
k. =—
T 3)
and the non-radiative decay rate constant is given by:
1
k. =—-k
nr TO r (4)

The values of radiative and non-radiative rate constant of
CMI dye in different solvents are given in Table-1. Using pulsed
excitation energy source, the dye molecule can be excited to
its excited state in solvent media. In the excited state, dye mole-
cule interacted with the surrounding solvent molecule before
returning to the ground state. These excited state solute-solvent
interactions influence the fluorescence lifetime of the excited
molecule. Therefore, the decay profile was fitted with biexpo-
nential function with % value close to unity [50]. The fluore-
scence lifetime of the dye was calculated in a different solvent
using eqn. 5:

1(t) = (AT + AsTo) )

where T, and T, represented the short and longer lifetime comp-
onents with their normalized amplitude components A; and
A,, respectively, and the average fluorescence lifetime ofthe
CMI dye in different solvents are given in Table-1.

The fluorescence decay profile of CMI dye was recorded
in DMSO and is shown in Fig. 3 along with weighted residual
plot. The fluorescence decay profile of CMI dye in DMSO is
best fitted with a bi-exponential fitting model with x* value is
equal to 1.16, similarly fluorescence decay profile of CMI
dye is recorded in different solvents and their fluorescence life-
time along with % values are given in Table-1. It is observed that
on changing media from non-polar to polar, fluorescence
lifetime increases from 2.83 ns to 2.98 ns.These results clearly
suggest that the solvent polarity increase excited state lifetime
of the electron. This is probably a direct result of an increase
in the vibrational deactivation because of the increase in the
vibronic mode degrees of freedom, which also supported by
decrease in magnitude of non-radiative rate constant upon
increase in the solvent polarity [51].

The ground state optimized molecular structures of CMI
dye is shown in Fig. 4. The highest occupied molecular orbit
(HOMO) and lowest unoccupied molecular orbit (LUMO) of
CMI dye in gaseous phase is shown in Fig. 5. The theoretically
calculated values of HOMO, LUMO and energy band gap of
CMI dye in different solvents are given in Table-2. Itis observed
that the energy band gap decreases with increase solvent pola-
rity. The luminescence property of organic molecule can be
predicated based on the spatial distribution of molecular mainly
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Fig. 3. Fluorescence decay profile of CMI dye (1 x 10° M) excited at 361
nm along with weighted residual plot in DMSO
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Fig. 4. Optimized molecular geometry of CMI dye molecule

orbitals, those of HOMO and LUMO. The synthesized mole-
cule shows large HOMO value and small energy band gap which
is essential properties for DSSC due to the strong electron accep-
ting ability of the electron-acceptor group is fundamentally a
consequence of the large stabilization of LUMO causes lowering
of the HOMO-LUMO gap. Fig. 5 showed that the CMI dye



Vol. 32, No. 11 (2020)

Photophysical Studies on D-nt-A Imidazole Derivative for Organic DSSC Application 2833

o
J“:‘
s J -t. J“ ?
L E ywo =-1.968 eV
»a

AE =-3.989 eV

Evomo = -5.951 eV

Fig. 5. Molecular orbital amplitude plots of HOMO and LUMO levels of
CMI dye molecule in gaseous phase

in gaseous phase the electron clouds of HOMO energy levels
are all mainly located on 2-(4-chlorophenyl)-4-phenyl-2H and
this data strongly counts for good electron donating property
of unit and LUMO energy levels are mainly concentrated on
4,5-diphenyl-2H-imidazole unit, which is useful in the appli-
cation of DSSC due to an increase in the enhancement of electron
transfer. The HOMO-LUMO values obtained by theoretical
and experimental cyclic voltammeteric analysis methods are
in good agreement with each other.

Chemical hardness is one of the important parameters in
order to explore organic molecule in the field of optoelectronic.
The chemical hardness (1) of the molecule can be calculated
by using these HOMO-LUMO energy values. To denote resis-
tance to deformation by mechanical force the hardness and
softness are suggested [48]. Molecules with large HOMO-LUMO
gap is hard, which implies higher stability and opposing charge
transfer since they oppose changes in their electron density
and distribution. On contrary, molecules that require a small
energy gap for its excitation are also termed as soft molecules.
Hence, they are highly polarizable in nature [50].

The chemical hardness (1) can be calculated using
eqn. 6:

s = [E—zE] 6)
where, Ey and Ey is the energy value of HOMO and LUMO,
respectively. The chemical hardness values calculated from
the theoretical and experimental methods are shown in Table-2.
Thus, it was observed that the small value of 1 and HOMO-
LUMO energy gaps reflects that molecule are in soft in nature.

The molecular electrostatic potential map (MEPM) of the
compound was used to find out the reactive sites for electro-
philic and nucleophilic attacks and also useful in biological
detection and hydrogen bonding interactions studies [52,53].
In addition, the MEPM is based on the molecular size, shape
as well as positive, negative and neutral electrostatic potential
region in terms of colour grading. The different values of the
electrostatic potential at the surface are represented by different
colours; red represents regions of most negative electrostatic
potential, blue represents regions of most positive electrostatic
potential [48]. It also provides an understanding of the relative
polarity of the molecule.

In order to know the charge interrelated properties of the
CMI dye, molecular electrostatic potential maps were plotted
and are shown in Fig. 6. It was observed that the positive phases
(blue colour) around the imidazole ring which consists of a
nitrogen atom and all hydrogen atoms, whereasnegative phases
around the methoxy group.

Fig. 6. Molecular electrostatic potential map of CMI dye

Thermogravimetric analysis (TGA): The CMI dye was
subjected to thermogravimetric analysis in the temperatures
ranged from room temperature to 350 °C under nitrogen atmos-
phere. The TGA results revealed that first degradation was
observed in the range of 35-70 °C with minor weight loss (1.27%)
due to the evaporation of moisture content in the compounds.
The major weight loss was observed in the range of 144-184
°C (Fig. 7). The thermal and morphological stabilities values
of CMI dye is summarized in Table-3. These results revealed
that the CMI dye has good thermal stability, which can be used
in the construction of the dye sensitized solar cells [54].

TABLE-3
THERMAL AND MORPHOLOGICAL STABILITIES OF CMI DYE

Dye I-Degradation (%wt loss)

II-Degradation (% wt loss)

III-Degradation (% wt loss)

CMI 144.74t0 184.11 °C (1.410 %)

238.52t0255.55 °C (1.185%)

268.78t0269.62 °C (0.850%)
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Fig. 7. TGA/Derivative TGA thermograms of the CMI dye measured at a
heating rate of 10 °C min™ under nitrogen atmosphere

Spectroscopic studies: The absorption spectrum of CMI
dye of concentration 1 x 10 M in the absence and presence
of TiO, nanoparticles is recorded in acetonitrile at room temp-
erature. From Fig. 8, it was observed that the absorption spectra
of CMI dye increase with the increase in concentration of TiO,
nanoparticles broadening of spectra without shifting the peak
position and no new absorption peak is observed. This result
revealed that the formation of a ground-state complex between
CMI dye TiO; nanoparticles was prohibited [54].
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<
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Fig. 8. Absorption spectra of CMI dye in acetonitrile in the absence and
presence ofTiO, nanoparticles

The steady state fluorescence and time resolved fluore-
scence spectra of CMI dye were recorded in the absence and
presence of TiO, nanoparticles in acetonitrile at room temper-
ature (Figs. 9 and 10). Table-4 represents the fluorescence
intensity and lifetime values of CMI dye in the absence and
presence of TiO, nanoparticles. From Table-4, it was observed
that fluorescence lifetime and intensity decrease with increasing
concentration of TiO, nanoparticles. These spectral behaviours
can be analyzed using the Stern-Volmer relation [50] and are
given in eqns. 7 and 8.

100004
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Intensity

40004

20004

0+ T T T v T -
350 400 450 500 550 600
Wavelength (nm)

Fig. 9. Steady state fluorescence spectra of CMI dye in the absence and
presence of TiO, nanoparticles in acetonitrile excited at 329 nm

Intensity

12 14 16 18
Time (ns)

Fig. 10. Fluorescence decay curve of CMI dye in the absence and presence
of TiO, nanoparticles acetonitrile

TABLE-4
VALUES OF TiO, CONCENTRATIONS, FLUORESCENCE
INTENSITY AND FLUORESCENCE LIFETIME OF
CMI DYE WITH CORRESPONDING y* VALUES

TiO, NPs Fluorescence Fluorescence
concentration intensity of lifetime of x

x 10* M CMI CMI (ns)
0 10000 2.98 1.11
1 9112 2.96 1.15
2 8355 2.92 1.11
3 7700 2.89 1.09
4 7165 2.85 1.12
5 6697 2.82 1.11
6 6083 2.80 1.15
7 5578 2.76 1.18
8 5361 2.75 1.13
9 5109 2.73 1.11
10 4789 2.71 1.11
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I

TOZ 1+k[TiO,] (7
T .

—==1+k_[TiO,] 8)
T

where, I, or T, are the fluorescence intensities or lifetime of
CMI dye in the absence of TiO, nanoparticles. I or T are the
fluorescence intensities or lifetime of CMI dye in the presence
of TiO; nanoparticles.

Using steady state and time resolved fluorescence value
of CMI dye Stern-Volmer (S-V) plot was drawn and is shown
in Fig. 11. The values of S-V constant and bimolecular quen-
ching are tabulated in Table-5. The S-V plot found to linear
with intercept equal to unity and also variation in S-V constant
obtained from both methods suggest that the fluorescence quen-
ching was due to combined dynamic and static quenching process.

2.2

2.0 1

z T : T . T r T ’ T
0 2.0x10"  4.0x10" 60x10" 8.0x10" 1.0x107
Quencher concentration [M]

Fig. 11. Steady state and time resolved S-V Plot of CMI dye

The magnitudes of bimolecular quenching constant obtained
from both the methods suggest that short range interactions
were occurred between CMI dye and TiO, nanoparticles. Further,
stoichiometry and the association constant (K,) of CMI dye
with TiO; nanoparticles were estimated from Benesi-Hilderbrand
equation (eqn. 9) [55]:

(N N
(I-1,) K,ICIQI [C] ®)

Here all the terms in eq. 9 have their usual meaning. The
1/[Q] vs. 1/(I1-1L,) plots for CMI dye-TiO, nanoparticles systems

are shown in Fig. 12. Benesi-Hilderbrand plot was perfectly
linear and hence provided the evidence for the 1:1 stoichiometry
between CMI dye and TiO, nanoparticles. The association
constant (K,) was calculated by the ratio of intercept to slope
and the values are given in Table-5. The K, value is almost in
the same range (10%) of the reported values [55,56].

0.0012 1

0.0010

0.0008 1

(1)

0.0006 -

0.0004

0.0002

T
10000

T T T T T T T
2000 4000 6000 8000

1/[Q]

Fig. 12. Benesi-Hilderbrand linear analysis plot of all solute with varying
concentration of TiO, nanoparticles in acetonitrile

The absorption and emission spectra of CMI dye (Fig.
14) suggest that the non-overlap between absorption spectra of
TiO, nanoparticles and emission spectra of CMI dye. This also
suggests the possibility of resonance energy transfer between
CMI dye and TiO, nanoparticles is ruled out. Using Rehm-Weller
relation the energy transfer from CMI dye to TiO, nanoparticles
can be estimated. The Rehm-Weller equation (eqn. 10) [57] as
follows:

AG, =E, +ES+E _+C (10)
where, E} is the oxidation potential of CMI dye; E[% is the
reduction potential of TiO»; E, is the excited singlet state energy
of CMI dye and C is the coulombic term.

The cyclic voltammogram (CV) of CMI dye in acetonitrile
and DMSO have been displayed in Figs. 13 and 14. From cyclic
voltammogram, the oxidation potentials of CMI dye were
found to be 1.164 V and 1.012 V for DMSO and acetonitrile,
respectively. The E, values of CMI dye were 3.272 eV and
3.255 eV for acetonitrile and DMSO, respectively. Reduction
potential of TiO, was obtained from the literature which is
-0.5 V [58,59]. Substituting the values of E, in Eq.10, AG
values for acetonitrile and DMSO were determined as -3.936 eV
and -3.767 eV, respectively and coulombic term was neglected

TABLE-5
VALUES OF STERN-VOLMER CONSTANT, BIMOLECULAR QUENCHING
CONSTANT AND ASSOCIATION CONSTANT OF CMI DYE

Steady state method Time resolved method
Solvent Stern-Volmer Bimolecular quenching Association Stern-Volmer Bimolecular quenching
constant (k) constant (k) constant (K,) constant (K'y,) constant (k',)
x 10° M™! x 10" M ! 5! x 10°M! x 10> M™! x 10° M5!
Dimethyl sulfoxide 1.101 3.932 7.900 1.27 4.261
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Fig. 13. Cyclic voltammetric curves of CMI dye were measured in acetonitrile
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Fig. 14. Cyclic voltammetric curves of CMI dye were measured in DMSO in
the presence of n-BusNPFs at a scan rate of 100 mV s

since in polar solvents coulombic term was very small. From
the magnitudes of AG, it is observed that AG,, is greater in
acetonitrile than DMSO indicating prominent thermodynamically
favourable electron transfer process from CMI dye to TiO,
nanoparticles in acetonitrile than DMSO. These observations
are the preliminary indications for the transfer of photogenerated
electrons from CMI dye to TiO, nanoparticles and thus prompt
us to fabricate DSSC.

Fabrication of dye-sensitized solar cell: Commercial TiO,
nanopowder (P25) was mixed in o-terpineol and ethyl cellulose
to form TiO, paste. About 10 um thick TiO, layer was coated
on FTO with an active area of 0.25 cm? by doctor-blade tech-
nique. The TiO, photo-anode was annealed at 500 °C for 30 min
and then soaked for sensitization at room temperature for 12 h
in 10 mM of dye dissolved in zert-butyl alcohol and acetonitrile
solution (1:1). A counter electrode was prepared by doctor-
blade coating of platinum paste on to the FTO surface, which
was annealed at 400 °C for 10 min. A 25 um thick Surlyn film
was used to fabricate cell. DSSC was completed upon the injec-
tion of the electrolyte through the pre-drilled hole.

Photo-electrochemical measurement: The electrochemical
properties of CMI were explored by cyclic voltammetry (CV).
The HOMO-LUMO band gap was derived from the difference
between HOMO and LUMO energy levels. HOMO energy
levels were calculated using the following equation

HOMO = —[EQX +4.44] (11)

[0):¢

The lowest unoccupied molecular orbital (LUMO) is equal
to HOMO level minus Zero-zeroth energy (AEq). Whereas,
zero-zeroth energy (AEq = 1240/A) of CMI dye alone is the
intersection of the normalized absorption and fluorescence spectra
(Fig. 15) and was found as 3.139 eV. Thus, LUMO level was
found to be -2.312 V, which lies well above the conduction
band edge of TiO, (-0.5 V vs. NHE), ensuring the required
driving force for electron injection from the dye into the TiO,
semiconductor. Fig. 16 shows the schematic theoretical energy
level diagram of each component of dye sensitized TiO,
electrode. Therefore, solar cell sensitized by CMI dye was
thus fabricated in order to investigate the solar to electricity
conversion efficiency.

1.0 L1.0
o 0.87 L0.8
(&) c
= S
2 2
2 0.6 L0.6 E
8 o
o [0]
@ N
N . L0.4 B
S 0.4 g
5 2
Z 0.2 L0.2

0 0

T T 1 1 T T T T
250 300 350 400 450 500 550 600
Wavelength (nm)

Fig. 15. Normalized absorption and emission spectra of CMI dye in acetonitrile
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Fig. 16. Schematic energy level diagram of photo induced electron transfer
from CMI dye to TiO, nanoparticles
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The I-V characteristics of DSSCs were measured in the
dark and under simulated solar light conditions. NREL certified
silicon photodiode was used to calibrate output power to one
sun. The conversion efficiency of DSSC based on the photo-
current vs. voltage (I-V) curve was recorded with a Keithley
source meter.

The conversion efficiency (n) and fill factor (FF) were
calculated according to eqns. 12 and 13, respectively

J.V FF

100 (12)
V_ XiV
FF - max max
JSC XiVOC (13)

where, Vo, Js, Vinax, Jmax and I, are the open circuit voltage,
short circuit current density, maximum power point voltage,
maximum power point current density and total incident
irradiance (I, = 1000 W/m?), respectively. The plots of photo-
current density (J) versus voltage (V) are shown in Fig. 17.
and the values of V., Js, N and FF are shown in Table-6. Photo-
voltaic conversion efficiency (1) of DSSCs sensitized with
CMl dyes is 1.76% under AM 1.5 irradiation (1000 W/m?). The
photovoltaic conversion efficiency of CMI dye is lower than
the standard dye may be due to the lower value of the molar
extinction coefficient of CMI dye and may be due to some other
regions, which need further investigations.

Jo. (mAcm™)
I

T T T T T
200 400 600 800 1000
Voo (MV)

Fig. 17. Photo-current density-voltage (J-V) characteristics of the best
performed DSSC’s bath CMI dye

TABLE-6
OPTIMIZED PHOTOVOLTAIC
PARAMETERS VALUES OF CMI DYE
Dye V,. (mV) J.. (mA cm?) FF n
CMI 653 4.74 56.73 1.76
Conclusion

In the present work, a D-t-A substituted imidazole deri-
vative (CMI) was successfully synthesized. The photophysical
properties of CMI dye were calculated using the experimental
and theoretical techniques. Further, the effect of TiO, nano-

particles on CMI dye has been studied using spectroscopic
and electrochemical investigations. For completeness, the asso-
ciation constant has been calculated from Benesi-Hilderbrand
relation and it suggests that there is a possibility of interaction
between CMI dye and TiO, nanoparticles. Fluorescence quen-
ching of CMI dye in the presence TiO, nanoparticles is due to
combine static and dynamic quenching. The Rehm-Weller
theory infers that thermodynamically favourable electron transfer
takes place between CMI dye to TiO, nanoparticles. Thus, the
solar energy harvesting process has been investigated by using
TiO,-CMI dye fabricated solar cell. The photovoltaic conver-
sion efficiency and fill factor of fabricated DSSC were found
to be 1.76% and 0.56, respectively. Further improvement of
power conversion efficiency of DSSC may be achieved with
further optimization of solar cell parameters.
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