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ABSTRACT

In this study, a novel dibenzosuberenone based organic dye comprising triphenylamine (TPA) as the
electron-rich unit and a dibenzosuberenone as the central core and an additional acceptor and, ben-
zene as the m linker unit, and an aldehyde as the electron-deficient unit to form m-conjugated donor-
acceptor- -bridge-acceptor (D-A-w-A) system was designed. The dye was successfully synthesized by
Suzuki coupling reaction using a novel one pot approach, i.e. two different aryl boronic acids containing
electron withdrawing group (EWG) and electron donating group (EDG) at para positions were added to
the reaction medium at the same time. As expected, three different coupling products were obtained in
one-pot/one step. Structures of synthesized compounds were fully characterized by NMR, IR, HRMS UV-
Vis, and fluorescence spectroscopy techniques. The photophysical and photovoltaic properties of the dye
were elucidated and, DFT theoretical calculations were performed to support the investigations. The dye
showed red shift of absorption and emission maxima, 388 and 571 nm, respectively. Moreover, a medium
fluorescence quantum yield (0.27) and a very large Stokes shift (183 nm) of the dye was also found. The
calculated HOMO and LUMO energies of the ground state optimized geometry of the dye were -5.360
and -2.521 eV, respectively, and the bandgap was 2.838 eV. The power conversion efficiency (%) value for
the dye were also calculated as 3.01%. The findings provide a beneficial reference to the development of

organic dyes containing dibenzosuberenone groups in more efficient dyes for DSSCs.

© 2021 Elsevier B.V. All rights reserved.

1. Introduction

Organic dyes have attracted attention because of their flexibil-
ity in design and synthesis. Organic luminescent materials exhibit
excellent potential as a low-cost, environmentally-friendly and sus-
tainable alternative [1]. Due to their interesting physical and chem-
ical properties, organic fluorescent compounds have drawn atten-
tion in recent decades [2]. They are widely used in diverse fields
including organic light-emitting diodes (OLEDs) for electrolumines-
cent devices, photovoltaic cells, organic electronics [3], fluorescent
dyes [2], chemical sensors [4], and bio-imaging [5]. Organic dye-
based D-m-A conjugated systems, with the donor (D) and accep-
tor (A) groups and the linking m-bridges, have highlighted its im-
portance in many disciplines of science due to their special pho-
tophysical properties. This hybrit skeletons have been widely used
in materials chemistry due to their excellent optical properties in-
cluding organic light-emitting diodes (OLEDs), dye-sensitized solar
cells (DSSCs) [6], nonlinear optical materials, fluorescence imag-
ing, and memory [6,7]. These systems have also displayed very im-
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portant photophysical properties, such as a wide absorption, large
stokes-shift, easily tunable fluorescence, as well as excellent non-
linear optical qualities [8]. Up to now, it was reported that organic
dyes such as D-(r-A),, D--A, D-D-7-A, D-A-7-A and (D-m-A);L,
[9]. Among these dyes, a novel concept, D-A-7-A conjugate system,
has been demostrated to provide extensive advantages, such as
wide absorption and emission bands in UV-visible region, efficient
intramolecular charge transfer, easily tunable molecular orbital en-
ergy levels and optoelectronic properties, and the narrow bandgap
energy for harvesting more NIR light [9-12]. Thus, the use of “D-
A-m-A” organic sensitizers have been regarded as a promising ap-
proach to increase cell efficiency and improve photovoltaic perfor-
mances in a solar cell instead of traditional D-7-A ones [9,13].

As already known, the photovoltaic performance of a DSSC is
strongly dependent on the sensitizers, which play a very important
role in sunlight harvesting, charge generation, and charge transport
[14]. Thus, the optoelectronic quality of the photosensitizer is of
paramount importance to the photovoltaic performance of a DSSC
[15]. Normally, dye types are divided into two classes as metal-
based and metal-free organic dyes [9,14]. Unlike the metal-based
dyes, the metal-free organic sensitizers have a number of advan-
tages, such as environmental friendliness, high molar extinction
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coefficient, good flexibility of molecular tailoring, tunable spectral
properties, relatively high efficiency, and low cost [13,14,16]. So far,
power conversion efficiencies (PCEs) of 14% have been reached for
those based on metal-free organic dyes [17]. Therefore, the D-A-r-
A photosensitizers have been observed as promising candidates to
increase the cell efficiency [18].

However such studies are scarce in the literature, and it is im-
portant to discover novel D-A--A based dyes. To the best of our
knowledge, the dibenzosuberenone-based dyes with different aro-
matic linkers have not been reported. In this study, we report for
the first time novel dibenzosuberenon-based dye 10 (Scheme 3), in
which dibenzosuberenone is used as an additional acceptor, triph-
enylamine is used as donor, benzene is a m-spacer, and aldehyde
is an acceptor/anchor.

2. Experimental Section
2.1. General

All reactions were carried out under nitrogen and monitored by
TLC thin layer chromatography (TLC) method and spots were visu-
alized by UV irradiation. All solvents were dried and distilled be-
fore use. Melting points are uncorrected. IR spectra were recorded
on Perkin Elmer FI-IR spectrometer. 'H and 3C NMR spectra were
recorded with a Nuclear magnetic resonance spectrometer (Bruker-
400 spectrometer) using CDCl3 as solvent. Tetramethylsilane (TMS)
was used as an internal standard. All spectra were recorded at
25 °C and coupling constants (J values) are given in Hz. Chemical
shifts are given in parts per million (ppm) relative to the resid-
ual solvent peak (CHCl3: 7.26 ppm for 'H and 77.36 ppm for 13C-
NMR). Mass spectra were determined on an Agilent Technologies
6530 Accurate-Mass Q-TOF-LC/MS. TLC was performed on silica gel
60 HF254 aluminium plates (Fluka). Fluorescence analyses were
carried out on a Shimadzu RF-5301PC spectrofluorometer. Fluores-
cence quantum yield (QY) of the dye 10 was performed through
the Parker-Rees equation [19]. J-V measurements were carried out
according to the method reported in our previous study [15]. The
geometry and electronic properties of the compound 9 and the
dye 10 were performed with the Gaussian09 W program package.
The quantum-chemical calculations were performed with Gaus-
sian09 W software by using density functional theory (DFT) and
time-dependent density functional theory (TDDFT) methods with
B3LYP/6-311++G(2d, 2p) basis set [20].

2.2. Synthesis and characterization

The key compounds 2, 3 and 4 were synthesized according to
procedures the literature [21].

2.2.1. 3,7-Dibromo-10,11-dihydro-5H-dibenzo[a,d][7]annulen-5-one
(2)

3,7-Dibromo-10,11-dihydro-5H-dibenzo[a,d][7]annulen-5-one
(2) [21]: white crystals from CH,Cl,/n-hexane (1:3), mp 159-161
°C (lit [22] mp 160 °C). 'H NMR (400 MHz, CDCl3): §= 8.11 (d,
J = 1.8 Hz, 2H), 7.54 (dd, A part of AB system, ] = 8.0 Hz, 1.8,
2H), 7.11 (d, B part of AB system, | = 8.0 Hz, 2H), 3.15 (s, 4H). 13C
NMR (100 MHz, CDCl3): 6= 192.3, 140.7, 139.4, 135.4, 133.4, 131.2,
120.8, 34.2.

2.2.2.
3,7,10,11-Tetrabromo-10,11-dihydro-5H-dibenzo[a,d][ 7 Jannulen-5-one
(3)

3,7,10,11-Tetrabromo-10,11-dihydro-5H-dibenzo[a,d][7]annulen-
5-one (3): The compound 3 [22] was moved onto the next reaction
without purification. 'H NMR (400 MHz, CDCl3): § = 8.21 (d, J
= 2.0 Hz, 2H), 7.69 (dd, A part of AB system, ] = 8.2 Hz, 2.0 Hz,
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2H), 7.28 (d, B part of AB system, ] = 8.2 Hz, 2H), 5.70 (s, 2H).
13C NMR (100 MHz, CDCl3): § = 189.0, 138.6, 135.9, 135.6, 134.5,
132.6, 124.0, 51.4.

2.2.3. 3,7-Dibromo-5H-dibenzo[a,d][7]annulen-5-one (4)

3,7-Dibromo-5H-dibenzo[a,d][7]annulen-5-one (4): white solid,
mp 266-268 °C (lit [22] mp 267 °C). TH NMR (400 MHz, CDCl;):
6=8.35 (d, J] = 2.0 Hz, 2H), 7.74 (dd, A part of AB system, | = 8.3
Hz, 2.0 Hz, 2H), 7.42 (d, B part of AB system, /] = 8.3 Hz, 2H), 7.01
(s, 2H). 13C NMR (100 MHz, CDCl;): § = 203.2, 139.6, 135.5, 133.9,
133.4, 132.9, 1314, 123.7.

2.2.4. Synthesis of dicoupling products via Suzuki coupling reaction
of dibromobenzosuberenone 4 with arylboronic acids 5 and 8

Dibromobenzosuberenone 4 (1.49 g, 4.09 mmol) and Pd(PPh3),
(142 mg, 0.122 mmol) was added into a 100 mL two-necked flask,
followed by addition of 40 mL of dry DME. A solution of (4-
(diphenylamino)phenyl)boronic acid (8) (1.42 g, 4.91 mmol), (4-
formylphenyl)boronic acid (5) (0.736 g, 4.91 mmol) ve Na,COs3
(1.30 g, 12.28 mmol) in degassed water (20 mL) was added and, all
the solution was refluxed for 18 h under nitrogen atmosphere. The
mixture was added to 100 mL of ice-water, and the DME was then
evaporated. The aqueous layer was extracted with CH,Cl, (3 x 75
mL). The combined organic layers were washed with water, dried
with MgS04, filtered, and then concentrated. The crude product
was purified by column chromatography on silica gel eluted with
the mixture of solvents (25% EtOAc/n-hexane).

1 Fraction: 3,7-Bis(4-(diphenylamino)phenyl)-5H-
dibenzo[a,d][7]annulen-5-one (9): yield 39%, 1.10 g, yellow crystals,
mp 239-241 °C (239-241 °C [15]), 'H NMR (400 MHz, CDCl3): 8=
8.49 (d, ] = 1.9 Hz, 2H), 7.86 (dd, J = 8.1 Hz, 1.9 Hz, 2H), 7.62-7.58
(m, 6H), 7.32-7.25 (m, 10H), 7.20-7.13 (m, 10H), 7.10 (s, 2H), 7.08-
7.03 (m, 4H). 13C NMR (100 MHz, CDCl3): 8= 193.1, 148.1, 147.7,
1411, 138.9, 133.9, 1334, 131.9, 1313, 130.1, 129.6, 128.2, 128.0,
124.9, 123.8, 123.4. IR (KBr, cm~1): 3065, 3055, 3032, 1737, 1626,
1587, 1515, 1483, 1385, 1331, 1315, 1286, 1269, 1233, 1175, 1073,
1028, 964, 835. HRMS (Q-TOF): m/z [M+H]* calcd. for Cs;H3;N,0:
693,2906, found: 693,2934.

2. Fraction: 4-(7-(4-(diphenylamino)phenyl)-5-oxo-5H-
dibenzo[a,d][7]annulen-3-yl)benzaldehyde (10): yield 26%, 589
mg, yellow crystals, mp 216-218 °C, 'H-NMR (400 MHz, CDCl3):
8 = 10.08 (s, 1H), 8.56 (d, ] = 1.9 Hz, 1H), 8.49 (d, ] = 1.9 Hz, 1H),
8.00 (d, J = 8.2 Hz, 2H), 7.95-7.84 (m, 4H), 7.71-7.56 (m, 4H), 7.32-
7.26 (m, 2H), 7.19-7.11 (m, 8H), 7.09-7.02 (m, 4H). 3C-NMR (100
MHz, CDCl3): § = 192.52, 191.85, 148.00, 147.47, 145.44, 141.22,
139.66, 138.72, 138.68, 135.57, 135.03, 133.49, 132.87, 132.17,
131.92, 131.88, 130.62, 130.45, 130.41, 130.03, 129.42, 129.24,
127.93, 127.80, 127.67, 124.74, 123.50, 123.32. IR (KBr, cm~1): 3062,
3031, 2992, 2926, 1735, 1689, 1640, 1587, 1518, 1484, 1421, 1397,
1331, 1276, 1267, 1238, 1209, 1195, 1165, 1072, 1045, 027, 1013,
967, 914, 881, 855, 826, 755, 731, 695. HRMS (Q-TOF): m/z [M+H]*
calcd. for C4oHgNO,: 554,21200; found: 554,21176.

3. Fraction: 4,4'-(5-ox0-5H-dibenzo[a,d][7]annulene-3,7-
diyl)dibenzaldehyde (7): yield 15%, 250 mg, brown solid, 'H-NMR
(400 MHz, CDCl3): 6§ = 10.10 (s, 2H), 8.57 (s, 2H), 8.01 (d, J = 7.9
Hz, 4H), 7.96 (d, ] = 8.0 Hz, 2H), 7.90 (d, ] = 7.9 Hz, 4H), 7.71
(d, ] = 8.0 Hz, 2H), 7.19 (s, 2H). ). 3C NMR spectrum could not
be obtained due to strong aggregation even in different polar
solvents. IR (KBr, cm~1): 3006, 2987, 2958, 2919, 2849, 2747, 1691,
1679, 1643, 1603, 1572, 1464, 1419, 1392, 1366, 1336, 1309, 1275,
1260, 1215, 1166, 1048, 821, 764, 750, 694. HRMS (Q-TOF): m/z
[M+H]* calcd. for CogH1903: 415,13342; found: 415,13318.
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2.3. Preparation of the DSSC devices

DSSC device was prepared using the method previously re-
ported in our study [15]. According to this, Zn,SnO4 nanowires
were synthesized on gold-coated (3 nm) Si substrates. This pro-
cess is able to reliably reproduce nanowire films roughly 20 pum
thick. The nanowires are then transferred into fluorine-doped tin
oxide (FTO) substrates and annealed at 500 °C for 4 h to trans-
form the precursor on FTO into a Zn,Sn0O,4 film. The annealed FTO
substrates with the nanowires are placed in a suspension of the
dye 10 and allowed to soak for 24 h. Immediately upon removal
from the the dye 10 suspension, the substrates were dried with
N, gas and secured against a Cu,S counter electrode containing a
polysulfide electrolyte (0.25 M Na,S and 0.1 M NaOH in 18 MQ
water). The Cu,S counter electrodes were fabricated. The J-V value
was measured immediately after device fabrication. Data are ob-
tained using a monochromatic light source consisting of a 50 W
tungsten-halogen lamp and a monochromator. The light beam is
modulated by a chopper and a lock-in amplifier (Stanford Research
SR830). Solar cell devices were prepared using the dye 10 solution
as a sensitizer.

3. Results and discussion
3.1. Synthesis

Organic based dyes are not only cheaper and easier to synthe-
size but are also incredibly malleable in their structure and prop-
erties [23]. Triphenylamine (TPA) as a hole transport materials was
used as electron donors in organic dyes due to high charge car-
rier mobility, oxidation potentials, improved film forming capac-
ity and high solubility for good pore filling capability [24,25]. On
the other hand, fluorescent organic compounds containing alde-
hyde functional groups are widely used as bisulfite sensors [26-28].

Herein, a new dibenzosuberenone-based organic photosen-
sitizer 10 of the type D-A-w-A were designed and synthe-
sized with TPA as the electron donor, an additional dibenzo-
suberenone entity as a mild electronwithdrawing linkage and
an aldehyde moiety as the electron-withdrawing and anchoring
group. 3,7-Dibromodibenzosuberenone 4 was synthesized in three
steps starting from dibenzosuberone 1 by electrophilic aromatic
substitution with Br,/AlCl;, following radical bromination with
NBS, and subsequent dehalogenation with Nal-promoted elimina-
tion according to the published method (Scheme 1) [21]. 3,7-
Dibromodibenzosuberenone 4 was used as the key compound that
allowed us to prepare coupling products 7, 9 and 10.

s8s

1 2
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For the synthesis of the target product 10 considering the
monocapling procedures in the literature [29-31], the monobro-
mide 6 was firstly synthesized in very low yield (15%). It was seen
in the TH NMR spectra of the crude product that product 7 was
also formed as a byproduct while the starting material 4 remained
unreacted in excess amounts (Scheme 2). In addition, it was ob-
served that the isolation of 6 was difficult due to the solubility
problems of the compounds in the crude product.

For all these reasons, the method was changed, and the syn-
thetic method represented in Scheme 3 was applied for the syn-
thesis of the compound 10. To the best of our knowledge, this
method has not been reported before in the literature. The Pd-
catalyzed Suzuki coupling reaction of dibromide 4 (1.0 equiv.) with
two different phenyl boronic acids, (4-formylphenyl)boronic acid
(5) (1.2 equiv.) and (4-(diphenylamino)phenyl)boronic acid (8) (1.2
equiv.), in the presence of Na,CO5 in DME/H,0 (v/v: 2/1) at 100 °C
for 24 h afforded the corresponding dibenzosuberenone derivatives
7,9 and 10.

With this approach, three different products 7, 9, and 10 were
obtained with a one-pot/one-step synthesis strategy and then iso-
lated. In our previous study, the D-A-D- type dye 9 was obtained
according to the method in the literature [32] and its photovoltaic
properties were investigated [15]. It is seen in Scheme 3 that the
compound 9 has the highest reaction yield as 39%. It shows that
the Suzuki coupling reaction is at higher yields with boronic acides
bearing electron-donating substituents. With this approach, the
target product 10 was obtained with yield 26%. The main purpose
of this synthetic approach was to obtain the product 10. Here we
report the investigation of the photophysical properties, DFT calcu-
lations and photovoltaic properties of this newly obtained D-A-m-
A-based product 10.

The newly synthesized compounds were characterized by 'H,
13C NMR and FT-IR spectroscopy. The purity of the samples was
analyzed by HRMS analysis and the melting points were also de-
termined (see Supporting Information).

3.2. Photophysical properties

The synthesized dye 10 was evaluated for photophysical charac-
teristics such as, absorption (Apay aps), €Mission (A max, ems), Stokes
shift and fluorescence quantum yield (®g). Figure 1-2 shows nor-
malised absorption and emission spectra of the synthesized dye 10.
The dye 10 had three distinct bands in its absorption spectra at
271, 331 and 388 nm, which may be derived from the n-7*/m-m*
transitions on triphenylamine, dibenzosuberenone, and benzalde-
hyde fragments in the structure of the dye 10. The dye 10 also ex-
hibited in emission maxima in 571 nm. Stokes shift for the dye

Br Br
(. ()
—_ >
AlCl Br B BPO O O
(6] Br o Br

Scheme 1. Synthesis of the key structure 3,7-dibromodibenzosuberenone 4.
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Scheme 2. Procedure for the synthesis of the monobromide 6.
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Scheme 3. Synthesis of the dye 10.

10 was found as 183 nm. Fluorescence quantum yield of the dye
10 was calculated as 0.27 by using Parker-Rees equation against
quinine sulfate in H,SO4 (0.5 M) as a standard (®f = 0.546) [19].
Table 1 summarizes the results of some photophysical properties
of the dye 10, and also other dibenzosuberenone-based dyes that
we had synthesized in our published previous studies.

As expected, in comparison to the other dyes, which have
been investigated in our previous study as a dihydropyridazine-
dibenzosuberenone derived dyes [33], the installation of the dye
10 leads to a red-shift of the emission maximum up to 20 nm.

The Stokes shift was shifted by 53 nm in comparison to the
dihydropyridazine-dibenzosuberenone derived dyes for the dye 10
(Table 1). In comparison with dye 9, dye 10 shows an increase of
Stokes shifts up to 29.1 nm. In comparison with dye 9, addition
of the aldehyde group to dye 10 led to a red shift of the absorp-
tion (up to 7.9 nm) and emission maxima (up to 37 nm) due to
the large m-conjugated skeleton electron delocalization from donor
to acceptor in D-A-w-A conjugated system. Moreover, the dye 10
showed a very high Stokes shift (183 nm) and a good fluorescence
quantum yield (0.27), which might be because the lone electron
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Table 1
Some photophysical properties of the dye 10.
UV absorption? Ama/nm (& Fluorescence? Stokes Quantum
Compounds (M1, cm™1)) Amax/NM (Aexc /nm) shift” (nm) yields® (®f) Study
dye 10 271 (24800), 331 (21200), 571 (380) 183 0.27 current study
388 (16400)
dye 9 380.1 534 (360) 153.9 0.07 also, our previous
study[15]
dihydropyridazine- 389-446 494-551 96-130 0.18-0.99 our previous
dibenzosuberenone study[33]

derived dyes

2 The spectra were recorded in CH,Cl, solutions at rt (c = 5 pM)
b Stokes shift = A max (ems) = A max (abs)

¢ The fluorescence quantum yields (®r) of the compounds were calculated using quinine sulphate in 0.5 M H,SO4 (® = 0.546) as the standard [19].

0.14 -

0.12 ~

0.10 ~

0.08 -

0.06 ~

0.04 4

Absorption Intensity (a.u.)

0.02 ~

0.00 ~

250 300 350 400 450 500
Wavelength (nm)

Figure 1. UV-Vis spectrum of the dye 10 in CH,Cl, at rt (c = 5 pM). Ambient (right)
images of the dye 10 in CH,Cl,.

pairs of the nitrogen atoms enhanced the intramolecular charge
transfer (ICT) as well as partially quenched the fluorescence. More-
over, the dye 10, with high emission and absorption maxima values
and a very large Stokes shift, is of great importance for dye appli-
cations.

3.3. Theoretical investigation

In order to explore the electronic structure of the dye 10, den-
sity functional theory (DFT) and time-dependent density functional
theory (TDDFT) calculations were performed using the Gaussian
09 at the B3LYP/6-311++G(2d, 2p) level [20]. For the dye 10, the
highest occupied molecular orbitals (HOMOs) were mainly local-
ized on the TFA moiety, while the lowest unoccupied molecular
orbitals (LUMOs) were more shifted to the CHO acceptor unit and
on the dibenzosuberenone core. Figures (Figure 3-5) illustrate the
electron density distribution of the HOMO and the LUMO and the
optimized structures for compound 7 and the dye 10. The orbital
distributions of TPA and CHO groups are conjugated through their
dibenzosuberenone cores in the middle, and these groups formed
branched or butterfly-shaped conjugations over almost the entire
molecules. Hence, the length of m-conjugation increases with the
addition of TPA and CHO units. The calculated HOMO and LUMO
energies of the ground state optimized geometry of the dye 10
were -5.360 and -2.521 eV, respectively. The calculated HOMO and
LUMO gap of the dye 10 is 2.838 eV.

Comparing the compound 7 and 9, [32] the dye 10 has the low-
est HOMO-LUMO band gap (2.838 eV) (Table 2), which means that

32 4

28 4

24 -

20 A

16 4

Fluorescence intensity (a.u.)

450 480 510 540 570 600 630 660 690 720
Wavelength (nm)
Figure 2. Fluorescence spectrum of the dye 10 in CH,Cl, at rt (c = 5 pM)

(Aexe = 380 nm). Fluorescence (right, under 365 nm UV light) images of the dye
10 in CH,Cl,.

HOMO

S e

Figure 3. The HOMO (lower), LUMO (upper) orbitals and bandgap energy of the
compound 9 at the B3LYP/6-311++G(2d, 2p) level.

Table 2

TDDFT study of compounds 7, the dye 9 and the dye 10.
Compounds  HOMO (eV) LUMO (eV) AE (eV)
7 -6.350 -2.778 3.572
dye 97 -4.870 -1.750 3.120
dye 10 -5.360 -2.521 2.838

2 See reference[32] for DFT study of the dye 9.
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Pl &
- 4
z/v LUMO
HOMO

Figure 4. The HOMO (lower), LUMO (upper) orbitals and bandgap energy of the
dye 10 at the B3LYP/6-311++G(2d, 2p) level.

the m-electron transition of the dye 10 is the easiest. This situation
may be the major reason why the dye 10 exhibited the longest flu-
orescence emission wavelength and Stokes shift among these com-
pounds. However, the LUMO (-2.521 eV) is lowered compared to
9 (-1.750 eV) because of the electron deficient nature of the CHO
unit. This low lying LUMO in dye 10 facilitates faster and greater
extent of charge transfer from donor to acceptor in the excited
state, resulting in a lower HOMO-LUMO gap and a redshift in the
absorption spectrum as compared to 9. Such results of electron dis-
tributions, the transferring electrons through D-A-7-A system can
facilitate electron injection from the excited state of the sensitizer
to T102

3.4. Photovoltaic properties

The current-voltage (J-V) characteristics of the DSSC device un-
der illumination of AM 1.5 G (100 mW/cm?) is shown in Figure 6,
and the device photovoltaic statistics such as short-circuit current
density (Jsc), open-circuit voltage (Voc), fill factor (FF) and pho-
tovoltaic conversion efficiency (PCE) are summarized in Table 3.

Journal of Molecular Structure 1232 (2021) 130056

@ Dye 10

Current density (mAIcm2)

0.0 0.1 0.2 0!3 0:4 0.5 0.6
Voltage (V)

Figure 6. ]-V for the devices base on the dye 10.

The PCE value is the product of Vqc, Jsc, and FFE. Calculations of
PCE were made according to the method reported in the literature
[15]. A good photovoltaic performance of the DSSC the dye 10 ex-
hibited a maximal PCE of 3.01% with a Jsc of 9.44 mA/cm?, a Vg
of 0.65 V and a FF of 49%, under the illumination of AM1.5, 100
mW/cm?2 lamp. In comparison with the dye 10, the 9 exhibited a
PCE of 2.54% with a Jsc of 7.31mA/cm?, a V¢ of 0.65 and a FF of
50%, under the same experimental conditions.

Compared with the dye 9, the photovoltaic performance signif-
icantly raised by adding an EWG, such as aldehyde (-CHO) in the
scaffold for the dye 10.

This may be because the stronger acceptor of the dye 10 has
a narrower band gap and wider absorption spectrum, which ade-
quately enhanced the Jsc.

Figure 5. Optimized structures of the compound 9 (upper) and the dye 10 (lower).
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Table 3
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Current-voltage characteristics of DSCs sensitized with 9 and 10.

Jsc (MAJecm2)  Voc (V) Jwp (MAJcm?)  Vyp (V) FF (%)  Power conversion efficiency (%)
Dye 10 9.44 0.65 6.67 0.45 49 3.01
Dye 9 7.31 0.65 5.17 0.46 0.50 2.38

2 See reference [15] for photovoltaic investigation of the dye 9.

These results indicate that the bond of aldehyde group onto
skeleton of the dye 10 increased Jsc and PCE. Because, the EWG
depressed the bandgap of the dye 10, causing the dye to ab-
sorb longer-wavelength light and thus increasing Jsc. The difference
between the HOMO-LUMO bandgap of these two dyes is 0.282
eV. As well known, the incentive to dye regeneration and elec-
tron injection is reliant upon the HOMO and LUMO energy lev-
els of sensitizers. The results demonstrate that this type of designs
on dibenzosuberenone-based can greatly improve the photovoltaic
properties.

4. Conclusion

In conclusion, a new fluorescent organic dye, named by dye
10, containing a dibenzosuberenone motif as central core based
on a D-A-m-A configuration was designed, synthesized and char-
acterized. The dye was successfully synthesized using Suzuki cou-
pling reaction in a different approach, namely one pot two differ-
ent aryl boronic acids containing EWG and EDG at para positions
were added to the reaction medium at the same time. As expected,
three different coupling products were obtained in a one-pot/one
step. Due to the presence of a strong electron-donating TPA unit,
a dibenzosuberenone as the central core and an additional accep-
tor, and and an aldehyde as the electron-deficient unit in the -
bridge, the dye 10 exhibits much enhanced absorption (388 nm)
and emission (571 nm) of long wavelength photons compared with
the D-A-D dye 9 and the dyes reported in our previous studies. In
addition, the dye 10 has a very large Stokes shift (183 nm), which
emphasizes its potential applications such as fluorescence sensors,
biological image and optoelectronic materials. The computational
studies demonstrate that the HOMO energy level of the dye 10 are
localized on the TPA unit, and the LUMO energy level are mainly
localized on the acceptor moieties, dibenzosuberenone and ben-
zaldehyde units. Comparing other derivatives 7, 9, the dye 10 has
the lowest HOMO-LUMO band gap (2.838 eV), which means that
the m-electron transition of the dye 10 is the easiest. The photo-
voltaic studies of the dye also afforded maximum conversion effi-
ciency of 3.01%. Using our synthetic strategy, it is possible to de-
sign and synthesize novel D-A-7-A type materials that have high
potential in applicable optoelectronic devices. The results reported
herein reveal that these dibenzosuberenone based organic dyes are
also promising molecular materials in the progress on photosensi-
tizers for DSSC.
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