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New heteroleptic ruthenium(II) complex was formulated as [Ru(L,),(NCS),], where L, = 9-anthracenyl-10-(2-methyl-2-butenoic
acid)-1,10-phenanthroline was synthesized and its photophysical properties were studied and compared to previously reported
analogue complex containing no anthracene moiety [Ru(L,),(NCS),], L, = (2-methyl-2-butenoic acid)-1,10-phenanthroline. The
two complexes though exhibit very strong molar extinction coefficient values; however, [Ru(L, ),(NCS), ] shows better characteristic
broad and intense metal-to-ligand charge transfer (MLCT) absorption band and higher molar absorptivity coefficient at (A, =
522nm, ¢ = 6.60 x 10 M~ cm™) than that of [Ru(L,),(NCS),] complex, (A,,, = 446nm, ¢ = 4.82 x 10 M ' cm™). At
room temperature, long wavelength emissions with strong intensity ratio centered at 660 nm were recorded for [Ru(L,),(NCS),]
complex with a bathochromic shift (A,,, = 700 nm) for [Ru(L,),(NCS),] complex. It was shown that the luminescence wavelength
characteristic of the complexes may be a function relating to the increasing length of 7-conjugation and/or molecular weight. A
preliminary cyclic voltammetry of [Ru(L,),(NCS),] complex also exhibits good electroredox activity with oxidation potential of

about 1.04 V, significantly better than other Ru(II) polypyridine complexes containing bidentate ligands.

1. Introduction

The search for efficient solar energy conversion devices
is an important area of research [1-7]. Among all major
constituents vital to dye-sensitized solar cells (DSCs), photo-
sensitizers are responsible for light harvesting, while suitable
photoanodes, redox couples, and counter electrodes are
utilized to achieve efficient charge separation, collection,
and transportation. The major challenge of this emergent
technology is to integrate each of the components into a
highly efficient, single photonic device [8-15]. Recently, an
order of magnitude increase in solar energy conversion effi-
ciencies at dye-sensitized photoelectrochemical cells has been
realized [16-22]. This breakthrough was accomplished by
attaching ruthenium polypyridyl complexes to high surface
area titanium dioxide, TiO, electrodes when operating as

photoanodes in a photoelectrochemical cells; these materials
efficiently convert visible light to electricity [23, 24]. Research
on artificial photosynthetic devices based on this technology
provides an opportunity to directly convert light energy into
electricity on a molecular level. Since it is expected that
most inorganic charge transfer complexes possess unique
ground and excited state properties, it is not surprising to
find that solar energy conversion efficiencies are dependent
on the nature of the molecular dye sensitizer. Ruthenium
polypyridine complexes are widely used as photosensitizers
in covalently linked multicomponent systems. Their photo-
physical properties make them ideal candidates as building
blocks for the design of supramolecular species performing
complex light induced functions [25-28]. These complexes
offer desirable redox properties, excited-state reactivity, lumi-
nescent emission, and excited-state lifetimes [29-36].



Previous study has shown that metal-to-ligand charge
transfer (MLCT) sensitizers with positive metal-based oxi-
dation potentials have the disadvantage of exhibiting high
energy absorption bands which only harvest a fraction
of visible light [25, 26]. For complexes of the type cis-
Ru(LL),X, (where LL is bidentate polypyridine ligands and X
is ancillary ligands) intense MLCT absorption bands are often
observed from 400 to 600 nm with negligible absorption
at longer wavelengths [22]. The MLCT absorption can be
extended to lower energy by appropriate substituent changes
in the chromophoric ligands or by decreasing the dm-7*
backbonding donation of the nonchromophoric ligands. The
effect of these changes on the photophysical properties of
metal polypyridine complexes has been the subject of several
investigations which have given fundamental insight into
the factors, which govern radiative and nonradiative decay
processes of excited states [25, 26].

In an attempt to extend the spectral sensitivity of
dye molecules towards the red, we have designed a new
cis-Ru(LL),-(X), polypyridine complex based on the lig-
and 5-(9-anthracenyl-10-(trans-2-methyl-2-butenoic acid)-
1,10-phenanthroline) with extended 7" accepting orbitals at
lower energy and the photophysical properties compared to
the previously reported heteroleptic Ru(II) complex of 5-
(trans-2-methyl-2-butenoic acid)-1,10-phenanthroline ligand
[37]. The photoelectrochemical characteristics exhibited by
the complex are rationalized in terms of spectroscopical
and photophysical properties measured in fluid solution.
As envisaged, enhanced spectral response was found for
complex containing anthracenyl functionality as compared
to that without anthracene. However, of particular relevance
in the context of this report in relation to our previous
studies and reports on the increasing number of anthracene
functionality in a particular ruthenium polypyridyl complex
in which molar extinction coefficient values are reduced
due to molecular aggregation [38-40]. On the basis of this,
we set out to investigate and discuss the photophysical and
electrochemical properties of a new-type monoanthracenyl
functionalized phenanthroline heteroleptic ruthenium(II)
complex in relation to its potential use as a photosensitizer
for application in the dye-sensitized solar cells (DSSCs) and
other optoelectronic devices.

2. Results and Discussion

2.1. Chemistry. Scheme 1 (i-iii) shows the stepwise syn-
thetic pathways for L, and L, and outlines the chemistry
of the present study. 9,10-Dibromoanthracene, 2-methyl-2-
butenoic acid, and 1,10-phenanthroline are the starting mate-
rials for 1 and 2. 9-Bromo-10-(2-methyl-2-butenoic acid)-
anthracene (1) was obtained when 9,10-dibromoanthracene
and 2-methyl-2-butenoic acid were refluxed in a ben-
zene/dichloromethane mixture under basic condition using
triethylamine, potassium hydroxide, and palladium carbide.
Product 2 was obtained by the initial introduction of
required bromine functions on 1,10-phenanthroline under
an environmentally benign condition as reported by Vyas
and coworkers [41]. L, and L, were synthesized following
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slight modifications of established procedures reported in the
literature [40]. The synthesis of L, essentially follows two
major reaction steps: the initial synthesis of a 2-methyl-2-
butenoic acid functionalized anthracenyl group followed by a
palladium cross-catalyzed reaction of two halide compounds.
This reaction was aided by the use of an equivalent volume
ratio of dichloromethane-benzene as solvent to overcome the
poor solubility of anthracenyl derivatives in common organic
solvents such as methanol and chloroform. It was found
that this reaction could be reversed by first reaction of the
halogenated polypyridine with 9,10-dibromoanthracene and
a subsequent dehydrohalogenation reaction with 2-methyl-
butenoic acid. L, was obtained by one-step nucleophilic
aromatic substitution reaction of the bromide group of
product 2 with 2-methyl-2-butenoic acid. The synthesis of
the metal precursor [RuCl,(dmso),] [42] and the complexes
[Ru(L,),(NCS),] and [Ru(L,),(NCS),] followed the general
synthetic route shown in Scheme 1 (iv and v). Sequential
substitution of the DMSO coordinating ligand from the
metal precursor led to formation of intermediate complex
[Ru(L,),CL] (L, = L, or L,) which was not isolated.
Final reaction was carried out with chloride exchange with
thiocyanate group [43].

2.2. Infrared Spectra. The FT-IR spectra of the starting
materials, the ligands, and the complex showed certain
characteristic absorption bands that were compared and
assigned on careful comparison. Due to structural similarities
between the ligand and the complex, a strong band in the
region 3479-3055cm™" was found. This gave indication of
the presence of an O—H group possibly from the carboxylic
acid moiety. This band, however, shifted to higher frequency
at 3551cm™ in the complex (Figure 1). The vibration fre-
quency bands between 3479 and 3237cm™' may be due
to presence of «-, fB-unsaturated carboxylic acid and/or
aromatic C—H stretching characteristics of the molecules. The
band at 2928 cm™' shows the presence of C—H stretching
of methyl groups. The complex shows a broad absorption
frequency at 2104 cm™" for stretch vibrational modes due to
the N-coordinated v (CN). This band is reduced in intensity
compared to the band at 926 cm™, due to v(CS). The bands
at 1971, 1638 cm ™', 1309, and 1256 cm ™" were assigned to the
v(C=0) and v(C-0O) stretching of carboxylic acid groups,
respectively. The singlet sharp band at 1617 cm ™" is assigned
to the aromatic C-N stretch vibration with the two bands
at 1459 and 1438 cm™ due to ring stretching modes of the
ligands. A comparison of the infrared spectra of L, and 9,10-
dibromoanthracene showed that a strong vibrational band in
the former was conspicuously absent in the latter, confirming
the loss of C-Br bond and the formation of C-C bond
linkages of the anthracenyl group. Furthermore, the C-C
bond linkage between anthracene and phenanthroline was
affirmed by the absorption frequency at 804 cm ™. Peaks in
the region at 747 and 730 cm™' demonstrate the existence of
four adjacent hydrogen atoms common to L; and complex
[Ru(L,),(NCS),]. All vibrational peaks in the region are
found to be relatively weak and broad in the complex, which
may be ascribed to the loss of crystallinity and the broad
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ScHEME I: Synthetic pathways for ligands L, and L, and complexes [Ru(L,),(NCS),] and [Ru(L,),(NCS),].

distribution of the anthracene chain length [36]. The weak
absorption frequencies at 475 and 404 cm™', respectively,
show the coordination of nitrogen atoms of the ancillary
ligands to ruthenium central metal atom [44].

2.3. NMR Spectroscopy. The 'H-NMR of L, due to molecular
symmetry showed five major signals at the aromatic region at
6 9.18 (d, ] = 3.2Hz), 8.23 (d, ] = 7.2 Hz), 777 (s), 7.62 (dd,
J = 4.4, 8.0Hz), and 6.97 (d, ] = 72 Hz); these peaks were

assigned to the phenanthroline and anthracene protons. The
two signals in the aliphatic region at § 1.81 (t, CH;) and 1.23
(t, CH;) were unambiguously assigned to the trans-methyl
protons of the carboxylic acid group (Figure 2). The *C
spectrum peaks of the L, ligand (Figure 3) showed important
diagnostic peaks depicting the presence of phenanthroline,
anthracene, and the 2-dimethyl substituted «-, -unsaturated
carboxylic acid. At the aromatic region, a peak at § 150.28
was tentatively assigned to the C=O of the acidic group
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FIGURE 1: FT-IR spectrum of [Ru(L,),(NCS),] complex in KBr.
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FIGURE 2: 'H NMR spectrum of L, in CDCl,.

and/or the C=N of the phenanthroline framework. Increase
in the m-bond conjugation in molecules is known to cause
upfield shifts for all types of carbonyl compounds due to
strong electron density delocalization [45]. The reduced peak
signals at § 146.19, 139.25, and 128.61 ppm were assigned
to the quaternary carbon atoms. Three strong peaks at &
135.98, 126.50, and 123.06 ppm were assigned to the methine
groups of the ligand. At the aliphatic region, the two methyl
groups showed conspicuous peaks at § 14.42 and 11.74 ppm.
Good "H and "C-NMR spectra resolutions were difficult
to obtain for the corresponding [Ru(L,),(NCS),] complex.
However, in the aromatic region of the 'H-NMR, it was
observed that the two major symmetric signals assigned to
the anthracene protons dominate the spectrum at § 8.59 (dd,
=4.8,72Hz) and 7.63 (dd, ] = 2.8, 6.8 Hz), the phenanthroline
proton peak signals were found at a very much reduced
intensity (Figure 4). The aliphatic region of the spectrum,
however, gave interesting information with the presence of
four downfield singlet peak signals at § 2.95, 2.88, 2.17, and
2.04 ppm which were assigned to the methyl signals of the
carboxylic acid groups. The reason for the splitting into
four different singlet peaks is unclear at the moment, but
it could be inferred that the two outer anchoring ligands
in the complex possibly have different spatial orientation as
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FIGURE 3: >C NMR spectrum of L, in CDCl,.
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FIGURE 4: 'H NMR spectrum of [Ru(L,),(NCS),] complex.

opposed to the symmetry found in a single (L, ) ligand before
complexation.

2.4. Electronic Absorption and Emission Spectra

2.4.1.  Electronic Absorption Spectroscopy. The UV-Vis
absorbance and  emission spectra of  complex
[Ru(L,),(NCS),] were recorded at room temperature in
aerated DMF solution and are shown in Figures 5, 6, and
7, respectively. The complex exhibits a very broad and
intense metal-to-ligand charge (MLCT) absorption band
throughout the visible region of the spectrum (430-700 nm)
characteristics of many other ruthenium(II) polypyridyl
complexes which can be assigned to electronic transitions
from the Ru"" based t,g orbital to the ligand based 7z* orbitals.
The molar extinction coefficient of [Ru(L, )2(NCS)2] complex
centered at its maximum 522nm is 6.60 x 10* M} s
about 73% larger than that of [Ru(L,),(NCS),] (4.82 X
10* M~ cm™") with a blue shift at 446 nm. The anthracenyl
nature of the complex exhibits multiple distinct vibronic
peaks for the intraligand (m — 7*) charge transfer transitions
characteristics of anthracene derivatives at 348, 365, 383,
and 405nm. These bands enhance the oscillator strength
in the blue and green portions of the spectrum relative to
[Ru(L,),(NCS),] complex. These features have also been
found as a means of improving light absorption cross sections
at higher energy in similar complexes [46]. In addition, the
higher absorption coefficient of the [Ru(L,),(NCS),]
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FIGURE 5: Comparison of the UV-V is absorption spectrum of
[Ru(L,),(NCS),] (solid line) with [Ru(L,),(NCS),] (dash line) at
a concentration of 1 x 10> M ™" in DMF solution showing effect of
extended 7-conjugation using anthracene.

complex, consequently, allows a thinner nanocrystalline
TiO, film to avoid the decrease of the mechanical strength.
A thinner film also facilitates the electrolyte diffusion and
reduces the recombination possibility of the light-induced
charges during transportation [47]. The molar extinction
coeficients of the two complexes descend steadily towards
longer wavelengths. Noticeably, the complexes show a
common weak shoulder in the near infrared region at
918nm (¢ = 5734 M 'ecm™') and general broad bands in
the region of 965-1022nm (Figure 6); these absorption
bands are attributed to the MLCT triplet state excitation
of the ruthenium(II) polypyridine complexes [39, 48].
The intense absorption band in the UV region around
280-300nm (not shown) was assigned to the intraligand
nm — 7" transitions of L, and L, ligands. The lower-energy
absorption in the two complexes may have been enhanced
due to the presence of the electron withdrawing nature of the
carboxylic groups which lowers the energy of the 7* orbital
of the phenanthroline ligands and a further stability of the
complexes provided by the trans nature of the methyl groups
[49].

2.4.2.  Emission  Study. The emission spectra of
[Ru(L,),(NCS),] and [Ru(L,),(NCS),] are displayed in
Figure 7. Upon excitation into the 'LC and 'MLCT bands
(470 nm), both complexes display appreciable luminescence
at room temperature. An emission wavelength maximum
centered at 660 nm was recorded for [Ru(L;),(NCS),]. It
is interesting to note the red shift in emission wavelength
maximum centered at 700nm for [Ru(L,),(NCS),]. As
observed in the absorption spectra, the emission spectra
show no shoulders, indicating probably the existence of only
one emitting state and nondistortion of molecular structures
in the two complexes. However, overall emission wavelengths
show an inverse relationship with increase in absorption
wavelength maxima. This may be explained in terms of
the energy gap between the ground and the lowest excited
states which monotonically increases as the extent of charge
transfer of the electronic ground state decreases. The results
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FIGURE 6: Comparison of the lowest energy absorption bands
of [Ru(L,),(NCS),] and [Ru(L,),(NCS),] complexes detected in
the near infrared region of 900-1022nm (¢ = 5.70 — 7.80 x
10°Mem™).
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may also be ascribed to the molecular size of the complexes.
It has been reported that as the molecular size increases
through the extended m-conjugation, the density of the
states will increase, thus providing more effective coupling
channels between the ground and photon-allowed states
[50, 51]. It is well known that conjugated functional organic
molecules are useful for the study of electron transport at
the molecular scale and that the use of fused-ring systems
is a powerful and practical approach. The energy of the LC
excited states depends on intrinsic properties of the ligands,
such as the HOMO-LUMO energy gap and the singlet-triplet
splitting. The intense emission is a significant contribution
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FIGURE 8: Cyclic and square wave voltammograms (a and b) for [Ru(L,),(NCS),] complex at 1 x 10°M in freshly distilled DMF containing
0.1M TBABF, supporting electrolyte. Step potential is 5 mV, amplitude is 60 mV versus Ag|AgCl, and frequency is 10 Hz. Scan rate is 100 m

Vs~ versus Ag|AgCl.

to the excited state from an interaction between the metal
d-orbital and the ligand 7-systems [52].

2.5. Electrochemical Study. The cyclic and square wave
voltammograms of the complex [Ru(L,),(NCS),] were
examined in the potential range +1.5 to —1.5V and at a scan
rate 50 mV-s~' using Ag|AgCl electrode in DMF solvent with
0.1 M tetrabutylammonium hexafluorophosphate as support-
ing electrolyte (Figure 8(a)). The voltammograms display the
Ru**/Ru’" couple at positive potential and ligand based on
reduction couples at negative potential. A reversible one-
electron oxidation peak at E;;, = +1.04 V (process III) was

attributed to Ru**/Ru’* wave couple, which was found at
a slightly reduced potential (~+0.14 V) in the square wave
voltammogram (Figure 8(b)). The reason for the observed
shift in potential could not be adequately accounted for,
though, the possibility of instrumental error is not pre-
cluded [40, 49]. In comparison, the highly efficient Ru(II)
DSC sensitizers commonly possess Ru”*/Ru’* potentials
close to or greater than ca. +0.9V while maintaining a
sizeable over potential versus I"/I;~ couple to ensure the
fast regeneration of the oxidized sensitizer [53, 54]. To
circumvent this limitation, one possible solution is to attach a
strong electron-withdrawing group onto the ancillary so that
oxidation potentials can be adequately controlled [55]. One
identified irreversible oxidation peak process II was observed
at +0.58 V; this was ascribed to the ring oxidation of either
the phenanthroline or anthracene and/or a contribution
from the carboxylate ions present in the complex. At the
negative potential, pseudoirreversible wave was observed at
—0.89'V for process 1. The more positive reduction potential
may be assigned to the contribution from the liganddue to
an additional (C=C) conjugative m-bond as found in the
structure of anthracene since the ligand contains the electron

withdrawing ~-COOH group of the anchoring ligand being
responsible for lowering the LUMO levels.

3. Experimental

3.1. Materials and General Physical Measurements. All
chemical and reagents were analytically pure and used
without further purification. 5-Bromo-1,10-phenanthroline
and  5-(9-bromoanthracene)-1,10-phenanthroline  were
synthesized as described in the literature [41]. 5-(9-
Anthracenyl-10-(trans-2-methyl-2-butenoic acid)-1,10-
phenanthroline) (L,;) and 5-(trans-2-methyl-2-butenoic
acid)-1,10-phenanthroline  (L,) were synthesized by
the literature procedure [38] with slight modifications
(Scheme 1). All thin layer chromatography (TLC) analyses
were done with aluminium sheet precoated with normal
phase silica gel 60 F,;, (Merck, 0.20 mm thickness) unless
otherwise stated. The TLC plates were developed using
any of the following solvent systems: solvent system
A: dichloromethane-methanol (9:1); solvent system B:
dichloromethane-methanol (7 : 3); solvent system C: diethyl
ether-methanol (1:1). Gel filtration was performed using
Sephadex LH-20 previously swollen in specified solvent
(s) prior to loading of extract onto the column (3.5cm X
8.5 cm). Melting points were determined using a Gallenkamp
electrothermal melting point apparatus. Microanalyses (C,
H, N, and S) were carried out with a Fisons elemental
analyzer and infrared spectra were obtained with KBr
discs or nujol on a Perkin Elmer System 2000 FT-IR
Spectrophotometer. UV-Vis and fluorescence spectra were
recorded in a 1cm path length quartz cell on a Perkin Elmer
Lambda 35 spectrophotometer and Perkin Elmer Lambda
45 spectrofluorometer, respectively. 'H- and *C-NMR
spectra were run on a Bruker EMX 400 MHz spectrometer
for 'H and 100 MHz for ’C. The chemical shift values
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were reported in parts per million (ppm) relative to (TMS)
as internal standard. Chemical shifts were reported for the
ligands and complex with respect to CDCl; at 6. 77.00 and &y
CDCl, at 7.26. Electrochemical experiment was performed
using a PGSTAT 302 Autolab potentiostat (EcoChemie,
Utrecht, The Netherlands) driven by the general purpose
electrochemical system data processing software (GPES,
software version 4.9). A conventional three-electrode system
was used. The working electrode was a bare glassy carbon
electrode (GCE); Ag|AgCl wire and platinum wire were
used as the pseudo-reference and auxiliary electrodes,
respectively. The potential response of the Ag|AgCl pseudo-
reference electrode was less than the Ag|AgCl (3M KCI)
by 0.015 + 0.003 V. Prior to use, the electrode surface was
polished with alumina on a Buehler felt pad and rinsed with
excess Millipore water. All electrochemical experiments were
performed in freshly distilled dry DMF containing TBABF,
as supporting electrolyte.

3.2. Synthesis of 5-(9-Anthracenyl-10-(trans-2-Methyl-2-
butenoic  acid)-1,10-phenanthroline)  (L;). 5-Bromo-1,10-
phenanthroline (1g, 3.86 mmol) and 9-bromo-10-(2-methyl-
2-butenoic acid)-anthracene (1.37g, 3.86 mmol) were
dissolved in benzene-dichloromethane (70 mL, v/v, 1:1),
followed by the addition of Et;N (ImL), KOH (0.27g,
4.82mmol), and palladium-carbide (0.05g). The reaction
was carried out under reflux for 12h at temperature 110-
120°C. Colour: yellow crystalline solid. Melting point:
167-169°C; percentage yield: 1.40 g, 59%, IR (KBr) v, /cm ™'
3427, 3055, 2979, 2924, 2552, 1966, 1871, 1802, 1579, 1558,
1453, 1417, 1304, 1255, 1140, 1089, 1040, 994, 926, 756, 654, 619,
579. 'H-NMR (CDCL,): & 9.18 (d, ] = 3.2Hz), 8.23 (d, J =
72Hz), 777 (s), 7.62 (dd, ] = 4.4, 8.0 Hz), 6.97 (d, ] = 7.2 Hz),
1.81 (t, CH;), 1.23 (t, CH;). PC-NMR (CDCl,): 8 150.28,
146.19, 139.25, 135.97, 128.61, 126.49, 123.04, 14.42, and 11.74.
Elemental analysis: calculated H 4.88, C 81.72, and N 6.16;
required H 4.71, C 81.60, and N 6.31. Molecular formula:
C31HpuN,0,.

3.3. Synthesis of 5-(trans-2-Methyl-2-butenoic acid)-1,10-
phenanthroline (L,). 5-Bromo-1,10-phenanthroline (1.0g,
3.86mmol) and trans-2-methyl-2-butenoic acid (0.39g,
3.86 mmol) were dissolved in MeOH (40 mL) in a 250 mL
flask. Et;N (1.0mL) and palladium carbide (0.050g) were
added and the mixture was refluxed for 8 h at a temperature
between 110 and 120°C. Colour: white-pink crystalline solid;
percentage yield: 0.74 g, 53%; melting point: ND; IR (KBr,
vmax/cm_l): 3,419, 3,032, 2,929, 1,694, 1,652, 1,619, 1,589, 1,561,
1,506, 1,420, 1,385, 1,343, 1,256, 1,219, 1,140, 1,093, 1,080, 1,037,
1,015, 843, 766, 734, 769, 625, and 530. "H-NMR (CDClLy): 6
11.33 (br, OH), 8.98 (t, J = 4.0Hz, 2H, H-2, 9), 792 (d, ] =
8.0Hz, 2H, H-4, 7), 745 (s, 1H, H-6), 7.35 (2d, ] = 4.4 Hz,
2H, H-3,8), 1.68 (s, 3H, CHj;), and 1.59 (d, ] = 6.8 Hz, 3H,
CH,). ®C-NMR (CDCl,): 8 172.83, 150.39, 150.30, 146.30,
146.21, 138.79, 136.13, 128.81, 128.72, 126.68, 126.59, 123.27,
123.19, 14.74, and 12.14. Elemental analysis: calculated H 5.07,
C 73.37, and N 10.07; required H 4.99, C 73.64, and N 10.23.
Molecular formula: C,;H,N,O,.

3.4. Synthesis of cis-Dithiocyanato-bis-5-(9-anthracenyl-10-
(trans-2-methyl-2-butenoic acid)-1,10-phenanthrolyl) Ruthe-
nium(ll) Complex [Ru(L,),(NCS),]. In a 250mL flask,
[RuCl,(dmso),] (0.05g, 0.11mmol) was dissolved in N,N-
dimethylformamide/method mixture (80 mL, 1:5, v/v) fol-
lowed by the addition of ligand L, (0.10 g, 1.22 mmol). The
mixture was refluxed initially at 120°C for 12h in the dark
and excess of NH,NCS (0.17 g, 2.20 mmol). Colour: dark-
brown solid; melting point: >260°C; percentage yield: 0.79 g,
25%. TR (KBr) v, /cm™': 3,551, 3,479, 3,414, 3,237, 2,928,
2,104, 1,971, 1,638, 1,617, 1,459, 1,448, 1,304, 1,265, 1,156, 1,090,
1,026, 926, 804, 747, 730, 622, 579, 475, and 404. UV-Vis
(A /0, £ = x10* M~  cm™, DMF): 348 (11.70), 365 (17.27),
383 (23.62), 405 (21.23), 437 (5.07), and 522 (6.59). Emission
wavelength: (A.,. = 500nm, A, = 660nm). Selected 'H-
NMR data (CDCly): § 8.59 (dd, J = 4.8, 72 Hz), 7.63 (dd, ]
= 2.8, 6.8 Hz), 2.95 (s, CH,), 2.88 (s, CH,), 2.17 (s, CH,), and
2.04 (s, CH;). "C-NMR (CDCl,): ND. Cyclic voltammetry
data: Ru**/Ru’ = +1.04 V; E,oqc = +0.58 Vi Ehodic =
—-0.89 V. Elemental analysis: calculated H 3.94, C 68.25, N
744, and S 5.69; required H 4.22., C 68.55, N 7.76, and S 5.91.
Molecular formula: RuCy,H,,N:O,S,.

3.5. Synthesis of cis-Dithiocyanato-bis-5-(trans-2-methyl-2-
butenoic acid)-1,10-phenanthrolyl Ruthenium(II) Complex
[Ru(L,),(NCS),]. Ina250mL flask, [RuCl,(dmso),] (0.44 g,
0.90 mmol) was dissolved in N,N-dimethylformamide
(40mL) followed by the addition of ligand L, (0.50g,
1.79 mmol). The mixture was refluxed initially at 120°C for
2h in the dark and excess of NH,NCS (0.27 g, 3.59 mol)
was added and the same procedure as described above was
followed. Colour: orange solid; melting point: 201-204°C;
percentage yield: 0.38g, 38%. IR (KBr) v,,,./cm': 3,423,
3,058, 2,926, 2,856, 2,086, 2,058, 1,978, 1,631, 1,427, 1,384,
1,221, 1,205, 1,147, 1,056, 879, 844, 773, 721, 621, and 559.
UVVis (A, /nm, € = x10° M~ cm™, DMEF): 416 (4.49),
446 (4.82). Emission wavelength: (1. = 500nm, A, =
700 nm). "H-NMR (CDCL,): & 8.77 (d, J = 8.0 Hz, 4H), 8.38
(s,2H), 8.08 (d, ] = 4.8 Hz, 4H), 7.76 (dd, ] = 5.2, 8.0 Hz, 4H),
and 3.40 (s, 6H). Selected aromatic *>*C-NMR data (CDCly):
153.62, 148.13, 137.69, 131.33, 128.92, and 127.17. Elemental
analysis: calculated H 3.65, C 55.88, N 10.86, and S 8.29;
required H 3.32, C 55.95, N 10.51, and S 8.59. Molecular
formula: RuC;,H,sN,O,S,.

4. Conclusions

With the growing research in the different sections of DSSC,
including sensitizers, we have designed, synthesized, and
characterized a new ligand, 5-(9-anthracenyl-10-(2-methyl-
2-butenoic acid)-1,10-phenanthroline (L;), and its ruthe-
nium(II) complex [Ru(L,),(NCS),] using FT-IR, '"H NMR,
and elemental analysis. The photophysical properties of the
complex when compared with previously reported analogue
[Ru(L,),(NCS),] complex containing no anthracenyl func-
tionality were found to show higher molar extinction coef-
ficient and shifting of the wavelength maximum to the red as
these were attributed to the extension of 7-bond conjugation



in the molecule. In terms of emission characteristic, however,
the wavelength of the complex [Ru(L;),(NCS),] was blue-
shifted due to the size/molecular weight as more conjugated
bonds are introduced.

By comparison of the electroredox property of the com-
plex [Ru(L,),(NCS),] to other reported Ru(II) polypyridyl
complexes used as photosensitizers for dye-sensitized solar
cells (DSSCs) applications, the complex showed a good
electroredox property. The Ru**/Ru’" oxidation potential
(Eox") is measured as 1.04 V (versus AgCl), which is larger
than that of the I"/I;~ redox potential (~0.35 V versus NHE).
It has been revealed that oxidation potentials provide first-
hand information on whether newly developed dyes can
be efficiently regenerated by the I"/I;~ redox couple [56-
58]. Particularly, for this molecule, further work is ongoing
in our laboratory to establish the solar-to-electrical energy
conversion efficiency (#) in the dye-sensitized solar cells
(DSSCs). However, due to m-electron cloud overlaps in
anthracene derivatives, the molecule could be useful in other
applications, including organic electroluminescence material
for biosensitizers and display devices such as organic light
emitting diode (OLED), organic thin film transistor (OTFT),
wearable display, photochromic agents, and electronic paper.
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