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In this study, novel two silicon phthalocyanine photosensitizers (3PY-Si and

4PY-Si) containing pyridine groups as an electron-withdrawing and anchoring

group have been prepared and chemically characterized for dye-sensitized solar

cells (DSSCs). Photoelectrochemical and photovoltaic properties of the photo-

sensitizers were evaluated. The new photosensitizers elucidated by spectroscopic

and electrochemical techniques. As reported by fluorescence measurements, the

silicon phthalocyanine photosensitizers exhibited slightly higher fluorescence

quantum yield (ΦF = 0.25) than the unsubstituted zinc phthalocyanine which is

favorable for photophysical applications. The DSSC based on complex 3PY-Si

shows the highest power conversion efficiency (PCE) of 0.53% with the Jsc, Voc

and FF values of 1.205 mA cm−2, 0.612 V, and 0.72, respectively, in the presence

of the coadsorbent. These silicon phthalocyanine photosensitizers with bulky

axial pyridine substituents found to be important materials for (DSSCs) since

they show strong absorption in the red region and their ligands hamper the

stacking of rings. This situation prevented the formation of aggregates with a

common tendency to photosensitizers on the TiO2 surface.
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1 | INTRODUCTION

Owing to growing global energy, technological develop-
ments and increasing use of electronic equipment, energy
conversion has become very important in our lives. Many
advanced studies have been done by scientists to have
this transformation. One of the works that have been
done by the scientist is dye-sensitized solar cells (DSSC),
which are actively used in photovoltaic technology. DSSC
performance depends on the formation of the sensitizers
used, the photoanode, the counter-electrode, the electro-
lyte used, and the harmonious operation of all these
equipment.[1,2] It works with the addition of electrolyte

between the photoanode coated with TiO2 and the coun-
ter electrode and the transfer of electrons in this closed
system. The efficiency of electron transfer of dyes is also
related to the structure of the dye. DSSCs using ruthe-
nium complexes as dyes yielded 11.5% power conversion
efficiency (PCE) under AM 1.5G irradiation.[3] However,
the low absorption coefficient of these ruthenium sensi-
tizers in the red region and the low availability of ruthe-
nium has led to the development of effective and
ruthenium-free sensitizers for DSSCs. In contrast to
ruthenium dyes, phthalocyanine (Pc) dyes, which are
sensitizers with extended π-conjugation, have attracted
attention owing to high absorption coefficients in the red
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region of the solar spectrum and efficient photo-induced
electron transfer.[1,4,5] These dyes exhibited high perfor-
mance in DSSC applications with light-harvesting effi-
ciency up to 700 nm and good photochemical and
thermal stability properties.[1,6,7] This makes them attrac-
tive for DSSCs. Due to the planar structure of the Pc ring,
Pcs which do not contain substituents or contain bulky
substituents have a high tendency to aggregate.[8,9] To
prevent aggregation, bulky axial or equatorial substitu-
ents may be added to the phthalocyanine structure.[4,9–13]

In this sense, the axially ligated hexacoordinate nature of
silicon phthalocyanines is important because the axial
substituents can not only hinder undesired dye aggrega-
tion on the TiO2 surface but also can increase the solubil-
ity of Pcs in many organic solvents.[13–15]

The anchoring groups in DSSCs, such as carboxylic
acid, cyanoacrylic acid or rodanin-3-acetic acid which
generally serve as electron acceptors, are used to ensure
that the dye attaches to the semiconductor surface.[16,17]

The carboxylic acid groups form a strong ester linkage
with the semiconductor surface, providing a strong elec-
tronic communication between the dye and the semicon-
ductor surface.[1] However, using different functional
groups as an anchor and electron acceptor can enable the
development of new dyes for DSSCs.[6] In this study, in
order to prepare new and efficient phthalocyanine photo-
sensitizers in DSSCs, different dyes with a stronger inter-
action between the electron-accepting moiety of the
sensitizers and the TiO2 surface can be designed. In this
manner, we prepared two silicon photosensitizers and
tested the utility of a pyridine ring as an electron-
withdrawing and anchoring group in place of a conven-
tional carboxy group in phthalocyanine-sensitized solar
cells. Also, their electrochemical, photophysical, and pho-
tovoltaic properties were examined.

2 | EXPERIMENTAL

The used materials, equipment, electrochemical, photo-
physical, photovoltaic parameters, and characterization
details were supplied as Supplementary information.

2.1 | Synthesis

2.1.1 | Bis-[(3-pyridin-3-ylpropoxy)]
phthalocyaninato silicon (IV) (3PY-Si)

A mixture of 3-pyridinepropanol (3PY-OH) (0.06 mL,
0.48 mmol), SiPcCl2 (0.15 g, 0.24 mmol), NaH (0.011 g,
0.48 mmol) was refluxed in dried toluene (15 mL) at
110�C for 24 hr. Then the solvent was evaporated and the

crude product was purified by aluminum oxide column
chromatography using CHCl3:MeOH (100:1). Yield:
50 mg (25%), m.p. > 300�C. IR (ATR), ν/cm−1: 3022
(Ar-H), 2,917–2,848 (Aliph. C-H), 1519, 1472, 1445, 1427,
1351, 1333, 1290, 1253, 1165, 1121, 1106, 1075, 955, 909,
758, 729. 1H-NMR (400 MHz, CDCl3), (δ): 9.67 (s, 8H,
Pc-Hα), 8.38 (s, 8H, Pc-Hβ), 7.95 (s, 2H, Ar-H), 7.12
(s, 2H, Ar-H), 6.49 (bs, 2H, Ar-H), 5.82 (m, 2H, Ar-H),
−0.12 (bs, 4H, Ar-CH2), −1.28 (bs, 4H, -CH2-), −2.03 (bs,
4H, Si-O-CH2).

13C-NMR (100 MHz, CDCl3), (δ): 149.28,
148.66, 146.09, 136.30, 135.93, 134.74, 130.97, 123.72,
122.24, 53.78, 30.15, 29.70. UV–Vis (CHCl3) λmax nm
(log ε): 673 (5.23), 644 (4.43), 606 (4.46), 355 (4.77).
MALDI-TOF-MS m/z calc. 812.95; found: 812.17 [M]+.

2.1.2 | Bis-[(4-pyridin-3-ylpropoxy)]
phthalocyaninato silicon (IV) (4PY-Si)

4PY-Si was synthesized similarly to 3PY-Si by using
4-pyridinepropanol (4PY-OH). The crude product was
purified by aluminum oxide column chromatography
using CHCl3:MeOH (100:2). Yield: 93 mg (47%), m.p. >
300�C. IR (ATR), ν/cm−1: 3055 (Ar-H), 2941–2866 (Aliph.
C-H), 1599, 1520, 1446, 1427, 1334, 1291, 1215, 1165,
1123, 1096, 1079, 1059, 957, 910, 759. 1H-NMR (400 MHz,
CDCl3), (δ): 9.66 (bs, 8H, Pc-Hα), 8.37 (bs, 8H, Pc-Hβ),
7.78 (m, 4H, Ar-H), 5.50 (m, 4H, Ar-H), −0.09 (bs, 4H,
Ar-CH2), −1.30 (bs, 4H, -CH2-), −2.12 (bs, 4H, Si-O-CH2).
13C-NMR (100 MHz, CDCl3), (δ): 149.29, 149.26, 148.30,
135.91, 131.04, 123.73, 122.80, 53.45, 29.68, 29.12. UV–Vis
(CHCl3) λmax nm (log ε): 674 (5.45), 645 (4.64), 607 (4.69),
354 (4.99). MALDI-TOF-MS m/z calc. 812.95; found:
812.70 [M]+.

3 | RESULTS AND DISCUSSION

3.1 | Synthesis and characterization

The synthesis of pyridine substituted silicon phthalocya-
nines (3PY-Si, 4PY-Si) is given in Scheme 1.
Bis-[(3-pyridin-3-ylpropoxy)]phthalocyaninato silicon (IV)
and bis-y[(4-pridin-3-ylpropoxy)]phthalocyaninato silicon
(IV) were synthesized by the reaction of SiPcCl2 with
3-pyridinepropanol (3PY-OH), 4-pyridinepropanol (4PY-
OH), in the presence of NaH in toluene. 3PY-Si and 4PY-
Si were elucidated by a combination of methods including
FT-IR, 1H-NMR, 13C-NMR, UV–Vis, and MALDI-
TOF MS.

In FT-IR spectra, the structure of bis-[(3-pyridin-
3-ylpropoxy)]phthalocyaninato silicon (IV) 3PY-Si and
bis-[(4-pyridin-3-ylpropoxy)]phthalocyaninato silicon (IV)
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4PY-Si were confirmed by the vibration of Si-O bond at
1075 and 1,079 cm−1, respectively.

Figure 1 exhibits the FT-IR spectra of the 4PY-Si
powder and the 4PY-Si adsorbed on TiO2. When the FT-
IR spectrum of 4PY-Si adsorbed on TiO2, the new band
raised at around 1609 cm−1, which is confirmed to the
pyridine ring coordinated to the Lewis acid areas of the
semiconductor TiO2 surface.[18–20] This band shows that
the 4PY-Si is chiefly adsorbed on the TiO2 surface by
coordinate bonding at the Lewis acid areas (from nitro-
gen atoms to Tin+ cations). The bathochromic shift of the
absorption maximum shows that the absorbed dye occurs
a coordination bond on the TiO2 surface. The coordina-
tion bond formed between the Lewis region of the TiO2

surface and the pyridine ring of the photosensitizer indi-
cates that the pyridine ring may be a candidate for
electron-withdrawing anchoring groups in DSSCs.

In the 1H-NMR spectra, the Hα protons of 3PY-Si and
4PY-Si appeared at 9.67 and 9.66 ppm, the Hβ protons of
3PY-Si and 4PY-Si appeared at 8.38 and 8.37 ppm. The
protons of Ar-CH2, -CH2- and Si–O–CH2 shifted negative
[(−0.12)-(−2.03) ppm] for 3PY-Si (Figure 2A) and
[(−0.09)-(−2.12) ppm] for 4PY-Si owing to the magnetic
anisotropy of the Pc ring.[21] Also, 13C-NMR spectra
supported the 3PY-Si (Figure 2B) and 4PY-Si structures.
In the MALDI-TOF MS spectra of 3PY-Si and 4PY-Si,
molecular ion peaks at m/z 812.17 [M]+, 812.70 [M]+ are
in accordance with the calculated values, respectively
(Figure S1).

3.2 | UV–vis studies

The UV–Vis absorption spectra of the phthalocyanine
photosensitizers (3PY-Si and 4PY-Si) in CHCI3 as the
non-coordinated solvent is exhibited in Figure 3. The
intense and sharp well-defined Q-band centered at
673 and 674 nm exhibits the lack of aggregation phenom-
ena in the solution. This situation is quite important for
important sensitization of the material.

In this study, aggregation behaviors of 3PY-Si and
4PY-Si were examined by UV–Vis spectrophotometer in
different solvents and concentrations. Figure S3A shows
the UV–Vis spectra of the 3PY-Si in different organic sol-
vents. 3PY-Si and 4PY-Si did not show any aggregation
in DMSO, THF, DMF, CHCl3, EtOAc, and CH2Cl2 owing
to axial substitution (Figures S2A and S3A). Also, aggre-
gation behaviors of the 3PY-Si and 4PY-Si were investi-
gated at different concentrations in DMSO. No
aggregation tendency has been demonstrated for 3PY-Si
(Figure S3B) and 4PY-Si (Figure S2B). Because a steady
increase in the intensity of the spectra was shown with
increasing concentration. This increase was compatible
with the Beer–Lambert law.

UV/Vis spectroscopy of the photosensitizer adsorbed
on TiO2 nanoparticles exhibits that the photosensitizer
4PY-Si was adsorbed onto the TiO2 without
chenodeoxycholic acid (CDCA) as a co-adsorbent, Q-
band absorption maximum red-shifted by about 5 nm
compared to that in the CHCl3 (Figure 4). The red-shifted
of the Q-bands is owing to the interaction between the
anchor group of the photosensitizer and the mesoporous

SCHEME 1 The synthesis of pyridine substituted silicon

phthalocyanines. (i) Toluene, NaH, 120�C

FIGURE 1 FT-IR spectra of dye powders (red line) and dye

adsorbed onTiO2 (blue line) for dye 4PY-Si
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TiO2 surface. This is owing to the strong interaction
between the pyridine and the TiO2 surface of the pyridine
containing the electron-withdrawing anchoring
group.[19,22] Also, the solid-state spectrum of 3PY-Si and
4PY-Si adsorbed onto titania displays a broadening of the
phthalocyanine Q-band. This slight enlargement is
chiefly owing to the adsorption of the photosensitizer
molecules onto the semiconductor surface (TiO2). On the
other hand, the interaction of 3-pyridin-3-ylpropoxy moi-
ety and TiO2 surface, in cases with and without CDCA,
the absorption spectra of the photosensitizer 4PY-Si indi-
cate minimal or no aggregation, showing that the aggre-
gation could be expeditiously hampered by the steric
effect of flexible and long axial 3-pyridin-3-ylpropoxy
group in the molecule (Figure 4 inset). Similar behavior
was also observed for photosensitizer 3PY-Si.

3.3 | Photophysical studies

Determining the fluorescence behavior and fluorescent
quantum efficiencies of a photosensitizer are the basis of
its photophysical properties.[4] In this manner, the fluo-
rescence excitation, emission, and absorption spectra of
silicon di-substituted phthalocyanine photosensitizers
3PY-Si (Figure 5) and 4PY-Si (Figure S4) investigated
and these complexes exhibited similar fluorescence
behavior in THF. The UV–vis absorption, excitation,
emission, and fluorescence quantum yield (ΦF) of 3PY-Si
and 4PY-Si are summarized in Table 1.

Fluorescence quantum yield was determined using
the comparative method. ZnPc in THF (ΦF = 0.23) was
used as the standard.[23] Fluorescence emission maxima
were detected at 694 nm for photosensitizer 3PY-Si, at

FIGURE 2 (A) 1H-NMR spectrum

of 3PY-Si. (B) 13C-NMR spectrum of

3PY-Si
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683 nm for compound 4PY-Si in THF. The excitation
spectra are similar to the absorption spectra and these
spectra are mirror images of the emission spectra for the
silicon phthalocyanine photosensitizer s 3PY-Si and
4PY-Si in THF. This fact reveals that axial substitution
has a small or negligible effect on the spectroscopic prop-
erties of SiPcs. Fluorescence results exhibited that the sili-
con photosensitizers exhibited a slightly higher
fluorescence quantum yield (ΦF = 0.25) than the

unsubstituted zinc phthalocyanine owing to relatively
less aggregation in THF.[24]

3.4 | Electrochemical studies

Electrochemistry of 3PY-Si and 4PY-Si was investigated
using cyclic voltammetry (CV) in dichloromethane
at room temperature (DCM)/tetrabutylammoniumper-
chlorate (TBAP) electrolyte system on a Pt working elec-
trode. Zero–zero band gap energy (E0–0) was determined
from the intersection of the normalized absorption spec-
tra.[25] The oxidation and reduction potentials are summa-
rized in Table 2. Figure 6 shows the CV responses of 3PY-
Si and 4PY-Si. These photosensitizers show two reversible
reduction potentials (R1 = −0.70 V, R2 = −1.18 V for
3PY-Si, R1 = −0.72 V, R2 = −1.25 V for 4PY-Si) which
assigned to the phthalocyanine ring. Besides, 3PY-Si and
4PY-Si show one quasi-reversible oxidation potentials
(O1 = 1.23 V for 3PY-Si, O1 = 1.35 V for 4PY-Si). The
HOMO levels of 3PY-Si and 4PY-Si, estimated from the
oxidation potential, are located at 1.12 and 1.24 V, respec-
tively. This result shows that 3PY-Si oxidizes more easily
than 4PY-Si.

The HOMO levels of the photosensitizers 3PY-Si and
4PY-Si are more positive than that of I−/I3

− (0.4 V
vs. NHE), ensuring the efficient dye regeneration. The
LUMO levels were obtained as −0.65 and −0.53 V from
the HOMO and the E0–0. These values are more negative
than the conduction band (CB) of TiO2 (−0.5 V vs. NHE),
suggesting that the photosensitizers can inject electrons
to TiO2 (Figure S5).

[26]

FIGURE 3 UV–Vis absorption spectra of 4PY-Si (red line) and

3PY-Si (black line) in CHCl3

FIGURE 4 UV–Vis absorption spectra of 4PY-Si in CHCl3
solution (red line), on TiO2 film (blue line). The inset shows UV–
Vis absorption spectra of 4PY-Si with and without 1 mM

chenodeoxycholic acid (CDCA) on TiO2 film

FIGURE 5 Electronic absorption, excitation and fluorescence

emission spectra of 3PY-Si in THF. (Excitation

wavelength = 682 nm)
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3.5 | Photovoltaic results

To investigate the photovoltaic properties of DSSCs based
on these photosensitizers, the current density–voltage
(J–V) curves of the DSSCs were carried out as shown in
Figure 7 and the photovoltaic parameters were given in
Table 3. With CDCA, the short circuit current density

(JSC) of 1.207 mA cm−2 and power conversion efficiency
(PCE) of 0.48% for photosensitizer 3PY-Si-based DSSC
are slightly higher than photosensitizer 4PY-Si
(JSC = 1.166 mA cm−2 and PCE = 0.40%). In the presence
of CDCA, the dye 3PY-Si exhibited the highest PCE of

TABLE 1 Electrochemical and optical properties of photosensitizers 3PY-Si and 4PY-Si

Dye
λabs [nm]a

(ε [x 105 M−1 cm−1]a)
λonset
[nm]a

λem
[nm]a

λex
[nm]a

λabs
(TiO2)
[nm]b ΦF

c
E0–0

[eV]d
Eox

[V]e
EHOMO

[V]f
ELUMO

[V]g

3PY-Si 673 (2.27) 699 682 674 678 0.24 1.77 0.49 1.12 −0.65

4PY-Si 674 (2.34) 698 683 675 678 0.25 1.77 0.61 1.24 −0.53

ZnPcc 666 – 673 666 – 0.23 – – – –
aλabs: absorption wavelength; λonset: absorption onset wavelength; λem: emission wavelength, λex: excitation wavelength.
bλabs (TiO2): absorption maximum wavelength on the TiO2 film.
cΦF: fluorescence quantum yields (using unsubstituted ZnPc in THF as the reference[23]).
dE0–0: bandgap, obtained utilizing the equation E0–0 = 1240/λonset.
eEox: oxidation potential (O1), referred to the external Fc/Fc+ standard (0.74 V vs. SCE).
fEHOMO (vs. NHE) was obtained by the addition of 0.63 V to the Eox.
gELUMO (vs. NHE) was calculated by EHOMO − E0–0.

TABLE 2 Electrochemical data of 3PY-Si and 4PY-Si

Phthalocyanines Redox processes E1/2

3PY-Si R1 −0.70 V

R2 −1.18 V

O1 1.23 V

4PY-Si R1 −0.72 V

R2 −1.25 V

O1 1.35 V

Note: All voltammetric data were given versus SCE. E1/2 values
((Epa + Epc)/2) were given versus SCE at 0.100 V s−1 scan rate.

FIGURE 6 Cyclic voltamograms of 3PY-Si and 4PY-Si at
0.100 V s−1 in TBAP/DCM

FIGURE 7 J–V curves of the DSSCs based on (A) 3PY-Si and
(B) 4PY-Si with or without chenodeoxycholic acid (CDCA) under

AM 1.5 simulated sunlight (100 mW cm−2) illumination
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0.53%, which is nearly 8% enhancement compared with
the cell without CDCA supporting that the degree of
molecular aggregations was limited.[27] It can be also
seen that the JSC value of 4PY-Si is slightly lower than
that of 3PY-Si. This can explained by the LUMO level of
4PY-Si which is slightly more negative than the CB of
TiO2. It is well known that the low LUMO levels led
insufficient electron injections to the TiO2 surface.

[28]

These results exhibit that the bearing of sterically
prevented substituents such as flexible and long axial pyr-
idine groups in the photosensitizers can efficiently sup-
press aggregation, due to disturbance of the π–π
stacking.[29] In comparison to our previous zinc phthalo-
cyanines bearing four 3-(pyridin-3-yl)propoxy anchoring
groups,[30] the lower PCEs of dyes 3PY-Si and 4PY-Si
may be ascribed to the axial anchoring groups, which
align the phthalocyanine ring planarly to the TiO2 sur-
face and reduce the amount of dye loading (Table 3). The
difference in photosensitizers VOC values was observed to
be greater than JSC values. As shown in Table 1, 3PY-Si
having the LUMO positioned 120 mV more negative to
4PY-Si resulted in better injection thereby preventing
recombination and having a higher VOC.

[28] Also, the J-V
curves exhibit that the VOC values for cells produced with
CDCA are slightly amended as compared to those with-
out co-adsorbent. The enhancement of VOC can be inter-
preted by the co-adsorbent occupation of the bare TiO2

surface in this way slightly suppress the charge
recombination.[31,32]

The incident photon to current conversion efficiency
(IPCE) of 3PY-Si and 4PY-Si devices is performed. The
IPCE spectra are consistent with the absorption spectra
on the semiconductor TiO2 film. The devices exhibit a
narrow IPCE around 675–700 nm and their IPCE peaks
are limited to approximately 10%. With CDCA, the
IPCE values of the DSSCs are slightly improved com-
pared with those without CDCA which exhibits that
the aggregation efficiently inhibited by the pyridine
groups in the molecules (Figure 8). As expected, the
values of the integrated photocurrent density (Jsc

IPCE),
calculated by the integration of the IPCE spectra, are in

good agreement with the results of the J–V measure-
ments (Table 3).

Electrochemical impedance spectroscopy (EIS) analy-
sis of the DSSCs based on the dyes in the absence of
CDCA were carried out in order to evaluate the interfa-
cial charge recombination process under dark conditions.

TABLE 3 The photovoltaic results of the DSSCs with ethanol/THF (1/2) as a solvent mixture

Dye CDCA (mM) JSC
IPCE (mA cm−2)a JSC (mA cm−2) VOC (V) FF PCE (%)

Dye loading amount
(mol cm−2)

3PY-Si 0.00 1.189 1.207 0.607 0.65 0.48 2.66 × 10−8

3PY-Si 1.00 1.202 1.208 0.611 0.72 0.53 2.49 × 10−8

4PY-Si 0.00 1.131 1.166 0.552 0.62 0.40 2.59 × 10−8

4PY-Si 1.00 1.139 1.168 0.556 0.67 0.44 2.38 × 10−8

Abbreviations: CDCA, chenodeoxycholic acid; PCE, power conversion efficiency.
aJsc

IPCE values were integrated from their incident photon to current conversion efficiency (IPCE) spectra.

FIGURE 8 Incident photon to current conversion efficiency

(IPCE) spectra of the dye-sensitized solar cells (DSSCs) based on

(A) 3PY-Si and (B) 4PY-Si with or without chenodeoxycholic acid

(CDCA) under AM 1.5 simulated sunlight (100 mW cm−2)

illumination
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As shown in Figure 9A, the major semicircle in the
Nyquist plots corresponds to the charge recombination
resistance at the TiO2/dye/electrolyte interface.[33,34] The
radius of the major semicircle of 3PY-Si is higher than
that of 4PY-Si, which is consistent with their VOC

values.[35] The electron lifetimes (τe), which can be calcu-
lated using the equation τe = 1/2πf,[36] are 3.31 and
1.67 ms for 3PY-Si and 4PY-Si, which are also in agree-
ment with VOC values (Figure 9B).

The dark current reflects the reactions without illumi-
nation corresponded to the electron recombination
between the electrons in the TiO2 and the redox electro-
lyte. As shown in Figure 10A, the dark current for the
DSSC based on 3PY-Si smaller than that of 4PY-Si,
implying lower recombination, result in an increase of
VOC.

[36] Figure 10B exhibits open circuit voltage decay
(OCVD) curves of the cells based on the synthesized dyes.
It can be seen that the decay rate of 3PY-Si was slower
than that of 4PY-Si, which indicates that the former has
a lower electron recombination rate with respect to the
latter.[37]

It is known that the presence of small traces of
water in the redox electrolyte reduces stability of the
DSSCs due to facilitating dye desorption. To evaluate
this aspect, the adsorbed dyes on the TiO2 surface were
dipped in acetonitrile/water (95:5) solution and the
anchoring stabilities were investigated by absorption
measurements at different time intervals (Figure 11).[38]

Considerably, 4PY-Si adsorbed on TiO2 film showed a
similar drop in the absorbance with respect to that of
the reference molecule N719. Almost identical results
were also observed for 3PY-Si. Briefly, the anchoring
stability of the synthesized dyes are comparable with
that of N719.

The long-term stabilities of the DSSCs based on 3PY-
Si and 4PY-Si were carried out during 500 hr under sim-
ulated sunlight (Figure S6). At the end of this period,
3PY-Si and 4PY-Si maintained 67.9% and 65.9% of their
initial PCE, respectively.

FIGURE 9 Nyquist and Bode plots of dye-sensitized solar cells

(DSSCs) based on the dyes 3PY-Si and 4PY-Si
F IGURE 10 (A) Dark current and (B) open circuit voltage

decay (OCVD) curves of the dye-sensitized solar cells (DSSCs)

based on 3PY-Si and 4PY-Si
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4 | CONCLUSION

Herewith the new pyridine-containing substituted silicon
(IV) phthalocyanine photosensitizers were prepared and
evaluated as sensitizers in DSSCs. The photophysical and
electrochemical studies exhibited that all the photosensi-
tizers were suitable as anti-aggregate sensitizers for
DSSCs. Fluorescence studies well performed and reason-
able fluorescence quantum yield (ΦF = 0.25) was
obtained which is favorable for photophysical applica-
tions of the phthalocyanine photosensitizers. The DSSC
based on complex 3PY-Si shows the (PCE) of 0.53% with
the Jsc, Voc and FF values of 1.205 mA cm−2, 0.612 V and
0.72, respectively, in the presence of the co-adsorbent.
The poor performance might be resulted from the
anchoring group of pyridine and non-conjugated nature
of propyl moiety. The results indicate that parallel
arrangement induced by the presence of anchoring
groups at the axial positions of the Pc and the TiO2 sur-
face caused poor efficiencies, however, the central Si-

atom of the photosensitizers allows for the attachment of
bulky pyridine containing groups for additional superior-
ity such as, increasing solubility and mitigating dye
aggregation which may be good photosensitizers for
DSSC applications.
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