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Abstract 

(E)-2-((pyren-1-ylmethylene)amino)phenol (3) containing 
pyrene linked through an imine bond to a phenol unit was 
synthesized and its Fe-complex 4 was prepared. The 
complex 4 is characterized by infrared (IR), x-ray diffraction 
(XRD) and UV-Vis spectroscopy techniques. The 
synthesized complex was used as a sensitizer in a solar cell 
structure. From the current density (J)–voltage (V) curve 
obtained, the values of the short-circuit current density 
(JSC), maximum current density (JM), open-circuit voltage 
(VOC) and maximum voltage (VM) for the complex 4 were 
determined as 6.68 mA/cm2, 4.73 mA/cm2, 0.56 V and 0.41 
V, respectively. Using these parameters, the fill factor (FF) 
and power conversion efficiency value (η) of complex 4 
were calculated as 0.52 and 1.94, respectively. This value 
shows that complex 4 can be used as an effective sensitiser 
in solar cell applications. 
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1. Introduction 

Pyrene-based compounds are used in order to scan living 
cell by using their colorimetric and fluorescent 
characteristics as an optical sensor and as a chemoreceptor 
(Kushwaha et al., 2018; Pinheiro et al., 2014; Rasheed et 
al., 2015; Shellaiah et al., 2013; Tümay et al., 2018). Pyrene 
is also used as a chemical sensor to detect chemicals such 
as neutral molecules, organic molecules, anionic and 
cationic analytes (Pinheiro et al., 2014). Schiff bases include 
azomethine group (C=N) in their structures. They provide 
high coordination with the transition metals due to a pair 

of electrons orbiting the sp2 hybrid of the N atom of this 
azomethine group (Altuntas et al., 2021; Şahin et al., 2020). 
Moreover, they are organic compounds that have an 
important place in the development of coordination 
chemistry because they form highly stable complexes 
(Erdoğan et al., 2021; Güngördü Solğun et al., 2018; Horoz 
et al., 2018; Kapıcıoğlu et al., 2020). Schiff base Fe-
complexes, with due to high stability in different oxidation 
states, have a wide range of applications such as in 
industry, as catalysis in chemistry, as antifungal, 
antibacterial, antitumor and anticancer in biology, and 
pharmacology (Abdel-Rahman et al., 2017; Haghverdi et 
al., 2018, Joseph and Rani, 2017; Mahmoud et al., 2018; 
Prasad et al., 2019). 

Dye-sensitized solar cells (DSSCs) are a cheaper alternative 
to the traditional semiconductor-based, crystalline solar 
cells due to their low manufacturing cost (Clifford et al., 
2011; Nazeeruddin et al., 1993). Unlike traditional solar 
cells, the dye that is responsible for the light absorption 
process in DSSCs is isolated from the components involved 
in transporting carriers of charges (Clifford et al., 2011). It 
was used many ̈ Ru(II)-polypyridins as sensitizers in DSSCs, 
achieving system efficiencies of more than 10% (Chen et 
al., 2009; Kalyanasundaram and Grätzel, 1998; 
Nazeeruddin et al., 1993). Substituting Ru(II) with 
environmentally friendly and earth-abundant Fe(II) in the 
polypyridyl dye will further reduce the cost of DSSCs. 
Ferrere and Gregg first showed the ability of Fe(II)-
polypyridins to photosensitize TiO2 in a system where dye 
is attached to TiO2 through the carboxylic acid linker 
(Ferrere and Gregg, 1998). This mechanism displays band-
selective sensitization from the originally excited short-
lived metal to ligand charge transfer (MLCT) state, 
suggesting that sensitization is feasible even for complexes 
that lack long-lived excited photoactive state. The effect of 
solvent and various substituents on the absorption 
properties of TiO2 was subsequently observed, showing 
that a carboxylic acid linker paires the dye to TiO2 more 
efficiently than a phosphonic acid linker. In Fe complex- 
TiO2 assemblies, Meyer et al. demonstrated mainly two 
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sensitization frameworks: (1) direct sensitization in which 
an electron is induced from the Fe(II) core directly into 
Ti(IV) sites on TiO2 and (2) indirect sensitization concerning 
inter - facial electron transfer (IET) from the originally 
populated dye MLCT states into the TiO2 conduction band 
(Yang et al., 2000). 

In this study, azomethine bridged pyrene phenol-based 
ligand is obtained from the reaction of pyrene aldehyde 
and 2-aminophenol. After the obtained ligand is 
characterized, Fe (II) complex is synthesized. The 
photovoltaic characteristics of this complex are examined. 

2. Experimental  

2.1. General remarks 

All reactions were carried out under nitrogen and 
monitored by TLC. All solvents were dried and distilled 
before use. TLC was carried out on silica gel 60 HF254 
aluminium plates (Fluka). Melting points are uncorrected. 
The one- and two-dimensional NMR spectra were recorded 
on a Bruker-400 spectrometer using tetramethylsilane as 
the internal reference. The NMR spectra were recorded at 
25 °C and coupling constants (J values) are given in Hz. 
Chemical shifts are given in parts per million (ppm). IR 
spectra were recorded on Perkin Elmer FT-IR spectrometer. 
Absorption spectrometry was performed using a Perkin 
Elmer Lambda 35 spectrophotometer. Absorbance 
spectroscopy measurement was performed on 5 µM 
samples in CH2Cl2. The method we reported in our previous 
study was used for J-V measurements. The suspension of 
the complex 4 was used as the sensitizer (Erdoğan and 
Horoz, 2021). 

2.2. Preparation of ligand 3 

The ligand 3 were synthesized according to a previously 
reported method in the literature (Rasheed et al., 2015). 

Pyrene-1-carbaldehyde (1): 1H NMR (400 MHz, CDCl3) δ 
10.77 (s, 1H), 9.41 (d, J = 9.4 Hz, 1H), 8.43 (d, J = 8.0 Hz, 1H), 
8.32-8.27 (m, 3H), 8.26-8.19 (m, 2H), 8.14-8.03 (m, 2H). 
(see the Supplementary Material for details, Figure S1). 

(E)-2-((Pyren-1-ylmethylene)amino)phenol (3): 1H NMR 
(400 MHz, CDCl3) δ 9.75 (s, 1H, imine H-C=N), 8.87 (d, J = 
9.4 Hz, 1H), 8.79 (d, J = 8.1 Hz, 1H), 8.31 – 8.01 (m, 7H), 7.49 
(dd, J = 7.9, J = 1.2 Hz, 1H), 7.42 (s, 1H, OH), 7.30-7.23 (m, 
1H), 7.09 (dd, J = 8.1, J = 1.1 Hz, 1H), 7.04-6.97 (m, 1H). (see 
the Supplementary Material for details, Figure S2). IR (cm-

1): max 3357, 3065, 3042, 3024, 2987, 1612, 1589, 1575, 
1537, 1489, 1388, 1362, 1289, 1246, 1185, 1151, 848, 821, 
744, 713. 

2.3. Preparation of Fe(II)-complex 4 

A solution of the ligand 3 (0.994 g, 3.090 mmol) in dry EtOH 
(30 mL) was added to a stirred solution of a mixture of 
FeCl2.6H2O (0.300 g, 1.510 mmol) in distilled EtOH (10 mL) 
under N2 atm. The resulting reaction mixture was heated 
for 15 h at reflux temperature. After being cooled to room 
temperature, the precipitate formed was filtered and 
washed several times with hot EtOH to give black solid 

complex 4 (yield 0.950 g, 82%). IR (cm-1): max 3006, 2989, 
1575, 1474, 1392, 1275, 1261, 1233, 844, 764, 750, 710. 

3. Results and discussion 

3.1. Synthesis 

Pyrene-1-carbaldehyde (1), which was commercially 
available, became the key structure that allowed us to 
prepare ligand 3. As shown in Scheme 1, ligand 3 was 
synthesized according to a previously reported method via 
a one pot pyrene-1-carbaldehyde (1) and 2-aminophenol 
(2) condensation in ethanol with excellent yield (93%) 
(Rasheed et al., 2015). Then, the complex 4 was obtained 
in one step from the ligand 3 (2 equiv.) by treatment with 
FeCl2.6H2O (1 equiv.) under refluxing dry EtOH for 15 h in 
82% yield (Scheme 1).  

 

Scheme 1. Route of synthesis of Fe (II)-complex 4. 

3.2. FT-IR analysis 

The IR spectrum of ligand 3 exhibited characteristic 
absorptions bands for -OH functional group, aromatic -C-H, 
imine -C=N-, and aromatic -C=C- bonds and no peaks 
attributable to unreacted amine or carbonyl groups 
(starting materials) were found. 

The O-H stretch in phenolic unit is observed at 3357 cm-1. 
The absorption bands at 2987, 3024 and 3042 cm-1 are 
attributed to aromatic C–H bending vibrations of 
compound 3. The absorption band at 1612 cm-1 is assigned 
to stretching vibrations of the imine functional group, and 
those at 1589, 1575, 1537 and 1489 cm-1 are due to the 
aromatic C=C groups (see the Supplementary Material for 
details, Figure S3). 

The IR spectrum of complex 4 exhibited characteristic 
absorptions bands for aromatic C-H, and aromatic C=C 
bonds. The absorption bands at 3006 and 2989 cm-1 are 
attributed to aromatic C–H bending vibration of the 
complex 4. The absorption band at 1474 and 1575 cm-1 are 
assigned to the stretching vibration of the aromatic C=C 
groups. It was observed that the signal of the -OH 
functional group was disappeared (see the Supplementary 
Material for details, Figure S4). 

3.3. UV-vis and XRD analysis 

The result of the absorbance measurement for the complex 
4 is shown in Figure 1. The UV-vis absorption spectra of the 
complex 4, in CH2Cl2 (5 µM) are dominated by absorption 
bands at the ligand 3; 229, 233, 296 and 413, the complex 
4; 234, 289, 378, and 398 nm. As seen in Figure 1, the ligand 
3 showed characteristic pyrene absorption peaks with their 
vibrational features. A peak observed at around 233 nm in 
the ligand 3 is attributed to π → π* transition in the 
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aromatic rings, which remains almost unchanged in the 
metal complexes (234 nm).  

Especially, a small hump observed in the region of 418-420 
nm in the Fe(II) complex 4. It may be the result of charge 
transfer from the imine nitrogen atom or oxygen atoms to 
the metal centre (Joseph and Rani, 2014). 

 

Figure 1. Plot of the wavelength versus absorbance intensity for 

complex 4.  

To obtain further information on the structure of the 
complex 4, X-ray powder (XRD) diffraction was performed. 
The XRD patterns of the complex 4 is given Figure 2. As seen 
from the figure, the patterns are typical of amorphous 
structure of Fe-complex. Similiar result was reported by 
Zou et al. (2018). 

 

Figure 2. The XRD diffraction patterns of Fe(II) complex. 

3.4. J-V measurement 

Figure 3 shows the J-V curve of the synthesized complex 4. 
Based on the J-V curve obtained, the values of the short-
circuit current density (JSC), maximum current density (JM), 
open-circuit voltage (VOC) and maximum voltage (VM) for 
the complex 4 were determined as 6.68 mA/cm2, 4.73 
mA/cm2, 0.56 V and 0.41 V, respectively. Using the 
equations (Eq.1 and Eq.2) given below (Şahin et al., 2020), 
the fill factor (FF) and power conversion efficiency value (η) 
of complex 4 were calculated as 0.52 and 1.94, 
respectively. 

= =m M M

sc oc sc oc

P J V
FF

J V J V  (1) 

 = = sc ocm

in in

J V FFP

P P  (2) 

where Pm: maximum output power density, Pin: power 
density of incoming light. 

It is well known that η% value of a DSSC device can be 
affected by the rate of electron transport in a solar cell 
structure. The obtained high JSC value for complex 4 
indicates that there is an effective injection of electrons 
into TiO2 conduction band from excited state of complex 
dye. Thus, this leads to obtain improved conversion 
efficiency for complex 4 based-solar cell structure. 

 

Figure 3. J-V curve of the complex 4. 

4. Conclusions 

In summary, with azomethine bridge, a pyrene-phenol 
based ligand 3, and its Fe-complex 4 were synthesized and 
characterized using spectroscopic methods. The complex 
was synthesized in good yield by simple condensation 
reaction. Additionally, the photovoltaic property of the 
complex 4 was investigated. The synthesized complex 4 
was used as a sensitizer in a solar cell structure. The power 
conversion efficiency (%) of the complex 4 was calculated 
as 1.94 from the J-V curve obtained. This value shows that 
complex 4 can be used as an effective sensitizer in solar cell 
applications. 
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