
21

Anitha, Thangadurai and Cyril Photo-Electrochemical Water Splitting Behaviour

Photo-Electrochemical Water Splitting 
Behaviour of ZnO Phthalocyanine and Tio2 
Phthalocyanines
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Abstract
This describes a study on the photo-electrochemical 
water splitting behaviour of phthalocyanines of 
ZnO and TiO2 as photo electrocatalysts. Here is a 

Phthalocyanines of ZnO and TiO2 were synthesized 
using hydrothermal synthesis. The crystallinity of ZnO 
and TiO2 phthalocyanines was examined using X-ray 
diffraction (XRD) analysis. The results indicate that ZnO 
phthalocyanine has a high crystallinity with a wurtzite 
structure, and TiO2 phthalocyanine has a high crystallinity 
with an Anatase structure. Field emission scanning 
electron microscopy (FESEM) was used to study the 
surface morphological features. The observations suggest 
that oxide nanoparticles are combined with organic 
phthalocyanine. UV-Vis spectroscopy was employed to 
analyse the light absorbance properties of the materials. 
ZnO phthalocyanine showed absorption peaks at 330 nm 
(corresponding to ZnO) and a broad peak between 530 
and 730 nm. Similarly, TiO2 phthalocyanine exhibited 
absorption peaks at 340 nm (corresponding to TiO2) and 
a broad peak between 530 and 730 nm. The ZnO and TiO2 
phthalocyanines were prepared on FTO (Fluorine-doped 
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tin oxide) substrates and used as photo electrocatalysts 
in photo-electrochemical water splitting experiments 

illumination (100 mW/cm2). Linear Sweep Voltammetry 
(LSV) studies revealed that the ZnO phthalocyanine 
photoelectrode showed the current density of ~10.8 mA/
cm2 at 0.8 V (vs. Ag/AgCl) under light illumination 
and about ~8.8 mA/cm2 in the dark. Similarly, the TiO2 
phthalocyanine photoelectrode showed the current 
density of ~10.5 mA/cm2 at 0.8 V (vs. Ag/AgCl) under 
light illumination compared to ~7.8 mA/cm2 in the dark. 
The Chronoamperometric (CA) studies observations 
indicated that the ZnO phthalocyanine photoelectrode 
had a higher current density of ~12.0 mA/cm2 at 0.8 V 
(vs. Ag/AgCl) under light illumination compared to 
~9.0 mA/cm2 in the dark. The TiO2 phthalocyanine 
photoelectrode demonstrated a similar trend with a 
higher current density under light compared to the dark. 

has demonstrated a higher current density than that of 
TiO2 phthalocyanine in both LSV and CA measurements 
under light illumination. In summary, this work 
demonstrates the enhanced photo-electrochemical water 
splitting activity of ZnO phthalocyanine compared 
to TiO2

for water splitting applications and contributes to 

energy generation.

Keywords: Photo-Electrochemical Water Splitting, ZnO 
Phthalocyanine, TiO2  Phthalocyanines

Introduction

The development of stable catalysts for semiconductor-based 

materials science research and development. This is because the 
production of clean hydrogen fuel through water splitting has 

challenges [1-2]. The work of Fujishima and Honda in 1972, who 
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reported the photo-electrochemical water splitting using TiO2 
semiconductor became a landmark discovery and marked the 

solar water splitting because the solar spectrum contains nearly 
50% visible light in the wavelength range of 400 to 800 nm. To 
harness solar energy effectively, photocatalysts should be capable of 
absorbing this visible light. Researchers have commonly investigated 
semiconductor-based metal oxides like TiO2, WO3, ZnO, and SnO2 for 
use as photocatalysts in solar water electrolysis. These metal oxides, 
while useful, have limitations [4-7]. They typically exhibit inadequate 

spectrum. Additionally, they may lack a negative conduction band 
(CB), which is essential for facilitating the hydrogen evolution reaction 
(H2

systems is that the sensitizer molecule should possess directionality. 
This directional behaviour can be achieved by incorporating “push” 
(electron-donating) and “pull” (electron-withdrawing) functional 
groups as substituents on the phthalocyanine (Pc) ring. These 

molecule [8]. Phthalocyanines have been employed as photocatalysts 
in the presence of ZnO or TiO2 materials. These materials are known 
for their photocatalytic properties and are commonly used in various 
applications, including water splitting, pollutant degradation, and 
solar energy conversion [9-11]. One promising candidate is the 
conjugated molecule of Copper (II) phthalocyanine covalent organic 
framework (CuPc-COF) dye material. CuPc has been shown to form 
a variety of polymorphisms, reported as monoclinic, tetragonal, 
orthorhombic, and triclinic [12]. The CuPc-COF is a strong light 
absorbing organic material. In CuPc, containing 20% of nitrogen and 
10% of copper having a paramagnetic character with one unpaired 
electron and lead have a high chemical and thermal resistance. The 

transistors (OFETs), optical storage, optical switches, and organic 
photovoltaic cells (OPVCs) [13-20]. Indeed, CuPc has been used in 
many areas of quantum computing, pigments, and paper industry. 
The CuPc used as an electrocatalyst for hydrogen gas preparation 
previously reported [21-22]. Zhang et al. reported that the 
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photocatalytic properties of CuPc on Electro spun TiO2 

of the TiO2 solar cells, was greatly improved with the sensitization of 
CdSe [24-25] and tetra carboxyl zinc phthalocyanine. Much research 
has been done on CuPc, however, the combinational approach in 
connection with ZnO or TiO2 phthalocyanine would certainly be 

kind of attempts have not been reported. Hence, this work focuses on 
the study of the photoelectrochemical water splitting behaviour of 
ZnO and TiO2 phthalocyanines. It is noticed that the enhanced photo-
electrochemical water splitting activity for ZnO phthalocyanine 
compared to TiO2

performance in renewable energy generation. 

Experimental Procedure

Synthesis of ZnO: 

In the preparation of a ZnO solution through hydrothermal 
synthesis, 0.5 M solution of zinc nitrate (Zn (NO3)2) is prepared by 
dissolving the appropriate amount of zinc nitrate in 30 ml of distilled 
water. Stirring is employed for 30 minutes to ensure the complete 
dissolution of zinc nitrate in water. Simultaneously, a 5 M solution 
of sodium hydroxide (NaOH) is prepared by dissolving weighed 
pellets of sodium hydroxide in 30 ml of distilled water. Similar to 
the previous step, stirring is performed for 30 minutes to achieve 
a homogeneous NaOH solution. The sodium hydroxide (NaOH) 
solution is added dropwise to the zinc nitrate (Zn (NO3)2) solution 
while continuously stirring. The goal is to adjust the pH of the 
reactants to a value of 12. This adjustment is crucial for controlling 
the reaction conditions and promoting the formation of ZnO. The 

lined sealed stainless-steel autoclaves. Autoclaves are used to create 
a sealed, high-pressure environment that is ideal for hydrothermal 
reactions. The sealed autoclaves containing the solution mixture are 
placed in a hydrothermal oven and maintained at a temperature of 120 
°C for a duration of 2 h. This hydrothermal reaction is essential for the 
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synthesis of ZnO nanoparticles or crystals. After the hydrothermal 
reaction is completed, the autoclaves are removed from the oven. 
The solution inside the autoclaves is allowed to cool naturally to 
room temperature. This cooling step is important to stabilize the 
synthesized ZnO and prevent rapid temperature changes [12-15]. 

Synthesis of TiO2:

The starting material is pure TiO2 powder (Degussa P25) with a particle 
size of 25 nm. This TiO2 powder has a crystalline structure that is a 
mixture of anatase and rutile phases in an 80:20 ratio. 0.5 grams of the 
TiO2 powder are added to an aqueous solution of sodium hydroxide 
(NaOH) with a concentration of 10 M and a volume of 40 ml. The 
mixture is vigorously stirred for 30 minutes. This step likely helps in 
the dispersion of the TiO2 particles in the NaOH solution. The TiO2-

steel autoclave. The autoclave is sealed to create a high-pressure, 
high-temperature environment. The hydrothermal treatment takes 
place at a temperature of 200°C for a duration of 48 h. This extended 
treatment period is typical for the hydrothermal synthesis of TiO2 
nanostructures and allows for controlled growth and crystallization. 
After the hydrothermal reaction, a white precipitate form. This 
precipitate likely consists of the synthesized TiO2 nanostructures. 
The white precipitate is separated from the autoclave and allowed 
to cool naturally to room temperature. After cooling, the precipitate 
is washed with a 0.1 M hydrochloric acid (HCl) solution to remove 
any impurities or excess reactants. Subsequently, it is washed with 
deionized water to further purify the TiO2 nanostructures [26-31].

Preparation of ZnO PC and TiO2 PC:

Complexation of PC onto the surface of ZnO and TiO2 nanoparticles 
is described below: The PC is dissolved in a solvent mixture of 
acetonitrile and ethanol in a 1:1 ratio to create a solution with a 
concentration of 75 mM. This solution is prepared in two separate 
reaction vessels. The ZnO and TiO2 nanoparticles, which have been 
calcined (processed at high temperatures to remove impurities), 
are each immersed separately in the individual PC solutions. The 
immersion takes place overnight in sealed containers, and the 
containers are kept in the dark during this period. After the overnight 
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immersion, the nanoparticles are retrieved from their respective PC 
solutions. The retrieved functionalized nanoparticles, which appear 
blue, are washed with ethanol and dried in vacuum is a common 
technique to remove any remaining solvent and ensure that the 

Photo Electrochemical Water Splitting Studies:

The process conditions for conducting photo-electrochemical 

is mentioned here. The working electrode is made of a conductive 
material coated with the photocatalyst material. In this case, it is 
coated with the material of interest (ZnO and TiO2 phthalocyanines) 
and is referred to as the photoanode. Platinum foil serves as the 
counter electrode, and Ag/AgCl is used as the reference electrode. A 

2S with a pH of 13 is used. 
This electrolyte plays a crucial role in the water-splitting process and 

Xenon lamp is used for illumination. The light intensity on the surface 
of the photoanode is maintained at 100 mW/cm2. The light source 
is an essential component for initiating the photocatalytic reactions. 
Linear sweep voltammograms (LSV) are recorded by varying the 
potential between -0.8 V and 0.8 V relative to the Ag/AgCl reference 
electrode. The scan rate is set at 5 mV/s. LSV is a technique used 
to study the electrochemical behaviour of the photoanode under 
illumination. The stability of the photo-electrocatalyst is assessed 
using the chronoamperometry technique for extended periods. The 
electrolytic solution is bubbled through nitrogen gas. This is done to 
remove dissolved oxygen from the solution, as the presence of oxygen 
can interfere with the photocatalytic reactions.

Characterizations:

The absorption spectrum of the samples in the UV-VIS region 
(200-1200 nm) was recorded on a (Varian Cary 5000) UV-Vis NIR 
spectrophotometer. FT-IR (Fourier Transform Infrared spectroscopy) 
was obtained transmittance data on FT-IR spectrometer (Bruker 
Tensor 27). X-ray diffraction pattern was recorded on an (XRD Bruker 
D8-Advanced, Germany) angle between 10 °- 90 ° angle with 6 ° per 
min. Electrochemical workstation PARSTAT 2273 with power suite.
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Results and Discussion

X-ray Diffraction Analysis: 

The phase purity and crystallinity of ZnO and TiO2 phthalocyanines 
are examined using X-Ray diffraction (Bruker-Advanced D8,) 
analysis and presented in Figure 1 and Figure 2, respectively.  Figure 
1  shows the peaks for wurtzite phase ZnO along with the additional 
peaks corresponding to PC. Similarly, Figure 2 shows the peaks for 
anatase phase TiO2 along with the additional peaks corresponding to 

of the nanoparticles, where D is the nanoparticles crystalline size, 

calculated that 90 nm for ZnO Pc and 85 nm for TiO2 PC. 

Figure 1: X-Ray diffraction pattern for ZnO PC
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Figure 2: X-Ray diffraction pattern for TiO2 PC

UV-Vis Spectra: 

The UV-visible spectra were recorded using (Speccord 200 Plus, 200-
800 nm). The UV-visible spectra of ZnO and TiO2 phthalocyanines are 
shown in Figure 3 and Figure 4, respectively.

Figure 3: UV-vis absorbance spectra of ZnO PC
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Figure 4: UV-vis absorbance spectra of TiO2 PC

The ZnO phthalocyanine showed absorption peaks at 330 nm 
(corresponding to ZnO) and a broad peak between 530 and 730 nm. 
The band gap of ZnO Pc is calculated as 1.55 eV. Similarly, TiO2 
phthalocyanine exhibited absorption peaks at 340 nm (corresponding 
to TiO2) and a broad peak between 530 and 730 nm [32-37]. The band 
gap of TiO2 Pc is calculated as 1.78 eV.

Fourier-Transform Infrared (FT-IR) Spectroscopy:

FT-IR spectroscopy was used to understand the functional groups, 
which are present in ZnO PC and TiO2 PC and the respective 
spectrums are shown in Figure 5 and 6, respectively.

Figure 5: FTIR spectrum of ZnO PC
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Figure 6: FTIR spectrum of TiO2 PC

Figure 4, the spectrum shows peak at ~ 460 cm-1 corresponding to 
the vibration of hexagonal ZnO [32-37]. The spectrum shows peaks 
at 1330 cm-1 (C–N stretch), 1735 cm-1 (C=O stretch) and 3300 cm cm-1 
(O–H stretch) attributed to the presence of the Pc. Similarly, Figure 5, 
spectrum shows peaks at 480 cm-1 and 732 cm-1 which are attributed 
to the O–Ti–O bonding in anatase. The peak at 3100 cm-1 attributed to 
the adsorbed hydroxyl groups [38-43]. 

Raman Spectroscopy:

Raman spectroscopy was used to understand the vibrational 
bands, which are present in ZnO PC and TiO2 PC and the 
respective spectrums are shown in Figures  7 and 8, respectively. 
The D (at 1000 cm-1) and G (1500 cm-1) characteristic carbon 
material bands [27,28]
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Figure 7: Raman spectrum of ZnO PC

Figure 8: Raman spectrum of TiO2 PC

Surface Morphological Analysis: 

The surface morphologies of ZnO PC and TiO2 PC are shown Figure 9 
and Figure 10, respectively. The FESEM images of ZnO PC show the 
irregular shaped nanoparticles for and a similar observation noticed 
for TiO2 PC also.
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Figure 9: FESEM images of ZnO PC

Figure 10: FESEM images of TiO2 PC

Photo-Electrochemical Water Splitting: 

Photoelectrochemical water splitting activities were analysed in 
three electrode systems using Auto lab potentiostat. The effective 
electrochemical area of the anode was maintained at 1 cm2 and 
illuminated with a solar-simulator (100 mW/cm2 using 300 W Xe 

ZnO PC and TiO2 PC were used as working electrodes in an aqueous 
solution of 1 M Na2

The LSV curves of ZnO PC indicating the photoelectrochemical 
water splitting its activity under light and dark conditions is shown 
in Figure 11.
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Figure 11: LSV curves of ZnO PC under dark and illumination conditions

The LSV curves indicate that the photoanode ZnO PC demonstrated 
higher current densities under light than those of dark. Linear Sweep 
Voltammetry (LSV) studies revealed that the ZnO phthalocyanine 
photoelectrode showed the current density of ~10.8 mA/cm2 at 0.8 
V (vs. Ag/AgCl) under light illumination and about ~8.5 mA/cm2 
in the dark. The Chronoamperometric (CA) studies observations 
(Figure 12) indicated that the ZnO phthalocyanine photoelectrode 
had a higher current density of ~12.0 mA/cm2 at 0.8 V (vs. Ag/AgCl) 
under light illumination compared to ~9.0 mA/cm2 in the dark.
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Figure 12: Chronoamperometric analysis of ZnO PC under dark and 
illumination conditions

The LSV curves of TiO2 PC indicating the photoelectrochemical water 
splitting its activity under light and dark conditions is shown in 
Figure 13.

Figure 13: LSV curves of TiO2 PC under dark and illumination conditions

The TiO2 phthalocyanine photoelectrode showed the current density 
of ~10.5 mA/cm2 at 0.8 V (vs. Ag/AgCl) under light illumination 
compared to ~7.8 mA/cm2 in the dark. The Chronoamperometric 
(CA) studies observations indicated that the TiO2 phthalocyanine 
photoelectrode had a higher current density of ~10.8 mA/cm2 at 0.8 
V (vs. Ag/AgCl) under light illumination compared to ~7.8 mA/cm2 
in the dark. The TiO2 phthalocyanine photoelectrode demonstrated a 
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similar trend with a higher current density under light compared to 
in the dark.

Figure 14: Chronoamperometric analysis of TiO2 PC under dark and 
illumination conditions

This study reveals that the ZnO phthalocyanine demonstrated a 
higher current density than TiO2 phthalocyanine in both LSV and CA 
measurements under light illumination. One dimensional morphology 
also improves the charge-carrying capacity and subsequently 

to micro pores, which increase the surface area and enhance the water 
splitting activity. The ZnO PC enhanced behaviour attributed to the 
smaller band gap (1.5 eV) in comparison with TiO2 PC (1.78 eV).

Conclusion

The ZnO PC and TiO2 PC have been synthesized successfully and 
explored as photo electrocatalyst in 1 M Na2S electrolytes. The 
linear sweep voltammetry (LSV) studies revealed that the ZnO 
phthalocyanine photoelectrode showed the current density of ~10.8 
mA/cm2 at 0.8 V (vs. Ag/AgCl) under light illumination and about 
~8.8 mA/cm2 in the dark. The TiO2 phthalocyanine photoelectrode 
showed the current density of ~10.5 mA/cm2 at 0.8 V (vs. Ag/AgCl) 
under light illumination compared to ~7.8 mA/cm2 in the dark. This 
study reveals that the ZnO phthalocyanine demonstrated a higher 
current density than that of TiO2 phthalocyanine in both LSV and CA 
measurements under light illumination.
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