Journal of Ovonic Research Vol. 21, No. 3, May - June 2025, p. 377 - 385

Fabrication of Sr2TiOs—TiO2 heterojunction photoanode
dye-sensitized solar cells applications
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The SryTiO4-TiO; heterojunctions were synthesized using a reflux method with various
concentrations  of NaOH. The synthesized heterojunctions were characterized for their
morphological and structural properties using SEM, TEM, XRD, and XPS. The
optical properties were analyzed using UV-vis DRS. The  fabricated  heterojunction
photoanodes were incorporated into dye-sensitized solar cells (DSSCs) devices, and their
photovoltaic performance was evaluated under simulated sunlight. Our results indicate that
the Sr2Ti04-TiO> heterojunction photoanode fabricated at a pH of 7 and subjected to reflux

synthesis at 90°C exhibited the highest energy conversion efficiency among the tested
samples.
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1. Introduction

Energy shortages are a worldwide concern. Most energy is derived from fossil fuels, which
have limited availability. Developing alternative energy sources is crucial. Solar energy is a
promising renewable energy source that harnesses the sun's electromagnetic radiation and converts
it into electricity [1].

DSSCs are a promising photovoltaic technology owing to their cost-effectiveness,
simplicity of fabrication, and high efficiency [2]. Much research has recently focused on improving
DSSC performance using new materials and designs. To enhance the efficiency of DSSCs, which
are composed of dye sensitizers, photoanodes, electrolytes, and counter electrodes, metal oxides like
ZnO [3], TiO2 [4], and SnO2 [5] are frequently utilized for the photoanodes. TiO: is extensively used
as the photoanode in DSSCs because of its beneficial properties, including high electron mobility
[6], chemical stability, and biocompatibility [7]. However, despite these benefits, DSSCs face
challenges related to efficiency and stability [8], particularly regarding electron recombination [9].

To improve the transport properties of TiO; for better solar energy conversion in DSSCs.
The morphology, particle size, and pore size of TiO, are crucial factors affecting photoelectron
diffusion and the overall conversion efficiency of DSSCs. The influence of shape on the
performance of DSSCs has prompted the synthesis of TiO, nanomaterials in various morphologies,
including spherical [10], tubular [11], wire-like [12], rhombic and square shapes [13]. These
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different shapes are achieved using a variety of synthesis methods. The variations in morphology
impact the nanomaterials' crystallite size, band-gap energy, and surface area [14]. Nanoparticles play
a crucial role in DSSCs because of their unique properties that greatly enhance the overall
performance of the cells. They improve efficiency by maximizing dye loading, enhancing electron
transport, and optimizing light harvesting and low-cost-effective solar cells [15]. Several strategies
can be employed to enhance the current density of the DSSC photoanode. These include surface
modification with blocking layers [ 16], doping with metals [17], utilizing composite materials [18],
improving morphology [19], introducing plasmonic effects [20], optimizing the thickness of the
photoanode [21], enhancing material crystallinity [22], and applying chemical surface treatments
[23].

Enhancing the efficiency of TiO, through the use of blocking layers is an intriguing
approach that can boost performance in several ways. These methods can prevent recombination,
increase the short-circuit current density (Jo) by reducing electron backflow, improve charge
injection, enhance light absorption, and elevate both the open-circuit voltage (V,.), the fill factor
(FF) and conversion efficiency (n). Overall, this leads to improved photoelectric conversion
efficiency [24]. Very thin TiO: coating layers, used as blocking layers (BL), can be made from
several materials, including ZnO, SnQ:, perovskite structures, Al-Os, and SiO: [25]. These layers
are produced using various methods, such as spray pyrolysis, sol-gel, dip coating, sputtering, and
multi-layer techniques [26];[27];[28]]. Using perovskites as blocking layers provides several
advantages, including their wide bandgap and efficient electron transport properties. These materials
can minimize interfacial defects, which improves charge separation and reduces recombination [29].

This introduction outlines the reasons for using perovskite as a blocking layer in DSSCs and
its potential advantages for enhancing device performance. By incorporating Sr,TiO4 into TiO», the
composite photoanode can broaden the absorption range, thus improving the overall light-harvesting
efficiency of DSSCs.

This study provides a comprehensive development and characterization of Sr2TiOs—
TiO; heterojunction for use in DSSCs. This discussion covers various aspects, including synthesis
methods, structural and morphological characterization, optoelectronic properties, device
fabrication, and performance evaluation of the Sr,TiO4-decorated TiO»-based structures.

2. Experimental

S1,Ti04-TiO: heterojunction was synthesized by using the reflux method. First, 0.5 g of
Titanium Dioxide (P25) and 0.5 mmol of Strontium Nitrate (Sr(NO3)2) were dissolved in 50 mL of
deionized water and stirred. After thoroughly mixing the solution for 10 minutes, the pH was
adjusted using 3 M sodium hydroxide (NaOH) and hydrochloric acid (HCI) to achieve pH levels of
7,9, 11, and 13. The mixture was transferred to a three-neck flask and synthesized using the reflux
method at 90 °C for 1 h. Following synthesis, the products have been washed with DI water and
ethanol. The products were dried at 60 °C for 24 h. and calcined at 600 °C for 1 h. The samples were
designated as TiO,, STO-TiO,-pH7, STO-TiO,-pHY, and STO-TiO,-pH11, respectively. The
samples were characterized using SEM (JEOL JSM 6335F), TEM (JEOL JEM-2010), XRD (Bruker
AXS D8 eco), XPS (Axis Ultra DLD instrument), and UV-vis DRS (Shimadzu UV-2600).

The photoanode was prepared using the sol-gel method. A sample weighing 0.35 g, 0.15 g
of PEG, 0.5 ml of DI water, and 0.5 ml of ethanol, was stirred for 30 minutes. The resulting gel was
then applied to an area measuring 1.0 cm x 1.0 cm and calcined at 500 °C for 2 hours.

The photovoltaic measurement and electrochemical impedance spectroscopy (ZAHNER
elektrik potentiostat) under a solar simulator (Xenon light with AM 1.5G, Newport).
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3. Results and discussion

Fig. 1 displays the XRD patterns of commercial P25 and Sr,TiOs-decorated TiO; at various
pH levels. The diffraction pattern of commercial P25 shows two distinct phases: anatase (JCPDS
no. 21-1272) and rutile (JCPDS no. 21-1276) [30]. The peak observed at the 20 angle for STO-TiO»-
pH11 indicates the presence of anatase peaks at positions 25.26°, 37.02°, 37.76°, 38.58°, 48.03°,
53.97°, 55.19°, 62.76°, 68.91°, 70.25°, and 75.13°, corresponding to the anatase structure planes
(101), (103), (004), (112), (200), (105), (211), (204), (116), (220), and (215). Additionally, peaks at
20 positions 27.43°, 36.14°, and 41.21° align with the rutile structure planes (110), (101) and (111).
The (114) peak was also detected at position 44.11°, consistent with the tetragonal structure of
Sr,TiO4 (JCPDS no. 25-0915) [31]. The peak at position 20 = 44.11°, corresponding to the (114)
plane of the Sr,Ti0, (STO), increases in height as the pH becomes more essential. Additionally, the
diffraction pattern of the Sr2TiOs-decorated TiO, resembles that of commercial P25, but the pattern
for Sr2Ti04 appears in conjunction with the TiO; pattern.
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Fig. 1. XRD patterns of TiO,, STO-TiO»-pH7, STO-TiO»-pH9, and STO-TiO»-pH11, respectively.

The survey spectra for STO-TiO,-pH7 are presented in Fig. 2a, while the XPS peaks for
strontium (Sr), titanium (Ti), and oxygen (O) are illustrated in Fig. 2b to 2d, respectively.
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Fig. 2. XPS survey spectra of STO-TiO»-pH7 (a), Sr 3d (b), Ti 2p (c), and O Is (d) respectively.

In Fig. 2b, the peaks for Sr are identified as the spin-orbit split components, Sr 3ds» and Sr
3ds., with binding energies at 133.57 eV and 135.37 eV, respectively. The Ti peak shown in Fig. 2¢
indicates binding energies of 458.75 eV and 464.62 eV, related to Ti 2ps, and Ti 2pis2. [32] Finally,
the oxygen peaks depicted in Fig. 2d are found at 529.95 eV and 532.30, corresponding to O 1s.
XPS results confirm that Sr,TiO4 can decorate the surface of TiO», consistent with EDX, TEM, and
XRD results.

Fig. 3 shows an SEM image of TiO: and the different pH of Sr.TiO4 decorated TiO.. SEM
analysis revealed that the pH of synthesis significantly affected the morphology and distribution of
Sr,TiO4 decorations on TiO, nanoparticles. Lower pH levels resulted in more agglomerated
morphologies and clustered distributions, whereas higher pH levels led to more uniform
morphologies and dispersed distributions. In addition, it was found that the particle size was more
significant due to decoration by S,,TiO4 after higher pH levels. Fig. 3f shows the EDX analysis of
Ti0,-STO-pH 7, which found the elements Sr, Ti, and O, confirming that the surface of TiO, can be
decorated with Sr,TiOs.
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Fig. 3. SEM image and EDX of TiO: (a), TiO»- STO-pH7 (b), TiO>- STO-pH9 (c), TiO>- STO-pH9 (d), and
TiOz- STO-pH7 (e-f), respectively.

Comparison and interpretation of the TEM images reveal that the surface of TiO»
nanoparticles decorated with Sr,TiOs, as shown in Fig. 4, is rougher than that of pure TiO,. The

HRTEM for TiO, showed the (101) plane of anatase. Following decoration with Sr2TiOa, showed

the (110) plane of rutile TiO: and the (004) plane of Sr.TiOa4, consistent with the XRD and EDX
results.
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Fig. 4. TEM and HRTEM images of TiO: (a-b), and TiO»>- STO-pH7 (c-d), respectively.

Fig. 5a shows the absorption spectra of TiO, and Sr>TiO4 decorated TiO; at different pH
levels. A comparison of the UV-vis spectra of samples synthesized with varying concentrations of
NaOH reveals that the absorption decreases as the concentration of NaOH increases, corresponding
to the XRD result. This is attributed to the more excellent formation of Sr,TiO4, which has a wider
bandgap than the commercial P25 material. The Tuac plots [33] and direct bandgap values [34] are
shown in Fig. 5b. The energy band gaps found for TiO,, TiO,-STO-pH7, TiO,-STO-pH9, and TiO,-

STO-pH11 were 3.12 eV, 3.14 eV, 3.18 eV, and 3.20 eV, respectively.
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Fig. 5. (a) UV-vis absorption spectra, and (b) Tauc plots of TiO> and different pH of Sr:TiOy4 decorated TiO>.

T
3.5

3.6



383

The photocurrent density—voltage curves (J-V) of DSSC fabricated with the TiO, and
different pH of Sr.TiO4 decorated TiO, samples are shown in Fig. 6, with the detailed photovoltaic
parameter listed in Table 1. The TiO,-STO-pH?7 is the highest efficiency achieved with Vi, Js, FF,
and 1 equal to 620 mV, 1.09 mA cm, 0.59, 0.40%, respectively. The samples with average particle
size around 20-30 nm present similar P25, but the surface is rougher than that of P25. It is noted that
despite having similar properties to P25-TiO,, the surface roughness of the samples may influence
the performance of DSSC devices, potentially contributing to variations in photovoltaic parameters.
[35]
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Fig. 6. (a) J-V and (b) Nyquist plot for TiO, and different pH of Sr:TiO+ decorated TiO;.

Table 1. Comparative DSSC photovoltaic performance data were determined by J-V of TiO: and the
different pH of Sr>TiOy4 decorated TiO:.

Cell Jsc (mA/cm?) Voe (V) FF n
P25-TiO, 0.52 0.63 0.51 0.16
Ti0,- STO-pH7 1.09 0.62 0.59 0.40
Ti0,- STO-pH9 0.43 0.62 0.54 0.14
Ti0,- STO-pHI11 0.41 0.64 0.54 0.14

4. Conclusions

TiO; and Sr>TiO4-decorated TiO> were successfully synthesized using the reflux method,
with varying concentrations of NaOH to adjust the pH. The optimal condition of DSSCs is when
using TiO, combined with Sr;TiO4 at a pH of 7. In summary, integrating Sr,TiO4 with TiO,
nanostructures shows great potential for enhancing the efficiency, stability, and reliability of DSSCs.
By leveraging the unique properties of Sr2TiO4 and its synergistic interactions with TiO», researchers
aim to develop advanced photoanode materials that feature improved reduced charge recombination
and enhanced charge transport properties
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