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Abstract 

In this work, for the first time a blend of a prepared nano barium titanate BaTiO3 using 

hydrothermal method and Cs3Bi2I9 was used as a perovskite material for photo anode 

layer fabrication to be used in photovoltaic pv solar cell. This prepared layer was 

characterized through XRD, SEM and UV-Vis spectroscopy and the findings state that 

the band gap of the prepared layer was reduced further compared to the original material 

of barium titanate (insulating material) suggesting that the prepared material is 

promising in the PV cell. This fact was further confirmed through performance testing, 

which showed that the Insulating short circuit current (Isc) measured 5 mA and the 

photoconversion efficiency (PCE) was 2.4%. It was found the morphology of the 

prepared layer was also improved. 
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1. Introduction      

In the modern century, the problem of energy sources is one of the first issues that 

researchers try to delve into, considering reducing pollution resulting from energy 

sources. Hence, renewable energy, particularly solar energy, is the most suitable choice 

for fulfilling the global energy requirements. Solar energy is distinguished by its 

availability as a clean energy source that can be effortlessly turned into electricity [1]. 

The most common type of solar cell is a PN junction, which uses the photovoltaic effect 

to generate electricity when light hits it. In this junction type, the N-type semiconductor 

area faces the light source as shown in figure 1. (a, b), the semiconductor material 

absorbs incident photons with energies equal to its energy gap, creating electrons, and 

holes as charge carriers. A voltage is produced as a result of the separation of these 

electrons and holes caused by the inherent potential [2]. The fundamental attributes of a 

solar cell include the short circuit current (ISC), open circuit voltage (Voc), Fill Factor 

(FF), and solar energy conversion efficiency (η). Figure (1-b) displays many types of 

solar cells [3]. Perovskite Solar cells have shown substantial advancements in recent 

years compared to other photovoltaic (PV) technologies. Organic-inorganic hybrid 

perovskite (OIHP) is a type of perovskite photovoltaic cell (PSC) with a structure 

represented as ABX3. In this structure, A represents a monovalent ion, B represents a 

divalent ion, and X represents a halogen ion or oxygen ion [4]. These materials have 

gained prominence because of their exceptional optical and electrical qualities, as well 

as their simplicity and affordability. The efficiency of (PCE) for photoelectric conversion 

of PSCs has experienced a significant and rapid improvement, going from an initial 

value of 3.8% to a certified value of 25.5% in only ten years [5]. In recent times, there 

has been a significant amount of research focused on CH3NH3PbI3 based perovskite 

photoelectric cells. This is due to its exceptional ability to convert sunlight into 

electricity and its straightforward manufacturing procedure [6]. Due to its toxicity, 

researchers have attempted to replace lead (Pb) in perovskite structures with tin (Sn) and 
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germanium (Ge), both of which belong to group-14 metals. While Sn
+2

 and Ge
+2

 can 

replace Pb to form a less toxic perovskite structure, they are not as stable as Pb
+2

 when 

exposed to air. As a result, there has been recent interest in Bi-based halide perovskites 

with the chemical formula A3Bi2X9 (where A represents a monovalent cation such as 

Na
+
, K

+
, Rb

+
, Cs

+
), as they offer a solution to the stability and toxicity issues associated 

with lead-based perovskite materials [7]. Advancements in nanotechnology have led to 

significant progress in various areas, including solar cell technology. Researchers have 

successfully incorporated nanoparticles into solar cells, enhancing their energy transfer 

efficiency. This breakthrough holds promise for sustainable energy solutions, as 

nanoparticles effectively mitigate static electricity caused by the ionic charge on the 

polar surface [8]. Barium titanate (BaTiO3) is a ceramic material with ferroelectric 

properties, making it an excellent electrical insulator. Nevertheless, with the addition of 

trace amounts of metals, particularly scandium, yttrium, neodymium, cesium, and 

others, its properties shift to those of a semiconductor [9]. Ferroelectric substances are 

incorporated into the PSCs to modify the residual polarization electric field utilising an 

external electric field, thereby controlling the movement of ions and carriers [5]. 

For this study, a nano-inorganic ferroelectric material called BaTiO3 has been 

synthesized. This material exhibits a strong spontaneous polarization and possesses a 

structure like that of the perovskite film. Subsequently, the composite optical absorption 

layer was fabricated utilizing the aforementioned material. Afterward, the nanostructures 

and chemical compositions were analyzed using XRD, SEM, and UV-spectroscopy. 

Additionally, the photoelectric running of the perovskite solar cells (PSCs) was 

measured. 
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Figure1.(a)PN junction demonstrates the absorption of incident photons, the 

generation of electrons and holes, and the diffusion of electrons towards the 

junction [10], (b) Classification of solar cells based on the primary active material 

they utilize [3]. 

2. Experimental 

2.1. Synthesis of BaTiO3 perovskite nanoparticles 
 

The BaTiO3 perovskite was synthesised using a hydrothermal technique. Barium 

hydroxide octahydrate crystals were combined with titanium dioxide powder at a ratio of 

Ba/Ti = 1.64. Then, a 30 mL solution of ammonia (10 M) was added to the mixture and 

stirred for a duration of 15 minutes. The solution was moved to a 50 mL autoclave bottle 

made of stainless steel and lined with Teflon. The hydrothermal reactions were 

conducted at 130 °C for 72 h. After the completion of the reaction, the container was 

allowed to cool down to the surrounding temperature. The resultant compounds were 

isolated and purified by washing with ethanol, followed by multiple washes with 

distilled water. The purified products were then dried in an oven at a temperature of 60 

֠C for 24 hours.[11]. The production of barium titanate is a simple procedure when 

titanium dioxide and barium hydroxide are employed, as demonstrated in Equation 1. 

TiO2+ ‏ Ba(OH)2 → BaTiO3 ‏+ H2O …….(1) 

 

a b 
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2.2. Synthesis of BaTiO3/ Cs3Bi2I9 

Initially, a 10 mL solution containing a mixture of DMF and DMSO in a volume ratio of

3:1 was made and transferred to bottle (A) for later use. 0.13 mg of BaTiO3 particles 

were precisely measured and placed into bottle B. Then, the combined solution from 

bottle (A), which had a volume of 3.3 ml, was poured into bottle (B). The precursor 

solutions would be agitated until the powders were uniformly distributed throughout the 

solution. Afterward, a 5 mL solution containing a mixture of DMF and DMSO was 

drawn into bottle (C). Next, a solution containing Cs3Bi2I9 was prepared by combining 

0.6488 g of CsI powder with 4 ml of hydroiodic acid and 5 ml of anhydrous 

dimethylformamide (DMF). Subsequently, a quantity of 1 g of powdered BiI3 was 

completely dissolved in 5 ml of DMF. Subsequently, the two solutions were 

amalgamated in a beaker while being agitated incessantly at a temperature of 50 ֠C [12]. 

As in the following equation: 

3CsI+2BiI3 → Cs3Bi2I9  ………….. (2) . 

precursor solution included 1.33 ml solution of bottle B and 1.33 ml solution of bottle C. 

The precursor solutions will be agitated at a temperature of 60 ֠C. to get BaTiO3/Cs3Bi2I9 

for use in device fabrication [5]. 

2.3. Synthesis CuO nanoparticles  

A copper powder sample (Cu powder, Ranbaxy) with a diameter greater than 5 μm was 

utilised as a copper source. The powder was subjected to a cleaning process involving 

ultrasonic treatment in both acetone and water solvents for 10 minutes in each solvent. For 

preparation, Teflon-lined stainless steel was utilised. In a glass vial, 2 mg of copper powder 

was mixed with 20 ml of deionized water. To prevent the mixture from clumping together, a 

small amount of ethylenediamine (en) was added to the reaction mixture. After subjecting 

the reaction mixture to sonication for approximately 30 minutes in a glass veil, it was moved 

into a 100 ml metallic bomb lined with stainless steel Teflon and sealed under standard 

circumstances. After that, the sealed container was set into a preheated box furnace, and the 

contents were gradually heated to 180 degrees Celsius (2 degrees Celsius per minute) and 
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kept there for twelve hours. Once the specified duration has elapsed, we cool the furnace. 

Centrifugation extracts the product from the ensuing suspension. Following this, the product 

is washed and dried for a few hours [13]. as denoted in the following equations (3 and 4). 

                        ………(3) 

           
 
                          

2.4. Fabrication of devices 

The ITO conductive glasses were cleaned and then coated with a compact layer solution 

of TiO2 using a drip coating method (ETM). The precursor was formed by diluting a 

TiO2 slurry with alcohol at a ratio of 1:7 and thereafter subjecting it to a treatment at a 

temperature of 500 ֠C for 30 minutes. The BaTiO3/Cs3Bi2I9 compound was applied to the 

modified layer's surface using a drip coating method. A volume of 250 mL of 

chlorobenzene was carefully applied to the film. Subsequently, the annealing process 

was conducted on the heating platform in two stages (60 ֠C, 2 min; 120 ֠C, 10 min) [14, 

15]. Finally, 3 mg of CuO nanocomposite with 1 ml of chlorobenzene was mixed to 

form the p-type HTM composite by drip-coating.[16]. The counter electrodes on the 

Al‐ electrodes were made of 1 cm
2
 of Al foil.[12], as shown in figure 2.a. 

                                                                        

Figure 2. (a) BaTiO3/Cs3Bi2I9 composite film (b) Polarization schematic diagram of 

the-PSCs 
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2.5. Measurement and Characterization   

X-ray diffraction (XRD, model -6000 Shimadzu Japan) with Cu Kα radiation (λ=1.5406 

Å). was used to characterize the size and crystal structure of the sample. Scanning 

electron microscopy (SEM) was used to characterize the surface morphologies (type –

VEGA 3SBU- NO118-0014). Spectroscopy (UV-1800: SHIMADZU) was used to 

determine the band gap of the samples. The effective area of the cell was defined as 1.5 

cm
2
. The current density-potential (J-V) curves of prepared PSCs were recorded using 

Ovometer digital (FLUKE 17B) and decade resistance (model- 8000-England) 

3- Results and Discussion  

 X-ray diffraction analysis is used to identify the crystallinity of the compound as well as 

the particle size for nano material. The particle size was calculated according to the 

Scherer relationship as shown in equation 5.
 
[17]  

  
  

     
   ……..(5) 

 Where L is  nano crystal size, K is  constant,  λ is the wavelength of  radiation in 

nanometer (λ Cu Kα = 0.15405 nm), θ is the diffracted angle of the peak, β is the full 

width at half maximum of the peak in radians[8]. Figure 3 displays the XRD pattern of 

the prepared compounds. The peaks are indexed as BaTiO3 structures (JCPDS: NO.00-

039-0536). [18]. The Cs3Bi2I9 structure (JCPDS: NO.01-073-0707) [19] and the CuO 

structure (JCPDS:NO-05-0661) [20]. The compound barium titanate has a nano size 

range of 55 to 85, but after impregnating with Cs3Bi2I9, the results showed a change in 

size to the range of 25 to 72. 

 X-ray diffraction shows the nano size of the copper oxide crystal, as well as the absence 

of additional peaks, indicating the purity of the compound and its freedom from 

impurities. 
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Figure 3.  (a) XRD patterns of (a) BaTiO3(b) BaTiO3/ Cs3Bi2I9 (c) CuO powder 

According to the scanning electron microscope (SEM), the morphology of barium 

titanate prepared by the hydrothermal method differs greatly from the morphology of 

barium titanate mixed with perovskite, as shown in figure (4.a), where the surface of 

BaTiO3 consists of large grains with the appearance of clear voids and the thickness of 

the layer reaches 51 microns, as shown in figure (4.c), while BaTiO3/Cs3Bi2I9 figure 

(4.b) shows that the surface is transformed to a more homogeneous shape and the nano 

layer became thinner (18 microns), as shown in figure (4.d). 
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Figure 4. SEM of the surface (a) BaTiO3 (b) BaTiO3/Cs3Bi2I9 thickness of layer of 

(c) BaTiO3 (d) BaTiO3/Cs3Bi2I9   

The optical properties of the prepared BaTiO3 and BaTiO3/Cs3Bi2I9 compounds were 

measured, and it was found that both were absorbed in the visible region. The absorption 

peak in Figure 5 changes after mixing. It goes from 300 nm for BaTiO3 (Figure 5.a) to 

500 nm for BaTiO3/Cs3Bi2I9 (Figure 5.b). There was also a shift in the energy band gap, 

which was calculated according to Tauc relationship equation 6. [21] from 3.8 (ev) for 

BaTiO3 figure (5.c) to 2.8( ev) for BaTiO3/Cs3Bi2I9 figure (5.d).  

(αλν)=C(hv -Eg)
 n        

……..(6) 

 Where C is constant , is absorption coefficient , Eg is band gap of compound ,n is 

depends on the type of transition .The average band gap was determine from the 

intercept of linear portion of the (αλν)
2
 vs .hv [22]   

a b 

c d 
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figure 5. UV-vis spectra of (a) BaTiO3 ,  (b) BaTiO3/Cs3Bi2I9. The band gap of   

BaTiO3 (c), and BaTiO3/Cs3Bi2I9 (d). 

Figure 6. and Table 1 show the photovoltaic performance of the solar cell manufactured 

from mixing barium titanate with perovskite (BaTiO3/Cs3Bi2I9), which gave a photo 

conversion efficiency (PCE) of 2.4% with a high open-circuit voltage (Voc) of 0.540 V, 

a short-circuit current (Isc) of 5 mA, and a fill factor (FF) of 0.88. Figure 6.a illustrates 

the calculation of power against voltage, revealing a value of 2 mWcm
-2

, which figure 

6.b confirms. 
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Figure 6. I-V characteristic for BaTiO3/Cs3Bi2I9, for active area 1 cm under light 

intensity (100 mw/cm
2
) 

Table 1. Photoelectrical parameters of BaTiO3/Cs3Bi2I9 for active area 1 cm 

under light intensity (100 mw/cm
2
) 

MIX Voc ѵ Isc mA FF ᶯ 

BaTiO3/Cs3Bi2I9 0.540 5 0.88 

 

2.4 

 

 4. Conclusion 

In summary, all layers of the solar cell have been prepared using the drip method. These 

included the titanium oxide layer, the electron-transfer materials (ETMs), the perovskite 

mixture with barium titanate (BaTiO3/Cs3Bi2I9), and then the copper oxide, the hole-

transfer materials (HTMs). This method had an efficiency of up to 2.4%. Furthermore, 

adding perovskite to the titanate compound resulted in an improvement in its optical 

properties. The energy band gap was shifted from 3.8 eV to 2.8 eV, and it also led to an 

improvement in the external shape of the titanate barium in SEM, which affected the 

increase in the efficiency of its photoelectric performance. 
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