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Abstract

Thin films of perovskite (BaZnO3) were prepared by the 
chemical bath deposition (CBD) method on glass substrates 
from three solutions that included different concentrations 
of KOH (0.6, 1.2 and 1.8 mol.), mixed with a constant con-
centration of (0.6) mol of (KCl) and 0.6 mol of (BaCl2) at 
85 °C and a precipitation time of 20 minutes. The optical 
property curves showed a clear change with varying concen-
tration of (KOH). Films of BaZnO3 were prepared from a 
solution containing 1.2 mol of KOH, exhibited the highest 
absorbance, and had a good energy gap (1.8 eV) while their 
absorbance and reflectivity were lower than those at other 
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concentrations. This is attributed to the increased per-
ovskite content resulting from the chemical reaction of KOH 
with (BaCl2) and (ZnCl2). This increased perovskite content 
leads to the growth and aggregation of most particles, reduc-
ing their adhesion to the glass substrate. In contrast, smaller 
particles that did not undergo growth or aggregation adhered 
better to the glass substrate. Solutions containing lower KOH 
concentrations exhibited relatively stable properties across 
the wavelength range of 340–1100 nm. This stability was 
also observed in the refractive index and extinction coeffi-
cient as a function of wavelength. The energy gap of films 
prepared from solutions containing different KOH concen-
trations was calculated, revealing that the energy gap varies 
depending on the KCl concentration. This change can be 
utilized in industrial semiconductor applications, including 
solar cells, diodes, and transistors …etc.

Keywords: Perovskite; Optical properties; Structural properties; BaZnO3; 
Chemical Bath Deposition, XRD.

Resumen

Se prepararon películas delgadas de perovskita (BaZnO3) 
mediante el método de deposición química en baño (CBD) 
sobre sustratos de vidrio a partir de tres soluciones que 
incluían diferentes concentraciones de KOH (0,6, 1,2 y 1,8 
mol), mezcladas con una concentración constante de (0,6) 
mol de (KCl) y 0,6 mol de (BaCl2) a 85 °C y un tiempo 
de precipitación de 20 minutos. Las curvas de propiedades 
ópticas mostraron un cambio claro con la variación de la 
concentración de (KOH). Las películas de BaZnO3 prepara-
das a partir de una solución que contenía 1,2 mol de KOH 
exhibieron la mayor absorbancia y una banda prohibida 
adecuada (1,8 eV), mientras que su absorbancia y reflecti-
vidad fueron menores que las de las otras concentraciones. 
Esto se atribuye al aumento del contenido de perovskita 
resultante de la reacción química del KOH con (BaCl2) y 
(ZnCl2). Este aumento del contenido de perovskita conduce 
al crecimiento y agregación de la mayoría de las partículas, 
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reduciendo su adhesión al sustrato de vidrio. En contraste, 
las partículas más pequeñas, que no experimentaron cre-
cimiento ni agregación, se adhirieron mejor al sustrato de 
vidrio. Las soluciones con menor concentración de KOH 
mostraron propiedades relativamente estables en el rango 
de longitud de onda de 340 a 1100 nm. Esta estabilidad 
también se observó en el índice de refracción y el coeficiente 
de extinción en función de la longitud de onda. Se calculó 
la brecha de energía de las películas preparadas a par-
tir de soluciones con diferentes concentraciones de KOH, 
revelando que esta varía según la concentración de KCl. 
Este cambio puede utilizarse en aplicaciones industriales de 
semiconductores, como células solares, diodos y transisto-
res, entre otros.

Palabras clave: Perovskita; propiedades ópticas; propiedades estructura-
les; BaZnO3; deposición química en baño, difracción de rayos X

1.	 Introduction

Regardless of their various characteristics, all materials that share 
this crystal structure are referred to as perovskites. It was first ap-
plied to the ABO3 structure, or metal oxides [1]. Perovskite was named 
after the Russian scientist Lev Perovski and was discovered in the 
Ural Mountains in 1839 A. D., by the German scientist Gustav Rose-
Perovsky [2]. Perovskite materials are categorized according to their 
ionic radius, and they usually take on a cubic, rhombohedral, or tetrag-
onal crystal structure. These materials are extremely versatile due to 
the metal ions that make them up as well as the perovskite framework’s 
flexibility, particularly in the ABO3 type [3].

Perovskites’ versatility enables them to accept a large variety of cat-
ions in various oxidation states. In general, A and B have valences 
that are near +2 and +4, respectively. However, in certain situations, 
both elements can have A+3 valence as long as the B+3 cation has six 
coordinates as in figure 1. [4]. The reason for selecting BaZnO3 was 
according to its expansion chemical and thermal stability as an oxide 
perovskite, offering a robust alternative to organic-inorganic lead hal-
ide perovskites, its wide bandgap and high transparency make it an 
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ideal candidate for optoelectronic applications, such as buffer layers in 
solar cell. Potential alternatives include SrZnO3 and CaZnO3, howev-
er, BaZnO3 exhibits superior lattice matching and electronic transport 
properties when integrated into thin – film semiconductor devices.

Fig 1. Structure of Perovskite BaZnO3[4]

1.1. Structure of BaZnO3 and X-Ray diffraction analysis
The structure of perovskite BaZnO₃ is (Cubic) and crystallizes in the 
cubic space group. Ba is bonded to twelve equivalent Oxygen atoms 
to form BaO₁₂ cuboctahedra that share corners with twelve equivalent 
BaO₁₂ cuboctahedra, faces with six equivalent BaO₁₂ cuboctahedra, 
and faces with eight equivalent ZnO₆ octahedra. All Ba-O bond lengths 
are 2.74 Å. Zn is bonded to six equivalent Oxygen atoms to form ZnO₆ 
octahedra that share corners with six equivalent ZnO₆ octahedra and 
faces with eight equivalent BaO₁₂ as in figure 1 [5,6]. The unprece-
dented progress in perovskite semiconductors as well as the remarkable 
increase in their energy conversion efficiency, is mainly attributed to 
the ease of fabrication and the unique nature of the perovskite struc-
ture. Moreover, the synthesis of these materials requires only large, 
simple chemicals and inexpensive processing equipment. Looking to 
the future, efficiencies exceeding 20% can be achieved due to the abil-
ity of thin perovskite films to conduct a photovoltaic voltage that is 
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significantly higher than those generated by semiconductor quantum 
dots as in figure 2 [7].

Figure.2: Typical structure of perovskite cells 
and the transport mechanism in it [7]

2.	 Experimental analysis

Every stage of the preparation and deposition of the perovskite solu-
tion was completed in an ambient environment. To guarantee the opti-
cal and structural quality of the perovskite (BaZnO3) thin films and to 
achieve a surface free of impurities, the substrates must be thoroughly 
cleaned. To get rid of any oil residues and suspended particles, all glass 
slides were cleaned with a soap solution, then washed with distilled 
water, then cleaned in ethanol for ten minutes. To prepare them for 
deposition, they were then submerged in deionized water and allowed 
to dry on soft paper.

Thin films of perovskite (BaZnO3) were prepared by the chemical bath 
deposition CBD method on glass substrates from three solutions that 
included different concentrations of potassium hydroxide KOH (0.6, 
1.2 and 1.8 mol), mixed with a constant concentration of (0.6) mol of 
zinc chloride and (0.6) mol of Barium chloride. After that, the mixture 
was allowed to cool to room temperature. To create a perovskite film, 
the solution was subsequently drop-cast onto FTO glass substrates and 
heated for 15 minutes at 85 °C.
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The KCl by product was efficiently removed from the BaZnO3 thin 
films through a multi-step purification process initially centrifugation 
was employed to isolate the KCL particles which had agglomerated into 
larger clusters within the solution facilitating their separation before 
film deposition following the deposition onto slides the films underwent 
a rigorous post deposition rinsing protocol leveraging the high solubility 
of KCl in polar solvents the samples were subjected to multiple washing 
cycles with DI ionized deep water to ensure the complete elimination 
of any residual salt.The crystal structure of the BaZnO3 perovskite na-
noparticles with Molar mass 153.4562 g/ mol, was characterized using 
X-ray diffraction (XRD). Both the chemical composition and the type 
of crystallization can be ascertained using the XRD technique. The 
X-ray diffraction pattern of the drop-cast perovskite film is displayed 
in figure (3-a), which also demonstrates the crystallization nature of the 
perovskite film that was prepared by the CBD method. Despite the ap-
pearance of a few extra diffraction peaks, the results show that the film 
has good crystallization. It was discovered that the crystallization type 
was tetragonal with the space group (14/mmm), which is consistent 
with the standard data [00-042-1467][8].

2.1. Chemical Reactions
The following formula is used to determine the weight that must 
be dissolve [9]: 6                                 Huda Masood Mohammed; Dhamiaa H. Muhsen; Raed H. AL-Saqa 
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M: molar concentration (mol/L), Wt: solute weight (gm). 
Wt: molecular weight of (gm/mL), V: solvent volume (mL). 

 Zinc chloride was added to potassium hydroxide as a source of 
zinc ions (Zn+2), and BaCl2 was added to potassium hydroxide as a source 
of (Ba+2). The potassium hydroxide solution that was added was used as a 
source of hydroxide ions (OH-). A white precipitate will form in the 
solution, which is BaZnO3, in addition to KCl in the form of a clear 
solution, as in the following reaction: 

BaCl2 +2KOH                   Ba(OH)2+ 2KCl                                      (2)  

   ZnCl2+2KOH                    Zn(OH)2 +2KC                                        (3) 

Ba(OH)2+ Zn(OH)2                      BaZnO3 + H2O + H2                        (4)                              

The thin film on Si with orientation (102), (P-type) was deposited 
using BaZnO3 solution, which was heated to 80°C and then left on the 
heater for 30 minutes to precipitate the thin films thoroughly. The 
samples were subjected to technical examinations by XRD, UV-
visible, and SEM techniques, and the presence of nanoparticles and the 
appearance of the material were used to establish identification. Figure 
2 shows the method used for the deposition of BaZnO3 by CBD. The 
following results provide clarification on the synthesis of BaZnO3 
nanoparticles, critical diagnostic tests, solar cell application, and 
parameter measurement. 

3. Results and discussion  
3.1. XRD analysis (structural properties) 

Using an X-ray diffraction pattern, XRD was used to study the 
crystal structure of BaZnO3 film growth. The X-ray spectrum displayed 
in Figure 1 was used to identify the types of crystalline levels and their 
predominant directions. 

 
The X-ray diffraction (XRD) patterns confirmed the 

polycrystalline nature of the synthesized films, characterized by the 

(1)

M: molar concentration (mol/L), Wt: solute weight (gm).

Wt: molecular weight of (gm/mL), V: solvent volume (mL).

Zinc chloride was added to potassium hydroxide as a source of zinc 
ions (Zn+2), and BaCl2 was added to potassium hydroxide as a source 
of (Ba+2). The potassium hydroxide solution that was added was used 
as a source of hydroxide ions (OH-). A white precipitate will form in 
the solution, which is BaZnO3, in addition to KCl in the form of a clear 
solution, as in the following reaction:
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BaCl2 +2KOH  Ba(OH)2+ 2KCl (2)

ZnCl2+2KOH  Zn(OH)2 +2KC (3)

Ba(OH)2+ Zn(OH)2  BaZnO3 + H2O ↑ + H2 ↑ (4)

The thin film on Si with orientation (102), (P-type) was deposited using 
BaZnO3 solution, which was heated to 80°C and then left on the heater 
for 30 minutes to precipitate the thin films thoroughly. The samples 
were subjected to technical examinations by XRD, UV-visible, and SEM 
techniques, and the presence of nanoparticles and the appearance of the 
material were used to establish identification. Figure 2 shows the method 
used for the deposition of BaZnO3 by CBD. The following results provide 
clarification on the synthesis of BaZnO3 nanoparticles, critical diagnos-
tic tests, solar cell application, and parameter measurement.

3.	 Results and discussion

3.1. XRD analysis (structural properties)
Using an X-ray diffraction pattern, XRD was used to study the crystal 
structure of BaZnO3 film growth. The X-ray spectrum displayed in 
Figure 1 was used to identify the types of crystalline levels and their 
predominant directions.

The X-ray diffraction (XRD) patterns confirmed the polycrystalline 
nature of the synthesized films, characterized by the emergence of var-
ious diffraction peaks across multiple crystallographic orientations, as 
illustrated in Figures 3, 4, and 5. The analysis revealed that the high-
est level of crystallinity was achieved at the minimum KCl concentra-
tion (0.6 mole), followed by a gradual reduction as the concentration 
increased. Furthermore, the crystallite sizes were determined using 
Scherrer’s formula (Eq. 5), with results indicating that the BaZnO3 
particle diameters ranged from 22 to 57 nm. These findings demon-
strate excellent correlation with the morphological data obtained from 
the scanning electron microscopy (SEM) images presented in Figure 6.
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emergence of various diffraction peaks across multiple crystallographic 
orientations, as illustrated in Figures 3, 4, and 5. The analysis revealed 
that the highest level of crystallinity was achieved at the minimum KCl 
concentration (0.6 mole), followed by a gradual reduction as the 
concentration increased. Furthermore, the crystallite sizes were 
determined using Scherrer’s formula (Eq. 5), with results indicating that 
the BaZnO3 particle diameters ranged from 22 to 57 nm. These findings 
demonstrate excellent correlation with the morphological data obtained 
from the scanning electron microscopy (SEM) images presented in 
Figure 6. 
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                                                             (5)                                                                       

 The factor k, also referred to as Scherrer's constant, depends on 
the shape of the crystal near 0.9 in order to determine the diameter's 
crystallite size (D) using XRD of wavelength λ (nm) β crest width at 
mean height (FWHM) at any 2θ, where 𝜃𝜃𝜃𝜃, represent the Bragg angle 
[10 – 2].  

 
Table 1. Data analysis from XRD for each concentration  

Cons. of KOH 
(mol) 

Pos. 
 [°2Th.] 

Height 
[cts] 

FWHM 
  [2θ°Th.] 

d-spacing 
 [Å] 

Rel. Int. 
 [%] 

hkl 

0.6 28.2361 98.90 0.0984 3.16061 100.00 102 
1.2 28.2234 194.60 0.0787 3.16200 100.00 102 
1.8 28.2121 140.69 0.0984 3.16324 100.00 102 
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The factor k, also referred to as Scherrer’s constant, depends on the 
shape of the crystal near 0.9 in order to determine the diameter’s crys-
tallite size (D) using XRD of wavelength λ (nm) β crest width at mean 
height (FWHM) at any 2θ, where θ, represent the Bragg angle [10 – 2]. 

Table 1. Data analysis from XRD for each concentration

Cons. of 
KOH 
(mol)

Pos. 
[°2Th.]

Height 
[cts]

FWHM 
[2θ°Th.]

d-spac-
ing [Å]

Rel. Int. 
[%]

hkl

0.6 28.2361 98.90 0.0984 3.16061 100.00 102

1.2 28.2234 194.60 0.0787 3.16200 100.00 102

1.8 28.2121 140.69 0.0984 3.16324 100.00 102

Figure 3. XRD of BaZnO3 Prepared by the chemical bath 
deposition method at concentration of 0.6 mol of KOH
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Figure 4. XRD of BaZnO3 Prepared by Chemical Bath 
Deposition at concentration of 1.2 mol of KOH

Figure 5. XRD of BaZnO3 Prepared by Chemical Bath 
Deposition at concentration of 1.2 mol of KOH

Table 2. Average grain size of BaZnO3 from SEM analysis

Concentration (mol) Average grain size (nm)

0.6 22.1685

1.2 30.9783

1.8 57.1600
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Fig 6. SEM of BaZnO3 at concentration. a- 0.6 
mol, b- 1.2 mol and C-1.8 mol of KOH

3.2. UV –Visible analysis (Optical properties)
The optical properties curves showed a clear change with varying po-
tassium hydroxide (KOH) concentrations [13]. Films prepared from a 
solution containing 1.8 mol of potassium hydroxide exhibited the high-
est transmittance, while their absorbance and reflectivity were lower 
than those at other concentrations, this is similar to what was found 
in the results of [14-16], this is attributed to the increased perovskite 
content resulting from the chemical reaction of potassium hydroxide 
with Barium chloride and zinc chloride. This increased perovskite con-
tent leads to the growth and aggregation of most particles, reducing 
their adhesion to the glass substrate. In contrast, smaller particles that 
did not undergo growth or aggregation adhered better to the glass 
substrate. Solutions containing lower potassium hydroxide concentra-
tions exhibited relatively stable properties across the wavelength range 
of 340–1100 nm. This stability also applied to the refractive index 
and extinction coefficient as a function of wavelength. The energy gap 
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of films prepared from solutions containing different concentrations of 
KOH was calculated, and it was found that the energy gap changes 
depending on the change in the concentration of potassium chloride, 
and that this change can be utilized in industrial semiconductor appli-
cations, including solar cells, diodes, and transistors. As for the energy 
gap, it was calculated to be around 2.1 eV for the films prepared from 
solutions containing (0.6) mol of KOH, while we found that the energy 
gap was (1.8 eV) for the films prepared from solutions containing (1.2) 
mol of KOH, and finally the value of the gap decreased to (1.6 eV) for 
the films prepared from solutions containing the lowest concentration 
of KOH, Figure (7).

Figure (7) a- the permeability, b- absorbance, c- 
reflectivity curves, and d- refractive index e- Extinction 

factor f- energy gaps of films prepared from different 
concentrations of (KOH) using the CBD method.
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4.	 FTIR measurement results

The findings of FTIR analyses for the perovskite material type BaZnO3 
are displayed in Figure (8). We can see several peaks in the drawing 
that stand for stretching and vibrations. The presence of the perovskite 
structure is indicated by the Zn-O bond, which is represented by the 
peak at 687.67 cm-1, and the C-O vibrations, which are represented 
by carbonate or organic material residues, are represented by the 
bond at 1108.00 cm-1. The presence of absorbed water is demonstrat-
ed by the C-H bend at 1384.79 cm-1 and the O-H-H bend at 1635.05 
cm-1. The C=O vibration (carboxyl group) caused by the formation of 
carboxylates or organic material residues is represented by the peak at 
1741.78 cm-1. The O-H vibrations, which are fairly broad and show the 
presence of absorbed water and a hydroxyl group on the surface, are 
represented by the peak at 3430.24 cm-1. Because of the OH network 
sites, this is normal. Organic C-H compounds or solvents are indicated 
by the peaks 2924.32 cm-1 and 2853.87 cm-1. These bonds align with 
earlier research [13,17]. The presence of these groups in FTIR is nor-
mal in membranes prepared by the (CBD) method, indicating that the 
material has undergone washing stages with distilled water and that 
there is a hydroxyl reaction, and therefore the membranes are free of 
potassium chloride.



Optical and structural properties of bazno3 perovskite films prepared 
by chemical bath deposition method for semiconductor applications 81

Figure 8. FTIR of BaZnO3 samples

5.	 Conclusion

BaZnO3 Perovskite films were obtained from chemical solutions, thin 
films were prepared from them and deposited on glass surfaces under 
specific environmental conditions, and their physical properties were 
tested to determine their potential use in electronic applications. From 
the XRD and SEM results, the film structures showed that they consist-
ed of small nanoparticles with a size of approximately 22-57 nm. This 
nanoscale property improved the optical properties of the prepared 
films, such as absorbance, reflectivity, and extinction coefficient. The 
most important effect was on the energy gap, which was approximately 
1.6 to 2.1 eV, according to UV -visible. This conclusion is summarized 
as follows: the solution used to prepare these films, which had a concen-
tration of 1.2 mol of KOH, exhibited the highest absorbance, and had 
a good energy gap (1.8 eV), therefore, this concentration can be used 
to prepare these thin films for use in semiconductor applications, most 
importantly solar cells, diodes, transistors, sensors, and others.
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