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In this paper, pure bismuth oxide (Bi2O3) and ZnO-doped with a ratio of (0, 0.12, 0.24, 
0.36 and 0.48 wt.%) thin films are prepared by thermal evaporation methods under 
pressure 1×10-7 bar with a rate of deposition 0.5 nm.s-1, at ambient temperature on glass 
substrates (RT)  with thickness 50 nm and annealed at temperature 573 K for 2 hours. The 
phase structures of Bi2O3 (monoclinic) and Bi2O3/ZnO NCPs are confirmed by X-ray 
diffraction (XRD) investigation. The concentration of ZnO-doping reduces the average 
crystallite size from 17,35 nm to 8.67 nm. Moreover, using XRD data, the average strain, 
stress, and dislocation density values are computed. The spectroscopy techniques such as 
Fourier transform infrared (FT-IR) and scanning electron microscopy with field emission 
probes were used to examine the structures. The FT-IR results showed no chemical 
interactions between the (Bi2O3/ZnO) NPs. The results of the field emission-scanning 
electron microscope (FE-SEM) analysis the (Bi2O3/ZnO) NPs were distributed uniformly 
throughout. The actually result of optical characteristics for (Bi2O3/ZnO) showed that the 
absorbance, and absorption coefficient, increase with the increased concentrations of 
(ZnO). At the same time, the transmittance and energy band gaps were decreased with a 
rise in concentrations (ZnO) that have a high ability to absorb UV-light. The dielectric 
characteristics were checked in the frequency range from 100 Hz to 5 MHz. The results of 
the insulating characteristics showed that the dielectric constant and the dielectric loss of 
thin films (Bi2O3/ZnO) decreased with increasing frequency. In contrast, they increase 
when the concentration of (ZnO NPs) increases. The A.C conductivity of the thin films 
(Bi2O3/ZnO) increases with the frequency and concentration of (ZnO) NPs. Finally, the 
structural and insulating results the indicated characteristics of the (Bi2O3/ZnO) thin films 
may be helpful in various nano-electronic devices and sensors. 
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1. Introduction  
 
Over the past hundred years, the field of nanotechnology has grown a lot. And now, many 

different kinds of research are linked to nanotechnology in some way. Nanotechnology is a 
developing, synthesizing, characterizing and putting materials to use and gadgets through a change 
in dimensions and the form of the nanoscale "nano" prefix is used at the beginning of each stream 
used even in product advertisements, as a keyword [1]. Nanotechnology's applications 
Nanotechnology is being used in nearly every field of science and technology [2]. Nanoscience, as 
opposed to nanotechnology, focuses on the arrangement and fundamental characteristics of atoms 
at the nanoscale. Nanotechnology, on the other hand, is a technique for controlling matter at the 
atomic level to synthesize novel nanomaterials with different characteristics [3]. In at least one of 
these dimensions, nanomaterials are substances less than 100 nm in size. To put it another way, 
this suggests that they have a lot of a significantly Microscale is smaller. Nanomaterials are one 
billionth of a meter in size, with an average size of 10-9 m. The physicochemical characteristics of 
the nanoparticles differ from those of the bulk material's size and shape are intrinsically linked.  
___________________ 
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At the nanoscale level the shape and size of the nanomaterials creates a distinct character 
that has new traits as well as new capabilities [4]. In the last few decades, the human population 
has grown rapidly, which has led to a rapid expansion of industry and the use of automobiles. The 
outcome is a proliferation of harmful and hazardous chemical species that pose a serious threat to 
human health and the environment [5, 6]. Metal oxides have shown great importance in various 
applications due to their capability to absorb light [7]. Therefore, loading such metal oxide 
nanoparticles into natural platforms such as glass substrates. Catalysis, molecular sensing, and 
environmental remediation are just a few of the many uses for metal and metal oxide nanoparticles 
[8]  . A variety of uses for metal oxides have been investigated[9]. In the early transition metal 
oxides, a wide range of features were observed, including catalysis, electro-optic and electro-
mechanical behavior as well as ferroelectric and wave density charging characteristics [10]. 
Selective oxidation and dehydration, for example, are made possible by these features. Metal oxide 
materials are available for use. also garnered a significant amount of focus within the realm of 
biomedical research because of their unique physicochemical features [11]. 

The remarkable optical and electrical features of bismuth. oxide (Bi2O3), an essential 
broad band-gap of metal oxide semiconductor, good photoconductivity, high dielectric 
permittivity, and a high refractive index are some of its notable characteristics, have drawn a lot of 
attention [12]. Researchers have looked into the usage of bismuth oxides in a large number of 
different uses, fuel cells being one of them, sensors, oxide varistors, and ionic conductors, because 
of their unusual characteristics [13]. Bi2O3 is nontoxic, A simple and inexpensive a type of a type 
of semiconductor that possesses a band gap of between 2 and 3.9 eV, it is well-known as a p-type 
semiconductor [14]. [There have been several successful strategies reported in recent years with 
the purpose of creating Bi2O3 in a variety of morphologies, including quantum. dots nanoparticles, 
with methods such as microwave-assisted synthesis, electrodeposition, and chemical vapour 
deposit, it is possible to produce nanobeads, nanorods, nanotubes, nanofibers, and thin films. 
(CVD) [13].] 

Since the dawn of time, zinc oxide has already been a utilized in a diverse array of 
different contexts, and its annual production presently exceeds one and a half million tons [15]. 
ZnO presents owing to its outstanding optical quality, stability, and piezoelectric qualities, among 
other things Examples of these include photovoltaic cells, gas sensors, transparent conducting 
materials, surface acoustic wave devices, and piezoelectric transducers. are some examples of 
recent advances in the field of electronics are some examples of recent advances in the field of 
electronics are just a few of the many applications for them [16]. Oxide semiconductors with a 
high band gap can be used as thin zinc oxide ZnO sensors to detect certain lighting and gases. 
When it comes to sophisticated applications like window layers Heterojunction solar cells use thin 
sheets of zinc oxide as one of the most extensively used transparent conducting oxides, as do heat 
mirrors and piezoelectric devices. For the most part, solar radiation can pass through ZnO because 
of its high 3.3 eV direct optical energy gap. Furthermore, ZnO's abundance in nature, which 
lowers its cost, and its high UV-cutoff, which enables it to be used in a diverse range of products 
and processes [17]. 

 
 
2. Computational details 
 
This aspect focuses on the experimental details used in the fabrication and examination of 

pure Bi2O3 thin films doped with different doping ratios of ZnO (0.0012, 0.0024, 0.0036 and 
0.0048) by weight by thermal evaporation method on glass substrates. Optical measurements of 
thin films such as absorbance (A), (transmittance (T), coefficient of sorption (α), optical. energy 
gap (Eg), The results were calculated within the range (200-1100 nm) of the spectral range as 
measured by a spectrophotometer with a dual-beam laser (Shimadzu, UV-1800 A0, Japan), The 
dielectric characteristics of nanocomposites (Bi2O3/ZnO) films were examined by Fourier 
transformation-infrared spectroscopy (FT-IR) with the range (400–4000) cm−1, and dielectric 
characteristics at (f = 100 Hz to 5 MHz) by (HIOKI 3532–50 LCR HI TESTER) LCR meter. 

Absorbance can [be. defined as. the ratio between. the light. intensity that is absorbed by a 
material (IA) and the light intensity that is incident on the material (Io) following the equation [18];  
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A = 𝐼𝐼𝐴𝐴

𝐼𝐼𝑜𝑜
                                                                                     (1)                                                                          

 
The transmittance, denoted by the symbol T, can be computed by dividing the intensity of 

the rays that are transmitted from the surface by the intensity of the rays that are incident on it. 
This ratio can be found by using the formula [19]; ] 

 
[T = exp[-2.303 A]  ]                                                                      (2) 

 
Depending on the direction of incident wave diffusion, an absorption coefficient can be 

thought of as a reduction in the flux of incident ray energy as a percentage of a distance unit. 
Photon energy, material characteristics, and the type of electronic transitions are all factors that 
affect absorption coefficient (α). This equation shows how the absorption coefficient (α) is 
affected by these factors [20]; 

 
E= hυ                                                                                   (3)                                                                                               

 
Transmittance is given by the following equation In cases when the incident. photon. 

energy is lower than the energy gap that is banned:   
 

T = (1-R)2. e-αt                                                                         (4) 
 
If the intensity. of the incident. ray (Io) that hits the blend film material of thickness (t) is 

given by the Lambert's law, then the intensity of the transmittance ray (I) is determine [21]: 
 

𝐼𝐼 = 𝐼𝐼𝑜𝑜 𝑒𝑒𝑒𝑒𝑒𝑒( − 𝛼𝛼𝛼𝛼)                                                                       (5)                                                                                          
 
The absorption coefficient is expressed by cm-1. 
 

𝛼𝛼𝛼𝛼 = 2.303  𝑙𝑙𝑙𝑙𝑙𝑙 𝐼𝐼/𝐼𝐼°                                                                   (6)                                                                                           
 
where The logarithm of (I/I0) is the absorbance (A). 

The using the following equation to calculate the absorption coefficient [22]; 
 

  𝛼𝛼 = 2.303(𝐴𝐴/𝛼𝛼)                                                                          (7)                 
 
In this work a direct transmission occurs between conduction. band (C.B) extends 

precisely above the valence. band (V.B) It can be calculated by the equation [23]: 
 

[αhυ= B ( hυ – Eg opt)r  ]                                                                                                 (8) 
 
where B is constant, regardless on the kind of material, is the. Incident. photon frequency, where r 
is an exponential constant whose value varies depending on the type of transition; r equals 1/2 for 
the approved direct transition, and r equals 3/2 for the forbidden direct transfer. 

The dielectric constant, Ɛʹ, is given by [24, 25]; 
 

Ɛʹ = 𝐶𝐶𝑝𝑝𝑑𝑑
Ɛ˳𝐴𝐴

                                                                               (9)  

 
wherein, Cp is material capacitance, thickness (d in cm), and A=(in cm2) 

The formula for determining dielectric loss Ɛʹʹ is [26, 27]; 
 

Ɛʹʹ = Ɛʹ D                                                                           (10) 
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wherever, D stands for the distribution factor. The factors that determine the electrical conductivity 
of A.C are[28][29]; 

°′′= εεwa.cσ                                                                         (11) 

 
 
3. Results and discussions                                                
 
Figure 1 depicts the X-ray powder diffraction (XRD) patterns for pure Bi2O3 and Bi2O3-

doped ZnO thin films. A peak was seen at 2θ = 27.41°, which corresponds to the (ī21) for pure 
Bi2O3 from the Joint Committee for Powder Diffraction Standard (JCPDS) card file data (79-
2205)[30]. The results are consistent with the studies undertaken by [31]. This shows that both 
pure and doped Bi2O3 films generated by the thermal evaporation mathods had a good c-axis 
alignment perpendicular to the substrate, a monoclinic wurtzite-type crystal structure, and the 
behavior of increasing film crystallinity. Using Scherer's method, the crystallite size of the pure 
Bi2O3 and Bi2O3-doped ZnO thin film was determined from the (ī21) diffraction peak using the 
following equation [32]: 

 
D = 0.9λ /β cosθ                                                                     (12) 

 

 
 

Fig. 1. XRD analysis of (Bi2O3/ZnO) thin films at 573K. 
 
 
The samples' measured FWHM ranged from 0.492° to 0.984°. Our results correspond well 

with those reported by [33]. The predicted crystallite size range for pure Bi2O3 and Bi2O3-doped 
ZnO thin films produced on a glass substrate is 17.348 to 8.674 nm. The results are listed in Table 
1. 

 
doped -/ ZnO3O2and Bi 3O2ray powder diffraction (XRD) for pure Bi-The obtained results of the X Table 1.

thin films. 
 

Con. ZnO (wt%) hkl 2θ0 d-spacing (A0) β 0 β (rad) D (nm) 
Pure (-121) 27.41323 3.25358 0.492 0.00859 17.34853 

0.12% (-121) 27.54140 3.23605 0.960 0.01676 8.89355 
0.24% (-121) 27.41140 3.25379 0.984 0.01717 8.67423 
0.36% (-121) 27.52922 3.23745 0.840 0.01466 10.16380 
0.48% (-121) 27.40939 3.25403 0.984 0.01717 8.67419 

10 20 30 40 50 60 70 80

JCPDS Card No. 01-071-0465 of Bi2O3

In
te

ns
ity

 (a
.u

.)

2θ (deg)

Pure (Bi2O3) at 573 K 

(Bi2O3/0.12 wt.%ZnO) 

(Bi2O3/0.24 wt.%ZnO) 

(Bi2O3/0.48 wt.%ZnO) 

(Bi2O3/0.36 wt.%ZnO) 



441 
 

FT-IR analysis was done. To evaluate the distribution of structural bonds in the studied 
glasses. Figure 2 displays the changes in FT-IR spectra of all glasses  . The Bi2O3 NPs 
predominated in the FT-IR spectra of the coupling nanocomposite's spectra. Specifically, the bands 
in the region from 649.97cm-1 into 923.84cm-1 correspond to the overlapping stretching vibrations 
of Bi–O bonds of BiO6 coordination octahedra and Zn–O bonds. In addition, weak to medium 
bands at 1126.35cm-1 and 1421.44cm-1 and 1575.73cm-1 can be noticed as the Bi2O3 loading in 
nanocomposites increases. These absorption bands were linked to various types of Bi–O vibrations 
induced by the interaction of Bi–O bonds with their environment. Similarly to the ZnO bands, the 
characteristic bands at 3421.48cm-1 got stronger with increased Bi2O3 loading in the 
nanocomposite, indicating a higher –OH group density on the catalyst's surface. The absorption 
peaks seen around 3421.48cm-1 are attributed to O–H stretching vibrations, which are typical in 
oxide glass due to water trapping of raw materials from the surrounding atmosphere [34, 35]. 

 

 
 

Fig. 2. FT-IR analysis of (Bi2O3/ZnO) thin films at 573K. 
 
 
Figures 3 displaying photos obtained from Nanoparticles in thin films were analyzed using 

field emission scanning electron microscope (FE-SEM). These findings can be explained by the 
fact that clusters of nanoparticles form when the concentration of the substance is lower. When 
there is a higher concentration of ZnO nanoparticles, the Bi2O3 is able to support the formation of a 

4000 3600 3200 2800 2400 2000 1600 1200 800 400

Tr
an

sm
itt

an
ce

 (%
)

Wavenumber (cm-1)

 Pure  (0.12%) ZnO  (0.24%) ZnO  (0.36%) ZnO  (0.48%) ZnO

64
9.

97

92
3.

84

11
26

.3
5

14
21

.4
4

15
75

.7
334

21
.4

8

--92
3.

84

11
24

.4
2

14
21

.4
4

34
23

.4
1

15
73

.8
1

34
19

.5
6

64
9.

97

92
5.

77

15
73

.8
1

11
26

.3
5

64
8.

04

92
5.

77

11
24

.4
2

14
19

.5
1

--
64

9.
97

92
5.

77

15
71

.8
8

34
34

.9
8

14
21

.4
4

34
31

.1
3

15
73

.8
1 14

23
.3

7

11
30

.2
1



442 
 

network due to the nanoparticles. Matrix This results in an increase in the number of companies 
offering free shipping [36,  37].  

 
 

 

 

 
 

Fig. 3. FE-SEM images of (Bi2O3/ZnO) nanocomposites: A for pure B for 0.12 wt.% (ZnO) NPs, C for 0.24 
wt.% (ZnO) NPs, D for 0.36 wt.% (ZnO) NPs and E for 0.48 wt.% (ZnO) NPs. 

 
 
Absorption (Bi2O3/ZnO) with varied concentration (ZnO) for a wavelength ranging at 

normal temperature, a wavelength range of (200-1100 nm) was observed. Figure 4 shows. the 
contrast of the. optical absorption with the wavelength of (Bi2O3/ZnO). From these numbers it can 
be seen that the spectra show that the UV absorption in all of these films is larger. The low 
absorption in the visible range is evident in all nanocomposites. In order to clarify this, we can 
look at it this way: High-frequency photons do not interact with atoms; hence the photon is 
transmitted rather than blocked. When the wavelength of light drops (within close proximity to the 
basic absorption edge), the photon will exhibit the following behavior be absorbed because of the 
interaction between the incident photon and the substance. Weight (ZnO) percentages improve the 
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absorption. This is due to the unbound electrons absorbing the incident light. The findings here are 
consistent with those of other researchers [38, 39]. 

 
 

 
 

 Fig. 4. The absorbance as function of wavelength for (Bi2O3/ZnO) thin films. 
 
 
Figure 5 is a graph that displays the transmittance (T) as a function of the wavelength. of 

(Bi2O3/ZnO). Optical transmittance spectra of thin films different concentration of ZnO 
nanoparticles. It is evident that the transmittance increases as the wavelength of various 
concentrations increases and decreases as the concentration of ZnO nano-doping increases [40]. 
The findings here are consistent with those of other researchers ”[41]]. 

 

  
 

Fig. 5. The transmittance as function of wavelength for (Bi2O3/ZnO) thin films. 
 
 
Figure 6 Absorption coefficient is plotted against wavelength for thin films (Bi2O3/ZnO). 

At longer wavelengths, the absorption. coefficient is at its lowest value and low energies, as can be 
observed. Electron. transition is not possible because. the photon's. energy is insufficient to move 
electrons moving electrons from the valence band to the conduction band in a semiconductor 
material [42]. 

Absorption is excellent at high energies, which indicates a high chance of electron 
transitions. As a consequence of this, the energy of the incident photon is sufficient to force one 
electron to migrate from the valence band to the conduction band. The energy of the photon that 
was detected during the incident was greater than the allowed energy gap”[43]. 
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A direct electron transition happens when. This coefficient is greater than that of 
absorption, therefore (α >104) cm-1 at high energies, the energy and moment. of the electron and 
photons are maintained while they travel through the transition. Whereas, at low energies, the 
absorption. coefficient values. (α <104) cm-1 are likely to occur, resulting in an indirect transition 
of electrons, and the phonon helps sustain the electronic momentum [44]. 

Among other results, the thin-film absorption coefficient (Bi2O3/ZnO) is greater than (104) 
cm-1. This shows that electron transfers are direct. This result is similar  to the results of the other 
researcher [41]. 

 
 

  
 

Fig. 6. The absorption coefficient as a function of photon energy for (Bi2O3/ZnO) thin films. 
 
 
Equation (8) has been used to compute both the permitted and prohibited direct transition 

band energy gap. The energy gap of the direct transition band is calculated when r =1/2, when this 
is done, the energy gap in the forbidden indirect transition band can be determined r=3/2. 

Absorption edge (hv)2 for (Bi2O3/ZnO) is shown in Figure 7 depending on the amount of 
photon energy present when the (hv)2 = 0 value is drawn from the. upper half of the. curve toward 
the (x)-axis, The energy gap of both pure Bi2O3 and Bi2O3-doped ZnO with different ratios 
(0.0012, 0.0024, 0.0036 and 0.0048) wt% with a thickness of 50 nm is shown on. An evident 
decrease in the. Energy. gap values is observed with the increase of the ZnO ratio. This preposition 
increase explains that Bi2O3/ZnO valence band electrons are transferred to conduction band 
electrons through the Borstein-Moss effect, which is a type of semiconductor film where the Fermi 
level is positioned in the conductive band and an electron shield flows to these levels, resulting in 
the transfer of electrons. According to Table (2), the Eg values are listed. The findings of the 
second researcher are very comparable to this one”[45]. 

Table (2) explain how the direct energy gap's prohibited transition is determined, in the 
same manner Fig 8 depicts the forbidden transition of the direct energy gap between and 
(Bi2O3/ZnO). These findings are in accordance with what the researcher had expected to see [45]. 
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Fig. 7. Optical energy gap for the allowed direct transition (αhυ)2 versus photon energy of (Bi2O3/ZnO). 
 
 

 
“ 

Fig. 8. Optical energy eap for the forbidden direct transition (αhυ)3/2 versus photon energy of (Bi2O3/ZnO). 
 
 

Table 2. For (Bi2O3/ZnO) thin films, the values of the energy gap for the permissible and banned direct 
transitions.” 

 
Zinc Oxide Eg(eV) 

Allowed Forbidden 
0     3.18      3.01 

0.0012 2.86 2.78 
0.0024 2.82 2.61 
0.0036 2.81 2.45 
0.0048 2.63 2.42 

 
 
Figure 9 Due to the ability of dipoles in nanocomposites specimens to rotate in the 

direction of the applied electric field and the reduction of space charges or interfacial polarization 
to overall polarization, decreases with increasing frequency for all samples [46, 47]. Variation of 'ε 
for thin films (Bi2O3/ZnO) NPs content at 100Hz is shown in Figure 10. Observations indicate that 
increases with increasing ZnO content for all samples. which is Inter polarization within the thin 
films in the alternating applied field Electric field and height of charge carriers can characterize the 
actions. 

Which means that prepared nanocomposites have low loss, meaning low energy loss 
which make it suitable for nanoelectronics devices applications.  
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Fig. 9. Variation of Ɛʹ with frequency of (Bi2O3/ZnO) thin films. 
 
 

 
 

Fig. 10. Effect of ZnO NPs content on dielectric constant of Bi2O3. 
 
 
Figure 11 shows the ε˝ behavior of (Bi2O3/ZnO) thin films with frequency. It was 

observed that reduce ε˝ With a higher frequency, which is due to the reduction of the polarization 
of the influence of space charges. When the frequency is low, ε˝ has a high value, but as the 
frequency goes up, it goes down. This is because the dipoles have time to line up the electric field 
before it changes direction [48]. 

Figure 12 displays the influence that the presence of ZnO NPs has on the dielectric loss of 
Bi2O3 when measured at 100 Hz. Because of the high nanoparticle concentration, there is an 
increase in values, which can be linked to the rise of the number of charge carriers in the system 
having a relatively modest concentration of nanoparticles yet a significant amount of clusters 
generated. These results are in agreement with [49]. 
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Fig. 11. Variation of ε" with frequency of (Bi2O3/ZnO) thin films. 

 
 

 
Fig. 12. Effect of ZnO NPs content on dielectric loss of Bi2O3. 

 
 
Fig. 13 As shown this Figure, the mobility of charge carriers and the hopping of ions from 

the cluster are linked to the fact that the A.C. of (Bi2O3: ZnO) thin films increases as the frequency 
does [50]. 

Figure 14 exhibits the A.C conductivity of (Bi2O3/ZnO) thin film with content of NPs at 
100 Hz. From figure (14), it is noted that the σA.C raisings with raising of (ZnO) NPs concentration 
which due to raise in the number of charge carriers[45]. 

 

 
Fig. 13. Variation of A.C conductivity with frequency of (Bi2O3/ZnO) thin films. 
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Fig. 14. Effect of ZnO NPs ratio on A.C conductivity of Bi2O3 at 100 Hz. 

 
 

The culmination of the investigations into the dielectric characteristics, which It is possible 
to consider the dielectric constant, the dielectric loss, and the electrical conductivity of the 
suggested (Bi2O3/ZnO) nanostructures as the fabricated thin films. Promising materials in different 
domains of nanoelectronics and sensors. 

 
 
4. Conclusions  
 
This work includes studying the structural and dielectric characteristics of (Bi2O3/ZnO) 

thin films for use in various nanoelectronics and sensor applications. From XRD, the crystalline 
was satisfied with a monoclinic wurtzite structure and preferential orientation in the (ī21)  
direction. The crystallite size increased with the increasing of ZnO doping. The FT-IR confirmed 
no interaction between (Bi2O3/ZnO)  NPs and FE-SEM, confirming that (ZnO) NPs Uniform 
distribution within Bi2O3.The absorbance of the thin films (Bi2O3/ZnO) increases with the 
increase of the nanoparticles (ZnO) concentrations. While the Transmittance and energy gap of the 
direct transfer (allowed, forbidden) of the (Bi2O3/ZnO) thin films decreases with the increase of 
the concentrations of (ZnO) nanoparticles. 

The insulating characteristics of the (Bi2O3/ZnO) A.C thin films indicated mixed with the 
increase in the content of (ZnO) NPs. The dielectric constant and dielectric loss go down while 
A.C electrical conductivity alternating current increases when Frequency increases of Bi2O3. 
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