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ABSTRACT 

This study included the fabrication of nanofilms of ZnO-doping concentration on CuO nanoparticles (NPs) by a thermal vaporization 
method. The film thickness is 50 ± 0.2 nm and is deposited on glass substrates at room temperature (RT). The deposited nanofilms 
exhibit no discernible peaks in X-ray diffraction (XRD) examination. The widening of the peak indicates a lack of long-range symmetry, 
resulting in a disordered nanocrystalline structure. This process yielded films with a homogeneous surface, as confirmed by atomic 
force microscope (AFM). As ZnO doping increased, roughness increased by 70.48%, the root mean square value increased by 72.55%, 
and the average grain diameter increased by 50.28%. The field emission scanning electron microscope (FESEM) analysis showed 
equally scattered CuO/ZnO nano-films. The optical characteristics of CuO/ZnO nano-films show ZnO presence. The absorbance and 
absorption coefficient are both increased. As ZnO concentrations increased, energy and transmittance band gaps reduced from 0.83 
to 0.71 eV and 3.610 to 3.487 eV. The most significant reported sensitivity at RT to NH3 at a concentration of 0.20 wt.% was 47.06% 
at an operating temperature of 100°C. This sensitivity was achieved within an answer time of 32.49 s, with a recuperation period of 
29.61 s. The most excellent reported sensitivity at 573 K to NH3 at a concentration of 0.20 wt.% was 45.05% at an operating 
temperature of 100°C achieved within an answer time of 33.75 s, with a recuperation period of 28.62 s and the most excellent reported 
sensitivity at 673 K to NH3 at a concentration of 0.20 wt.% was 68.81% at operating temperature of 100°C achieved within an answer 
time of 27.81 s, with a recuperation period of 15.84 s, so that it is considered the best sensitivity for NH3 detection. The sensitivity of 
the sample (0.20 wt.%) typically decreases as the temperature rises. This makes it seem like the gas-detector can interact with NH3 
gas without needing any activation energy and that the interaction is predicated on polarity and physical adsorption. Nevertheless, 
the sensitivity of the pure, 0.08, and 0.14 wt.% samples exhibited a positive correlation with temperature within a specific range. The 
findings regarding the structural and conductive characteristics of CuO/ZnO nano-films hold promising applications in advanced 
optoelectronic devices and gas sensors. 
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1. INTRODUCTION 

Historically, the term nanomaterial has denoted items 
originating from nanotechnology. Since 1974, Professor 
Norio Taniguchi has characterized nanotechnology as 
silicon machining's straight expansion into dimensions less 
than one micrometer [1]. Various international 
organizations and committees have proposed numerous 
definitions of the term "nanomaterial" in recent years, all of 
which have indicated an upper dimension limit of 100 nm 
[2]. Nanomaterials can demonstrate distinctive physical 
and chemical characteristics that are not present in their 
bulk counterparts. The reduction of scale is a critical 
characteristic that differentiates nanomaterials from 
conventional materials, resulting in materials with 
distinctive properties that are a direct consequence of their 
nanoscale dimensions. The most apparent result of scale 
reduction is the significantly increased surface area per unit 
mass or specific surface area [3]. An increase in surface area 
implies the presence of additional surface atoms. An 
increase in surface area will lead to a more significant 
number of atoms with unresolved bonds and lower 
coordination because, compared to atoms in bulk, surface 

atoms have fewer partners. Because surface atoms are often 
less stable than bulk atoms, the surface of nanomaterials is 
more reactive than their bulk counterparts [4]. 

Nanocomposites can be made in many ways, including 
chemical, physical, biological, etc. Nanomaterials' unique 
and customizable features have fascinated researchers 
throughout the globe, and their potential is being studied in 
disciplines such as medical treatments and diagnostics, 
drug transport, antibacterial nanomedicine, photocatalysis, 
catalysis, and energy generation [5–7]. Metal oxides have 
shown to be quite useful in a range of applications as a result 
of their capacity to absorb light [8]. As a result, the 
deposition of these metal oxide nanoparticles onto glass 
substrates and other natural surfaces. Metal and metal 
oxide nanoparticles are utilized in a variety of fields, 
including environmental remediation, molecular detection, 
and catalysis [9]. Many uses have been researched for metal 
oxides [10]. Early transition metal-derived metal oxides 
showed remarkable capabilities, including catalytic, 
electro-optic, electromechanical, ferroelectric, and wave 
density charging characteristics [11, 12]. 
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The scientific community has become more interested in 
recent efforts to produce semiconductor oxide materials. 
Because of its optical and electrical characteristics, 
copper(II) oxide (CuO) is an auspicious material due to its 
photochemical and photoconductive properties. 
It demonstrates p-type semi-conductivity, with a 3 to 3.62 
eV band gap and modest electrical resistance values. When 
CuO is exposed to reducing-gas species, its electrical 
conductivity decreases [13–15]. The use of CuO is 
recognized when it comes to technology significant material 
due to its various uses in advanced science and technology, 
such as gas-detectors [16], sun photovoltaics, 
heterogeneous catalysis, lithium-ion electrodes, high-
temperature superconductors, and field emission emitters 
[17]. 

Zinc oxide (ZnO) is a well-known n-type semiconducting 
oxide widely used for reducing gases within the operating 
range of 273–443 K. This oxide material is comparatively 
low in operating temperature and exhibits high reactivity 
toward reducing gases. It is also capable of readily 
adsorbing. Because of its stable phase, cheap cost, and 
inherent non-stoichiometry, it contains oxygen on its 
surface. Furthermore, it is easy to use. ZnO is produced 
annually at around 1.5 million tons and has been utilized 
throughout history [18]. ZnO is stable, piezoelectric, and 
optically excellent. These technologies include transparent 
conductive materials, surface acoustic wave devices, 
piezoelectric transducer materials, Gas Detectors, and 
photovoltaic cells. Recent electronic innovations have a few 
promising applications [19]. Thin ZnO sensors, made from 
high-band gap oxide semiconductors, have the potential to 
detect certain lights and gases. Regarding complex 
applications such as window layers, ZnO is widely used as a 
transparent conducting oxide in heterojunction solar cells, 
heat mirrors, and piezoelectric devices. Heterojunction 
formation in ZnO-based catalysts. ZnO has a high direct 
optical energy gap of 3.3 eV, mainly allowing solar radiation 
to pass through it. In addition, the plentiful presence of ZnO 
in nature reduces its expense, and its strong ability to block 
UV radiation allows for its utilization in various products 
and procedures [20]. In recent years, many studies have 
explored the use of CuO and ZnO nanoparticles for Gas-
Detector applications [21–24]. 

Population development in recent decades has spurred the 
swift expansion of automobile transportation and industry. 
Consequently, hazardous and poisonous chemical species 
are becoming commonplace in daily life, posing a significant 
threat to the environment and human health [25, 26]. 
Invasive species are frequently the most challenging to 
observe because they cannot be observed, tasted, or 
touched. Gas sensing technology attracts interest in both 
primary and industrial domains for dependable air quality 
monitoring [27]. There are numerous classifications of gas 
detectors, and the criteria vary. Gas detectors can be 
classified according to the interaction between the gas and 
the gas sensing material, the type of sensing material 
utilized, or the material's overall sensing process. Among 
these categories are sensors for gases in semiconductors 
[28, 29]. Sensors for solid electrolyte gas [30], optical gas  
 

detectors, gas detectors that use contact combustion, gas 
detectors that use quartz vibrators, and gas detectors that 
use surface acoustic waves [31]. Research has shifted its 
attention to gas-detectors that use different metal oxide 
semiconductors (MOS) as sensing layers, as opposed to 
other sensors, because of their superior sensitivity, compact 
size, and low cost [32]. 

This study used the thermal vaporization method to study 
CuO/ZnO nano-films. Research into CuO/ZnO sensors for 
detecting NH3 gas is, as far as we know, underdeveloped. By 
adjusting the ZnO to CuO concentration ratio, nano-films of 
CuO/ZnO were effectively created. The research found that 
morphological development, which promotes NH3 gas 
reaction, is triggered by variations in concentration. Plus, 
we ran the enhanced gas sensing capabilities through their 
paces to see how well they detected ammonia (NH3). The 
nano-films of (CuO/ZnO) used in this investigation show 
promise for NH3 gas detection. 

2. MATERIALS AND METHODS 

ZnO-doped CuO thin films with varying concentrations 
(0.08, 0.14, and 0.20 wt.%) have been fabricated using the 
thermal evaporation technique on glass substrates. The 
films were applied to 50 ± 0.2 nm thick glass substrates at 
room temperature (RT). The Edward C-306 deposition 
system uses thermal evaporation. The molybdenum boat 
used CuO and ZnO powder, purified 99.9%. An orderly 
evacuation of the chamber was executed at 1×10-7 bar with 
a temperature of 1100°C (the boiling point of CuO 
nanoparticles in the air is 2000°C), while the glass 
substrates were kept at ambient temperature. The 
substrates were positioned approximately 15 cm from the 
source to ensure that the evaporated flux would impinge 
upon them at an angle and a 0.3 nm/sec deposition rate. 

Methods like morphology and structure will be examined to 
analyze the samples using X-ray diffraction (XRD), a field 
emission scanning electron microscope (FESEM), and an 
atomic force microscope (AFM). Various tests were used to 
assess the optical characteristics of nano-films, including 
band gaps (Eg), absorbance (A), transmittance (T), and 
absorbance coefficient (α). A spectrophotometer fitted with 
two laser beams covering the wavelength span between 320 
and 720 nanometers (Shimadzu, UV-1800 A0, Japan) was 
used to carry out these tests. Additionally, we looked into 
and examined the DC nano-films' electrical properties. 
Using a Keithley 2400 electrometer allowed for the 
acquisition of specific temperature values. 

The sensing properties of thin films of CuO/ZnO were 
assessed under the influence of a fluctuating flow of NH3 gas. 
Gas flow rate was 0.5 liter/min NH3 concentration was 
150 ppm. The sensor response to ammonia gas (NH₃) was 
measured using a resistance-based measurement method. 
The changes in the sensor's electrical resistance were 
monitored before, during, and after exposure to ammonia 
gas at a concentration of 150 ppm. An increase or decrease 
in resistance was recorded as an indicator of the sensor's 
sensitivity and response. A precision resistance  
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measurement device, via a digital multimeter, was used to 
continuously record the sensor's resistance throughout the 
experimental period. The baseline conditions were 
maintained at a temperature of 25 ± 2°C and a relative 
humidity of 40 ± 5%. Clean air free of ammonia was used as 
the baseline reference for measuring the sensor response. 
To ensure repeatability of the results, the tests were 
repeated 3 consecutive times under identical conditions, 
allowing the sensor to return to baseline conditions 
between each measurement. The gas-detector system 
includes a stainless-steel cylindrical examination chamber 
with a diameter of 20 cm and a height of 10 cm, which is 
subsequently evacuated by a rotary pump. The test 
chamber is after being attached to the heater, the sensor is 
turned on. The basic electrical connections between the 
thermocouple, the pin feed-through, and the spring-loaded 
pins of the sensor have been established. There is a 
hermetically enclosed testing room. The test chamber is 
then evacuated to a pressure of around 1 × 10–1 bar using a 
rotary pump. A temperature controller is used to calculate 
the sensor's required operating temperature. The needle 
valves are used to regulate the flow rate of the test gas and 
carrier (air) flow meters. By opening the two-way valve, the 
gas with a known concentration in the mixing chamber is 
allowed to enter the test chamber. Two flow meters track 
the air mixing ratio while the sensor's resistance fluctuation 
is recorded at a predefined test gas concentration. To enable 
the sensor to return to the baseline current value R0, the test 
gas' needle valve is closed after the measurement. For the 
additional required temperatures, the previously specified 
measurements are repeated. Figure 1 depicts the gas-
detector testing setup. Figure 2 illustrates the gas sensor 
system used. 

The absorbance equation represents the proportion of the 
light intensity absorbed by a substance (IA) to the light 
intensity that is incident on the material (I0) [33]: 

𝐴 =  𝐼𝐴/𝐼0 (1) 

Transmittance is the ratio of beam intensity transmitted 
through the film to incident beam intensity on the film, 
represented by the equation [34]: 

𝑇 =  𝐼𝑇/𝐼0 (2) 

where T is the transmittance, IT is the intensity of 
transmitted light and I0 is the incident light intensity. 

The absorption coefficient propagation is the ratio of the 
decrease in incoming radiation's energy flow per unit 
distance in the wave's direction. Centimeter inverse (cm−1) 
serves as the unit of measurement for the absorption 
coefficient [35]: 

𝛼 = 2.303 ( 
𝐴

𝑡
 ) (3) 

 

 

Figure 1. Gas sensing apparatus

 

Figure 2. Gas sensing apparatus schematic diagram
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The fundamental absorption edge is one of the most 
remarkable characteristics of a semiconductor's absorption 
spectrum. It is equivalent to the energy band separation 
between the upper valence band (V.B.) and the bottom 
conduction band (C.B.) and can be calculated equation [36]: 

𝛼ℎ𝜐 = 𝐵 (ℎ𝜐 − 𝐸𝑔
𝑜𝑝𝑡

 )
𝑟
 (4) 

where 𝛼 is the absorption coefficient, ℎ is the Blanck’s 
constant, 𝜐 is the light frequency, 𝐵 is the material-

dependent Constant and 𝐸𝑔
𝑜𝑝𝑡

 is the optical band gap. 

The quality in question is measured by the electrical 
conductivity of direct current, which is written as σ D.C [37]: 

𝜎𝐷.𝐶. = 1/𝜌 =  𝐿/𝑅𝐴 (5) 

where 𝜎𝐷.𝐶. is the direct current electrical conductivity, 𝜌 is 
the electrical resistivity, 𝐿 is the length, 𝑅 is the electrical 
resistance and 𝐴 is the cross-sectional area. 

The activation energy can be ascertained via calculation [38, 
39]: 

𝜎𝐷.𝐶. = 𝜎𝑜 𝑒𝑥𝑝 − (𝐸𝑎𝑐𝑡 𝐾𝐵𝑇𝐵⁄ ) (6) 

In this case, σ represents electrical conductivity that is 
particular to temperature. Eact stands for activation energy, 
KB for the Boltzmann constant, TB for temperature and σo for 
electrical conductivity at absolute zero. 

The sensor response (S) is the ratio of the variation in 
resistance (Rg – Ra) when exposed to target analytics to the 
sensor's ambient resistance (Ra)[40]. 

S (%) =
𝑅𝑎−𝑅𝑔

𝑅𝑔
 ×  100% (7) 

Rg and Ra denote the resistances of the sensor when 
subjected to analyte gas and air, respectively. 

Both the reaction and recovery times curves are determined 
by calculating the time it takes for the system to respond 
and recover at severe operating temperatures ranging from 
RT to 200°C, using specific equations [41, 42]: 

Response time = |𝑡gas (on)  −  𝑡gas (off)| × 0.9 (8) 

Recover time = |𝑡gas (off)  −  𝑡gas (𝑟𝑒𝑐𝑜𝑣𝑒𝑟)| × 0.9 (9) 

3. RESULTS AND DISCUSSIONS 

3.1. X–ray Diffraction Analysis 

XRD analysis was used to ascertain the structure and 
crystallinity of the produced films. Figure 3 illustrates the 
XRD patterns of CuO/ZnO nanofilms deposited on glass 
substrates. The XRD data reveals that the CuO/ZnO 
nanofilms exhibit no distinct peaks, indicating inadequate 
crystallization of the nanofilms  [43]. The breadth shown in 
Figure 3 pertains to the peak widening resulting from the 

diminutive particle size.  The ambiguity in the 
microstructure of ZnO-doped CuO nanofilm arises from the 
restricted periodic area in atomic arrangements that 
provide identical diffraction peak profiles. Peak broadening 
is seen when the sample undergoes plastic deformation, 
resulting in warped lattice planes that alter the spacing of 
specific sets across different grains or between various 
sections of a single grain  [44]. The amorphous form 
originated from the very small particles [45]. 

3.2. Atomic Force Microscope (AFM) Measurements of 
CuO/ZnO Nanocomposites 

Figure 4 shows that the CuO nanofilm was impregnated 
with pure CuO and ZnO at RT weight ratios (0.08, 0.14, and 
0.20%). The AFM images of the pure CuO and ZnO nanofilm 
exhibit consistent granular surface shape and consistent 
distribution and dispersion of ZnO particles inside the CuO 
matrix. Moreover, the AFM images of the nanofilm revealed 
a clear, smooth surface morphology consisting of tiny grains 
of the prepared films. Increased ZnO nanoparticle 
concentration increases film crystallinity and grain size. As 
the concentration of ZnO nanoparticles rose from 0.08 wt.% 
to 0.20 wt.%, the AFM picture showed an increase in grain 
size from 1.01 to 4.82 nm. Film surface roughness is shown 
as root mean square (RMS) values in Table 1. With 
increasing ZnO nanoparticle concentration, the average 
root mean square (RMS) roughness rises from 0.174 to 
0.634 nm [46]. 

3.3. Field Emission Scanning Electron Microscope 
(FESEM) Measurements of CuO/ZnO Nanocomposites 

Figure 5 shows the FESEM images used to study the surface 
morphology of CuO/ZnO nanofilms at a scale of 500 nm. The 
micrographs were analyzed to assess the morphological 
and surface characteristics of the produced CuO and ZnO 
nanocomposites. The morphological changes in CuO due to  
 

 

Figure 3. XRD of CuO/ ZnO nanofilms 
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the addition of ZnO show that the concentration of ZnO ions 
significantly affects the crystal growth rate of CuO 
nanomaterials [47]. The shape of nanomaterials can be 
controlled by adjusting the kinetics of crystal formation, 
which is significantly influenced by the presence of other 
ions. In the CuO/ZnO nanocomposite system, ZnO helps 
refine the surface of CuO nanoparticles. With an increased 
concentration of ZnO ions, surface energy is reduced 
through self-aggregation. At lower chemical concentrations, 
nanoparticles tend to aggregate, supporting these 
observations. Moreover, the interaction between CuO and 
ZnO nanoparticles promotes the formation of a connected 
network. Initially, the size of the nanoparticles increases as 
the ZnO content rises. This is attributed to the aggregation 
and crystalline growth triggered by the higher ZnO 
concentration, leading to larger and more refined structures 
at specific concentrations [48, 49]. 

3.4. Optical Characteristics of CuO/ZnO Nanofilms 

Figure 6 A displays the ultraviolet-visible (UV-Vis) spectra 
of the CuO and ZnO nanomaterials. The absorbance of all the 
samples was measured throughout the wavelength range of 
320–720 nm. The absorbance of nanomaterial is influenced 

by various parameters, including layer thickness, 
dislocation density, micro-strain, oxygen vacancies, 
impurity centers, and particle size [50]. CuO/ZnO 
absorption with variable concentration of ZnO and 
wavelength range at normal temperature. CuO/ZnO optical 
absorption varies with wavelength, as shown in Figure 6. 
These statistics imply that all films have higher UV 
absorption spectra. The nanocomposites exhibit a 
noticeable lack of absorbance in the visible spectrum. To 
provide further elucidation, we can approach this matter 
from the following perspective: Photons of high frequencies 
do not undergo interactions with atoms, resulting in their 
transmission rather than obstruction. Substances around 
the fundamental absorption edge absorb photons as light 
wavelength decreases. Increasing ZnO weight percentages 
boosts absorption. This happens because unbound 
electrons absorb light. These results match those of other 
researchers [50]. These measurements are vital for 
understanding how the material interacts with light, which 
helps determine its electronic properties and estimate film 
thickness. Additionally, absorption data is essential in 
calculating the energy band gap, a key parameter in 
evaluating the material's suitability for optoelectronic 
applications [51].

 

Figure 4. The AFM surface morphology of CuO/ZnOnanofilms. A: pure CuO, B: 0.8 wt.% ZnO nanoparticles,  
C: 0.14 wt.% ZnO nanoparticles, and D: 0.20 wt.% ZnO nanoparticles at room temperature 

Table 1. Morphological characteristics at RT CuO/ZnO nanofilms 

ZnO-doped CuO 
Con. of wt.% 

Root mean square 
Sq (nm) 

Roughness average 
Sa (nm) 

Ten-point heigh 
Sz (nm) 

Average 
diameter (nm) 

Pure (CuO) 0.174 0.139 0.749 359.9 
0.08 wt.% ZnO 0.232 0.185 1.010 360.3 
0.14 wt.% ZnO 0.326 0.263 1.400 476.2 
0.20 wt.% ZnO 0.634 0.471 2.630 723.9 

 



Jabber et al. / Role of ZnO-doping concentration on CuO thin film for promising NH3 gas detectors application by a thermal vaporization 

method 

576 

 

 

Figure 5. FESEM images of CuO/ZnO NCs: A pure B: 0.08 wt.% ZnO, C: 0.14 wt.% ZnO, and D: 0.20 wt.% ZnO at RT 

 

Figure 6. The absorbance spectra of CuO/ZnO nanofilms with 
respect to wavelength 

The wavelength-dependent transmittance (T) of CuO/ZnO 
nanofilms is shown in Figure 7. The optical transmittance 
spectrum for nanofilms with various ZnO composition 
nanoparticle concentrations was examined. The 
wavelength-transmittance relationship is obvious since 
ZnO nano-doping concentration impacts transmittance. 
Specifically, when the wavelength increases, the 
transmittance also increases, while the transmittance 
decreases with ZnO concentration increasing nano-doping. 
The outcomes presented here align with the findings of 
another researcher [52]. The development of scattering and 
oxygen vacancies at grain boundaries reduced  
 

 

Figure 7. Plot of transmittance spectra vs wavelength of 
CuO/ZnO nanofilms 

transmission. Nevertheless, the films' absorbance might 
fluctuate due to variables like particle size, oxygen 
deprivation, and flaws in grain structures, which are 
influenced by the doping components [36]. 

Figure 8 illustrates the absorption coefficient about a 
wavelength for CuO/ZnO nanofilms. Longer wavelengths 
have the lowest absorption coefficient and related energy 
levels. An electron within a semiconductor, either as an 
atom or an ion. The inadequate photon's energy inhibits the 
transport of electrons conduction to valence band transition 
[53]. 
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Figure 8. The absorption coefficient spectra of nanofilms 
composed of CuO/ZnO as a function of wavelength 

Maximizing high-energy absorption increases the 
probability of electron transitions. Consequently, the 
photon's energy is adequate to change the valence band 
electron from the conduction band. The seen photon's 
energy exceeded the allowed energy limit. This coefficient 
runs higher than the absorption coefficient during direct 
electron transitions; hence, at elevated energies (α > 104 
cm−1), electrons and photons retain their momentum and 
energy while traversing the transition. Low-energy When 
the absorption coefficient is less than 104 cm−1, indirect 
electron transmission is likely. Phonons facilitate the 
maintenance of electron trajectories. The absorbance 
coefficient of the CuO/ZnO thin layer exceeds 104 cm−1 [54]. 

One of the outcomes is that the absorption coefficient of the 
thin film of CuO/ZnO is larger than 104 cm–1. This 
demonstrates that electron exchanges occur in a straight-
forward manner. 

Glass samples’ optical band gap can be calculated using 
Equation (4) [36], where B represents a constant, while hυ 
represents the energy of the incident photon. The optical 
transitions (n = 2, 1/2, 3, and 1/3) can be classified as either 
indirect allowed, direct allowed, prohibited indirect, or 
forbidden direct transitions The band gap for the allowed 
and forbidden direct transition was determined using UV-
Vis absorption spectroscopy, where the absorption curves 
were analyzed, and Tauc plots were drawn to extract the 
band gap value. The significance of the energy band gap lies 
in its direct impact on the electronic and optical properties 
of the nanofilm and, consequently, on the efficiency of gas 
sensing. Doping with ZnO alters the band gap, which leads 
to an improved film response to specific gases by enhancing 
electrical conductivity and surface sensitivity, making the 
material promising for gas detector applications [55]. 
Figure 9 shows the absorption edge (hυ)2 for CuO/ZnO, 
which correlates with a photon's energy. The energy gap 
between pure CuO and ZnO-doped CuO at various weight 
ratios (0.08, 0.14, and 0.20) with a thickness of 50 nm is 
shown by extrapolating the (hυ)2 = 0 value from the top half 
of the curve to the x-axis. As the ZnO ratio rises, the energy 
gap values are observed to decrease significantly. The band 
gap values for the generated nanofilm reduced from 3.610 
to 3.487 eV for allowed direct transitions and from 3.418 to 
3.200 eV for authorized indirect transitions The Burstein-
Moss effect, which occurs in semiconductor films where the 
Fermi level is located within the conductive band and acts 
as an electron shield to promote electron transmission, 
explains how CuO/ZnO valence band electrons are moved 
to conduction band electrons. The listed Eg values may be 
found in Table 2. This study's results are pretty similar to 
those of the second researcher [56]. 

Figure 10 shows the forbidden transition of the direct 
energy gap between CuO and ZnO, and Table 2 explains the 
determined barred transition. These outcomes meet the 
researcher's expectations [57].

 
Figure 9. A plot of (αhυ)2 vs. photon energy (hυ) for  

CuO/ZnO nanofilms at various ZnO doping ratios 

 
Figure 10. A plot of (αhυ)2/3 vs. photon energy (hυ) for  

CuO/ZnO nanofilms at various ZnO doping ratios
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Table 2. The energy gap values for permissible and 
forbidden direct transitions in (CuO/ZnO) nano-films 

CuO-doped ZnO 
(wt.%) 

Eg of Allowed 
(eV) 

Eg of Forbidden 
(eV) 

Pure (CuO) 3.610 3.418 
0.08 wt.% ZnO 3.537 3.272 
0.14 wt.% ZnO 3.512 3.228 
0.20 wt.% ZnO 3.487 3.200 

 

3.5. DC-Electrical Characteristics of CuO/ZnO 
Nanofilms 

The study of electrical properties of nanomaterials is of 
great importance as it impacts their applications in 
electronics and sensors. In the case of the CuO/ZnO 
nanocomposites, the DC conductivity depends on several 
factors such as particle size, structural composition, 
quantum effects, and temperature. In nanomaterials such as 
CuO/ZnO, electrical conductivity depends on the type of 
charge carriers and their transport across the boundaries of 
the nanostructures. ZnO is an n-type semiconductor due to 
the presence of electrons as the primary charge carriers. At 
the same time, CuO is a p-type semiconductor due to the 
presence of holes as the primary charge carriers. When the 
nanocomposites are formed, a heterojunction p-n forms 
between the two materials, which affects the electrical 
properties of direct current. Combining CuO with ZnO 
improves the electrical properties due to the p-n junction 
effect, making it suitable for sensor devices, transistors, and 
modern semiconductors [58]. 

Figure 11 illustrates the temperature-dependent variation 
in electrical conductivity of CuO/ZnO nanofilms. At low 
temperatures, the movement of charge carriers is restricted 
due to barriers caused by grain boundaries and low thermal 
energy, leading to high electrical resistance. As temperature 

increases, the thermal energy of the charge carriers 
increases, facilitating their movement across the barriers, 
and thus, conductivity improves [59]. 

Figure 12 depicts the correlation between the ZnO 
nanoparticle concentration in samples and the electrical 
conductivity of the surface when exposed to direct current. 
The results of this study show a positive relationship 
between DC electrical conductivity and ZnO concentration. 
This results from a persistent network of ZnO nanoparticles 
forming inside the thin layers. These nanoparticles possess 
channels that facilitate the movement of charge carriers 
inside the material, accounting for this outcome. ZnO 
nanoparticles can enhance conductivity by improving the 
connectivity between CuO particles and increasing the 
charge carrier density. The increase in filler material is 
directly correlated with the growth in the number of charge 
transporters [60]. 

Figure 13 shows the relationship between the reciprocal of 
the absolute temperature and the natural logarithm of the 
standard deviation of direct current conductivity (Ln σDC) 
CuO/ZnO nanofilms [58]. When plotting Ln σD.C vs. 1000/T, 
a straight line with a negative slope is obtained, indicating 
that conductivity increases with increasing temperature, as 
expected in semiconductors. From the slope of the line, the 
activation energy, Ea can be calculated, which reflects the 
energy required for electron or hole transport in the 
material. Changes in the slope at different temperature 
regions may indicate a shift in the conduction mechanism, 
such as a transition from band conduction to a hopping 
conduction mechanism. We conclude. The relationship 
between Ln(σD.C) and 1/T in CuO/ZnO nanofilms reflects 
semiconductor behavior, where conductivity increases with 
temperature. ZnO concentration may influence this 
relationship, leading to variations in electronic conduction 
mechanisms, particularly in nanostructured or amorphous 
films. 

 

Figure 11. The correlation between temperature and the thin-
film electrical conductivity of direct current (D.C.) comprised of 

CuO/ZnO nanofilms 

 

Figure 12. The correlation between the ZnO nanoparticle 
concentration and the thin-film electrical conductivity of direct 

current (DC) comprised of CuO/ZnO nanofilms
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Figure 13. The correlation between the natural logarithm of 
electrical conductivity (Ln σ) and the reciprocal of absolute 

temperature of CuO/ZnO nanofilms 

Figure 14 illustrates that the activation energy can be 
calculated using Equation (6), which relates electrical 
conductivity to temperature through the Arrhenius 
equation. Experimental results show that the activation 
energy of CuO/ZnO thin films ranges from 0.502 eV to 
0.402 eV, influenced by ZnO doping concentration. As ZnO 
nanoparticle concentration increases, the activation energy 
decreases, indicating enhanced conductivity. This is due to 
the formation of localized energy states within the bandgap, 
which serve as traps for charge carriers and reduce the 
energy required for their excitation. Additionally, higher 
doping levels improve crystallinity and reduce structural 
defects, facilitating more efficient transportation of charges. 
ZnO also introduces donor levels, enhancing electron 
mobility. Consequently, the films require less thermal 
energy to activate charge carriers. This behavior is critical 
for gas sensors, where fast and sensitive response is 
essential. The trend confirms the potential of CuO/ZnO films 
in advanced sensing applications [61]. 

3.6. Application of CuO/ZnO Nanofilms as Gas-
Detectors 

Sensitivity (S%), sometimes called the response, was 
computed using Equation (7). Figure 15 indicates that at 
room temperature, before annealing, the most incredible 
sensitivity to NH3 was obtained at 47.29% for a 
concentration of 0.20 wt.%, with a reaction time of 
32.49 seconds and a recovery time of 29.61 seconds. In 
Figure 16, at 573 K, the maximum sensitivity recorded to 
NH3 was 47.06% for the 0.20 wt.% sample, with a reaction 
time of 36 seconds and a recovery time of 19.8 seconds after 
annealing. Figure 17 illustrates that at 673 K, after 
annealing, the maximum sensitivity to NH3 measured was 
68.81% for a 0.20 wt.% concentration, with a reaction time 
of 27.81 seconds and a recovery time of 15.84 seconds. The 
sensitivity typically diminishes with increasing 
temperature for the sample (0.20 wt.%). This signifies that  
 

 

Figure 14. The relationship between ZnO nanoparticle 
concentration (wt.%) and activation energy for direct current 

(DC) electrical conductivity in CuO/ZnO nanofilms 

physical adsorption and polarity are involved in the 
interaction and that the gas-detector does not need 
activation energy to interact with NH3 gas. This activity is 
consistent with prior investigations [40]. For the (pure, 
0.08, and 0.14) wt.% samples, temperature within a 
specified range resulted in an increase in sensitivity. This 
suggests that the gas-detector has achieved a high level of 
sensitivity and requires energy to establish contact with 
NH3 gas [62]. 

The maximum sensitivity of pure CuO at room temperature 
(before annealing) was 16.6% at 100°C, with corresponding 
sensitivities of 28.17% at 0.08 and 37.61% at 0.14. After 
annealing at 573 K, the maximum sensitivity increased to 
20.94% at 100°C, while the sensitivities at 0.08 and 0.14 
were 29.95% and 37.47%, respectively. 

The maximum sensitivity of pure CuO after annealing at 
673 K was 19.37% at 100°C, with sensitivities of 34.43% at 
0.08 and 48.21% at 0.14. The increase in operating 
temperature activated a thermally stimulated process, 
enhancing gas adsorption as a result of stronger 
interactions between the gas molecules and the material’s 
surface. This behavior suggests improved chemical 
interactions at elevated temperatures, likely due to the 
increased mobility of NH₃ molecules, which facilitates more 
effective surface adsorption in the sensor. Furthermore, 
sensitivity improved with higher sample concentrations, 
where increasing the nanoparticle content from pure CuO 
to 0.20 wt.% contributed to stabilizing or enhancing 
sensitivity at elevated temperatures. 

The increase in chemisorbed NH3 led to enhanced 
desorption rates, underscoring the significance of ZnO in 
offering potential active sites for NH3 adsorption and 
thermal stability. Nonetheless, at elevated concentrations, 
the increase in sensing capabilities may be attributed to NH3 
chemical or physical adsorption, as seen in it. 
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Figure 15. The sensitivity of CuO/ZnO nanofilms at 500 ppm for 
NH3 Gas-detectors is plotted against operation temperature at RT 

 

Figure 16. The sensitivity of CuO/ZnO nanofilms at 500 ppm for 
NH3 Gas-detectors is plotted against operation temperature at 

573 K 

 

Figure 17. The sensitivity of CuO/ZnO nanofilms at 500 ppm for 
NH3 Gas-detectors is plotted against operation temperature at 

673 K 

Figures 18, 19, and 20 illustrate the correlation. The 
correlation between response and recovery time is shown 
at three operating temperatures. In Figure 18, the rapid 
response time (19 s) for the 0.14 wt.% sample at a 
temperature of 200°C for NH3 gas is notably brief. The 
sample resistance takes around 36 seconds to return to 
normal—the prolonged reaction time of 200 s for the 0.20 
wt.% sample may suggest that the gas-detector requires 
energy to initiate interacting with NH3 gas. Conversely, it 
demonstrates that the recovery period for NH3 test gas 
escalates with rising operating temperature [40]. 

Recovery periods fluctuate inconsistently throughout the 
samples and temperature conditions, as seen in Tables 3, 4, 
and 5. The time required to return to normal resistance 
after replenishment is known as the recovery time. The 
longest recovery time for the 0.20 wt.% sample is 44.91 
seconds at 200°C. The 0.20 percent sample's prolonged 
recovery time at 200°C raises the possibility of changes to 
the sensor surface or chemical conditions that impede 
desorption. The longest recovery time in Figure 19 is 41.58 
s at room temperature for the (0.08 wt.% at 573 K) sample, 
and in Figure 20, the longest recovery time is 42.75 s at 
100°C for the (pure-CuO at 673 K) sample, as depicted in 
Tables 5 and 6. 

Response and recovery times are essential performance 
indicators for NH₃ gas sensors based on CuO/ZnO thin films. 
The response time represents how quickly the sensor 
detects the presence of ammonia, while the recovery time 
indicates the speed at which it returns to its initial state 
after the gas is removed. Shorter times are especially 
important for real-time monitoring and rapid detection in 
industrial and environmental applications. CuO/ZnO hetero 
structures, with their p–n junctions, promote efficient 
charge transfer and enhance interactions with NH3 
molecules. These properties lead to faster adsorption and  
 

 

Figure 18. Response and recovery time plotted with operation 
temperature for CuO/ZnO nanofilms: A: pure, B: (0.08 wt.%),  

C: (0.14 wt.%), and D: (0.20 wt.%) at 500 ppm concentration for 
NH3 Gas-detector for RT 
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Figure 19. Response and recovery time plotted with operation 
temperature for CuO/ZnO nanofilms: A: pure, B: (0.08 wt.%),  

C: (0.14 wt.%), and D: (0.20 wt.%) at 500 ppm concentration for 
NH3 Gas-detector for 573 K 

 

Figure 20. Response and recovery time plotted with operation 
temperature for CuO/ZnO nanofilms: A: pure, B: (0.08 wt.%),  

C: (0.14 wt.%), and D: (0.20 wt.%) at 500 ppm concentration for 
NH3 Gas-detector for 673 K

desorption processes on the sensor’s surface. As a result, 
the sensor exhibits improved sensitivity and operational 
reliability. Optimizing both response and recovery times 
significantly enhances the practicality and performance of 
gas sensing systems. 

The practical results of the proposed research were 
compared for the best sensitivity between before annealing 
at room temperature and after annealing at 573 K and 673 K 
as presented in Table 6 to show the most important results 
and improvements obtained during the research. 

Table 3. The Gas-detector properties of CuO/ZnO nanofilms at RT indicate the presence of NH3 gas 

Conc. of ZnO doping 
CuO (wt.%) 

Operation 
Temperature (°C) 

Sensitivity 
(%) 

Response time 
(sec) 

Recover time 
(sec) 

(Pure-CuO RT) 

RT 02.23 28.17 34.92 

100 16.60 38.97 21.60 

200 08.21 41.49 36.99 

0.08 wt.% 

RT 04.92 32.40 17.55 

100 28.17 32.40 12.42 

200 09.93 28.71 19.44 

0.14 wt.% 

RT 05.00 29.70 17.37 

100 37.61 34.92 10.44 

200 11.43 19.00 36.00 

0.20 wt.% 

RT 07.19 39.60 28.17 

100 47.29 32.49 29.61 

200 14.86 22.41 44.91 

 

Table 4. The Gas-detector properties of CuO/ZnO nanofilms at 573 K indicate the presence of NH3 gas 

Conc. of ZnO doping 
CuO (wt.%) 

Operation 
Temperature (°C) 

Sensitivity 
(%) 

Response time 
(sec) 

Recover time 
(sec) 

(Pure-CuO RT) 

RT 05.22 26.55 22.23 

100 13.92 42.93 20.07 

200 10.67 34.20 14.58 

0.08 wt.% 

RT 02.85 27.27 41.58 

100 22.13 39.33 17.64 

200 08.09 30.78 28.35 

0.14 wt.% 

RT 05.12 28.17 09.81 

100 36.10 36.18 27.09 

200 09.69 31.95 36.27 

0.20 wt.% 

RT 06.57 34.02 39.78 

100 45.05 33.75 28.62 

200 19.87 24.12 41.22 
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Table 5. The Gas-detector properties of CuO/ZnO nanofilms at 673 K indicate the presence of NH3 gas 

Conc. of ZnO doping 
CuO (wt.%) 

Operation 
Temperature (°C) 

Sensitivity  
(%) 

Response time 
(sec) 

Recover time 
(sec) 

(Pure-CuO RT) 

RT 13.72 34.20 26.37 

100 19.37 34.65 42.75 

200 16.39 38.43 15.39 

0.08 wt.% 

RT 13.82 33.21 14.49 

100 34.43 41.85 13.05 

200 38.31 33.48 15.57 

0.14 wt.% 

RT 17.07 34.02 18.27 

100 48.21 32.85 23.04 

200 53.46 19.35 15.66 

0.20 wt.% 

RT 18.38 31.41 14.31 

100 68.81 27.81 15.84 

200 58.70 45.09 31.68 

 
Table 6. The comparison of the proposed work between RT, 573 K, and 673 K for NH3 Gas-detector 

Conc. of ZnO 
doping CuO 

(wt.%) 

Operation 
Temperature (°C) 

Sensitivity  
(%) 

Response time 
(sec) 

Recover time 
(sec) 

0.20wt.% at RT 100 47.29 32.49 29.61 

0.20wt.% at 573K 100 45.05 33.75 28.62 

0.20wt.% at 673K 100 68.81 27.81 15.84 

 

4. CONCLUSION 

This paper describes the preparation of nanofilms using 
pure CuO and ZnO-doped CuO with different contents (0, 
0.8, 0.14, 0.20 wt.%) deposited on glass substrates. At room 
temperature (RT). The deposited nanofilms exhibit no 
discernible peaks in XRD examination. The widening of the 
peak indicates a lack of long-range symmetry, resulting in a 
disordered nanocrystal line structure. Thin film AFM 
pictures showed a constant granular surface shape. As ZnO 
doping increased, the roughness average and root mean 
square increased. The optical characteristics of CuO/ZnO 
show the absorbance and absorption coefficient augment 
with the rise in ZnO concentration. As the concentration of 
ZnO increased, the energy band gaps and transmittance 
decreased, which absorbed UV radiation. A direct energy 
gap (Eg) reduced from 3.610 to 3.487 eV when ZnO doping 
increased in the optical test of pure and Cu-doped ZnO 
nanofilms. The negative correlation between electrical 
resistance and time indicates p-type semiconducting 
nanofilm sensors. Gas detectors with a thin CuO/ZnO layer 
performed better at 100°C. In gas detection, the higher 
sensitivity was 47.29% at RT, the higher sensitivity was 
45.05% at 573 K, and the higher sensitivity was 68.81% at 
673 K in the study. NH3 gas raised operating temperature. 
Followed by faster response and recovery. 
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