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Impact of thickness on structural and optical properties
of Mno:Cuo nanostructure thin films
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Thin films of manganese oxide and copper oxide were deposited on glass substrates
(2.5%2.5)cm? using chemical spray pyrolysis at 400°C. Film thicknesses varied from 150 to
550 nm with a constant 0.1 mol concentration. XRD analysis demonstrated polycrystalline
films with a monoclinic structure. XRD intensity increased with thickness, and peaks shifted
slightly to higher angles. FE-SEM images of the thinnest and thickest films indicate quasi-
spherical nanostructures. EDX confirmed the presence of all expected elements. Optical
characterization using UV-visible spectroscopy identify a decrease in transmittance and
band gap with increasing thickness. Conversely, reflectance, refractive index, extinction
coefficient, and real and imaginary dielectric constants increased with thickness.
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1. Introduction

The development of oxide materials plays a vital role in both chemistry and industrial
applications due to their unique properties and wide range of uses. Among these materials,
manganese oxide (MnO) combined with copper oxide (CuO) has garnered significant attention for
its exceptional properties and versatility in fields such as electrochemistry, electronics, and magnetic
materials. The ability to synthesize these oxide materials with precise control over their structure
and properties is essential for optimizing their performance in various applications [1,2].

A considerable number of studies have been conducted on the effects of thickness on the
structural and optical properties of MgO-doped COx thin films.

MnO2 doped with different percentages of nano-carbon dioxide prepared by chemical
precipitation, XRD results demonstrated an increase in crystallite size with increasing doping ratio,
resulting in improved thermal stability, and Optical analysis pointed decreasing energy bandgap
from 7.8 eV to 6.5 eV with increasing carbon dioxide concentration [3]. The thermal calcination
method used to prepare magnesium oxide samples doped with carbon dioxide (0.5-3% wt), SEM
results investigate the formation of homogeneous nanoparticles with a size of 20-50 nm and an
increased specific surface area [4]. The optical and structural properties of MgO:COy prepare via
electrochemical deposition method, XRD results showed a transformation of the crystal structure
from cubic to hexagonal with increasing doping, and the photocatalytic efficiency improved by 40%
in the analysis of organic pollutants under visible light [5].

The increasing the thickness of the MnO,:COx doped layer improve the light absorption in
the visible region, changes in the crystal structure were detected with increasing thickness [6]. Other
study identify that increasing the thickness leads to improved photovoltaic properties due to the
increased concentration of nano-COy and decrease in the band gap with increasing thickness from
100 nm to 300 nm [7].

The thickness effect of MnO,-COy films resulted in improved optical properties such as
refractive index and absorption with increasing thickness and crystal structure transform from
amorphous to semi-crystalline at a thickness of 200 nm [8]. Increasing the thickness of MnO,-COx
from 150 nm to 400 nm. improve the optical properties due to increased light scattering and the band
gap decreased from 3.2 eV to 2.7 eV [9].

The structural properties enhanced due to improved nano-COy distribution, the absorption
increase in the UV region with increasing thickness [10]. Improved structural and optical properties
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and increased light absorption in the visible region with increased thickness of COx doped on MgO,
[11].

In this study, the MnO:CuO prepared via the chemical spray pyrolysis technique and the
effect of different film thicknesses (150, 250, 350, 450, 550 nm) were investigated to obtain new
improved structural and optical properties that can be used in various applications.

2. Experimental part

The chemical spray pyrolysis method used to prepare the samples due to its availability and
the high acceptability of producing uniform films [12]. The structural, morphological and optical
properties are investigated through XRD, FESEM, EDS and UV-visible) techniques [13,14].

The films were prepared using standard glass substrates with a thickness of (0.1 cm) and an
area of (2.5%2.5) cm? The film's weight of MnO and CO are (1.979 g, 1.82 g) respectively. They
are mixed with molarity (0.1 mol) using a magnetic stirrer at a temperature of 400°C. The prepared
films thickness varies with values (150, 250, 350, 450, 550) nm.

3. Results and discussion

3.1 X-ray diffraction structure results

The structural properties for the prepared MnO:CuO films on glass substrates studied via
XRD methods indicate that they are polycrystalline and monoclinic in structure (Fig. 1). The patterns
of XRD pointed to the appearance of three peaks, which are (110), (002), and (-202), at the angles
of 32.52°, 35.59°, and 48.74°, respectively. The dominant orientation for all the samples is (002) at
an angle of 35.59° which stratify to the standard card (96-900-6674). The peaks shifted towards the
right with an increase in thickness, leading to a decrease in the interplanar distance, which in turn to
crystallite size decreasing (Figl) [15]. However, the intensity increasing indicates an increasing in
the degree of crystallinity that confirm with finding of [10,11].
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Fig. 1. XRD of MnO: CuO films at different thicknesses.

3.2. FE-SEM technique results

The morphology of the deposited materials for the prepared films using the FE-SEM was
demonstrated, which has the ability to image surfaces with high resolution. The images in Figure.2
show the shapes and average sizes of the nanoparticles, which were identified through the software
(Image J). In this study, two samples with the lowest and highest thicknesses were chosen for
comparison. The images reveal that the films are composed of quasi-spherical nanostructured
particles. Additionally, we observe that the average diameter increased with the increase in film
thickness that confirm with the results of [16,17].
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Fig. 2. FE-SEM of MnO: CuO at thickness 150 and 550 nm.

Figure 3 illustrates the Energy Dispersive Spectroscopy (EDS) spectrum and atomic
structure of MnO:CuO thin films prepared at the minimum and maximum thicknesses. The results
present the elemental composition of the samples, expressed as percentages. Manganese and copper
are distinctly observed with four energy levels (Ka, La), while oxygen exhibits the Ka energy line,
confirming the presence of the MnO:CuO compound. Additionally, calcium and silicon are detected
at the Ka energy lines, likely originating from the glass substrate as in the finding [18].
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Fig. 3. EDS of MnO:CuO at thickness 150 and 550 nm
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3.3. Optical properties

The transmittance spectrum of the prepared films with different thicknesses was measured
as shown in (Fig.4). It is evident that the films exhibit high transmittance in the wavelength range
of (300-1000) nm, where an increase in wavelength is observed in all the samples. As the thickness
increases, the transmittance decreases.

We can distinguish between two regions. The first region at a thickness of 150 has an
average transmittance greater than 50%, and the maximum transmittance is around 65% in the 500
nm wavelength region, as the energy of the incident photons is close to the corresponding absorption
edge, which is also the fundamental absorption (500<5). The transmittance is suppressed for
wavelengths less than 400 nm. This transitional wavelength range corresponds to the study of the
photon energy of the formed film layers [19].

All high-energy photons are absorbed, and therefore, all photons with a wavelength less
than 500 nm are transmitted. The decrease in transmittance with increasing thickness is largely
dependent on the thickness, as the larger thickness leads to the phenomenon of optical absorption,
and thus, a significant portion of the radiation incident on the film is attenuated [20].

Regarding reflectance, it is calculated from absorption and transmission spectra according
to the law of energy conservation as expressed in equation (1). As illustrated in (Fig4), reflectance
increases with increasing thickness due to the inverse relationship between reflectance and
transmittance. In simpler terms, as thickness increases, reflectance increases, and vice versa that

confirm with the study of [7]. The reflectance was calculated using the law of conservation of energy
[21]:

A+T+R=1 (1)
where:

A: Absorptance T: Transmittance R: Reflectance
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Fig. 4. Transmittance and Reflectance of MnO:CuO films.

The direct allowed energy gap of the prepared films was calculated using the following
equation (2) [22,23]:

ahv = P(hv — E,)" )



671

where: a: Absorption coefficient, hv: Energy of the incident photon P: A constant that depends on
the nature of the material, Eg: Optical energy gap in eV , r: An exponential factor that determines

the nature of the electronic transition

12
—&— 150 nm 2000
(150 nm) Eg = 3257 (eV)
L 1500
g
)
3
S 1000
-
X
L
2
2 500+
- /]
| |
.
|
—l'"'.
0+ pe——— r r
7 10 15 20 25 30 35 40 45
Photon Energy (¢V) Photon Energy (eV)
700 350
(250 nm) Eg = 3.243 (eV) (350 nm) Eg = 2.893 (eV)
600 - 300 4
NA Nﬂ\
£ 500 £ 250
2 2
- -
2 4004 2200
-] -]
] =
- -
x 3004 x 150 -
NA Nﬂ\
Z 200+ Z 100+
s C /
S’ S’
100 + .-’ 50 .
- -
0 —— | 0] ——
10 15 20 25 30 35 40 45 10 15 20 25 30 35 40 45
Photon Energy (eV) Photon Energy (eV)
120 250
(450 nm) Eg = 2.694 (¢V) (550 nm) Eg = 2.544 (&V)
100 4
o~ ey 200
E =
£ 804 £
% % 150
®x A ®
S o g
X X
o 1004
E 40 1 o)
s c
S S
20 S04
| ]
10 15 20 25 3.0 35 40 45 10 15 20 25 30 35 40 45
Photon Energy (eV) Photon Energy (eV)

Fig. 5. The absorption coefficient and Energy gap of MnO:CuO films.
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With the value of (r=1/2), it can be observed from (Fig.5) that the energy gap value decreases
as the film thickness increases in the samples, because of several factors that affect the energy values,
such as the deposition time and the number of the spray times, these results are aree with the finding
of [3,7]. This can be attributed to the good crystallinity of our material, which imparts a large volume
of the crystallites.

The refractive index is a function of the photon energy in all the prepared films with different
thicknesses. It increases with increasing thickness, as the refractive index curves depend on the
reflectance curves Fig. (6). the increase in the refractive index is also associated with the increase in
the film density due to the improved crystalline structure of the prepared films. The extinction
coefficient was calculated using the following equation (3) [24]:

_ak
4T

)

o

where:

A:Wavelength of the incident radiation in cm

The extinction coefficient is a function of the photon energy Fig. (6). It increases at low
photon energies and fast increasing with high photon energies due to the absorption coefficient
increasing at these energies, which indicates the occurrence of electronic transitions that agree with
study of [8,9], the extinction absorption coefficients are related together that agrees with study of
[25]
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Fig. 6. Refractive index and extinction coefficient of MnO:CuO films.
4. Conclusions

This study contributes to the development of novel nanomaterials with enhanced optical
properties, expanding their applications in optical and electronic devices. It also provides a basis for
further research on the effects of other nano-additives on metal oxides.

The results of X-ray diffraction measurement demonstrated that the thin manganese oxide
films doped with copper oxide and prepared by chemical spray pyrolysis method have a tetragonal
and polycrystalline structure and the dominant trend is (101). The optical measurements identify the
absorbance is within the visible spectrum, that indicates the possibility of fabrication solar cells from
these films.

The results of the FESEM measurement show that the prepared films are quasi-spherical
nanostructured particles. Additionally, we observe that the average diameter increased with the
increase in films thickness. The optical examinations that the transmittance of the films will rise in
tandem with rising doping levels, while the absorbance decreases, and the optical energy gap,
absorption coefficient, and refractive index increase with increasing photon energy.

The findings from this research are contribute to understanding of the influence of thickness
on the physical properties of MnO thin films, offering guidance for their application in various
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technological domains. Furthermore, this study will provide a foundation for future research on
optimizing the nanostructured oxide materials application, ultimately enhancing their utility in
scientific and industrial fields.
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