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Abstract

The auto-combustion approach of the Sol-Gel Method was employed in this study to
synthesize Mn,Oz nanoparticles, whereas the applied temperatures were 500 °C .Using
measurements of its structural properties from X-ray diffraction investigations, the cubic
nature of the pure Mn,O3 crystal structure was established. The maximum intensity region
was further revealed by the diffraction pattern to be at an angle of 26=33.1". Furthermore, the
growth pattern that was shown to be predominant was (222) having cubic structure (a=b=c=
9.409A°). Using the Scherrer equation, the crystal size (D) of the X-ray diffraction pattern for
each sample was found. Based on the investigation, the Mn,Oz sample's average crystal size
was approximately 37.18 nm. The MnOz field emission scanning electron microscopy
(FESEM) micrographs show significant clusters of spherical or semi-spherical grains in some
areas of the images, indicating an unequal rate of grain growth. The wavelength range used to
measure Mn,O3 optical properties was 300-1100 nm. The wavelength where the greatest
amount of absorption happens is 500 nm, meaning that it is in the 400-800 nm range of the
visible zone. It was found that Mn,O3 had a band gap of 1.42 eV.
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Introduction

Particle size is a crucial factor in the realm of nanotechnology, as it

significantly influences the formation of materials. When a material is of nanoscale dimension
s, it holds great significance for researchers due to its diverse features, encompassing optical, s
tructural, and magnetic variables. Metal oxide nanoparticles have garnered significant
attention because of their distinct optical, electrical, and magnetic properties, which frequently
deviate from those of the bulk material [1]. The characteristics of nanoparticles are affected

by various crucial parameters, such as their form, size, composition, and structure [2].

Dimension and form are the regulating elements of nanoparticle size, which in turn contribute
to the stable distinguishing properties exhibited by materials. As such, the production of
nanoparticles depends on their atomic structure, which is precisely controlled in terms of size
[3,4] Scholarly study has focused a lot of attention on the unique electrical and physical
properties of large specific surface area metal nanoparticles [5]. Manganese oxide
nanoparticles have several applications due to their favorable physico-chemical
characteristics. It has been shown that these nanoparticles work remarkably well as batteries,
molecular sieves, magnetic materials, and catalysts[6]. They have also been applied in other
domains, including as optoelectronics and water purification [7]. One of the main goals of
study in the realm of solar cell studies has been to analyze the optical and electrical
characteristics of synthetic manganese oxide nanoparticles [8]. Numerous techniques,
including femtosecond laser ablation [8], hydrothermal synthesis [9], reflux treatment [10],
quick precipitation approach [11], redox method [12], green synthesis [13], precipitation [14],
and sol-gel procedure [15], can be used to create manganese oxide nanoparticles.

S. Sharma et al 2016, studied Mn;Os nanoparticles synthesized using chemical co-
precipitation method. The as synthesized nanoparticles were characterized by X-ray
diffraction (XRD), UV-Visible spectrophotometer (UV-Vis) and Fourier Transform Infra-Red
(FTIR) spectrophotometer method. The results indicate that the prepared Mn,Oz nanoparticles
possessed crystallites having sizes 12.56 nm and 11.90 nm with cubic and orthorhombic
structures respectively. The two samples are named as M1 and M2. The gas response of both

the samples was investigated for different concentrations of NH3 gas at room temperature.
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Sample M2 based thick film sensor showed enhanced sensing performance in comparison to
sample M1. This is attributed to smaller crystallite size of sample M2. The sample M2 based
sensor showed the response of 67.1% with the response and recovery times 65 and 71 sec
respectively. The fabricated nanoparticles show promising use as room temperature NH3
sensors [16].

This work will synthesize and evaluate Mn,Oz nanoparticles utilizing the auto-combustion
Sol-Gel technique, highlighting its optical and structural features.

Experimental Parts

Sol-gel, an auto combustion technique, was used to produce manganese oxide nanoparticles.
Solution is made by mixing 75 milliliters of distilled water with 5.937 grams of manganese
chloride (MnCI2.4H,0) with continuous stirring to dissolve manganese chloride completely
and for the twenty minutes. In this procedure, 75 milliliters of distilled water are mixed with a
specific amount of 6.304 g of citric acid also with stirring to dissolve ctric acid. Then Equal
volumes of citric acid solution to chloride solutions were added, and the mixture was left to
react for thirty minutes at 50°C. Citric acid is one of the fuels used in the combustion process.
Then the gel is formed at 90°C. When the temperature is raised to 300°C, bubbles form and
then turn into ash. The final product was then successfully obtained as a crystalline powder by
calcining it for two hours at 500 °C.

The structural characteristics of Mn,Oz nanoparticles were analyzed using a Philips PW1730
X-ray diffractometer. The analysis was conducted using Cu-Ko radiation with a wavelength
0f 0.15406 nm, and the scan range was set from 10 to 80° in 20.The surface topography of the
particles was examined using FE-SEM. The UV-Vis-NIR spectrophotometer (Metertech,
SP8001) was employed to investigate the optical characteristics of thin films within the

wavelength range of (190-1100) nm.
Result and Discussion

The XRD techniques were employed to investigate the structural and crystalline
characteristics of the produced nanoparticle samples. Figure 1 presents the X-ray diffraction
pattern of Mn,O3 NPs nanoparticles that were synthesized using the Sol-gel auto combustion

process and subsequently subjected to thermal degradation. All observed peaks can be indexed
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to a pure cube structure. The sharp peak of XRD exhibits the prepared samples were highly
intensity crystalline in nature at an angle of 26° = 33.1coresponding to (222) plans having
cubic structure (a=b=c= 9.409A°) indicating its dominant growth tendency and its crystallite
size is found 38.804 nm. Additionally , the typical XRD patterns also observed other
diffraction peaks at 20= 23.31, 28.90, 33.1, 35.7, 38.41,42.52, 44.5, 45.31, 49.4, 50.98, 55.3,
58.7, 60.5, 65.9, 67.56, 69.3 and 73.9 which are corresponding to Braggs reflections from
(211), (112), (222), (321), (400), (420), (220), (332), (431), (105), (440), (600), (611), (622),
(631), (444) and (721) planes which corresponds to Mn2O3NPs nanoparticle diffraction angles
(23.31, 33.1, 35.7, 38.41,42.52, 45.31, 49.4, 55.3, 58.7, 60.5, 65.9, 67.56, 69.3 and 73.9 ).
These diffraction peaks correspond to the International Centre for Diffraction Data (ICDD)
number (00-041-1442). Also, It is evidenced from the figure that the presence of a distinct
phase of manganese oxide (Mn304) at planes (112), (220) and (105) as indicated by its
corresponding to 26=( 28.90, 44.5and 50.98) . The obtained results are in good agreement
with the JCPDS reference number (00-001-1127).
The crystal size (D) of the X-ray diffraction pattern for the samples was determined by
employing the Scherrer equation [16].
D =K M(B cos O) (1)
Where, f is the full width at half maximum (FWHM) of a diffraction peak, K is the shape
factor ~ 0.9 |\ is the wavelength of x -ray source(1.54 A) and 0 is the diffraction angle.
Using the Braggs formula, the intermolecular planar spacing (dhkl) was calculated [17]:
nA=2dnisin © (2)

Table 1: Crystallite size and other parameters of Pure Mn,O3 Sample

peak position (20°) FWHM d-spacing Crystallite size D Average Crystallite D
BC) (A°) (hm) (nm)
23.31 0.235 3.81 36.038 40.84372847
33.13 0.223 2.70 38.804
35.7 0.239 2.47 36.519
38.41 0.186 2.34 47.214
49.4 0.19960 1.84019 45.738
55.31 0.244 1.65 38.377
58.7 0.16470 1.57128 45.738
60.52 0.200 1.53 47.901
65.90 0.192 1.41 51.479
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Figure 1: X-ray diffraction pattern of Mn,Os Nanoparticles

The researchers employed the Williamson-Hall (W-H) method to ascertain the dimensions
and lattice strain of crystallites based on X-ray diffraction (XRD) data [16]. The equation was
utilized to determine the strain induced in powders, which originates from various flaws like
as dislocation, twinning, imperfection, and distortion.

€ = Bs /4tan© 3)
The symbol Bs represents the peak broadening resulting from lattice strain, whereas © denotes
the Bragg's angle. The entire peak broadening Bhkl can be mathematically represented using
equations (1) and (2).

Pra = pD + Ps (4)

Brki cos© = (KA / D) + (4¢ sinO) (5)
Equation (4) represents the W-H equation. The figure (2) displays the W-H plot. The plot is
constructed with the variable sin© on the x-axis and Bhkl cos© on the y-axis, where Bhkl is
measured in radians and the points that are distant from the red line in the image represent the

(321), (400) , (440) plan. Table 2 presents the strain and grain size values obtained from the

Volume: 3, Issue: 3, July 2025 P-1SSN: 2958-4612
96 E-ISSN: 2959-5568



Academic Science Journal

W-H approach, as well as the grain size values obtained from the D-S method, for Mn;Os-

NPs [18].

Table 2: Strain and particle size data for Mn,O3 nanoparticles (NPs) as determined by the W-
H and D-S methods.

Sample D(W-H) nm £ (W-H)*10* D (D-S) nm
Mn,O3 3.02553

45.82797468 42.3330286
0.0040 - - - . E«E?z'c‘{a

0.0038 -

00036 -

feos(f)

0.0034 4

0.0032 4 Intercept= 0.00316

- Slope =3.02553°10°
0.0030 -

¥ v T ¥ T T T v T T T
1.2 1.3 1.4 1.5 1.6 LR A 18 1.9

4sin(@)
Figure 2: Williamson-Hall results of Mn.Oz nanoparticles

The surface morphology of Mn»Os nanoparticles was analyzed using a Field Emission
Scanning Electron Microscope (FE-SEM). The observation revealed that the Mn,O3 exhibited
a high degree of crystallite density. Figure 3 displays the surface photograph image of Mn,03
at S5um, 4um and 200nm which exhibited characteristics of density, smoothness, and non-
homogeneity. Additionally, it has been shown that the grains exhibit a combination of nano
cauliflower and spherical morphologies, displaying variations in size. The outcome aligns
with the findings presented in reference [19].

The photos were subjected to analysis using the software program Image J to determine the
average size of the particles. The resulting particle size was found to be 48nm. The field
emission scanning electron microscopy (FESEM) micrographs of Mn,O3 exhibit the presence

of significant agglomerations of spherical or semi-spherical grains in certain regions of the

Volume: 3, Issue: 3, July 2025 P-1SSN: 2958-4612
97 E-ISSN: 2959-5568



Academic Science Journal

pictures, suggesting an uneven growth rate of these grains. Furthermore, the photos presented
a densely packed arrangement of grains that uniformly covered the whole surface, devoid of

any imperfections such as cracks or pinholes.

Figure 3: FE-SEM images of Mn;O3 nanoparticles

The spectra of Mn203 obtained using an Energy Dispersive Spectroscope (EDS) are
presented in Figure 4. The quantitative chemical analysis is presented in Table 3. The research
provides evidence for the existence of the elements Mn and O. It is of utmost significance to
acknowledge that there are no discernible supplementary peaks associated with impurities or

contaminants, so affirming the cleanliness of the sample preparation.
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Table 3: Mn and O concentration in Mn2Oz sample

Element Atomic % Atomic % Error Weight % Weight % Error
®) 51.3 0.5 23.5 0.2
Mn 48.7 0.2 76.5 0.3

M

UE Shel Wohed 15k N

Figure 4: EDS analysis of Mn,O3 nanoparticles.

The Fourier Transform Infrared (FT-IR) spectra of the Mn,O3NPs material are depicted in
Figure 5. The Fourier Transform Infrared (FTIR) spectrum is utilized for the purpose of
confirming the bonding properties exhibited by the Mn,Osz material. The FTIR spectrum
displays six peaks at certain wavenumbers (3425, 1631, 1514, 1394, 1251, 1103, 584, and
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572) cm™, which correspond to different bonding characteristics of the surface absorbed
water molecule and Mn20O3. The peak observed at the wavenumber of 3425 cm-1 is attributed
to the stretching vibration of the hydroxyl (O-H) functional group. The observed peak at
1631,1514 cm™* can be attributed to the adsorption of moisture on the surface of the materials.
Additionally, the peaks observed at 1394, 1251, and 1103 cm™ suggest the presence of
coupled bending vibrations involving the Mn atoms and O-H groups. The vibrational modes
detected at wavenumbers 584 and 572 c¢cm—1 correspond to the stretching movements of

tetrahedral and octahedral sites in Mn—O bonds, respectively [20, 21].
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Figure 5: FTIR of Mn,O3

The absorbance spectrum of Mn203 is depicted in Figure 6, illustrating the relationship
between the absorbance with wavelengths in the range from 300 to 1100 nm. It has been
observed that the absorbance has an inverse relationship with the transmittance, reaching its
maximum value at a wavelength of 500 nm. This indicates that the absorbance falls within the

visible region (400-800 nm). This particular absorbance value aligns with the findings
presented in reference [22].
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Figure 6: Absorbance versus wavelength of Mn,O3

The energy band gap (Eg) of the sample was determined by applying the Tauc and Davis-
Mott models, which establish a relationship between the absorption coefficient (o) and the
energy of the photon (hv).[23]
(ahv)? =A(hv — E;) (6)

The value of a is defined as 2.303 A/L, where A represents the absorbance of the sample. The
energy band gap, Eg, was determined by identifying the point where the curve (ahv)?vs. (hv)
intersects the y-axis at y = 0, as depicted in the inset of Figure 6. The calculated value for Eg
was 1.24 eV [23].

eV

(ahv)3(—)?
-
*
1

Figure 7: Graphs illustrating the relationship between the square of the product of ahv and

the product of photon Energy for Mn,O3 nanoparticles.
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Conclusion

The synthesis of Mn,Os nanoparticles has been effectively achieved by the sol-gel process,
specifically employing the auto-combustion technique. The cubic structure of Mn2O3z was
established using X-ray diffraction (XRD) research. The construction of Williamson-Hall
plots was undertaken to estimate the lattice constant. The surface morphology of Mn.Oz was
analyzed using a Field Emission Scanning Electron Microscope (FESEM). The pictures
revealed the presence of sizable clusters consisting of spherical or semi-spherical grains in
certain areas, suggesting an uneven growth rate of the grains. The objective is to accurately
determine the crystallite plot and microstrain. The production of the metal-oxide phase in the
manganese oxide nanoparticles was established using FTIR spectrum analyses. The EDX
analysis yielded conclusive evidence regarding the existence of manganese (Mn) and oxygen
(O) elements. The optical tests revealed that the absorbance reached its maximum value at a
wavelength of 500 nm, while the energy gap of Mn»Os was determined to be 1.42 eV.
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