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Abstract

Mn,0Os nano thin films were preparedon glass substrates using spin coating technique by taking
manganese acetate (Mn(CH;COO),4H,0) as starting martial for different molar solutions. Solution
was prepared by dissolving Mn(CH3COO),4H,0 as precursor and monoethanolamine (MEA) as
stabiliser agent and 2-methoxyethanol as solvent. The mixture was stirred at 80°C until to get high
viscous transparent solution. A small portion was taken and dropped on to corning glass substrate
which was rotated at (3000) rpm for (30) sec and dried at 300°C. The process was repeated for three
times to get desired thickness of the film.also Prepared films were characterized by using XRD,

SEM, UV-Vis spectrophotometer.
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1. Introduction:

Nanostructured thin films are on stage an important role in the development of nano martial
devices. Many researchers have been extending their research to develop thin films and study their
properties to discover their applications in different fields. To prepare any commercial device for
such applications, it is necessary to develop low cost material by economical method. In this view
manganese oxide is a promising functional oxide material due to its low cost and ecofriendly
nature.Manganese oxides have received increasing attention due to their unique fundamental
properties and potential applications in the field of lithium ion batteries [1], super capacitors [2],
anti-bacterial [3], humidity sensors [4], water oxidation [5] and catalysts [6].

There are so many physical and chemical techniques available to grow Mn,Osthin films such
as electron beam evaporation [7], electro deposition [8], sputtering [9], Pulsed laser deposition [10],
spin coating [11],spray pyrolysis [2] and SILAR [3]. Out of these, spin coating technique is one of
the preferred techniques due to its low cost and ease of preparation of device quality thin films.

Molar volume of the solution in the preparation of Mn,Osthin films by spin coating technique
[4] plays an important role. The present study illustrates the effect of molar volume of the solution on
the structural, morphological and optical properties of the Mn,Osthin films prepared by spin coating
technique[4].

2. Experimental:

a) Preparation of Mn,Os;thin films:

Manganese acetate (Sigma-Aldrich) was used as the starting material to prepare Mn,Osthin films by
spin coating technique. Thin films of Mn,Oswere deposited on well cleaned corning glass substrates
for different molar solutions. The solution for deposition was prepared by dissolving
Mn(CH3COOQ),.4H,0 precursor in 2-methoxyethanol solventby the use of monoethanolamine[2]
(MEA) as stabilizing agent. The mixture was stirred at 80°C until to get high viscous transparent
solution of 0.2 M, 0.4M and 0.8 M (%), a small portion of this solution has been dropped on to
corning glass substrate which was rotated at 3000rpm for 30s and dried at 300°C. The process was
repeated for three times to get desired thickness of the film.

The structural properties of different molar volume (0.2M, 0.4M and 0.8M)Mn,Osthin films were
characterized by employing Philips Xpert Pro X-ray diffraction instrument using CuKa (A=1.54 A°®)
in the 20O range from 20°C to 80°C. The surface morphology of all the films was obtained from SEM

measurements carried out usingCarl Zeiss EVO 18 SEM system with an accelerating voltage of
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20kV.The optical properties of Mn,O3; thin films were determined by using UV-

Visspectrophotometer at room temperature in the wavelength range 200-900 nm.
b) Structural and Morphological characterization

XRD of the samples was carried out using CuK, radiation [1]on a STOE high resolution X-ray
powder diffractometer with parallel beam optics set to 620 geometry. For all the measurements, the
angle of incidence of the X-rays was kept at 0.5°and diffraction space was scanned over a 26 range of
15-80°.to investigate the structural and crystallographic phases present in the films using nickel-
filtered CuK, radiation (A= 0.15418 nm) a voltage of 40 kV and a current of 30 mA was applied. The

average size of Crystallites (D) of In,Os films was estimated using Debye Sherrer formula.

b=-—"" M

Where D-crystallite size, A-wavelength of CuK, radiation (0.15418nm), k- Constant (0.9), v
FWHM, 0- Bragg’s diffraction angle.

The microstrain (¢) is calculated using the relation:

E = (2)
The dislocation density (9) is calculated by using the formula:
e 3)

Where D is crystallite size.
3. Results and Discussion:

Structural studies:
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Figure. 1. XRD pattern of Mn,Oj3 thin films for different molar volum
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Figure.1. shows the X-ray diffraction patterns of spin coated Mn,Osthin films for different molar
volumes. From the figure it is clear that all thefilms are polycrystalline in nature with cubic structure
(JCPDS card no: 24-0508). 23.10, 28.42, 32.92, 38.39, 49.25, 55.177, 65.85 (211), (122), (222),
(400), (413), (044), (622). ; Lattice constants a=9.45 A°, b=9.42 A° ¢=9.4 A° Orthorhombic
structure. The preferred orientation of all the films is in (2 2 2) direction, the intensity of this peak is
increasing with molar volume. Figure.2. shows variation of crystallite parameters with varying
precursor molarity from this crystallite size increases with increasing molar volume of the solution
correspondingly lattice strain, dislocation density and number of crystallites for unit volume also

decrese.

Morphological studies:
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Figure.3(b)(Magnified). Figure.3(c).
Figure.3. (a)(b) and (c) SEM micrographs of Mn,Oj thin films for different molar volumes.

Figure 3.(a)(b) and (c). Displays the surface SEM images of the spin coated Mn,Osthin films for

different molar volumes.It can be seen from the SEM images that the morphology of the samples is
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different fordifferent molar volumes, but all the sample films are very uniform, crack free and

compact. SEM micrograph of 0.4M (%) solution was shown nano junction like morphology and it

shown magnified in Figure.(b)(magnified).

Optical studies: N
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Figure.4(c)
Figure .4.(a)(b) and (c¢) Optical transmittance spectra of Mn,0Oj; thin

films for different molar volumes.

Optical studies of Mn,0O; thin films for different molar volumes were performed by UV-Vis
spectrophotometer. Figure.4.(a)(b) and (c) shows the optical transmittance spectra 0fMn,0O; thin
films for different molar volumes.Optical transmittance of these Mn,Os thin films decreases towards
lower wavelengths and transmittance edge shifted towards higher wavelengths.
4. Summary:

In summary, the influence of molar volume on the structural, optical and morphological properties of
spin coated Mn,Osthin films was investigated. Mn,Osthin films of different molar volumes (0.2M,
0.4M and 0.8M) have been deposited on corning glass substratesand subjected to their structural,
morphological and optical characterization through XRD, SEM and UV-Vis spectrophotometer

studies respectively. From the XRD results it is clear thatall the films are polycrystalline in nature
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with cubic structure and the preferred orientation of all the films is in (2 2 2) direction. From the

SEM images it is seen that all the sample films are uniform, crack free and compact.The results of

optical studies suggest that the optical transmittance was found to vary with varying molar volumes

of Mn,0Os thin films.

5- conclusion:

From the XRD results it is clear that all the films are polycrystalline in nature with cubic structure

and the preferred orientation of all the films is in (222) direction. From the SEM images it is seen

that all the sample films are uniform,crack free and compact. The results of optical studies suggest

that the optical transmittance was found to vary with varying molar volumes of Mn203 thin films.
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