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Structural and Optical Properties of MnO,: Pb Nanocrystalline
Thin Films Deposited By Chemical Spray Pyrolysis
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Abstract: MnO, thin films were deposited by chemical spray pyrolysis method on glass substrates and then
doped by pb:3% and 5%. Structural properties of the prepared films were studied by means of x-ray diffraction
(XRD), all patterns of the films are polycrystalline. The surface morphology of the films were investigated by
using atomic force microscope (AFM) technique. The optical properties were studied by UV-VIS spectropho-
meter, the absorption coefficient and optical band gap were calculated. Extinction coefficient, refractive index,
and the dielectric constant were investigated.
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l. INTRODUCTION

Thin film technology occupy a prominent place in basic research and the use of thin film semiconduc-
tors have attracted much interest in an expanding variety of applications in various electronic and optoelectronic
devices due to their low production costs. The review of literature shows that thin films technology has been
explored by many research groups. This has led to the emergence of several deposition techniques most of
which require steady/ uninterrupted power supply because involve high temperature process [1].

In the last decade, synthesis and characterization of manganese oxides in various oxidation states and/
or different structures have been intensified due to their promising potential for application in various fields,
such as catalysis, secondary batteries and supercapacitors [2-3].

MnO, thin films can be fabricated by: chemical bath deposition (CBD) [4], pulsed laser deposition (PLD)
[5],R.F-Sputtering [6] and chemical spray pyrolysis [7].

Usually MnQ; is a transparent semiconductor with an n-type carrier in conduction [7]. MnO, thin films prepared
by facile solution method is promising as electrodes for supercapacitors [8].

1. EXPERIMENTAL

In this work MnQO, thin films were prepared by chemical spray pyrolysis deposited on micro glass
slides. Spray solutions were prepared by mixing 0.1 M of MnCl,:2H,0 in Pb(NOs),, which were then mixed in a
certain amount of solution for each experiment by a magnetic stirrer. Automated spray solution is transferred on
the hot substrate kept at the normalized deposition temperature of 250 'C with the help of carrier gas.

Thickness measurements of the films have been carried out using optical method, thickness was found to be 400
+20nm.

To determine the nature of the growth and structural characteristics of the prepared thin films, an x-ray
diffraction (XRD) obtained for diffract meter type Philips PW.1840 with target CU-Ka. A UV- VIS spectropho-
tometer type Jenway 6800. UV/ VIS wase used to measure the absorbance and transmittance in the wavelength
range (200-1100) nm, and from these measurements the optical parameters were calculated.

1. RESULTS AND DISCUSSION
3.1 X-ray diffraction
Figure. 1 shows the( XRD) spectra of MnO,, MnO,: 3% pb and MnO,. 5% pb thin films. All patterns
of the prepared films are polycrystalline with preferred orientation (101) which corresponds to orthorhombic
structure corresponding to (ASTM) cards. The peaks showed small shifting toward large angles. All phases and
planes of MnO, and  MnO;: pb are shown in Table 1.

Table.1:XRD patterns Sample G.S | 2theta | hkl phase
of prepared films. Mn02 20nm 22.1 101 orthorhombic
35.1 301
MnO, 3% pb | 25nm 22.7 101 | orthorhombic
35.4 301
Mno, 5% pb | 31nm 22.89 101 | orthorhombic
35.58 301
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The grain size of the synthesized MnO, and MnO; : pb thin films have been calculated from the full width at
half maximum (FWHM) of the diffraction peaks using the Debye-Scherrer formula [9]
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Where D is the mean grain size, o is a shape factor,A is the wavelength of x-ray used for the diffraction mea-
surements (here, A= 1.54056 A° ),and B is the FWHM of the diffraction peaks.
The grain size of the prepared films was found to be in the range of(20nm to31nm) as shown in Table 2.
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Fig.1:XRD Pattern of thin films prepared.

3.2 Morphology
A typical AFM image of the deposited films is shown in Figure 2. This particular image corresponds to
the film deposited on glass substrate shows a good morphology of the prepared films, it is shown from Figure 2
that the film's surface has a good homogeneity which makes the deposited films suitable for applications in pho-
tovoltaic devices, also the pb doping caused an increase in the roughness average of the films surface and the
average diameter grain size which applies with the results of x-ray diffraction, as shown in table 2.

Table.2:Effect of pb doping on morphology of film surface.

Sample Roughness avg. | Avg. diameter

MnO, 0.496 nm 72.65nm
MnO,:3%Pb 1.51 nm 85.67 nm
MnO2:5%Phb 3.97 nm 87.18 nm

3.3 Optical Characterization

The optical absorption of the prepared films has been studied in the range of (200- 1100 nm). The vari-
ation of optical density with wavelength is analyzed to find out the nature of transition, for different films were
used to calculate the absorption coefficient () using the relation [10 ]
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Where A is the absorbance, and tis the film thickness.

The variation of the absorption coefficient (o) as a function of wavelength (1) for polycrystalline MnO,
and MnO,:Pb thin films is shown in Figure 3. It is clear that the value of a decreases with the increase in wave-
length. The value of o is greater than 10* cm ™ that supports the direct band gap nature of the semiconductors
.The optical band gap Egof the prepared thin films was determined by using the following equation [11].

ohv =A(hv - Eg) " ------mmmmmmmmmeeae )
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Where A is constant, hv is the incident photon energy, and (n) is a factor whose value dependent on the
nature of band transition, n = 1/2 or 3/ 2 for direct allowed and direct forbidden transition.
The variation of (ahv)? versus hv for the prepared films are illustrated in figure 4. It is clear that the value of E,
decreases from 2.4 ev for MnO, thin film to 2.35 ev for MnO, 3% pb and to 2,3 ev for MnO, 5% pb thin film.
The extinction coefficient (k) has been calculated using the following relation [12]
oA
k= 4)

4n
Figure 5 shows the spectral dependence of (k) for MnO,: pbthin films. The value of k increased as the rate of

pb increase in the film.

Figure 6 shows maximum value of refractive index (n) for MnO, film, when doping by 3% pb there is
shifting in long wave NIR. At a result of doping by 5% pb the absorption of thin film increases to maximum
value which causes decreasing the reflective value (R) , because of that (R) disappear as shown in Figure 6.
Figure.7 shows the behavior of real dielectric coefficient € 5, there is a small shift to direction of long wave-
length , Figure. 8 shows increasing the value of imaginary dielectric coefficient € , with increasing ratio of dop-

ing.
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Fig.2: AFM images of prepared thin films: (a) MnO;. (b) Mn0;:3%Pb, (c) MnO2:3%Ph,.
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Feg.4: Optical energy gap values for thin films prepared.
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Feg.5: The extinction coefficient (k) as a function of wavelength () for thin films prepared.
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Fig.6 : Refractive index (n) as a function of wavelength () for thin films prepared .
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Fig.7: The variation of real dielectric constant (g ;) with wavelength (A) for thin films prepared.
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Feg.8: The variation of imaginary dielectric constant (g ,) with the wavelength (A) for thin films prepared.

V. CONCLUSION
X-ray investigation shows that MnO, and MnO,: pb are polycrystalline orthorhombic system in (101)
direction with grain size of 20 nm for MnO,, 25 nm for Mn0O,:3%Pb and 31 nm for MnO,:5%Pb. AFM investi-
gation shows a good morphology for film's surface with increasing of the grain size and roughness of surface
corresponding to the ratio of doping. The optical measurements indicate that the optical energy gap Eq of pre-
pared films decreased from 2.4 ev to 2.3 ev corresponding to the ratio of pb doping.
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