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Precursor concentration dependent manganese oxide (MnxOy) nanocrystalline thin films 

prepared by CBD techniques within the pores of PVP on glass slides at 343K were 

studied. The films turned out to be MnO2 nanocrystals with grain size range of 76.11nm – 

12.96nm for increasing precursor concentration. The deposited films were annealed at 

403K and characterized for structural and optical properties. XRD analyses revealed their 

crystalline nature. The absorbance, transmittance reflectance, refractive index and 

absorption coefficient were found to vary inversely with precursor concentration, though 

irregularly. The absorption spectra showed that the energy band-gap of the films lies in the 

range of 2.34eV – 2.75eV.   
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1. Introduction 
 

There are several thermodynamically stable manganese oxides such as Mn3O4, Mn2O3, and 

MnO2 containing divalent, trivalent, and tetravalent manganese, respectively, in alkaline phase [1]. 

Manganese oxide films are relatively conductive, highly porous, and have high specific surface 

area [2]. Manganese oxides are distinguished by a rich variety of structural, electronic and 

magnetic properties that have rendered them materials of interest for numerous applications. The 

hydrated or amorphous manganese oxides have been paid much attention by many researchers 

recently [3–10] because of their low cost, great quantity and very high capability. Manganese 

oxide is also a promising pseudocapacitive electrode material for electrochemical capacitors 

because of its low cost, eco-friendly properties, and high theoretical specific capacitance [11–14]. 

Manganese oxide is used as electrode materials [15, 16], electrochemical capacitors [17, 

18], rechargeable batteries, catalysts, sensors [19], magnetoelectronic devices [20] and 

supercapacitors [21]. 

There are many techniques to synthesize manganese oxides thin films such as sol-gel [20], 

thermal evaporation in vacuum [22], MOCVD [23], molecular beam epitaxy [24], atomic layer 

deposition [25] or Pulsed Laser Deposition (PLD) [26], chemical bath deposition (CBD) [27] etc. 

However not very much work had been done on manganese oxide with CBD technique. In this 

report, we present the influence of precursor concentration on the optical properties of manganese 

oxide.    
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Synthesis of Manganese Oxide MnxOy Films with Varying Precursor Concentration 

The substrates were soaked in ethanol for 24 hours, washed with powder detergent 

solution, rinsed with doubly distilled water and dried in hot air, while the bath vessels were 

cleaned by washing thoroughly with solution of powder detergent. Five different baths, samples 

11A – 11E, with varied concentrations of manganese salt were prepared as follows: Sample 11A 

was obtained by mixing 10ml of 0.1M Mn(CH3CO2)2 (manganese acetate) salt with 4ml of NH3 

and 36ml of PVP in a 100 cm
3
 beaker. Samples 11B, 11C, 11D and 11E were obtained as in 

sample 11A, but with the concentration of manganese acetate salt increased to 0.3M, 0.5M, 0.7M 

and 1.0M respectively. Substrates were then immersed in the baths of these samples and covered 

with synthetic foams. These were then kept in an oven at 343K for twelve hours to allow for 

substantial deposits. After twelve hours, they were removed, rinsed in distilled water and annealed 

at 403K in an oven for one and half hours.  

 

Structural Characterization of MnxOy Thin Films with Varying Precursor  

Concentration 

The oxide films produced in this work were characterized by their surface morphology and 

preferred orientation. The surface microstructure of the films was obtained by taking 

photomicrographs of the films coated on the transparent glass slides with a wide KPL-W10x/18 

Zeiss. For structural characterization, the films were subjected to X-ray diffraction (XRD), in the 

range of scanning angle 2θ with Cukα radiation (λ = 1.5406Å) using Philips P.W 1500 X-ray 

diffractometer. 

 

 

2. Results and Discussion 
 

Fig 1 gives the XRD spectrum for the as deposited MnxOy film. The deposited film is 

Manganese Oxide, MnO2. For this film, peak values were obtained at 2θ = 26.40º, 33.90º, 36.70º, 

and 62.70º corresponding to diffraction lines produced by different planes. Some of these peaks 

compare favourably with those obtained by Lai W.H et al [28].  

 

Fig 1: XRD diffractogram for as deposited MnO2 films 
 

 

Typical micrograph images are shown in Fig 2, for films with precursor concentrations of 

0.1M, 0.5M and 1.0M respectively. The observed increase in compactness of grains with increase 

in concentration indicates an enhancement in crystallinity of films and reduction in crystal size. 

These were confirmed by the crystallite sizes obtained by calculation using the Scherer’s formula. 
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Fig 2(a): Manganese Oxide thin film with precursor concentration of 0.1M 

 

 

Fig 2(b): Manganese Oxide thin film with precursor concentration of 0.5M 

 

 

Fig 2(c): Manganese Oxide thin film with precursor concentration of 1.0M 

 

 

Crystal Size 

Using the Scherer’s formula [29]




cos

9.0
D , where λ is wavelength of the x-ray, β is 

full width at half maximum (FWHM) of the peak with highest intensity and θ is the diffraction 

angle, the grain sizes were obtained to be in the range 76.11nm – 12.96nm for increasing precursor 

concentration. Thus the grain size of the films decreased with increase in precursor concentration 

though not consistently. 

 

Optical Characterization of MnxOy Thin Films with Varying Precursor  

Concentration  
Using absorption spectra in UV–VIS–NIR regions obtained from Unico UV – 2102 PC 

spectrophotometer at normal incidence of light within the wavelength range 200nm – 1200nm, the 

optical properties of the films were studied. 
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Fig 3: Absorbance spectra for MnO2 thin films for varying precursor concentration 

 

 

From fig 3 which is a plot of absorbance against wavelength, it can be observed that the 

absorbance of all the films with higher concentration (samples 11B – 11E) was low in the short 

wavelength region of the VIS, rapidly decreased to lower values in the long wavelength region of 

the VIS, and then gradually decreased to the NIR region. The film with the lowest concentration 

(sample 11A), however, showed higher absorbance than other films, which gradually decreased 

from the short wavelength region of the visible spectrum to the NIR region. The absorbance of the 

MnxOy films showed a decrease, which may be attributed to increased film density, with increasing 

concentration of precursor.  

 

Fig 4: Transmittance spectra for MnO2 thin films for varying precursor concentration 

 

 

In fig 4 which gives the plot of transmittance against wavelength, the transmittance of all 

the samples was moderate, in the short wavelength region of the visible spectrum of radiation, but 

increased rapidly in the long wavelength region of the VIS to high values, and then gradually 

increased to the NIR region. The film with the lowest concentration (sample 11A) however had a 

lower transmittance than others. Transmittance on the other hand increased with increasing 

concentration of precursor. The high transmittance observed is in fair agreement with reports by 

Asogwa et al [27] and Thirumalairajan et al [29]. This high transmittance of the films in the long 

wavelength region of the visible spectrum can be employed to serve as coating for energy-saving 

or heat-protecting windows; while the high transmittance in the NIR suggests that it can be used as 

solar collectors in batteries [30], ion exchanger, [31, 32] and in catalysis [33]. 
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Fig 5: Reflectance spectra for MnO2 thin films for varying precursor concentration 

 

 

Fig 5 reveals that the reflectance of all the films (samples 11A – 11E) was low in the short 

wavelength region of VIS, but decreased rapidly for the films with higher concentration (samples 

11B – 11E) in the long wavelength region of VIS and then gradually decreased to the NIR region. 

The film with the lowest concentration (sample 11A) however, had the highest reflectance in the 

short wavelength region of VIS, which decreased fairly linearly to the NIR region. The reflectance 

also showed a decrease as the concentration of precursor increased. 

 

 

Fig 6: Band gap spectra for MnO2 thin films for varying precursor concentration 

 

 

From fig 6 it can be seen that the band-gap of the films of MnxOy ranged from about 

2.34eV – 2.75eV, with the band-gap of 11A being the least, followed by 11E, 11B, 11D and 11C 

respectively. These values agree with result obtained by Thirumalairajan, S et al [29], Xu, H.Y. et 

al. [34] and fairly with those obtained by Asogwa P.U [35]. The band-gap however, showed some 

irregular changes with increasing precursor concentration. The moderate band gaps of these films 

make them suitable for application as window layers in solar cell fabrication.    

 

Fig 7: Refractive index spectra for MnO2 thin films for varying precursor concentration 
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The refractive index, from fig 7, increased with increase in photon energy, and ranged 

from 1.1 – 2.3 for energy range 1.0eV – 3.5eV. Its value however decreased with increase in 

precursor concentration, though not systematically.   

 

Fig 8: Absorption coefficient spectra for MnO2 thin films for varying precursor concentration 

 

 

The absorption coefficient increased gradually with increase in photon energy, and ranged 

from 0.08 – 0.35 for energy range 1.0eV – 3.5eV. It however did not have regular increase with 

increase in precursor concentration. This can be observed in fig 8.  

 

 

3. Conclusion 
 
Nanocrystal films of manganese oxide, MnO2, have been successfully deposited on glass 

substrate by CBD techenique. The crystals obtained were of size range 12.96nm – 76.11nm. Some 

of the films have high transmittance in the long wavelength region of the visible spectrum which 

makes them suitable to serve as coating for energy-saving or heat-protecting windows; while the 

high transmittance of some in the near infrared region suggests that they can be used as solar 

collectors in batteries, ion exchanger and in catalysis. The energy band-gap of the films ranged 

from 2.34eV – 2.75eV. These moderate band-gap values make the films applicable as window 

layer in solar cell fabrication.  
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