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 In this work, effects of annealing temperature on the optical, structural, morphological, and 

compositional properties of SILAR deposited copper manganese oxide thin films were 

determined. Mixture of copper (II) chloride and manganese (II) chloride complexed ammonium 

hydroxide solution was used as precursor for cations. Sodium hydroxide placed in a hot plate 

at 60℃ served as precursor for anions. Five samples of copper manganese oxide (CuMnO2) 

thin films were concurrently synthesized using 10 SILAR cycles to obtain desired thickness. After 

deposition, four of the deposited CuMnO2 thin films were annealed at 473 K, 573 K, 673 K and 

773 K respectively while one as-grown sample was used as a control. Thickness of deposited 

thin film estimated using gravimetric method increased as annealing temperature increases. 

Optical, structural, morphological, and elemental composition analysis were carried out on the 

samples. Optical results showed that annealing temperature has a significant effect on the 

optical properties. Structural analysis showed an improvement in the crystallinity of the films. 

Crystallite size of the deposited thin film obtained ranged between 14.36 nm – 33.14 nm. It was 

found that increase in annealing temperature resulted to increase in the crystallite sizes. SEM 

micrographs showed an increase in thin film particles and surface roughness as a result of 

increase in annealing temperature. Relative amounts of Cu, Mn and O2 were found in the EDS 

results obtained. 
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1 Introduction 

Ternary transition metal oxide (TTMO) thin films are set of 

material thin films that contain two transition metals and 

oxygen. They are formed when p orbital in oxygen connects 

with the half-filled and empty d orbitals of adjacent transition 

metal cations [1]. Copper manganese oxide is one of the 

promising TTMO due to its properties and applications in areas 

such as oxygen reduction reaction (ORR) [2], wettability and 

electrochromic performance [3], glucose sensitivity 

measurement [4], solar selective absorber [5-6], catalytic 

properties [7-11]. In the work, nanostructured copper 

manganese oxide thin film was deposited onto a microscopic 
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glass substrate by SILAR method. manganese ion was 

introduced in minute amount and effect of annealing 

temperature on the thickness, optical, structural, 

morphological, and compositional properties of the deposited 

copper manganese oxide were studied. 

2 Materials and Methods 

Copper manganese oxide thin films were deposited on a 

microscopic glass substrate using successive ionic layer 

adsorption reaction (SILAR) method. The SILAR approach 

used in this deposition was a four-step (made up of four beakers 

A, B, C and D) method. The four steps are cationic dipping 

(beaker A), rinsing with distilled water (beaker B), anionic 
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dipping (beaker C) and finally rinsed in distilled water (beaker 

D). Reagents used for the deposition were molar solutions of 

copper (II) acetate monohydrate and manganese (II) chloride 

tetrahydrate as cationic precursors respectively. Sodium 

hydroxide solution was used as anionic precursor. 0.2 M of 

copper (II) acetate monohydrate and 0.05 M of manganese (II) 

chloride were used while 0.5 M of sodium hydroxide was used 

in the deposition.  

One SILAR growth cycle with cycle time (tc) equals to 100 

seconds shown in figure 1 involved four steps which are: 

(i) Cationic dipping: the cleaned substrate was immersed in 

first reaction bath containing 40 ml each of the solutions of 

0.2 M of copper and 0.05 M of manganese precursors for 

40 s. This process leads to absorption of Cu2+ and Mn2+ ions 

on the surface of the substrate. 

(ii) Rinsing: this involves rinsing the substrate with distilled 

water (DW) for 10 s to remove excess Cu2+ and Mn2+ ions 

that were loosely bounded to the glass substrate. 

(iii) Anionic dipping: The substrate was then immersed in 

freshly prepared sodium hydroxide solution placed in a hot 

plate at 60℃ for the 40 s. The oxygen ions (O2-) reacted 

with the absorbed Cu2+ and Mn2 ions on the active center 

of the substrate to form copper manganese oxide films. 

(iv) Rinsing: Again, the substrate was rinsed in DW for 10 s to 

remove loosely bounded ions present on the substrate and 

unreacted Cu2+, Mn2and O2- ions. The procedure was 

repeated for 10 cycles to get the desired uniform film with 

good thickness. 

At the end of a cycle, uniform films of copper manganese oxide 

were seen on the surface of the microscopic glass substrate. 

Physical observation of the glass substrates showed thin films 

of relatively equal thickness because the five samples were 

found under the same growth conditions.  

These deposited copper manganese oxide thin films were 

subjected to annealing treatment to determine the effect of 

annealing temperature on the properties of the films. First 

sample was left unannealed while four other samples were 

annealed at temperatures of 473 K (200℃), 573 K (300℃), 673 

K (300℃) and 773 K (400℃) respectively.

 

Figure 1: Schematic diagram of SILAR method for the deposition of copper manganese oxide thin films (● → ● Cu2+, ● Mn2+, ● 

→ O2-): a) → cationic precursors, b) → ion exchange water, c) → anionic precursor and d) → ion exchange water, td → dip 

time and tc → c

Deposited copper manganese oxide thin films were subjected 

to optical, structural, morphological and compositional 

characterizations. Thicknesses of the thin films were obtained 

using gravimetric techniques. Optical analysis was done using 

UV-VIS spectrophotometer (model: 756S UV-VIS) at Nano 

Research Laboratory, Department of Physics and Astronomy, 

University of Nigeria Nsukka, Enugu State, Nigeria. Structural 

analysis was done using x – ray diffraction machine (Brucker 

D8 high resolution X-ray diffractometer) at Material Research 

Department, iThemba Labs, Johannesburg, South Africa. 

Morphological and compositional analyses of the films were 

done using the scanning electron microscope (MIRA TESCAN 

SEM) located at the Electron Microscope Unit, University of 

Cape Town, South Africa. 
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3 Results and Discussions 

3.1 Optical Analysis  

Optical properties such as absorbance, transmittance, 

reflectance, extinction coefficient, refractive index and optical 

band gap of the deposited thin films were studied within the 

electromagnetic wavelengths of 300 nm to 400 nm (ultraviolet: 

UV), 400 nm to 700 nm (visible light: VIS) and 700 nm to 1100 

nm (near infrared: NIR).  

 
Figure 2: Plot of absorbance against wavelength for SILAR 

deposited copper manganese oxide thin films annealed at 

different temperature 

Figure 2 showed the absorbance of copper manganese oxide 

films plotted against wavelength. Absorbance values of the 

films were found to decrease as wavelength increased from 300 

nm to 1100 nm. It is also found to increase as annealing 

temperature increased.  

 
Figure 3: Plot of transmittance against wavelength for SILAR 

deposited copper manganese oxide thin films annealed at 

different temperature 

Figure 3 showed the graph of transmittance spectra plotted 

against wavelength. Transmittance values of the films were 

found to increase as wavelength increased from 300 nm to 1100 

nm.  

Secondly, the transmittance was found to decrease as annealing 

temperature increases. These set of films showed moderate 

transmittance values within UV with high transmittance values 

observed within VIS and NIR regions. The low transmittance 

of the films within UV region showed that they could be used 

as smart coating for heat mirrors. 

Figure 4: Plot of reflectance spectra against wavelength for 

SILAR deposited copper manganese oxide thin films annealed 

at different temperature 

Figure 4 showed the graph of reflectance plotted against 

wavelength for SILAR deposited copper manganese oxide thin 

film annealed at different temperatures. The reflectance of the 

films is found to be low with peak value 20.35% observed 

within UV region and least value of 3.34% was observed 

within NIR region. Also, reflectance values decreased as 

wavelength increased from 400 nm within VIS region to 1100 

nm in NIR regions.  

Figure 5 showed the graph of extinction coefficient plotted 

against wavelength for SILAR deposited copper manganese 

oxide thin films. Extinction coefficient values was found to 

increase within UV region to peak values within VIS region 

before decreasing to their least values within NIR regions.  

Except for film annealed at 773 K that has extinction 

coefficient which is different from others. The changes 

observed in the extinction coefficient spectra of film annealed 

at 773 K may be as a result of improved crystal structure. 

Figure 6 showed the plot of refractive index against wavelength 

for SILAR deposited copper manganese oxide thin films. 

Refractive index of the films was found to be approximately 

the same within the UV region but decreased as wavelength 

increases towards VIS and NIR regions. The refractive index 

of the film was found to increase as annealing temperature 

increased. The films are of low reflectance with values ranged 

from 2.63 to 1.44. 
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Figure 5: Plot of extinction coefficient against wavelength for 

SILAR deposited copper manganese oxide thin films annealed 

at different temperature 

 

Figure 6: Plot of refractive index against wavelength for 

SILAR deposited copper manganese oxide thin films annealed 

at different temperature 

Figure 7 showed the graph of (αhν)2 = 0 plotted against photon 

energy for films copper manganese oxide thin films annealed 

at different. Energy band gap values of the films were 

estimated by extrapolating the straight portion of the graph 

along the photon energy axis where (αhν)2 = 0. Energy band 

gap of the films were found to range from 2.70 eV and 2.15 eV. 

This showed that the energy bad gap decreased as annealing 

temperature increases. The energy band gap values obtained 

are close to values reported by [3,12-13]. 

3.2 Film Thickness Measurement 

Thickness of the deposited thin films was calculated using 

mass difference method according to [14-16] as given in 

equation (1): 

 (t) =
𝛥𝑚

𝜌𝐴
 (1) 

Where Δ𝑚 is the mass difference of the films obtained by 

measuring the mass of the substrate before and after deposition, 

ρ is the bulk density of CuO which is 6.31 g/cm³ and A is the 

area of substrate covered by the deposited thin films.  

Figure 8 showed the graph of film thickness plotted against 

annealing temperature. From the figure, film thickness was 

found to increase as annealing temperature increased from 473 

K to 773 K. This is due to the improvement in the crystalline 

nature of the deposited thin films as annealing temperature 

increases. As temperature increases, more ionic layers of 

copper manganese oxide were formed thereby increasing the 

thickness of the films. Annealing temperature was also found 

to affect the band gap of the deposited thin films. Energy band 

gap was found to decrease as annealing temperature increases.  

3.3 Morphological Properties 

Figure 9 showed the SEM micrographs of the deposited thin 

films revealing the surface structure of the thin film. These 

micrographs showed that the surfaces of the thin films are made 

up of nanostructured particles of different sizes and shapes. 

Improvement in the surface morphology of the deposited 

copper manganese oxide thin films was observed as annealing 

temperature increased 573 K to 773 K. 

3.4 Compositional analysis 

Figure 10 showed the energy dispersive x – ray spectroscope 

(EDS) spectra of copper manganese oxide thin films deposited 

at 300 K and those annealed at 573 K and 773 K. The EDS 

spectra showed the presence of the desired elements of copper 

manganese and oxygen. Traces of other elements were 

observed which are likely as a result of elemental compositions 

of the microscopic glass substrates.  

The EDS spectra showed that the atomic percentages of copper, 

manganese increased as annealing temperature increases. 

Atomic percentage of oxygen was found to increase as 

temperature increases. This increase in oxygen content may be 

as a result of oxidation of the films at higher temperature. 

3.5 Structural properties 

Structural analysis of SILAR deposited copper manganese 

oxide thin films were carried out using diffractometer (Bruker 

D8 advance diffractometer). The XRD results for the deposited 

thin films of copper manganese oxide are presented in figure 

11. The XRD spectra obtained showed peaks corresponding to 

CuO, Mn3O4 and spinel Cu1.5Mn1.5O4.  

The XRD spectra of as-deposited (300 K) copper manganese 

oxide thin film showed peaks at 35.58°, 38.72° and 48.78° 

which correspond to monoclinic phase of copper oxide of 

mineral name tenorite with JCPDS file number of 00-45-0937. 

Film annealed at 573 K showed the formation of mixed oxides 

of copper and manganese. In addition to peaks observed in as-

deposited (300 K) thin films, new peaks at 32.41° and 44.37° 

were observed. These peaks were attributed to tetragonal phase 

of manganese oxide (Mn3O4) with JCPDS file number of 00-

018-0803. 
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Figure 7: Plot of (αhv)2 against photon energy (hv) for SILAR deposited copper manganese oxide thin films annealed at different 

temperature

  

Figure 8: Plot of thickness (nm) against annealing 

temperature for SILAR deposited copper manganese oxide 

thin films and variation of energy band gap with annealing 

temperature 
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Figure 10: EDS spectra 

of SILAR deposited 

copper manganese oxide 

thin films 

Figure 9: SEM 

micrograph of SILAR 

deposited copper 

manganese oxide thin 

films at different 

annealing temperature 
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Film annealed at 773 K showed two additional peaks at 57.81° 

and 63.86° which were attributed to cubic spinel structural 

phase of copper manganese oxide with formula Cu1.5Mn1.5O4 

corresponding to JCPDS file number of 01-070-0260. These 

results showed the formation of copper manganese oxide 

structure at 773 K though the peaks attributed to Cu1.5Mn1.5O4 

are weak compared to peaks observed for CuO and Mn3O4. 

Formation of Mn3O4 at 573 K is in line with report of [17].  

Also, similar results of formation of copper oxide, manganese 

oxide and copper manganese oxides have been reported by [8, 

9, 19, 20]. Crystallite sizes of the films were obtained using 

Debye-Scherrer’s relation in equation (2) as given by [21, 22, 

23].  

Other structural parameters such as dislocation density and 

micro-strain were calculated using equations (3) and (4) 

respectively [24, 25]. 

 

 

where λ = wavelength, β = full width at half maximum (in 

radians) and θ = the angle of diffraction. Crystallite size of the 

films was found to be 14.36 nm, 24.50 and 33.14 nm. Increase 

in annealing temperature was found to cause an increase in the 

crystallite size of the deposited thin film. Dislocation densities 

of the films were found to be 4.78 × 1015 lines/m2, 1.85 × 1015   

lines/m2 and 1.77 × 1015 lines/m2 while values of the micro-

strain of the films were found to be 7.30 × 10-3, 4.57 × 10-3, and 

4.04 × 10-3. Dislocation density and micro-strain were found to 

decrease as annealing temperature increased from 300 K to 773 

K. 

 

Figure 11: XRD spectra SILAR deposited copper manganese 

oxide thin films 

4 Conclusion 

Nanostructured copper manganese oxide thin films deposited 

by SILAR method were studied. The deposited thin films were 

annealed at different temperatures of 473 K, 573 K, 673 K and 

773 K respectively with one of the samples kept as-deposited 

(unannealed) at 300 K. The thickness, optical, structural, 

morphological, and compositional properties of the films were 

carried out using appropriate equipment. The thickness values 

of 65.34 nm to 140.91 nm showed that the deposited copper 

manganese oxide thin film layers are nanostructured. Optical 

properties showed that the thin film layers have high 

absorbance and low transmittance within UV; and low 

absorbance and high transmittance within VIS – NIR region. 

The highest transmittance values were observed within NIR 

region for all the films while the energy band gap values of the 

films were found to be between 2.70 eV and 2.15 eV. The 

structural analysis showed the formation of copper oxide and 

spinel phase of copper manganese oxide. The spinel phase of 

the films was obtained at higher annealing temperature of 773 

K. Crystallite sizes of deposited thin film ranged between 14.36 

nm and 33.14 nm. Micrograph images showed that the films 

are made of nanostructured particles of different sizes and 

shapes while the compositional analysis revealed the presence 

of copper, manganese, and Oxygen. The films are found to be 

rich in oxygen. These results showed that annealing 

temperature could be used to modify film thickness, optical, 

structural, morphological, and compositional properties of 

copper manganese oxide thin film layer.  
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