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Abstract 

Nanoparticles of Copper Oxide (CuO), Manganese (Mn)-doped CuO, and Mn and Strontium (Sr) co-doped 

CuO were synthesised via co-precipitation method. The XRD results show that the particles were monoclinic in 

structure, and the crystallite size increased from 23.83 nm for CuO, 25.47 nm for CuO: Mn (0.1), 26.10 nm for 

CuO: Mn (0.2), 26.65 nm for CuO: Mn (0.3) and 28.31 nm for CuO: Mn (0.3): Sr co-doped samples. The band 

gap of the nanoparticles decreases in the same sequence from 2.97 eV for CuO to 2.40 eV for the co-doped 

samples. Morphological analyses were carried out using FESEM. The polygon shape of CuO particle changes to 

a stacked platelet-like structure with high porosity. Mn and Sr co-doped particles exhibit highly stacked platelet 

structures with less porosity, which showed a variation in sample morphology with doping. From EDS analysis, 

the Mn atomic percentage for CuO:Mn (0.1), CuO:Mn (0.2) and CuO:Mn(0.3) samples were found to be increased 

in accordance with the increase in doping concentration of Mn in the samples. Room temperature PL spectra 

obtained at excitation wavelengths 400 and 500 nm for CuO, CuO:Mn(0.1), CuO:Mn(0.2), CuO:Mn(0.3) and 

CuO:Mn(0.3):Sr samples show prominent defect level emissions. 
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1. Introduction 

 One of the most crucial arenas of current materials science and technology is the 

synthesis and characteristics of nanostructured materials. In addition to having potential uses 

in the development of electronic and optical nanodevices, nanomaterials represent a form of 

an ideal system for researching numerous physical aspects. The development of metal oxide 

nanomaterials is of great interest because metal oxides exhibit a wide variety of characteristics, 

ranging from wide band-gap insulators to metallic and superconducting. The synthesis and 

investigation of the physical and chemical properties of semiconducting oxides including ZnO, 

SnO2, TiO2, and In2O3 have received significant study attention [1]. One of the most significant 

semiconducting oxides is cupric oxide (CuO), which has a direct band gap of 1.85 eV and a 

monoclinic crystal structure. It may be used in high temperature superconductors, solar cells, 

catalysis, sensors, electrode materials, magnetic storage devices, lithium ion batteries, and 

electrode materials [2]. Doping semiconductor nanoparticles with metal ions is a potent way to 

change a material's physical properties. Several researchers have documented how different 

dopants have improved a material's distinguishing qualities [3]. Ahmed et al. discovered the 
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reduction of the band gap of Ni-doped SnO2 nanoparticles, and Das et al. reported the tuning 

of the photoluminescence emission characteristics of manganese (Mn) doped Cu2O 

nanoparticles. The least researched field is co-doping with strontium (Sr) and doping copper 

oxide with manganese. Thus, the current study's goal was to dope CuO with manganese and 

co-dope it with strontium while also examining the nanostructures' structural and optical 

characteristics [4,5]. 

 

2. Materials and methods 

2.1 Synthesis of CuO nanoparticles 

 

0.1 molar copper acetate ((CH3COO)2Cu.H2O) (99.80% Merck) and sodium hydroxide 

(NaOH) (99.80% Merck) solutions were prepared in 100mL distilled water. The above-

mentioned solutions were combined and stirred for an hour at room temperature using a 

magnetic stirrer. The resulting precipitate is centrifuged and repeatedly rinsed in distilled water. 

This precipitate was further annealed for 5 hours at 500 0C after being dried for 5 hours at 800 
0C to produce the CuO nanoparticles. CuO nanoparticles were the finished black product that 

was produced. 

 

2.2 Synthesis of Mn doped CuO nanoparticles 

 

0.1 molar copper acetate ((CH3COO)2Cu.H2O) and sodium hydroxide (NaOH) solutions 

were prepared separately in 100 ml distilled water. 0.002g manganese acetate (0.1 weight 

percentage of copper acetate) is dissolved in 100 ml distilled water. Cu acetate and Mn acetate 

solutions were mixed and stirred for 15 minutes. To the above mixture, sodium hydroxide 

solution is slowly added and continuously stirred for one hour. The precipitate was centrifuged 

and washed several times in distilled water. Then it was dried at 800°C for 5 hours, and then 

annealed at 500°C for 5 hours to get Mn-doped CuO nanoparticles. The same method was 

applied to prepare CuO:Mn(0.2) and CuO:Mn(0.3), two weight percentages of Mn doped CuO 

nanoparticles.  

 

2.3 Synthesis of Mn:Sr doped CuO nanoparticles 

 

This synthesis involves two steps. In the first step, Mn doped CuO nanoparticles were 

prepared as in the above method. Second step describes the doping of Sr in Mn doped CuO. 

0.02 g strontium chloride (SrCl2) (5 weight percentage of Mn doped CuO) is added to 0.4 g 

Mn doped CuO particles. This mixture is grinded continuously and uniformly for half an hour. 

The grinded mixture is annealed at 700 0C for 5 hours in high temperature tubular furnace 

under Ar atmosphere to obtain Mn:Sr doped CuO nanoparticles. 

The morphological and material composition analysis of the samples was performed 

using a FE-SEM (Nova NANOSEM NPEP252, Equipped with X Slash detector 6/10 (Bruker) 

equipped with EDS (EDS-Quanpax 200, Germany) and a Bruker X-ray diffractometer with 

CuK radiation (λ=15.406 nm) in the 2 range from 0o to 900. A Xenon lamp was used as the 

excitation source for the PL observations in a luminescence spectrometer (Perkin Elmer LS-

45) at room temperature. At room temperature, optical absorbance spectra in the wavelength 
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range of 200-900 nm were recorded using a T90 UV-Visible spectrophotometer, PG 

equipment. 

 

3. Results and Discussions  

 

3.1 Structural analysis 

 
Figure.1: XRD Pattern of CuO nanoparticles 

CuO's monoclinic structure can be seen in the sample's XRD peak positions (Figure 1), 

which was supported by the standard data (JCPDS file: 45-0937). Additionally, the XRD 

pattern showed no other impurity peaks, demonstrating the CuO sample's phase purity. 

Scherrer's formula revealed that the crystallite size was 23.83 nm. The lattice parameters of the 

monoclinic structure were found to be a= 4.685 Å, b= 3.425 Å, and, c= 5.130 Å and β= 99.5490. 

 
Figure 2: Variation of XRD intensity with doping 
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To investigate the impact of doping on CuO nanoparticles, CuO is first doped with 

manganese at various concentrations and then co-doped with strontium Peaks intensity of CuO 

nanostructure increases with the corresponding increment of Mn doping and Mn, Sr co-doping 

concentration to CuO, indicating the crystallinity improvement upon doping concentrations 

(Figure 2). Meanwhile, no changes have been observed in the peak positions over doping of 

Mn and Sr, which confirms the monoclinic structure of CuO remains unchanged after adding 

impurities. From XRD analysis, the crystallite size slightly increased to higher doping 

concentration and co-doping (Table 1).  

Table 1: Variation of crystallite size with doping 

Sample Crystallite size (nm) 

CuO 23.83 

CuO:Mn (0.1) 25.47 

CuO:Mn (0.2) 26.10 

CuO:Mn (0.3) 26.65 

CuO:Mn(0.3):Sr  28.31 

 

In the case of Manganese (Mn) doped CuO, the XRD pattern does not contain any peaks 

of Mn atom. From which we can infer that Mn atom goes into the lattice of CuO in the form of 

Mn2+ ions replacing Cu2+ ions. The ionic radii of Mn+2 is 0.83 Å, which is greater than the ionic 

radius of Cu2+ (0.73 Å) [6]. Since Mn2+ has a greater ionic size than Cu2+, Mn doping causes a 

modest increase in crystallite size. The particle size was found to be increased slightly with the 

increase in Mn concentration. When Mn (0.3) doped CuO is co-doped with strontium, as 

expected, crystalline size again increases. The ionic radius of Sr2+ is 1.18 Å, it is larger than 

ionic radius of Cu2+. Since ionic radius of Sr2+ is larger than Cu2+, crystallite size increases after 

Sr doping. 

 

3.2 FE-SEM analysis 

 

Powder samples were used for FESEM analysis. SEM micrographs images for CuO 

particles reveal the presence of polygons of various distinct shapes with dense continuous 

ordering. It is clearly seen that the sample morphology changes with doping. With Mn doping, 

the polygon shape of CuO particle changes to a stacked platelet like structures with less density, 

ordering and high porosity. Again, with Sr doping, CuO:Mn particles exhibit highly stacked 

platelet structures with less porosity. It shows more agglomeration than CuO:Mn samples. 
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Figure 3: FE-SEM Image of (a). CuO nanoparticles, (b). CuO:Mn (0.3) nanoparticles,  

(c). CuO:Mn(0.3):Sr  nanoparticles 

 

3.3 Energy dispersive spectrum analysis 

 

 Energy dispersive spectrum (EDS) analysis is a technique used to determine the material 

composition (Figure 4). In doped samples presence of Mn and Sr were confirmed from the 

selected area EDS analysis. From EDS analysis, the Mn atomic percentage for CuO:Mn(0.1), 

CuO:Mn(0.2) and CuO:Mn(0.3) samples were found to be increased similar to the increase in 

doping concentration of Mn in the samples. The XRD and EDS data demonstrate that Mn and 

Sr have been successfully doped in CuO nanocrystals. 

a

. 

c

. 

b. 
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Figure 4: EDS Spectrum of (a). CuO nanoparticles, (b). CuO:Mn (0.1) nanoparticles, (c). CuO:Mn (0.2) 

nanoparticles, (d). CuO:Mn (0.3) nanoparticles, (e). CuO:Mn(0.3):Sr  nanoparticles 

 

3.4 UV-Visible Spectroscopy 

 

The range of wavelengths that cover the energy between the valence band and conduction 

band extreme is one of the most crucial factors for optical applications of semiconducting 

materials because it provides the necessary knowledge about the region of transparency for the 

film material. The UV-visible absorption spectra of the nanoparticles CuO, CuO:Mn (0.1), 

CuO:Mn (0.2), CuO:Mn (0.3), and CuO:Mn(0.3):Sr are shown in Figure 5. Every sample has 

an absorption peak in the UV region. 

The Tauc relation, which is shown below, is used to determine the magnitude of the direct 

band gap of CuO nanoparticles from the absorption spectra. 

Αhν= A′
 (hν-Eg) 
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Figure 5: UV-Visible absorption spectra of CuO, CuO:Mn,CuO:Mn(0.3):Sr  nanoparticles 

The absorption coefficient is defined as = A/Cl, where A is the absorbance, l is the wave 

path length, which is equal to the cuvette's thickness, and C is the sample concentration. Eg is 

the band gap, hν is the photon energy, and n = 1/2 and 2 for direct and indirect band gap 

semiconductors, respectively, are the proportionality constant A′, Eg, and hν. Plotting (αhν)2 

versus photon energy (hv) provided the best linear relationship. By fitting a straight line to the 

linear component of the curve, the line fit to the (αhν)2 against h plot is created. The value of 

the intercept of the straight line at = 0 was used to calculate the optical band gap. The Tauc 

plots of CuO, Mn doped CuO, and Mn:Sr doped CuO nanoparticles are displayed in Figure 6. 

 

 

a. b. 
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Figure 6: Tauc plots of CuO, CuO:Mn and CuO:Mn(0.3):Sr  nanoparticles 

The band gap of pure CuO nanoparticles is 2.84 eV, which is higher than the band gap of 

bulk CuO (1.85 eV), as can be observed from Tauc plots. This rise has been linked to the 

nanoparticles' quantum confinement effect [7]. CuO:Mn (0.1), CuO:Mn (0.2), and CuO:Mn 

(0.3) samples have optical band gaps of 2.75, 2.61, and 2.50 eV, respectively. The optical 

bandgap drops to 2.25 eV when strontium is co-doped with CuO:Mn (0.3) nanoparticles. 

According to the effective mass approximation, it is evident from Tauc plots that the band gap 

reduces with increasing dopant concentration and co-doping as a result of the growth in 

crystallite size [8]. 

∆𝐸𝑔 = ℏ2𝜋2 2𝑅2{1 𝑚𝑒 +⁄ 1 𝑚ℎ⁄ }⁄ − (1.786𝑒2) ⌡R⁄  

Where mh and me are the effective masses of holes in the valence band and electrons in 

the conduction band, respectively, and ⌡ is the material's static dielectric constant. Eg 

represents the widening of the semiconducting material's band gap. In the aforementioned 

equation, the particle-in-a-box quantum localization energy is represented by the first term, 

which has a straightforward 1/R2 dependence, and the Coulomb energy is represented by the 

second term, which also has a 1/R dependence. The value of ΔEg will therefore drop when R 

rises as a result of the larger crystallites brought on by high temperature annealing. 

 

3.5 Photoluminescence analysis 

Room temperature photoluminescence spectrum of CuO (Figure 7), CuO:Mn (Figure 8) 

and CuO:Mn(0.3):Sr  (Figure 9) are shown below. Emission spectra were taken using excitation 

wavelengths 400 and 500 nm for CuO, CuO:Mn and CuO:Mn(0.3):Sr  samples respectively. 

c

. 

d. 

e. 
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Figure 7: Photoluminescence spectrum of CuO nanoparticles 

 
Figure 8: Photoluminescence spectrum of Mn:CuO nanoparticles 

 
Figure 9: Photoluminescence spectrum of Mn:Sr:CuO nanoparticles 

For CuO nanoparticles, the photoluminescence (PL) shows four peaks at wavelengths 

417 (2.97 eV), 437 (2.84 eV), 450 (2.76 eV) and 483 (2.57 eV) nm. The peak at 437 nm can 

be attributed to the band gap emission of the CuO nano particles which was also confirmed 

from the UV-Vis analysis discussed in the previous section. The near band edge emission 

(NBE), which has a peak at 417 nm, is caused by the radiative recombination of an electron in 

the conduction band and a hole in the valence band [9]. Furthermore, oxygen vacancies and 
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inherent flaws are typically blame for the presence of higher wavelength emissions in oxide 

nanomaterials. It is widely known that the oxygen vacancies and interstitial metal ions in the 

oxide are responsible for the blue, green, and red emissions [10,12]. Blue emission is caused 

by the electron transition from the shallow donor level (ionised oxygen vacancies) to the top 

of the valence band, which occurs at the luminescence peaks of 450 and 483 nm [13,14]. Peak 

at 478 nm for CuO:Mn(0.2) gives the band gap transition which was well matched with the 

UV-Vis analysis. The luminescence peak at 483 nm (2.57 eV) for CuO:Mn(0.1), 479 nm (2.59 

eV) for CuO:Mn(0.3) and 592 nm (2.09 eV) for CuO:Mn(0.3):Sr corresponds to NBE. The 

green (525nm),yellow-orange (600nm) emissions in CuO:Mn and red (746 nm) emission in 

CuO:Mn(0.3):Sr arise from recombination of electrons in the V'
0 (singly ionized oxygen 

vacancy ) center with photoexcited holes (h+) in the valence band. The Mn and Sr doping shift 

the conduction band and valence band levels in relation to the V'
0 level, leading to the efficient 

red luminescence upon irradiation of excitation radiation. For CuO, CuO:Mn and 

CuO:Mn(0.3):Sr  nanoparticles, emission due to oxygen vacancy (especially the singly ionized 

oxygen vacancy, V'
0) is more intense than band edge and near band edge emissions. 

It's relevant that Sr co-doping reduces the intensity of CuO:Mn's NBE and emission in the 

higher wavelength areas. The Sr doping introduced more defects in the system. As a result, the 

NBE peak caused by actual exciton recombination has been steadily repressed by the increasing 

amount of defect center-induced (singly occupied oxygen vacancy) recombination. Mn and Co 

doped ZnO nanorods were discovered to have similar luminescence lowering effects [15]. It 

might be because the doped cations offer strong recombination routes, which reduces the 

intensity of the emission. When it comes to the system's optical properties, it has been noticed 

that Sr doping introduces more and more defects or disorder, which has significantly altered 

the system's optical properties. 

All the samples show a band gap or near band gap emission which was a conformation 

to the band gap obtained from UV-Vis analysis. The defect emission from CuO nanoparticles 

in blue region got shifted to yellow-orange region with Mn doping which is further shifted to 

red region with Sr co-doping. This shows the influence of doping over defect level emission. 

 

4. Conclusion 

 

The chemical co-precipitation method was successful in producing CuO, Manganese-

doped CuO nanoparticles. Through the use of a solid state process, strontium is co-doped in 

CuO:Mn. The formation of single phase CuO nanoparticles is confirmed by the XRD spectrum. 

The sample's peak locations show that CuO has a monoclinic structure. The monoclinic 

structure's lattice parameters were determined to be a = 4.685 Å, b = 3.425 Å, c = 5.130 Å, and 

β= 99.5490. The size of the crystallite increases slightly following Mn doping because the ionic 

size of Mn2+ is bigger than that of Cu2+. With the addition of strontium co-doping and an 

increase in manganese concentration, a modest rise in particle size was seen. FESEM was used 

for the morphological investigation, which revealed that doping changed the sample 

morphology. The elemental composition of the synthesised nanoparticles is confirmed by EDS 

data. The band gap of CuO narrows with Mn doping, according to optical studies. Sr co-doping 

into CuO:Mn(0.3) lowers the bandgap energy as well. The visible region of the PL spectra 

displayed strong blue, yellow-orange, and red emission peaks, which may be related to the 
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levels of surface defect brought on by impurities. With doping and co-doping, the visible 

emission intensity increases. When Sr was co-doped with CuO:Mn (0.3) samples, a quenching 

of PL emission intensity was seen. It could be because more defects have been introduced into 

the system as a result of Sr doping, and the doped cations offer competitive paths for 

recombination. The impact of Sr on CuO paves the way for additional research. In conclusion, 

the optical characteristics of the CuO nanoparticles are enhanced by the manganese and 

strontium co-doping. 
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