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Abstract: Here with we reported a detailed synthesis of Fe/Cr co-doped Copper oxide nano 

particles with a simple and inexpensive wet chemical method. The pure and Fe, Cr substituted 

CuO nanoparticles was prepared with sol-gel chemical method are expedient for industrial 

application. The preliminary X – ray diffraction and Rietveld refinement study revealed a pure 

crystallinity nature with monoclinic crystal with C2/c phase. The average crystallite size was 

calculated by Scherrer’s formula in order of 21 nm and further observation indicates with 

increase concentration crystalline size increases. The scanning electron microscopy (SEM) 

images indicate particles are in 20-30 nm range. The Raman spectroscopic study indicates the 

existence of molecular groups in the CuO nanoparticles with the doping of Cr and Fe. 

1. Introduction 

From the time when the discovery of carbon nanotubes starts in 1991, since then one – dimensional 

(1D) nanomaterials have concerned significant attention owing to their wide variety physical and 

chemical properties such as  optical, electrical and magnetic properties and their applications in 

nanodevices [1]. In special attention was pained in nano-sized metal oxides with controlled 

morphology, structure and size gained significant technological and scientific interest because of large 

surface area to volume ratio of nano-structures [2,3]. Cutting-edge single phase transition metal oxide 

materials owing to their wide and tunable band gap with it is cost effective, ease fabrication and 

nonhazardous in nature. Nevertheless, low dimensional transition metal oxides like ZnO, TiO2, SnO2 

and CuO are being researched for microelectronics, gas sensing and photovoltaic and wide industry 

applications.  

Among all reported metal oxides, CuO is the least studied in spite of controlling the oxidation state 

and growth kinetics of copper during synthesis that prominently affect its physical and chemical 

properties. The contemporary studies have shown that copper oxide-based nanoparticles (NPs), in the 

form of cupric oxide (CuO) and cuprous oxide (Cu2O) in precise, are industrially important materials 

that can be broadly used in applications, such as magnetic storage media, solar energy transformation, 

gas sensors, anode electrodes for batteries, electrical contacts in nanoelectronics, multiferroic, 

superconductors and catalysts [2–8]. In point of multiferroic nature i.e., occurrence of ferroelectric and 

magnetic property in single phase CuO metal oxides, we synthesized CuO nanoparticles by sol-gel 

method. Along with dopant of Fe and Cr doped CuO particle also consider to be the multiferroic 
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nature. In present paper, we reported structural, microstructural and optical properties of CuO, Fe/Cr 

doped CuO nanoparticle. 

2. Experimental Procedure 

The pure and doped CuO nanoparticle were synthesized in sol – gel method, with help of precursor 

solution of ethylene glycol and citric acid [C6H8O7] with in 1:1 ratio a precursor solution was prepared 

in a deionized (DI) water. Formerly Copper nitrate trihydrate [Cu(NO3)2.3H2O], Chromium nitrate 

nonahydrate [Cr(NO3)3.9H2O]  and Iron nitrate nonahydrate [Fe(NO3)3.9H2O] was dissolved in equal 

ratios of deionized (DI) water of as solvent. A continuous stirring of solution with 3 – 4 hours at 50 ºC, 

a green solution was acquired. The homogeneous mixture was maintained under reflux at 130 – 150 ºC 

for 8 hours. A wet-gel was attained after the evaporation of excess solvents.  And then finally, a 

powder was calcined at 500 ºC for 5hour and then grinded. The X-ray diffraction was conducted on a 

Philips Analytical X’PERT diffractometer using a Cu Kα radiation (λ = 1.54056 A°) in range 2θ 20º to 

80º. Further, Phase analysis was carried by FullProf software. Particle morphology and size 

distribution was estimated using the micrographs collected on a scanning electron microscope (model: 

Supra SEM Zeiss). Phonon modes variation was also determined by the analysis of the Raman 

spectrum collected with incident green LASER wavelength of 488 nm. 

3. Results And Discussion 

3.1. X-Ray Diffraction study by using Rietveld refinement 
The crystalline property and particle size information was carried out by using X-ray diffraction 

technique. The typical XRD patterns of pure CuO and Cr, Fe doped CuO nanoparticles annealed at 

600
o
C is shown in Figure 1. It is clear from Fig 1 that all samples exhibit the monoclinic structure. No 

other impurity peaks were observed in the XRD pattern, indicating a single-phase sample formation of 

CuO nanoparticles. Furthermore, Fe, Cr and Fe/Cr-doped CuO nanoparticle x-ray diffraction patter 

also represented in Figure 1. It is clearly showing a sharp rise in maximum peak intensity with 

increasing Fe or/and Cr in CuO. On the other hand, Fe/Cr-co-doped sample shows sudden decreasing 

maximum peak intensity, without any other detectable impurity peaks. The lattice parameters are 

manifest to explain the structural stability with the substitution of Fe and Cr in CuO shown in Figure 

4b. The crystallit’e size was calculated using Scherrer formula, D=0.9λ/βcosθ, where λ is the 

wavelength of X-ray radiation, β is the full width at half maximum (FWHM) of the peaks at the 

diffracting angle θ.  

  
 

FIGURE 1. Evaluation of X – ray diffraction 

pattern of CuO, Cu0.95Fe0.05O, Cu0.90Fe0.10O, 

Cu0.95Cr0.05O, Cu0.90Fe0.10O and 

Cu0.90Fe0.05Cr0.05O. 

 

FIGURE 2. Rietveld refined XRD plots of CuO 

and Cr and Fe doped CuO nanoparticles (a) 

CuO; (b) Cu0.95Fe0.05O;  (c) Cu0.90Fe0.10O;(d) 

Cu0.95Cr0.05O, (e) Cu0.90Cr0.10O, (f) 

Cu0.90Fe0.05Cr0.05O. 
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Crystallite size, increases with dopant was observed, which is in the order of 20 to 30 nm range 

which was shown in Figure 4a at various concentrations in CuO. Furthermore, a clear shift in peak 

position of Fe, Cr and Cr Fe doped CuO nanoparticles towards larger angles, which indicates a slight 

distortion in the symmetry of the system due to the creation of vacancies and defects in the system. 

Defects generated in the system can be attributed to the charge imbalance occurs from Cr and Fe. In 

order to explore the possibility existing structural phase contribution of these nanoparticles, we 

consider Rietveld refinement by using FullProf software. It is well reported the room temperature 

structure of CuO has been argued to possess a stable monoclinic with C2/c (𝐶2ℎ
6 ) model. Keeping this 

in mind, we started considering C2/c space group initially to investigate crystal system. CuO and 

Fe/Cr-doped CuO nanoparticle XRD pattern was well fitted with monoclinic C2/c space group is 

shown in Figure 2(a-f) with reduced chi square (χ
2
) values 2.56, 1.83, 2.9, 2.75, 4.29 and 2.28 for 

undoped CuO and also Fe 0.05, Fe 0.10, Cr0.05, Cr 0.10 and Fe0.05 Cr0.05 Respectively. The 

variation particles size, lattice parameters also shown in Fig. 4(a-b). The observed lattice parameters 

are slightly increased with the increase in dopant concentration might be the mismatch in ionic radii of 

Fe
3+

/Cr
3+

 at Cu site. 

3.2. Raman Spectroscopic studies 

Raman spectroscopy, which is a sensitive probe to the local atomic arrangements and vibrations of the 

materials, has been widely used to investigate the microstructural nature of the nanosized materials 

[9,10]. Recently, much work has been done on the Raman spectra of semiconductor nanocrystals. 

Figure 3(a-d) shows the Raman spectra of CuO and Fe, Cr doped CuO nanoparticles with different 

shuttle-like morphologies. One can find that the Raman spectra exhibit three main one-phonon modes 

at 282, 337 and 613 cm
-1

, respectively. The peak at 282 cm
-1

 can be assigned to the Ag mode, while the 

peaks at 337 and 613 cm
-1

 can be assigned to the Bg modes. In addition to three main one-phonon 

Raman scattering peaks, one also can find a broadened peak at 1130 cm
-1

, which is assigned to multi-

phonon (MP) transition for the case of the MP band, one can easily find from the Raman spectra in 

Figure 3(a-d) that the MP intensity varies with morphology and the size of the as-prepared CuO 

nanostructures. These observations clearly suggest an appearance of nanostructure monoclinic crystal 

structure. 

 
FIGURE 3. Raman spectra of CuO, Cr and Fe doped CuO. (a) CuO (b) Cu0.90Fe0.10O (c) Cu0.90Cr0.10O 

(d) Cu0.90Fe0.05Cr0.05O 

3.3. Surface morphology studies 

Figure 4(c-d) shows the SEM micrographs of calcined powder of CuO and Fe/Cr-co-doped CuO 

nanoparticles. It is clearly showing the calcined powder particles are spherical in shape and 
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nonuniform distribution. The average particles size was calculated by using histogram which were 

shown in Figure 4(e-f), which are 0.72 µm and 0.4 µm for CuO and Cu0.90Fe0.10O. Further, the particle 

size increases with increasing dopant concentration. 

 

            

 

FIGURE 4. (a) Evaluation of Crystallite size, volume of the unit cell nd variation of lattice parameters 

(a, b and c) with the concentration of Fe and Cr in CuO. (b) Dependence of lattice parameters a, b and 

c (Å) on concentration of Fe and Cr in CuO.    (c – d) Typical Scanning electron microscopy images of 

CuO and Cu0.90Fe0.10O respectively. And (e – f) Histograms illustrating the Particle size variation for 

CuO and Cu0.90Fe0.10O respectively. 
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4. Conclusions 

In Summary, we have selectively synthesized CuO nano particles along with doped Fe, Cr by Sol – gel 

method. The X-ray diffraction study shows phase purity with crystalline nature. The Rietveld 

refinement technique shows carried the structural phase transitions single-phase monoclinic with C2/c 

phase for all doped CuO nanoparticles. Further, local atomic structure and existence phase purity 

confirmed by Raman Spectroscopy. Particle size and surface morphology of calcined powder along 

with sintered pellets were also reported in detailed. 
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