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Abstract 

Copper nanoparticles have been successfully synthesized by using low auto-combustion synthesis method followed by 

calcination at 500 oC for two hours. The calcined copper oxide nanoparticles were investigated by various tools such as 

XRD, DRS, FT-IR and HR-TEM. The characteristic absorption peak at 535 cm-1 corresponds to copper-oxygen 

stretching vibration mode of copper oxide. The HR-TEM micrograph of the obtained copper oxide sample reveals the 

spherical nanoparticles with soft agglomeration and the average particle size calculated from TEM-image is about 35 nm 

for CTA sample. 
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1. Introduction: 

At recent days, nanomaterials are utilized in various 

applications due to their advanced properties. These 

materials characterized by high reactivity, small size, 

special electronic characteristic and perfect optical 

properties compared to the bulk materials [1]. There are 

different techniques for the synthesis of inorganic oxide 

nanoparticles like combustion [2-4], precipitation [5], 

green [6], hydrothermal [7], microwave [8] and sol gel 

methods [9]. Many inorganic oxide nanoparticles such as 

zinc oxide, copper oxide, titanium oxide, stannic oxide, 

zirconium oxide and other oxides have considered as 

attractive photo-catalysts because of their high catalytic 

activity in the decomposition of different environmental 

organic pollutants like pesticides, detergents, and dyes 

under UV and sun light irradiation [10-13] 

Copper oxide is one of the transition metal oxide that 

classified as important  semiconductor as it have narrow 

band gab 1.4 eV [14]. This avantage make it suitable for 

application of gas sensors [15], photo catalysts [16] and 

electrochemical sensors[17], lithium ion batteries [18]. 

Nanometal oxide is also used for  removal  various organic 

dyes from waste water as methylene blue dye  [6, 19-21]. 

Methylene blue has harmful effect when exposuring to it 

for along time that they can cause tissue narcosis, heart 

stroke, jaundice, etc., in humans [22, 23]. We are used low 

combustion synthesis method due to easy, rapid method 

and saves both time and energy [24, 25]. It also used to 

synthesis pure, homogeneous and crystalline materials. In 

the present work, we aimed to synthesize copper oxide 

nanoparticles by using auto-combustion synthesis 

following by the calcination to improve the crystallinity. 

The structure, optical and morphology properties of the 

obtained copper oxide are well characterized by different 

tools such as XRD, FT-IR, DRS and TEM. 

2. Experimental: 

 2.1. Materials and reagents: 

All chemicals used in this work were purchased and 

used as received without any further purification. Copper 

nitrate trihydrate (Cu(NO3)3.3H2O; 99 %) was purchased 

from Sigma-Aldrich company. Citric acid (CA: C6H8O7; 

99.5%) and tartaric acid (TA: C4H6O6; 99 %) were 

obtained from El Nasr pharmaceutical chemicals company 

and was purchased from Sigma–Aldrich chemical 

company.  

2.2. Preparation of copper oxide nanoparticles via 

auto-combustion method: 

0.02 mole of copper nitrate and calculated amount of 

fuels were dissolved in 50 ml distilled water, separately. 

The ratio between the fuel and copper nitrate calculated 

according to the equations (No. 1 to 3) and the rule of 

combustion method.  The obtained solutions were 

preheated at 120 °C on hotplate to complete and the 

viscous gel was produced. Then, the gels ignited at 250 oC 

on hotplate, producing a grey-black ash powder. The 

synthesized ash calcined at 500 °C for 2 hrs to remove the 

residual organic material and get pure copper oxide 

nanoparticles. Table (1) shows the composition of starting 

materials, fuels type and names of products after 

calcination. 

𝟗 𝐂𝐮(𝑵𝑶𝟑)𝟐. 𝟑𝑯𝟐𝐎 + 𝟗 𝑪𝟒𝑯𝟔𝑶𝟔 → 𝟗 𝐂𝐮𝐎 + 𝟓𝟒 𝑯𝟐𝐎 + 𝟑𝟔 𝐂𝑶𝟐 + 𝟗 𝑵𝟐                                             (𝟏)    
𝟗 𝐂𝐮(𝑵𝑶𝟑)𝟐. 𝟑𝑯𝟐𝐎 + 𝟓 𝑪𝟔𝑯𝟖𝑶𝟕 → 𝟗 𝐂𝐮𝐎 + 𝟒𝟕 𝑯𝟐𝐎 + 𝟑𝟎 𝐂𝑶𝟐 + 𝟗 𝑵𝟐                                              (𝟐)    
𝟏𝟖 𝐂𝐮(𝑵𝑶𝟑)𝟐. 𝟑𝑯𝟐𝐎 + 𝟗 𝑪𝟒𝑯𝟔𝑶𝟔 + 𝟓 𝑪𝟔𝑯𝟖𝑶𝟕 → 𝟏𝟖 𝐂𝐮𝐎 + 𝟐𝟎𝟐 𝑯𝟐𝐎 + 𝟔𝟔 𝐂𝑶𝟐 + 𝟏𝟖 𝑵𝟐           (𝟑)    

 

 

 

 

http://jchemistry.org/
mailto:ayman.abdelrazik@fsc.bu.edu.eg


Ayman A. Ali et.al., J. Bas. & Environ. Sci., 7 (2020) 93–98 
 

94 

 

Table (1): The sample names, fuels type and the composition of the starting materials. 

N Sample names Cu2+, mole Type of fuel Fuel, mole 

1 CTA 0.02 TA 0.02 

2 CCA 0.02 CA 0.01 

3 CCTA 0.02 TA and CA 0.01+0.0055 

Where: TA= tartaric acid and CA= citric acid  

2.3. Characterization: 

X-ray diffraction (XRD) of the calcined sample was 

measured using diffractometer (Bruker; model D8 advance) 

with monochromnated Cu-Ka radiation, 1.54178 (˚A) in the 

2θ range of 15-80o. FT-IR spectra were measured using FT-

IR spectrometer (Bomem; model MB 157S) from 4000 to 

400 cm-1 at room temperature. The morphology and particle 

size of sample was studied using a high transmission 

electron microscope (HR-TEM, JEOL; model 1200 EX) at 

an electron voltage of 200 KV. Diffuse reflectance of 

calcined sample studied in ultraviolet–visible NIR range 

(200–2500 nm) using Jasco-V670 spectrophotometer and 

integrating sphere calibrated with the white standard as 

barium sulfate. 

3. Result and Discussion:  

3.1. X-ray diffraction (XRD): 

Figure (1) displays the XRD pattern of copper oxide 

after calcination at 500 oC for 2 hrs. There are various 

diffraction lines observed accord with diffraction peaks 

obtained by (110), (-111), (111), (-202), (020), (202), (-

113), (022), (-311) and (004) planes of monoclinic 

symmetry of copper oxide with lattice parameters, 

a = 4.6837 Å, b = 3.4226 Å and c = 5.1288 Å (JCPDS Card 

No. 01-072-0629). Coprous oxide appeared only in case 

the using of citric acid fuel with 3%.  

 
Fig (1): XRD pattern of copper oxide synthesized after calcination at 500 oC for 2 hrs 

 

The crystal sizes (S) of the calcined samples determined 

using Scherrer formula in the light of the following 

formula (4): 

S = 0.9λ Z1/2 cos θ𝐵⁄                  (4) 

Where, θ is the diffraction angle, λ is wavelength 

(0.15406 nm for Cu Kα) and Z is the x-ray full width at 

half-maximum height (FWHM) of the diffraction peak. 

The average crystallite size calculated from the x-ray 

diffraction lines are 40, 34 and 52 nm. Table (2, 3 and 4) 

summarized the position (2θ), d values, intensity (%), 

crystal sizes at each peak and (hkl) values for the 

synthesized samples using tartaric acid, citric acid and a 

mixture of them, respectively.   

 

Table (2): The extracted data from XRD pattern for the synthesized CuO using tartaric acid (CTA). 

 

Position 

(2θ) 

 d value 

(A) 
Crystal Size (nm) 

Intensity 

% 
(hkl) 

32.58119 2.74495 47.5 11.4 110 

35.57524 2.51924 59.5 98.6 -111 
38.76688 2.32086 43.1 100 111 

48.81685 1.86299 47.4 31.6 -202 
53.61177 1.71112 10.8 14.8 020 

58.22886 1.58277 63.3 14.5 202 

61.57119 1.50367 39.9 18.8 -113 
66.12771 1.40772 15.7 18.9 -311 

68.01648 1.3753 32.7 16.5 113 

https://081015zwg-1105-y-https-www-sciencedirect-com.mplbci.ekb.eg/science/article/pii/S0167577X18305238#f0005
https://081015zwg-1105-y-https-www-sciencedirect-com.mplbci.ekb.eg/topics/materials-science/lattice-constant
https://081015zwg-1105-y-https-www-sciencedirect-com.mplbci.ekb.eg/science/article/pii/S0167577X18305238#f0005
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Table (3): The extracted data from XRD pattern for the synthesized CuO using citric acid (CCA). 

Position 

(2θ) 

 d value 

(A) 
Crystal Size (nm) 

Intensity 

% 
(hkl) 

32.45283 2.75606 118.3 14.3 110 

35.44945 2.528 53.9 96.5 -111 

38.64929 2.32684 39.4 100 111 
48.71601 1.86579 45.8 31.8 -202 

53.22201 1.71337 17 12.5 020 
58.15868 1.58402 38.1 16.1 202 

61.47754 1.50574 57.3 17.2 -113 

65.74886 1.41796 34.8 17.1  022 
66.20759 1.40978 78.2 15.7 -311 

67.94665 1.37808 35.8 16.7 113 
 

Table (4): The extracted data from XRD pattern for the synthesized CuO using citric acid (CCTA). 

Position 

(2θ) 

d value 

(A) 
Crystal Size (nm) 

Intensity 

% 
(hkl) 

32.05488 2.75055 33 12.9 110 

35.52534 2.5226 56 94.2 -111 
36.42687 2.4629 69 29 - 

38.71097 2.32292 43.7 100 111 
42.10927 2.13265 15 10.9 - 

46.31381 1.95901 3.1 5.1 -112 
48.80554 1.86322 47 31.5 -202 

53.48454 1.71116 16 13.9 X020 

58.18717 1.58331 29.8 13.2 202 
61.49699 1.50519 29.2 23.9 -113 

65.75463 1.41779 26.9 13.8  x022 
66.28376 1.40829 44.2 18.8 -311 

67.98817 1.3766 29 21.9 113 

3.2. FT-IR analysis 

The FT-IR spectra of the obtained copper oxide (CTA, 

CCA and CCTA) after calcination at 500 oC are shown in 

Figure 2 (a and b). The absorption peaks at 3415 -3434 

cm−1 and 1639-1644 cm−1 are indexed to the stretching and 

bending vibration modes of hydroxide groups of adsorbed 

water on the surface of the obtained copper oxide 

nanoparticles. The weak absorption band at 1344 cm−1, 

2920(5)-2840(5) cm−1, 1515(7) cm−1 and 1026-1035 cm−1 

are assigned to the nitrate, CH aliphatic, carbon-carbon 

and carbon-oxygen groups, respectively. The characteristic 

absorption peaks at 535 cm-1 indicates the stretching vi-

bration mode of Cu-O in copper oxide nanoparticles. Also, 

Figure 2(b) shows the shoulder at 450(5) cm-1, 480 cm-1 

and 580 cm-1 which relate to characteristic vibrations of 

Cu–O bond in CuO. Only CCA sample shows the peak at 

712 cm-1 corresponds to the vibration of Cu-O in coppous 

oxide. 

 
Fig (2): FTIR spectra of copper oxide synthesized after calcination at 500 oC for 2 hrs. 
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3.3. The morphology studies: 

Figure (3) shows the morphology of CTA sample after 

calcination at 500 for 2 hrs.  The calcined copper oxide 

nanoparticles were investigated by high-resolution 

transmission electron microscopy (HR-TEM). As shown 

in the HR-TEM micrograph, the morphology of the 

calcined copper oxide sample detects the spherical 

nanoparticles with soft agglomeration. The average 

particle size determined from TEM-image is about 35 nm 

for CTA sample. 

3.4. Optical studies: 

CTA, CCA and CCTA samples investigated using UV-

Vis and NIR diffuse reflectance and absorbance spectra of 

the calcined copper oxides as shown in Figure 4a. Spectra 

show the reflectance edge between 750-800 nm for all 

samples. Spectra of copper oxide show the broad 

absorption band between 250-800 nm with heads at 610 

nm, 660 nm and 600 nm for CTA, CCA and CCTA 

samples, respectively as shown in figure 4(b).  The band 

gap of the prepared powder can be determined by using 

the equation (5) as shown as the following:  

(F(R)hυ) = A(hυ − Eg)𝑌                   (5)               

Where, h and υ are constants, F(𝑅) is Kubelka Munk 

function, F(ℎυ) is energy function, R is the reflectance of 

the samples, and Y is the value between 1/2 and 2 

depending on the direct and indirect allowed electronic 

transitions, respectively. The band gap calculated to be 

1.34, 1.25 and 1.44 eV for CTA, CCA and CCTA 

samples, respectively as shown in Figure (5). 

 

 
 

Fig (3): HRTEM of the synthesized copper oxide (CTA sample) after calcination at 500 oC for 2 hrs. 

 

https://en.wikipedia.org/wiki/High-resolution_transmission_electron_microscopy
https://en.wikipedia.org/wiki/High-resolution_transmission_electron_microscopy
https://081015zwg-1105-y-https-www-sciencedirect-com.mplbci.ekb.eg/science/article/pii/S0167577X18305238#f0005
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Fig (4): UV-Vis and NIR diffuse reflectance (a) and UV-vis-NIR absorption spectra (b). 

 

 
Fig (5): the band gap of the synthesized copper oxide samples after calcination at 500 oC for 2 hrs. 

 

4. Conclusion  

Copper oxide nanoparticles were fabricated from copper 

nitrate and organic fuel (citric acid and tartaric acid) using 

combustion method. The as-prepared samples were 

calcined at 500 oC for 2hrs and the obtained samples 

(CTA, CCA and CCTA) were characterized using various 

techniques such as x-ray powder diffraction (XRD), 

Fourier transform infrared analysis (FTIR) and high-

resolution transmission electron microscopy (HR-TEM). 

The average crystallite size of the calcined copper oxide 

was determined to be 40, 34 and 52 nm for CTA, CCA 

and CCTA samples respectively. UV-Vis-NIR diffuse 

reflectance spectra of calcined copper oxide show the 

reflectance edge at 750 nm. The band gap determined to 

be 1.34, 1.25 and 1.44 eV. 
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