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Copper Oxide nanoparticles (NPs) have shown great acceptance in the antimicrobial application owing to 
their low toxicity and high surface to charge ratio. In this study, copper oxide NPs (represented as S-1, S-2 
and S-3) were prepared by a simple and cost-effective thermal approach in three different environments. 
Fabricated NPs were characterized using x-ray diffraction (XRD), scanning electron microscopy (SEM), 
ultraviolet-visible (UV-Vis) spectroscopy and Fourier transform infrared spectroscopy (FTIR) technique. The 
XRD patterns revealed that the synthesized S-2 was of pure Cu2O phase while S-3 was composed of 
monoclinic CuO with a small quantity of Cu2O. More importantly, synthesized copper oxide NPs were used to 
evaluate the antimicrobial activity against three types of gram-negative bacteria namely Salmonella typhi, 
SK4 and E. coli (two strains). Although the NPs produced from the S-1 approach did not show encouraging 
results, the copper oxide NPs from S-2 and S-3 had shown enhanced antimicrobial activity. The successful 
antimicrobial activity of S-2 and S-3 can be related to the release of Cu+ and Cu2+ ions into the surrounding 
environment, which is responsible for the breaking of the cell wall membrane and ultimately causes bacterial 
cell disruption. The synthesized copper oxide NPs via thermal approach will be good candidates for 
biomedical applications.  
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1. INTRODUCTION

In today’s world, nanometer-sized metal oxides (MOs) have a great impact 

on several aspects (Hu et al., 2015; Dehhaghi et al., 2019). Recently, 

considerable efforts have been made to characterize and describe the 

physical and chemical properties of MO nanoparticles (NPs) because of 

their significant applications in numerous technological fields (Ahmed et 

al., 2020; Xu et al., 2012). The oxides of transition metals are important 

class of semiconductors that have wider applications in the field of 

electronics, biological and catalytic reactions (Wojcieszak et al., 2014; 

Sahmani et al., 2019). Copper oxides have been a hot topic among the 

studies on transition MOs because of their interesting properties as a p-

type semiconductor with a narrow band gap (Zhang et al., 2014). Copper 

oxide NPs are extensively used in various applications, including gas 

sensors, bio-sensors, photodetectors, supercapacitors, photocatalysts, 

magnetic storage media and especially antimicrobial agents (Zhang et al., 

2014; Tran and Nguyen, 2014).  

Various techniques (Zhang et al., 2014; Tran and Nguyen, 2014; Suleiman 

et al., 2013) such as thermal decomposition, microwave irradiation, sol-

gel, chemical precipitation and electrochemical methods are practiced for 

the preparations of copper oxide NPs. Among them, thermal 

decomposition method is considered very promising due to facile 

synthesis and low cost (Al-Gaashani et al., 2011; Bakhtiari and 

Darezereshki, 2011). Vellora et al. (2013) prepared CuO NPs through the 

green synthesis technique and studied the antibacterial inhibition zone 

towards E.coli. George et al. (2020) investigated the effect of calcination 

temperature on the CuO nanostructures and reported that the prepared 

CuO nanostructures possessed better antibacterial properties for gram-

negative bacterial strains. Contrarily, Bhosale and Bhanage (2016) 

fabricated Cu2O NPs by sonochemical synthesis and applied for 

electrocatalytic application. In addition, Mikami et al. (2019) synthesized 

Cu2O/CuO nanocrystals and applied for H2S sensing. Recently, Khalaji et al. 

(2020) prepared copper oxide nanocomposites as antimicrobial agents. 

Therefore, synthesis of copper oxide NPs with both Cu2O and CuO phase 

are very attractive considering its excellent antimicrobial activity.  

Herein, the thermal decomposition method was followed to synthesize 

copper oxide NPs using different matrices such as urea and ash to 

investigate the variation in size and morphology of the synthesized NPs. 

The synthesized copper oxide NPs showed different antimicrobial 

properties depending on the size. Moreover, plausible mechanisms for 

antimicrobial activity using copper oxide NPs are suggested.    

2. MATERIALS AND METHODS 

2.1 Chemicals 

Copper nitrate trihydrate (Cu (NO3)2.3H2O) was purchased from Loba 
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Chemicals, India and used to produce copper oxide NPs. Granular urea 

(NH2CONH2) was collected from the local market. Trash offset paper from 

the bin was used to produce ash. Hydrochloric acid (HCl) was purchased 

from Merck, India and used to wash the product. Deionized water was 

used for the preparation of solutions. 

2.2 Synthesis of copper oxide NPs 

For the first approach (Figure 1a), 1 gm Cu (NO3)2.3H2O) salt was taken 

and ground in mortar and pestle. Then the salt was kept in crucible and 

heat-treated in a muffle furnace for 2 hours at a temperature of 350 °C. 

Thermal decomposition of Cu (NO3)2.3H2O) occurred during this 

treatment and the prepared product was prescribed as S-1. 

In the second approach (Figure 1b), urea (NH2CONH2) and Cu 

(NO3)2.3H2O) were taken as 1:1 weight ratio in the mortar and finely 

ground into a homogeneous mixture. The mixture was then heat-treated 

in a muffle furnace for 2 hours at a temperature of 350 °C. The prepared 

copper oxide was washed with deionized water properly for purification 

and then dried in a dryer at 100 °C for 1 hour. The synthesized product 

was identified as S-2.  

For the third approach (Figure 1c), the paper was burned and heat-treated 

in a muffle furnace at 500 °C for half an hour. Paper ash and Cu 

(NO3)2.3H2O) were then mixed thoroughly in 1:1 weight ratio and ground 

using mortar and pestle. Then, the mixture was heat-treated in a muffle 

furnace for 2 hours at a temperature of 350 °C. The prepared product was 

washed with 0.5 M HCl to remove the ash. The copper oxide NPs was 

washed with water and dried at 100 °C for 1 hour at atmospheric drier and 

the product was named S-3. 

Figure 1: Copper oxide NPs produced (a) without any matrix, (b) using 

urea as a matrix and (c) using ash as a matrix. 

2.3 Characterizations 

X-ray diffraction (XRD) was used to investigate the cell dimensions and 

phase identification of copper oxide NPs. The XRD patterns of the samples 

were recorded by an x-ray diffractometer (Ultima IV, Rigaku Corporation, 

Japan). Cu Kα radiation was applied to the samples at 40 kV and 40 mA. 

The morphological feature of the copper oxide NPs were studied using a 

JEOL 6400 SEM at an accelerating voltage of 25 kV. The SEM specimens 

were sputter-coated with platinum. The synthesized copper oxide NPs 

were monitored using UV-Vis spectrophotometer UV-2100PC (Human Lab 

Instrument Co., Korea) between the range of 200-800 nm. The infrared 

spectra for the synthesized copper oxide NPs were recorded for the 

identification of functional groups in a FTIR 8400S spectrophotometer 

(Shimadzu Co. Japan) by employing the KBr pellet technique and 

registering amplitude waves ranging from 450 to 4000 cm-1. 

2.4 Determination of antimicrobial activity  

Six isolates were subjected to antimicrobial sensitivity tests using the agar 

well diffusion method. Two types of concentration were used: 5 mg/mL 

and 20 mg/mL. All of them were dissolved in distilled water and subjected 

to sonication for 10 mins. A spectrophotometer was used to adjust the OD 

(0.1-0.5) E. coli for reference strains. At least four well-isolated colonies of 

the same type from a culture agar plate were selected and touched the top 

of the colony with a loop and transferred to a tube containing 5 mL of a 

Mueller Hinton broth. The suspension was incubated at 37 °C and the size 

was adjusted to the OD 0.1-0.5. Two types of concentrations were used: 5 

mg/mL and 20 mg/mL. All of them were dissolved into distilled water and 

subjected to sonication for 10 min. Ampicillin was used as a control for the 

microorganism’s assay. Firstly, homogeneous bacterial lawn was prepared 

using a sterile cotton swab and made the well with the bits of the help of 

serial corks borer. Each well was filled with 40 µL diluted samples and 

incubated at 37 °C for 24 hours. 

3. RESULTS AND DISCUSSION 

The properties of the copper oxide NPs depend solely on the synthesis 

method selected. The synthesis technique is important since it may control 

the size and morphology of the NPs. Copper oxide NPs prepared by using 

the thermal technique can improve properties which may be helpful in 

their biomedical applications (George et al. 2020). 

3.1 XRD study 

The powder XRD patterns of synthesized copper oxide NPs together with 

the simulated pattern of Cu2O and CuO are shown in Figure 2. The XRD 

patterns of S-2 are nicely matched with the simulated pattern of the Cu2O 

phase (JCPDF No., 01-0801916) (Rashmi et al., 2020; Meghana et al., 

2015). While the synthesized S-3 is composed of a monoclinic CuO phase 

with a small quantity of cubic fcc structure of Cu2O (JCPDF No., 05-0667) 

(Meghana et al., 2015). However, the XRD pattern of S-1 neither matched 

with the monoclinic CuO nor cubic fcc structure of Cu2O. The reflections 

observed for copper oxide NPs (S-2 and S-3) and simulated CuO at 2θ 

values of 32.4°, 35.4°, 38.7°, 48.8°, 53.4°, and 58.1° are the typical 

characteristic peaks of monoclinic crystalline CuO and their matching 

(hkl) planes are (110), (111), (111), (200), (020) and (202), respectively 

(Gopinath et al., 2016; Siddiqui et al., 2018). Moreover, the characteristic 

peak observed for S-3 at 2θ ∼ 29.4° indicates the (110) plane of the cubic 

structure of Cu2O (Gopinath et al., 2016). The particle size of copper oxide 

NPs (S-2 and S-3) were calculated by the Debye-Scherrer equation (Sarker 

et al., 2019) using the full width at half maximum (FWHM) of the X-ray 

diffraction peak at 2θ ∼35.4° corresponding to the most intense peak of 

monoclinic CuO (Siddiqui et al., 2018). According to the Debye-Scherrer 

equation, the particle size of S-2 and S-3 were 26.1 and 27.8 nm 

respectively.  

Figure 2: XRD patterns of copper oxide NPs produced by three different 

approaches. 

3.2 SEM study 

The SEM images of copper oxide NPs produced from different thermal 

approaches are presented in Figure 3. As shown in Figure 3a, S-1 is 

irregular structures and has a high degree of agglomeration. The surface 

of S-2 is relatively smooth and they are spherical in shapes (Figure 3b) 

(Altikatoglu et al., 2017). The S-3 shows flake shape NPs as depicted in 

Figure 3c (Siebert et al., 2015). The average size of the copper oxide NPs 

observed by SEM is in the nanometer range, which is consistent with the 

XRD results. 
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Figure 3: SEM images of copper oxide NPs (a) S-1 (b) S-2 and (c) S-3. 

3.3 UV-visible spectra study 

Ultraviolet and visible (UV-Vis) absorption spectroscopy is the 

measurement of the attenuation of a beam of light after it passes through 

a sample or after reflection from a sample surface. Absorption 

measurement can be a single wavelength or over an extended spectral 

range. For copper oxide NPs the analysis was done in the range of 200-400 

nm. The three different copper oxide NPs showed absorption peak around 

280-300 nm (Figure 4) which is correlated with external standards 

(Tadjarodi et al., 2014).  

Figure 4: UV-Vis absorption spectra of copper oxide NPs produced by 

three different approaches. 

3.4 FTIR analysis  

FTIR transmission spectra of copper oxide NPs are were recorded and 

shown in Figure 5. The broad absorption peaks at around 3435 to 3440 

cm−1 are caused by the adsorbed water molecules which suggest that the 

NPs possess a high surface to volume ratio (Altanany et al., 2018). The 

absorption band near 1130 cm−1 corresponds to the stretching vibration 

of the Cu–O bond of copper (I) oxide NPs (Lai et al., 2015). Moreover, sharp 

peaks at 798 cm-1 and 628 cm-1 are ascribed to Cu2O stretching mode, 

which is observed in S-2 and S-3 of Figure 5 (Lai et al., 2015; Sahai et al., 

2016). However, other IR active modes at 535 cm-1 and 482 cm-1 were 

detected in S-3, which indicates the existence of CuO (Sahai et al., 2016). 

Thus, the pure phase of Cu2O was formed only in S-2 whereas mixed 

phases Cu2O and CuO existed in S-3 as confirmed from the FTIR analysis. 

Figure 5: FTIR spectra of copper oxide NPs produced by three different 

approaches. 

3.5. Antimicrobial activity 

The copper oxide NPs were used to evaluate the antimicrobial activity 

against four gram-negative bacteria of Salmonella typhi, SK4, E. coli RN89 

and E. coli DH5α. The zone of inhibition (ZOI) study for the four-gram 

negative bacteria with S-1 showed no activity against any of the bacteria 

as displayed in Table 1. This is because S-1 neither forms CuO nor cubic fcc 

structure of Cu2O. The antimicrobial activity of copper oxide NPs is very 

much dependent on particle size (Applerot et al., 2012). The cell 

membrane contains numerous nanometer-sized pores and the high 

amount of agglomeration in S-1 makes it unable to enter and penetrate the 

cell wall of different types of bacteria (Meghana et al., 2015).  The NPs of 

Cu2O (S-2) showed a significant ZOI against Salmonella typhi, SK4, E. coli 

RN89 and E. coli DH5α (Table 1). This is due to the release of Cu+ ions into 

the surrounding medium which leads to the breaking and disruption of the 

cell wall membrane effectively as shown in Figure 6 (Meghana et al., 2015). 

Table 1: Diameter of inhibition zone of copper oxide NPs against 

Salmonella typhi, SK4, E. coli RN89 and E. coli DH5α. 

Copper 

oxide 

NPs 

Concentration 

(mg/mL) 

Inhibition zone (mm) 

Salmonella 

typhi 
SK4 

E. coli 

RN89 

E. coli 

DH5α 

S-1 
5 R R R R 

20 R R R R 

S-2 
5 7 6 8 9 

20 11 10 12 14 

S-3 
5 7 7 9 10 

20 12 14 15 17 

The highest antibacterial activity has been observed for the S-3 as 

presented in Table 1. S-3 is composed of a monoclinic CuO phase with a 

small quantity of cubic fcc structure of Cu2O.  The monoclinic CuO release 

Cu2+ ions into the surrounding environment changes the charge of the 

surrounding medium which allows the membrane damage of bacterial 

cells. These Cu2+ ions disrupt the biochemical processes that undergo 

inside the bacterial cells leading to bacterial death (George et al., 2020). 

Moreover, the combination of CuO phase and Cu2O in S-3 increases the ZOI 

remarkably (Nieto-Juarez et al., 2010). Thus, the productions of reactive 

oxygen species (ROS), protein denaturation, cell membrane damage, DNA 

damage are responsible for the death of the bacteria strains (Qamar et al., 

2020). The plausible mechanisms of antibacterial activity of produced 

copper oxide NPs (S-1, S-2 and S-3) are described in Figure 6. 

Figure 6: Plausible mechanism of antibacterial activity of produced 

copper oxide NPs. 

4. CONCLUSION 

The successful synthesis of copper oxide NPs through thermal approaches 

was carried out in this study. The XRD analysis confirmed that the NPs are 

crystalline, and the size of those NPs was in the nanometer range. The SEM 

image of the NPs established the formation of spherical shapes for S-2 and 

flake shapes for S-3. The optical property and the FTIR analysis were also 

performed to confirm the successful synthesis of NPs. It is observed that 

the NPs made from three different approaches have different antibacterial 

activity. Among them, S-3 showed the best result because it was composed 

of a monoclinic CuO phase with a cubic fcc structure of Cu2O. Thus the 

prepared copper oxide NPs are potential candidates for antimicrobial 

application. 
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