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ABSTRACT 

In this study, the nanoparticles of pure and Copper – Nitrogen co - doped ZnO were synthesized and 

examined by Fourier transform IR, UV- visible, X-ray diffraction (XRD), scanning electron microscopy (SEM) and 

EDAX techniques. The antibacterial activity of ZnO, N-ZnO and Cu-N-ZnO (400µg/L) were analysed according to 

the well diffusion method using Muller Hinton Agar. In this work bacterial strains of Escherichia Coli, Pseudomonas 

aeruginosa and fungal strains of Aspergillus were employed to study the antibacterial and antifungal test. Amilkacin 

and ketoconazole were used as reference drug for antibacterial and antifungal respectively. The hydroxyl radicals 

were responsible for the bactericidal effect of ZnO nanoparticles. However, ZnO nanoparticles predominantly release 

peroxides into the medium and it was completely covered by ZnO nanoparticles, there by showing high bacterial 

activity of. ZnO, N-ZnO and Cu-N-ZnO exhibited remarkable antibacterial activity against tested bacterial strains 

and N-ZnO showed good antifungal activity against Aspergillus. 
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1. INTRODUCTION 

Orgin of biological molecules with metal surfaces deals great interest for future advancements in molecular 

biology and biomedical nanotechnology (Loganathan, 2015; Jissy and Datta, 2014; Chen, 2010; Pierstorff, 2007; 

Chandraboss, 2014; LeParc, 2006; Schravendijk, 2007) which is mainly related to the increased specific surface area 

and high reactivity of Nano size materials (Nagarajan, 2008; Rajagopalan, 2008; Laura, 2006). A large surface area 

ensures an increased range of probable interaction with bio-organics present on the viable cell surface (Rizwan, 

2010). The advantages of using these inorganic oxides nanoparticles as antimicrobial agents are their greater 

effectiveness on resistance. Antibacterial activity which gave zone of inhibition and act as a confrontation (Sawai, 

2003; Yoshikawa, 2003) .  In addition they provide mineral elements essential to human cells and even small amounts 

of them exhibit strong activity (Nagarajan & Rajagopalan, 2008; Toshiaki, 2008). 

The surface modified ZnO was prepared by doping with some transition metal such as Ag21, Mn22, Fe23, 

Co24, Cr25, Al26 and Pd27 (Xua, 2004,). The concentration of transition metal leads doped ZnO show that optical, 

magnetic and electrical properties (Guru Prasad, 2013). Copper is very high and it is cheap and abundant on Earth’s 

crust and so it is significant for metal dopant (Kuriakose, 2014). The physical and chemical doping of Cu in ZnO 

alter the absorption of ZnO (Li, 2009). 

In the present paper we have focused our study on biological applications of synthesized ZnO and Cu - N 

co-doped ZnO nanoparticles. The synthesized nanoparticles are examined by Fourier transform IR, UV- visible,       

X-ray diffraction (XRD), scanning electron microscopy (SEM) and EDAX techniques. The antibacterial activity of 

ZnO, N-ZnO and Cu-N-ZnO (400µg/L) were investigated according to the well diffusion method using Muller 

Hinton Agar. In this work bacterial strains of Escherichia Coli, Pseudomonas aeruginosa and fungal strains of 

Aspergillus were employed to study the antibacterial and antifungal test (Vinod Kumar, 2013). Amilkacin and 

Ketoconazole were used as reference drug for antibacterial and antifungal respectively (Zhang, 2007). 

2. EXPERIMENTAL METHODS 

Materials: All chemicals were reagent mark and used as received. ZnSO4.7H2O, NaOH, CuSO4.5H2O and Aqueous 

NH3 were purchased from Merck and were used without further purification. The entire experiment was carried out 

by deionized water. The glass wares were cleaned with chromic acid and acetone, and with deionized water, and at 

100o C dried in an oven (Chandraboss, 2014). 

Synthesis of ZnO and Cu-N co-doped ZnO nanoparticles: 

Synthesis of ZnO nanoparticles: In a typical synthesis, 0.4 M ZnSO4.7H2O and 0.8 M NaOH were separately 

dissolved in distilled water (LeParc). Then NaOH solution was added drop sensible into ZnSO4. 7H2O with constant 

stirring until the complete precipitation (Wu, 2012). The precipitate was cleaned and washed with ion free water and 

ethyl alcohol for more than thrice and dried at 80o C in a oven for 5-6 hrs. The dried sample were calcined at 3500 C 

for 2-3 hrs to obtain the nano sized ZnO (Pierstorff, 2007). 

Synthesis of Nitrogen doped ZnO (N-ZnO): 11.5 g of ZnSO4.7H2O (0.8M) was dissolved in deionizer water than 

stirred for complete dissolution. Then NaOH solution was added drop wise into ZnSO4. 7H2O with constant rousing 

until the precipitation is complete. After that ammonia was added drop wise by vigorous stirring until the pH of 

mixture reaches 8. Before filtration the mother liquid was aged for 12 hours. The precipitate obtained was suction 
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filtered and washed with distilled water until free of sulphate ions (Fageria, 2014). The residue obtained was dried 

at 80°C for 12 hrs and calcined at 350°C for 2 hours (Thill, 2006). 

Synthesis of Cu and N co-doped ZnO: 0.8 M of ZnSO4.7H2O was prepared in deionized water. 0.02 M 

CuSO4.5H2O solution was added in a drop wise manner into the ZnSO4. 7H2O solution which yields the precipitation 

(LeParc, 2006). After that ammonia was added drop wise and stirred vigorously until the pH reaches 8. Before 

filtration, the mother liquid was aged for 12 hrs. The precipitate obtained was suction filtered and rinsed further with 

distilled water to remove the sulphate ions (Fageria). The obtained residue was dried in an oven at 80oC for 12 hrs 

and calcinated at 3500C for 2 hrs. 

Characterization Methods: UV-Vis-DRS spectra were recorded with a JASCO V- 550 double beam 

spectrophotometer with PMT detector (Sawai & Yoshikawa 2003) .  

Vibrational character of the bonds were investigated by analyzing the FT- IR spectrum. The FT- IR spectrum 

was traced in spectrophotometer (JASCO-RT-IR-460 plus). The assignment of various vibrational modes of metal 

oxides within the frequency range 400-4000 cm-1 (Chandraboss, 2014) and IR analysis was carried out on oven-dried 

samples. The sample for IR analysis was prepared by mixing 0.1 g of KBr with 0.003 g of sample and then pressing 

into a pellet. 

X-ray diffraction (XRD) patterns were collected at 25o C using XPERT-PRO-X-RAY diffract meter with 

Cu-Kα radiation and structural aspects were made with reference to the JCPDS powder diffraction files (Sawai & 

Yoshikawa, 2003).  

SEM photographs were performed by JSM-6701F-6701 instrument in both back scattered electron modes. 

The EDX spectra for the elemental analysis combined to the SEM (Laura). 

Antimicrobial activity: The synthesized ZnO and Cu-N-ZnO were also used for studying their antibacterial and 

antifungal activity. The samples were dissolved in DMSO. E.coli, pseudomonas and aspergillus were used for 

bacterial and fungal strain. (Zarrindokht & Pegah, 2011) The bacterial strain as well as fungal strain was injected to 

form the active strain by using well diffusion method. Muller Hinton agar was supplied separately into petri dishes. 

The test strain of 0.25 ml was properly regulated. A well was made in the plates with sterile borer (5mm). The test 

solution was presented into the well and plates were incubated for 72 hrs at 37°C (Zakaria, 2010). The samples were 

analyzed thrice the times. The zone of inhibition was resulted. A standard control antibiotic drug used for bacterial 

and fungal such as Amikacin and Ketoconazole also established (Jissy and Datta, 2014). 

3. RESULTS AND DISCUSSION 

Ultra violet-Visible-Diffuse reflectance spectroscopy (UV- vis –DRS): Figure.1, depicts that UV-vis DRS of ZnO 

and Cu-N-ZnO. A slight red shift is observed in the case of Cu-N-ZnO (Liu, 2009). This is due to the doping of Cu 

and N into the crystal lattice of Zn.  

FT-IR: The FT-IR spectra of ZnO, N-ZnO and Cu-N-ZnO are represented in Fig.2. The strong concentration band 

observed at 3438 cm-1 is due to O-H stretching of the hydroxyl group (Xua, 2004). The peaks corresponding to 

asymmetric and asymmetric C-H bonds are observed at 2924cm-1 and 3004 cm-1 respectively (Xua, 2004). The peak 

located at 463 cm-1 was due to the stretching mode of ZnO (Guru Prasad, 2013). The intense band attributed at 480-

588 cm-1 due to the presence of Cu (II)-O stretching mode (Sobha, 2010). The Peak at 1066 cm-1 attributed to strong 

C-O bond. 

XRD investigation: The XRD array of ZnO, N-ZnO, Cu-N-ZnO are depicted in Fig.3. All the diffraction peaks can 

be dispersed to the ZnO crystal part with a hexagonal wurtzite structure (JCPDS-36-1451). The Sharp and intensive 

diffraction peaks designated that products were fine crystallized (Sangeetha, 2015). No other impurities were 

observed in the XRD pattern of ZnO, N-ZnO, Cu-N-ZnO suggested that high purity of the samples were obtained. 

The average crystallite size was calculated from Debye-Scherrer formula (Sawai & Yoshikawa, 2003) . The 

crystallite sizes were firmed as 30nm, 28nm, 27nm for ZnO, N-ZnO and Cu-N-ZnO respectively. The decrease in 

crystallite size implies that doping with N and Cu confines increase of grain size and refines the crystal size 

(Choudhary, 2010). 

SEM Analysis: In order to elucidate the external structure of ZnO, N-ZnO, Cu-N-ZnO SEM analysis was performed. 

SEM micrographs of ZnO, N-ZnO and Cu-N-ZnO are shown in Fig.4 (a), (b) and (c), respectively. It was clearly 

observed that the particles were spherical in shape and well dispersed. The fine needle like structured crystals was 

observed in ZnO and plates like structures were observed in N-ZnO whereas in C-N-ZnO, rods and grain like 

structures were observed. The normal grain size of all the testers is in the range of 40-60nm (Choudhary, 2010). 

EDX Spectra: The presence of dopants in ZnO is established by EDX spectra. (Choudhary, 2010). The EDX 

spectrum of Cu-N-ZnO is shown in Fig.5 and their corresponding KeV values are shown in Table.1. It was found 

that sample Cu-N-ZnO was composed only by Zn, Cu, N, and O without any other impurities.  

Antibacterial activities: This study predicted the bacterial strains of E.coli, pseudomonas aeruginosa and fungal 

strains of Aspergillus were employed to study the antibacterial and antifungal test (Vinod Kumar, 2013). N-ZnO 

showed the good antifungal activity against Aspergillus. Amikacin and Ketoconazole were used as reference drug 

for antibacterial and antifungal activities respectively. Table.2, shows the antibacterial and antifungal activities of 
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ZnO, N-ZnO and Cu-N-ZnO against tested organisms (Bratner, 2006). The oxy radicles are highly accountable for 

the death of bacteria and also prevent from the further attack of bacteria. The released peroxides sheltered the ZnO 

nanoparticles. It spectacles the high bacterial activity (Loganathan, 2015). 

  
Figure.1. UV-Vis DRS of the ZnO, N-ZnO and  

Cu-N-ZnO 
Figure.2. FT-IR spectra of ZnO, N-ZnO and  

Cu-NZnO 

 
Figure.3. XRD patterns of ZnO, N-ZnO and Cu-N-ZnO 

  
Figure.4a. SEM image of ZnO Figure.4b. SEM image N-ZnO 

  
Figure.4c. SEM image of Cu-N-ZnO Figure.5. EDX analysis of Cu-N-ZnO 

  
Figure.6a. Antibacterial activity of ZnO, N-ZnO 

and Cu-N-ZnO against E.Coli 

Figure.6b. Antibacterial activity of ZnO, N-ZnO 

and Cu-N-ZnO against Pseudomonas 

 
Figure.6c. Antifungal activity of ZnO, N-ZnO and Cu-N-ZnO against Aspergillus 
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Table.1. EDX Data of Cu-N-ZnO 

Sample KeV 

Cu-N-ZnO Zn = 8.69, 9.57, 1.01, 0.9, 0.8 

O=0.52 

Cu=8.04, 8.9, 0.93, 0.83 

N=0.48 

Table.2. Antibacterial activity and antifungal activity of ZnO, N-ZnO and Cu-N-ZnO 

Name of the Sample Minimum inhibitory concentration (µg/mL) in mm 

E.coli bacteria Pseudomonas Aspergillus 

ZnO (1) 12 12 - 

N-ZnO (2) 10 11 9 

Cu-N-ZnO (3) 11 10 - 

Standard Drug* (S) 18 18 22 

Control (C) - - - 

*Standard reference drug for E.Coli and pseudomonas is Amilkacin, *Standard reference drug for Aspergillus is 

Ketoconazole 

4. CONCLUSION 

In this study, the nanoparticles of ZnO, N-ZnO and Cu-N-ZnO were synthesized and characterized by UV-

vis-DRS, FT-IR, XRD, SEM, and EDX techniques. The dopants of Cu and N into the crystal lattice of Zn is 

confirmed by slight red shift using UV-vis DRS (Liu, 2009). In FT-IR spectra the peak positioned at 463cm-1 was 

due to vibrational mode of ZnO. The intense band attributed near 480-588cm-1, because of presence of Cu (II) –O 

Stretching mode. The XRD pattern revealed the crystallite sizes of 30nm, 28nm, 27nm for ZnO, N-ZnO and Cu-N-

ZnO respectively. In sem analysis the fine needle like structured crystals were observed in ZnO. Very fine and clear 

plates were observed in N-ZnO and grain like structures were observed in Cu-N-ZnO. The Cu-N-ZnO and ZnO 

showed good antibacterial activity adjacent to E.coli and pseudomonas. N-ZnO showed better antifungal activity in 

opposition to Aspergillus. The surface modified ZnO nanoparticles possess high bacterial efficacy and is to be used 

for food and agricultural protection. (Rizwan, 2010). 
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