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NiO nanoplates were synthesized by treating nickel sulphate and triethylamine (TEA) followed by 
annealing at 600 °C for 6 h. The formation of cubic phase NiO and crystalline nature were confirmed by 
X-ray diffraction (XRD) analysis. Fourier transform infrared (FTIR) spectroscopy confirms the existence 
of Ni-O bond in the sample.  Light harvesting behaviour and band gap of NiO nanoplates were 
determined by UV-Visible spectroscopy. Field emission scanning electron microscopy (FE-SEM) and 
high resolution transmission electron microscopy (HR-TEM) reveal that the synthesized sample has 
plate-like morphology. Furthermore, antibacterial activity of NiO nanoplates was investigated and 
maximum zone of inhibition was found in 80 mg/mL NiO nanoplates against selected organisms. 
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1. Introduction 

Semiconductor nanomaterials have received much attention owing to 
their excellent magnetic, electronic, chemical, optical and thermal 
properties [1]. Among them, nickel oxide (NiO) is one of the important p-
type semiconductor materials. It has being attracting considerable 
attention by the researchers due to its unique magnetic, electronic, 
mechanical, and optical properties [2]. It can be used as smart windows, 
catalyst, supercapacitor, electrode, and electrochromic devices [3-5]. 
Because of its potential applications, variety of methods such as thermal 
evaporation, sputtering, sol–gel method, and pulsed laser deposition have 
been reported [6-8]. However, hydrothermal method is a versatile route 
to prepare NiO nanomaterials because of its advantages like easy 
procedure, low cost, and eco-friendly method.   

In this paper, we adapt wet chemical method for the synthesis of NiO 

nanoplates. NiO powder was characterized by XRD, FTIR, DRS UV-Vis, FE-
SEM and HR-TEM. Antibacterial activity of NiO nanoparticles was tested 
against some selected pathogenic bacteria. Based on our obtained results, 
NiO nanoplates have effective antibacterial activity. 
 

2. Experimental Methods 

2.1 Materials 

Nickel sulphate (NiSO4), and triethylamine was purchased from 
Qualigens and used as received. Double distilled water was used as the 
solvent for the experiment. 

 
2.2 Procedure 

A wet chemical method was employed for the synthesis of NiO 
nanoplates. The procedure is as follows: About 2.6 g of NiSO4 was 
dissolved in 100 mL double distilled water. To the above solution, 50 mL 
of 0.01 M aqueous TEA solution was slowly added with constant stirring 
condition. The resulting mixture was continuously stirred for 2 h and the 
obtained precipitate was filtered and washed with adequate amount of 
water. The air dried powder was calcined at 600 °C for 6 h in a muffle 
furnace.  

 
 

2.3 Characterization Techniques  

The structure, metal-oxygen stretching vibration and band gap of the 
synthesized sample were examined by a Rich Siefert 3000 diffractometer 
with Cu-Kα1 radiation (λ = 1.5406 Å), a Schimadzu FT-IR 8300 series 
instrument and CARY 5E UV–Vis-NIR spectrophotometer respectively. 
The morphology was analyzed by using a Hitachi-SU6600 FESEM 
instrument and JEOL JEM 2100 high resolution transmission electron 
microscope. 

 
2.4. Determination of Antibacterial Activity of NiO Nanoplates 

The experiments on the antibacterial activity of NiO nanoparticles were 
carried out by agar well diffusion method [9]. Antibacterial activity of the 
synthesized NiO nanoplates was tested against Bacillus subtilis (B. subtilis), 
Staphylococcus aureus (S. aureus), Escherichia coli (E. coli) and Proteus 
vulgaris (P. vulgaris). All the bacteria were grown in nutrient broth 
medium. A small amount of sample was gently pushed over the nutrient 
agar plate for intimate contact of NiO nanoplates with bacterial cell. The 
plates were incubated at 37 °C for 24 h. 
 

3. Result and Discussion 

3.1 Characterization of NiO Powder 

Fig. 1 exhibits the X-ray diffraction pattern of the black powder after 
thermal decomposition of Ni-TEA complex at 600 °C for 6 h. All the 
diffraction peaks at 37.2°, 43.5°, 63.2°, 75.3°, 79.2° are belonged to cubic 
NiO (JCPDS No.: 73-1523). Significant peak broadening of NiO powder 
indicates that the ultra-fine nature of the synthesized powder [10]. The 
average crystallite size of NiO powder was calculated using Debye–
Scherrer equation [11]. The estimated average crystallite size of NiO is 92 
nm which confirms the formation of nanocrystalline NiO.  

Fig. 2 presents the FTIR spectrum of synthesized NiO powder. In 
general, the FTIR bands due to metal - oxygen occurs in the region of 400-
850 cm-1. Fig. 2 shows peak at 455 cm−1 which corresponds to Ni–O 
stretching vibration [12]. This result is well consistent with other 
previously published reports. The bands at 3241 cm−1 and 1632 cm−1 are 
assigned O–H stretching vibration of surface adsorbed water molecule 
[13]. 
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Fig. 1  XRD pattern of NiO nanoplates 

 

Fig. 2 FT-IR spectrum of NiO nanoplates 

3.2 Morphology of NiO Powder 

FE-SEM and HR-TEM techniques were used to examine the shape and 
size of the synthesized NiO powder. Fig. 3a-b shows FE-SEM images of NiO 
powder which reveals that the sample was agglomerated by nanoparticles 
with irregular shape. The average particles size was found to be 96 nm. 
The chemical composition of NiO nanoparticles was investigated by 
energy dispersive X-ray spectroscopy (EDS) (Fig. 3d). It shows that the NiO 
nanoparticles are composed of Ni and O only. The atomic ratio of Ni and O 
was close to 1:1 ratio which is in agreement with the stoichiometric 
properties of NiO. 
 

 

Fig. 3 (a-c) FE-SEM image of NiO nanoplates at different magnification and (d) EDS 
of NiO nanoparticles 

 
In order to confirm the morphology of NiO, HR-TEM analysis was 

carried out. Fig. 4a-d shows the HR-TEM images of NiO nanoparticles with 
different magnification. HR-TEM images displays the formation of plate-
like NiO nanoparticles with different size and shape. Also, particles are 

porous in nature which is due to liberation of gaseous product during 
calcination process [14]. A schematic picture of the formation of NiO 
nanoplates is shown in Fig. 5 and the mechanism can be explained as 
follows: Addition of TEA to Ni2+ ions solution, immediately Ni2+-TEA 
complex nuclei will be formed which will undergo aggregation to form 
smaller Ni2+-TEA particles. Addition of TEA is very slower. Therefore, Ni2+ 
ions may adsorb on the ledge site of Ni2+-TEA particles followed by TEA 
adsorption and the growth of Ni-TEA particles was found to be in a linear 
fashion [15]. After the calcination of Ni2+-TEA particles at 600 °C for 6 h, 
we obtained NiO nanoparticles as evidenced by XRD and FTIR results. 
 

 

Fig. 4 (a-d) HR-TEM image of NiO nanoplates at different magnifications. 

 
Fig. 5 Formation mechanism of NiO nanoplates 

 

Fig. 6 Photographic images of an inhibition zone produced by NiO nanoplates in B. 
subtilis, S. aureus, E. coli and P. vulgaris (Std –without solvent, E – ethanol, C- 
chloroform and M – methanol) 

 
3.3 Antibacterial Activity of NiO Powder 

Fig. 6 shows the results of antibacterial activity of NiO nanoplates 
against B. subtilis, S. aureus, E. coli and P. vulgaris with different solvent 
such as ethanol (E), chloroform (C), and methanol (M). It can be seen that 
the NiO nanoplates exhibit maximum zone inhibition in without using any 
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solvent (Std). Maximum zone of inhibition was obtained in B. subtilis, S. 
aureus, and P. vulgaris with a zone diameter of 24 mm, 23 mm and 23 mm 
respectively. Comparatively, lowest zone of inhibition was observed in E. 
coli with a zone diameter of 19 mm. This result is comparable with other 
reports [16, 17]. The results reveal that NiO nanoplates show effective 
antibacterial activity. The growth inhibition of bacterial cells may be due 
to distractions of cell membrane by NiO nanoplates which results in 
breakdown of cell enzyme [18]. 

 

4. Conclusion 

A simple and an inexpensive method has been reported to synthesis NiO 
nanoplates. The formation of NiO was confirmed by XRD and FTIR results. 
FE-SEM and HR-TEM images reveal the formation of plate-like NiO 
particles. Both XRD pattern and HR-TEM images showed that the NiO 
particles are in nanoscale. The antibacterial experiments show that the 
NiO nanoplates exhibit good zone of inhibition against B. subtilis, S. aureus, 
E. coli and P. vulgaris. The synthesized NiO nanoparticles can be also used 
in photocatalysis, smart windows, super capacitors etc. 
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