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A B S T R A C T 
Nickel oxide magnetic nanoparticles have been successfully fabricated by heat treatment method using Aloe vera plant 
extract. In this research, the formation of NiO nanoparticles was determined by XRD and UV -Vis. The morphology and 
size of nanoparticles were observed by using TEM while magnetic property of NiO nanoparticles have been characterized 
by VSM. The results indicate that the synthesized NiO nanoparticles are in spherical shape and the sizes of nanoparticles 
are in range from 13.55 nm to 15.73 nm. It has been found that the NiO nanoparticles exhibit higher antibacterial 
efficiency against Klebsiellapneumoniae compared with other pathogens. 
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Magnetic nanoparticles are known as nanomaterials that 

consists of magnetic elements, such as iron, nickel, cobalt, 

chromium, manganese, gadolinium, and their chemical 

compounds [1-2]. Their physical and chemical properties 

depend on the crystal structures, sizes, chemical components, 

and shapes of nanoparticles. Sometimes, these properties are 

also influence by the source of magnetic nanoparticles 

synthesized from technological process. The constant 

development of world population needs to increase the 

consumption of plant growth and rise around 8 million in 2025 

and 9 million in 2050 [1]. In global agriculture, the farmers used 

several pesticides to enhance the productivity and protect the 

crops from pests [2]. Pesticides are the organic substances used 

to kill the targeted pests like insects, fungus, microbes, mollusks 

and nematodes, which cause diseases in crops and effect on 

production [3]. Around the world 3.42×106 t/y number of 

pesticides was used in 2015 with the release of toxic effects to 

human, animals, micro-organism and pollute the environment 

[4]. Organophosphate (Ops) is the worldwide used pesticides 

and it restricts the enzyme acetyl cholinesterase (AChE). This 

enzyme is responsible for regular functioning of central nervous 

system in insects and humans, resulting paralysis, destroys 

respiratory organs finally leads to death [5]. Dichlorvos (2,2-

dichlorovinyl dimethyl phosphate) is frequently used Ops in 

Indian agriculture to regulate the pests in fruits, vegetables, 

households also in storage of grains. According to U.S. 

Environmental Protection Agency considers as class I toxic to 

generate chronical diseases and cancer, hence it is banned to 

practice as pesticide [6]. The detection of Ops is very important 

and has great interest in researchers. Many techniques are 

applied to detect the Organo pesticides for instance 

fluorescence sensor [7], amperometry, potentiometry, bio 

sensors [8], microbial biosensors, immunosensors, 

electrochemical sensors, conductometric detection, 

potentiometric detection, optical immunosensor, aptamers [9], 

square wave voltammetry (SWV) [10], differential pulse 

voltammetry (DPV), cyclic voltammetry [11] and HPLC [12]. 

Among this CV technique has paid more attention due to its 

high reliability, sensitivity, using simple instruments, easy to 

operate and getting immediate result [13]. 

In the past era, the increasing of world population, 

economies and developing countries are releases huge amount 

of toxic organic substances into water to destroy the ecosystem 

[14]. Per annum about 70,000 tonnes of untreated dyes with 

complex structures from various sectors such as textile, leather, 

pharmaceutical, paper, food and cosmetic industries are 

discharge around 1-15% of organic effluents in aquatic 

medium. It is least biodegradable also restrict penetration of 

sunlight into water bodies and spoil water ecosystem [15]. 

These organic pollutants have great impact on our daily life but 

due to fewer biodegradable natures, it causes some health 

hazards. Azo dyes are hard to degrade becomes extremely 

carcinogenic and genotoxic [16]. 

Nowadays, the magnetic nanoparticles are widely used 

in biomedicine, environmental science, mineralogy, 

informatics, as well as catalysis due to their attractive properties 

in physics and chemistry [6-7]. For biomedical uses, biomedical 

applications of magnetic nanoparticles have shown promise in 

a number of applications, including treatment of diabetes and 

diabetic foot ulcers [8,9], magnetic hyperthermia, enhancing 

magnetic resonance imaging (MRI) data, supplementing tissue 

engineering efforts and improving the delivery of drugs to 
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difficult to reach microniches [10-14]. In additions, magnetic 

nanoparticles can be also used in a wide variety of other 

applications such as magnetic inks [15], magnetic memory 

devices [16], and pathogen detection in foods [17-18]. 

For fabrication of magnetic nanoparticles, there are 

many methods to produce magnetic nanoparticles such as 

photolytic reduction, radiolytic reduction, solvent extraction 

reduction, microemulsion, polyol process and alcolhol 

reduction have been developed for preparation of metal 

nanoparticles [19]. In some recent reports, heat treatment 

method using Aloe vera plant extract started receiving a 

significant interest from researchers because of its advance in 

controlling particle size and preparing solvent [20-24]. In order 

to synthesize nanoparticles with smaller sizes, several processes 

have been carried out, but they often result in the obtained 

nanoparticles with amorphous structure and low magnetism 

[25-26]. Therefore, in this study, we have synthesized 

nanoparticles by heat treatment method using Aloe vera plant 

extract allows us to get small -sized nanoparticles. 

 

MATERIALS AND METHODS 
 

The NiO nano-powders have been synthesized with the 

aid of using the use of precursors consisting of nickel nitrate 

and Aloe vera extract as a fuel that have been dissolved one at 

a time in 10 ml of deionized water and stirred for 15 minutes. 

Then it changed into located in a microwave-oven (2.forty five 

GHz, 750 W) for 10 minutes. Initially, the answer boiled and 

underwent dehydration observed with the aid of using 

decomposition with the evolution of gases. When the answer 

reached the factor of spontaneous combustion, it changed into 

vaporized and right away have become a strong and received 

with the aid of using MCM. When the solution reached the point 

of spontaneous combustion, it was vaporized and instantly 

became a solid. 

 

Characterization studies 

Morphology of the synthesized nanoparticles was

determined using transmission electron microscopy (TEM, 

Philips, Model: CM12). The X-ray diffraction (XRD) pattern of 

the synthesized nanoparticles powder was done with Cu Kα 

radiation (λ=1.54021 nm) on an X-ray diffractometer (XRD, 

Siemens, Model: D5000). The UVVisible machine (UV/Vis, 

PerkinElmer, Model: LAMBDA 25) was also used to confirm 

formation of Ni magnetic nanoparticles. The absorbance spectra 

were determined in 10 mm optical path length quartz cuvettes 

with Perkin Elmer double beam spectrophotometer. The 

nanoparticles were taken out directly from the solution after 

doing hydrothermal treatment and it was dispersed in ethanol 

before UV-Visible test. The magnetic property of Ni magnetic 

nanoparticles was done with the vibrating sample 

magnetometer (VSM, MicroSense, Model: 10VSM). The 

weight of testing samples used in this study was 0.01 gram and 

the testing was carried out at room temperature (300 K). The 

magnetic properties were investigated with an applied field at -

20 kOe <H< 20 kOe. 

 

RESULTS AND DISCUSSION 
 

XRD analysis 

The (Fig )1 shows X -ray diffraction pattern of prepared 

nickel oxide nanoparticles. The peaks were in agreement with 

the published data [29-30] and belonged to JCPDS 04 -0850. 

These confirm that the nanoparticle powders showed the 

presence of pure face centered cubic (fcc) nickel oxide peaks 

and there are no distinct diffraction peaks other than those from 

fcc-NiO is found in the sample. In addition, compound of Ni2B 

which often appears in the reaction between sodium 

borohydride and nickel salt was also not present. These indicate 

that there is no other impurity in synthesized product. 

Therefore, these results show that sodium borohydride can be 

used to reduce nickel ions in ethylene glycol to make high 

purity nickel oxide nanoparticles [31]. In addition, the width of 

peaks of nickel nanoparticles is narrow. This also indicates that 

the synthesized nanoparticles are almost in crystal form after 

hydrothermal treatment.  

 
   

Fig 1 XRD patterns of NiO nanoparticles  Fig 2 TEM image of NiO magnetic nanoparticles 

TEM analysis 

To get TEM images, the black powder of NiO magnetic 

nanoparticles was dispersed in ethanol. The resulting solution 

was then taken out by using pipette and dripped onto a copper 

grid of TEM. The samples were dried under vacuum condition 

before observation. Figure 2, TEM micrographs confirm that 

morphologies of NiO magnetic nanoparticles at different 

concentration of nickel ions are all in spherical shape. TEM 

Images at the same magnification also showed that difference 

between nanoparticle sizes in these images.  

 

EDX analysis 

NiO nano crystals was analysed by EDX as shown in 

Fig. 3 the presence of Ni and O by the appearance of Ni and O 

peaks. There is no other elements were present. Hence it was 

confirmed the formation of pure NiO nanoparticles.  
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Fig 3 EDX results of NiO nanoparticles 
 

UV -Vis results 

 (Fig 4) shows the UV -Visible spectrum of NiO sample. 

It shows that the maximum absorption of wavelength increased 

when particle size increased. In our opinion, for nanoparticle 

with larger mean size, the number of atoms required to make up 

the nanoparticles is enormous, so the number of conduction 

electrons is more than nanoparticles with smaller mean particle 

sizes. This results in increasing the maximum absorption of 

wavelength. However, difference between maximum 

absorptions of wavelength was not stated clearly here as the 

deviation between mean particle sizes of samples was too small 

as mentioned from the above TEM results. Besides, the UV-Vis 

results also showed that the only existing absorption spectrum 

region belongs to the NiO nanoparticles [32-35]. There are no 

absorption bands that belong to other types of particles. This 

reinforces the conclusion from the above XRD result 

confirming that the synthesized nanoparticles are nickel 

nanoparticles. 

 

   

Fig 4 UV-Vis Spectra of NiO nanoparticles  Fig 5 PL Spectra of NiO nanoparticles 

PL studies  

The peak located at 345 nm consistent to a near band-

edge emission is observed for the samples and it should 

resemble to the wide band gap of the NiO nanoparticles due to 

the recombination of excitons (Fig 5). 

 

 

Fig 6 VSM results of NiO nanoparticles 
 

VSM results 

(Fig 6) shows the hysteresis loops of nickel oxide 

nanoparticle sample. At room temperature, saturation 

magnetization (Ms) of sample is found to be 71.8 emu/g. 

Results showed that magnetization is related to particle size 

effect [36-40]. However, the change in Ms value between 

samples is not much because the difference in mean particle size 

is not significant as mentioned in the TEM results above. It is 

well known that Hc of ferromagnetic nanoparticles with regular 

shape conforms. In addition, the hysteresis loops can also be 

attributed to superparamagnetic behaviour in synthesized nickel 

oxide nanoparticles. 

 
  

Fig 7 Antibacterial activity of NiO nanoparticles 
 

 

Antibacterial activity 

 The (Fig 7) shows the antibacterial activity of NiO 

nanoparticles samples were investigated against gram negative 

(Klebsiellapneumoniae) and gram positive (Staphylococcus 

aureus) bacterial strains, respectively. From the images, it was 

found that there is no zone of inhibition over the control. The 

bar diagram of the variation in the diameter of the zone of 

inhibition is shown in Fig.7, which clearly shows that the zone 

of inhibition increases with increase in the dopant ratio [40-45]. 

The particle size and surface area of the samples play a vital 

role in the antibacterial activity of synthesized samples.  
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CONCLUSION 
 

The nickel oxide magnetic nanoparticles can be 

fabricated using Aloe vera plant extract. Aloe vera plant extract 

can be used as reducing agent in synthesis of nickel oxide 

magnetic nanoparticles. Magnetic property of nanoparticles 

depends on nanoparticle size, saturation magnetization (Ms) 

reduces with decreasing in particle size. Magnetization study 

reveals that it closes to superparamagnetic state at room 

temperature. It has been found that the NiO nanoparticles 

exhibit higher antibacterial efficiency against 

Klebsiellapneumoniae compared with other pathogens.
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