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ABSTRACT 
 

A unique way, green, cost-effective, and direct fabrication method is proposed for the synthesis of Nickel 

Oxide Nanoparticles (NPs) in an eco-environmentally way through leaf extract of Suaeda maritima (L.) 

Dumort. The nickel oxide nanoparticles were synthesized using Nickel (II) nitrate hexahydrate as a metal 

source and aqueous leaf extract of S. maritima was utilized as a green reducing agent. The formation of 

NPs was monitored by the change in color in the reaction mixture and the synthesized NPs were 

characterized using UV-visible spectrophotometer, Fourier Transform infrared (FT-IR) spectroscopy, field 

emission scanning electron microscope (FE SEM), X-ray diffractometer (XRD), and energy-dispersive X-

ray spectroscopy (EDX). Further, the antibacterial activity of synthesized NPs was carried using the agar 

plate well diffusion method and antioxidant activity by DPPH free radical scavenging activity of the NPs 

was studied. The UV-visible absorption spectra of nanoparticles show a characteristic maximum absorption 

peak centered at 397 nm. The functional group analysis by FT-IR confirms the presence of various bio-

active functional groups in the synthesized particles. The structural characterization confirms that the 

particles were Face Centred Cubic lattice structure having IR-regular in shape and rough surface with 

average atomic weight percentages of 76.3%. The synthesized nanoparticles were found to be potent 

against the growth of gram-positive (Bacillus subtilis, Staphylococcus aureus) and gram-negative 

(Escherichia coli, Pseudomonas aeruginosa) bacteria. In the DPPH assay, the IC 50 values of the 

synthesized NPs were found to be 28.01 μg/mL which is very close to standard ascorbic acid (22.19 

μg/mL) whereas the IC 50 of the aqueous plant leaf extract was found to be 47.30 μg/m confirms that the 

nanoparticles having enhanced antioxidant activity. From the results of the study it can be concluded that 

this protocol is simple, rapid, one step, eco-friendly, non-toxic for the synthesis of nickel nanoparticles.  
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1 Introduction  

Nanotechnology is a branch of science that dealt with the matter 

having at least 1–100 nm one dimension size and having the ability 

to engineer material by controlling its particle size (Palasantzas et 

al., 2008; Stark et al., 2015). The significant economic importance 

in the field of magnetic, electronic, and catalytic application of 

Nickel (Ni) and nickel oxide (NiO) nanoparticles have gained 

specific interest than the NPs of other noble metals (Cristino et al., 

2020; Taiba & Tayyiba, 2021). The Ni NPs and NiO NPs have 

super capacitance properties, electrocatalysis, and electron transfer 

capability, along with this, these NPs are having high chemical 

stability. Further, NPs have several applications in biomedicines 

such as anti-inflammatory, antioxidant, and antibacterial agents 

(Anandgaonker et al., 2019; Haider et al., 2020). Top-down and 

bottom-up methods are the two fundamental principles utilized for 

the synthesis of NPs of various sizes, shapes, and applications. The 

NPs are synthesized by utilizing simpler molecules in a bottom-up 

approach. In this chemical vapor deposition, spray pyrolysis, laser 

pyrolysis, condensation, and sol-gel processes were utilized for the 

synthesis of NPs (Huston et al., 2021). But the synthesis of NPs in 

these techniques has various limitations like stability in a hostile 

environment; requiring specialized technical knowledge, 

expansive, bioaccumulation, and toxicity.  

To eliminate the limitations in the synthesis of NPs using chemical 

methods, green synthesis approaches are gaining more attention in 

the development of NPs of various applications. In green synthesis, 

NPs are synthesized through an environmentally friendly process 

by minimizing waste, utilization of non-toxic chemicals, reduction 

of derivatives as well as renewable feedstock (Singh et al., 2018). 

In the synthesis of NPs by green methodology, the biological 

precursors at various strengths, volumes, pH ranges, and 

temperature were utilized. In these methods, the biodiversity of 

plants with various bioactive compounds were considered for the 

synthesis of NPs. The plant bioactive compounds are having the 

capability to reduce the metal salts into metal NPs and hence are 

utilized as reducing agents for the synthesis of NPs (Ibrahim et al., 

2019). 

The mangrove herb S. maritima (sea blite) belongs to the family 

Amaranthaceae and is locally called Elakura in Andhra Pradesh. It 

is distributed worldwide and grown in coastal salt flats and tidal 

wetlands near the sea. It is edible as a leaf vegetable used for 

making juice and curries, feeding cattle, goats, and sheep 

(Bandaranayake, 2002). In local traditional medicine, it is used for 

the treatment of Hepatitis and is having hepatoprotective (Ravi 

Kumar et al., 2011) antioxidant (Patra et al., 2011) and 

antimicrobial (Nayak et al., 2018) activities. Hence the present 

work is intended to synthesize NiO NPs through a single step and 

green method and evaluation of its antioxidant and antimicrobial 

activities.  

2 Materials and Methods  

2.1 Chemicals and Materials 

Nickel (II) nitrate hexahydrate (99.8%), 2,2-diphenyl-1-

picrylhydrazyl (DPPH), peptone, beef extract, agar, and other 

chemicals used in the study were of analytical grade. The leaves of 

the plant S. maritima, was collected in Mangrove Forest, near 

Gilakaladindi, Machilipatnam, Krishna district, AP. The leaves of 

the plant were shaded dried, powder, and preserved in an amber 

color bottle and are used during the synthesis of NPs using Ni as a 

metal precursor.  

2.2 Preparation of leaf extract 

An accurately weighed 2 grams of plant leaf powder was taken in a 

500 mL volumetric flask containing 200 mL of distilled water. The 

content was boiled on a magnetic stirrer with a hot plate at 60 
0
C 

for 20 minutes. Then it was cooled, filtered through Whatman #1 

paper and the final volume made up to the mark in a 250 mL 

volumetric flask and the filtrate was used for the synthesis of NiO 

NPs.  

2.3 Preparation of metal solution 

The Nickel nitrate solution at a concentration of 1 M was used for 

the synthesis of NPs. An accurately weighed 29.08 grams of 

Nickel (II) nitrate hexahydrate was dissolved in 100 mL distilled 

water and the solution was used for the synthesis of NPs.  

2.4 Synthesis of NiO NPs 

The synthesis of NiO NPs was carried as per the procedure 

described by Mohammed & Olajire (2020) briefly, to 10 mL of 

Nickel nitrate solution and 10 mL of aqueous leaf extract of S. 

maritima, was added and mixed. Then the pH of the solution was 

adjusted to 12 using sodium hydroxide solution. The color change 

of the solution after the immediate addition of leaf extract to the 

metal solution was noted and the solution was stirred in a magnetic 

stirrer for 10 minutes. The change in color and the formation of 

NiO NPs were observed. The solution with NiO NPs was 

centrifuged and the obtained NPs were stored in a sample vial at 

room temperature.  

2.5 Characterization of NiONPs 

The synthesized NiO NPs were characterized using different 

techniques such as UV-visible spectrophotometer, Fourier 

transform infrared (FT-IR) spectroscopy, field emission scanning 

electron microscope (FE SEM), X-ray diffractometer (XRD), and 

energy-dispersive X-ray spectroscopy (EDX). The change in the 

color observed while converting the metal into metal oxide was 

confirmed by determining the optical absorption properties of the 
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solution and was performed using a UV-visible spectrophotometer 

(JASCO, Japan) at 800 to 200 nm wavelength range. The type of 

functional groups that are involved in the reduction of metal and 

formation of NPs was determined by performing functional group 

analysis and was carried on FT-IR spectroscopy (Bruker, USA) in 

the range of 4000 to 500 cm
−1

. The morphological characteristics 

and size of the synthesized NPs were determined using FE SEM 

(Nova, Nanosem-450, FEI, USA). The crystal nature and the 

lattice structure of the synthesized NPs were determined by XRD 

(Rigaku Corporation, Japan) and is carried at a scan speed of 

2
0
/min in the diffraction angles (2θ) from 20

0
 to 80

0
. The EDX 

(RONTEC’s, Model QuanTax 200, Germany) analysis in the range 

of 0-17 KeV was performed to evaluate the elemental composition 

of the synthesized NPs (Gokce et al., 2012; Pasupuleti et al., 2013). 

2.6 Antibacterial activity of synthesized NiO NPs 

The application of the synthesized NiO NPs as a bactericidal agent 

was confirmed by performing anti-bacterial activity against two 

gram-positive bacteria namely B. subtilis (MTCC – 1427) and S. 

aureus (MTCC – 1430), two gram-negative bacteria namely E. coli 

(MTCC – 294) and P. aeruginosa (MTCC – 1748). Agar plate well 

diffusion method based on the procedure described by Priyanka et 

al. (2019) was performed to evaluate the antibacterial activity of 

NiO NPs. Briefly, the bacterial seeded medium was prepared by 

mixing 100 mL of medium and 1 mL of 10
7
 CFU selected bacteria 

to attain 10
5
 CFU/ml of medium. Then in a sterile petri dish, 10 

mL of nutrient agar medium was poured as a basal layer followed 

by 15 mL of seeded medium. The plates were kept undisturbed till 

solidification of the medium in the Petri plate and wells were 

prepared using a sterilized stainless-steel cork borer. In each well, 

25 μL of selected concentrations of aqueous plant extract, standard 

gentamycin, and synthesized NPs were loaded separately with 

sterile micro-pipette. Water was served as a negative control in the 

study and the plates were incubated for bacteria growth at 37 °C 

for 24 hrs. Then the zone of inhibition of standard, NiO NPs, and 

aqueous plant extract was measured in mm by comparing with 

negative control.  

2.7 DPPH radical scavenging assay 

The antioxidant activity of synthesized NiO NPs was determined 

by performing DPPH free radical scavenging assay as per the 

procedure described by Akintola et al. (2020). To select 

concentrations of aqueous plant extract and the synthesized NPs 

solutions, an equal volume of methanolic DPPH (0.135 mm) 

solution was added and incubated at room temperature for 30 

minutes. Then the radical scavenging activity of the NPs and plant 

extract was monitored at 517 nm using a UV-visible 

spectrophotometer. The absorbance obtained at 517 nm for plant 

extract and NPs was used for calculating the percentage DPPH 

inhibition and 50 percent inhibitory concentrations (IC50) 

separately. 

3 Results and Discussion  

Simple cost-effective green syntheses of NiO NPs were effectively 

synthesized using S. maritima, leaf extract as a biological reducing 

agent. The process and action mechanism of synthesized NiO NPs 

were summarized in figure 1. 

 
Figure 1 The process of synthesis of NiO NPs 
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3.1 Optical absorption study 

The UV-visible absorption spectra of NiO NPs show a 

characteristic maximum absorption peak centered at 397 nm 

(Figure 2). In the absorption spectra, the wavelength curve 

observed at the 440 nm range corresponds to the surface 

plasmon resonance of nickel (Khalid et al., 2011). The 

absorption maxima and bandwidth of the surface plasmon 

resonance were depend on the shape and size of the NPs. The 

broadness in the peak indicates the small size of the NPs 

(Evanoff & Chumanov, 2005) and hence is evidence of the 

formation of less particle size of the NPs. The UV 

characteristic absorption in this finding was in good correlation 

with the reported studies confirms that the characteristic 

wavelength absorbed in this study was due to the formation of 

NiO NPs (Pandian et al., 2015; Singh et al., 2018) 

3.2 Functional group analysis by FT-IR spectroscopy 

The possible bioactive compounds of the S. maritima aqueous 

leaves extract that are involved in the reduction of Ni metal and 

formation of NiO NPs were determined by FT-IR spectroscopy 

analysis. The FT-IR transmittance bands are found at 3446 cm
-1

 

and 3116 cm
-1

 corresponding to O-H stretching in free and 

intramolecular bonded alcohol respectively. The transmittance 

peak at 3001 cm
-1

 corresponds to O-H stretching in a carboxylic 

acid. The FT-IR transmittance peak at 2921 cm
-1

 and 2852 cm
-1 

is 

due to the presence of N-H stretch in the amine group and C-H 

stretch in the aldehyde group.  A strong and intense band at 1641 

cm
-1

 corresponds to C=C monosubstituted alkenes. Strong bond at 

1749 cm
-1

, 1581 cm
-1,

 and 1269 cm
-1

 correspond to C-H bending, 

C=C stretching, and C-N stretch vibrations in aromatic compounds 

(Mude et al., 2009; Wang et al., 2014). The intense band at 705cm
-1

 

can be associated with Ni–O–H bending and Ni–O stretching 

vibration in NiO NPs (Ebin, 2018). The metal-oxygen (Ni-O) 

stretching frequency of the synthesized NPs was identified by the 

presence of an intense peak at 978 cm
-1 

(Suresh et al., 2016). The 

results of FT-IR analysis prove that the presence of a different type 

of bioactive phytoconstituents in the leaf extract of S. maritima is 

responsible for the reduction of Ni and the formation of NiO NPs. 

(Figure 3) 

 
Figure 2 UV absorption spectra of NiO NPs 

 

 
Figure 3 FT-IR spectrum of NiO NPs 
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3.3 Structural characterization  

HR-SEM analysis of the synthesized NiO NPs confirms the 

surface morphology and size of the NPs and the SEM image was 

given in figure 4. The NPs are uniformly distributed in size with an 

aggregated arrangement of particles. The NPs were observed to be 

irregular in shape with a rough surface and the particles are 10 to 

49 nm size range. Similar types of NPs with a similar degree of 

agglomerations were identified by Zahra et al. (2021). 

The EDX analysis of the synthesized Ni NPs was performed to 

ensure the Ni content in the NPs and the EDX spectrum was given 

in figure 5. The typical EDX spectrum confirms the presence of 

pure Ni in a single phase. The presence of oxygen indicates that 

the Ni is in oxide form and the presence of carbon in the EDX 

spectra may be due to the plant bioactive compounds that are 

responsible for the reduction of Ni. The Ni was identified at Kα of 

7.4 and Lα of 0.8 with an average atomic weight percentage of 

76.3 %. The atomic weight percentages of carbon (C-Kα) and 

oxygen (O-Kα) was found to be 12.8 and 10.9 percent respectively. 

The percentage metal content in the present study was in 

correlation with the findings reported by Zahra et al. (2021) but the 

size of the NPs was very less in the present study than the reported 

study. 

 
Figure 4 SEM image of synthesized NiO NPs 

 

     

Figure 5 EDX spectra of the synthesized NiO NPs Figure 6 XRD spectra of the synthesized NiO NPs 
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The crystallinity, particle size, and phase composition of the 

synthesized NiO NPs were confirmed by XRD analysis and the 

XRD spectra was given in figure 6. The XRD diffraction spectra 

show peaks at 2θ values of 37.1
o
, 43.9

o
, 61.9

o
 and 76.2

o
 

corresponds to (111), (200), (220), and (311) planes which are in 

correlation with Joint Committee on Powder Diffraction 

Standards database (Cardno: 00-047-1049). In the XRD spectra, 

peaks at 37.1
o
 and 43.9

o 
correspond to miller indices (111) and 

(200) was found to be very high intense confirms the Face 

Centred Cubic (FCC) nature of crystal. The average particle size 

of NiO NPs was observed to 38 nm which was calculated based 

on Debye - Scherrer equation. The presence of oxygen spaces in 

the crystal and due to the local lattice disorder in the sample, the 

XRD spectra show broad peaks (Prabhu et al., 2013). The results 

of the XRD analysis proves that the NiO NPs formed by the 

reduction of Ni
2+

 by S. maritima, leaf aqueous extract was 

crystalline with an average particle size of 36 nm and this is in a 

good argument with the earlier reported reports (Hou et al., 2005; 

Pandian et al., 2015). 

3.4 Anti-bacterial activity study  

The NiO NPs synthesized in the study were found to be inhibiting 

the growth of the gram-positive and gram-negative pathogenic 

bacteria studied. The growth inhibition activity of the aqueous 

plant extract was also studied against the selected bacteria and 

found that the zone of inhibition was observed against all the 

bacteria. The zone of inhibition of the synthesized NPs was found 

to be more than the aqueous extract. At the lowest concentration of 

10 µg/mL zone of inhibition of the aqueous plant extract was 

observed to be almost nil except for E.coli, where a very less zone 

of inhibition was observed. But the zone of inhibition at the said 

concentration for the synthesized NiO NPs was observed to be 

significant and a prominent zone was identified. At high 

concentration, significant zones were observed for both aqueous 

extract and the synthesized NiO NPs but the zone of inhibition was 

more enhanced for the NiO NPs than the aqueous extract. The 

control distilled water did not show any inhibition zone; hence it 

can be confirmed from the results of this study that the NiO NPs 

synthesized using S. maritima, leaf aqueous extract have very 

higher inhibition activity against the selected pathogenic bacteria 

in the study. The inhibition results of the current study have been 

given in table 1 and agar plates showing the zone of inhibition 

were sown in figure 7. 

3.5 DPPH radical scavenging assay 

The antioxidant activity of the synthesized NiO NPs and the 

standard ascorbic acid was measured by DPPH free radical 

scavenging assay. The results were compared by using 50 % 

radical inhibition concentration (IC 50) of each sample studied. 

The IC 50 values of the synthesized NiO NPs were observed  

Table 1 Bacterial growth inhibition study results 

S No Bacteria Name 

Zone of Inhibition observed in mm for the concentration studied 

10µg/mL 50µg/mL 100µg/mL 

Aqueous leaf 

extract 
NiO NPs 

Aqueous leaf 

extract 
NiO NPs 

Aqueous leaf 

extract 
NiO NPs 

1 B. subtilis No zone 2.1 2.8 7.8 6.9 15.4 

2 S.aureus No zone 2.4 3.1 8.4 6.3 13.7 

3 E.coli 2.8 3.7 5.9 9.5 11.7 18.1 

4 P.aeruginosa No zone 2.8 4.6 9.1 9.8 17.6 

 

 

 
Figure 7 Anti-bacterial activity of aqueous leaf extract, synthesized NiO NPs and distilled water at a concentration of 50 µg/mL by agar plate 

well diffusion method 
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28.01 μg/mL and it was reported very close to the standard 

ascorbic acid (22.19 μg/mL) whereas the IC 50 of the aqueous 

plant leaf extract was found to be 47.30 μg/mL. The results of the 

DPPH radical inhibition study confirm that the synthesized NiO 

NPs enhanced the free radical inhibition activity (Table 2). 

A simple one-pot green synthesis of stable NiO NPs using S. 

maritima aqueous plant leaf extract at room temperature was 

reported in this study. The time of the bio-reduction and stability of 

the obtained NPs with no external stabilizers/reducing agents 

proves that the synthesis method is efficient.  

Conclusion 

The synthesized NPs were characterized for their anti-oxidant and 

anti-microbial activity and reported potential anti-oxidant and anti-

bacterial agents. It proves an eco-friendly, rapid synthesis, cost-

effective and efficient mechanism of the synthesis of NiO NPs. 

Therefore, this reaction pathway satisfies all the conditions of a 

standard green chemical process.  

Abbreviations 

NiONPs: Nickel oxide nanoparticles; NiO: Nickel oxide; NPs: 

Nanoparticles; UV-Vis: UV-Visible spectrophotometry; XRD: X-

ray diffraction; FT- IR: Fourier transform infrared spectroscopy; 

SEM: Scanning electron microscopy. 
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