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The bioactive components of Amaranthus viridus were extracted in the present study using 1-ethyl-

3-methyl imidazolium acetate [C3MIM] Ac and a microwave. The plant extract was used to

synthesize nickel nanoparticles (Ni NPs), whose production was validated by UV/Vis

spectrophotometry. The nanomaterials were characterized by X-ray di�raction (XRD), Fourier

transform infrared (FTIR) spectroscopy, and thermogravimetric analysis (TGA). The morphology

was identi�ed using Field Emission Scanning Electron Microscopy (FESEM), while the particle size

and zeta potential were examined using Dynamic Light Scattering (DLS). Nickel nanoparticles were

utilized for anti-bacterial activity.

1. Introduction

Research on nanoparticles is still underway, and they have uses in medication delivery and therapy,

among other things. There are several important and varied uses for nickel nanoparticles, including

plastic coating, magnetic �uids, catalysis, and the investigation of anti-cancer processes[1]. A variety

of chemical processes, including radiation, metal salt reduction, electrochemical procedures, and

metal evaporation-condensation, have been used in the past to manufacture nickel nanoparticles[2].

However, these methods are unstable, time-consuming, and energy-intensive. A novel extraction

method based on microwave help has been developed to get over these constraints.
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It employs ionic-liquids to decrease the metal particles to nanoparticle size. Non-molecular ionic

compositions containing both inorganic and organic ions are referred to as ionic liquids. The

interesting physiochemical properties of ionic liquids have been brought to light by their varied

spectrum of reactions[3][4]. Meanwhile, it's evident that they serve as solvents for the extraction and

separation of chemicals found in natural products[5]. Three advantages of microwaves are the

mechanical function, pressure, and heat e�ect. The full use of these features throughout the

extraction process leads to a rather high extraction e�ciency.

Amaranthus Viridus is a member of the Amaranthacea family, which has 900 species and is distributed

in most temperate, tropical, and subtropical regions. These are climbers as well as annuals and

perennials, with some being shrubs and herbs. Amaranthus Viridus is a tiny plant with alternating

leaves and green blooms on a woody green stalk. Amaranthus viridus possesses anti-oxidant,

antibacterial, and anti-cancer properties that make it useful in medicine[6][7].

The development of resistant germs to current antibiotics has become a major global issue. As a result,

new bactericides must be introduced[8][9].

In this study, plant extract was utilized in a green synthesis method to create Ni-nanoparticles. Three

distinct bacteria were subjected to antibacterial activity using synthesized nanomaterial.

2. Experimental

2.1. Material

Merck Millipore, Malaysia is the source of both nickel nitrate Ni(NO3)2 and 1-ethyl-3-methyl

imidazolium chloride [C3MIM] Cl. The plant material, Amaranthus viridus, was bought in a Pakistani

local market. The experiment utilized just distilled water.

2.2. Synthesis of nickel nanoparticle

The plant material (Amaranthus viridus) was crushed into a powder after being oven dried at 50

degrees Celsius and twice cleaned with distilled water to get rid of any contaminants. The extract was

made by combining 5 g of powder with an aqueous ionic liquid solution in a microwave �ask and

heating it to 60 °C for 20 minutes at 40 watts. After �ltering the mixture, a clear extract was produced.

Nickel nanoparticles were created by mixing 5 mL of the extract with an aqueous solution of 0.01 mM

Ni(NO3)2 at 50 W for 30 minutes at 60 °C. Following the reaction, the mixture was triple-washed to
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get rid of any remaining contaminants before centrifuging it for �ve minutes at 4000 rpm. After an

hour of vacuum drying at 60°C, the resultant nanoparticles underwent further characterization.

2.3. Characterization

The UV spectra of Ni NPs in the 200-800 nm region were obtained using the Shimadzu UV-2401 twin

beam instrument.

Using the FTIR Nicolet 5700, USA, attenuated total re�ection (ATR) spectra were collected. The

nanomaterial was squeezed with a swivel after being put on a diamond crystal.

Using Ni-�ltered Cu K-α radiation and an X-ray di�ractometer (2θ, 10°-80°, at room temperature)

(XPERT-PRO), the crystal structure of Ni NPs was determined. This had receiving slits operating at 40

kV and 0.47° divergent. The Scherrer formula was used to calculate the crystal's size.

Thermogravimetric analysis of Ni NPs was performed using Mettle Toledo SDTA 10000, TG, at a

heating rate of 10oC/min and a temperature range of 50 to 900oC. Zeiss Supra 55VP FESEM equipment

operating at 5 kV was utilized to determine the surface morphology of Ni NPs at di�erent

magni�cations. Prior to picture observation, the nanoparticles were su�ciently coated with gold

water to ensure conductivity. The EDX detector was used to evaluate the identical sample.

Using dynamic light scattering, the zeta potential and particle size were ascertained (Malvern DKSH).

The measurement sample was divided into two neck cuvettes and poured into water.

2.4. Anti-bacterial activity

Synthetic nanoparticles were tested against Aeromonas hydrophilia, Staphylococcus aureus, and

Escherichia coli to determine their antibacterial activity. The agar di�usion assay was used to evaluate

the nanoparticles' antibacterial activity. After being incubated for 24 hours at 37°C, E. coli, S. aureus,

and A. hydrophilia were injected into nutritional broth. Petri plates were evenly coated with nutrient

agar before being infected with Staphylococcus aureus, Aeromonas hydrophilia, and Escherichia coli.

Various amounts of manufactured nanoparticles were added to each �lter paper. After that, the plates

were incubated for 24 hours at 37°C. Following the incubation time, precise measurements were made

of the nanoparticles' inhibitory zones against each of the three corresponding microorganisms.
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3. Result and discussions

3.1. UV-Vis analysis of Ni NPs

The antibacterial activity of synthetic nanoparticles was evaluated by subjecting them to tests against

Aeromonas hydrophilia, Staphylococcus aureus, and Escherichia coli. The antibacterial activity of the

nanoparticles was assessed using the agar di�usion test. E. Coli, S. aureus, and A. hydrophilia were

added to nutritious broth after being cultured for a whole day at 37°C. Before Aeromonas hydrophilia,

Escherichia coli, and Staphylococcus aureus were added, nutritional agar was equally covered on the

petri plates. Every �lter paper was treated with di�erent concentrations of arti�cial nanoparticles.

Following that, the plates were incubated at 37°C for a full day. After the incubation period, the

inhibitory zones of the nanoparticles against each of the three matching bacteria were measured

precisely.

Figure 1. UV/Vis of synthesized Ni nanoparticles

3.2. FTIR analysis

Figure 2 displays the FTIR spectra of Ni NPs both before and after washing. The major wide band in

Figure 2 indicates the stretching vibration of OH at 3417 cm-1, whereas the band at 1634 cm-1 is
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associated with the bending vibration of O-H bonds. Alkyl groups' C-H stretching and bending

vibrations are represented by the bands at 2931 cm-1 and 1378 cm-1, respectively. The aliphatic

amines' C-N stretching vibration is represented by the band at 1080 cm-1. The aromatic ring's C-C

stretching vibrations are represented by the band at 611 cm-1. These bands show that the plant extract

contains �avonoids, aldehyde, amines, and alkane chemicals. These peaks show that the production of

Ni NPs and the decrease of nickel ion may be caused by secondary metabolites of the plant. The O-H

band's wide width suggested that the Ni NPs were crystalline[10].

Figure 2. FTIR of Ni nanoparticles

3.3. X-rays di�raction analysis (XRD)

The produced Ni NPs' crystalline structure was ascertained using XRD analysis. The Ni NPs XRD

pattern is seen in Figure 3. Sharp di�raction strengths at 2θ values of 33.3o, 45.5o, and 55.5o, which

correspond to the crystal planes (100), (111), and (200), in that order. The design indicated a cubic

construction with a face in the middle. The di�raction pattern matched the card number 04-0835 in

the JCPDS dataset. According to the Debye-Scherrer equation, the crystallite size ranged from 15 to 23

nm[11][12].
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Figure 3. XRD of synthesized Ni nanoparticles

3.4. Thermogravimetric analysis (TGA)

The TGA result for Ni NPs in the 100-500 oC range is displayed in Figure 4. There were three distinct

mass losses noted between 100 and 500 oC. In the 100-230 oC regions, the TGA curve indicated a 5%

mass loss, which is indicative of a loss of water and less stable molecules. The next mass loss, which

accounts for 22% of the mass loss, is seen between 250 and 530 oC and indicates the breakdown of

organic molecules. The remaining mass doesn't change beyond 530oC[13].
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Figure 4. TGA of synthesized Ni nanoparticles

3.5. Field emission scanning electron microscopy (FESEM)

The morphology of the nanoparticles may be established with the aid of the FESEM picture. The

spherical form of the Ni NPs, measuring between 30 and 55 nm in diameter, is seen in Figure 5(A). The

body of available literature provided strong support for the morphology. The fact that there was no

agglomeration seen is signi�cant. The sonication cavitation e�ect may be related to the spherical

morphology and agglomeration. Energy dispersive X-ray analysis (EDX) was used to further

corroborate the production of pure Ni NPs, as seen in Fig. 5(B). The results of the compositional

analysis allowed for a precise measurement of the Ni concentrations. Ni peaks in the EDX spectrum

showed that the Ni phase was present and there were no additional impurities[10][14][15].

qeios.com doi.org/10.32388/3JQEXB 7

https://www.qeios.com/
https://doi.org/10.32388/3JQEXB


Figure 5. FESEM of synthesized Ni nanoparticles

3.6. Zeta size and zeta potential

Figure 6(a) and (b) display the average size and zeta potential of Ni NPs. The produced Ni NPs are

polydispersed, with an average diameter of 23.5 nm, according to the particle size peak. Zeta potential

is crucial for �guring out a nanoparticle's surface charge and long-term stability. Ni NPs have a zeta
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potential of -41 mV on average. The remarkable stability of the nanoparticles is indicated by this valve.

Thus, a wide range of applications in many sectors are promised by these nanoparticles[16][17].

Figure 6. Particles size of synthesized Ni nanoparticles

3.7. Anti-bacterial actvity

Three distinct gram positive and gram negative bacterial strains were evaluated using the produced Ni

NPs ionic liquids-based extract from Amaranthus viridus. Figure 7 displays the 10, 20, and 30% zone

of inhibition for Aeromonas hydrophilia, Escherichia coli, and Staphylococcus aureus[18]. When it

comes to combating Escherichia coli, Ni NPs outperform Aeromonas hydrophilia and Staphylococcus

aureus. It may be inferred that the nanoparticles demonstrated antibacterial properties. On

Escherichia coli (16 mm), the highest zone of inhibition was seen at 30%, whereas on Staphylococcus

aureus and Aeromonas hydrophilia (11, 13 mm), the least amount of inhibition was observed[19][20].
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Figure 7. Anti-bacterial activity ILMAE based synthesized Ni NPs

4. Conclusions

XRD, FESEM, and DLS con�rmed that the synthesized nickel nanoparticles (Ni NPs) were nano-

crystalline, well dispersed, and deagglomerated. The Amaranthus viridus extract, which can be

extracted using IL as solvent under microwave treatment, was successfully synthesized using an ionic

liquids assisted method. The resulting Ni NPs were 22 nm in size. The synthesized Ni NPs showed zone

of inhibition against Aeromonas hydrophilia, Escherichia coli, and Staphylococcus aureus.
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