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Abstract 

Unique and bio-inspired synthesis of nickel oxide nanoparticles by using an innocuous and ecofriendly waste material 
that is watermelon rind. In the reaction, watermelon rind recycled and used its extract as a solvent which act as a 
reductant for a synthesis of nickel oxide nanoparticle. The synthesized NiO NPs were analyzed by using X-ray Diffraction 
(XRD), transmission electron microscopy (TEM), Fourier transform infrared spectroscopy (FTIR) and UV-Vis 
spectroscopy. FTIR peak at 745 cm-1 and 671 cm-1 indicated that the formation of Ni-O bond. A prominent peak of UV-
Vis spectra at 283 nm and band gap, calculated with the help of UV data, was ~3.3 eV. The obtained PXRD pattern and 
JCPDS data suggested the formation of nickel oxide nanoparticle and the average crystallite size calculated by Scherrer’s 
equation in between 30 to 150 nm. The average grain size of NiO NPs perceived from TEM images was 46.55 nm and 
polygonal barrel shape particles. Since, a simple, straightforward, pollutant-free, and economical technique for the 
synthesis of nickel oxide nanoparticles. However, the above synthesized nickel oxide nanoparticles have been explored 
for biophysical parameter vis. radicle length, plumule length and germination percentage on a Vigna radiata (moong) 
seed by the treatment of some concentration i.e. 25 ppm, 50 ppm, 100 ppm and 200 ppm in germination processes. At 
a low concentration of 25 ppm, a beneficial improvement in the germination process of Vigna radiata seed was 
observed.  
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1. Introduction

In the past two decades, nano synthesis of various compounds became an interest to the researcher. Various  
nanostructured material shows a unique chemical and physical properties which explore the application in the core 
subjects of physics, chemistry, biology,etc like morphology, size, shape, antimicrobial activities, germination, 
crystallography and many more (1–3). Nickel is an important transition metal which have extensive properties with 
their oxides of nanoparticles because of their physiochemical properties like surface, electrical, optical and magnetic 
activities (4,5). Nickel oxide nanoparticle has p-type semiconductor with a high optical energy band gap due to the 
oxygen occupancy in the lattice structure (6,7). Nickel oxide nanoparticles shows a cubic lattice structure with a 
widespread applications such as photoelectron devices, catalysis, gas sensors, thermoelectric materials, fuel cells, 
anticancer, cytotoxicity, nonenzymatic glucose sensors, germination, dye-sensitized photocathodes, etc. (8–10). Green 
synthesis of nanoparticles is perform by several approaches such as chemical vapor deposition (11), microemulsion 
(12), coprecipitation (11), hydrothermal (13), pulsed laser ablation (14) and sol-gel (15,16). Above all other approaches, 
sol-gel method is best for the green synthesis because it is simple, easy to handle, not much harmful to the ecosystem; 
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cost effective and production of high purity due to the main composition of extract directly involved in the reaction (17). 
In the study of literatures, we found that many of the metal oxides nanoparticles synthesized via green synthetic 
approaches; many of them uses a waste material of fruit which are discarded in a garbage of municipal in India. Hence, 
in this paper, we used a naturally available plentiful waste i.e. watermelon rinds extract of fresh watermelon to 
synthesize nickel oxide nanoparticles via green synthetic approaches.   

Watermelon is naturally abundant climbing plant of Cucurbitaceae family called Citrullus lanatus. It is advantageous 
warm seasonal fruit which is widely available at tropical and subtropical region. Watermelon is a large fleshy fruit which 
is poised with flesh (edible part), seed (thoroughly dispersed in flesh) and rind (waste part of the fruit which contribute 
approximately 35% of the total weight) (18,19). The watermelon rind (WR) ordinarily discarded and had no commercial 
value but many people of tribal areas used as a vegetable (20). In the literature survey of watermelon rind we found 
that they contain an antioxidants due to richness of hydroxyl and carboxyl functional groups (20). Watermelon rind 
consist of copious of fibre, citrulline, vitamin and minerals; it has also a higher moisture, proteins, pectin, carbohydrate, 
carotenoids, ash content and 17 % crude fibre which is very high (21).  

In the literature, we found that several plants has been used to prepare a nickel oxide nanoparticles which have antiviral, 
antifungal, antibacterial activities, etc.(22–29) and severals metal oxide NPs were used in germination processes of 
many seeds like tomato, oil seed rape, pumkin, etc. (30–33). Nickel oxide is a promising P-type semiconductor, due to a 
non-stoichiometric structural flaw  and its high activity in the breakdown of  phenol and its derivatives (34,35). 
Watermelon rind extract is suitably used as a reducing agent in a world of green synthetic chemistry to the present 
experimental work because they are rich in phenolic components.  

In this research paper, the experimental works are carried out by Watermelon Rind Extract which is suitable for the 
synthesis of Nickel Oxide nanoparticles just because of phenolic, hydroxyl and carboxyl component availability in 
Watermelon Rind Extract and they act as a reductant in the process (36). The synthesized Nickel Oxide NPs were 
characterized by X-Ray Diffraction, UV-visible spectroscopy, Infrared spectroscopy and Transmission Electron 
Microscopy. The green synthesized nickel oxide nanoparticles are applied on a Vigna radiata (cow pea) to see the effect 
in a process of germination. 

2. Experimental Method 

In synthesis of Nickel oxide nanoparticles, we are collecting a watermelon rind and washed several times by double 
distilled water; then it is thoroughly grind in a mixer grinder. Filtering all the extract through a sterile steel sieve and 
after that it will filter through a cotton fittig in a conical funnel to remove extra residue of watermelon rind. Finally, we 
took 50 ml of pure watermelon rind extract (WRE) as a solvent in a burette by filtering through a whatman filter paper 
grade 1. 

NiCl2.6H2O (Nickel chloride hexahydrate) salt used as a precursor in the reaction involved for the preparation of NiO 
NPs. The above nickel salt is of analytical grade and used as without additional purification.  

In a round bottam flask, 20 ml of  0.1 M of NiCl2.6H2O and 50 ml of watermelon rind extract (WRE) in a burette. Aqueous 
solution of 20 ml of 0.1 M NiCl2.6H2O is placed on magnetic stirrer and WRE added dropwise with a rate of 1 drop per 
second with continuous stirring at a speed of 300 rotation per minute. After adding all the 50 ml of WRE, we raise a 
temperature from 25oC to 80oC and fix the spiral reflux condenser with a continuous stirring for 12 hours until turbidity 
was seen in reaction mixture. Thus, the sticky gel was formed which was green in color and discard the supernatant 
liquid after settling and washed through a double distilled water. Then, the sample was allowed to dry in an oven at 
70oC for 10 hours and the dried powder was grind in an agate mortar pestle. Finally, the sample was put in a heating 
mantle in an open air at approximate temperature of 200oC for 10 hours and again grind through agate mortar pestle. 
The black color NiO NPs sample was prepared for further analysis 

The FTIR (Fourier Transform Infrared spectroscopy) of NiO NPs were recorded by Bruker Alpha Instrument via 
attenuated total reflection (ATR) mode spectrophotometer of range 4000 – 500 cm-1 wavenumber with a resolution of 
2 cm-1 at Standard Temperature and Pressure (STP). The powdered X-Ray Diffraction was analysed by a Philips X’pert 
Model XRD in the range of  2θ = 10 – 80 degree by using a Cu-Kα X-rays of wavelength λ  = 1.54 Å. The UV-Visible spectra 
of a sample were investigated by ELICO SL-210 double beam spectrophotometer instrument with a wave length range 
of 190 – 900 nm and the Transmission Electron Microscopy (TEM) imaging technique were used in a sample by FEI-
Tecnai-Netherland of model G2F30S-Twin with an accelerating voltage of 300 kV. 
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The preparation of germination process was firstly occurred by the purchasing a good quality seed of Vigna radiata 
from registered seed merchant for an experiments. The experimental seed were properly clean and soaked for 7 hours 
with proper aeration at STP. Nickel oxide nanoparticles were prepared in four different concentration in a double 
distilled water for a treatment in germination process of Vigna radiata seeed i.e. T1 = 25 ppm, T2 = 50 ppm, T3 = 100 
ppm and T4 =200 ppm; for proper particle distribution applying ultrasonicator for 20 minutes in all the concentration 
(T1-T4). One set of seed taken as control that is only in double distilled water called as control (C). The seeds of Vigna 
radiata took in a pair and soaked with 30 ml of different concentrations from T1 to T4 for 5 hours. After the treatment 
of Vigna radiata seeds, they are transferred in a petriplate lined with Whatman No.1 filter papers and put in a dark place 
for a germination process for 6 days and every alternate day seedling length of germination were recorded. 

3. Results and Discussion 

3.1. X-Ray Diffraction Analysis 

This one is the preliminary investigative technique for the confirmation of nanoparticle synthesis for a further analysis. 
The average grain size of nickel oxide nanoparticle were determined by the Debye-Scherrer formulae (37). 

D =  0.9λ / (β 𝖼𝗈𝗌θ) 

Where,  

D = Particle size of the sample  
λ = X-ray wavelength  
 β = FWHM (full width half-maxima) of a peak in a radian 
θ = angle of diffraction called Bragg angle 
  

 

Figure 1 XRD image of Nickel Oxide NPs synthesized by using WRE 

In figure 1, the XRD peaks of the synthesized sample revealed that the formation of cubic phase nickel oxide (NiO) 
nanoparticle crystals at an angle 2θ of 37.6359, 43.2487, 62.9821 and 74.9835 (JCPDS Card 78-0423) alongwith the 
other peaks of Ni2O3 at an angle 2θ of 31.5129, 56.2633 and 66.0285 (JCPDS Card 14-0481). In the Fig.1, the extra peaks 
and noises is due to the extra residues of the WRE which show the interruption in the XRD analysis peaks but this was 
just because we don’t put in a high temperature calcination, in which further application we have to conduct in a 
germination process. The crystallite size of a NiO NPs are in a range of 30 nm to 150 nm from the above XRD data by 
calculating the debye-scherrer formula shown in a Table 1.  
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Table 1 Debye-scherrer formula    

Angle (2θ) 
experimental 

FWHM d-value (Å) 

experimental 

d-value (Å) 
standard 

Identification (XRD 
Standard data) 

Crystallite 
Size (nm) 

37.6359 0.2362 2.4097 2.4127 NiO [111] 37.13 

43.2487 0.0984 2.0761 2.0895 NiO [200] 90.75 

62.9821 0.0787 1.4814 1.4775 NiO [220] 123.70 

74.9835 0.1920 1.2638 1.2600 NiO [311] 54.50 

31.5129 0.1378 2.8390 2.8424 Ni2O3 [002] 62.59 

56.2633 0.1968 1.6350 1.6383 Ni2O3 [202] 47.83 

66.0285 0.3149 1.4150 1.4190 Ni2O3 [004] 31.44 

 

3.2. Fourier Transform Infrared Spectral Analysis 

The identification of functional group and other stretching between all the bonds are analyzed by fourier transform 
infrared spectrum within the range of 400 cm-1 to 4000 cm-1. In figure 2, the FTIR spectra of NiO NPs synthesized by 
using green synthetic approach by WRE as a reductant to identify the nature of molecular bond present in it. 

 

Figure 2 FTIR data of NiO – NPs synthesized via WRE 

A characteristic wide and intense band centered peak of  Ni(OH)2 due to –OH stretching vibration and interlayer water 
molecules interference at 3368 cm-1. The intense peak at 1524 cm-1 is due to the bending of H2O molecule. At 1260 cm-

1 peak band were observed due to the symmetric and asymmetric stretching vibrations of CO2 molecule. Vibrational 
peaks of NiO NPs were observed in between 400 cm-1 to 850 cm-1(38). The bunsenite phase of NiO is observed at peak 
671 cm-1 (39), although another strong peak at 745 cm-1 of Ni – O bond vibration (38).  

3.3. UV-VIS Spectroscopy Analysis 

The UV-Vis examination was detected under a wavelength of 200 – 500 nm. Figure 3A graph represents the UV – Vis 
spectra of NiO NPs was achieved by ultrasonicator dispersion method in double distilled water. A prominent absorption 
peak is witnessed at a wavelength of 283 nm. The absorption of nanoparticles in  an UV area is endorsed to energy band 
gap absorption (40).  
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Figure 3A UV-Vis spectra of Nickel oxide nanoparticle by ELICO SL-210 UV-Vis spectrophotometer 

The energy band gap was determined by using Tauc relation (41). 

αhν = α (hν - Eg)n ………….. Tauc Equation. 

Where,  

α = Absortption coeficient 
hν = Photon energy 
Eg = Energy band gap 
n   = ½ - direct band gap transition; 2 – indirect band gap transition. 
 

Hence, the energy band gap for an absorption peak can be achieved by extrapolating the exponential portion of the 
curve (Ahυ) n−hυ to the starting point. Figure 3B shows the (αhν)2 versus hν graph for a NiO NPs sample for obtaining 
an energy band gap. 

 

Figure 3B Energy band gap of nickel oxide NPs by calculating the UV-vis data through tauc equation 

The energy band gap of NiO NPs is 3.3 eV, which is lesser than bulk (42). The energy band gap is directly correlated with 
the grain size of a nanoparticle, and higher the annealing temperature can be used to minimize any chemical defects or 
vacancies that may be present in a sample crystal. This process also produces slight shifts in shorter wavelengths, which 
can go through direct transition (n=1/2) to lower band gap energies (40,43,44). The energy band gap of semiconductor 
nanoparticles also increases with decreasing grain size, as is well known. They do not experience the quantum 
confinement effect because of their smaller Bohr radii.  
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3.4. Transmission Electron Microscopy (TEM) 

The Transmission Electron microscopy (TEM) analysis can reveal the morphology and size of NiO NPs in their study. In 
Figure 4 (A, B and C), the TEM images of NiO NPs shows that their morphology is polyhedral crystal sphere which look 
like a barrel shape and the average particle size is 46.55 nm. This is very precise experimental data related to XRD which 
shows the size calculated by using Scherrer’s formulae. 

 

Figure 4 TEM images of Nickel oxide NPs; A, B and C showing a comparative magnification i.e. 200 nm, 100 nm and 50 
nm, respectively 

3.5. Investigation of germination in Vigna radiata seed  

In a petriplate assay, after a treatment of NiO nanoparticles in parts per million it affects all the biophysical parameters; 
some of them analyzed in a treatment are radicle length, plumule length and germination percentage. After a 6th day of 
treatments with a dissimilar concentration of NiO NPs (T1-T4) in a Vigna radiata seed, the figure 5 illustrate the process 
of a biophysical activity  via graph of the radicle length, plumule length and germination percentage. The Vigna radiata 
seed which is treated with a lower concentration i.e. 25 ppm (T1) shows a significant growth in germination processes. 
All the treatments along with a control experiment were recorded in a pair of seed after the 6 th day of germination 
processes which shown in a figure 6. The significant augmentation was recorded in a seed was demonstrate by a graph 
in a figure 5 which shows a germination percentage, plumule length and radicle length  by 18 %, 12 % and 10 % 
respectively over control treatment. As seeds undergo sprouting, nanoparticles have a propensity to enter the seed 
coats, causing an increase in growth (45). At lower concentration many of the nanoparticles are advantageous for 
growth (Ce – NPs), metabolism (CeO – NPs) and biophysical & biochemical activity (ZnO – NPs) (46,47). 
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Figure 5 Graphically  demonstrate the biophysical activity in germination process of Vigna radiata seed 

 

Figure 6 Original Image click by smartphone along with measuring scale of Vigna radiata seed after the 6th day of 
germination  

4. Conclusion 

Using watermelon rind extract, we have demonstrated a unique green synthesis of nickel oxide nanoparticles. FTIR and 
XRD data established that the assembly of nickel oxide nanoparticles in an experiment with cubic structure along with 
space group Fm3/m. The optical properties of a produced nanoparticles exhibit a remarkable UV-Vis spectrometer 
absorbance at 283 nm wavelength and band gap energy is 3.3 eV, which show a very effective for further applications. 
TEM analysis show the barrel shape images of nickel oxide nanoparticle which have an average particle size of 46.55 
nm. Experimental testing was done on the synthesized nickel oxide nanoparticle to assess its bioactivities on the 
germination of Vigna radiata seeds and seen the positive reactions at smaller concentrations in compared to a controlled 
experiment, but nanoparticles at high concentrations were observed to be detrimental to germination processes. 
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Overall, the suggested green synthetic approach is easy to apply and environmentally beneficial because it doesn't call 
for any additional reductants and the efficacy of the aforementioned technique for producing a brilliant catalysts for 
usage in a broad series of organic reactions. Thus, we can draw the conclusion that NiO NPs tend to have a favorable 
response up to a specific concentration but that as concentration increases, they have an adverse effect on the biological 
system.  
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