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Abstract
A simple, inexpensive, and eco-friendly route has been demonstrated for synthesizing spherical NiO nanoparticles (NiO

NPs) with a size range between 20 and 90 nm using aqueous extract of soursop (Annona muricata L.) fruit peel green waste

which plays the role of reducing and stabilizing agent during the synthesis. The formation, morphology, structure and other

physicochemical properties of the resulting NiO NPs were characterized by various experimental techniques such as X-ray

diffraction (XRD), energy dispersive X-ray (EDX) analysis, Raman spectroscopy, X-ray photoelectron spectroscopy

(XPS), ultraviolet–visible (UV–vis) spectroscopy, Fourier transform infrared (FT-IR) spectroscopy, field emission scan-

ning electron microscopy (FESEM) and transmission electron microscopy (TEM). The photocatalytic performance of the

prepared NiO NPs was assessed toward the photodegradation of crystal violet (CV) dye as a model pollutant under sunlight

illumination. The measurement of chemical oxygen demand (COD) values verified the degree mineralization of CV dye.

The results show that nearly 99.0% of CV pollutant was photodegraded at 105 min of illumination, making it a promising

candidate for wastewater treatment.
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Introduction

Pollution of water resources by anthropogenic pollutants

such as organic dyes, pigments, heavy metals, herbicides,

and antibiotics is a growing environmental disquietude.

Among various water pollutants, organic dyes cause a

significant threat for all living beings, ranging from aquatic

species to human beings even at low concentrations [1].

Moreover, many of the organic dyes along with their

products are carcinogenic and mutagenic in nature

responsible for number sorts of cancers for human beings

[2–4]. Consequently, it is a matter of great concern to treat

these dyes before releasing into water resources. In the

recent past, various physico-chemical methods have been

developed to eliminate these toxic organic dyes from

industry effluent/wastewater to decrease their environ-

mental impact. These methods include biological methods

(aerobic and anaerobic processes) [5], adsorption [6–8],

chemical oxidation [9], ion exchange [10], coagulation–

flocculation [11–13], photocatalytic degradation [14, 15],

electrochemical processes [16], membrane filtration [17],
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precipitation [18], and reverse osmosis [19]. Among them,

semiconductor photocatalysis has drawn huge attention for

degrading organic dyes in wastewater by exploiting the

energy from natural sunlight or artificial illumination due

to its relatively safe reaction conditions, low cost, high

degradation efficiency, broad applied area, and easy

manipulation. The principle of photocatalytic reaction is

based on the absorption of photons by the semiconductor

photocatalyst consequences in promoting of an electron

from the valence band to conduction band, thus creating an

electron deficiency or hole (h?) in the valence band and

concurrently generating an electron (e-) in the conduction

band. The produced e-/h? pairs move towards the surface

of the semiconductor photocatalyst and undergo redox

reactions to generate reactive species such as hydroxyl

(.OH) radicals which then ultimately degrade the hazardous

organic dye pollutants into environmentally benign species

like H2O, CO2 NO2, NO etc. Nanostructured semicon-

ductor metal oxides have become the attractive photocat-

alyst for organic pollutants degradation in aqueous media

owing to their easy availability, nontoxicity, and biological

and chemical stability. Among those nanostructured

semiconductor metal oxides, nickel oxide (NiO) is a p-type

semiconductor with a wide band gap ranging from 3.6 to

4.0 eV, making it specifically suitable as photocatalyst

[20]. The photocatalytic efficiency of NiO is influenced by

various factors such as band gap energy (Eg), crystallinity,

surface area, and particle size etc. Several strategies such as

solvothermal [21], sol–gel [22, 23], sonochemical [24],

chemical precipitation [25], microemulsion [26], spray

pyrolysis [27], microwave synthesis [28–30], hydrothermal

[31], thermal decomposition [32], anodic arc plasma

method [33] etc. have been stated to achieve NiO nano-

materials in varied morphologies. However, most of these

strategies are associated with several disadvantages

including utilization of hazardous organic solvents, toxic

chemicals as reducing agents and sophisticated equip-

ments, low yield, wearisome procedures, and rigorous

experimental conditions along with high operational cost.

With increasing concerns over environmental pollution,

researchers are putting in lot of efforts in developing green

synthesis protocols for the fabrication NiO nanoparticles

(NiO NPs) using innocuous, eco-friendly, and renewable

materials such as those evolved from natural sources

including plants, bacteria, yeast, fungi and microalgae.

Plants are regarded to be the most viable candidate in terms

of simplicity, better reducing efficiency, easier availability

and high content of vast range of bioactive molecules.

Phytochemicals such as polyphenols, terpenoids, flavo-

noids, alkaloids, sugars, proteins etc. with wide range of

reductive capacities in plant extracts play a crucial role in

controlling the morphology, size, and yield of nanoparti-

cles during synthesis. Moreover, plant extracts mediated

synthesized nanoparticles have better stability, bicompati-

bilty and biosafety than those obtained from chemical

synthesis. The green synthesis of NiO NPs from the plant

extract including Moringa oleifera (leaf) [34], Agathosma

betulina (leaf) [35], Aegele marmelos (leaf) [36], As-

palathus linearis (leaf) [37], Calotropis gigantean (leaf)

[38] Monsonia burkena (leaf) [39], Ananas comosus (leaf)

[40], Euphorbia heterophylla (leaf) [41], Tamarix serotine

(flower) [42], Hydrangea paniculata (flower) [43], and

Nephelium lappaceum (fruit peel) [44] have been reported

in the literature.

Annona muricata (L.) (A. muricata) which is commonly

known as soursop belongs to the family of Annonaceae.

A. muricata is a small, upright evergreen tree, about 5-8 m

in height with large, dark green leaves and is mostly found

in tropical and subtropical regions of the world. The edible

fruits of the tree are large, oval or heart-shaped and light

green in color when fully ripe with a white fibrous flesh.

Traditionally, various parts (bark, root, leaf, seed, and fruit)

of A. muricata have been used as medicine to treat arthritic

pain, neuralgia, respiratory illness, diarrhea, dysentery,

fever, malaria, and cancer especially liver and breast [45].

Phytochemical studies reveals that different parts of

A. muricata plant contain secondary metabolites such as

acetogenins, alkaloids, phenols, flavonoids, carbohydrates,

terpenoids and proteins [46–48]. These phytochemicals

may act as reducing agent as well as capping agent in the

synthesis of nanoparticles. The present study focuses, the

synthesis and characterization of NiO NPs using nickel

acetate as precursor and aqueous extract of A. muricata

fruit peel. Furthermore, photocatalytic performance of NiO

NPs was evaluated by photodegradation of crystal violet

dye utilizing the naturally abundant solar irradiation.

Materials and Methods

Materials

Fresh soursop fruits had been obtained from a neighbor-

hood market in the state of Perak at Kampar in Malaysia.

All the chemicals had been in analytical grade and used as-

purchased without further purification. Ni(CH3COO)2-

2H2O and crystal violet dye (CV) dye were obtained from

Sigma-Aldrich, USA. All aqueous solutions were prepared

using deionized water.

Preparation of the extract

Fresh peels of soursop were washed utterly with water to

eliminate dirt and subsequently cut into small pieces. 100 g

of peels were taken in a 250 ml beaker with 100 ml

deionized water and heated for 30 min at 80 �C. Upon
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cooling, the peel extract was filtered through vacuum fil-

tration and the pale yellow filtrate was collected in a

100 ml beaker. In the synthesis of NiO NPs this freshly

prepared extract is directly used. In order to screen the

phytochemicals, the peel extract was subjected to various

chemical tests according to standard procedures [49, 50].

Synthesis of NiO NPs

Scheme 1 shows the synthesis process of NiO NPs. At first,

the freshly prepared 50 ml soursop fruit peel extract was

heated at 70–80 �C in a 100 ml beaker. Subsequently about

2 g of Ni(CH3COO)2�2H2O was added slowly into the hot

extract. This mixture was heated at about 70 �C with

continuous stirring. The color of the reaction solution

gradually changed from light green to dark green as the

reaction progressed and heating was continued until the

formation of a dark green color paste as shown in

Scheme 1. On subsequent cooling, the dark green colored

paste was washed vigorously with deionized water fol-

lowed by ethanol. Finally, the paste was vacuum-dried at

100 �C for 30 min. Afterward, the paste was calcinated at

450 �C for 2.5 h in a temperature controlled muffle furnace

(air ambient). The resultant black colored product was used

for characterization using various analytical techniques.

Characterization of NiO NPs

A Shimadzu XRD 6000 X-ray diffractometer (operating at

a voltage of 40 kV and 40 mA with CuKa radiation of

1.5418 Å in the 2h range of 10�–90�) was used to study the

crystal structure of NiO. A field emission scanning electron

microscopy (FESEM, JEOL JSM-6701F, Japan coupled

with EDX, X-max 150, Oxford Instruments) and a high

resolution transmission electron microscopy (HRTEM)

(JEOL JEM-3010) were performed to describe the mor-

phological and microstructural details of NiO NPs. UV–vis

absorption spectra were measured by GENESYS 180

(Thermo Scientific) UV–vis spectrophotometer. A Perkin-

Elmer RX1 FTIR spectrophotometer was used to investi-

gate the structural identity of NiO. FTIR measurements

were carried out in the transmittance mode in the spectral

range of 400–4000 cm-1 with the resolution of 4 cm-1 by

the KBr pellet method. The X-ray photoelectron spectra

were obtained using an ESCA 5300 X-ray photoelectron

spectrometer (XPS) (Parkin-Elmer) with MgKa X-ray as

the excitation source. Raman spectrum was measured on a

micro-Raman spectrometer equipped with an optical

microscope (Olympus BX51), a CW 532 nm DPSS laser, a

peltier-cooled CCD camera (DV401, Andor Technology),

and a monochromator (MS257, Oriel Instruments Co.).

Photocatalytic Performance of NiO NPs

The photocatalytic performance of the as-prepared NiO

NPs was examined by the photodegradation of an aqueous

solution of crystal violet (CV) dye under the illumination

of sunlight in an open atmosphere. The photocatalytic

experiments of CV dye was accomplished on the days of

bright sunny light in between 10 am to 2 pm in the Kampar

campus of Universiti Tunku Abdul Rahman (UTAR) with

an average solar radiation was of 4.30 kW h m-2 day-1. In

a typical procedure, 50 mg of the catalyst was dispersed in

a CV dye aqueous solution (50 mL, 20 mg/L) under

ultrasonication for 5 min. Prior to the illumination, the

reaction suspension was stirred for 1 h in the dark to attain

Scheme 1 Diagrammatic Illustration for Green Synthesis of NiO Nanoparticles
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adsorption–desorption equilibrium between CV dye and

the photocatalyst. The suspension was then exposed to

sunlight irradiation while being stirred continuously.

10 mL of the suspension was periodically collected and

centrifuged (Eppendorf Centrifuge 5702, 7000 rpm,

30 min) to remove the remnant NiO NPs. A UV–vis

spectrophotometer was used to measure the concentration

of CV dye in the supernatant. The percentage of CV dye

degradation has been calculated using the following

equation (1):

Dye degradation %ð Þ ¼ C0 � Ct

C0

� 100 ð1Þ

where C0 and Ct are the initial and remaining concentra-

tions of CV dye at different times, respectively.

The Chemical Oxygen Demand (COD) of CV dye

solution before and after the photocatalytic degradation

process were measured using a low range COD (HACH

21258 vial digestion solution COD-LR) vial from Hach

Company, Germany. A 2 mL of CV dye solution (or

photodegraded parts) was added into the COD-LR vial

which was then subjected to a digestion process at 150 �C
for 2 h using a HACH DRB 200 COD digital reactor. After

that, the COD values of CV dye and photodegraded parts

(mg/L) were determined using a DR-6000 UV–vis spec-

trophotometer (Hach, Germany).

Results and Discussion

Structural Analysis of NiO NPs

The X-ray diffraction (XRD) pattern (Fig. S1) (Supple-

mentary information) revealed the overall crystal structure

and phase purity of the synthesized NiO NPs. The

diffraction peaks of spherical NiO NPs are indexed as

cubic phase and well-matched with International Centre for

Diffraction Data (ICDD): Entry number-01-071-6723. The

observed diffraction patterns of NiO NPs had been located

at 2h = 37.24�, 43.32�, 62.80�, 75.64�, and 79.50� are

corresponding to reflection planes of (111), (200), (220),

(311), and (222), respectively. The sharp and high intensity

of the diffraction peaks of NiO NPs genuinely implied the

high crystallinity. It was observed that the (200) reflection

of plane was the preferred orientation and the NiO NPs

were grown in the (200) direction. The crystallite size (D)

of the NiO was calculated from the high intense diffraction

peak (200) using Debye–Scherrer’s equation (2):

D ¼ 0:94k
bcosh

ð2Þ

where k is the wavelength of X-ray (1.5418 Å) for CuKa
radiation, b is the full width half maximum (FWHM) of the

prominent intense peak (using the 100% relative intensity

peak were used) and h is the peak position. The crystallite

size of NiO NPs was found to be 50.50 nm. However,

before calcination the dark green paste did not show any

sharp diffraction peaks of NiO but showed a broad peak

located at 2h = 24.0� with a low intensity suggesting

amorphous phase of the dark green paste. For further

confirmation of NiO NPs, Raman spectrum was observed

in the range of 90 cm-1 to 1800 cm-1 as shown in Fig. S2

(Supplementary information). The Raman spectrum

showed four peaks at around 400, 520, 700, and

1070 cm-1, which are characteristics Raman bands repor-

ted for NiO nanomaterials [51–53]. The peaks at around

400 and 520 cm-1 can be assigned to the first order

transverse optical (TO) and longitudinal optical (LO)

phonon modes of NiO, respectively. The peaks at around

700 and 1070 cm-1 can be attributable to the 2TO and 2LO

phonon modes, respectively.

XPS is a surface-sensitive probe that can provide valu-

able information on the surface composition precisely and

also allow to differentiate distinctive local atomic envi-

ronments i.e., the valence state and coordination of an

element. Figure S3 (Supplementary information) represents

XPS spectra of Ni and O regions of NiO nanoparticles. The

Ni region of NiO (Fig. S3a) showed two prominent peaks

located at 855.2 and 873.6 eV, assigned to Ni 2p3/2 and Ni

2p1/2, respectively and are attributed to Ni2? state in NiO

[54, 55]. Moreover, the peak at 860.8 eV corresponded to

the satellite peak of Ni 2p3/2 while the peak at 880.0 eV is

assigned to the satellite peak of Ni 2p1/2 [56]. Besides, as

shown in Fig. S3b, the peak observed at 530.0 eV could be

attributed to the binding energy of O 1 s, which is ascribed

to the O2- in the NiO [57]. All these results clearly con-

firmed the formation of NiO as a pure product resulting

from the bioreduction of Ni(CH3COO)2•2H2O precursor

and proved the high potentiality of suorsoup fruit peel

extract for the synthesis of nanomaterials. Furthermore, the

purity of the NiO NPs was confirmed by energy dispersive

X-ray analysis (EDX) (Fig. S4) (Supplementary informa-

tion). The EDX spectrum displays Ni and O peaks and

indicated the presence of NiO phase without any other

impurity that is in excellent agreement with the finding

XRD result. EDX analysis also provided the content of Ni

and O as atomic percentage and found to be 44.73 and

55.27, respectively. The atomic ratio of Ni and O is found

to be 0.81.

The electron microscopic observations for detailed

morphological and size analysis of the synthesized NiO

NPs are represented in Fig. 1 and Fig. S5 (Supplementary

information). The TEM images showed and confirmed that

as-synthesized NiO NPs are spherical in shape (Fig. 1a, b)

with sizes in the range of 20-90 nm and the average size of

56 nm (Fig. 1c). The TEM images showed that particle
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size ranges were in agreement with the crystallite size

obtained from the XRD result. Figure S5 shows the

FESEM images of NiO NPs which also showed that NiO

particles are spherical in shape, in agreement with TEM

micrographs and agglomerated. This agglomeration of

these particles was ascribed to the magnetic interactions

between the particles [34].

Figure 2 shows the UV–vis absorption spectrum of the

as-synthesized NiO NPs which was measured at room

temperature. The NiO NPs with the concentration of 0.1

wt% in water were ultrasonically dispersed and the

resulting colloidal suspension was used to perform the UV–

vis measurement. The UV–vis spectrum showed a strong

absorption band located at 310 nm which can be attributed

to the intrinsic band gap absorption of NiO NPs. The band

gap energy was calculated according to the Tauc rela-

tionship (3):

Fig. 1 TEM images of

biosynthesized NiO NPs at

different magnifications and

histogram of the distribution of

the particles size of NiO NPs

Fig. 2 UV–vis spectrum of biosynthesized NiO NPs at room

temperature. The inset shows the plot of the (ahm)2 vs (hv)
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ahm ¼ A hm� Eg

� �n ð3Þ

where a is the absorption coefficient, hm is the energy of a

photon, A is a proportionality constant, Eg represents the

optical band gap, and n is the parameter of specific elec-

tronic transition within the band due to the light absorption

(n = 1/2 or 2 for indirect or direct transition, respectively)

[58, 59]. Therefore by plotting (ahm)2 versus (hv) and

extrapolating the linear portion of the curve to meet the

energy axis (ht) Eg can be estimated which is shown in the

inset of Fig. 2. In this study, the Eg value of the NiO NPs is

found to be 3.22 eV. The Eg of the bulk NiO is 4.0 eV,

however in this study synthesized NiO NPs exhibited

decrease in Eg. Generally, semiconductor nanomaterials

exhibit a blue shift in Eg due to the quantum confinement

effects but a red shift was observed in our green-synthe-

sized NiO which could be ascribed to chemical defects or

vacancies nearby intergranular regions, creating new

energy levels ensuing in reduction of Eg [60–62]. No linear

relation was observed in Tauc plot for n = 1/2, indicating

that our green-synthesized NiO NPs are semiconductor

with direct transition at this energy state [63].

Phytochemical screening reveals the presence of tan-

nins, alkaloids, carbohydrates, triterpenoids, steroids and

flavonoids in the aqueous extract of soursop fruit peel. The

potential functional groups of phytochemicals in soursop

fruit peel extract that are responsible for bioreduction

leading to the formation of NiO NPs was confirmed by

FTIR measurements. Figure S6a (Supplementary informa-

tion) represents the FTIR spectrum of soursop fruit peel

extract and can be seen that the strong absorption peaks

observed at 3433, 2973, 1643, and 1063 cm-1 can be

assigned to O–H stretch, C–H stretch (alkanes), N–H

bending, and C–O–C stretch, respectively. Weaker bands

located at 1400, 1232, 895, and 773 cm-1 can be assigned

to C–C stretching of aromatic ring, C=O vibration, C–O

stretching, and C-H aromatics, respectively. Figure S6b

(Supplementary information) shows the FTIR spectra of

the dark green paste calcinated at different temperatures for

2.5 h. When the calcination temperatures were 150 �C and

300 �C for 2.5 h, there was no peak of Ni–O vibration but

showed the various peaks of the biomolecules in soursop

fruit peel. On the other hand, when the dark green paste

was calcinated at 450 �C for 2.5 h displayed a sharp and

intense peak located at 432 cm-1 which is attributed to Ni–

O vibration in stretching mode while the absorption band

observed at 3406 cm-1 owing to O–H stretching surface

adsorbed water molecules [64]. The formation of NiO NPs

could possibly attribute to the presence of phytochemicals

(acetogenins, alkaloids, polyphenols, carbohydrates etc.) in

soursop fruit peel which act as reducing agents as well as

stabilizing agents during synthesis. Table 1 summarizes a

comparison of our green-synthesized NiO NPs with those

reported in the literatures [35–37, 39, 43, 65, 66].

Photocatalytic Performance of Green-
Synthesized NiO NPs

The photocatalytic performance of as-synthesized NiO NPs

was evaluated towards the degradation of crystal violet

(CV) dye solution under sunlight irradiation. CV, a syn-

thetic triphenyl methane dye, is vastly used for various

applications such as for dyeing in textile industry, manu-

facture of paints and printing inks as well as biological

staining, dermatological agent, veterinary medicine, addi-

tive to poultry feed to inhibit propagation of mold,

intestinal parasites and fungus etc. [67]. Despite extensive

applications of CV, this dye poses environmental and

health hazard as it is a mutagen, mitotic poison and potent

carcinogenic agent due to the complex aromatic ring

structure [68, 69]. The consumption of this dye even in

small quantity (\ 1 ppm) may cause serious effects on

human health like breathing disorders, renal failure, per-

manent blindness etc. [70, 71]. The long conjugated het-

eropoly aromatic linkage in CV acts as a chromophoric

group and produced strong violet color when dissolved in

water. During the direct sunlight irradiation in the presence

of NiO NPs, the strong violet color of CV dye sloution was

gradually faded and become colorless as shown in Fig. 3.

This result indicates the destruction of chromophoric group

and photodecomposition of CV dye. This is further con-

firmed by UV–vis measurements of CV solution at dif-

ferent solar irradiation time as shown in Fig. 4. The UV–

vis spectrum of the CV solution before illumination with

solar light shown characteristic prominent peaks located at

580, 300, and 230 nm that corresponding to conjugated

triphenylmethane chromophore, diphenyl methyl type,

u2C = (u, –C6H5), and benzene moieties, respectively.

The results show that CV dye having the strong absorption

maxima at 580 nm was diminished progressively as solar

irradiation time increases from 0 min to 105 min and

eventually attains nearly 99.0% of degradation efficiency.

This clearly suggests cleavage of the whole conjugated

chromophore structure of CV dye. With increasing solar

irradiation time, the maximum absorption wavelength also

shifted from 580 nm to 570 nm resulting from N-

demethylation of the chromophore skeleton [72]. Figure 5

shows the degradation efficiency of CV dye as a function

of exposure time. It demonstrates that after 105 min of

exposure nearly 99% of CV was photodegraded under solar

irradiation because of efficient oxidation through highly

reactive hydroxyl radicals (.OH) generated from the pho-

tocatalytic reaction. The detailed mechanism for the pho-

todegradation of CV dye was illustrated in Scheme 2. The

photodecolorization efficiency of CV dye using NiO NPs at
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various reaction conditions were presented in Table 2. NiO

NPs had successfully degraded CV dye molecules and

forming harmless end products like CO2, H2O, and other

small molecules.

In order to confirm the mineralization of CV dye by NiO

NPs photocatalyst, the change in COD values at different

time interval of the illuminated CV solution under sunlight

was measured (Fig. 6). The initial COD value for CV

solution was 31.5 mg/mL and the COD values decreased

gradually as the illumination time increased, reaching

6.2 mg/mL after 105 min of exposure to sunlight. These

results confirmed the high potency of green-synthesized

NiO NPs as a photocatalyst for degradation of CV dye

under solar irradiation. Degradation of CV dye solution

carried out using green-synthesized NiO NPs has been

Table 1 A Comparison of soursop (A. muricata L.) fruit peel extract synthesized NiO NPs with other biosynthesized NiO NPs reported in the

literatures

Precursor Plant Size of NiO NPs (nm) Shape of NiO NPs References

Ni(NO3)2�6H2O Agathosma betulina (leaf) 27 Quasi-spherical [35]

Ni(NO3)2�6H2O Aegle marmelos (leaf) 8–10 Cubic and spherical [36]

Ni(NO3)2�6H2O Aspalathus linearis (leaf) 14 Quasi-spherical [37]

Ni(NO3)2�6H2O Monsonia burkena (leaf) 25 Mostly spherical with varied shapes [39]

Ni(NO3)2�6H2O Hydrangea paniculata (flower) 33 Spherical, oval and rod [43]

Ni(NO3)2�6H2O Persea americana (seed) 11 Spherical and rhombohedra [65]

Ni(NO3)2�6H2O Terminalia chebula (fruit) 20–25 Cubic [66]

Ni(CH3COO)2�2H2O Annona muricata (fruit peel) 52 Spherical Present work

Fig. 3 Photograph showing gradual change in CV dye color from deep violet to colorless by solar irradiation

Fig. 4 UV–vis absorption spectra of solar photocatalytic degradation

of CV dye with reaction time

Fig. 5 Degradation efficiency of CV dye solution under sunlight

illumination
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compared with other reported nanomaterials in literature as

shown in Table 3. The comparison data reveals that phot-

catalytic performance of our green-synthesized NiO NPs is

superior to those reported in the literatures [73–80].

Conclusions

In this study, by using the green chemistry approach, NiO

NPs were successfully synthesized from nickel acetate as

precursor and aqueous extract of soursop (A. muricata L.)

fruit peel green waste as novel reducing and stabilizing

agent. This low cost green technology could be potentially

used for the bulk synthesis of NiO NPs for wide range of

applications. The purity, crystallinity, morphology, struc-

tural features and the chemical composition of the as-pre-

pared NiO NPs were investigated by various analytical

techniques. The detailed characterization corroborates that

NiO NPs are pure, highly crystalline, and having spherical

shape with an average size of 56 nm. This green-synthe-

sized NiO NPs were investigated for their performance as a

photocatalyst through photocatalytic degradation of CV

dye pollutant under solar irradiation. Almost 99% of

degradation of CV dye was observed with 105 min of

sunlight exposure and the dye was subsequently mineral-

ized into innocuous end products. These investigations

clearly demonstrate that green-synthesized NiO NPs can be

used as a potential photocatalyst for the removal of haz-

ardous pollutants present in wastewater.

Scheme 2 The Schematic Pictorial Representation for the Degradation of CV Dye using green-synthesized NiO NPs

Table 2 The photodegradation efficiency of CV dye solutions using green-synthesized NiO NPs obtained from different reaction conditions

Sample Source of light Pollutant Decolorization efficiency Time

Blank Dark Photocatalysis

NiO NPs Sunlight Crystal violet (CV) 4% 10% 99% 105 min

Fig. 6 Change in COD (mg L-1) values of CV dye solution as a

function of solar irradiation time
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