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Synthesis, growth mechanism and photocatalytic properties of nickel oxide
(NiO) nanoflower: a hydrothermal process

S. Virgin Jeba, S. Sebastiammal, S. Sonia, and A. Lesly Fathima

Research Department of Physics, Holy Cross College (Autonomous), Nagercoil, India

ABSTRACT
The present report explores the synthesis strategy of flower like Nickel Oxide (NiO) nanostructures
from nanosheets as their building blocks in the presence of citric acid as surfactant. An easy and
inexpensive hydrothermal technique was designed for the synthesis of NiO nanoparticles. The
structural, morphological and compositional analyses were done by the techniques such as X-ray
Diffraction, Field Emission Scanning Electron Microscopy and Energy Dispersive X-ray Analysis
respectively and growth mechanism of the NiO nanostructure was also dealt in detail. Diffraction
pattern confirms that the prepared NiO is belongs to the face cantered cubic structure. The aver-
age crystalline size was obtained by Debye Scherrer formula and the values (8 nm, 9 nm, 7 nm and
7.5 nm for NiO nanoflowers synthesized with 0.5 g, 1 g, 1.5 g and 2g of citric acid respectively) are
comparable with the size obtained by the Williamson Hall plot method. Morphological analysis
confirms the formation of nanosheets constituted floral microspheres with a diameter ranging
from 750nm to 850nm. Elemental analysis proves the presence of Ni and O and its purity. The
750nm sized, regularly arranged NiO nanoflowers were subjected to photocatalytic degradation of
Methylene Blue (MB) and Rhodamine 6G (Rh 6G) under Ultra Violet irradiation and bestow the
effective degradation efficiency (76.5% and 92.6% respectively). The photodegradation mechanism
was discussed based on the position of conduction and valence bands.
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Introduction

Morphology controlled synthesis of nanostructured materials
become an interesting research field in recent years, as they
have high potential applications such as catalysts, drug deliv-
ery materials, photonic and battery materials.[1,2] Due to the
exotic properties, abundance on Earth and extensive applica-
tions including sensors,[3–5] supercapacitors,[6–9] cata-
lysts,[10,11] batteries[12,13] and electrochromics[14–16] has been
reported for Nickel Oxide. Nickel Oxide (NiO) being one of
the promising materials amongst the variety of transition
metal oxides.[17] To enhance the device performance by
exploiting the size effect, researchers developed different
nano-morphologies of NiO including nanowires, nano-
flowers, nanocubes, nanohexagons and nanoparticles.
Among these nano-morphologies, synthesis of flower-like
NiO nanostructures were reported in recent years, because
of its special morphology, extremely large surface area and
more number of facets which acts as active centers for elec-
tron transport. Recently, materials chemistry and device fab-
rication turned their focus on morphology-controlled
fabrication and self-assembly of the nanoscale building
blocks into complex structures.[18–25] Zhu and coworkers[26]

used polyethylene glycol (PEG) as surfactant to synthesize
NiO nanoflowers through microwave-assisted hydrothermal
method, Wang et al, successfully synthesized the 3D rose-

like NiO[27] using solvothermal reaction with sodium acetate
and PEG-4000 and Justin et al[28] synthesized NiO nano-
flowers by employing homogeneous precipitation method
under microwave-reflux and conventional-reflux conditions
using organic surfactants and urea as the hydrolysis control-
ling agent. These nanoflowers show multiple applications in
catalysis, sensors and drug delivery as it encompass large
surface area in a small structure.[29] One dimensional nano-
scale materials such as nanowires and nanorods act as the
building blocks for the preparation of two-dimensional or
three dimensional superstructures. Whereas, the assembly of
two-dimensional nanosheets act as the building blocks for
the fabrication of three-dimensional structures.[30–33] The
synthesis of NiO nanoflower in the reported studies were
carried out for long time reaction at higher temperature and
pressure or using templates or expensive chemicals as
organic reagents. As the properties and applications of
Nickel oxide nanostructures are highly related to their size
and shape, the preparation method is an important param-
eter. So, a facile and effective method is desired to synthesis
and investigates the properties of NiO nanoflower. Among
numerous chemical methods, NiO have been prepared by a
simple, low-cost and environment friendly hydrothermal
technique. The synergistic effect of high temperature and
pressure in hydrothermal method provides a one-step pro-
cess to produce highly crystalline materials without any post
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annealing treatments. Also, the hydrothermal treatment
improves the production rate at low reaction temperature
and most promising method for heterostructures synthe-
sis.[34,35] Until now, the NiO nanoflower synthesis was car-
ried out under high temperature and long reaction time.
Thus, our work focused to synthesize the NiO nanoflowers
with reduced reaction time and without templates
or ligands.

In the present work, we report the synthesis strategies
of flower like NiO nanostructures from nanosheets as their
building blocks in the presence of citric acid as surfactant,
without using hard/soft templates or other organic reagents
at short reaction time. The structural analysis, morpho-
logical analysis and growth mechanism of the NiO nano-
structure was also dealt in detail. The optimized NiO
nanoflower was subjected to photocatalytic degradation of
MB and Rh6G using the nanoflowers under UV irradiation
was conducted and determined the effective degrad-
ation efficiency.

Experimental

Materials

Nickel Nitrate hexahydrate Ni(NO3)2.6H2O, Ethylene glycol
(CH6O2), Citric acid (C6H8O7), ethanol (C2H2OH), aqueous
ammonia were of analytical grade and used as received.

Synthesis of NiO nanoflowers

Nickel Oxide nanoflowers were prepared by the simple
hydrothermal method. In the synthesis process of flowers,
0.3M of Ni(NO3)2 was dissolved in DW and EG in the ratio
1:1 and aqueous ammonia was added till the pH becomes
12. Then 1 g of citric acid was added to the resultant solu-
tion and stirred for 5 hours. This homogeneous mixture was
further transferred to Teflon lined stainless steel autoclave
and hydrothermally treated at 180 �C for 5 hours and cooled
down to room temperature naturally. The final precipitate
was washed several times with distilled water and ethanol to
remove the impurities and dried in hot air oven at 100 �C.
Finally, the obtained powder was calcined at 400 �C for
2 hours for the transformation of Ni(OH)2 to NiO.[36]

The reaction was conducted by varying the amount of
citric acid used as 0.5 g, 1 g, 1.5 g and 2 g. The optimized
nanostructured flowers were obtained when 1.5 g of citric
acid was used. The prepared NiO nanoflower was subjected
to further characterization.

Characterization of NiO nanoflowers

Structural analysis of the nanoflowers was performed by X-
ray diffraction (XRD) using PANalytical XPert Pro X-ray
diffractometer with monochromatic high intensity Cu-Ka

radiation (k¼ 1.5406Å). The surface morphology was

Figure 1. XRD pattern of NiO nanoflowers synthesized with (a) 0.5 g (b) 1 g (c) 1.5 g (d) 2 g of citric acid.
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analyzed by field emission scanning electron microscopy
(FESEM) using FEI Quanta 200. Raman spectra at room
temperature were obtained using LABRAM HE Evolution
Micro-Raman Spectrometer. The photocatalytic degradation
of the samples was examined using SYSTRONICS double
beam UV-VIS spectrophotometer: 2202 in the wavelength
range of 200–800 nm.

Photocatalytic activity test

The photocatalytic activities of the flowers were evaluated
at room temperature using MB and Rh6G as model cat-
ionic pollutants, which are abundant in industrial effluents.
In a typical procedure, 0.025 g of the photocatalyst was
dispersed in 50mL of a 2 ppm aqueous solution of MB.
The solution was stirred in the dark to establish an
adsorption/desorption equilibrium between the photocata-
lyst and the dye molecules. The solution was then illumi-
nated by a UV source (kmax¼365 nm) to induce a
photochemical reaction. To maintain uniform distribution,
samples were collected at regular intervals and centrifuged
before analysis. The same procedure was followed for
aqueous Rh6G dye also. The concentration of the pollutant
in the solution during the photocatalytic degradation reac-
tion was monitored by measuring the absorbance using an
UV-Vis spectrophotometer.

Results and discussion

Structural analysis of NiO nanoflowers

The typical XRD pattern of the synthesized NiO flower-like
microstructure was shown in Figure 1. The formation of
pure and crystalline NiO is confirmed by XRD pattern and
the peaks observed were indexed with the 2h values 39.89

�
,

42.94
�
, 62.46

�
, 74.92

�
and 78.9ocorresponding to the crystal-

lographic planes of (222), (400), (440), (622) and (444)
respectively which coincides well with the standard data for
NiO (JCPDS # 89-5881). All these peaks are explicitly indi-
cates the pure FCC structure and no other peaks corre-
sponding to secondary phase or intermediate compounds
(such as Ni(OH)2, Ni2O2, etc) was observed which demon-
strate the purity of the products after calcination.

Estimation of crystallite size and lattice strain
Williamson and Hall plot is one of the most common
methods to estimate crystallite size and lattice strain.[37]

According to this method, the crystallite size and lattice
strain can be estimated from the broadening of the X-ray
diffraction peaks by considering the full width at half
maximum (FWHM) of all the individual peaks. In XRD
data, the broadening (bT) of the peaks is due to the
combine effect of crystallites size (bD) and micro strain
(be).

[38]

Figure 2. Williamson and Hall plot of NiO nanoflower synthesized with (a) 0.5 g (b) 1 g (c) 1.5 g (d) 2 g of citric acid.
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ie:ÞbT ¼bD þbe (1)

Average crystallite size was determined from broadening
of X-ray diffraction peaks by the well-known Scherrer equa-
tion is expressed as[39]

bD ¼ kk
b cosh

(2)

where bD is the FWHM (i.e., broadening of the peak) in
radians, k¼ 0.9 is the geometry factor, k¼ 1.5406Å is the
wavelength of X-ray source, D is the crystallite size and h is
the peak position in radians. The average crystallite sizes of
the prepared flower-like microstructures estimated by using
Scherrer formula was 8 nm, 9 nm, 7 nm and 7.5 nm for 0.5 g,
1 g, 1.5 g and 2 g of citric acid in NiO nanoflower synthesis
respectively. Also, the lattice parameter estimated from the
XRD patterns of the samples with 0.5 g, 1 g, 1.5 g and 2 g of
citric acid is 8.389Å, 8.407Å, 8.41Å and 8.415Å
respectively.

Similarly, the XRD peak broadening due to microstrain is
given by,

be ¼ 4e tan h (3)

where, be is the broadening due to strain, e is the strain and
h is the peak position in radians. Hence we can write that,

bT cos h ¼ kk
D

þ 4e Sin h (4)

Or bT cos h ¼ e 4 Sinhð Þ þ kk
D

(5)

Equation (5) represent a straight line, in which e is the
gradient (slope) of the line and kk

D is the y-intercept.
Consider the standard equation of a straight line y¼mxþC
and plotting (4 sinh) on X-axis and (bT cosh) on Y-axis.
The value of ‘m’ represents gradient (slope) of the line,
which is the value of strain ‘e’. Williamson and Hall plots
for NiO nanoflower is shown in Figure 2. A linear fit of the
scattered results is taken into consideration. From this linear
fit, the crystallite size was estimated from the y- intercept,
and the strain, from the slope of the fit. Lattice strain is a
measure of the distribution of lattice dislocations, which
arises due to crystal imperfections.[40]

This W-H plotting method proved that the average crys-
tallite size D is 10 nm, 11.6 nm, 7.6 nm and 10.5 nm for the
NiO nanoflowers synthesized with 0.5 g, 1 g, 1.5 g and 2 g of
citric acid respectively, which is in good agreement with the
values determined by Scherer’s formula. Also, the micro-
strain of the NiO nanoflower synthesized with 0.5 g, 1 g 1.5 g
and 2 g of citric acid is about 0.00242, 0.00221, 0.000686

Figure 3. FESEM images of NiO nanoflowers prepared with (a) 0.5 g (b) 1 g (c)1.5g and (d) 2 g of citric acid.
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and 0.00246 respectively, where the positive value of the lat-
tice strain (e> 0) shows that the strain in the crystal
is tensile.[41]

This W-H plotting method proved that the average par-
ticle size D is 10 nm, 11.6 nm, 7.6 nm and 10.5 nm for the
NiO nanoflowers synthesized with 0.5 g, 1 g, 1.5 g and 2 g of
citric acid respectively, which is in good agreement with the
values determined by Scherer’s formula. Also, the micro-
strain of the NiO nanoflower synthesized with 0.5 g, 1 g 1.5 g
and 2 g of citric acid is about 0.00242, 0.00221, 0.000686
and 0.00246 respectively, where the positive value of the lat-
tice strain (e> 0) shows that the strain in the crystal
is tensile.[25]

Morphological and compositional analysis of flowers

The series of FESEM images during the formation of flowers
by varying the citric acid concentration in the reactions are
shown in Figure 3. When 0.5 g of citric acid was introduced
in the reaction system, well-defined, uniformly anchored,
rough surface microspheres were formed. Also the synthe-
sized nanopowder divulges the starting stage of the forma-
tion of flower-like microspheres as shown in Figure 3(a),
whereas the addition of citric acid leads to the regular align-
ment of petals into flower –like morphology as shown in
Figure 3(b). Figure 3(c) displays the panaromic image, from
which it is seen that the typical NiO is composed with
numerous flower like micro-spheres also an increase in the
number of flower-like microspheres with a diameter ranging
from 750 nm to 850 nm, when 1.5 g of citric acid is added.
The magnified image (Figure 4) of flower like microspheres
evidently explain that these spheres are composed of densely
packed irregular sheets, which form a multilayered structure.
The flowers deformed slightly during the addition of 2 g of
citric acid.

The EDAX results of the chemically derived NiO nano-
flower showed the presence of Ni and O elements as shown
in Figure 4. The chemical compositions (Ni-56.67% & O-
43.33) have been listed in the table (inset). In addition, there
was no evidence of impurities or residues observed in the

EDAX results, which also confirmed the complete formation
of NiO nanostructures.

Raman analysis of NiO nanoflowers

Raman spectroscopy (Raman analysis) is an optical spec-
trometry highlighting the molecular vibrations, used to
determine the chemical structure of a sample and allow us
to identify organic molecules, polymers, biomolecules and
inorganic compounds also. Figure 5 represents the Raman
spectrum of the NiO nanoflowers where the band positions
are expressed in (cm�1) which correspond to the character-
istic vibration frequencies of the molecular bands, as a func-
tion of the intensity of these bands is expressed in arbitrary
units (a.u)

The Raman scattering spectra of NiO nanoflowers are
shown in Figure 5. Since the first-order Raman scattering is
forbidden in face-centered cubic (FCC) structure, the inten-
sity of one-phonon scattering is expected to increase signifi-
cantly in defect-rich NiO (the band at � 500 cm�1). The
vibrational peak at � 500 cm�1 is assigned to the Ni–O
stretching mode, which involves Ni2þ and O2� species.[42]

The increase in intensity of the one-phonon mode Raman
scattering peak indicates the structural imperfection of NiO,
which is due to the structural disorder by nickel interstitial,
surface effects and oxygen vacancies.[43–45] In the present
study, there appears smaller intensity of the one-phonon
band for the nanocrystalline NiO. However, a significant
gain of the one-phonon band intensity was observed by us
for smaller NiO nanoparticles. Thus, an increase of surface/
bulk ratio and of defect concentration is responsible for the
large intensity of the one-phonon band at �500 cm�1.[46]

There appears a strong 2LO phonon mode at
�1100cm�1 attribute to the vibration of Ni–O band. In the
given Raman spectra, two magnons (2M) excitation peak
was not observed, which normally located at 1550 cm�1 to
indicate that the synthesized NiO nanoflowers does not have
antiferromagnetic properties at room temperature
(RT).[47,48] This drastic decrease in intensity of the two mag-
non band in the NiO nanoflowers with crystallite size less

Figure 4. (a) Magnified FESEM image and (b) EDAX spectrum of the NiO nanoflower prepared at 1.5 g of citric acid.
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than 100 nm is attributed to a decrease of antiferromagnetic
spin correlations between individual Ni2þ ions. Also, this
result indicates that due to the small crystallite size and high
density of structural disorder, the NiO nanoflower exhibits
super-paramagnetic properties.[46] These results indicate the
crystal quality and they are in agreement with the XRD
results obtained.

Optical properties of NiO nanoflowers

UV-Vis absorption spectrum is used to study the electronic
structure of optical band gap of material. Figure 6 shows the
optical absorption spectra of the optimized NiO nanoflower
synthesized with 1.5 g of citric acid as surfactant and inset
shows the corresponding Tauc’s plot. A strong absorption
peak is obtained in the UV region at 248.5 nm wavelength,
which may be associated to the absorption band of NiO.
The optical bandgap energy (Eg) can be calculated on the
basis of the optical absorption spectra by the following equa-
tion:

ah� ¼ A ½h� � Eg�n (6)

where a is the absorbance coefficient, Eg is the optical band
gap energy of the material, h� is the photon energy and n
depends on the type of transition; n is either 2 for direct
band gap or 1=2 for indirect band gap. The graph of [ah�]2

as a function of h� is plotted for direct allowed transition.
The optical bandgap of optimized NiO nanoflowers would
be obtained by extrapolating the linear portions of the
(ah�)n vs h� curve to zero[49] as shown in Figure 6. The
bandgap value is found to be 3.9 eV for the optimized
NiO nanoflower.

Growth mechanism of NiO nanoflowers

The mechanism involved in the synthesis of flower-like
microspheres was proposed as follows: An aqueous NH3 is
added into Ni(NO3)2.6H2O, transparent green color solution
is formed due to the formation of [Ni(NH3)4]

2þ complex.
By the further addition of citric acid, transparent green color
solution turned into green color precipitate. In the presence
of aqueous NH3 the carboxylic group of citric acid oxidized
into carboxylate ion and being a reducing agent, the

Figure 5. Raman spectra of NiO nanoflowers synthesized with (a) 0.5 g (b) 1 g (c) 1.5 g and (d) 2 g of citric acid.
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complex ion [Ni(NH3)4]
2þ reduces into Ni atom.[50] Finally

the product generated is Ni(OH)2, that might be due to the
presence of H2O. Then Ni(OH)2 is converted into NiO at
400 �C (calcination temperature). The equations are given
below

Ni NO3ð Þ2 þ CH8O7:H2O þ NH3 ! 2Ni OHð Þ2 þ 2N2

" þ 6CO2 " þ H2 " þ H2O

(7)

Ni2þ þ 6NH3 ! ½Ni NH3ð Þ6�2þ (8)

NH3 þ 2OH ! NH4þ þ OH� (9)

Ni2þ þ 2OH� ! Ni OHð Þ2 " (10)

Ni OHð Þ2 !400
�C

NiO (11)

After reaction for 0.5 g of citric acid, the product was
morphogenetic microspheres with coarse surfaces. The

particles of the microspheres aggregate and grow into
inhomogeneous nanosheets, when the amount of citric acid
increased to 1 g. Also it was observed intuitively that small
nanosheets began to appear on the surface of the micro-
spheres. When the treatment was further increased to 1.5 g
these superficial nanosheets, with the attachment of small
particles, grew and overlapped each other to form intercon-
nected porous flower like microspheres by electrostatic, van-
derwaals forces, hydrogen bonds etc.[51] Finally, the NiO
flower-like microspheres with abundant nanoparticles adher-
ing to the petals are obtained.

Photocatalytic activity of NiO nanoflowers

Photocatalytic degradation mechanism

The most probable mechanism for the photocatalytic deg-
radation of MB and Rh6G organic dyes is proposed as fol-
lows: The photocatalytic activity of the wide band gap NiO
nanoflower photocatalyst under UV irradiation occurs when
UV light with energy higher than its band gap creates elec-
tron-hole pairs (excitons).[52–54] The generated electron
moves up to the conduction whereas the hole drifts in the
valence band. When the photogenerated charge carriers
absorbed on the surface of the photocatalyst they initiate
redox reactions in toxic complex dye molecules to degrade
them. The positive-hole and negative-electron of the photo-
catalyst react with the water molecule to form hydroxyl radi-
cals (OH), superoxide anions (O2

�), hydrogen peroxide
molecules (H2O2), the hydrogen dioxide anion (HO2

�), and
hydroperoxy radicals (HO2).

[55,56] The target pollutants were
degraded by these superoxide radicals and hydroxyl radicals.
The formation of these superoxide anions and hydroxyl rad-
icals – both responsible for the degradation of the organic
compound, at the NiO nanoflowers-dye solution interface
after the production of electron-hole pairs by UV irradiation
can be summarized as follows in Figure 7.

The band gap position (CB and VB) for NiO was calcu-
lated by applying the following equations,

Figure 7. Schematic illustration of photocatalytic degradation of MB and Rh6G using NiO nanoflowers.

Figure 6. Optical absorbance spectra of the NiO nanoflower prepared with
1.5 g citric acid and inset shows the corresponding Tauc’s plot.
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ECB ¼ X � Ee � 0:5 Eg (12)

EVB ¼ X � Ee þ 0:5 Eg (13)

where ECB and EVB are the conduction band and valence
band edge potentials, X is the electronegativity of the semi-
conductor (NiO is 5.76 eV),[57–64] Ee is the energy of free
electrons on the hydrogen scale (4.5 eV) and Eg is the
bandgap of NiO (3.9 eV) calculated from Tauc plot. The cal-
culated conduction and valence band position of NiO are
�0.69 eV and 3.21 eV respectively. The electrons transferred
from CB of NiO can able to generate O2

� by photo-reduc-
tion of dissolved O2 due to its less positive CB edge poten-
tial (�0.69 eV) compared to O2 reduction potential
(�0.33 eV). Also, the reduction potential of O2 is 0.695 eV,
the electrons can react with O2 and Hþ to generate highly
reactive �OH. The VB holes in NiO can generate �OH by
reacting with H2O and –OH due to its favorable VB poten-
tials. Since the prepared NiO nanoflower catalyst having the
ability to generate all of these active species (�OH and hþ)
and which are highly oxidizing in nature and leads the deg-
radation of pollutants into CO2 and H2O. Due to the high
work function of NiO (5.2 eV),[65] electrons excited to the
conduction band are easily transferred to the chosen dye
and produce H2O2 which will decompose the dye under UV
light illumination.

The high surface area of NiO nanoflowers can provide
more active absorption capacity. Ni ions produce hydroxyl
groups by absorbing water in the air. When light falls on
the sample, the electrons gets shifted from valence band to
conduction band and thus creates electron-hole pair.[66]

This results an increase in the photocatalytic activity as
shown in Figure 8.

Photocatalytic studies

Photodegradation experiments were conducted using cat-
ionic dye solutions of MB and Rh6G with and without NiO
nanoflowers (photocatalyst) under an UV irradiation source
at room temperature.

The degradation efficiency of the NiO nanoflowers was
calculated using the formula:

Degradation efficiency, g ð%Þ ¼ Ao � A=Aoð Þ x 100

(14)

where Ao is the absorption maximum at t¼ 0 and A is the
absorption maximum at time t� tmin.

[67]

The absorption spectra obtained for MB and Rh6G as
well as their concentrations in solution when sampled at
regular intervals of 10min are presented in Figure 8(a, b).
From Figure 8(a, b) it is evident that the absorption peaks

Figure 8. Photodegradation absorption spectra of NiO nanoflowers for a) MB, b) Rh6G and Photodegradation efficiency of NiO nanoflowers for c) MB, (d) Rh6G.
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of both the dyes decreased gradually as the exposure time
increased from 0 to 40min and 0 to 70min for MB and
Rh6G respectively. With the increase of irradiation time, the
intensity of the maximum adsorption peak located near
664 nm and 550 nm for aqueous MB and Rh6G dyes
respectively gradually decreased, indicating the degradation
of the dye solutions. Thereby it demonstrates the ability of
the NiO nanoflowers to effectively degrade various cat-
ionic dyes.

The degradation efficiency of the NiO nanoflowers with
the MB and Rh6G dyes are shown in Figure 8(c, d). The
NiO nanoflowers show excellent photodegradation toward
MB and R6G under UV light irradiation and the efficiencies
are 76.5% and 92.6% respectively.

The relationship between the removal of different cationic
dyes and the irradiation time using the NiO nanoflower
photocatalyst, demonstrates the gradual decrease in the dye
concentration as time increased. The concentration of the
dyes in the solution was reduced to 76.5% and 92.6% after
40 & 70minutes for MB and Rh6G respectively. Due to the
increase in the formation of superoxide radicals and
hydroxyl radicals over time by the higher specific surface
area[68–70] of the NiO nanoflowers, the degradation of the
MB and Rh6G molecules get facilitated, thereby allowing
their effective photodegradation.

Conclusion

NiO nanoflowers were successfully synthesized by facile
hydrothermal process under mild reaction medium, by vary-
ing the amount of citric acid used as surfactant. Structural
analysis reveals the phase purity, crystallinity and face cen-
tered cubic nature of the designed NiO nanoflowers. The
average crystalline size was calculated by Debye Scherrer for-
mula and the values (8 nm, 9 nm, 7 nm and 7.5 nm for NiO
nanoflowers synthesized with 0.5 g, 1 g, 1.5 g and 2 g of citric
acid respectively) are compared with the Williamson Hall
plot. The distinct and well-aligned floral microspheres con-
taining nanosheets of NiO was confirmed by the morpho-
logical analysis. The proposed growth mechanism of the
flower-like morphology elucidates the growth of nanostruc-
ture based on self-assembly process. Furthermore, the
photocatalytic activity of the synthesized NiO nanoflower
was examined during the degradation of MB and Rh6G
under UV irradiation. The effective degradation of 75.6%
and 92.6% of various cationic dyes by the nanoflowers was
explained in detail. In conclusion, the formation of flower-
like nanostructure was controlled by the amount of citric
acid used which acts as a promoter for the growth process.
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