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ABSTRACT

Nickel oxide (NIO) Nanoparticles has been synthesized by electrochemical method, which is simple
and in expensive method. Nickel oxide nanoparticle had been widely used in semiconductor magnetic
fields due to high surface area adsorptive. The synthesized NiO nanoparticle was used as a catalyst
for the photocatalytic degradation of indigo carmine dye under various experimental conditions. The
synthesized nanoparticles were characterized by UV-Visible spectroscopy, SEM-EDX and X-ray
diffraction studies. The UV-Vis spectroscopy study revealed that the band gap energy of NIO
nanoparticles to be 3.04V. This was calculated using Tauc plot. The structure of NIO was found to be
FCC structure which was confirmed from XRD data. SEM results showed the surface morphology of
the nanoparticles and the presence of Ni and O in the nanoparticle is confirmed from EDX spectrum.
The photocatalytic activity of the synthesized NIO nanoparticles was investigated by the kinetics of
degradation of indigo carmine dye. The photocatalytic decolorization of the dye follows first order
kinetics. The antibacterial activity of these nanoparticles was investigated.
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INTRODUCTION

In the recent years nanomaterials have much attention due to their applications like photodegradation
of dyes, organic compounds and industrial effluents using metal oxide and sulphide nanoparticles and
complete mineralization of organic compounds that are present as impurities in waste water. Nano
structure science and technology is a broad and interdisciplinary area of research and development
activity that has been growing explosively worldwide in the past few years [1-4]. Metal
nanoparticles on their size and composition we can observe peculiar properties, such as quantum
confinement in semiconductor nanocrystals Metal oxide nanoparticles are variety of shapes and size
in nano region. Now a days the transition metal oxide nanoparticles is acting as a good nano catalyst
for degradation of dyes, organic compounds and also industrial effluents [5-9]. Nickel oxide is an p-
type semiconductor [10, 11].The p-type semiconductor of NiO nanoparticles becomes a interesting
topic in the new area of research [12]. The NiO nanoparticles are widely used in plastics, batteries,
dye sensitized solar cells and some electronic applications [13-16]. In the present manuscript we
synthesized NiO nanoparticle by electrochemical method which is an environmentally friendly
method by passing an electric current between two or more electrodes separated by electrolyte. The
synthesized NiO nanoparticles on photodegradation of indigo carmine dye and the kinetics of
degradation of indigo carmine was studied.

MATERIALS AND METHODS

All chemicals were used to prepare NiO nanoparticles were the analytical grades of purity. Ni wire
was purchased from Alfa Aesar. Indigo carmine dye from lobachemie, Platinum electrode from Elico
Pvt. Ltd. All solution was prepared in double distilled water. The optical properties for prepared NiO
nanoparticles were studied by uv-visible spectrophotometer (shimadzu-1700 series). The X-ray
crystallographic interpretations were performed by x-ray diffrometer (panalytical x-pert) using Cu Ka
wavelength (A=1.54) scanning range from 0 to 70°. The morphological feature for the prepared NiO
study was determined by scanning electron microscopy (SEM-EDEX) from quanta-200 FEl,
Netherlands. The elemental analysis for the conformation of prepared Ni and O is confirmed from
energy dispersive X-ray analysis (EDAX).
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Figure 1. Experimental set up for the electrochemical
synthesis of NiO nanoparticle.

Synthesis of NIO nanoparticles by electrochemical method: The nickel oxide nanoparticle is
synthesized by electrochemical method. The experimental process is as shown in figure 1. The
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transition Ni metal wire is used as anode and platinum electrode is used as cathode. Using 20mA
current and potential of 10V the experiment was run for 2 h with continues stirring. The electrolytic
cell is consisting of 5 % of aqueous NaHCO3 solution. The distance of the anode and cathode during
electrolysis was 2 cm. During the electrolysis the transition Ni wire starts to dissolve and give Ni ions,
which are electrochemically reacted with NaHCO3 to give solid NiO. The obtained solid NiO is
washed with double distilled water till complete removal of unreacted NaHCO3. The solid NiO is
centrifuged and calcined for 2 h at700°C for dehydration and for the removal of hydroxides to get
NiO nanoparticles. The pH of the dye solution before and after electrolysis was measured and found
to be alkaline. The redox potential of Ni (-0.23).The ionic radius of Ni** are 0.72 A respectively.
Since the mechanism for the synthesized NiO nanoparticles is given in scheme 1.

Ni «—» Ni*+2¢
2NaHCO; +2¢¢ — 5 2CO, + 2Na + 20H
Ni* + 20H <«—>» Ni(OH),

Ni (OH), <«—» NiO+ H;0O

Ni + 2NaHCO; <«— NiO + CO, + 2Na + H,0
In general, Metal + NaHCO; <—» Ni+ CO, + Na + H,0O
The overall reaction Ni + NaHCO; ——» NiO nanoparticles
Scheme 1. Synthesis of NiO nanoparticles.

Determination of photocatalytic activities: Indigo carmine (IC) dye properties, Molecular formula:
C16H808N2S2, Molecular weight: 466.16, Amax = 610 nm. The dye solution (2x10° M) was
prepared by dissolving in distilled water. This solution was used as a test contaminant for evaluating
photocatalytic activities of the prepared NiO nanoparticles. The exploration was carried out under
tungsten-halogen UV-light in order to check the effectiveness of NiO nanoparticles. To check the
photocatalytic activity, 20 ml of colloidal solution were transferred to centrifuge tube and centrifuged
at 800 rpm to remove the dispersed catalyst and the percentage transmittance was recorded for the
clear solution. The COD has been reported bothbefore degradation and after degradation of the indigo
carmine dye solution using dichromate oxidation method [17, 18]. COD effect was calculated by the
following equations.

(Blank -Sample) x Ngas X 8000
COD = ..(1)
VSampIe

RESULTS AND DISCUSSION

UV-Visible spectra: It is clear that from the optical absorption spectra. The synthesized NiO
nanoparticle has showed that maximum intensity peak at 330.01 nm in the UV-region and there is no
absorption peak in the visible region, Further, the rate of degradation of indigo carmine in presence of
sunlight is very slow compare to UV light. The UV-Visible spectrum of NiO nanoparticles over the
range 200-700 nm showed that the synthesized nanoparticles are photoactive under ultraviolet
radiation. The band gap of NiO nanoparticles was calculated using Tauc plot [19] by plotting (. hm)*?2
verses hy. The band gap energy could be thus estimated to be 3.04eV for NiO nanoparticles.
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Figure 2. UV-Visible spectra (A) and Tauc plot (B) of NiO nanoparticles.

X-ray Diffraction: The purity and crystallinity of the synthesized NiO nanoparticles were examined
by using powder X-ray diffraction (XRD) as shown in figure 3. The peak position appearing at 2 theta
is 37.2°, 43.2° can be readily indexed as (111), (200) crystal plans of the bulk NiO nanoparticle. All
these diffraction peaks can be perfectly indexed to the face-centered cubic (FCC) and crystal size was
found to be 21.01nm from the XRD pattern using the Debye-scherrers formula [20].

D=kMBcosd ...(2)

Where k is an empirical constant equal to 0.9, X is the wavelength of the X-ray source, B is the full
width at half maximum of the diffraction peak and 0 is the angular position of the peak. With
reference to the JCPDS # 44-1159 standards [21]. The peak at 37.2° reflects (111) plane and 43.2°
reflects (200) plane of nickel oxide. Hence XRD analysis clearly indicates the presence of nickel
oxide composition.

Scanning Electron Microscopy (SEM): The surface morphology of the synthesized samples was
observed by using SEM micrographs. The SEM images of NiO nanoparticles consist of agglomerated
particles figure 4. Energy-dispersive X-Ray spectroscopy (EDS) images are given in figure 5. The
elements which are present and their relative proportions or quantitative results can be obtained by
SEM-EDS analysis.
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Figure 3. XRD patterns of NiO nanoparticles. Figure 4. SEM images of electrochemically synthesized NiO
Nanoparticles.
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Figure 5. Energy dispersive X-ray analysis spectrum of NiO Nanoparticles.

Photodegradation Kinetics and COD Measurements

Effect of concentration of indigo carmine: The photodegradation process was performed with
different concentration of indigo carmine dye solution (1x10™ to 5x10°) with constant weight of
nickel oxide nanoparticles as acting as a catalyst. The change in concentration of the indigo carmine
was reported by change in color using spectrophotometer. A plot of log Tt (percentage transmittance
of light) versus time was linear up to 60 % of the reaction indicating the disappearance of indigo
carmine follows first order kinetics (Figure 6). The rate constant values are given in table 1 and the
reaction rate decreased with increase in indigo carmine. The reason beyond that is with increase in the
dye concentration, the solution becomes more intense colored and the path length of the photons
entering the solution is decreased and the few photons reached the catalyst surface. Hence the
production of hydroxyl radicals is reduced. Therefore, the Photodegradation efficiency is reduced.
The COD for indigo carmine solution before and after degradation were measured and are given in
table 1 and figure 7. Degradation pH before and after has been reported. It is observed that after
degradation the pH of the dye solution is slightly decreased. To account for the mineralization of dye
solution COD was examined at different stage. The formation of different radical species during
photodegradation is given in scheme 2. The indigo carmine dye was found to have mineralized into
H,O, CO, and simpler inorganic salts [22, 23], after being irradiated for 5 h using NiO photo
catalysts. The Photodegradation efficiency of the photo catalyst was calculated by the following
formula,

Initial COD-Final COD x100
Photodegradation efficiency =

Initial COD
€ +t0, ——» 0,
h"+H,0 ——» H'+OH
0,+H —» HO,
HO»+ew+H —» H,0,
H,0,+0, ———» OH+ OH +0,

"OH + Dye —— » CO,+ H,0 +Simple inorganic salts
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Scheme 2. Mechanism for the photodegradation of dye.
Table 1. Effect of Photodegradation at different concentration of indigo carmine under UV light

10% Time taken for Effect of pH COD Values in mg L™
10°[IC] Sec' 95% Before After Before After
Degradation in min | degradation | degradation | degradation | degradation
1.0 9.97 60 10.13 9.19 256 16
2.0 8.44 150 9.90 9.01 352 48
3.0 7.67 220 9.76 8.80 416 32
4.0 7.29 360 9.55 8.94 512 16
5.0 5.37 520 9.32 8.61 592 48

[Nickel oxide NP] =0.02 gm 20 mL™

+—(0.00001N
+—(0.00002N
——(0.00003N

——(.00004N
*—(0.00005N

50 100 150 200 250

Time in min

Figure 6. Effect of concentration of IC on the rate of degradation under UV light.

Before degradation After degradation

48 32

2 3
Conc in10-5M

Figure 7. Effect of concentration of IC on COD values under UV light.

Effect of catalyst loading: The experiments were performed by taking different amount of catalyst
varying from 0.01 to 0.04 g keeping dye concentration constant in order to study the effect of catalyst
loading. The study showed that increase in catalyst loading from 0.01 to 0.04 g increased dye
removal efficiency. Further increase in catalyst above 0.04 g decreased the photo activity of the
catalyst, due to aggregation of NiO nanoparticles at higher concentration causing a decrease in the
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number of active sites on catalyst surface and increase in the light scattering of NiO nanoparticles at
high concentration [24-26]. This tends to decrease the passage of light through the sample. Further,
the present study indicated, from economic point of view, the optimized photocatalyst loading is 0.02
g 20 mL™ (Figure 8 and Table 2). The COD effect as been reported in figure 9.

200
Time in min

Figure 8. Effect of catalyst loading on the rate of degradation
of Indigo Carmine under UV light

Table 2. Effect of catalyst loading on the photodegradation of Indigo Carmine under UV light

. Effect of pH COD Values inmg L™
Cat?rlly;nglo 10°k Sec’ Before After Before After
degradation | degradation | degradation | degradation
0.01 6.90 9.71 8.74 416 16
0.02 7.67 9.74 8.88 416 16
0.03 6.52 9.70 8.90 416 32
0.04 4.22 9.69 8.85 416 16
[IC]=3x10°

Before degradation After degradation
416 416 416 416

16

0.02 0.03
Amount of catalyst in mg

Figure 9. Effect of catalyst loading on COD values for the degradation
of Indigo Carmine under UV light.

Effect of pH: The pH of the solution is one of the important factors in evaluating the Photo-
degradation reaction in aqueous medium. In the present manuscript, the pH of the solution was
adjusted by adding 0.01 M HCI solution and 0.01 M NaOH. The effect of pH was studied at pH 4.0,
pH 6.0 and pH 9.5 by keeping all other experimental conditions constant. The results are reported in
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figure 10 and table 3. From the results it is observed that the rate of photodegradation increases from
pH 4.0 to pH 9.5, the rate of degradation increases with increasing pH. Also, the amount of catalyst
recovered after the experiment was lowered at lower pH because of the dissolution of the
semiconductor oxides at very low pH values. COD effects are reported in figure 11. The optimum pH
selected is 9.5 at which photodegradation is high.

Time in min

Figure 10. Effect of pH on the rate of degradation of IC.

Table 3. Effect of pH on photodegradation of Indigo Carmine under UV light

COD Valuesinmg L™ Photodegradation
pH | 10°%k Sec™ Before After Efficiency %
degradation degradation
4.0 2.30 416 32 92.30
6.0 5.75 416 16 96.15
9.5 7.67 416 48 88.46

[IC dye] = 3x10® [NP] = 0.02gm 20 mL™*
Before degradation After degradation

416 416 416

Figure 11. Effect of pH of IC on COD values.

Effect of light intensity: The photodegradation rate constant in UV light is compared with sunlight. It
is perceived that the photodegradation rate constant is increased in UV light compared to sunlight for
prepared nickel oxide nanoparticles. The reason beyond that is when a photon occurrence on a
semiconductor(NiO) energy that overtake the band gap energy of the semiconductor .An electron is
jump up from the valence band to the conduction band leaving a hole in the valence band .The excited
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state conduction band electrons and valence band hole can recombined and dissipate energy in the
form of heat and get trapped into the metastable surface states, respectively with electrons acceptors
and donors that happened to be adsorbed on the semiconductor surface .The stored energy is
dissipated within a few nanoseconds by recombination in the absence of suitable e/h* scavengers .If a
suitable scavenger is available to trap the electron recombination is prevented i.e. subsequent redox
reaction may occur. Therefore, the nickel oxide nanoparticles act as a very good photocatalyst and is
active under UV light compared to sunlight. The rate constant for degradation in sunlight and cod
effects are given in table 4 and figurel2.

Table 4. Effect of rate of degradation in sunlight

Concentration COD Values in mg L™ i
Cgtg%st of dye [IC] 10°k Sec™ Before After Phg%%?gg?g ﬁ/tjon
: In [N] degradation degradation
Nickel oxide 3x10° 2.68 416 48 88.46
nanoparticles

0.02g NiO Np

100 150

Time in min

Figure 12. Effect of concentration of IC on the rate of
degradation under sunlight.

Reuse of catalyst: The reuse of photocatalyst was examined to see the photodegradation efficiency of
the indigo carmine dye solution. After the degradation of dye, the dye sample was kept outside
without expose the UV-light for 9 h and supernatant liquid sample was decanted. The catalyst was
thoroughly washed with double distilled water and reuse for the photodegradation by taking new
indigo carmine dye solution. The reuse of photocatalyst shown almost same degradation efficiency
compared to the fresh sample. This can be recommended the photocatalyst can be regenerated and
reused.

APPLICATION

Antibacterial assay: The antibacterial susceptibility of HCC3was evaluated by using the disc
diffusion Kirby-Bauer method in Mueller Hinton Agar Plate [27-29]. 20 mL of sterilized and molten
Mueller Hinton Agar media was poured in to the sterilized Petri plates. The reference bacterial strains
gram-positive Staphylococcus aureus (MTCC 7443) and gram-negative Escherichia coli (MTCC 40)
obtained from Microbial Typing Culture Collection (MTCC), Chandigarh, India were cultured
overnight at 37°C in Mueller Hinton Agar and adjusted to a final density of 10’ CFU mL™ by 0.5
McFarland standards. 100 pL of the pathogenic bacteria cultures were transferred onto plate and made
culture lawn.HCC3 sample were loaded into 6mm sterile discs and placed on the culture plates and
incubated at 37°C for 24 h. The comparative stability of discs containing gentamycin was made. By
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measuring the diameter of the ZOIl formed around the disc, the antibacterial efficacy of
HCC3samplewas determined.

Results: The antibacterial susceptibility of HCC3 sample was investigated by zone of inhibition by
Kirby-Bauer disc diffusion method. Disposable plates inoculated with the Gram-positive and Gram-
negative bacteria, such as Staphylococcus aureus and Escherichia coli

Figure 13. Appearances of inhibitory zones with (A) Staphylococcus aureus and (B) Escherichia coli bacteria.

Figure 13 shows plates to which a bacterial suspension (approximately 10° CFU mL™) was applied
the bacteria grew to form a confluent lawn, the growth inhibition could be measured as the
expansion of the clear zones surrounding the disc on the petri dish. HCC3 inhibited bacterial growth
by the clear inhibition zone (a concentration of 10 ug mL™). The diameter of inhibition zones (in
millimetres) around the HCC3 against test strain are shown in table 4.

Table 5. Antibacterial effect of HCC3 by Zone of Inhibition (mm) against test strains

. Positive control
Test Bacteria HCC 3 Gentamycin (10 pg )
Staphylococcus aureus MTCC 7443 | 15.01+£0.21 | 32.01+0.14
Escherichia coli MTCC 40 22.01+0.84 | 30.31+0.08

Note: Values are the mean + SE of triplicate experiments

On the basis of the results obtained from microbiological studies the complex can be used as an
antibacterial and antifungal agent.

CONCLUSION

In the present manuscript, the transition NiO nanoparticles are synthesized by electrochemical method
an environment friendly method. The electrochemically synthesized NiO nanoparticles were
characterized by SEM, EDAX, XRD, and UV analysis. The photodegradation by this semiconductor
offers a green technology for removal of organic dyes present in waste water and industrial effluents.
Kinetics of photodegradation of organic dye (IC) recommended that the dematerialize of IC follows
1% order kinetics. The photodegradation rate in UV light is high compared to sunlight hence the
synthesized NiO nanoparticles acts as a very good photocatalyst and is active under UV light. The
completeness of degradation was confirmed by COD measurement. The COD values revealed that
96% of the dye had been degraded. The synthesized nanoparticles show appreciably good inactivation
of different strains of bacteria.
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