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Abstract:The field of Bionanoscience is one of the vibrant research area in smart materials, antimicrobial
activity and drug delivery system. Cost effective method of simple pyrolysis treated synthesis of nanoparticles is
the present research in branch of nanobioscience. The NiO doped nanocomposite synthesized simply have been
widely used in the anti microbial techniques and waste water management. In this research article we present a
simple and cost effective method synthesis of NiO doped ZnO/MWCNT nanocomposite. This composite were
structurally and morphologicaly charecterized by Powder X-Ray Diffraction (PXRD) and Field Emission
Scanning Electron Microscope (FESEM). It was optically chrecterized by the Ultra-Violet Visible (UV-Vis)
spectroscopy and Fourier Transform Infra-Red (FTIR) spectroscopy. Further these charecterized by Energy
Dispersive X-Ray spectroscopy for percentage of elemental compositions. Moreover these synthesized
nanocomposite was found to be very effective antibacterial agens against Staphylococcus aureus and
pseudomonas aeruginosa and also effective antifungal candidates for Aspergillus nigerand Candida albicans
for various quantities in uL. Finally it was to be a good photocatalytic behavior material for photodegradation
when interact with Methyl Orange (MO) dye by separating electron hole pair effectively.
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I.  Introduction

ZnO nanoparticles (NPs) have high photosensitivity, photocatalytic activity, quantum efficiency, non-
toxicity and low cost. Its extraordinary structural benefits further extends their applications tochemical sensors,
transparent conductor, gas sensors, varistors, solar cells, light-emitting diodes, surface acoustic wave filters,
photonic crystals, photodetectors, photodiodes and optical modulator waveguides. These applications are due to
their wide bandgap (3.37 eV), energy (60 meV), excellent chemical stability and thermal stability [1-6].

Among various p-type oxides, nickel oxide (NiO) is a highly active material with wide band gap (3.6
eV to 4.0 eV) and extensively studied for various applications such as catalysis, gas sensing, battery cathodes,
magnetic materials, electrochromic films, chemical sensors and photovoltaic devices. MWCNTSs have a highly
porous and hollow structure, large specific surface area, significant electronic and conductive properties and a
versatile surface that can be modified to improve adsorption properties. The fabrications of ZnO/multi-walled
carbon nanotube (MWCNT) nanocomposites have gained interest among the materials because of its superior
optoelectronic properties, photocatalyticproperties and their antibacterial activities. Since there has been an
increase in the number of diseases due to bacterial transmission either by interpersonal or through contaminated
surfaces ZnO, NiO and CNT particles are a less toxic and inhibtion properies against harmful bacterias which
causes disease in humen body. Microorganisms such as Escherichia coli and Staphylococcus epidermis are
bacterial pathogens in hospital environments that could be acquired even from an inanimate object [7-10].Many
synthesis techniques are available in preperation of metal oxide and MWCNTnanocomposite powder. Among
them, some methods are cumbution method, sol- gel method, sol-gel cumbution method, coprecipetation
method, modified silar method, conventional spray pyrolysis method and soft chemical root method. Simplifed
Spray Pyrolysis (SSP) method is one of the cost effective method for synthesising a metaloxide nanopowder
with excellent polycrystallinitty nature [11-14].

In the present work, NiO doped ZnO/MWCNT (NiO:ZnO/MWCNT) nanocomposite powder were
synthesised by SSP method and their structural, optical and antibacterial effects were investigated [15-19]. The
sample were characterised by powder X-ray diffraction (XRD), Fourier Transform Infraredspectroscopy (FTIR),
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Ultraviolet-Visible (UV-Vis) spectroscopy. The final compound is considered as good catalytic member in the
UV-Visible photon shower in employing photo catalytic study to find out the degradation of MO dye. The
antibacterial activity of the NiO:ZnO/MWCNT nanocomposite due to its inhibition on gram positive and gram
negative bacteria under well diffusion process was studied. Similarly antifungal activity was also carried out to
inhibit the harmful fungal organism.

Il.  Experimental procedure

In the synthesis of NiO:ZnO/CNT nanocomposite, the aqueous solution (0.2 M) of zinc acetate
dissolved in 40ml of distilled water and stirred for 10 minutes. Then (0.2 M) of Nickel acetate and 0.1 mg of
MWCNT are added to the above solution and mixture was continuously stirred for 30 minutes. A solution (0.1
M) of NaOH was added drop wise into the above solution under vigorous stirring for 12 hours. The stirred
solution was transferred into well cleaned perfume spray bottle. The solution was sprayed periodically (10 s
interval for each spray) on the surface of hot copper plate. The resulting product was collected from the copper
plate and replaced to quartz crusible in muffle furnace at 550°C. This calcined resultant powder was crushed in
Fresco Granite Mortar And Pestle - Black for 2 Hrs to get fine NiO:ZnO/CNT nanocomposite powder.

I11.  Characterization

Crystallographic structural data characterization of the synthesized sample was carried out by X—ray
diffraction using an X'Pert Pro with minimum step size Omega: 0.001° and CuKa radiation, A = 1.5406 A. Field
emission scanning electron microscopy images were recorded on an FEI-Quanta-FEG 250 operating at 30 kV
and equipped with an energy dispersive X-ray spectroscopy (EDX) detector. Vibrational functional groups in
the sample were studied using the Fourier transform infrared spectrum of the Bruker Tensor 27 at TR mode in
the wave number range 400-4000 cm '.The absorption spectrum was recorded using a JOSCO UV-Vis
spectrophotometer in the wavelength range 190-900 nm. The well diffusion method was employed for
antibacterial and antifungal studies.

IV.  XRD Analysis
Diffraction peaks for the NiO:ZnO/CNT nanocomposite become sharper and the full width at half
maximum of the peaks is narrower than others, indicating the excellent crystal quality resulting from water
medium as solvent and hot copper plate act as very good evaporator of impurities.
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Figure 1: The XRD pattern of NiO:ZnO/MWCNT nanocomposite calcinated at 550°C. The XRD pattern
shows that the sample product is polycrystalline with different multi phase
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(nm), Where D is the crystallite size, A is the wavelength of the X-ray employed Cu Ko radiation
(0.154nm), B is the Full Width at Half Maximum (FWHM) of the peaks, 0 is the Bragg angle obtained
from 26 value. Dislocation Density & is a measure of amount of defects and vacancies in the crystal which can

be determined from the crystallite size (D) using the formula, & = Di lines/m?.

In order to understand the structure of the NiO:ZnO/MWCNT composite, PXRD has been recorded.
Figure 1 shows the XRD pattern of the NiO doped with ZnO/MWCNT nanoparticles. Powder X-ray diffraction
measurements were performed using Philips XRD Powder diffractometer (PW3050/60) with Cu Ko radiation
(A= 0.15406 nm). The peaks at 20 values of 31.73°, 34.40°, 36.22° 47.57°, 56.52°, 62.84°, 67.91%nd 69.11°
corresponded to the crystal planes of (100), (002), (101), (102), (110), (103), (112) and (201) of ZnO
nanoparticles [20-23]. The XRD peaks reveal good agreements with ZnO (JCPDS No. 36-1451).Moreover, the

Structural parameters like Crystallite size were calculated using Debye - Scherrer formula I =
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peaks at 26 values of 37.12° and 43.15 ° correspond to the crystalline planes (200) and (001) respectively. These
peaks reveal a good agreement with NiO (JCPDS. 89-7131) [24-26]. In addition, the prominent peak about 26
=26.214° can be attributed to the (0 0 2) reflection of MWCNT (JCPDS. 75-1621). The average crystallites size
was calculated by the Scherrer’s formula and found to be in the range of 39 nm [27-30]. Table 1shows some
geometric parameters of nanocomposite such as observed 20 values, full width at half maximum values of peak,
crystallite size and lattice strain. Dislocation density is a measure of the distribution of lattice strain arising from
crystal imperfections, such as lattice dislocations.

JcPDs ?,ge‘g];l"es FWHM p Grain 5;1'5‘;5;“0”
Compounds Card (rad) Size Lines/m?
No. Standard Observed | Deg 102 (nm) 10%
Zno 36-1451  36.253 36.245 0.1968  3.4243  42.58 0.5515
Carbon(MWCNT)  75-1621  26.228 26.214 0.8856  15.4094 09.23 11.738
NiO 89-7131  37.250 37.123 0.2952 51364  28.46 01.234

Table 1: Structural Data: Angle of diffraction 20, value of Full Width at half Maximum (FWHM), and
dislocation density of NiO:ZnO/MWCNTnanocomposite calculated from XRD data.

V.  Fesem Analysis
Field Emission Scanning Electron Microscope with high resolution is powerful instrument for imaging
of fine structures of NiO:ZnO/CNT nanocomposite synthesized by SSP Method for morphology investigation.

Figures 2 (a-f) shows the FESEM images of the NiO:ZnO/CNT nanocomposite. Figure 2 (b) shows the noodles
like, thin curved warms like and curling hair like morphology of MWCNT of the composite. In the Figures 2 (c-
f), spheroid-like and plate like morphology of nanoparticles with the MWCNTSs are appeared. From this
observation it is revealed that these spheroids like particles were considered to be ZnO nanoparticles and plate
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like particles were considered to be NiO nanoparticles. Therefore, this cost effective SSP method resulted in
successful synthesis of NiO:ZnO/MWCNT nanocomposite. Maoreover, it can be seen that in the fig. 2 (d-f) with
increasing the molar concentration ratio of MWCNT precursor to to ZnO, the number MWCNT on the surface
of the granular rough surface are increased. It was observed that MWCNTSs were covered with ZnO and NiO
nanoparticles. ZnO and NiO nanoparticles were ununiformly dispersed with MWCNT surface and in some
where zones, bundles of MWCNT were found with irregular agglomerate dispersion. The MWCNTS with
high specific surface area can act as a reactive zone for a nucleation of the NiO and ZnO. Therefore, their
smaller sizes may be applicable for redox action of the both Zno and NiO with higher specific surface area [31].

VI. EDAX Analysis
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Figure 3: EDX spectrum of NiO:ZnO/MWCNT nanocomposite synthesized by the SSP method where the
inset represents the percentage of elementals composition.

Figure 3 shows the EDX spectrum of NiO:ZnO/CNT nanocomposite. Energy dispersive X-ray
spectroscopy (EDX) is used for further confirmation leading to presence of functionalized NiO, ZnO, MWCNT
composite. Thereby, we can emphasize the presence of C, Ni, O and Zn elements in the composite sample. The
acquisition in EDAX spectrum forquantitative elemental analysis results of NiO:ZnO/CNT was performed in the
specific zone shown in Figure 3 and revealed that the only the wt% of oxygen (O), Nickel (Ni), carbon(C), Zinc
(Zn) on the surfaces were 13.40, 13.98, 24.49 and 48.12 % of signals were detected respectively. The elemental
mapping also demonstrated that the MWCNTSs and NiO are densely decorated with ZnO NPs. The average
composition of NiO:ZnO/MWCNTcontains a Zn:C:Ni:O atomic ratio of 19:53:6:22 which was represented in
the inset of Figure 5.3.This experimental observation is very close to expected NiO composition of 14 wt% . So
no other signal of secondary phase was detected as shown in Figure 5.3. This indicates the better purity of
chemical composition used in this study.

VII. FT -IR Analysis

In the present study the FTIR is utilized in order to analyze the possible bonding between the
neighboring structures and the surface of the MWCNTSs. In other words, FTIR in this study could be a means in
exhibiting the interactions at the surface during the possible adsorption of nanoparticles and to determine the
structure of the adsorbed species. Figure 4 presents the FTIR spectrum of NiO:ZnO/CNT nanocomposite
recorded in the range of 4000 - 400 cm™. The spectrum shows a broad band at 3322 cm™, which refers to the -
OH stretching of the hydroxyl group that can be ascribed to the oscillation of water molecule, bound on the
surface of the sample.

The band at 1579 cm™ corresponds to the stretching vibration of — C = C bond and it is associated with
the vibration of the carbon skeleton of the MWCNT. The band at 1369 cm™ is assigned as the rocking mode of
vibration of C—H bonds. The band located near 1100 cm™ can be attributed to the Ni-O-Ni stretching mode. The
observed peak at 601 cm™ (weak - broad) and 433 cm ™ denote the formation of metal-oxide (Ni=0) and Zn-O
bond which recognized the configuration of the NiO:ZnO/MWCNT groups [32-36]. The result obtained from
FTIR spectrum suggested that the the existed hydroxyl group and C=C group associated with NiO and
MWCNTSs which have been covered by almost of surface active sites of ZnO NPs responsible for antimicrobial
activities.
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Figure 4: FT-IR spectrum of NiO:ZnO/MWCNT nanocomposite

VI,  UV-Vis Analysis

The UV/Vis spectra of the NiO:ZnO/MWCNT nanocomposite were recorded in the visible range
(400-800 nm) and an absorption band at around ~200.0 nm was found (Figure 5). Figure 6 shows the optical
transmittance spectrum of NiO:ZnO/MWCNT nanocomposite in the wavelength range from 200 to 800 nm. The
transmittance is calculated from measured absorbance (a) at a certain wavelength of light () using the formula:
A=—logl,.

The composites are not transparent in the visible range of the electromagnetic spectrum [37]. On the
basis of the maximum level band absorption, the band-gap energies of the NiO:ZnO/CNT nanocomposite was
calculated using Tauc's equation (V). (othv)llr =A(h v —Eyg), Where a is the absorption coefficient, A is the
constant related to the effective mass of the electrons, r = 0.5 (Direct transition), h = Plank's constant, v =
Frequency and E,q = Band-gap energy.
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Figure 5: UV/Vis absorption spectra of NiO: ZnO/MWCNT nanocomposite. UV/Vis: ultra-violet visible
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Figure 6: UV/Vis transmission spectra of NiO:ZnO/MWCNT nanocomposite
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Figure 7: UV/Vis band-gap energy of NiO :ZnO/MWCNT nanocomposite.

According to the direct band-gap rule, (oahv)? = A(hv — Eyg), curve of (ahv)®vshv were plotted and then
extrapolated to the axis. From the extrapolated curve, the band-gap energy for NiO:ZnO/CNT
nanocompositewas calculated as 3.0124 eV (Figure 7). No additional peaks associated with impurities and
structural defects were observed in the spectrum that indicated the crystalline characteristics of the prepared
NiO:ZnO/CNT nanocomposite.

IX.  Antibacterial study

In this present case, the antibacterial activity of prepared NiO:ZnO/CNT nanocomposite was
deliberated against gram positive and gram negative bacteria namely a) staphylococcus aureus and b)
pseudomonas aeruginosa. The antibacterial effect of the nanocomposite on microorganisms may be held
through the electrostatic attraction of positive charged silver and negative charged cell surface of bacterial
membrane [38]. Figure 8 (a and b) shows the zone of inhibition of bacteria such as staphylococcus aureus and
pseudomonas aeruginosa by employing NiO:ZnO/CNT nanocomposite. Table 2 shows the diameter of
inhibition zone in mm for the respective bacteria. The antibacterial activities were tested for various quantities
of NiO:ZnO/CNT nanocomposite (5 ul, 10 pl, 15 ul). Since the composite having smaller crystallite size and
different crystalline phase with unique properties, expected zone of inhibition was observed. Depending on the
surface area available for interaction, NiO:ZnO/CNT nanocomposite can bind with bacteria and disturb its
permeability and respiration function.
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Figure 8: The photographic image of inhibition zones produced by NiO :ZnO/MWCNT nanocomposite
against the bacteria a) Staphylococcus aureus and b) pseudomonas aeruginosa
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Graph 1: Inhibition graph against Bacterial Strains a) Staphylococcus aureus and
b) pseudomonas aeruginosa by NiO :ZnO/MWCNT nanocomposite

Table 2: Zone of inhibition in mm produced by NiO :ZnO/MWCNT nanocomposite against the bacteria
a) staphylococcus aureus and b) pseudomonas aeruginosa

Microoraanism Zone of Inhibition — Diameter in mm

9 5ul 10p1 15p1
Staphylococcus 15.26 18.32 2551
aurous
Pseudpmonas 212 14.25 29.63
aeruginosa

Smaller grains having larger surface area can increase the ability to penetrate cell membrane and give
more bactericidal effect than the larger particles [39, 40]. Thus, the antibacterial activity of prepared NiO
:ZnO/MWCNT nanocomposite are influenced by the grain size and the effect of antibacterial activity increases
with increasing the quantity from 5 ul to 15 ul nanocomposite (Graph 1) [49-50].

X.  Antifungal Activity:
The antifungal effect of the nanocomposite on Aspergillus nigar and Candida albicans may be held
through the electrostatic interaction of cell membrane or nucleus and nanocomposite [41, 42].
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Figure 9: The photographic image of an inhibition zone produced by NiO :ZnO/MWCNT nanocomposite
against fungi a) Aspergillus nigerand b) Candida albicans.

Figure 9 (a and b) shows the zone of inhibition of NiO:ZnO/CNT nanocomposite against Aspergillus
nigar and Candida albicans. The antifungal activities were tested for various quantities of NiO:ZnO/CNT
nanocomposite (5 pl, 10 pl, 15 ul). Table 3 shows the diameter of inhibition zone in mm for various quantity of
prepared nanocomposite (Graph 2). The antibacterial activity of NiO:ZnO/CNT nanocomposite is effective
because of its smaller crystallite size and different crystalline phase. Depending on the surface area available for
interaction, NiO:ZnO/CNT nanocomposite can bind bacteria and disturb its permeability and respiration
function.

Table 5.3: Zone of inhibition in mm produced by NiO :ZnO/MWCNT nanocomposite against the fungi a)
Aspergillus nigerand b) Candida albicans.

Microorganism Zone of Inhibition — Diameter in mm

5ul 10p1 15p1
Asperqgillus niger 10.6 20.5 30.1
Candida albicans 8.5 8.8 26.2
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Graph 5.1: Inhibition graph plot against fungal pathogens a) Aspergillus nigerand
b) Candida albicans by NiO:ZnO/CNT nanocomposite

Xl.  Photo catalytic study:

In a photo reactor, internal light source of UV-Visible photon emitter which was surrounded by quartz
jacket with specially designed cylindrical quartz cell was employed where MO dye solution was taken
surrounded the light source. An external water jacket was used to maintain the constant temperature for over all
reaction taking place by passing the cold water through it. Photocatalytic experiments were carried out by
adding 0.05 g NiO:ZnO/CNT nanocomposites into photoreactor containing 20 ml of MO dye solution with an
initial concentration of 5 mg/L.
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Figure 10: UV absorption spectral change of MO solution as a function of irradiation time
NiO:ZnO/MWCNT nanocomposite. Concentration of MO= 5 mg/L, composite catalyst dose=0.05g/20ml.

The MO dye solution with catalyst was stirred in the darkroom for 10 h to reach the equilibrium of
surface adsorption. Then the stirred suspensions were illuminated by UV-Visible Lamp (mercury lamp, 250
watt). The obtained solution was stirred continuously during the photocatalytic reaction up to 25 minutes as
shown in the Figure 10. The change in color of MO concentration with the illumination time was increased and
monitored by determining the absorbance at 430 nm using JOSCO UV-Vis spectrophotometer. At the reaction
time of 25 minutes, the absorption peak decreased gradually. The mechanism of degradation follows a cascade
of electron transfer from ZnO to MWCNT to NiO in the nanocomposite [43-46]. From this study,
NiO:ZnO/MWCNT nanocomposite act as a good photocatalyst for MO dye degradation.

XIl.  Conclusion

NiO doped ZnO/MWCNT nanocomposite was successfully synthesized through cost effective SSP
method with average crystallite size of 39 nm has been synthesized.Crystalline nature of the nanocomposite was
evident from strong intensity peaks in the PXRD pattern. From the UV-Vis absorption spectrum, strong
absorption at UV region of 200 nm and the band gap of NiO:ZnO/CNT nanocomposite were found to be 3.0124
eV. The FT-IR study confirmed the existence of — C = C, Zn-O, Ni-O functional groups of NiO:ZnO/CNT
nanocomposite. The prepared nanocomposite reveal good antimicrobial activity against gram positive and gram
negative bacteria staphylococcus aureus, pseudomonas aeruginosa bacteria and good antifungal activity against
both Aspergillus niger and candida albicans fungi. So the prepared nanoparticles have found applications in
biomedical and water purification processes for inhibiting the growth of bacteria. Among all the nanocomposite
materials, the ternary nanocomposite NiO:ZnO/MWCNT (Zn:C:Ni:O = 19:53:6:28) nanocomposite exhibits
highest photocatalytic activity for degradation of Methyl Orange (MO)Dye using UV-Vis spectrophotometer
irradiation.
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