
Vol.:(0123456789)1 3

BioNanoScience (2023) 13:1885–1895 
https://doi.org/10.1007/s12668-023-01149-3

Impact of Variable Metal Oxide Loadings on Photocatalytic 
and Antibacterial Behaviour of CNT‑NiO Nanocomposites

Amanvir Singh1 · Vikas Kaushik2 · Vinay Kumari3 · Arkaja Goswami4 · Sonia Nain1

Accepted: 19 June 2023 / Published online: 19 July 2023 
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2023

Abstract
In the present study, pure NiO NPs (Nickel oxide nanoparticles) along with their SWCNT (Single-walled carbon nanotubes) 
supported binary nanocomposites containing optimized wt% (weight percentages) of NiO 10%, NiO 20%, NiO 30%, and NiO 
40% were synthesized via chemically controlled one-pot approach. The presence of characteristic Ni-O peak at 467 cm−1 in 
FTIR and fairly intense peaks in XRD data implied that synthesized NiO NPs exhibit crystallinity and don’t involve impurity 
basis from pure Ni metal NPs. Further, the influence of variable NiO loadings on optical, morphological, photocatalytic, and 
antibacterial properties of the composites was explored using SEM, TEM, EDAX and UV-Visible spectroscopy. The com-
posites were used as an effective photocatalyst for degrading MB (methylene blue) dye under UV illumination. The overall 
degradation behaviour of SWCNT/NiO nanocomposites initially increased with increase in NiO loading upto 30% and then 
showed a rapid downfall for catalyst with 40% NiO loading. The NiO 30% catalyst degraded 92.4% of the dye, whereas NiO 
40% reduced the dye upto 84.2% of its initial concentration within 100 min of irradiation time. They showed better biocidal 
efficiency with determined activity against S. aureus and E. coli. The toxicity of NiO 40% was more pronounced against E. 
coli and S. aureus, as it exhibited 16.4 mm and 16 mm diameter of ZOI respectively against these strains. Overall, SWCNT/
NiO 30% composites possess comparatively superior properties than pure NiO NPs and other NiO-loaded composites for 
their application in advancement of photocatalysis and anti-bacterial agents, thereby flooring an idea towards synthesis of 
multifunctional nanocomposites in the near future.
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1  Introduction

Since the beginning of the twenty-first century, concerns 
associated with the discharge of household wastewater 
and toxic chemicals directly into rivers, ponds, lakes, 

etc. have gained universal attention. The presence of 
these toxic chemicals and pathogenic bacteria inside 
aquatic systems ultimately causes various life-threat-
ening diseases in all forms of creatures. Even though 
all production-oriented industries are fairly responsible 
for this problem, but the heavy discharge of non-biode-
gradable organic dyes especially from photographic and 
textile-based industries is the major contaminant [1]. The 
chemicals left in industrial discharge react with other 
disinfectants, notably chlorine, to form carcinogenic by-
products [2]. In addition, the colloidal matter attached 
with colorful dyes increases the foul smell and turbidity, 
which prevents deep penetration of sunlight along with 
reduced levels of oxygenation inside water bodies, finally 
upsetting the biological cycle of aquatic life. Being a part 
of the scientific community, it is our paramount respon-
sibility to find workable solutions without hampering 
ongoing industrial growth. To date, researchers have 
employed several physical methods, including reverse 
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osmosis, coagulation, aerobic and anaerobic biological 
treatment, and use of adsorbents to remove harmful dyes, 
such as methylene blue (MB), rose bengal (RB), phenol 
red (PR), para nitrophenol (PNP), methyl orange (MO), 
and azo dyes [3]. All these methods are either expensive 
or tunable only to low levels of contaminant concentra-
tion in comparison to metal oxide semiconductor–based 
photocatalysis.

Carbon material/metal oxide–based nanocomposites 
have been established as promising materials for energy 
storage, bio-sensing, photocatalysis, hydrogen storage, and 
various medical applications owing to their outstanding 
physical as well as chemical properties [4–7]. The success 
of multifunctional composites depends undoubtedly on the 
inherent properties of the material being employed within 
the composites. It is also a widely recognized concept that 
“structure dictates function”; hence, a good photocatalyst 
as well as antibacterial agent must possess properties like 
large surface area, smaller size, desirable band gap, high 
stability and easy perturbation tendency without agglomer-
ate formation when attached to a support [8–10]. In recent 
years, NiO composites synthesized via different synthesis 
routes were explored separately for their use in photocata-
lytic and antibacterial applications. Thereby, H. Duan et al. 
synthesized NiO nanoparticles (NPs) via solution phase 
reaction in oxygen atmosphere. These NPs degraded rho-
damine B dye in 180 min [11]. While, K.S. Khashan et al. 
reported the synthesis of colloidal NiO NPs via pulsed 
laser ablation method. The spherical-shaped NPs showed 
zone of inhibition (ZOI) values equal to 12.6±0.57 and 
14.3±1.15 mm against S. aureus and E. coli respectively 
[12]. A. Ezhilarasi and co-workers reported crystalline NiO 
NPs synthesized via green synthesis route. The NPs were 
more pronounced for gram positive bacterial strains and 
completely mineralized 4-CP dye within 210 min [13]. Fur-
thermore, X.N. Liao et al. prepared carbon nanotube (CNT) 
coated NiO NPs via chemical precipitation method. The 
resulting composite depicted better catalytic activity than 
reduced NiO/graphite for benzene hydrogenation reactions 
[14]. But all these methods didn’t focus on the synthesis of 
composites with tailored ingredients that could become one 
stop solution for wastewater treatment alongside abatement 
of pathogenic bacteria (Table 1).

Here, we account for the synthesis of pure as well as 
SWCNT supported NiO NPs with variable weight percent-
ages of NiO NPs, i.e. NiO 10%, NiO 20%, NiO 30% and 
NiO 40% using one-pot synthesis approach. The compos-
ites were first investigated for their potential application 
in the arena of wastewater treatment, and then the remain-
ing composite residues after dye degradation were used to 
explore their antibacterial performance. An understanding 
into the role of NiO NPs and CNTs in enhancing the cata-
lytic and biocidal potential of SWCNT/NiO nanocomposite 

was developed to justify the multifunctional capabilities of 
synthesized composites.

2 � Materials and Methods

2.1 � Chemicals and Reagents

NiO NPs and their respective nanocomposites with vary-
ing weight percentages were synthesized using the fol-
lowing analytical grade chemicals purchased from Merck 
(Germany): nickel chloride hexahydrate (NiCl2.6H2O), 
potassium hydroxide (KOH), absolute ethanol (C2H5OH), 
hydrazine hydrate (NH2NH2), sulphuric acid (H2SO4), and 
nitric acid (HNO3). SWCNTs with avg. length: 4–8 μm were 
bought from Nanoshel, USA.

2.2 � Fabrication of SWCNT/NiO Nanocomposite

Firstly, SWCNTs were activated in 3:1 (H2SO4:HNO3) acid 
solution and then they were used as a template for heterogene-
ous nucleation of NiO nanoparticles above their mesoporous 
surface. The SWCNT/NiO nanocomposites were synthesized 
using modified one-pot synthesis approach [15]. Calculated 
amount of NiCl2.6H2O was dissolved in ethanol and soni-
cated for 15 min. Secondly, NH2NH2 was dissolved in KOH 
in a separate beaker. Both, these solutions were mixed imme-
diately with continuous magnetic stirring. The color of this 
solution started changing from green to milky blue due to 
formation of coordinate complexes of Ni inside the medium 
(Fig. 1). Prior to complete formation of NiO NPs, activated 
SWCNTs (sonicated for 10 min) were added to above solution 
without disturbing the ongoing reactions. After some time, 
color of the solution turned dark black. Thus, indicating the 
formation and attachment of NiO NPs over SWCNT surface. 
The obtained precipitates were washed several times using 
doubly distilled water and ethyl alcohol. Then they were cal-
cinated for 3 h under 400 °C to achieve SWCNT/NiO-based 
binary nanocomposite. The desired composites containing 
10%, 20%, 30% and 40% of NiO loading were acquired using 
the similar procedure as mentioned above.

2.3 � Characterizations

The binary nanocomposites of SWCNT/NiO were character-
ized via FTIR using Perkin Elmer-Fourier Transform Infra-
Red spectrometer for functional group analysis. XRD was 
recorded on Rigaku X-Ray Diffractometer containing CuKα 
X-ray source with wavelength λ = 1.54 Å for phase analysis. 
Morphological studies were explored with Field Emission 
Scanning Electron Microscopy (FESEM) using HITACHI 
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(SU-8010) and Transmission Electron Microscopy (TEM) 
using Thermoscientific-Talos TEM. EDAX data was also 
obtained to analyze the elemental composition of the binary 
composites. Furthermore, LABINDIA UV-3092 Spectro-
photometer was used for investigating catalytic absorption 
measurements of MB dye at different time intervals.

2.4 � Photo‑catalytic Activities Assays

The photocatalytic degradation experiments were performed 
under UV light (300 W/bulb, λ = 365 nm) for mineralizing 
MB dye. Initially, 0.07 g of SWCNT/NiO catalyst was dis-
solved in a beaker containing 70 mL solution of the dye. Then, 
the solution was kept in complete darkness with constant mag-
netic stirring to achieve adsorption-desorption equilibrium 
[16]. After 60 min the beaker was placed in UV-irradiated 
chamber and small amount of aliquot were gathered from it 
at an interval of 20 min each. The absorption spectrum of the 
supernatant liquid was analyzed between 500 and 800 nm to 
conclude the percentage degradation for dye solution.

2.5 � Antibacterial Activity Assay

Antibacterial potential of different SWCNT/NiO nanocom-
posites was screened by agar well diffusion method [17], 
where commercially available antibiotic (Tetracycline) and 
ethanol were applied as positive and negative control respec-
tively. The size of diameter of the transparent region called 
“zone of inhibition” and minimum inhibitory concentration 
(MIC) calculated using broth dilution method [18] were 
analyzed to achieve the biocidal efficiency of synthesized 
composite against selected bacterial strains.

3 � Results and Discussion

3.1 � FTIR Spectra

Figure 2 shows the FTIR spectra of pure NiO NPs and 
their binary composites with functionalized SWCNTs. 
Occurrence of V-shaped wide absorption band between 
3680 and 3250 cm−1 could be attributed to O-H groups 

Fig. 1   Schematic representation 
of synthesis of NiO nanoparti-
cles in absence of CNTs

Table 1   Comparison of some 
excellent multifunctional 
photocatalysts previously 
reported for degradation of 
toxic dyes

Catalyst Light source Dye Irradiation 
time
(in min)

Degradation 
efficiency
(in %)

Reference

ZnS UV-vis. MB 120 94.68 % [29]
CdO-CuO-ZnO UV-vis. Alizarin red 120 93 % [30]
RuO2/SWCNT UV-vis. MB 100 92.6% [31]
NiO-CYO-CSO UV-vis. CR 150 93% [32]
GO/Ag UV-vis. MB 120 87.6% [33]
CYO-CSO UV-vis. MB 120 93% [34]
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of functionalized SWCNTs or moisture absorbed on the 
sample due to FTIR measurements through KBr pellet 
technique (KBr is hygroscopic). The presence of striking 
peaks at 2925, 2854, 1740 and 1446 cm−1 in all com-
positions corresponds to C-H symmetric stretchings, 
C-H asymmetric stretchings, C=O stretchings and C-H 
bending vibrations respectively [19]. The characteristic 
peak for Ni-O bond was observed around 467 cm−1 for 
all the samples. However, upon nucleation of NiO NPs 
over SWCNT surface, all the characteristic peak intensi-
ties of M-O bond were reduced significantly, indicating 
the existence of interactions between NiO NPs and act. 
SWCNTs.

3.2 � XRD Analysis

XRD characterization was performed to evaluate the 
crystal structure of SWCNT/NiO catalysts. Figure  3 
shows characteristic peaks at 37.4°, 43.7°, 61.3°, 75.9°, 
and 79.2° for (111), (200), (220), (311), and (222) crys-
tallographic planes of NiO NPs whereas minor peak at 
2θ = 26.2° is associated with the presence of (002) plane 
from graphitic carbon chains within the composites [20]. 
This observed data can be indexed to JCPDS card no. 
47-1049 and dominance of pure NiO NPs without any 
impurity traces from Ni(OH)2. Moreover, in respect of 
height of peaks for different NiO loadings, the character-
istic peak intensities for NiO kept on rising with increase 
in NiO content from 10 to 40% while the CNT peak at 
26.2° (inset of Fig.  3) was reducing gradually. This 
reduced appearance could be ascribed to the coating of 
NiO NPs over CNT surface that significantly covers the 
composite from diffraction. According to Debye-Scherrer 

equation: D = kλ/βcosθ [21] applied on most intense 
(200) plane, the average size of bare NiO NPs was found 
11 nm which was 1–2 nm larger than the NiO present 
inside the composites (Table 2). Hence, this abundance 
of smaller average NiO size could be favorable for higher 
specific surface area, more bacteria-composite aggregate 
formation and significantly enhanced dye adsorption.

3.3 � Surface Morphology and Composition Analysis

In order to analyze the surface morphology, SEM was 
preferred. As shown in Fig. 4(a, b), the shape of synthe-
sized NiO NPs was found spherical and F. Fazlali et al. 
[22] had also previously reported that spherical NiO NPs 
showed better photocatalytic activity than flower, plate 
and wooden NPs synthesized via thermal decomposition, 
sol-gel and hydrothermal routes respectively. The average 
particle size (inset of Fig. 4b) evaluated from the micro-
graphs lies near 11 nm for bare NiO NPs and between 9 
and 11 nm inside composites containing variable weight 
percentages of SWCNT/NiO composites (Table 2). Thus, 
examined particle sizes are in good corroboration with the 
results obtained from XRD data. The size variations in NP 
size could arise as a result of interparticular attrition dur-
ing extended ultrasonication and availability of SWCNT 
surface for heterogeneous nucleation of NiO NPs. The 
addition of CNTs also prevented the self-agglomeration 
of NPs and proved advantageous while studying multi-
functional properties of these composites. Moreover, the 
investigation of EDAX spectra (Fig. 5) clearly validated 
that the synthesized composites contained no impurity ele-
ments and are primarily composed of Ni, O and C.

Fig. 3   XRD pattern of functionalized SWCNT (inset), pure NiO NPs 
and their binary nanocomposites at variable weight percentages

Fig. 2   FTIR spectra of pure NiO NPs and SWCNT/NiO based binary 
nanocomposites at different weight percentages
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3.4 � TEM Analysis

TEM was performed to further validate the attaching of 
spherical NiO nanoparticles over SWCNTs. Fig.  6(a, b) 
exhibited the TEM micrographs of pure NiO NPs, which 
were further distributed uniformly over SWCNTs at different 
values of weight percentages (10–40%). On the contrary, as 
we kept on increasing the weight percentages, the NPs started 
re-agglomeration even in the presence of SWCNT template 
due to magnetic interactions between NiO NPs, as shown in 

Fig. 6(f). These interactions suppressed the nucleation effect 
of CNT template after 30% NiO loading and could hamper 
the multifunctional potential of synthesized composites due 
to non-availability of nanoparticle surface trapped inside the 
agglomerate core for reactive oxygen species generation.

3.5 � Photocatalytic Degradation

Successive experiments were performed in UV-irradi-
ated chambers to explore the photocatalytic behaviour of 

Table 2   Parameters calculated 
from photodegradation of 
MB dye with pure NiO 
nanoparticles and SWCNT/NiO 
based different photocatalysts

Samples Crystallite size 
(nm)

% Degradation (in 
100 min)

k (min−1) R2 t1/2 (min)

Pure NiO NPs 11.04 70.6 0.01231 0.9511 56.29
SWCNT/NiO (10%) 10.86 82.4 0.01684 0.9727 41.15
SWCNT/NiO (20%) 10.03 86 0.01931 0.9815 35.88
SWCNT/NiO (30%) 9.61 92.4 0.02459 0.9944 28.18
SWCNT/NiO (40%) 9.42 84.2 0.01833 0.9912 37.80

Fig. 4   SEM images of (a, b) 
pure NiO NPs and (c–f) differ-
ent SWCNT/NiO composites, 
inset of (b) particle size histo-
gram of pure NiO NPs
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Fig. 5   EDX spectrum of 
SWCNT/NiO based binary 
nanocomposite

Fig. 6   TEM micrographs of 
(a, b) pure NiO NPs and (c–f) 
SWCNT supported NiO nano-
composites at different wt% of 
NiO NPs
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NiO-supported SWCNT nanocomposites for degradation 
of MB dye. As shown in Fig. 7, the absorption spectra of 
MB dye exhibited gradual decrease in characteristic peak 
intensity, which verifies that the dye is being mineralized 
by the photocatalyst with the passage of time. The percent-
age degradation for bare NiO was found 70.6%. However, 
introduction of SWCNT prevented the self-agglomeration 
and provided a template for even adsorption of dye mol-
ecules, thus improving the inclusive degradation potential 
of synthesized photocatalysts. As demonstrated, the degra-
dation behaviour of SWCNT/NiO nanocomposite initially 
improved with increase in NiO loading upto 30% and then 
showed rapid downfall for NiO 40% catalyst. The NiO 30% 
catalyst degraded 92.4% dye, whereas NiO 40% mineralized 
the dye upto 84.2% of its initial concentration within 100 
min of UV exposure time.

It is clearly evident from Fig. 8(a) and adsorption 
curves that binary nanocomposites possess better degra-
dation efficiencies in comparison to bare NiO NPs and 
activated SWCNTs, indicating the presence of SWCNT 
as support material to enhance the photocatalytic poten-
tial of synthesized catalysts [23–26]. According to lit-
erature, the optical band gap values for functionalized 
SWCNTs lies between 1.9 and 2.5 eV [27, 28]. How-
ever, the synergistic effect exerted by low band gap 
value of SWCNT counterbalanced the high band gap, 
i.e. 3.82 eV of pure NiO NPs thereby resulting into 
optimum values of 2.68 eV in binary composites carry-
ing 30% NiO loading (Fig. 8b). Such optimum band gap 
values favored easy excitation of electrons from valence 
band (VB) to conduction band (CB), thereby generat-
ing abundant electron-hole pairs for redox processes. 
The photoexcited electrons in CB are trapped within 

Fig. 7   (a–e) Absorption spectra 
and (f) % degradation of MB 
dye with NiO nanoparticles and 
different SWCNT/NiO nano-
composites as catalyst
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highly interconnected carbon channels of the support, 
thus hampering their de-excitation process. As a result 
of moderately increased electron-hole recombination 
time, the excited electrons get suitable time to react 
with available O2 molecules to generate superoxide 
radicals likewise, the holes available in VB combines 
with H2O molecules to generate hydroxyl radicals. All 
these reactive radicals initiate in situ generation of ROS 
that simultaneously attack and break down MB dye mol-
ecules adsorbed on the surface of SWCNT/NiO catalyst 
into less harmful by-products. The proposed mechanism 
can be understood in terms of undermentioned simple 
equations:

Another purposeful information worth to be noted is 
that even in the presence of similar reaction conditions, 

(1)NiO + hv → NiO
(

e−
CB

+ h+
VB

)

(2)NiO
(

e−
CB

)

+ SWCNT → NiO+ + SWCNT(e−)

(3)NiO+ − SWCNT(e−) + O2 → NiO+∕SWCNT + O.−
2

(4)NiO
(

h+
VB

)

+ H2O → HO.(hydroxyl radical) + NiO

(5)O.−
2
+ H+

→ HOO.(perhydroxyl radical)

(6)HO. + HO.
→ H2O2 (peroxide)

(7)ROS
(

O.−
2
,HO.

,H2O2

)

+ adsorbed dye → H2O + CO2 + degraded dye

the degradation efficiencies of SWCNT/NiO-based pho-
tocatalysts were not increasing with increase in NiO load-
ing. The degradation tendency started slowing down after 
using catalyst above 30% metal oxide loading, not because 
of excessive loading of NiO NPs but as a result of domina-
tion by weak magnetic interactions between NiO NPs. After 
30% NiO loading, the magnetic NPs started attracting each 
other, thus barricading the incident UV light from interact-
ing with NPs trapped inside agglomerated core, leading to 
inferior efficiencies of SWCNT/NiO (40%) photocatalysts. 
Furthermore, the rate constant k and correlation coefficient 
R2 for degradation of MB dye by all the synthesized cat-
alysts were also evaluated after linear fittings of the plot 
between− ln c/c0 and irradiation time (Fig. 9) and it estab-
lished that all the dye degradation processes performed here 
followed pseudo first-order kinetics, as R2 values lie between 
0.95 and 1. The half-life time (t1/2) values calculated for first 
order reactions, i.e. t1/2 = 0.693/k finally established that 
SWCNT/NiO (30%) nanocomposite generated ROS more 
quickly which finally degraded the 10 ppm solution of MB 
dye upto 50% of its initial concentration within ̴ 28 min. 
Thus, SWCNT/NiO (30%) composite could be regarded as 
a better option than all other synthesized binary nanocom-
posites of SWCNT/NiO for degrading the dyes.

3.6 � Antibacterial Investigation

The antibacterial potential of as synthesized SWCNT/NiO 
nanocomposites and bare NiO NPs was assessed against 
two Gram-negative and two Gram-positive strains. For this 
purpose, the concentration of composite was taken at 25 
μg/mL and the ZOI values measured from the hinderance 
of bacterial strain was depicted in Fig. 10. It was observed 

Fig. 8   (a) Comparison between different catalysts for degradation of MB dye inside 100 min. (b) Tauc plot of pure NiO and SWCNT/NiO (30%) 
composite
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that synthesized binary nanocomposite containing 40% 
NiO loading was more effective against Staphylococcus 
aureus (16 mm) and Escherichia coli (16.4 mm), however 
it also repressed the growth of Bacillus cereus (13 mm) and 
Pseudomonas aeruginosa (12.6 mm). These significantly 
improved biocidal effects could be accredited to the smaller 
size and synergistic effect of NiO-loaded SWCNTs, as 
smaller size enhances the dispersibility and permeability of 
extracellular NiO inside bacterial cell [35], the CNTs could 
rupture cell wall through its sharp tips and produce oxidative 
stress on trapped bacterial body [36], thereby accompanying 
the entrance of NiO NPs inside bacterial cell. After crossing 
the cell membrane NiO NPs interacts with mesosomes and 

other cellular organelles to generate O ̇H and ∙O −
2

, having 
strong antibacterial effects [37]. These reactive radical spe-
cies along with Ni2+ ions check DNA replication and ATP 
production [38]. All these major biological deficits become 
tough challenges for survival and mutation, the bacterial 
strain is not able to create a defense mechanism to counter 
these collateral damages and lastly succumbs to the biocidal 
effects of synthesized SWCNT/NiO composites.

To further substantiate the ZOI results, 2X Broth dilu-
tion method was applied to find out the minimum con-
centration at which the synthesized composite success-
fully inhibited the growth of selected bacterial strains. 
From the experiments, it was concluded that synthesized 
SWCNT/NiO (40%) composite exhibited least MIC value 
of 0.04 and 0.09 mg/mL against both E. coli and S. aureus 
respectively. However, pure NiO NPs displayed least MIC 
values of 0.781 mg/mL against these strains. As depicted 
in Table 3, bare NiO NPs were found to be more efficient 
against E. coli and S. aureus with MIC value of 0.78 mg/
mL in comparison to other strains. The presence of thick 
peptidoglycan layer on B. cereus resisted the antibacterial 
activity of NiO NPs and its binary composite to consider-
able extent, thus showing comparatively high inhibitory 

Fig. 9   C/C0 v/s time and linearly fitted plots of -ln(C/C0) v/s time for degradation of MB dye with pure NiO nanoparticles and different SWCNT/
NiO nanocomposite catalysts

Fig. 10   Zone of inhibition values of pure NiO nanoparticles and 
SWCNT/NiO based binary composites against selected bacterial 
strains

Table 3   MIC values of pure NiO and SWCNT/NiO nanocomposite 
against selected bacterial strains

S. no. Bacterial strains SWCNT/NiO (40%) Pure NiO

1 E. coli (MTCC 9721) 0.04 mg/mL 0.78 mg/mL
2 P. aeruginosa (MTCC 

3542)
0.19 mg/mL 1.56 mg/mL

3 S. aureus (MTCC 11949) 0.09 mg/mL 0.78 mg/mL
4 B. cereus (MTCC 1272) 0.39 mg/mL 3.12 mg/mL
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concentrations [39]. Finally, obtained MIC values are in 
well agreement with the values evaluated after measuring 
the diameter of ZOI. For this reason, it can be concluded 
that both SWCNTs and NiO NPs are potential antibacte-
rial agents; however, their binary composites containing 
high NiO loading act synergistically with porous SWCNT 
support to form Bacteria-CNT aggregates [40, 41]. These 
aggregates provide close proximity and improved chances 
of nanoparticular interaction with cellular organelles, 
thereby leading to enhanced antibacterial performance.

4 � Conclusion

Pure as well as SWCNT decorated NiO NPs with variable 
NiO loading ranging from 10 to 40% were synthesized for 
analyzing their antibacterial and photocatalytic behaviour 
towards degradation of MB dye. The study of FTIR data 
showed characteristic peaks for Ni-O bond vibration at 
467 cm−1, XRD data with sharp and intense peaks con-
firmed long range crystallinity order and EDAX estab-
lished that synthesized composites are composed of Ni, 
O and C elements. The microstructural analysis revealed 
that NiO NPs are spherical and lies in small size range. It 
also elucidated that acid functionalized SWCNTs acted as 
a template and provided nucleation sites for heterogeneous 
nucleation of spherical NiO NPs. Compared to pure NiO 
NPs and activated SWCNTs, the synthesized binary nano-
composite with 30% NiO loading behaved as good photo-
catalyst and degraded 92.6% of MB dye within 100 min. 
On the contrary, when tested for their antibacterial poten-
tial, composite with 40% NiO loading showed strong anti-
bacterial activities at rather low dose (0.04 mg/mL against 
E. coli). The toxicity of SWCNT/NiO (40%) was more 
pronounced against E. coli and S. aureus, as it exhibited 
16.4 mm and 16 mm diameter of ZOI respectively against 
these strains. This ambiguity in results could be attributed 
to the dominance of weak magnetic forces between NiO 
NPs after 30% loading. Finally, this idea of synthesizing 
multifunctional nanocomposites could ultimately enhance 
the fabrication of engineered nanocomposites that could 
be applicable in multiple fields in near future.
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