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Abstract Nb2O5 doped CuO nanoparticles (NPs) were prepared via simple ball milling technique. CuO nanoparticles doped with 0
(NB-0), 1 (NB-1) and 3 (NB-3) wt % of Nb2O5 were ball milled for 48 h. and then heated for 6 h. at 600 °C. Different characterization
techniques were used for the investigation of structural and optical properties of Nb2O5 doped CuO nanoparticles. X-ray diffraction
patterns of synthesized samples confirmed the monoclinic phase of the CuO with successful doping of Nb2O5 in host matrix. Unit
cell volume and lattice parameters of NPs show complete dependency on the concentration of Nb2O5. Vibrational properties of
the CuO nanoparticles were evaluated by FTIR spectrometer. UV–Visible spectroscopy data were used to evaluate the optical band
energy of the samples. Photocatalytic behavior of nanoparticles was studied. 5 mg powder of each catalyst (NB-0, NB-1 and NB-3)
was separately dispersed in 250 ml dye aqueous solution (10 g/1L). The mixture solution was stirred magnetically in dark for 1 h
before photocatalytic test. Furthermore, the sample NB-3 (3 wt %) shows fastest and maximum rate of photocatalytic degradation
of methylene blue dye among all the samples. The highest photocatalytic efficiency is obtained by NB-3 at (75%) as compared
to NB-1 at (71.0%) and NB-0 at (67.5%). It is observed that almost complete degradation of Methylene Blue (MB) dye occurred
under UV-light radiance within 150 min. Photocatalytic effect was due to interfacial charge transfer and reduced recombination rate
of charge-carriers. The antibacterial activities of Nb2O5 doped CuO NPs against Escherichia coli and Staphylococcus aureus were
explored in culture media by agar diffusion method. The experiment confirms that Nb2O5 doped CuO nanoparticles have the potential
to degrade the organic pollutants and they have good candidature for becoming agents for bacteria inactivation. Also, enhancement is
observed in antibacterial and degradation activity by increasing doping concentration. Moreover, authors report better photocatalytic
activity against MB dye as well as better zone of inhibitions against E. Coli bacteria by employing niobium-doped copper oxide
nanoparticles.

1 Introduction

The waste water released by the industries has become a foremost environmental concern all around the globe due to the presence of
hazardous organic dyes which contaminate the water and also these are unsafe for ecosystem [1–3]. The synthetic dyes are released
into open water; these dyes are hard to eliminate by traditional treatment methods due to their stable nature. Even at very low
concentration, these dyes are harmful to both human and aquatic life. Hence, the effective removal of organic dye stuffs has readily
become the main focus of research in the field of environmental remediation. At present, there are lot of techniques for implementation
of waste management but there is need for more techniques due to expansion of industries at fast rate and urbanization [4, 5]. Among
numerous range of purification techniques, heterogeneous photo-catalysis is the promising technology for environmental purification
[6]. In recent trend the use of metal oxides is in demand for photocatalytic degradation. The different types of metal oxides used
for this purpose include TiO2, SnO2, Fe2O3, CeO2, ZnO, etc. The excellent metal oxides among these give good results under
the exposure of UV light, owing to their wide band gap [7, 8]. This also has led to demand of the suitable dopant choice for
formation of metal oxide composite and heterojunction for tuning of band gap in order to prepare photocatalysts [7–9]. Moreover,
ability of the photocatalyst to adsorb organic pollutant and reduce the rate of charge carrier recombination would further improve
its photocatalytic activity [10]. As an important semiconductor metal oxide with a narrow band gap (1.2–1.5 eV), copper oxide
(CuO) has drawn attention in research field due to its attractive properties like chemical stability, electrochemical activity, excellent
reactivity, low production cost, nontoxicity and abundant availability and has wide range of applications like super capacitors,
solar cells, gas sensors, Li-batteries, super capacitors and catalysis [11–15]. There are limited reports on the photodegradation of
organic dyes using CuO as photocatalyst because activity of pure CuO is not high enough due to the fast recombination rate of
photogenerated electron–hole pairs [16–22]. To overcome this drawback, one possible solution is to dope CuO with another metals,
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non-metals, and semiconductor materials [23–25]. Doping has collective advantages of both semiconductor materials and further
improves the separation of electron–hole pairs by keeping the reduction and oxidation reactions apart and enhances photocatalytic
activity [26, 27]. Based on the above given facts, in this study, we have coupled CuO with Nb2O5 with the aim of achieving enhanced
photocatalytic activity toward organic dyes. Niobium pentoxide (Nb2O5) has many interesting properties which are desirable for the
photocatalytic degradation such as specific surface area and higher stability, band gap between 3.1 and 4.0 eV, and high absorption
coefficient [28]. On other hand, one of the innovative methods presented against the bacterial resistance is the use of metal and oxide
nanoparticles, heterostructures and nanocomposites [29, 30]. Metal oxides such as copper oxide (CuO) have special physicochemical
properties arising due to quantum size effect and high specific surface area, which enhance the biological and chemical activity of
the material [31, 32]. Another important property is the ability to target various types of bacterial structures. Selective permeability
and the process of cellular respiration which are normal function of cell membrane are disrupted by these materials. In addition,
these particles, after entering the bacterial cell, interfere with the function of proteins which contain sulfur and phosphate molecules
such as DNA, and irradiate their function [33, 34]. The antibacterial activity of ZnO/Nb2O5 nanocomposite against various bacteria
has been observed by Rakesh et al. [35]. Yi-Hao Pai and Su-Yun Fang have prepared porous Nb2O5 photocatalysts with CuO,
NiO for hydrogen production by light-induced water splitting [36]. Saviz Zarrin and Felora Heshmatpour made new composites
TiO2/Nb2O5/PANI and TiO2/Nb2O2/RGO for degradation of organic pollutants [37] Madhavi et al. studied the impact of Nb2O5on
in-vitro bioactivity and antibacterial activity of CaF2–CaO–B2O2–P2O2–SrO glass system [38]. In recent years, several methods
have been introduced for the synthesis of metal oxide nanoparticles such as sol–gel [39], thermal oxidation [40], ball milling [39],
combustion [41], and quick precipitation [42, 43]. Among all these various proposed methods for the synthesis of metal oxide
nanoparticles, ball milling method is most easiest and economical method.

In present study we used ball milling method for synthesis of CuO-Nb2O5 NPs. XRD, SEM, Raman spectroscopy, DLS and
UV–Visible spectroscopy techniques were utilized for evaluating structural, morphological, vibrational and optical properties.
The photocatalytic activity against Methylene Blue (MB) dye and antibacterial activity against pathogens (Escherichia coli and
Staphylococcus aureus) are also studied. To the best of our knowledge, no research work has been reported on the antibacterial and
photocatalytic degradation of methylene blue dye by Nb2O5 loaded CuO NPs earlier.

2 Experimental method

2.1 Preparations of CuO-Nb2O5 nanoparticles

Samples were synthesized using traditional solid state reaction method, i.e., ball milling method. All the chemicals used were of
analytic grade of purity. In a typical synthesis, CuO was mixed with 0, 1 and 3 wt% of Nb2O5 in distilled water and ball milled
for 48 h. The samples were then dried overnight in oven at 800 C and then crushed properly to obtain fine powder. After that, the
powdered samples were heated in muffle furnace at 600 °C for 6 h. The samples with wt % 0, 1 and 3 of Nb2O5 were labeled as
NB-0, NB-1 and NB-3, respectively.

2.2 Photocatalytic activity

Photocatalytic activity of the synthesized nanoparticles was explored by studying the degradation of methylene blue dye under
irradiation of UV-light. In this experiment, standard stock solution was prepared using D.I. water with concentration of 10 mg
dye in 1 L. Each prepared sample was dispersed in 250 ml of MB dye solution. Then each beaker containing sample was stirred
magnetically for 35 min in dark place to achieve equilibrium between photocatalyst and MB dye. Further, the suspensions were
illuminated under UV-light for 180 min with continuous stirring. At each particular time interval, 5 ml of suspension was collected
and centrifuged to extract the catalyst. The supernatant was then examined by UV–vis spectroscopy.

2.3 Photocatalytic-degradation procedures

All photocatalytic reactions were carried out under similar condition in a self-designed wooden box. This model consists of six
UV lamps (Philips TUV 15W G15T8) that especially emit at 254 nm with exact power of 15W. All UV lights were installed in
parallel keeping distance of 50 cm above the top surface of dye solution. Box was covered with black paper to prevent leakage of
UV radiation. Magnetic stirrer for each sample was placed in center of box below UV light.

2.4 Antibacterial studies

Antibacterial activity of CuO-Nb2O5 nanoparticles was examined against E.coli and S.aurues bacteria by Agar well diffusion method.
Activity of the samples NB-0, NB-1 and NB-3 against both the bacterial strains were calculated by zone of inhibition (ZOI). 0.1 ml
E.coli and S.aurues suspension was taken from the prepared inoculum and distributed uniformly on the medium in petri dish. Then
petri dishes were incubated for 26 h at 38 °C. After 24 h. period, 6 mm diameter wells were made in agar plates with the help of
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Fig. 1 X-ray diffraction patterns
of pure and Nb2O5 doped CuO
nanoparticles
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cork-borer. Samples were added into wells by using micropipette. Petri dishes were incubated in BOD incubator for 48 h. for 3 days.
Further, diameter of zone of inhibition produced by synthesized NPs including well size was measured.

2.5 Characterization

The synthesized CuO-Nb2O5 nanoparticles were characterized using variety of analytical instruments. Structural properties of Nano
powders were examined using X-ray diffractometer, Shimadzu 7000 having scan speed of 2 degree per minute. Surface morphology
of the samples was analyzed using Field Emission Scanning Electron Microscopy (FESEM) of ZEISS SUPERA 55. Jasco 460 Plus
FTIR spectrometer was used to investigate the vibrational properties of the Nano-powders. Particle size distribution of the CuO
nanostructures was obtained by a dynamic light scattering spectrometer (Malvern Zetasizer, Nano ZS90, UK). Optical properties of
CuO-Nb2O5 nanoparticles were analyzed with the help of Cary 5000 UV Visible NIR spectrophotometer. Photocatalytic degradation
of MB dye was recorded by Shimadzu UV-2450 spectrophotometer.

3 Results and discussions

3.1 X-ray diffraction studies

Figure 1 represents the X-ray diffraction pattern of CuO-Nb2O5 nanoparticles at room temperature. The sharp peaks in the graph
show fine quality and polycrystalline character of all synthesized samples. All the diffraction peaks (110), ( − 111), (111), (-202),
(020), (202), ( − 113), ( − 311), (220), (311) and (004) are in correlation with planes of monoclinic CuO crystal structure and
are in complete agreement with amc sd 0018823 card. There is no impurity peak seen in the pattern which confirms that dopant is
successfully incorporated in the host matrix. Unit cell volume (V) and lattice constants (a, b, and c) of monoclinic CuO structure
are evaluated by given equations.

1

d2 � 1

sin2β

[
h2

a2 +
k2sin2β

b2 +
l2

c2 − 2hlcosβ

ac

]
(1)

V � abcsinβ (2)

Inter-plane spacing d is calculated using Bragg’s diffraction law. Miller indices are denoted by (hkl) and 99.54° is the value of
lattice angle β. Calculated values for CuO structures are presented in Table 1 [44, 45]. Smaller ionic radius of dopant (0.63 A°) as
compared to the Cu ions (0.73 Å) [3] is the main cause for decrease in the values of lattice parameters and unit cell volume of the
CuO nanostructures. The micro-structural parameters such as crystallite size (D) and microstrain (ε) for the synthesized samples
have been calculated using the following relations [46]

D � kλ

β cos θ
(3)

ε � β cos θ

4
(4)
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Table 1 Lattice parameters (a,b
and c), unit cell volume (V),
crystallite size (D), strain(ε) and
energy band gap (Eg) of CuO pure
and Nb2 O5 doped nanoparticles

Sample name Structural parameters of CuO Crystallite size Strain Eg (eV)

a (Å) b (Å) c (Å) V(Å3) D (nm) ε × 10–3

NB-0 4.655 3.415 5.062 79.37 26.50 3.6 5.64

NB-1 4.662 3.418 5.224 82.10 29.84 4.1 5.40

NB-3 4.668 3.420 5.233 82.40 33.60 6.0 5.10

Fig. 2 FTIR spectra of pure and
Nb2O5 doped CuO nanoparticles
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where λ (1.54 Å) is the wavelength of the X-Rays, k (0.89) is a constant and β is full width at half maximum (FWHM). The average
crystallite size of CuO has been found to increase with the increasing concentration of Nb2O5. The calculated values of crystallite
size and microstrain are given in Table 1. The agglomeration process between CuO and Nb2O5 in the nanocomposite results in
an increase of the grain size due to the difference between their atomic radii. Calculated microstructural parameters are similar to
[34]. The microstrain values increase with Nb2O5 content, due to the higher effect of grain size on the comprehensive stress of the
nanocomposite.

3.2 FTIR studies

FTIR-spectra of all synthesized samples are displayed in Fig. 2. The spectrum of sample NB-0 shows no other active mode between
600 and 605 cm−1 which completely exclude the presence of any other phase like Cu2O.The other peaks 2340 cm−1, 2109 cm−1,
1580 cm−1 and 1058 cm−1 refer to the O–H bond deformation and elongation vibration and also reveals the presence of H2O. Peak
at 601 cm−1 shows Bu mode of CuO which is high frequency mode and represent elongation of the Cu–O bond. On the other hand,
the peak at 495 cm−1 is due to the deformation vibrations of the Cu–O bond. In spectra of sample NB-1, peak at 878 cm−1 can be
attributed to Nb � O stretching. Peaks at 901 cm−1 and 708 cm−1 of spectrum NB-3 represent bending and stretching vibrations of
Nb–O [47–51].

3.3 Optical properties

The optical properties of pure and Nb2O5 -doped CuO samples were analyzed to investigate the effect of doping on the band
gap energy by UV–visible spectra. The spectra were recorded between 200 and 800 nm wave length region at room temperature.
Figure 3a shows a strong fundamental absorption edge approximately 219 nm which is due to direct transition of electrons [52]. The
optical band gap energy Eg of all the samples was estimated from plot between (αhν)n and Eg as shown in Fig. 3. Tauc’s relation
was used for calculation of optical energy as per the following relation [3]:

(αhν)n � B(hν − Eg) (5)

where α is the absorption coefficient, hν photon energy having units in eV. ‘n’ is constant having allowed transition value up to 2
and B represents band tailoring constant. The estimated band gap values are 5.65, 5.40, and 5.10 eV for NB-0, NB-1 and NB-3,
respectively, which is higher than bulk CuO (1.25 eV). In the literature various reports represent similar trends [53–56]. The bandgap
of CuO nanoparticles decreases with an increase in doping concentration of Nb2O5.The decrease in bandgap may be due to transfer
of charge between the conduction band of CuO and the impurity energy level of Nb2O5 [54]. This charge transfer might have
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Fig. 3 a UV–visible absorption
spectra of pure and Nb2O5 doped
nanoparticles b Plot of (αhν)2

versus photon energy
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Fig. 4 FESEM images of a NB-0
b NB-3

produced trapping levels in the Nb2O5-doped CuO nanostructure which in result decreases the bandgap of CuO. Moreover, the
reduction of band gap with the addition of dopant material induces transformation from valance to conduction band with less energy,
which may encourage the photocatalytic activity and antibacterial properties in our study [54, 58, 59].
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Fig. 5 Particle distribution plots of the samples obtained from DLS stud

3.4 Field emission scanning electron microscopy analysis of CuO-Nb2O5 nanoparticles

FESEM micrographs of samples NB-0 and NB-3 are shown in Fig. 4 which depicts the Nano flower-like structure of CuO pure
and CuO doped Nb2O5 NPs. Morphology and crystallinity mainly depend upon rate of aggregation of the final output. Moreover in
images, it is observed that nucleation and growth rate of CuO flower like structure increases by increasing concentration of dopant
(Nb2O5) which further results in increased particle size, which is in complete agreement with the XRD results given in Table 1. [60,
61].

3.5 Dynamic light scattering studies

The information of particle size distribution is obtained from the dynamic light scattering (DLS) analyzer. The samples were
dispersed in distilled water and DLS studies were carried out at room temperature [62, 63]. The particle size distributions of the
samples obtained from DLS measurements are shown in Fig. 5. The obtained values of particle size indicate that the average size
of the nanoparticles increases with the increase in dopant concentration; similar results are reported in literature [64]. The average
particle size of doped nanoparticles was found in agreement with average size given in literature [65]. Moreover, average particle
size of the samples obtained from DLS measurements is in good agreement with XRD results.
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Fig. 6 Absorption spectra of MB
dye in the presence of NB-0
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Fig. 7 Absorption spectra of MB
dye in the presence of NB-1
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Fig. 8 Absorption spectra of MB
dye in the presence of NB-3
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3.6 Photocatalytic activity of synthesized CuO-Nb2O5 nanoparticles

The photo-catalytic activities of synthesized CuO-Nb2O5 nanoparticles were evaluated against MB dye solution under UV-light
radiance. The degradation efficiency (E) was calculated by the following equation

E � [(CO − Ct )/Co] × 100 (6)

123



  407 Page 8 of 14 Eur. Phys. J. Plus         (2023) 138:407 

Fig. 9 Photo-catalytic efficiencies
of synthesized samples NB-0,
NB-1 and NB-3 in MB blue dye
Degradation as a function of time
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Table 2 Photo degradation kinetic
parameters of synthesized
CuO-Nb2O5 nanoparticles

Sample code Degradation efficiency ĳη (%) Intercept(c) Residual sum of squares Pearson’s (r) R2

NB-0 67.50 0.205 0.034 0.988 0.971

NB-1 71.10 0.209 0.001 0.995 0.988

NB-3 75.00 0.396 0.025 0.994 0.985

where Ct is the concentration of dyes at any time during photocatalysis reaction and CO is the initial concentration at the start of the
reaction. The photocatalytic activity of NB-0, NB-1 and NB-3 Nano-composites were assessed by photo-degradation of MB under
UV-light irradiation as shown in Figs. 6, 7 and 8. When the aqueous solution of MB dye is irradiated for 180 min, the degradation
of MB dye is found to be very low. MB was stable and very hard to decompose without photocatalyst. NB-3 composite sample
was found to be more photoactive for photo degradation of MB dye as compared to NB-1 and NB-0 samples. The degradation rate
follows as CuO-Nb2O5 (3%) > CuO-Nb2O5 (1%) > CuO (0%). Degradation of the samples with varying time is shown in Fig. 9. The
photocatalytic degradation efficiency of MB was found to be 75% for NB-3, 71.10% for NB-1 and 67.50% for NB-0. In general,
during UV exposure, electron hole pairs are formed due to movement of electrons from valence band to conduction band and holes
are left behind in valence band. The generated electron–hole pairs lead to oxidation and reduction processes and create hydroxyl
radicals and superoxide anions. In this study, the presence of dopant restricts the electron–hole pair recombination by introducing
an impurity level between conduction band and valence band of host material. The pseudo-first-order kinetic model was used to
evaluate the performance of photo-catalyst as [47, 66]:

Ct � C0e
−kt (7)

ln(C0/Ct ) � kt (8)

where k is photocatalytic degradation rate constant, Ct is the temporal concentration of MB dye, C0 is the initial concentration of
the MB dye and t is the degradation reaction time. The values of R2 and all other parameters related to degradation are presented in
Table 2. R2 value near one indicates good linear fitting of data and therefore, it is concluded that all the samples NB-0, NB-1 and
NB-3 follow pseudo-first-order kinetic the degradation rate constant, k increases by increasing dopant concentration, confirming
that the sample NB-3 is more effective than all other samples in removal of MB dye. The improved photocatalytic activity may
be attributed to following reasons (1) Structural defects created by dopant (2) Interstitial sites favoring the degradation process (3)
Retardation in recombination rate of electron–hole pairs [67–69]. A proposed mechanism for photocatalytic degradation of MB
under UV light is shown in Fig. 10. Initially, dye degradation is determined by color change. At start of the experiment, the color of
dye shows deep blue color then it changes to light blue color within time period of 30–50 min in the presence of catalyst. Thereafter,
light blue color changes to light green. This change in color of dye solution from initial deep blue color to colorless is shown in
Fig. 11. In comparison, our results show better degradation rate of Methylene blue dye by CuO-Nb2O5 nanoparticles taking only
100 min to degrade MB dye up to 75%, whereas Sarvanan et al., which reveals 71.28% degradation of MB dye in 120 min for the
sample ZnO/CuO (90:10).

E.coli and S.auereus bacteria were used as a model to test the in vitro antibacterial activity. The bactericidal activity against by
both bacteria is shown in Fig. 12. Antibacterial activities are observed, without creating any colonies when the nanoparticles are in
contact with the pathogens. The area which is created without colonies is called zone of inhibition [70, 71]. The observed results
revealed that there is increase in antibacterial activity by doping Nb2O5 which give rise to rise in zone of inhibition diameter. Till
now, many mechanisms have been conferred for the antibacterial activity of metal oxide NPs against pathogens. Instead of having
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Fig. 10 Photocatalytic
degradation of methylene blue dye
by under sunlight Nb2O5 doped
CuO nanoparticles
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Fig. 11 Photo-catalytic
degradation of methylene blue
using A Synthesized CuO NPs B
Synthesized Nb2O5 (3% wt)
doped CuO NPs

so many studies still the mechanism is not properly clear. There are lot of factors which affect the toxicity of NPs such as intrinsic
properties, strain of bacteria and surface morphology.

3.7 Antibacterial activity of synthesized CuO-Nb2O5 Nanoparticles

The first and simple phenomenon is that nanostructures battling against pathogens attach to their membrane and then pathogen
and electrostatic attraction is induced due to which nanostructures are in contact with bacteria and rupture the cell wall [72, 73],
which leads to death of bacteria. Second and most important mechanism is (ROS) generation by nanoparticles. Hydroxyl radicals
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Fig. 12 Antibacterial activities of
CuO-Nb2O5 nanoparticles
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Table 3 Inhibition zone values of
nanocomposites against S. Aureus
and E.coli

Sample code Concentration of samples mg/ml Bacterial strain (Zone of Inhibition)

2, 5, 10 S. Aureus(mm) E. Coli(mm)

NB-0 0 0

NB-1 5 10

NB-3 7 12

(OH−), hydrogen peroxide (H2O2), superoxide anion radicals (O2
−) and singlet oxygen (1O2) are all known as ROS. These ROS

enter cytoplasm of pathogens and induce variation in activity of protein which leads to death of pathogens [74]. ROS radicals
are generated when the metal oxide nanoparticles are in contact with molecules of the water. Defects in the crystal structures of
metal oxide nanoparticles play an important role in the creation of ROS [75]. Doping another metal oxide as dopant in host metal
oxide enhances the structural defects which further generate more ROS and improve antibacterial activity. In our study, possible
mechanism involved in the antimicrobial activity can be attributed from the disruption of cell membrane due to the discharge of
copper ions from CuO nanoparticles, which adhere to negatively charged bacterial cell wall and rupture it, thereby dominating
protein denaturation and cell death [76–79]. As we increase Nb2O5 content, it increases defects and replaces more and more Cu2+

which results in higher antimicrobial activity. The less permeable nature of S.Aurues and E. coli gives a state way for the entry of
Cu2+ ions and enhance rate of cell death [80]. Mechanism of antibacterial activity of nanoparticles is shown in Fig. 13 [81–83]. In
this experiment, zone of inhibition was observed against both bacteria using different concentration of synthesized NPs as (2, 5 and
10 mg/ml). The data for zone of inhibition are given in Table 3. Highest antibacterial activity was observed by NB-3 sample against
E.coli (ZOI-12 mm) at conc. 10 mg/ml. NB-2 showed lowest activity against S.auereus (ZOI-5 mm) at conc. 5 mg/ml. ZOI-10 mm
against E.coli and ZOI-7 mm against S.auereus was shown by NB-2 and NB-3 at conc 0.10 mg/ml and 5 mg/ml, respectively. NB-1
sample shows negligible activity for pathogens at all concentration. Whereas NB-2 and NB-3 samples has shown negligible activity
only for concentration of 2 mg/ml for both pathogens. It is observed that by increasing the concentration of dopant antibacterial
activity increases [84–86]. The interaction in the antibacterial activity could be as following [87]

N + hυ → e− + h+ (9)

e− + O2 → O∗−
2 (10)

e− + O∗−
2 + 2H → H2O2 (11)

2e− + HO∗−
2 + H+ → OH∗ + OH− (12)

In Eq. (6) N is shown as synthesized nanoparticles. During bacterial death mechanism among all ions, OH*is examined as highest
active ion. It is observed that antibacterial activity against S.aureus is more resisting than E.coli and this is based on biological
structure of pathogens membrane cell wall chemical configuration. Rakesh et al. have also reported the antibacterial activity of
Nb2O5 doped ZnO nanoparticles against E. coli bacteria [35]. They have reported the best activity of 1.9 mm (zone of inhibition)
against the E. coli bacteria at 1 mg/ml dose concentration. Our sample doped show better antibacterial behavior (10 mm zone of
inhibition) against E. coli bacteria at higher concentrations (2 mg/ml).
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Fig. 13 Mechanism for antibacterial activity of nanoparticles

4 Conclusions

In summary, cost-effective CuO-Nb2O5 nanoparticles were successfully synthesized by ball milling technique. The Nb2O5 doped
CuO NPs showed monoclinic phase of CuO with good crystalline quality peaks (110), ( − 111), (111), ( − 202), (020), (202),
( − 113), ( − 311), (220), (311) and (004) and no other secondary phase was seen in XRD data. By calculation, it is clear that
dopant increases the size of unit cell volume by increasing concentration and this is also compatible with FESEM pictures for
NB-0 and NB-3 samples. FESEM surface morphology reveals the development of CuO Nano-flowers in size. FTIR characterization
proved the existence of the characteristic bands of copper oxide CuO and Nb2O5 bringing up the development of CuO-Nb2O5
NPs. In addition, synthesized CuO-Nb2O5 nanoparticles were used as catalyst for photocatalytic degradation of MB dye under
UV-light radiation. The Nb2O5 doped CuO nanostructures exhibit excellent photo degradation of MB dye. NB-3 sample has shown
almost complete degradation (75%) of MB dye under UV-light within 100 min, as compared to NB-0 sample which shown (67.5%)
degradation in 180 min. The results confirmed that CuO catalytic was substandard compared to CuO-Nb2O5. The results of kinetic
study confirm that all samples show the first-order linear kinetic. The optical band gap decreases with increasing the concentration of
Nb2O5.which results in enhancement of photocatalytic and antibacterial activity. The antibacterial activity of synthesized NPs on E.
coli and S. aureus proved that all doped samples could obstruct bacteria activity but depends upon the concentration of the samples.
The antibacterial activity is directly proportional to the concentration of the samples. In present study, higher antibacterial activity is
seen for E.coli as compared to S.aureus. To the best of our knowledge, Nb2O5 doped CuO NPs have not been used for antibacterial
activity and MB dye degradation studies together. Our results show good degradation for MB dye and better antibacterial activity
against E.coli than S.auereus bacteria. Moreover, based on above evidence, this research provides suitable material for wastewater
treatment, biomedical fields and optical applications.
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