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Abstract 
Present work focuses on the synthesis strategies for different CuO nanostructures along with associated 
formation mechanisms and their interesting fundamental properties, and promising applications in 
biological and environmental remediation. We present a variety of synthesis techniques for producing diverse 
types of CuO nanostructures with various morphologies such as nanoparticles, nanoleaves, nanotubes, 
and nanoflowers. The effect of synthesis parameters on manipulating the nanoscale features along with the 
associated growth mechanisms for these unique morphologies is also discussed. The surface, electronic and 
optical properties of these nanostructures is also detailed. The photocatalytic and antimicrobial applications 
of these nanostructures are systematically introduced and summarized. Congo red and Malachite green 
organic dyes were degraded by these CuO nanostructures and it was found that CuO nanoflowers are more 
favorable for the degradation of Congo red and Malachite Green due to their higher surface sites and surface 
defects.  Overall, in addition to size, morphology has a significant effect on the properties and applications of 
nanomaterials. The synthesized novel hierarchical CuO nanostructures with large surface areas and carefully 
defined surfaces are best suited for treating industrial effluents.

Keywords: Antimicrobial activity; Biogenic method; CuO nanostructures; Nano photocatalyst; Photodegradation.

INTRODUCTION 
Copper oxide has been a hot topic among the 

studies on transition metal oxides because of its 
interesting properties. CuO nanostructures with 
the large surface area and size effects possess 
superior physical and chemical properties that 
remarkably different from those of their bulk 
counterparts [1, 2]. CuO nanostructures are 
extensively used in various applications including 
gas sensors [3], biosensors [4], nanofluid [5], 
photodetectors [6], supercapacitors [7], removal of 
inorganic pollutants and photocatalysis [8] because 
of their simplicity of preparation, scalability, non-
toxicity, abundance, low-cost, and environmental 
friendliness [9].  The superhydrophobic properties 

of CuO nanostructures render these materials as 
promising candidates in Lotus effect self-cleaning 
coatings (anti-biofouling), surface protection, 
textiles, water movement, microfluidics, and oil–
water separation. 

Various efforts have been focused on the 
fabrication of nanostructures to improve their 
performance in currently existing applications [10]. 
Since the properties of CuO can be greatly affected 
by morphologies, intense research has been 
focused on the controlled preparation of various 
CuO nanostructures over the last two decades. 
However, it is still a great challenge to achieve high-
rate capability and crystallinity in nanostructures. 
It is well recognized that a smaller size of CuO can 
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lead to higher capacity and higher rate capability. 
Therefore, the synthesis of CuO nanostructures 
with ultrafine size is a promising approach to 
obtain large-surface area and high-aspect-ratio.
In the present study, CuO nanostructures have 
been synthesized by a biogenic method using 
the juice of pomegranate (pg), characterized 
by its high phenolic content and antioxidant 
properties. The synthesized nanostructures 
were characterized by X-ray diffraction, 
Scanning electron microscopy, Transmission 
electron microscopy, Fourier Transform Infrared 
Spectroscopy, Photoluminescence and UV- Visible 
absorption spectroscopy. The evaluations of the 
photocatalytic efficiency of these materials were 
carried out using the degradation of two organic 
dyes namely Malachite green and Congo Red. 
Further, these materials were tested for their 
antimicrobial properties against bacterial and 
fungal strains. 

EXPERIMENTAL 
Materials and methods

Cu (CH3COO)2.H2O was procured from Sigma 
Aldrich. All the solutions for the synthesis of 
Copper Oxide were freshly prepared using 
demineralized water.

Synthesis of CuO nanoparticles,
100mL of 0.1M copper acetate (Cu(CH3COO)2.

H2O) was taken in a 400 mL beaker to which  100mL 
of 1M NaOH solution and 20 mL of Pomegranate 
fruit extract (pg) were added simultaneously with 
constant stirring for 2 hours. The slurry obtained 
was kept for 24 hours in a hot air oven. The final 
product was washed, dried and calcinated at 100 
0C to get the CuO nanoparticles.

Preparation Of CuO nanotubes
For the preparation of CuO nanotubes, 0.25 

gm of Copper acetate was dissolved in 65ml of pg 
juice extract to which an appropriate quantity of a 
moderate alkali namely hexamethylenetetramine 
{(CH2)6N4), HMT} was added so as to attain a PH 

level of 7. The resulting solution was then stirred 
well for 30min to obtain a homogeneously 
turbid liquid, which was then irradiated by a 
300W domestic microwave oven for 20 min. The 
precipitate obtained was then cooled to room 
temperature, filtered, washed with distilled water 
followed by drying in a hot air oven at 900C for 24 
hours.

Preparation of CuO nanoflowers and nanoleaves
For the synthesis of flowers and leaves like CuO 

nanostructures, microwave assisted method was 
used in which 100 mL aqueous solution of copper 
acetate (0.1 M), 150 mL of HMT (1 mM) and 22.7 
mL of pg juice were mixed and stirred for half an 
hour. Then the solution was irradiated by a 300W 
domestic microwave oven for 30 min. The reaction 
vessel was then kept in a laboratory oven at 90 0C 
for 5hours for growing the CuO nanoflowers. After 
the growth of CuO flowers, the slurry was washed 
with water and left to dry at room temperature. 
However, for the growth of CuO nanoleaves, 10mL 
of NaOH (1M) was also added to the aqueous 
solution of copper acetate and HMT before 
irradiation.

Characterization of samples 
The synthesized samples of nano CuO were 

well characterized by instrumental techniques like 
SEM, TEM, FTIR, PL and UV-Visible spectroscopic 
studies.

In the present study, the prepared nano 
CuO samples were used as photocatalysts for 
the degradation of two organic dyes namely 
Congo red (CR) and Malachite green (MG).The 
degradation of the dyes MG and CR were followed 
by measuring the absorbance using a JASCO V 650, 
UV-Visible spectrophotometer. The degradation 
experiments were performed with a homemade 
photoreactor equipped with three 18W UV lamps 
with a wavelength of 254nm. The degradation 
efficiency of the prepared catalysts was optimized 
by varying experimental parameters such as pH, 
the concentration of dyes and weight of the catalyst 
taken. In a typical experiment, the photocatalyst was 
mixed with 300 mL of the dye solution and stirred 
in the dark for 30 min to establish an adsorption/
desorption equilibrium. After UV irradiation for the 
specific period of time, the dye concentration was 
determined by measuring the absorbance.        

Acidic dye Congo red and basic dye Malachite 
green of 1000 ppm concentration were prepared 
and the desired concentrations were obtained by 
dilution. 

The photocatalytic degradation efficiency was 
calculated as follows:

𝑅𝑅𝑒𝑒𝑚𝑚𝑜𝑜𝑣𝑣𝑎𝑎𝑙𝑙  𝑅𝑅   𝐶𝐶 − 𝐶𝐶𝑡𝑡 
𝐶𝐶  

 

𝐻𝐻𝑀𝑀𝑇𝑇 𝐻𝐻 𝑂𝑂 → 𝑁𝑁𝐻𝐻 𝐻𝐻𝐶𝐶𝐻𝐻𝑂𝑂    
𝑁𝑁𝐻𝐻 𝐻𝐻 𝑂𝑂 → 𝑁𝑁𝐻𝐻 𝑂𝑂𝐻𝐻−  
𝐶𝐶𝑢𝑢 𝑂𝑂𝐻𝐻− → 𝐶𝐶𝑢𝑢𝑂𝑂 𝐻𝐻 𝑂𝑂    
 

 

 

 

                                     
(1)

C0: initial concentration of dye solution [mgL-1],
Ct: final concentration of dye solution [mgL-1],
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The antibacterial activity of nano CuO against 
pathogenic microbial species like Escherichia coli, 
Pseudomonas aeruginosa, Bacillus subtilis and 
Streptococcus aureus were evaluated by modified 
Kirby-Bauer disc diffusion method. The pure 
cultures of organisms were subcultured in Müller-
Hinton broth at 35 °C ± 2 °C on an orbital shaking 
incubator at 160 rpm. For microbial growth, a lawn 
of culture was prepared by spreading the 100 μL 
fresh culture having 106 colony-forming units 
(CFU)/mL of each test organism on nutrient agar 
plates with the help of a sterile glass-rod spreader. 
Plates were left standing for 10 minutes to let 
the culture get absorbed. Than 8 mm wells were 
punched into the nutrient agar plates for testing 
nanomaterial antimicrobial activity. Wells was 
sealed with one drop of molten agar (0.8% agar) 
to prevent leakage of nanomaterials from the 
bottom of the wells. Using a micropipette, 100 μL 
(50 μg) of the sample of nanoparticle suspension 
was poured onto each of wells on all plates. After 
overnight incubation at 35 °C ± 2 °C, the different 
levels of the zone of inhibition were measured 
around the disc in units of a millimeter. Discs 
soaked in pure solvent, dimethyl sulfoxide (DMS) 
were used as a control.

RESULTS AND DISCUSSION
Physical appearance and stability

All the CuO nanostructures were obtained 
as black crystalline powders.  The materials 
were found to be stable in mineral acids like 
H2SO4,HCl, HNO3 in bases like NaOH and KOH at 
all concentrations as evidenced by no change in 

colour, form or weight of the sample used. They 
were also found to be stable in organic solvents 
like ethanol, acetone, glacial acetic acid, diethyl 
ether, methyl acetate, hexane etc.

XRD analysis
The XRD patterns of CuO nanostructures are 

well matched with the monoclinic phase of CuO 
(tenorite) and well consistent with the standard 
data reported by JCPDS (card no: 89-2531). Fig. 1 
shows the XRD spectrum of CuO (a) nanoparticles 
(b) nano leaves (c) nanotubes and (d) nanoflowers.  
The sharp peaks and line widths of these diffraction 
peaks indicate that all the CuO nanostructures are 
crystalline. The average crystallite size calculated 
using Scherrer formula for the synthesized CuO 
nanoparticles, nanotubes, nanoflowers and nano 
leaves were found to be 20, 14, 12 and 17nm 
respectively. The BET surface areas calculated for 
CuO nanoparticles, nanotubes, nanoflowers and 
nanoleaves were found to be 38.87, 55.90, 65.34 
and 46.88 m2/g, respectively.

SEM and TEM analysis
From the Fig. 2 (a) SEM, (b) TEM, (c) SAED 

pattern (d) Histogram depicting the size 
distribution of CuO nanoparticle. The SEM of CuO 
shows a homogeneous distribution of particles 
of the prepared CuO. TEM images confirmed the 
particle nature of the sample with uniform size and 
shape. The corresponding Selected Area Electron 
Diffraction (SAED) pattern consists of bright rings 
and can be interpreted that nanoparticles are 
polycrystalline in nature.

Fig. 1: XRD pattern of CuO (a)nano particles (b) nano leaves (c)nano tubes and (d) nano flowers.
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Fig. 1:  XRD pattern of CuO (a)nano particles (b) nano leaves (c)nano tubes and (d) nano flowers 
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Fig. 3 (a) SEM, (b) TEM, (c) SAED pattern, (d) 
Histogram depicting the size distribution of CuO 
nanotubes. The SEM image of CuO nanotubes, 
it is found that the surface of the nanotubes is 
not very smooth. Furthermore, the open tips 
indicate its hollow characteristics. TEM image 
also clearly shows the tube shape. Average 
diameters of open tips of these nanotubes are 
found to be in nanometer regime. SAED pattern 
reveals a polycrystalline nature, consisting of 
several nanocrystals. In addition to this, the rings 
consisting of the diffraction patterns are diffuse 
which suggests that there exists a preferential 
orientation among nanocrystals.

Fig. 4 (a) SEM, (b) TEM, (c) SAED pattern, 
(d) Histogram depicting the size distribution of 
CuO nanoflowers. TEM images show the flower-
like morphology of prepared CuO, where these 
nanoflowers show uniform size and shape. A 
moderate alkali such as HMT and microwave 
irradiation plays an important role in the 
formation of these beautiful nanostructures. As 
a polar material, CuO might have been affected 
significantly by microwave irradiation.The applied 
microwave field induces a rotation of polarized 
dipole of polar materials, which can generate heat 

due to molecular inner friction. The presence of 
internal electric field, leads to orientation effects 
of dipolar molecules and hence reduce the 
activation energy [11]. The reduction in surface 
energy of the polar crystal may be the primary 
driving force for the nucleation, growth of the 
material and morphology evolution. The growth 
rate of different crystal planes determines the 
shape and structure of the crystal. Any change in 
the growth conditions alters the overall energy of 
crystal nuclei and hence the formation of different 
size and shape [12]. The TEM image of a single 
nanoflower composed of many petals. The SAED 
pattern obtained for these nanoflowers shows that 
the diffraction points are slightly stretched which 
indicates that the CuO nanoflowers are composed 
of nanocrystals that were assembled via oriented 
attachment process. Mechanisms of formation of 
CuO nanoflowers are believed to be as follows

𝑅𝑅𝑒𝑒𝑚𝑚𝑜𝑜𝑣𝑣𝑎𝑎𝑙𝑙  𝑅𝑅   𝐶𝐶 − 𝐶𝐶𝑡𝑡 
𝐶𝐶  

 

𝐻𝐻𝑀𝑀𝑇𝑇 𝐻𝐻 𝑂𝑂 → 𝑁𝑁𝐻𝐻 𝐻𝐻𝐶𝐶𝐻𝐻𝑂𝑂    
𝑁𝑁𝐻𝐻 𝐻𝐻 𝑂𝑂 → 𝑁𝑁𝐻𝐻 𝑂𝑂𝐻𝐻−  
𝐶𝐶𝑢𝑢 𝑂𝑂𝐻𝐻− → 𝐶𝐶𝑢𝑢𝑂𝑂 𝐻𝐻 𝑂𝑂    
 

 

 

 

                               (4)

Fig. 5 (a) SEM, (b) TEM, (c) SAED pattern, (d) 
Histogram depicting the size distribution of CuO 
nanoleaves. The surface morphology of synthesized 
CuO shows the long leaf-like morphology with the 

Fig. 2: (a) SEM (b) TEM (c) SAED pattern (d) Histogram depicting the size distribution of CuO nanoparticle.
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Fig. 2: (a) SEM (b) TEM (c) SAED pattern (d) Histogram depicting the size distribution of CuO nanoparticle. 
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Fig. 3: (a) SEM (b) TEM (c) SAED pattern (d) Histogram depicting the size distribution of CuO nanotubes.
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Fig. 4: (a) SEM (b) TEM (c) SAED pattern (d) Histogram depicting the size distribution of CuO nanoflowers.
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wider center part and both sides having very sharp 
tips, similar to bamboo-leaves. In the presence of 
NaOH, the fast transformation results in a quick 
aggregation of the CuO nanoparticles to decrease 
the surface energy. TEM image also confirms 
the formation of an elongated shape. These 
elongated structures with an average diameter 
and length are also found to be in nanometer size. 
SAED pattern consists of bright rings and shows 
the polycrystalline nature of the synthesized 
nanoparticles. 

The nature of the alkali plays an important 
role in the formation of these beautiful 
nanostructures. Usage of a moderate alkali such 
as HMT favors the growth of CuO in a 3D manner. 
The nanoparticle growth depends on the surface 
energy and consequently the differences of 
various surface energies lead to different types 
of morphology. In alkaline solution, adsorption 
of –OH ions on the surface of nanoparticles 
change their surface energy and hence –OH ion 
concentration might play a role in the aggregation 
mechanism. Here, a moderate alkali such as HMT 

prefers anisotropic growth in three dimensions. 
This occurs because the nanoparticles are self-
assembled through an oriented attachment 
mechanism, where the individual particles 
align with respect to each other so that they 
share identical crystal faces. The driving force 
for this oriented attachment mechanism is the 
reduction of overall surface energy [13].  While 
using a strong alkali such as NaOH, the kinetics 
of transformation is very fast because Cu2+ ions 
are in the form of tetrahydroxocuprate (ll) anions, 
which are stabilized by a strong Jahn-Teller effect.  
This may decrease the probability of oriented 
attachment growth [14].

FTIR and UV-Visible spectroscopic studies 
FTIR analysis is carried out to identify the 

possible bio-molecule responsible for capping and 
efficient stabilization of the nano CuO synthesized 
using pomegranate. Fig. 6 shows the FTIR spectra 
of pomegranate fruit juice and nano CuO. The 
absorption bands at 3421 cm-1, 2360 cm-1, 1630 cm-

1and 1080 cm-1 in the spectrum of pg correspond to 

Fig. 5: (a) SEM (b) TEM (c) SAED pattern (d) Histogram depicting the size distribution of CuO nanoleaves.
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the O-H stretching vibration of phenolic hydroxyls, 
stretching vibrations of NH2+ and NH3+ in protein/
peptide bonds, carbonyl stretching in proteins and 
C-OH vibrations, respectively, of proteins present 
in pg extract. A relative decrease in the intensity of 
phenolic hydroxyl stretching band in the spectrum 
of pg fruit extract after the reaction indicates the 
partial role of phenolic hydroxyls in the reduction 
mechanism and forming quinones. The FTIR 
spectrum of nano CuO shows bands at around 
601,508 and 487 cm-1, which can be assigned 
to the vibrations of Cu(II)-O bonds. The broad 
absorption peak at around 3430cm-1 is caused by 
the –OH bending vibrations of adsorbed water 
molecules since the nanocrystalline materials 
exhibit a high surface to volume ratio and thus 
absorbs moisture. The complete disappearance of 
the NH2+ and NH3+ stretching vibrations in the FTIR 
spectra of CuO can be attributed to the breaking 
of amino acid residues of proteins during the 
reaction. A similar mechanism involving the role of 
phenolic hydroxyls and proteins in the reduction 
and stabilization of individual nanomaterials have 
been reported previously [15].

The UV-Visible absorption spectra of the 
samples are taken in the wavelength range 
of 200 to 800 nm. Fig. 7 shows the UV-Visible 
spectra of CuO (a) nanoparticles (b) nanotubes 
(c) nano leaves (d) nanoflowers. In the absorption 
spectra of the synthesized CuO, the absorption 
edge is blue shifted to shorter wavelength with 
changed morphology. The observed spectrum 
and estimated band gap for the morphology of 
CuO reveal that in addition to size, morphology 
also affects the band gap of CuO structures. The 

band gaps (obtained from Tauc’s plots) of the 
CuO nanoparticles, nanotubes, nano leaves, and 
nanoflowers were found to be as 2, 2.2, 2.9 and 3.1 
eV respectively. In the case of CuO nanoflowers and 
nanotubes observed blue shift can be ascribed to 
the strong Quantum Confinement effect, resulting 
in a larger band gap [16].

Photoluminescence (PL) Spectral Analysis 
Fig. 8 shows the PL spectra of (a) nanoparticles 

(b) nano leaves (c) nanotubes (d) nanoflowers in 
a wavelength range of 350 to 650 nm. PL spectra 
of all samples show three main broad emission 
bands centered at~318, ~525, and ~615 nm.  
The PL peak at ~318 nm is due to the band-edge 
emission of CuO nanostructures. The three-
strong emission peaks located at 440, 463, and 
505 nm are due to the band edge emission from 
the new sublevels or maybe due to the defects 
present in the CuO nanostructures. The emission 
bands extending from 585 to 625 nm correspond 
to deep level defects of CuO. There are slight 
changes in intensities and wavelengths of the 
PL peaks among the different samples of CuO.  
The peaks of CuO nanoflowers are blue shifted 
compared to nanoparticles. From this, it is clear 
that the PL properties of CuO nanostructures 
can be controlled by their shape, dimension, 
and morphology. Quantum chemical effect and 
specific surface effect are the two most reported 
mechanisms, which can result in the blue shift 
and red shift of the PL peak [17]. There are several 
reports that the photoluminescence properties of 
CuO nanostructures have been controlled by their 
shape, dimension, and morphology [18]. 

Fig. 6: FTIR Spectra of (a) CuO (b) Pomegranate fruit extract.
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Photo Catalytic Studies 
Fig. 9 shows the time-dependent absorption 

spectra of malachite green dye under UV 
irradiation with (a)  CuO nanoleaves  (b) particles 
(c) flowers  (d) tubes. Experimental results 
reveal that copper oxide nanostructures degrade 
malachite green more effectively than congo red. 
The percentage degradation of malachite green 
was highest with flower type CuO nanomaterials 
(95%). The photocatalytic degradation efficiency 
of copper oxide particles was found to be 72%, 
for tube type it was 88% and for the leaves type, 

it was 82% after 150 minutes of UV irradiation. 
Similar results obtained for the photocatalytic 
degradation of congo red. 

Fig. 10 shows the time-dependent absorption 
spectra of congo red dye under UV irradiation 
with (a) CuO nanoleaves, (b) particles (c) flowers 
(d) tubes. Here the degradation efficiency for 
copper oxide particle type was found to be 62%, 
for nanotubes it was 83%, for nano leaves 80% and 
for the flower type, it was 91% after 150 minutes 
of UV irradiation.

From experimental results, shape factor seems 

Fig. 7: UV-Visible spectra of CuO (a) nano particles (b) nano tubes (c) nano leaves (d) nano flowers.
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to be of overriding importance to degradation 
efficiency.  As the way that a crystal is organized 
and structured will determine the behavior of 
the atoms that constitute the crystal and catalytic 
activity depends upon the surface structure of a 
crystal. Zhang et al reported that ( 111) facet are 
more active due to dangling bonds, while other 
facets have saturated chemical bonds and no 
dangling bonds exist. So the copper oxides with 
dominant (111) facet have higher adsorption 
and photocatalytic activity than those with other 
dominant surfaces [19]. The flower-like CuO 
composed of tiny crystals with dominant (111) 
facet, shows comparatively higher absorbance, 
higher surface area, and wider band gap. Hence 
exhibit much higher degradation efficiency. The 
photocatalytic degradation follows the order 

CuO nanoflowers > nanotubes > nanoleaves > 
nanoparticles. The lowest photocatalytic activity 
of spherical CuO can be attributed to their lesser 
surface area.

Many previous studies on the degradation 
of dyes using CuO emphasize the importance 
of   H2O2 in the process [20-24]. But in the 
present study, the prepared nanostructures of 
CuO show good degradation efficiency without 
using H2O2. One of the important parameters 
which affect the degradation of organic dyes is 
the presence of oxygen atoms on the surface 
of a photocatalyst [25]. The prepared CuO 
nanomaterials have a number of surface oxygen 
atoms in different morphological forms and 
hence different activity.

The relatively high band gap in the synthesized 

Fig. 9: Time dependent absorption spectra of malachite green dye under UV irradiation with 
(a) CuO nanoleaves (b) particles (c) flowers (d) tubes.
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CuO nanomaterials is expected to prevent the 
recombination of photogenerated electrons and 
holes, which are responsible for the production 
of reactive species (OH• and O2

•−) involved in 
the degradation process [26]. The nano CuO 
with flower-like morphology was found to have 
maximum band gap values and hence its higher 
activity can be accounted. Further, its high 
surface area and structural parameters might 
have contributed to its efficiency.

Antimicrobial studies 
The synthesized nanostructures of CuO were 

evaluated for their antimicrobial properties 
towards bacterial and fungal strains. Fig. 11. 
Zone of inhibition of CuO nanostructures (a-CuO 

nanoflowers, b-tubes, leaves, and d-particles), 
are against microbial strains. The antimicrobial 
studies showed that different morphologies 
of CuO nanostructures demonstrate different 
antimicrobial activities against microbial strains.  
It is clear from Table 1, those nanoflowers and 
nanotubes have a higher antimicrobial activity 
than nanoleaves and nanoparticles, because of 
their larger surface area. The unique surface 
features of the nanoflowers and tubes were able 
to induce more surface related phenomena. 
This particle generates more ROS on their 
surface which get attached to the bacterial 
cells, and in turn, provoke an enhancement of 
the intracellular oxidative stress facilitating the 
higher antimicrobial activity [27]. 

Fig. 10: Time dependent absorption spectra of congo red dye under UV irradiation with
(a) CuO nanoleaves, (b)particles (c) flowers (d)tubes.
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Truncated triangular silver nanoplates with 
exposed (111) lattice plane displayed strongest 
biocidal action compared with spheres and rod-
shaped nanoparticles [28]. Similar results were 
obtained for our synthesized CuO nanostructures 
also. The nanostructures with exposed (111) 
lattice planes (nanoflowers and nanotubes) 
showed higher antimicrobial activity compared 

to nanoleaves and nanoparticles. This is due to 
the higher chemical reactivity of exposed (111) 
lattice planes. The complicated atomic stacking 
of (111) facets allows the O atoms at the surface 
be more polarized than the other facets [29]. This 
phenomenon leads to a higher chemical activity 
of the (111) facets and enhanced antimicrobial 
activity of CuO nanoflowers.

Fig. 11: Zone of inhibition of CuO nano structures a- CuO nanoflowers, b-tubes , c-leaves d-particles against microbial strains.
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Table 1: Comparison of antimicrobial activities of CuO nanostructures.
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CuO nano structures 
Zone of inhibition(mm) 

E. coli Pseudomonas 
aeruginosa 

Bacillus 
subtilis 

Streptococcus 
aureus 

Penicillium 
chrysogenum 

Aspergillu
s flavus 

Nano particles 4 5 7 6 6 9 

Nano leaves 6 5 10 8 9 8 

Nano tubes 6 9 12 11 8 10 

Nano flowers 9 11 17 14 11 13 
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CONCLUSION 
CuO nanostructures such as nanoparticles, 

nanotubes, nanoleaves, and nanoflowers are 
successfully synthesized. The nanostructures are 
characterized by XRD, SEM, and TEM. It was found 
that choice of alkali offers an excellent tool for the 
design of nanomaterials. Oriented attachment 
growth was observed which leads to the formation 
of three-dimensional on using moderate alkali 
solution. The potential application of these 
nanostructures for the degradation of Congo 
red and Malachite Green was examined and the 
observed results show the better photocatalytic 
efficiency of CuO nanoflowers compared to the 
other morphologies. The elevated photocatalytic 
efficiency of CuO nanoflowers is due to its higher 
surface area and oxygen vacancies accompanied 
by large energy defects. CuO nanostructures show 
excellent bactericidal potential against both gram-
positive and gram-negative bacterial strains. In 
this case, the higher antibacterial activity is for a 
peculiar flower-like structure because of its higher 
surface area compared to conventional CuO 
nanostructures.
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