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Highly efficient Copper oxide (CuO) nanorods were synthesized by
using one step sonochemical method under room temperature
with change in NaOH concentration. XRD confirms the prepared
nanorods are in pure monoclinic phase with lattice constants
a = 4.68 Å, b = 3.42 Å, and c = 5.13 Å and FESEM analysis reveals
an average diameter of 50–100 nm. Optical absorption spectra
exhibits the strong blue shift compared with bulk and the bandgap
increases with decreasing the size of the nanorods which is due to
the nanosize effect. The composition of CuO nanorods were charac-
terized by Fourier Transform Infra-Red spectroscopy (FTIR) which
confirms the formation of monoclinic phase of CuO and the Ther-
mal analysis was done by Thermo Gravimetric Analysis (TGA).
The antibacterial properties of copper oxide nanorods were inves-
tigated using human pathogens and was compared based on diam-
eter of inhibition zone using agar well diffusion method. The
synthesized copper oxide nanostructures show excellent antibac-
terial activity against Salmonella typhimurium than Staphylococcus
aureus strain.
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1. Introduction

Copper oxide (CuO) has attracted much attention in recent years because of its promising applica-
tions such as solar cells, gas sensors, and superconductors [1–3]. Cupric Oxide having monoclinic
structure is a unique monoxide compound for both fundamental investigations and practical applica-
tions. Being a p-type covalent semiconductor, CuO reveal a narrow band gap between 1.2 and 1.5 eV,
this makes it an ideal choice for alternative materials to serve as field emitters. CuO is a key compo-
nent in high Tc superconductors and is also used as a photoconductive material. Owing to its photo-
chemical properties, CuO has been widely used in the fabrication of anode material for Li-ion battery
[4,5]. Only limited information on its inactivation of bacteria has been reported up-till now [6–10]. It
has been realized that CuO is an effective antimicrobial agent owing to its ionization property and is
cost effective when compared with silver and easily mixes up with polymers and is relatively chem-
ically stable. The large surface area and easy formation of various morphologies (such as microspheres
[12], nanoflowers [11], nanoleaves [13], of CuO bestow excellent antibacterial activity.

Bacterial strains, such as Salmonella typhimurium and Staphylococcus aureus have the ability to
cause gastroenteritis and skin infections and it is difficult to recognize. Hospitals and transport are
two particular areas that offer opportunities for the use of nanoparticulate metals and metal oxides
to prevent the spread of infection. With the increase in transportation facilities, people are exposed
to more airborne, vector-borne and zoonotic spread of infectious agents [14]. Therefore, in terms of
potential use the incorporation of nanoparticulate metals and metal oxides into surfaces and other ob-
jects could be envisaged. CuO nanoparticles also have adverse effects on bacteria, and Cu2+ dissolving
from CuO NPs induced toxic effects by triggering ROS production and DNA damage in bacteria [15].
The method for the synthesis of nanomaterials is considered to be one of the most important criteria
for obtaining high efficiency, excellent potential and high-quality product. Owing to their wide scope,
various nanostructures of CuO have been synthesized by various techniques such as hydrothermal
[16], electrochemical deposition [11], Reflux condensation [9], and chemical bath deposition [13].
All the above methods need high temperature to obtain different morphologies. When compared with
the above techniques discussed, sonochemical method is the most viable and better option because
homogenously dispersed nanostructures induced by ultrasonic cavitation [17]. In this present work,
a simple sonochemical method is employed to synthesize CuO nanorods at room temperature with
copper acetate and sodium hydroxide as starting materials. Without using any surfactants or tem-
plates CuO nanorods were obtained by tuning the concentrations of the reactants in the solution. In
addition, the antibacterial activity against S. typhimurium and S. aureus strains of the as prepared
CuO nanorods is studied.
2. Experimental procedure

2.1. Synthesis of CuO nanorods

CuO nanorods were prepared by simple sonochemical method. In a typical reaction process, 25 ml
of 0.5 M aqueous solution of NaOH was mixed slowly in 50 ml of 0.2 M aqueous solution of copper
acetate dihydrate under continuous stirring for 30 min. The resultant solutions were then sonicated
for 2 h at room temperature and the pH was maintained at 12. Finally the black colored precipitate
obtained was washed with distilled water and ethanol several times and dried at 80 �C for 2 h. Similar
reactions were also carried out for 0.5 M, 1.0 M, 1.5 M, 2.0 M NaOH concentrations. The reaction mech-
anism for the formation of cupric oxide is as follows:
CuðCH3COOÞ2 þ NaOH! CuðOHÞ2 þ CH3COONa! CuOþH2O
The concentration of NaOH plays a vital role for the formation of CuO nanorods since OH� is strongly
related to the reaction that produces nanostructures. The separated colloidal Cu (OH)2 clusters in solu-
tion acts partly as nuclei for the growth of CuO nanorods. During the sonochemical growth process, the
Cu (OH)2 dissolves under ultrasonic radiation at room temperature. When the concentrations of Cu2+

and OH� reach the critical value of the supersaturation, fine CuO nuclei form spontaneously in the
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aqueous complex solution and CuO nanoparticles combine together to reduce the interfacial free energy.
This is because the molecules at the surface are energetically less stable than the ones already well or-
dered and packed in the interior. Incorporation of growth units into crystal lattice of the nanorods by
dehydration reaction takes place. It was concluded that the growth habit was determined by thermody-
namic factor and by concentration of OH� as the kinetic factor in aqueous solution growth.

2.2. Antibacterial activity

Antimicrobial activities of the as-synthesized copper oxide nanostructures were performed against
S. typhimurium and S. aureus. Bacterial sensitivity of copper oxide nanostructures are tested using
agar-well diffusion method. The bacterial suspension was applied uniformly on the surface of Luria
bertani agar plate and agar-wells were punched using agar punches. Then, synthesized CuO nanopar-
ticles were added in the 25 lg/L concentration. The plates were incubated at 35 �C for 24 h, after
which the average diameter of the inhibition zone surrounding the disk was measured with a ruler
up to 1 mm resolution.

2.3. Characterization techniques

A PAN analytical (XPERT-PRO) X-ray diffractometer using Cu Ka1 radiation (k = 1.5406 Å) was em-
ployed to characterize the crystallographic properties of the CuO nanorods. The surface morphologies
were characterized by a FEI Quanta-250 Field Emission Scanning Electron Microscopy (FESEM). UV–
Vis spectral analysis was recorded on Jasco V-650 Spectrophotometer. FT-IR analysis was performed
by Bruker Tensor 27, Fourier Transforms Infrared spectroscope. Thermal analysis was done by Perkin
Elmer-Diamond Thermo Gravimetric Analysis (TGA).

3. Results and discussion

3.1. Structural and surface analysis

By adjusting the concentration of sodium hydroxide (NaOH), CuO nanorod structures have been
prepared via an aqueous sonochemical route under ambient temperature. The powder XRD pattern
of CuO nanorods synthesized at different reaction conditions are shown in Fig. 1. The result shows
the presence of good crystalline material and is well indexed to infer to be monoclinic phase when
compared with bulk material (JCPDS 05-0661) with lattice constants a = 4.68 Å, b = 3.42 Å and
c = 5.13 Å. The major peaks located at 2h = 35.43� and 38.49� are indexed as (002) and (111) planes
respectively and are the characteristics peaks for the pure phase monoclinic CuO nanoparticles
(Fig. 1a–c). The sharp and narrow diffraction peaks indicate that the material has good crystallinity.
No characteristic peaks from the intermediates such as Cu (OH)2 was detected. The average grain size
of copper oxide nanorods is calculated by using the Scherrer formula (D = 0.89k/bcosh). where D is the
crystallite size, k is the wavelength (1.5406 Å for Cu Ka), b is the full-width at half-maximum (FWHM)
of main intensity peak after subtraction of the equipment broadening and h is the diffraction angle.
The average grain size was found to be around 20–35 nm for CuO nanorods.

The crystallite size of the nanorods also compared with the Williamson–Hall plot (W–H plot). The
instrumental broadening (bhkl) was corrected, corresponding to each diffraction peak of CuO nanorods
using the relation:
bhkl ¼ ðbhklÞ
2
Measured � ðbhklÞ

2
Instrumental

h i1=2
ð1Þ
Williamson and Hall proposed a method for calculating the size and strain broadening by looking at
the peak width as a function of diffracting angle 2h and obtained an expression [18].
bhkl cos h ¼ Kk
D
þ 4e sin h ð2Þ
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Fig. 1. XRD spectra of CuO nanorods prepared at different molar concentration of NaOH at (a) 1.0 M (b) 1.5 M and (c) 2.0 M.
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A plot is drawn for 4 sinh along the X-axis and bhkl cosh along the Y-axis for prepared CuO nanorods
and is shown in Fig. 2. The crystallite size (�19–34 nm) is calculated from the y-intercept of the linear
fit and is consistent with the crystallite size calculated from the Scherrer formula. Fig. 3(a–d) displays
FESEM images of CuO nanorods grown at room temperature with the NaOH concentration of 0.5 M,
1.0 M, 1.5 M and 2.0 M. The morphology of CuO sample grown at 0.5 M NaOH (Fig. 3a) shows the ini-
tial formation of CuO nanorods and is typically about 250–500 nm in length and 50–100 nm in
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Fig. 2. W–H plot of CuO nanorods prepared at different molar concentration of NaOH at (a) 1.0 M (b) 1.5 M and (c) 2.0 M.



Fig. 3. Fesem images of CuO nanorods prepared at different molar concentration of NaOH at (a) 0.5 M (b) 1.0 M (c) 1.5 M (d)
2.0 M and (e) energy-dispersive X-ray (EDX) spectra of CuO nanorods.
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diameter. Fig. 3(b and c) shows the morphology of nanorods grown at 1.0 M and 1.5 M NaOH under
the same conditions and the nanorods are observed as aggregation. These CuO nanorods show an aver-
age diameter of 100 nm and length of 500–750 nm. When the synthesis process was carried out at
higher concentration of NaOH (0.2 M) individual CuO nanorods were obtained (Fig. 3d) and the aver-
age diameter is 250 nm. High concentration of NaOH and the consequent pH of the reaction mixture
decide the morphology of the nanorods. The complex ion in the reaction mixture is converted to Cu
(OH)2 which then decomposes to form CuO nanorods [19]. We found that through optimization of
the Cu2+/OH� concentrations, CuO nanorods can be obtained. When the concentration of NaOH to
Cu (CH3COO)2 ratio increases the thickness of the nanorods also gets increased as shown in Fig. 3d.
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This was explained by the increase of the amount of OH� ions produced from higher concentration of
NaOH [20]. Through our experiments, we systemically studied the influence of NaOH concentration on
the morphology of the CuO nanorods. The result shows that the size of nanorods is strongly dependent
on NaOH concentration. Fig. 3 shows that the width of the nanorods diminishes when decreasing the
concentration by keeping all other parameters constant. Our results show that controlled growth of
nanorods ranging from a thinner to a larger diameter can be realized by appropriate choice of the
NaOH concentration. EDAX pattern of CuO (Fig. 3e) shows sharp peaks corresponding to Cu (K) and
O (K). The Cu:O composition was found to be 57.06:42.94 confirming its high purity.

3.2. Optical properties and thermal analysis

The absorption spectra of the as-synthesized samples at 0.5 M, 1.0 M, 1.5 M and 2.0 M of NaOH
concentration is shown in Fig. 4 and their broad absorption peaks are observed at 354.59, 358.01,
360.9 and 367.4 nm, respectively. The optical band gap of the material is obtained by using the follow-
ing equation [21].
Fig. 4.
and (d)
ahm ¼ Kðhm� EgÞm ð3Þ
where a is the absorbance, K is a constant, and m equals 1 for direct transition and 2 for indirect tran-
sition. Inset of Fig. 4 show a plot of ðahmÞ2 versus hm plot for direct transition, and the extrapolation of
linear curve to zero absorption edge energy corresponds to band gap Eg. The band gap of as-obtained
CuO is estimated to be 3.09 eV, which shows a greater blue-shift compared with that of the bulk
(1.2 eV) due to quantum size effect [22].

Essentially, the optical properties of nanoparticles are determined by their energy band. The size of
the nanorods synthesized using 0.5 M, 1.0 M and 1.5 M NaOH is smaller than that of the nanorods syn-
thesized using 2.0 M NaOH which leads to stronger quantum confinement effect. Thus, the absorption
peak of the nanorods at 0.5 M has a larger ‘‘blue shift’’ than that of the nanorods at 1.0 M, 1.5 M and
2.0 M. Therefore, our studies show that the optical properties of nanostructures could be adjusted by
change in size of nanorods.

The composition and quality of the CuO nanorods were analyzed by FTIR, in the range of 400–
4000 cm�1 (Fig. 5). The absorption bands at 430, 507, and 606 cm�1 have been observed from the FTIR
Absorption spectra of CuO nanorods prepared at different molar concentration of NaOH at (a) 0.5 M (b) 1.0 M (c) 1.5 M
2.0 M. Inset figure shows the plot of (ahm)2 versus hm.
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spectrum which is due to the Cu–O stretching in the monoclinic phase of CuO [23]. Weak and broad
absorption bands at 1637 and 3432 cm�1 have been observed due to the existence of water molecules
and 1354 cm�1 is due to C–H stretching vibrations. The TGA test of the CuO nanorods was conducted
simultaneously at a heating rate of 20 �C/min from 50 �C to 700 �C and air is used as purged gas in the
analysis, the result is shown in Fig. 6 According to the result, there was no notable decomposition in
the TGA curve is observed and the gradual weight loss has been noted from 250 �C proving the
stability of CuO is high.

3.3. Antibacterial analysis

Fig. 7(a–d) presents the zone of inhibition of nanorods against the Bacterial strains S. typhimurium
and S. aureus. All the samples show the effective bacterial retardant behavior. However nanorods pre-
pared at 2.0 M NaOH concentration showed excellent antibacterial activity than other samples as
shown in Fig. 7d. This indicates that the morphology or the dimensionality of Nanomaterials can im-
mensely affect the antibacterial activity. Since, the different surface-interface characteristics might
Fig. 6. TGA/DTA curve of CuO nanorods prepared at molar concentration of NaOH at 2.0 M.



Fig. 7. Zone of inhibition of the CuO nanostructures with minimum inhibitory concentration of 25 lg/L for (a) Staphylococcus
aureus (b) Salmonella typhimurium and zone of inhibition of the nanostructures with maximum inhibitory concentration of
100 lg/L for (c) Staphylococcus aureus and (d) Salmonella typhimurium. (Note: A-0.5 M NaOH; B-1.0 M NaOH; C-1.5 M NaOH; D-
2.0 M NaOH; E-Control (water).

Table 1
Zone of inhibition of CuO nanorods against Staphylococcus aureus and Salmonella typhimurium.

Samples code Zone of inhibition (mm)

Salmonella typhimurium Staphylococcus aureous

(25 ll/l) (100 ll/l) (25 ll/l) (100 ll/l)

A-0.5 M NaOH 20 20 12 18
B-1.0 M NaOH 21 20 20 17
C-1.5 M NaOH 21 21 19 18
D-2.0 M NaOH 22 22 20 19
E-Control (water) – – – –
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have different chemical–physical adsorption–desorption abilities towards the bacteria, ensuing in dif-
ferent antibacterial activities [19]. From Fig. 7 the zone of inhibition measured are listed in Table 1.
Interaction between the nanoparticles and the cell wall of bacteria congeries the fact that the growth
of S. typhimurium was more effectively affected by CuO nanostructures than that of the S. aureus
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bacteria. Several studies have been suggested that, the two possible mechanisms could be involved in
the interaction between nanoparticles and bacteria: (1) the production of increased levels of reactive
oxygen species (ROS), mostly hydroxyl radicals and singlet oxygen [21,24] and (2) deposition of the
nanoparticles on the surface of bacteria or accumulation of nanoparticles either in the cytoplasm or
in the periplasmic region causing disruption of cellular function and/or disruption and disorganization
of membranes [25]. Reactive oxygen species (ROS), such as hydrogen peroxide (H2O2), superoxide an-
ion ðO��2 Þ, hydroxyl radicals (OH3), and organic hydro peroxides (OHPs) are toxic to the cells as they
damage cellular constituents such as DNA, lipids, and proteins [26]. The antibacterial activity of
CuO towards Gram-negative bacteria was higher when compared to Gram-positive bacteria. The dif-
ference in activity against these two types of bacteria could be attributed to the structural and com-
positional differences of the cell membrane [27]. Gram-positive bacteria have thicker peptidoglycan
cell membranes compared to the Gram-negative bacteria and it is harder for CuO to penetrate it,
resulting in a low antibacterial response [11]. The antibacterial effect was detected due to the CuO
nanoparticles, which can generate reactive oxygen species that are responsible for damaging the bac-
teria’s cells.

4. Conclusion

In summary, we have proposed a simple Sonochemical Approach at room temperature for the fab-
rication of CuO nanorods without any surfactants and templates. The results shows that the variation
in the concentration of NaOH have influence the morphology of CuO nanorods. The influence of chem-
ical reactions, nucleation and growth process on the morphology of CuO nanorods are discussed. Our
experimental results demonstrated that the as-prepared CuO nanorods exhibited very effective anti-
bacterial activity against S. typhimurium than S. aureus strain and can easily inhibit the bacterial
growth at the concentration of 25 lg/mL. The result suggest that CuO nanoparticles have a potential
application as a bacteriostatic agent and may have future applications in the development of deriva-
tive agents to control the spread and infection of variety of bacterial strains.
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