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1-Introduction

Nanomaterials are considered to be a class of materials
with nanometer dimensions (from 1-100 nm), which have
been the subject of many researches in recent years.
Among all types of nanomaterials, copper and copper
oxide nanoparticles have received much attention due to
their wide application in various fields such as catalysts,
electrochemistry, biology, and etc.

There are several methods to synthesize nanomaterials
including chemical precipitation, hydrothermal method,
sol-gel based methods and plant extract. Among these
methods, solution combustion synthesis (SCS), have more
advantages such as low cost, high speed and desirable final
shape of particles in comparison to other processes.

In many studies, the effect of type and amount of fuel on
the final products have been investigated. The results
indicated that by increasing the ratio of fuel from the
stoichiometric state, reduction becomes preferable.
However, by increasing the amount of fuel over a certain
limit, oxygen reacts with copper, and oxidation is
encouraged again.

Over time, some bacteria have changed and became
resistant to common antibiotics. Therefore, the use of
nanomaterials as antibacterial agents to control these types
of micro-organisms has been highly considered. Some of
these nanoparticles include silver, titanium dioxide, copper
and its oxides.

In recent years, the effect of many parameters such as
particle size and microstructure on the antibacterial
properties of copper oxide nanoparticles has been
investigated. Based on the obtained results, it can be said
that smaller particle size is more desirable. Also, plate and
spherical microstructure had the best performance against
all bacterial strains.

The function of CuO nanoparticles against bacterial cells
is due to the reduction of Cu*2 ions to Cu* and, as a result,

creating a kind of stress that leads to cell membrane

rupture.
In the present research, CuO was synthesized by
solution combustion method using

hexamethylenetetramine as fuel and the effect of fuel to
oxidizer ratio was investigated. Each sample was studied
in terms of composition, particle size and microstructure
in order to select the desired sample. Then the suspension
of the selected sample was prepared in three solutions of
nutrient broth, water and DMSO. Finally, all three
suspensions were tested against gram-positive and gram-
negative bacterial strains. Eventually, the inhibition of
different bacterial strains was examined. Also, the effect
of different solutions on MIC was revealed.

2-Experimental Study

Materials and synthesis method. In the present study,
trihydrate copper nitrate (Cu(NO3)2.3H20>99.5%, Loba
Chemie) and hexamethylenetetramine (CsH12N4>99.7%,
Loba Chemie) were used as oxidizer and fuel, respectively.
The desired amounts of each precursor (nitrate and fuel)
were dissolved in the minimum volume of deionized water
based on the ¢ values of 1, 1.09, 1.18, 1.26 and 2.37. The
obtained solution was placed on a hot-plate with a
temperature of 300 °C in order to provide the initial
temperature of combustion reaction.
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Bacterial strains used in antibacterial tests. E. coli
ATCC25922 and S. aureus ATCC25923 were used in all
antibacterial tests.

Preparation of CuO suspension with three different
solutions. Each suspension was prepared separately in a
specific solution: 1-CuO suspension in nutrient broth with
concentration of 1 mg/mL, 2-CuO suspension in DMSO
with concentration of 40 mg/mL and 3-CuO suspension in
water with concentration of 1 mg/mL.

Antibacterial test via broth dilution method. In each plate,
4 groups were considered: 1-wells containing
nanoparticles along with bacteria in broth medium, 2-wells
containing nanoparticles and broth medium as blank, 3-
wells containing broth medium along with bacteria
(positive control) and 4-wells containing broth medium
(negative control).

From all three nanoparticle suspensions, 6 series of
diluted nanoparticles containing concentrations of 6.25 to
200 pg/mL were added to the wells of group 1 and 2. After
that, 10 pL of bacterial suspensions were added equally to
the wells of groups 1 and 3. After that, the plates were kept
in incubator with a temperature of 37 °C for 24 hours. In
the end of incubation, the absorbance of each well was
measured at a wavelength of 625 nm using an ELISA
reader (Awareness start fax 2100) device.

3-Results and discussion
X-ray diffraction pattern of sample with ¢=1 is shown in
Figurel. CuO peaks are marked with @ symbol.

cls )
5000 )

4500 - ¢ :l

4000 ~

2500
2000 -
1500
[ ]
1000 4
o o0
[ ]
. ] . }U\/\ "
e Voo QUL A I AN
2000 3000 4000 5000 6000 7000 8000
Cu-Ka (1541874 4) 2heta

Fig.1. X-ray diffraction pattern of sample with ¢ value of 1

It can be observed that the highest purity of CuO was
achieved in the ¢ value of 1.

Also, according to the results of dynamic light scattering
analysis, the finest particle size was related to the sample
with $=1(25.8 nm).

Furthermore, the FE-SEM image of this sample (Figure
2) represents a single-phase, spherical and fine
morphology.

SEM MAG: 50.0 kx| Date(miaiy): 1013022

Fig.2. FE-SEM image of CuO sample in ¢ value of 1

Finally, this sample was tested against bacterial strains
via broth dilution method. The MIC values indicated that
CuO nanoparticles powerfully inhibited E. coli relative to
S. aureus, which is probably due to the different cell
structure of E. coli.

Results showed that nutrient broth provided a well
dispersion of nanoparticles (against both bacterial strains).
It can be assumed that the better dispersion of
nanoparticles in this suspension was the reason of its
superior inhibiting performance.

4-Conclusion

In this research, the effect of fuel ratio (¢) on the synthesis
of CuO nanoparticles by solution combustion method was
investigated using hexamethylenetetramine fuel at ¢ equal
to 1 and >1. Then, the sample with the highest amount of
CuO in the composition, the smallest grain size and
spherical morphology (¢p=1), was selected for the
antibacterial test. After that, the inhibitory effect of this
sample on the growth of different bacterial strains were
studied in three suspensions. Examining the results of the
antibacterial test showed that CuO nanoparticles acted
more powerfully in inhibiting Gram-negative bacteria
compared to Gram-positive strains, which is probably due
to the different cell structure of these two bacterial strains.
It is possible that the better performance of CuO-broth
suspension against both Gram-positive and Gram-negative
bacterial strains is related to the better dispersion of
nanoparticles in this sample. Therefore, it is suggested to
add surfactants to the suspension containing nanoparticles
to increase the inhibitory power against bacterial strains.
Also, finding solutions that have more dispersing power
than nutrient broth will be effective on the inhibitory
power.
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Synthesis of CuO Nanoparticles Via Solution Combustion and Assessment of its Antibacterial
Properties Against Gram-Positive and -Negative Bacterial Strains

Vesal Helali  Mostafa Mirjalili ~ Seyed Abdolkarim Sajjadi  Maryam M. Matin ~ Mohammad Hasan Mollaei

Abstract This work aims to investigate the effect of fuel ratio on the synthesis of CuO nanoparticles via solution
combustion and evaluation of its antibacterial properties. Hexamethylenetetramine was considered as fuel and used in
different ratio. The final products were characterized by XRD, DLS, FE-SEM analysis. The XRD results indicated that
the highest quantity of CuO was found in fuel ratio equal tol. Based on particle size analysis results, all particles were
in the range of 21.7 to 42.2 nms. Also, the finest particle size (21.7nm) was attributed to the sample in fuel ratio equal to
1. Since the FE-SEM image of this specimen showed a spherical fine morphology, this specimen was chosen for
antibacterial tests. In order to trace the second aim of this study, chosen specimen was tested against Escherichia coli
and Staphylococcus aureus bacterial strains while suspended in nutrient broth, water and DMSO. The results revealed
higher inhibition of E. coli (gram-negative strain) comparing to S. aureus (gram-positive strain) in all cases. Also, the
CuO-nutrient broth appeared to be the suspension with the highest inhibitory for both bacterial strains. The Minimum
inhibitory concentration of nanoparticles in this suspension are 105 and 242 pg/mL for E. coli and S. aureus. This could
be related to the better dispersion of nanoparticles in nutrient broth solution. Therefore, it could be suggested that adding
surfactants to suspension, can enhance the inhibition of bacterial strains.

Key words CuO nanoparticles, Solution combustion synthesis, Antibacterial properties, E. coli, S. aureus.
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