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Preparation of copper oxalate and copper oxide nanoparticles and their
antibacterial effect against P. aeruginosa and methicillin resistant S. aureus
from burn and wound infections
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Abstract
Copper oxide and copper oxalate nanoparticles were prepared successfully via soft chemistry route based on
the thermal decomposition of oxalic precursors. They were obtained with a well-controlled morphology and
particle size. These nanoparticles were characterized by using X-ray diffraction (XRD) pattern analysis, scanning
electron microscopy (SEM) and fourier transform infra-red spectroscopy (FT-IR). The antibacterial activity of the
obtained copper oxide and copper oxalate nanoparticles against P. aeruginosa and MRSA were estimated by
using well diffusion method and broth dilution method. The results showed that both types of nanoparticles
have the ability to inhibit the growth of these bacterial isolates. The MIC and MBC of copper oxide
nanoparticles to P. aeruginosa were found to be 1600 and 3200µg/ml respec vely, while that for of copper
oxalate nanopar cles were 800 and 1600µg/ml respec vely. For MRSA the MIC and MBC values of copper
oxide nanopar cles were 800 and 1600µg/ml respec vely, while that for copper oxalate 200 and 400µg/ml
respectively.
Keywords: Copper oxide, Copper oxalate, Nanoparticles, Antibacterial activity, P. aeruginosa, S. aureus.

Introduction

burn wound infections (Guggenheim et al., 2009).
Methicillin resistant Staphylococcus aureus (MRSA)
is a significant pathogen causing both nosocomial
and community acquired infections in wound burn
patients. S. aureus produces a group of virulence
factors that causes an array of diseases, ranging
from minor localized skin lesions to life-threatening
deep tissue damage and systemic infections such as
pneumonia, endocarditis and exotoxin syndromes
(Ma hew, 2012).
Nano-crystalline
particles
have
found
tremendous applications in the field of
antimicrobials activity and therapeutics, copper
oxide nanoparticles (CuO nanoparticles) were
effective in killing a range of bacterial pathogens
involved in hospital-acquired infections, but a high
concentration is required to achieve bactericidal
effect. Copper oxide nanoparticles inhibiting cell
wall synthesis both of gram-positive and gramnegative bacteria, also it is disrupt DNA structure
and biochemical process (Fadhel, 2013; Ren et al.,
2009). Some methods for the preparation of
nanocrystalline CuO have been reported such as the
sonochemical method (Kumar et al., 2000), sol-gel
technique (Eliseev et al., 2000), one-step solid state

The burns and wounds represent a susceptible
sites for opportunistic colonization by organism of
endogenous and exogenous origin. Bacterial
infection in burn and wound patients are common
and are difficult to control, and sepsis consequently
is common and often fetal. It is responsible for a
great deal of morbidity and mortality rate among
hospitalized pa ents (Alharbi and Zayed, 2014).
The rate of nosocomial infections is higher in
burn patients due to various factors like nature of
burn injury itself, immunocompromised status of
the patient, age of patients, extent of injury,
duration stay of patient in hospital and depth of
burn in combination with microbial factors such as
type and number of organisms, enzyme and toxin
production, colonization of the burn wound site and
the systemic dissemination of the colonizing
organisms (Agnihotri et al., 2004; Macedo et al.,
2005). Currently the common pathogens isolated
from burn wound patients are Pseudomonas
aerugenosa, Staphylococcus aureus, β-haemolytic
Streptococci, Escherichia coli, Klebsiella species and
various coliform bacilli, fungi like Candida albicans
and Aspergillus species are also associated with
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reaction method at room temperature (Xu et
al.,2000)., electrochemical method (Borgohain et
al., 2000) and thermal decomposi on of precursors
(Salavati-Niasari and Davar, 2009). Copper oxide
nanoparticles were reported to be effective in
killing a range of bacterial pathogens involved in
hospital-acquired
infections,
but
a
high
concentration of nano CuO is required to achieve a
bactericidal effect (Ren et al., 2009).
The present study aimed to synthesize copper
oxide nanoparticles via soft chemistry route based
on the thermal decomposition of oxalic acid salt
precursors. Isolation and identification of methicillin
resistant Staphylococcus aureus and Pseudomonas
aerugenosa from burns and wounds infections, and
their resistance against copper oxide nanoparticles.

Burn Hospital in Medical City. The types and the
numbers of clinical samples were distributed as (29)
samples from burns and (57) samples from
wounds. Samples collected within the period
between September 2014 to December 2014, such
a way the time between samples collection and
bacteriological exam never exceeded 1-2hrs. The
swabs were primary cultivated on suitable culture
media represent by blood agar and MacConkey
agar, then incubated at 37°C for 18-24hrs in aerobic
condition. Positive culture samples were re-cultured
on further selective media beside performing
morphological
characteristic,
followed
by
conﬁrma ve diagnos c methods (VITEK2 compact
system).
P. aerugenosa and S. aureus were diagnosed
according to McFaddin (2000), and all specimens
were cultured on MacConkey agar, blood agar,
pseudomonas agar as selective media for P.
aeruginosa and mannitol salt agar as selective
media for S. aureus. All media were incubated
aerobically at 37°C for 24hrs. The bacteria were
identified according to their staining ability, shape,
color, size, odor, edge, production of pigments and
transparency. One isolated colony from selective
media was transported to a microscopic slide, fixed
then stained with gram stain to determine the cell
shape, gram reaction and arrangement (Harley and
Presco , 2002).
Biochemical tests: Oxidase test and catalase tests,
(Harley and Presco , 2002), coagulase test,
(Madigan and Mar nko, 2005). API 20 NE strip
system is a standardized identification system for
Enterobacteriaceae.
Confirmation
of
the
identification of P. aeruginosa and S. aureus by
using VITEK 2 compact system.
Cefoxitin disc diffusion method: Cefoxitin disc
diﬀusion (30µg) was used to detect methicillin
resistant Staphylococcus aureus (MRSA). (Brown et
al., 2005).
Antibiotics
susceptibility
test:
Antibiotics
susceptibility test were performed by Kirby-Bauer
method mentioned in by Morello et al. (2006).
Bacterial isolates preservation: Pure bacterial
isolates were preserved by three type of
preservation, as shown in (Collee et al., 1996;
Benson, 2002).
Copper oxalate and copper oxide nanoparticles
preparation: An alcoholic oxalic acid solution was
very slowly added under efficient magnetic stirring
to a solution of copper nitrate in alcohol-water at a
temperature below 20°C. Addi on rate was a such
a way it take between 60 to 90min The color of
copper nitrate solution was faded during the
progress of the addition, and fine suspension of
pale blue copper oxalate was observed. The mixture

Materials and Methods
Chemicals and biological materials: The following
chemicals and biological materials were used in this
study: copper nitrate, Cu(NO3)2.3H2O and oxalic acid
from Merck, Germany; hydrogen peroxide 3.0% and
glycerol from Oxoid, England; barium chloride,
BaCl2, BDH, England; hydrochloric acid (HCl), Riedel
De Han, Germany; API 20 NE system, biomeruex,
France; gram stain Kit, syrbio, Switzerland. Blood
agar base, brain heart infusion broth, CHROM agar,
mannitol salt agar, muller hinton agar, nutrient
agar, pseudomonas agar, and MacConkey agar from
hi-media, India; all the antibiotic discs from
bioanalyse, Turkey; and pseudomonas agar was
prepared according to (Brown, 2005).
Equipments and apparatus: The following
equipments and apparatus were used throughout
the present study: Fourier Transform Infra-Red
spectroscopy (FTIR), shimadzu, Japan; scanning
electron microscope, joint stock, Czech republic;
Ultrasonic cell crusher, scientz/JY96-IIN, Korea;
VITEK2 compact system, biomeruex, France; X- ray
diffractometer (XRD-6000), shimadzu, Japan.
Preparation of reagents and solutions: Reagents
and solutions were prepared according to the
following: Oxidase reagent: (Brown, 2005); catalase
reagent, (Forbes et al., 2007). Normal saline
solu on, (McFaddin, 2000), McFarland standard
solu on, (Benson, 2002). Copper nitrate solu on
was prepared by dissolving 1.608gm of copper
nitrate powder in a mixture of 80ml of 95% ethanol
and 20ml of dis lled water, oxalic acid solu on was
prepared by dissolving 0.09gm of solid oxalic acid in
100ml 95% ethanol (Baco-Carles et al.,2011).
Samples collection and identification of P.
aerugenosa and S. aureus: Eighty six samples were
collected from burn and wound patients from three
hospitals of Baghdad governorate: Al-Yarmuk
Teaching Hospital; Baghdad Teaching Hospital and
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was left in refrigerator overnight, to allow some of
the suspension to settle. The mixture was separated
from the mother liquor by centrifuga on at 3000
rpm for 60min in 10ml capped plas c tubes. The
precipitate was collected in one tube and then
washed twice with 95% alcohol, with the aid of the
centrifugation at similar rotation speed. After the
second washing centrifugation cycle, the particles
require more time to sediment. The collected solid
(1.53gm) was much less than the theore cal yield,
and this could be due to the very small size of
resulted copper oxalate. The solid was dried in an
oven at 70°C for 5hrs, to give dry solid (1.23gm). It
was placed in a small ceramic boat and transferred
to a tube furnace, and then heated to 300°C at four
steps of heating program. Step one include heating
copper oxalate nanoparticles from ambient
temperature to 100°C under argon within 60min,
step two include hea ng at 100°C for 60min, step
three include hea ng the sample from 100°C to
300°C within 120min and ﬁnally hea ng at 350°C
for 120min.
Due to the high ability of nanoparticles to
aggregate during storing, it is recommended to
expose their suspensions in distilled water to a
sonicator. The probe of the sonicator was inserted
in a volume of 100ml of the copper oxide and
copper oxalate nanopar cles suspension for 3 ×
20min interval at a power of 50% prior to use.
Nanoparticles characterization: The nanoparticle
was characterized by X-ray diffraction (XRD) pattern
analysis, and molecular analysis of the samples was
performed by Fourier Transform Infra-red
Spectroscopy (FTIR). The morphology analysis and
particle size of samples was carried out by emission
scanning electron microscope (SEM).
Determination
of
antimicrobial
activity:
Antimicrobial activities of the synthesized copper
oxide and copper oxalate nanoparticles were
determined against P. aerugenosa and MRSA
following a modified Kirby Bauer disc diffusion
method (Azam et al., 2012).
Minimum inhibitory concentrations (MIC) and
minimum bactericidal concentration (MBC) of
copper oxide and copper oxalate nanoparticles
were determined by the broth dilution method
which conformed to the clinical and laboratory
standards ins tute (CLSI, 2012). The bacterial
suspension of P. aeruginosa and MRSA were
prepared by adjustment of the turbidity of the
8
inoculums to 0.5 McFarland standards (1.5 × 10
CFU/ml).
A sequence of four successive dilutions was
made by transferring 1.0ml from the above bacteria
suspension to 9.0ml NaCl 0.9%. A serial dilu on

with 5.0ml nutrient broth medium containing
nanopar cles at concentra on of 200, 400, 800,
1600 and 3200µg/ml was prepared, as well as a
positive control without nanoparticles should be
done. Each set was inoculated aseptically with
50.0µl of respec ve diluted bacterial suspension
4
(approximately 10 CFU/ml) including positive
control. A er incuba on at 37°C for 24hrs by using
shaking incubator, the bacteria were plated onto
solid nutrient agar plates (Azam et al., 2012).

Results and Discussion
Out of a total 86 samples obtained from 29
burns and 57 wounds pa ents, 75 samples were
observed to have an aerobic bacterial growth, while
11, represen ng, were nega ve. The absence of the
growth in some samples may be related to early
entry to the hospital or uninfected patients with
aerobic bacteria, as shown in Table (1). Out of the
75 posi ve growth of aerobic bacteria, 49 (86.0%)
were from wound samples, while the positive
growth of aerobic bacteria was observed in 26
(89.7%) burn samples out of 29. The colonies were
cultured on pseudomonas agar which is selective
media to differentiate between Pseudomonas
genus from other bacteria, this media contains
CetriNix supplement for selective isolation of
Pseudomonas and inhibit other bacteria as well. It
enhance the induction of pigments, some isolates
of P. aeruginosa were able to produce blue-green
pigment as pyocyanin and other isolates produce
fluorescent pigment as pyovirdin. The confirmatory
diagnosis of bacterial isolates were performed by
using VITEK2 compact system as an automated
microbiological system utilizing growth-based
technology.
The results showed that for wound infections,
23 isolates were due to P. aeruginosa with the high
frequency of 46.9% among 49 posi ve isolates,
while for burn infec ons, 11 isolates were obtained
from 26 posi ve growth (42.3%). The results
obtained for the predominant isolate for burn and
wound were in accordance with previous studies
(Alharbi and Zayed, 2014; Agnihotri et al., 2004;
Arslan et al., 1999).
The results obtained for the frequency of
infection showed that the isolates of S. aureus from
wound infec ons represent (24.5%), while in burn
infec on it was 34.6%. This is close to that reported
by Kehinde et al. (2004), (26.0%). The iden ﬁca on
of methicillin-resistant Staphylococcus aureus
(MRSA) from wound and burn patients based on
use of phenotypic methods including cefoxitin disc
diffusion and CHROM agar media for MRSA
(Swenson and Tenover, 2005).
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Table (1): Numbers and percentage frequencies of burn and wound samples posi ve and nega ve for
aerobic bacterial infection. Number and percentage of samples with positive aerobic bacterial growth
distributed by the source of samples (burns and wounds).
Sample source

Samples number

Positive samples for aerobic bacteria
Wound
Burns
Negative samples for aerobic bacteria
Total

57
29
86

The results obtained showed that the isolates of
MRSA from wound infections is the predominate
isolate with frequency of 75.0%, with 9 isolates of S.
aureus out of 12, while the rest of MSSA frequency
of 25.0%. In burn infec ons, MRSA isolates were 5
out of 9 with a frequency of 55.6%, while MSSA
represent the rest with a value of 44.4%, which is in
agreement with the finding of Ekrami et al., (2010)
of 60.0%. It is worth mentioning that Martineau et
al. (2000) obtained much higher value of 98%. The
high frequency of MRSA can be attributed to many
suggested factors, which may include the age of the
patients, the high number of MRSA carrier patients,
type and volume of burn, immunocompromised
patients, and loss of skin barrier. Many studies
referred to the abuse of broad spectrum antibiotics
prior to the infection and the long residence in
hospitals (Shehab El-Din et al., 2003).
Thirty four isolates of P. aeruginosa from burn
and wound patients were tested for antibiotic
sensitivity by disc diffusion method (Kirby Bauer
Test) according to the recommendation of (CLSI,
2012). The suscep bili es of the isolates towards

Positive aerobic bacterial growth
Number
75
49
26
11
75

%
87.2
86.0
89.7
12.8
87.2

10 an bio c were studied and the an biotic
sensitivity pattern was obtained, for it is a useful
guideline for choosing an appropriate antibiotic.
These isolates of P. aeruginosa showed multidrug
resistance (MDR) to more than one antibiotic. The
results showed that all isolates were 100.0%
resistant to carbenicillin and doxycycline. High
resistance to amoxicillin/ clavulanic acid, cefipime,
netilmicin and azetreonam showed high resistances
of 85.3, 82.4, 76.5 and 61.8% respec vely.
Moderate resistance were obtained for gentamycin,
tobramycin and ciproﬂoxacin of 35.3, 32.4 and
29.4% respec vely. Imipenem was found to be the
least resistant an bio c of 14.7%, as shown in
Figure (1) and Table (2).
The development of bacterial resistance towards
many antibiotic considered as a great therapeutic
problem, and an explanation was presented by
Sotto et al., (2001) to explain it, which is related to
the influence of excessive or inappropriate
antibiotic use. P. aeruginosa is resistant to many
antimicrobial agents and therefore become
dominant and important (Brooks et al., 2007).

Figure (1): Percentage of resistance for P. aeruginosa to antibiotic were used in this study
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Table (2): Number and percentage of resistance for P. aeruginosa isolates to different antibiotics.
P. aeruginosa isolates (Number =34)
Antibiotics
Amoxicillin &
Clavulanic acid
Azetreonam
Carbenicillin
Cefipime
Ciprofloxacin
Doxycycline
Gentamicin
Imipenem
Netilmicin
Tobramycin

Code

Resistant

Intermediate

Sensitive

No.

%

No.

%

No.

%

AMC

29

85.3

1

3

4

11.7

ATM
PY
FEP
CIP
DO
CN
IPM
NET
TOB

21
34
28
10
34
12
5
26
11

61.8
100.0
82.4
29.4
100.0
35.3
14.7
76.5
32.4

3
-

8.8
-

-

-

10
6
24
22
29
8
23

29.4
17.6
70.6
64.7
85.3
23.5
67.6

The results obtained, showed high resistance of
P. aeruginosa against ceﬁpime 82.4%, this result
agreed with both results that were obtained of
Bdiwee (2011) and Al-Shwaikh (2006), 98.0%. The
three finding were disagreed with gailiene et al.
(2007), who found the resistance of 20.2%. These
difference could be explained to the increase
resistance of gram-negative bacteria to cefipime
which may be due to repeated exposure to this
drug (Livermore et al., 2002). The isolates of P.
aeruginosa was found to have moderate resistance
to ciprofloxacin with a value of 29.4%, which is less
than that obtained by Eldin et al. (2011), of 39%,
and much higher than that reported by Abdullah et
al. (2010) of 6.0%.
Moderate resistance to gentamycin and
tobramycin were obtained 35.3 and 32.4%
respectively. Al-Shwaikh (2006), reported a close
value for the resistance against tobramycin of
26.0%, while Zubair et al. (2011), reported the
resistance to gentamycin of 40.8%.
The resistance of P. aeruginosa to
aminoglycosides antibiotic viz. gentamycin and
tobramycin, is primarily due to the genetic
expression of enzymes responsible for the
modification of these antibiotics. There are three
specific classes of aminoglycoside-modifying
enzyme that have been identified, the
N’acetyltransferases, phosphotransferases and
adenyltrnsferases (Hirsch et al., 2010). P.

aeruginosa showed high resistance towards
amoxicillin/ clavulanic acid (Augmen n), of 85.3%, a
close value to that reported by Paul et al. (2002) of
90.2%. P. aeruginosa showed very low resistance
towards Imipenem of 14.7%, which is close to Salimi
et al. (2009), ﬁnding of 15.5%, while Al-Shwaikh
(2006), reported ul mate sensi vity (100.0%). P.
aeruginosa showed complete resistance (100%)
towards both of carbenicillin and doxycycline. This
result is partially agreed with value reported by
Alwan et al. (2011) for doxycycline; 73.3%.
Finally, the isolates of P. aeruginosa showed low
suscep bility of (23.5%) to ne lmicin and this
partially compatible with Kumar et al. (2012), who
found only (6.06%) suscep ble to this an bio c and
completely compatible with Tanja et al. (2013) who
reported (29.5%). The high an bio c resistance of
P. aeruginosa may be related to many factors such
as the widespread use of the broad spectrum
antibiotics leading to selective survival advantage of
the pathogen (Henrichfreise et al., 2007). The close
cell-cell contact that permits the bacteria to be
more effectively transfer of the plasmids to one
another than in the planktonic state. These
plasmids can encode for the resistance to several
different antimicrobial agents. In addition to the
ability of P. aeruginosa to form biofilm, which
provide a physical protection to the bacteria, hence
the biofilm retard the penetration of the
antimicrobial agents (Mah and Toole, 2001).
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Figure (2): Percentage of resistance for S. aureus to antibiotic were used in this study.
According to the recommendation of (CLSI,
2012), twenty one isolates of S. aureus isolated
from burn and wound patients were tested for
antibiotic sensitivity by disc diffusion Method (Kirby
Bauer Test). The susceptibilities of the isolates
towards 10 an bio c were studied and the
antibiotic sensitivity pattern was for it is a useful
guideline for choosing an appropriate antibiotic.
The results showed high resistance to azithromycin,
cefoxi n, clathromycin with frequencies of 76.2,
66.7 and 62.0% respec vely. Moderate resistance
to chloramphenicol, ciprofloxacin and doxycycline
with frequencies of 47.6, 42.9 and 38.0%
respectively. S. aureus showed low resistance to
clindamycin,
vancomycin,
tobramycin
and
gentamycin with frequencies of 9.5, 9.5, 14.3 and

19.0% respec vely as shown in Figure (2) and Table
(3). The reported values for the resistance of S.
aureus isolates towards aminoglycosides such as
gentamycin and tobramycin antibiotics indicated
low resistance of 19.0 and 14.3%, respec vely. This
finding is completely disagreed with that of Alwan
et al. (2011) who reported a value of 100.0% for
gentamycin. The only floroquinolone used is
ciprofloxacin, which showed moderate resistance of
42.9% and this closely agreed with that of Alwan et
al. (2011), who reported a value 41.6%. Alebachew
et al. (2012) reported a low resistance of S. aureus
isolates towards vancomycin and clindamycin 9.7
and 10% respec vely. These values are very close to
the one obtained in the present study (9.5%).

Table (3): Number and percentage of resistance for S.aureus isolates to different antibiotics
S. aureus isolates (Number =21)
Antibiotics

Code

Azithromycin
Cefoxitin
Chloramphenicol
Ciprofloxacin
Clathromycin
Clindamycin
Doxycycline
Gentamicin
Tobramycin
Vancomycin

AZM
FOX
C
CIP
CLR
DA
DO
CN
TOB
VA

Resistant
No.
16
14
10
9
13
2
8
4
3
2

%
76.2
66.7
47.6
42.9
62.0
9.5
38.0
19.0
14.3
9.5
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Intermediate
No.
-

%
-

Sensitive
No.
5
7
11
12
8
19
13
17
18
19

%
23.8
33.3
52.4
57.1
38.0
90.5
62.0
81.0
85.7
90.5
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Also S. aureus showed moderate resistance to
doxycycline (38.0%), this accordance with Ahmed et
al. (2013) who es mated the rate of resistance to
this
an bio c
was
(31.8%).
For
the
chloramphenicol, S. aureus isolates were showed
moderate percent of resistance (47.6%) and this
nearly agreed with Alebachew et al. (2012) who
reported (51.5%). cefoxitin is a subclass of βlactams antibiotic which represent a surrogate for
the accurate detection of mecA mediated resistance
to oxacillin, methicillin and cloxacillin. Results of the
study show that (66.7%) of the S. aureus isolates
were found to be resistant to cefoxitin which also
represents methicillin resistant among these
isolates, and this percent agreed with Al-Ugaili

(2013), who reported (65.6%). Also, the isolates of
S. aureus showed high resistance (62.0%) to
clarithromycin and this compatible with Ahmad et
al. (2014) who es mated high resistance (59.0%).
In an attempt to prepare copper compounds
nanomaterials, the strategy of using sparingly
soluble oxalates precursors formation from dilute
solution followed by thermal decomposition of the
dry product was adopted. The first part of the
preparation consist of the formation of insoluble
copper oxalate from diluted aqueous alcoholic
solution, followed by centrifugation, drying and
thermal decomposition. The following chemical
equations represent the decomposition process:

Cu(NO3)2 + H2C2O4
CuC2O4↓ + 2HNO3……………………………………...…. 1
CuC2O4 75-263°C
CuCO3 + CO↑ ………………………………………….……….………. 2
CuCO3 263-325°C CuO + CO2↑
……………………………………….………………….. 3
Copper metal nanoparticles are mainly attractive
due to their catalytic optical and electrical
properties (Athanassiou et al., 2006). Unfortunately
they are unstable in air due to oxidation although
they can be conserved in an inert medium (Jana et
al., 2000). However, due to the high reac vity of
nanoparticles especially concerning oxidation, pure
copper metal is not easy to stabilize. Although,
Baco-Carles et al. (2011) claimed the synthesis of
nanoparticles of copper metal via a soft chemistry
route. However, the process required to prepare
metallic copper nanoparticles should be well closed
system to exclude oxygen and water contact with
the product. Such system need a prolonged
preparation, as well as the required safety
precaution for handling hydrogen gas as a reducing
agent at a temperature exceeding 350ºC for the
copper metal.
Following the above mentioned procedure with
modification, copper oxalates precipitated from
water-alcohol medium is expected to give
submicron size of the precursor grains. Moreover it
decompose at a temperature above 200°C to
prevent dramatic sintering of the metallic particles
formed, and their decomposition gives water and

O

carbon compounds, which do not lead to real
human health problems. Referring to an extensive
study performed by Feng Qi et al., (2014), who
studied the thermal decomposition of copper(II)
oxalate, CuC2O4 obtained by aging of CuO and oxalic
acid H2C2O4⋅2H O at 45°C without the use of
2

solvent. The decomposition thermogram showed
that the main weight loss in copper oxalate took
place in two stage; the first stage is within a
temperature range of 75-263°C, and the second
stage 263-325ºC. The ﬁrst decomposition stand for
equation-2, and the second major decomposi on
stand for the equation-3. He calculated CuO residue
to be 50.2%, and the calculated water loss to be
5.6%. According to this calcula on the weight loss
was 55.8%.
Copper oxalate was prepared by following the
procedure, mentioned in experimental part and
product was obtained as a pale blue powder,
sparingly soluble in water and ethanol and
represented by the formula shown in Figure (3). Its
formula consist of one copper cation attached to
one oxalate anion.

O

Cu
O

O

Figure (3): Copper oxalate formula, in which one molecule of copper ca on a ached to one oxalate anion.
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For the preparation of copper oxide
nanoparticles, an amount of copper oxalate was
decomposed under argon atmosphere in a tube
furnace with programmed hea ng up to 350°C. This
programmed heating is based on the behavior of
copper oxalate described by Feng Qi et al., (2014).
Complete conversion of the oxalate took place
within this heating regime. The product was
characterized by the same analytical techniques
used for copper oxalate. Structural and
morphological
properties of copper oxalate
Cu2C2O4 and copper oxide CuO nanoparticles
accomplished by using, X-ray Diffraction (XRD),
scanning electron microscopy (SEM) and fourier
transform-infrared
spectroscopy
(FT-IR)
at
Nanotechnology and Advanced Materials Center,
The University of Technology.
The recorded FT-IR spectrum of CuO
-1
nanoparticles in KBr disc in the range 400 -4000cm
are shown in Figure (4). It showed only broad band
with many ny top peaks at 478.99, 522.71, 534.28
-1
and 570.93cm , which belong to the vibration
frequency of Cu-O nanoparticles. Confirming the

formation of CuO nanoparticles. The weak band
around 2300 may a ributed to the vibra on of
atmospheric CO2.
The recorded FT-IR spectrum of CuC2O4
nanopar cles in KBr disc is shown in Figure (5). It
-1
showed broad band within the range 450 - 500cm
which stand for the vibration of Cu-O bond. Another
set of absorp on peaks at 1624.06, 1514, 1477.47,
-1
1406.11, 1398.39 and 956cm , which are belong to
the vibration of the oxalate structure -O-C(O)-C(O)O-, confirming the formation of calcium oxalate
CuC2O4 nanoparticles.
XRD spectrum of copper oxide nanoparticles
(Figure 6), showed peaks at 33.0°, 36.0°, 39.0°,
49.0°, 53.0°, 58.0°, 62.0°, 66.0° and 67.0° and all of
them were characteristic signal for this compound.
XRD spectrum of copper oxalate nanoparticles
(Figure 7), showed a set of broad peaks at 23°, 26°
and 29° due to the presence of oxalate carbon
atom, and another set of broad peak at 33.0°, 36.0°,
39.0° and 49.0° and all of them were characteristic
signal for the presence of copper atom (Feng Qi et
al., 2014).

Figure (4): The FT-IR absorption spectrum of copper oxide.

Figure (5): The FT-IR absorption spectrum of copper oxalate.
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Figure (6): The X-ray diffraction spectrum of copper oxide.

Figure (7): The X-ray diffraction spectrum of copper oxalate.
Scanning Electron Microscope (SEM) image of
copper oxalates precipitated from water-alcohol
medium following the procedure mentioned in the
experimental part, showed that the precipitate
particles were composed of aggregated very small
par cles of ~ 50 -100nm, as shown in Figure (8).
This is an unexpected observation; nanoparticles
were formed by precipitation from solution,
because it was has been mentioned to obtain

submicron size of the grains (Baco-Carles et al.,
2011). The image clearly showed the aggregation of
the grains of high surface area.
SEM image of copper oxide obtained by
programmed thermal decomposition, showed that
its particles were composed of aggregated very
small par cles of ~ 50nm, as shown in Figure (9).
The image clearly showed the aggregation of the
grains of high surface area.
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Figure (8): The Scanning Electron microscope
image of copper oxalate.

Figure (9): The scanning electron microscope image
of copper oxide.
The antibacterial activity of copper oxide and
copper oxalate nanoparticles were tested against
two pathogenic bacterial strains of P. aeruginosa
and MRSA. Two common methods were used for
this purpose, the first method was agar well
diffusion method, and the other was the broth
dilution method (Azam
et al., 2012). Five

J. Genet. Environ. Resour. Conserv., 2015, 3(3):173-187.
concentrations of copper oxide and copper oxalate
nanopar cles (200, 400, 800, 1600 and 3200µg/ml),
were used to determine the antibacterial effect by
following the procedure mentioned in experimental
part. The following observation can be drawn from
the result of the experiment, as shown in Figure
(10):
1.
The results showed that both types of
nanoparticles do not have antibacterial activity
against P. aeruginosa at a concentration of
200µg/ml while, both types of nanoparticles
do not have antibacterial activity against
MRSA at concentra ons of 200 and 400µg/ml.
2. Copper oxide nanoparticles start to show
antibacterial effect against P. aeruginosa at a
concentra on of
400, 800, 1600 and
3200µg/ml, with inhibi on zone of 10, 12, 15
and 20mm, respec vely. As far as we know
this is the first report on the antibacterial
activity of copper oxalate nanoparticles
against P. aeruginosa.
3.
Copper oxalate nanoparticles start to show a
higher antibacterial effect against P.
aeruginosa at a concentra on of 400, 800,
1600 and 3200µg/ml, with inhibi on zone of
18, 20, 25 and 35mm, respec vely. Although
the particle size of copper oxalate is higher
than that of copper oxide, but it diffusion
through the agar media is almost twice that of
copper oxide. Probably there more ionic
property in copper oxalate than that of copper
oxide, as well as the toxic contribution of the
oxalate ions.
4. For MRSA, the copper oxide nanoparticles
which given inhibi on zone about 8, 15 and
20mm to the concentra ons 800, 1600 and
3200µg/ml, respec vely. This data reveal that
higher concentration of copper oxide is
required to inhibit the growth of MRSA. Similar
observation was found for copper oxalate
nanopar cles with inhibi on zone of 10, 13
and 17mm for the same observa on. The
assumption of easier diffusion of copper
oxalate is no longer useful, probably due to
the unique resistance of MRSA strains. This is
the first report on the antibacterial activity of
copper oxalate nanoparticles against MRSA.
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(a)

(b)

(c)

(d)

Figure (10): The an bacterial ac vity (a) copper oxide nanopar cles against MRSA, (b) copper
oxalate nanoparticles against MRSA, (c) copper oxide nanoparticles against P. aeruginosa and (d)
copper oxalate nanoparticles against P. aeruginosa.
The results were obtained from this method
revealed that the antibacterial activity of both types
of nanoparticles against P. aeruginosa and MRSA
increase directly proportional with increase in their
concentra ons as shown in Figures (10 and 11). The
lowest concentration inhibiting the bacterial growth
was defined as the minimal inhibitory concentration
(MIC), in contrast the minimal concentration which
completely inhibited the bacterial growth was
defined as the Minimum Bactericidal Concentration
(MBC) (Azam et al., 2012). Five concentra ons of
copper oxide and copper oxalate nanoparticles
(200, 400, 800, 1600 and 3200µg/ml) and a control
solution, were used to determine the antibacterial
effect, MIC, and MBC. The effect of both

nanoparticles were determined by following Broth
dilution method, as mentioned in the experimental
part.
The methodology and procedure of Clinical and
Laboratory Standards Ins tute (CLSI, 2012) was
followed through a 5.0ml serial dilu ons of nutrient
broth medium containing nanoparticles, with the
above mentioned concentration. The following
observations can be drawn from the result of this
experiment:
1. The MIC and MBC values of copper oxide
nanoparticles against P. aeruginosa were at
concentra on of 1600 and 3200µg/ml
respectively.

183

Hussain et al.
2.

3.

J. Genet. Environ. Resour. Conserv., 2015, 3(3):173-187.

The MIC and MBC value of copper oxalate
nanoparticles against P. aeruginosa were at
concentra on
800
and
1600µg/ml,
respectively.
The MIC and MBC value of copper oxide
nanoparticles against MRSA were found at

4.

concentra ons
800
and
1600µg/ml,
respectively.
The MIC and MBC value of copper oxalate
against MRSA were at concentra ons 200 and
400µg/ml respec vely.

Figure (11): The an bacterial eﬀect of diﬀerent concentra on of copper oxide (blue line) and copper
oxalate (red line) nanoparticles against P. aeruginosa.

Figure (12): The antibacterial effect of different concentration of copper oxide (blue line) and copper
oxalate (red line) nanoparticles against MRSA.
Table (4): The MIC and MBC values of copper oxide and copper oxalate nanopar cles against P. aeruginosa
and MRSA.
Concentration (µg/ml)
Nanoparticle
Microorganism
200
400
800
1600
3200
Copper oxide
P. aeruginosa
NK
NK
NK
MIC
MBC
MRSA
NK
NK
MIC
MBC
K
Copper oxalate
P. aeruginosa
NK
NK
MIC
MBC
K
MRSA
MIC
MBC
K
K
K
*MIC: Minimal Inhibitory Concentration; MBC: Minimal Bactericidal Concentration; NK: no killing; and K:
killing.
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