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ABSTRACT
2PhysicsDepartment,

In this study, Nanoparticle synthesized zinc oxide (ZnO) and copper oxide (CuO) in
(PVP) polyvinylpyrrolidone as a dispersing agent with a simple chemical reaction
used for the antimicrobial activity. Various concentrations of metal oxide with PVP
synthesis as (0.02, 0.05, 0.1, and 0.4) M. The result of the x-ray diffraction indicated
the presence of pure-phase ZnO and CuO with hexagonal and monoclinical
structures with average crystal sizes(20.18), (32.89), (43.42) and (49.51) while the
values (13.56), (23.94), (25.60) and (26.92) nm for ZnO and CuO respectively.
Transmission electron microscopy analysis has shown that the average grain size of
these nanoparticles increased with increasing concentrations (40-80) for ZnO and
(35-50) nm for CuO. Energy dispersive analysis of x-rays clearly confirmed the
presence of Zn, Cu, and O at a 1:1 atomic ratio while the particle sizes obtain from
Atomic force microscopy (AFM) were (31.63-84.80) for ZnO, (32.34-60.23) nm for
CuO with [0.02- 0.4] M ZnO and CuO nanoparticles in suspension showed activity
against a range of bacterial pathogens as (Staph. Aurous, Staph. Epidermidis), gramnegative bacteria as (E. coli, Klebsiella spp.) and fungi (such as Candida albicans)
with different concentrations, as comparing The extent of the inhibition zones
between two oxides found to be concentration-dependent, These have been
observed that ZnO nanoparticles have an extremely good bactericidal potential the
Inhibition Zone demonstrates 30 mm in dishes with 0.4 M for Staphylococcus
epidermidis as a positive gram. Although CuO nanoparticles have less bactericidal
capacity in the Inhibition Region relative to ZnO and the maximum potential CuO
has been shown to be positive gram in 25 mm with 0.4 M for Staphylococcus aurus.

INTRODUCTION
The development of infectious diseases generally poses a
risk to public health worldwide, especially with the
creation of bacterial strains resistant to antibiotics. Both
Gram-positive and Gram-negative bacterial strains are
generally thought to present a main public health problem.
Antibiotics have been used over the years to treat
community-and hospital-derived infections (1,2).
Nanotechnology is the research that makes it possible to
create new nano-materials within a nanoscale of less than
100 nm. This is commonly used in all areas due to the
special and distinctive physical and chemical properties of
nano materials (3-13). Current Nano biotechnological
developments, particularly the ability to prepare metal
oxide nanomaterials of specific size and shape, are likely
to lead to the development of new antibacterial
agents(14).
The particle size is primarily determined by the practical
behavior of nanoparticles. Therefore, owing to their
unusual chemical and physical properties, nanoparticles
gained considerable interest (15,16). It is easy to modify
the properties of nanoparticles by reducing or modifying
their size, particularly when the nanometer scale
manipulations are finished. In light of these special
properties, Nano sized organic and inorganic particles are
produced for ultimate use in medicinal products such as
ZnO and CuO (17,18). Bacterial cell size is usually in the
micrometer range while its outer cell membranes already
have pores in just the nanometer scale. Since
nanoparticles could be small in size than bacterial and
fungal pores, they can cross the cell membrane in a specific
manner and damage the cell (19). Metal nanoparticles
easily diffuse through a successful wall of bacteria to
connect to internal proteins and organelles, which lead to
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death of the bacteria. While some surfactants enhance cell
growth, others hinder cell growth and may cause death of
cells. The synthesis of nanoparticles with certain
surfactants will have the effect of encouraging or
hindering cell proliferation respectively (20).
The use of inorganic antimicrobials in pollution control
has been highlighted as they provide important points
which correspond to natural antimicrobials, for example,
reduced host damage, more stable microbial opposition,
high selectivity (21).
Metal oxide nanoparticles are widely considered by
inorganic nanoparticles for their antibacterial activities.
This is mostly because metal oxides have simple synthesis
routes that can be managed to change the nanoparticles
size and shape, and they are relatively cheap compared to
metal nanoparticles like silver and gold. Zinc and Copper
oxides are considered acceptable replacements to organic
antimicrobials (22).
Experimental Section
1-Synthesis of ZnO nanostructure
ZnO Nanoparticles were prepared by the simple chemical
reaction of zinc salts at 100 ˚ C, typically (0.02, 0.05, 0.1
and 0.4) M of Zinc nitrate hexahydrate Zn (NO3)2·6H2O.
(BDH Chemicals Ltd Pool England) was dissolved in 50 ml
deionized water in round bottom flask ,the solution was
stirred at 450 rpm for 15 min then added to 1 wt.% (PVP)
(C6H9NO) n [MW = 58,000 g mol−1 ]Used as a surfactant
agent, dissolved in 25 ml of deionized water at room
temperature. Next, NaOH was added to the above solution
in a 1: 2 ratio of highly stirred at 1500 rpm with an
increased reaction temperature consisting of the nano
suspension, the suspension stirred continuously at a
constant speed for 3 hours. White precipitate appeared
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indicating the formation of ZnO, after cooling to room
temperature the precipitate was centrifuged, separated
and several times washed with deionized water and
ethanol. Finally, the precipitate was dried in an oven at 120
˚ C for 1h and calcination at 400 ˚ C for 3h.
2- Synthesis of CuO nanostructure
While For CuO preparations with concentration (0.02 ,0.
05, 0.1 ,0.4) M, used starting material Copper (II) Nitrate
Trihydrate Cu(NO3)2.3H2O (BDH Chemicals Ltd Pool
England) dissolved in 50 ml Deionized water (DI) , the
solution stirred at 450 rpm for 10 min. 1 wt.% PVP
dissolved in 25 ml deionized water at room temperature
was added then NaOH dropwise added With 1: 2- mole
ratio at vigorous stirring with 1500 rpm with increase in
reaction temperature to 70 ˚ C then the solution was
continuously stirred at a constant speed for 2h. When a
suspension was formed. The color change to dark blue, the
precipitate was separated by centrifuge then washed
several times with deionized water and ethanol, then dried
in an oven at 80º C to remove moisture and calcination at
250C˚ for 3h black precipitate formed.
Results and Discussion
1- UV–Visible
By using UV – Visible spectrophotometer (SHIMADZU UVVis 160v) within the range of 200–900 nm, the optical
properties of ZnO and CuO have been identified in Fig. (1)
Displays the zinc oxide and copper oxide UV absorption
spectra at room temperature. In 0.1 M ZnO spectra, an
expansive top at 345 nm related to the ZnO excitation band
was observed while for 0.02 M CuO nanoparticles
excitation band at 750 nm. The tauc plots were used to
calculate Photon Energy from ZnO and CuO wavelength.
(𝛼ℎ𝑣) 1/𝑛 = 𝐴 (ℎ𝑣−𝐸𝑔) …………………. (1)
Where α is the absorption coefficient, h is the Planck’s
constant, ν is the photon’s frequency, Eg is the band gap
and A is a proportionality constant, the exponent value
indicates the nature of Electronic transmission, forbidden
or allowed, direct or indirect: so for the direct allowed
transitions n=1/2. The planning (α h ν) 1/n versus (h ν) is
a test issue of n = 1/2 for an examination that gives a
superior fit, as utilized in search (23). The energy band gap
of ZnO nanoparticles was estimated by plotting (αhv) 2
versus (hv) as shown in fig. (1). The value of the optical
band gap of ZnO is about 3.6 eV
These results are
compatible with research findings (24).The value of the
optical band gap of CuO NPs is about (1.6) eV there was
good agreement with the value of the energy published in
the literature (25).
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Figure 1. UV-Vis and energy gap of two the metal oxides
2- X-ray diffraction analysis
The nanostructure (zinc oxide and copper oxide) were
explored by x-ray diffraction type (SHIMADZU XRD-6000).
The XRD utilizing CuKα radiation line of 1.54 A˚
wavelength with 2θ run (10˚-80˚) .The XRD analysis for
ZnO showed all samples with different concentrations
would be perfectly indexed as being hexagonal wurtzite
structure as compared with ZnO (JCPDS NO.36-1451)
without any impurity as compared with data get in the
literature (26). That the diffraction peaks were sharp and
with different intensity, the 2Ɵ (deg) for ZnO 0.02 M is
shown in fig. (2) appeared in 31.79˚, 34.44 ˚, 36.27 ˚, 47.16
˚, 56.62 ˚, 62.88 ˚, 66.39 ˚, 67.98 ˚ and 69.10 ˚ corresponding
reflecting planes are (100), (002), (101), (102), (110),
(103), (200), (112) and (201) respectively. While the ZnO
XRD pattern for ZnO 0.05, 0.1 and 0.4 show the same
orientations, but at very little offsets in 2Ɵ (deg).
Likewise, the average crystallite sizes (D) were
determined by utilizing the Debye-Scherer equation.
D = (Kλ )/(B COSθ )
--------------------------- (2)
K is a consistent equivalent to 0.9; λ is wavelength of
Cu Kα radiation,
B is the Full width half maximum of the diffraction peak
expressed in theta then converted to radians and Ɵ is the
Bragg angles of the main planes.
The average size of crystallites Estimated by applying the
Debye-Scherer equation was about
(20.18) - (49.51) nm for (0.02- 0.4) M of ZnO Table (1)
illustrate the D with concentration. A broadening
diffraction peaks of the crystalline pattern and reduced
particle size Revealed that nano
synthesis has a good product and These results are
consistent with the results published in the research(27).
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Figure 2. XRD pattern of ZnO with different
concentration.
Concentration

0.02M

0.05M

0.1M

0.4M

average
crystallites size
(D) nm

20.18

32.89

43.42

49.51

Table 2. Concentration and average crystalline size of
CuO

Table (1) concentration and average crystalline size of
ZnO
The XRD of CuO patterns show that all of the diffraction
peaks are in good agreement with the standard diffraction
data for CuO (JCPDS NO.48-1548), no characteristic peaks
were observed for other oxides (such as Cu2O or Cu2O3)
This was also explained by the researcher in
reference(28). The 2Ɵ (deg) for CuO is shown in fig. (3)
The diffraction peaks for 0.02 M Show the most brooding
pattern at 32.42˚, 35.50˚, 38.71˚, 48.84˚, 58.31˚, 61.56 ˚,
66.32˚ and 67.90 ˚ corresponding reflecting planes are
(110), (002), (200), (20-2), (202) (11-3), (31-1) and (113)
respectively. As for the rest of the (0.05, 0.1, 0.4 M), the
copper nanoparticles were given identical peaks with the
card, but with very little displacement, as shown by the
values and transitions on the pattern.
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Figure 3. XRD pattern of CuO with different
concentration.
The average sample crystallite sizes (D) were determined
using the Debye-Scherer equation (2) for (0.02, 0.05,
0.1and 0.4) M CuO, respectively, tabled in table (2)

Concentration
average crystallites size
(D) nm

0.02M

0.05M

0.1M

0.4M

13.56

23.94

25.60

26.92

3- AFM and SEM analysis
Coated surface morphology were described by using the
atomic force microscopy (model AA3000, Angstrom
Advanced Inc., USA). The nanostructure (ZnO and CuO)
has a hemispherical shape with perfect and vertically
comparable grains. Evaluated grain size and mean square
roughness were determined and listed in the tables (3-4).
The results of the AFM analysis of ZnO showed this
homogeneity of the surface. It is seen that the grain
characters of the samples increase with increasing
molarity, causing the different in roughness and in the
square root probably due to the diffusion mechanism. 0.02
M ZnO showed with average grain size 31.63 nm while the
average grain size of 0.4 M ZnO is 84.80 nm, grain Size,
roughness and root mean square (rms)of ZnO shown in
the table (3).
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Table 3. Grain Size, roughness and root mean square of
ZnO
No.

Molarities
(M)

Grain
Size(nm)

Roughness
Density
(nm)

Root
Mean
Square
(nm)

1-

0.02

31.63

6.47

7.57

2-

0.05

70.18

4.2

4.94

3-

0.1

79.01

9.75

11.3

4

0.4

84.80

5.32

6.03

In addition, 3D image fig. (4, a) show histograms of the ZnO
nanoparticles, illustrate that the different in homogeneity
of the surface with different concentration. From
Granularity accumulation distribution chart. Fig. (4, b)
ZnO show the lowest and highest value of the granular
volume was ranging from (22-55), (45-82), (43-140) and
(42-100) nm for 0.02, 0.05, 0.1 and 0.4 M respectively, the
surface morphology of the oxide, as seen in Fig. (4),
indicates that the grains were evenly dispersed. The grain
size increases with the molar concentration when
increased the presence of high nanoscale sizes be close to
100 nanometers.

Table 4. Grain Size, roughness and root mean square of
CuO
Molarities
(M)

Grain
Size(nm)

Roughness
Density
(nm)

Root
Mean
Square
(nm)

1-

0.02

32.34

3.87

4.6

2-

0.05

43.2

1.13

2.41

3-

0.1

47.01

8.20

9.41

4

0.4

60.23

8.31

9.8

Fig. (5, a) 3D image of the CuO nanoparticles shows that
the grains are distributed between (25-45), (5 -50), (20 70) and (47-80) nm for 0.02, 0.05, 0.1 and 0.4 M
respectively
From 3D image , histograms for CuO exhibits that the
particle size in nanoscale with relative increase in grain
size although increase in molar concentration that due to
present of PVP as surfactant agent that prevent the
particle aggregation (29,30).

Figure 4. The AFM of ZnO
CuO surface morphology showed roughness , root mean
square(rms) and grain size Explained in the table ) 4 ) ,
average grain size for 0.02 M CuO is 32.34 nm while for
0.4 M CuO is 60.23 nm .
Figure 5. The AFM of CuO
Size and shape ZnO and CuO were described by the
utilization of an electron emission-scanning microscopy
((FE-SEM) TESCAN, MIRA3, France). The SEM pictures of
the nanoparticles appear in Figs. (7, 9) the morphology
1191
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arrangement of the nano oxide of numerous little
nanoparticles, they look like a sphere,
Energy dispersive X-ray spectrometry (EDS) was used to
utilize the chemical composite for each ZnO and CuO
Depends on the atomic mass of the elements being
detected was calculated by using the atomic percentage is
the number of atoms of that element, at that weight
percentage, divided by the total number of atoms in the
sample multiplied by 100.

0.02 M

0.05 M

0.1 M

0.4 M

The (EDS) obtained for ZnO shown in the Fig. (6). Show
Three main peak related to zinc with a dominant ratio
were found alongside percent of oxygen peak, as shown in
Table (5). Theoretical material ratio calculated for ZnO
was 80.347, Zn % and 19.652, O%.
Table 5. Practical EDS percentage of ZnO
Sample

EDS

No.

Conc.

Zn %

O%

1

0.02M

86.3

13.7

2

0.05M

85.5

14.5

3

0.1M

82.34

17.66

4

0.4M

84.23

15.77

Figure 7. The SEM of ZnO
for CuO NPs in comparison, the practical values of CuO EDS
with calculated 79.89 Cu% , 20.11, O% strengthen the
prepared nano formula as show in table (6 ) is correct
corresponds to the nano CuO that agreed with the
literature (32).
Table 6. The practical EDS percentage of CuO

Figure 6. The EDS of 0.02 M ZnO
As comparison the peak values that calculated theoretical
with values of EDS from SEM shown in table (5) was very
close to calculated values that enhances the preparation
results for ZnO nanoparticle (31) SEM images show that
the ZnO with an average size that varies from (40- 80) nm
for concentration from (0.02-0.4)M.

Figure 8. The EDS of 0.02M CuO
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SEM images of the CuO NPs are shown in the fig. (9). as can
be seen, the average particle size of CuO is about (35-50)
nm, the nanoparticles have a good homogeneity, a
spherical shape and an Appropriate separation. However,
tine aggregates have also been observed because PVP used
during the growing of nano that work as surfactant agent
that aggregates due to highly activated copper to react due
to its electronic d orbital, the particle size estimated from
the SEM analysis is in good agreement with the XDR data.
This small difference can be explained by the global vision
represented by the XRD and the local characteristics
demonstrated by SEM analysis that agree with the
literature (33).

0.02 M

0.1 M

0.05 M

0.4 M

Images 1. the inhibition zone for ZnO with different
concentration where
1 = 0.1 M, 2 = 0.02 M, 3 = 0.05 M.
From the antibacterial dish, the growth of selected
bacteria can be explained by the above predominates
describing that ZnO is more active in highly concentrated
and effective areas more to inhibit the first two types of
bacteria (Staphylococcus aureus and Staphylococcus
epidermidis). Which is gram positive as a result, as can see
in table (7). Nano ZnO can be used to effectively treat skin
diseases(35).
Table 7. types of bacteria, fungi and inhibition zones with
different concentration of nano ZnO
Inhibition Zone (mm)
ZnO
0.4

ZnO
0.1

ZnO
0.05

ZnO
0.02

22

13

----

----

30

12

11

9

3

Staphylococcus
aurous
Staphylococcus
epidermidis
Escherichia coil

14

13

10

----

4
5

Klebsiella spp
Candida albicans

11
16

12
16

11
10

11
10

1

Figure 9. the SEM of CuO
Antibacterial test
Dissolving (28) g of nutrient agar into each (1000) ml
of distilled water in a flask formed the agar medium. At
(121) C˚ for (15) minutes, the agar medium was sterile by
autoclave and poured into a Growth medium close the
burner in a laminar airflow chamber. Then kept this to
form a gel for 24 hours. Almost every microorganism
completely immersed in pure liquid hot broth using a wire
loop and therefore the flasks certainly kept for 24 hours in
an incubator to enhance microorganisms of growth. The
various concentrations of zinc oxide nanoparticles were
put on growth dish (34), ZnO used with different
concentrations in five dishes the Images bellow showed
the inhibition zone,
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Types of bacteria and
fungi

2

For CuO the growth of bacteria selected in the images (2).
describing the behavior of CuO, can be explained by the
fact that the sample is much more influential in areas of
high concentration CuO and more effective for bacterial
inhibition
type
Staphylococcus
Aurous
and
Staphylococcus epidermidis which gram positive and
Escherichia coli as gram negative so CuO can considered
as active antibacterial agent (36,37) as showed in table (
8) inhibition zones for CuO.
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4.

5.
Images 2. the inhibition zone for CuO with different
concentration where
1 = 0.1 M, 2 = 0.02 M ,3 = 0.05 M.
Table 8. Types of bacteria, fungi and inhibition zones
with different concentration of nano CuO.
Inhibition Zone (mm)
Types of bacteria and CuO CuO CuO CuO
fungi
0.4
0.1
0.05 0.02
1
2
3
4
5

Staphylococcus aurous
Staphylococcus
epidermidis
Escherichia coil
Klebsiella spp
Candida albicans

25
20

14
9

11
----

-------

13
12
21

18
---15

------11

---10
----

Conclusion
The results of the characterization showed that the
synthesized nano metal oxides were absent of impurities
and exhibited a high degree of crystalline nature with wellindexed diffraction peaks to established and hypothesized
patterns, Crystallites size from X-ray diffraction exhibits
(20.18, -49.51), (13.56-26.92) nm. The average grain size
from AFM shows (31.63-84.80), (32.34-60.23) nm while
from SEM (40-80), (35-50) for (0.02-0.4) M. The simple
synthesized particles obtained optical properties with
particle size below 100 nm, which categorizes them as
nanoparticles, conforming to their established kinds.
Copper oxide and zinc oxide may inhibit the
concentration-dependent behavior of the bacteria. The
highest rate of inhibition of zinc oxide is 30 mm for
(Staphylococcus epidermidis )Whereas CuO nanoparticles
show relatively less germicidal activity about 20mm. The
nano arranged to be the nearest size to one another, in this
manner, the high focus is progressively viable as
antibacterial, On the other hand, unique molecule sizes
show the capacity of these particles to lessen development
paces of a few pathogenic microscopic organisms
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