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Byn uzun0e000 UMnyIbCMyK Nia3Md biIKMACbl MEHEeH KY-
MYWl JCaHa Jice3 MAasKYaiapblH aHoO JHCAHA KAMOoO Kamapbl
KOJIOOHYN, CUHME3000 WAapmmapblH 0320pMYy MeHeH, MaKman
aimKaHOa aHoO HCAHA KAmoOOYH MAmMepuanoapoli 6326pmyy
(Ag-Ag, Cu-Cu, Ag-Cu, CuAg, Ag-CuAg, CuAg-Ag, Cu-CuAg,
CuAg-Cu) orcana cyrokmykmyn mypyH (cyy, Smuil CRupmu,
cyytbemmux akmugoyy 3am) 0320pmyy MeHeH Memail HAHO-
bonykuenep anvinovl. CunmesoenzeH HAaHOOOLYKUOIOPOY DEeHM-
een-¢ghazanvik anarusu mener scana TOM (Tpancmuccuonoyk
Dnexmpondyx Mukpockon) MUKpockoOy MeHeH ananuzoeHun,
amoan coy aHmMubakmepuanoblk Kacuemu aHblkmanowvl. Yiey-
JNOPOYH OUONIO2UANBIK AHMUOAKMEPUATObIK AKMUBOYYIY2Y Cal-
Mouenna bakmepusicol MeHeH meKkwepunou. Taxcpvlibanvin Ha-
MBIIHCACLIHOA AHMUOAKIMEPUATObIK Kacuemu 601HYA CUHmMe3-
Oeneer HaHobONyKuUONOPOYH apacviHan Ag-Ag cyyoa anvinean
HAHOKOMNO3UMMEP 3 JHCO2OPKY AHMUOAKMEPUATbIK Kacuem-
mu Kepcommy.

Hezuzzu co300p: memaniovik HAHOOONIYKYO, IAEKMPU-
KAbIK paspsio, UMRYIbCMYK NIA3MA, KYMYUL, JCe3, KYMY-ice3,
anmubakmepuanovlk Kacuemu, Gemmux axmueoyy 3ammap,
IKCNEPUMEHMATObIK WAPMmMap.

B smom uccredosanuu, memoo uMnyibCHOU NAA3MbL UC-
NoIb306aH OISl NOLYYEeHUs. HAHOYACmUY cepebpa U Meou ¢ ume-
HeHUeM IKCNEPUMEHMANbHBIX YCI0GUTL MAKUX KAK MAMepuavl
anoda u kamooa (Ag-Ag, Cu-Cu, Ag-Cu, CuAg Ag-CuAg, CuAg-
Ag, Cu-CuAg, CuAg-Cu) u cocmas s#cuokoii cpedst (600a, smu-
aoewitl cnupm, 6oda+ I1AB). CunmesuposanHvle Hanouacmuybol
6bLIU U3YUEHbI ¢ NOMOWbIO penmeenoghazoeoco ananusa, [IOM
(npoceeuusarouyezo 1eKmpoHH020 MUKPOCKONQ), a 3amem Ovl-
JU onpeodesienbl Ux anmubakmepuanvhvle ceoticmea. Anmuoax-
MePUAIbHAsL AKMUBHOCIb 00PA3Y08 OblIA UCHLIMARA C UCHOb-
306aHUeM bakmepuu carbMoHelbl. Pe3yibmamol onblma noka-
3aau, ymo Hanokomnosum Ag-Ag 6 600e umeem 6blCOKyI0 anmu-
6aKmepuanbHy0 AKmugHOCMb.

Knrouesvie cnosa: memaniuieckue HaAHOUACMUYbL, dJIEeK-
mpudecKkuil paspsio, UMnyibCHas niama, cepebpo, meow, cepe-
6po-Medb, AaHMUOAKMEPUATIbHASL AKMUBHOCTb, NOBEPXHOCIHO-
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aKmueHble eeujecmed, SKCnepumernmadailbHule )YCllo6Usl.

In this study, the pulsed plasma method was used to obtain
silver and copper nanopatrticles by changing experimental con-
ditions such as anode and cathode material (Ag-Ag, Cu-Cu, Ag-
Cu, CuAg Ag-CuAg, CuAg-Ag, Cu-CuAg, CuAg-Cu) and the
composition of the liquid medium (water, ethanol, water +
surfactant). The synthesized nanoparticles were studied using X-
Ray Diffraction analysis, TEM (transmission electron micro-
scope), and then the antibacterial properties were determined.
The antibacterial activity of the samples was tested using Sal-
monella bacteria. The results of the experiment showed that the
nanocomposite Ag-Ag in water has a high antibacterial activity.

Key words: metal nanoparticles, electric discharge, pul-
sed plasma, silver, copper, silver-copper, antibacterial activity,
surfactants, experimental conditions.

Introduction. Nanotechnology deals with processes
that take place on the nanometer scale, that is from
approximately 1 to 100 nm. Development of simple me-
thods for the preparation of nanosized metal particles has
attracted significant attention because of their future
applications due to unusual size-dependent optical and
electronic properties [1-5]. In the recent past, considerable
interest has been paid to the preparation of bimetallic
nanoparticles. Bimetallic nanoparticles, either as alloys or
as core-shell structures, exhibit unique electronic, optical
and catalytic properties compared to pure metallic
nanoparticles [6].

The antimicrobial properties of silver ions were
known since ancient times and silver ions are widely used
as bactericide in catheters, burn wounds and dental work.
Metallic copper nanoparticles are striking materials pri-
marily because of their unique properties and low cost
compared to other metallic nanoparticles. Silver (Ag) and
copper (Cu) nanoparticles have shown great potential in
variety applications due to their excellent electrical and
thermal properties resulting high demand in the market
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[7,8].

A number of methods for producing Ag and Cu
nanoparticles have been developed using both physical
and chemical approaches. Such as green synthesis by
mixed-valence polyoxometallates, chemical synthesuisin
solution, laser ablation, gamma and electron irradiations,
photochemical methods, microwave processing, and
biological synthetic methods were applied for synthesis of
silver and copper nanoparticles possessing biological
actibvity against diverse bacteria [9-12].

Experimental. An electric discharge synthesis me-
thod for copper and silver nanostructures using a pulsed
plasma in liquid [13]. The method combines physical
(spark discharge) and chemical (surrounding liquid)
processes that provide a number of advantages (simple,
one-step, low-energy, versatile) for the synthesis of
various kinds of metastable nanomaterials. The possibility
of achieving a high-temperature stable phase at very low
temperature not only provides an economically viable
route for applications but also opens up a new route for
studying the structural kinetics and chemistry of various
nanomaterials.

Pulsed power

Vibrator

Optical probe
anode

Optical fiber Pulsed plasma

To spectrometer

Figure 1. Schematic of pulsed-plasma-in-liquid method.

We have synthesized several metals’ nanoparticles
using different electrodes. Ag-Ag, Cu-Cu, Ag-Cu, Cu-
Ag, Ag-CuAg, CuAg-Ag, Cu-CuAg, CuAg-Cu (with
various liquid solutions: water, ethanol and water with
active surface agents as PVVP) metal electrodes were used
and obtained nanoparticles of these metals.

Table 1

List of synthesized in various conditions Ag and Cu nanoparticles

Cu — Cu (water )

Cu — Cu (Etanol 95%)
Cu — Cu (water + PVP)
Ag — Ag ( water)

Ag - Ag (Etanol 95%)
Ag — Ag (water + PVP)
Cu (+) — Ag (water)

©® N o a0 k~ w NP

Cu (+) — Ag (Etanol 95%)
Cu (+) — Ag (water + PVP)
10. Ag (+) — Cu (water)

11. Ag (+) — Cu (Etanol 95%)
12. Ag (+) — Cu (water + PVP)

13.
14.
15.
16.
17.
18.
19.
20.
21.
22,
23.
24,

CuAg (+) — Cu (water)

CuAg (+) — Cu (Etanol 95%)
CuAg (+) — Cu (water + PVP)
Cu (+) — CuAg (water)

Cu (+) — CuAg (Etanol 95%)
Cu (+) — CuAg (water + PVP)
Ag (+) — CuAg (water)

Ag (+) — CuAg (Etanol 95%)
Ag (+) — CuAg (water + PVP)
CuAg (+) — Ag (water)

CuAg (+) — Ag (Etanol 95%)
CuAg (+) — Ag (water + PVP)

After synthesizing nanoparticles with different conditions we obtained 24 samples as shown in figure 5.
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Figure 2. Photo of Ag and Cu nanoparticles obtained with different conditions.

Antibacterials activity test. Biological activity of
silver and copper nanocomposites was tested by Salmo-
nella the gram-negative bacteria. Salmonella species
are intracellular pathogens [14] certain serotypes causing
illness. Nontyphoidal serotypes can be transferred from
animal-to-human and from human-to-human. They
usually invade only the gastrointestinal tract and
cause salmonellosis, the symptoms of which can be resol-
ved without antibiotics. The antibacterial effect of the na-
nocomposites was evaluated by using BIO-RAD Model
680 Microplate Reader, showed in the Figure 3 .

Figure 3. BIO-RAD Model 680 Microplate Reader.
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The Model 680 Microplate Reader is an eight-
channel, vertical pathlength photometer that measures the
absorbance of the contents in the wells of a 96-well micro-
titration plates were used reliably and easily to measure
turbidity of bacterial samples in antibiotic susceptibility
studies.

For the evaluation of the nanocomposites’ antibacte-
rial effect 2 ml of LB medium + Salmonella bacteria were
incubated at 37°C for 12 hours. 50 pl of this solution was
added to 4950 pl of LB Medium and incubated for another
4 hours. Then it was 1000 times diluted and put in 96
wells. After incubation for 6 hours we measured our
samples by Microplate Reader. The growth curve measu-
rements were performed on a 96-well microplate, which
showed in figure 4.

Results and Discussions. Analysis of x-ray difrac-
tion patterns of the products obtained by the pulsed
plasma in water, ethanole and water+PVP are shown in
Fig.4. When the combination of Cu-Cu (anode-cathode)
was used, metallic Cu, CuO and Cu,O phases were iden-
tified. Cu,O phases was present in Cu-Cu in water+PVP
and Cu-Cu in water samples in a small amount according
to the intensity of the Cu,O peak at 34 degrees. While Cu-
Cu in ethanol sample showed mostly Cu metallic peaks.


https://en.wikipedia.org/wiki/Intracellular_pathogen
https://en.wikipedia.org/wiki/Salmonellosis
https://en.wikipedia.org/wiki/Antibiotics

DOI:10.26104/NNTIK.2019.45.557

HAYKA, HOBBIE TEXHOJIOI'M 1 THHOBALIUU KBIPT'BI3CTAHA, Ne 4, 2020

5000

4500 Cu Cu-Cu (su+PVP)

4000 Cu Cu

Cu,0

3500
2 3000
2 2l al
Z 2500 Cu-Cu (etanol)
5 2000 CuO b E«
L= PP SRS AR | \SEEE || R an sl e e WS | e

1500

1000 < 1

Cu-Cu (su)
500 Cu:O CuO
D L =
20 30 40 50 60 70 80
26 / degrees

Figure 4. XRD patterns of samples, produced by Cu anode and Cu cathode in presence of water, ethanol and water+PVP.

In the Figure 5, we can see XRD pattern for the Ag-
Ag samples. Similarly, Ag-Ag in ethanol sample was
much higher content (almost 100%) of pure metallic
particles of Ag, while the water and water+PVP contained
AgO and Ag,0 phases.

When we used the combination of Cu-Ag (anode-

Intensity /a.u.

cathode) electrodes, as shown in Fig. 6, erosion of anode
electrode (Cu) was much higher than the cathode. XRD
pattern shows the peak of mostly Cu. This is because the
electrical breakdown was directed from cathode to anode,
so the high density current hit the surface of anode
electrode and pulverized it.

Figure 5. XRD patterns of samples, prod
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Figure 6. XRD patterns of samples, produced by Cu anode and Ag cathode
in presence of water, ethanol and water+PVP.
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Figure 7. XRD patterns of samples, produced by Ag anode and Cu cathode
in presence of water, ethanol and water+PVP.
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Figure 7 shows the XRD pattern of the sample
produced when a combination of Ag-Cu (anode-cathode)
wasused. This is opposite to Fig.6, where we used Cu-Ag
combination in the cathode to anode discharge. Similarly,
the anode material (Ag) was eroded much more in amount
comparing to Cu. We can see formation of alloy of Ag and
Cu with much more content of Ag (97%). Formation of
oxides in this case was confirmed only in Ag-Cu in water
condition, where we can see peaks of Ag.O.

With the help of the transmission electron
micrographs, the morphology and dimensions of the
prepared samples were determined. Figure 8 exhibits the
TEM photograph of pure metallic Ag nanoparticles,
which were prepared by pulsed plasma method. We can
see that the particles are under the 100 nm in size, about 5
to 30 nm. There can be seen particles with a rhombic
shape (due to Ag20 nanocrystals, which crystallizes in
tetrahedral structure or to AgO which crystallizes in
monoclinic structure) as well as hexagonal and spherical

shapes.
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Figure 8. TEM image of the sample, produced by Ag anode
and Ag cathode in presence of water.
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Figure 9 and 10 show TEM images of Ag-Cu in
water and Ag-CuAg in water accordingly. We can see
similar picture with Ag-Ag in water conbination. The
sizes of the nanocrystals are from few nanometers (3nm)
to about 50 nm. Mostly hexagonally shaped nanocrystals
was observed along with some spherically shaped ones.
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In the case of Ag-AgCu in water sample, the size of
the nanosrystals were smaller compared to above 2
samples. There are nanoparticles with size of 1-2 nm up
to the crystals of 20 nm.
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Figure 9. TEM image of, the sample produced by Ag anode
and Cu cathode in presence of water.
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Figure 10. TEM image of the sample, produced by Ag anode
and CuAg cathode in presence of water.

Figure 11 displays the graph of average particle sizes
determined by using the taken TEM images for several
samples. As we can see Ag-Ag in water + PVP and Ag-
Cu-Ag in water+PVP showed the smallest particle sizes.
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Figure 11. Average size of nanoparticles measured by usinf TEM images for the different samples.

The antibacterial activity of the samples were first measured by using 10 pm concentration of nanoparticles. Among
the 24 samples tested, samples that showed antibacterial activity were selected for the next test, which was to lower their
concentration to 5 ppm. And after that again the samples that showed antibacterial activity against salmonella bacteria
were selected for the next test, which was to lower their concentration to 3 ppm. The antibacterial activity test results are
given in Figure 12. Finally samples that showed antibacterial activity in 3 ppm were further selected for final test, which
is 1 ppm. For the final test, where the nanoparticles with 1 ppm concentration were tested, the following samples remained:
Ag-Ag, Ag-Ag (PVP), Ag-Cu, Ag-Cu (PVP), Ag-CuAg, Ag-CuAg (PVP).
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Figure 12. Antibacterial activity of synthesized silver and copper nanoparticles.
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Figure 13. Results of antibacterial activity of synthesized
silver and copper nanoparticles (1 ppm).

Figure 13 shows the antibacterial activity test results
for the samples with 1 ppm concentration. As we can see,
Ag-Ag in water sample showed the highest antibacterial
activity against salmonella bacteria. This was followed by
Ag-Ag in water solution of PVP surfactant sample and
then Ag-CuAg in water sample. Antibacterial activity of
the samples depended on concentration of solution with
nanoparticles; also depends on place of Ag electrode
(anode or cathode), when we placed Ag electrode to anode
results were better than Cu or CuAg.

Conclusions. In summary, we have synthesized Ag
and Cu NPs by pulsed plasma in liquid method using
different experimental conditions. XRD analyses showed
that ethanol as a medium for the pulsed plasma can serve
as a good candidate for the production of pure Ag or Cu
metallic phases nanoparticles, while the water and water
+ PVP surfactant induced formation of oxides of Ag-0,
Cuo, Cu0.

TEM analyses showed that sizes of the nanocrystals
of Ag-Ag in water sample are from few nanometers (3nm)
to about 50 nm. Mostly hexagonally shaped nanocrystals
was observed along with some spherically shaped ones.
Similarly, Ag-AgCu in water sample’s size were smaller
(2 — 20 nm) compared to other samples. Other samples
had particle sizes under 100 nm, which can confirm that
they were in nanometer scale.

Samples with highest antibacterial activity were
selected by step by step decrease of their concentration
starting from 10 ppm and ending with 1 ppm. The samples
that showed antibacterials activity for the salmonella
bacteria in 1 ppm concentration were (from highest acti-
vity to lower): Ag-Ag , Ag-Ag (PVP), Ag-Cu, Ag-Cu
(PVP), Ag-CuAg, Ag-CuAg (PVP).
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