u] =,

30diiicneno "zenenuil” cunmes monomemaniunux (Au,
Ag) ma Gimemaniunux (Au—Ag) nanouacmunox (HY)
3 800HUX PO3UUHIE T0HIE Memanie 6i0N06iIOHUX npeKyp-
Ccopie i3 GUKOPUCMAHHAM 610X0018 AZPONPOMUCILIOB020
supobnuymea (wripxu eunozpady). Hapasi zocmpo cmo-
imbv npobéaema ymunizauii 6i0x00i6 azponpomucioso-
20 KOMNJEKCY, PAUIOHATNLHOZ0 NPUPOOOKOPUCMYEAHHS
ma nepexio 00 BUKOPUCMAHHA €KOJ02iMHO Oe3nevHux
enepeoepexmusnux mexuonoeiti. Tomy cnocmepiea-
EMbCA MeHOeHUIsA BUKOPUCMAHHA "3e/leHUX” MexHOJl0-
2iil npu odepicanni Hanomamepianie, w0 66aANCAIONMb-
ca exonoziuno Gesnewnumu ma pecypcosbepizaronumu.
Bcmanogaeno epexmuenicmo UKOPUCMAHHA XAPUOBUX
6i0x00i6 (wxipa eunozpady), aK 6i0HO6HUKA ma cma-
0inizyronoz0 azenwma 0na PopmMyeanns HAHOUACMUHOK
dopozoyinnux mMemanie mMoHo- ma Gimemanegoi cmpyx-
mypu. Excmpaxuito 0ion02iunoi cupoeunu nposeoouu
Y 600HOMY cepedosuuii nid 0i€l0 KOpOMKOMPUBANLOZO
enausy po3psady Huzvkomemnepamypnoi naazmu. Ha
O0CHOGI KOMNJIEKCHOZ20 AHAI3Y KOMNOHEHMHO020 CKAAOY
excmpaxmy 6Cmano6neno, wo 2i0poKcunvii, Kapoomiiv-
Hi ma KapOoKcuivbHi QYHKUIOHATIDHI 2PpYNU Op2aHIMHUX
CROJYK eKxcmpaxmy wKipKu eunozpady, eionosioaroms 3a
6iono6nenna ionie memanie ma cmabinizauiro ompuma-
nux HY. Bcmanosaeno, wo popmyesanns mono- ma dime-
manivnux HY xapaxmepusyemvcsa npucymuicmio nixka
0 A’ (parx=440 um), ona Au’ (Jpa=540 um), Ag—Au
Conax=510 um) . Posmip ma cmabinvricmo Hanouacmunox
odeprcanux "3eneHum” CUHmME3OM OUIHEHO 6 NOPIBHAHHI
3 NOKA3HUKAMU NPU NIAAZMOXIMIMHOMY CnOCOOL opmy-
eanns Hanowacmox. Bcmanoeneno anmubaxmepianvhi,
Kamanimuuni ma npomuKopo3itni 61acmueocmi Cu-
me3oeanux Hanouwacmunox. Odepicani mMoHomemaniv-
ni (Au, Ag,) ma Gimemaniuni (Au—Ag) namouacmunox
noxasanu 6i0MiHHY KamMaaimuuHy axmueHicme 015 610-
Hogsenns p-vimpodenony (4-HD) oo p-aminodeno-
ay (4-AD) y npucymnocmi NaBH,. Cunmeszosani HY
npodeMoOHCMpPYB8anu anHmubaxmepianivbHy axmuéHiCmo
npomu 2PpAMNOUMUCHUX MA 2ZPAMHEZAMUBHUX OaK-
mepiii. Ompumani pesyromamu 0aromov 3mM02Y PoOWUPU-
mu npaxmuune 3aCMOCY8AHH HAHOUACMUHOK MemAaie
8 PIZHUX 2aNY3AX GUPOOHUYME Ma SUPTWMUMU NUMAHHSL
w000 36ivUenHA nepepodKU ma NOEMoOPHO20 GUKOPUC-
MAHHIO HeNKEIOHUX 810X00i6

Knouoei cnosa: 600nuii excmpaxm, KoOMNOHeHMHUL
cxnao, eunozpad, 6ionosaenns, Himpodenon, anmubar-
mepianvii 61ACMUBOCMT, AHMUOKCUOAHMHA AKMUBHICb

0 0
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(NPs) of noble metals (Au, Ag). Both individually and as

components of composite materials, mono- and bimetalllic

Nowadays, one of the strategic directions of research
is the production of nanosized metals of a wide range and
variety of structural organization. There are distinguished
monometallic nanoparticles and bimetallic nanostructures:
alloys, core-shell, and a mixture of particles [1]. Among the
most demanded are mono- and bimetallic nanoparticles

nanoparticles of noble metals are effective when used in var-
ious industries. Due to a wide range of physico-chemical and
pronounced antimicrobial properties of NPs, they are used
in water purification technologies as part of photo-catalysts
[2], in sensory materials [3], anti-corrosion agents [4], cos-
metics, medicine [5], etc.




The diversity and promise of the practical application
of mono- and bimetallic NPs of precious metals bring forth
the relevance of developing a highly efficient, environ-
ment-friendly and universal method of obtaining NPs. This
method should allow controlled synthesis of NPs of mono-
and bimetallic structures from available and cheap raw
materials using the minimum number of technological steps.
It is now widely acknowledged that the existing methods for
the industrial production of nanodispersions of metals and
the used reagent components are energy-consuming and,
as a rule, toxic [6]. In accordance with the international
standards, one of the innovative ways to reduce the amount
of reagent components and replace the toxic components is
the use of “green” technologies. The latter include various
methods that facilitate the conditions for obtaining nano-
sized compounds with the use of various wastes of natural
raw materials [7]. One of the main directions is the use of ex-
tracts of plant material wastes for synthesizing of nanosized
metals. The advantages of the method are the renewability
of the raw material base, the low cost of reagents, and their
environmental friendliness.

However, the key issue in the “green” transition from
laboratory studies to nanosilver production is increasing the
concentration of extracts from plant-based waste and the
efficiency of the produced nanoparticles. In order to increase
the efficiency of extraction, traditional types of plant materi-
al processing (UV light and -radiation) are used; although,
along with the advantages, they have disadvantages. There-
fore, the issue of working out new energy-efficient and eco-
logical methods to intensify the extraction of plant material
for further “green” synthesis of nanomaterials is relevant.

Given the promising use of natural plant material for
the synthesis of nanomaterials, the research that is aimed at
further improving and developing “green” technologies for
the controlled synthesis of nanoparticles of mono- and bime-
tallic structures is considered relevant. Such studies include
selecting biological material for extraction and specifying
the properties of the nanosized compounds intended for fur-
ther practical application.

2. Literature review and problem statement

Currently, “green” synthesis uses a wide range of plant
raw materials and agricultural processing waste. The use of
organic compounds of plant origin is advantageous due to
the existing polyfunctionality of the componential composi-
tion, annual renewability and environmental safety of plant
materials.

In [8], nanoparticles of the complex structure Aus AgyAgCl
were synthesized due to the liana (Momordica charantia)
leaves extract. The extraction was made by traditional
maceration within 20 minutes at 70 °C. The authors re-
vealed only the catalytic properties of the generated NPs
and demonstrated the effectiveness of 2,4,6-trinitrophenols
for the catalytic destruction. The authors of [9] obtained
the bimetallic alloy Ag-Au with the use of fruit extract
(Goji berries). The extract was obtained by maceration
during boiling. Also, the authors demonstrated only the
catalytic properties of the nitrophenol decay. Other proper-
ties (antimicrobial, antioxidant, etc.) of the NPs remained
non-identified.

A long list of biogenic material (plant material, bacteria,
and mushrooms) is suggested for the synthesis of the NPs

of various metals in [10]. However, there is no data on the
properties of the obtained materials and an industry for their
further practical application. It should also be noted that
the authors of other studies [8—10] consider only traditional
methods, particularly maceration method, for obtaining
extracts of the plant material. The main disadvantage of the
method is incompleteness of the extraction. This allows a
low yield of metal nanoparticles in further synthesis, limits
polyfunctionality and calls into question the possibility
of using NPs and “green” synthesis on an industrial scale.
In addition, all of the tested plant materials are not waste
products. The authors of [11] obtained an extract from rape
(Brassicaceae) waste and studied its componential compo-
sition. The authors of [12] showed that a promising form of
plant material for synthesizing organic compounds is the
use of waste from grape processing. The authors determined
the phyto-chemical composition of the grape skin extract
and made the quantum-chemical calculations of the main
components. The authors of [13] and [14] report on the use
of vanillin extract and phenolic compounds, respectively, in
corrosion-resistant coatings. However, it should be noted
that studies [11-14] report on the use of isopropyl alcohol
in the extraction, which is not common in the synthesis of
nanomaterials.

At present, there is a tendency to use methods that would
allow to increase the efficiency of extracting organic com-
pounds, while simultaneously reducing the energy intensity
and duration of the process by using the complex effect of
physical and chemical factors on the process. The authors
of [15] showed the possibility of increasing the effectiveness
of NP synthesis by raising the rate of the plant material ex-
traction. It is effective to use gamma radiation to intensify
the formation of nanoparticles in the presence of plant ex-
tract [16]. However, the presented findings concern only the
conditions for obtaining a NPs, and there are no data on the
properties of the obtained nanomaterials. The newest meth-
od of processing homogeneous and heterogeneous systems,
including plant material, is plasma discharges of various
configurations [17]. However, the problem of the influence of
plasma processing on various types of plant material remains
unsolved.

Among the various types of plasma discharges, the
most promising type is the use of low-temperature plasma
discharges [18]. Its advantage is high efficiency, which is
due to short-term, one-stage process and complex action of
a number of physico-chemical factors (electrochemical oxi-
dation-reduction, UV radiation, a flow of charged particles
from the gas phase to the surface of the liquid medium, etc.)
[19]. These factors may increase the efficiency of extraction
and concentration of the obtained extracts, and, as a conse-
quence, the cost efficiency of further synthesis of mono- and
bimetallic NPs. They can also enhance the functionality of
nanomaterials.

All this suggests that it is expedient to carry out research
aimed at using an extract of plant material wastes, namely
grape skins, obtained by the plasma discharge for the “green”
synthesis of nanomaterials with different structures and
polyfunctional properties.

3. The aim and objectives of the study

The research was aimed at obtaining polyfunctional
mono- and bimetallic NPs of precious metals (Ag, Au) with



the use of plasmochemically obtained aqueous extract from
grape-processing waste (grape skins).

To achieve this goal, the authors solved the following
tasks:

—to obtain an aqueous grape skin extract (GSE) in
conditions of a short-term action of low-temperature plasma
discharge and to study its componential composition and
antioxidant properties;

—to determine the conditions for obtaining nanosized
mono- (Ag, Au) and bimetallic (Ag-Au) NPs with the help
of plasmochemically obtained aqueous grape skin extracts;

— to investigate the properties and to prove the polyfunc-
tionality of the obtained mono- and bimetallic nanoparticles
of metals (antibacterial and catalytic properties).

4. Materials and methods to obtain mono- and bimetallic
nanoparticles. Study of the properties of NPs

4. 1. Research materials

The research was based on the use of the grape process-
ing product — skins of the Moldova grape variety. After us-
ing this berry crop, depending on the technological process,
a large amount of waste is accumulated near the processing
enterprises — seeds, pulp, grape stalk and grape skins. Seeds
are used to produce valuable oil, pulp — as a food additive
to confectionery products, while individually grape skins
are currently limited in practical use — only as a constituent
in cosmetic products. Grape pulp along with phenolic com-
pounds contains a significant amount of saturated and un-
saturated acids (due to the seed press), terpene compounds,
as well as aliphatic and aromatic aldehydes. Meanwhile,
grape skins predominantly contain phenolic compounds, i.e.
a promising source of “green” organic compounds with re-
ducing properties, which creates conditions for the recovery
of metal ions to NPs.

The total percentage of phenolic compounds, depending
on the grape variety, is almost unchangeable. Changes in the
main varieties do not affect the overall antioxidant capacity
and reducing properties of the resulting extract. The product
of processing was provided by the open joint-stock company
OJSC “VINNIEFRUIT” (Kalynivka, Vinnytsia oblast,
Ukraine), which is engaged in the production of juices and
soft drinks. The product is provided free of charge on the
request to provide industrial raw material waste for the
education and research of graduate students specializing in
Chemical Technologies of Cosmetics and Food Additives at
the Department of Physical Chemistry of the National Tech-
nical University of Ukraine “Igor Sikorsky Kyiv Polytechnic
Institute” (Kyiv, Ukraine). Characteristics of the grape
skins are the following: dark red powder; humidity— 4.5 %.

4. 2. Characteristics of the grape skin extract ob-
tained due to the plasma discharge

40 ml of bidistilled water were added to 1 g of dry grape
skin powder and stirred. The resulting mixture was placed
in a plasmochemical reactor. The scheme and the principle
of the plant operation are given in [19, 20]. The mixture
was treated for 5 minutes (at the amperage of /=120 mA
and P=0.8 MPa), cooled and filtered. The freshly obtained
aqueous extract was used immediately after its filtration.
The componential composition of the grape skin extract was
analyzed with the use of IR spectroscopy and liquid chroma-

tography — mass spectrometry. The total antioxidant capac-
ity of the extract was assessed with the help of the phospho-
molybdenum method, which is based on the recovery of Mo
(VI) to Mo (V) by means of the extract and, consequently,
the formation of a green phosphate complex/Mo (V) at an
acidic pH value. The antioxidant activity is expressed as the
amount of the ascorbic acid (AsA) equivalent (mg/g of the
plant extract). The ratio of the extract to the reagent is 1:10,
i.e. 0.5 ml of the test extract and ascorbic acid (100 mg/ml)
were mixed with 5 ml of the reagent (0.6 M of sulfuric
acid, 28 mM of sodium phosphate and 4 mM of ammonium
molybdate). The compensation solution contains 5 ml of
the reagent and 0.5 ml of the extractant due to which the
extract was obtained. All the receptacles were sealed and
incubated in a water bath at 95 °C for 90 minutes. After
cooling the samples to the ambient temperature, absor-
bance of solutions was measured against the compensation
samples at 695 nm using the UV-5800PC spectrophotom-
eter (China).

The antioxidant activity in terms of the reducing ca-
pacity was determined as follows. Fe (III) recovery was
used as an indicator of electron-donor activity, which is
an important sign of antioxidant properties. Extracts that
have a recovering potential react with potassium ferrocya-
nide (Fe3") to form potassium ferrocyanide (Fe?*), which
subsequently reacts with iron chloride (III) to form an iron
complex with a maximum absorption at 700 nm. The reac-
tion solution was made of different concentrations of the
test extract after its rotational evaporation (g) (0.005, 0.01,
0.015,0.02,0.025) dissolved in a suitable solvent (1 ml) and
added with 1 ml of phosphate buffer (0.2 M, pH 6.6) and 1
ml of potassium ferrocyanide solution (1 %). The resulting
solution was kept at 50 °C. for 20 minutes. To quickly stop
the reaction, 1 ml of trichloroacetic acid (10 %) was added
and cooled under running water for 5 minutes. The result-
ing mixture was centrifuged at 3,000 rpm for 10 minutes.
From the upper layer of each solution, an aliquot of 2 ml
was removed and added with 2 ml of distilled water and
0.4 ml of iron chloride solution (0.1 %). The absorbance of
the solution was measured at 700 nm with the UV-5800PC
spectrophotometer (China). An increasing ability of the
reaction mixture to absorb radiation at a given wavelength
indicates a greater reducing effect of the extract. The cal-
ibration curve was constructed with the use of ascorbic
acid and the results were expressed in mg of AsA/g of the
extract. The results were expressed as the mean = standard
deviation from 3 repeated measurements with ascorbic acid
as a solution for comparison.

4. 3. Synthesis of mono- and bimetallic nanoparticles
and their characteristics

The synthesis of metal nanoparticles required the prepa-
ration and use of 0.003 mol/1 of AgNO3 and HAuCl;-3H,0
solutions. When obtaining monometallic nanoparticles (Au
or Ag), 40 ml of the pre-obtained grape skin extract were
added to 40 ml of solutions of the respective precursors;
all this was mixed and left for 24 hours to form the NPs
of Au® or Ag’. When obtaining bimetallic (Ag—Au) NPs,
the synthesis conditions were identical to those mentioned
above. However, in the latter case, their equimolar mixture
of 0.5:0.5 was used as an initial precursor. To characterize
the formed nanoparticles of metals, the reaction mixture was
analyzed with the use of spectrophotometry. The spectra of
colloidal solutions were obtained on the UV-5800PC spec-



trophotometer using quartz cells in the wavelength range of
300-700 nm. The dimensional characteristics of nanoparti-
cles and their stability were determined with the help of the
Zetasizer Nano-25 analyzer (England).

4. 4. Antibacterial research on nanoparticls

Antibacterial activity of the synthesized nanoparticles
was studied using the method of measuring the number of
colonies of the forming units. The tested solutions of NPs
(Ag, Au, Ag—Au extract and Ag—Au plasma) (15 pl) were
added to the colonies of the forming units of S. aureus and
E. coli (about 1.5 10%); 50 ml of each of the formed solutions
were sprayed on the surface of the plates of Luria-Bertani
agar according to the procedure. Samples with distilled
water and an extract without silver nanoparticles were
considered as control samples. The mixtures were cultured
at 37 °C in an incubator with shaking for 12 hours. After
that, the counted number of bacteria colonies was compared
with the control medium. Calculations were made for the
quantity of the surviving bacteria [21]. The obtained data
allowed calculating the inhibition rate of bacterial growth
(RBG, %)=(Vk-Vt)/Vkx100 %, where Vk and Vt are the
control and the test samples, respectively [22]. The research
was made at the OWL University of Applied Sciences (Ger-
many).

4. 5. Catalytic properties of the nanoparticles

In a typical catalytic reaction, 3 ml of the aqueous solu-
tion of 4-nitrophenol (0.1 mM) and 0.5 ml of the aqueous
solution NaBH, (15 mM) were mixed, and then 1 ml of the
aqueous suspension of pre-prepared nanoparticles was add-
ed to the reaction mixture and magnetically stirred. After
that, the solution was transferred to a standard quartz cell
for recording the spectra on the spectrophotometer in the
wavelength range of 300-700 nm at a time interval of 2 min.
at the ambient temperature.

Table 1

Componential composition of the aqueous grape skin extract
obtained due to a plasma discharge

Resi- Relative
Name of a compound dence | mass frac-
time, min| tion, %
Anthocyanins
Delphinidin-3-O-glycoside 9.7 1.2
Cyanidin-3-O- glycoside 11.8 1.1
Petunidin-3-O- glycoside 13.2 1.5
Peonidin-3-0- glycoside 15.6 0.7
Malvidin-3-O-glycoside 16.8 1.2
Delphinidin-3-O-(acetyl-glycoside) 18.2 1.4
Petunidin-3-O-(acetyl-glycoside) 22.3 1.5
Peonidin-3-O-(acetyl-glycoside) 24.6 1.6
Malvidin-3-O-(acetyl-glycoside) 25.8 1.3
Phenolic acids
Trioxybenzoic acid 5.9 5.1
Hydroxymethylfurfural 7.7 4.7
3.4-dihydrobenzoic acid 12.7 4.5
(2R 3R)-2-[(E)-3-(3.4-Dihydroxyphenyl) | |, ¢ )3

pro-2-enoloxy-3-hydroxybutanedioic acid

4-Hydroxybenzoic acid 18.0 3.2

(2R,3R)-2-Hydroxy-3-(((E)-3-

3. “Green” synthesis findings on
bimetallic nanoparticles

It is known that the “green” synthesis of nanoparti-
cles is based on the use of reducing agents present in the
composition of plant material [23, 24]. These substances
are characterized by their redox potential and are able to
recover cations of the dissociated metal salts. In addition,
they can simultaneously act as stabilizers of the obtained
NPs. Taking this into account, the research on the com-
ponents of the grape skin extract involved the method of
liquid chromatography — mass spectrometry — to study
the componential composition of the aqueous grape skin
extract obtained under the action of a plasma discharge
(Table 1).

A wide range of compounds was found in the plas-
mochemically obtained aqueous extract of the grape skin
extract (Table 1). The present phenolic acids, namely: gal-
lic acid (9.1 %), hydroxymethylfurfural (4.7 %), 3.4-dihy-
droxybenzoic acid (4.5 %), 4-hydroxybenzoic acid (3.2 %),
3.4-dioxycinnamylic acid (2.2 %); anthocyanins (34 %)
structurally representing glycosides at the 3-position antho-
cyanidins: malvidin, dolphinidin, petunidin, peonidin and
cyanidin. The flavonol group is represented by quercetin and
its derivative quercetin-3-O-glucoside. The extract contains
catechin, epicatechins and epicatechin gallate.

(4-hydroxyphenyl)acryl)oxy) succinic acid 208 41
3.4-dioxycinnamylic acid (Caffeic acid) 23.4 2.2
2-hydroxy-3-{[(2E)-3-(4-hydroxy-
3methoxyphenyl)prop-2-enolJoxy}butane- 24.3 4.2
dionic acid (Fertar acid)
3-methoxy-4-hydroxycinnamylic acid 2.3
4—hy.dr04xy—3..5—d1methoxybenzolc acid 957 36
(Syringic acid)
(2E)-3-(4-hydroxyphenyl)-prop-2-enoic

. U 31.0 3.3
acid (Paracumaric acid)
3.5-dimethoxy-4-hydroxycinnamylic acid

. ; 32.1 2.4
(Sinapinic acid)
3—methoxyT4—hydr0xyc1nnamylic acid 395 18
(Ferulic acid)

Anthoxanthins & Stilbenes

Procyanidin B1 13.7 2.3
Catechin 17.5 8.4
Procyanidin B2 21.4 2.9
Epicatechin 25.4 7.8
Epicatechin gallate 41.9 4.2
Quercetin-3-O- glucoside 50.4 1.6
Kaempferol-3-O-glucoside 55.6 2.9
Trans-resveratrol 59.2 4.2
Quercetin 66.2 3.6
Kaempferol 71.0 3.6

The presence in the extract of the functional groups
of the above organic compounds is confirmed by the anal-
ysis of the IR spectroscopy (Fig. 1). In the spectrum, one
can distinguish between absorption bands in the range of
3,000—2,800 cm™ — valence fluctuations and deformation
fluctuations at 1,400-1,340 cm’!, indicating the presence
of intermolecular hydrogen bond. The presence of aliphat-
ic groups CH3 and CHj is indicated by strong absorption
in the range of 2,930-2,850 cm™ (valence fluctuations of
groups CHjz and CH») and in the range of 1,463-1,377 cm™!
(deformation fluctuations). The presence of absorption



bands in the range of 2,880-2,650 cm™!, 1,480-1,440 cm™!
(asymmetric valence fluctuations —CH,-CO) aa well as at
975-780 cm! indicates the presence of aldehydes in the test
sample. The signal in the range of 1,680-1,635 cm™ corre-
sponds to unsaturated double-bonded compounds. In the
absorption bands of 1,320-1,210 cm™!, where deformation
fluctuations of —COOH occur, it indicates compounds with
a carboxyl group. Asymmetric fluctuations of the —-C—0O-C
group in the absorption band of 1,280—1,115 cm™! confirm
the presence of complex esters and lactones. The deformation
fluctuations of the —CH group are observed in the range of
912-800 cm™.
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Fig. 1. The IR-spectrum of the plasmochemically obtained
grape skin extract

In addition to determining the componential composi-
tion of the extract, the antioxidant properties of the extract
are widely used to determine the reducing capacity of the
plant extract ingredients. The results of studying the anti-
oxidant properties of the grape extract are shown in Table 2.
The obtained data testify to the presence of antioxidant
properties in the plasmochemically obtained grape skin ex-
tract. The total antioxidant activity is 571+1.38 mg of AsA /g
of the extract.

of pure Au® and Ag® NPs in the plasmonic bands, indicates
the formation of bimetallic alloy Ag—Au rather than a mix-
ture of particles or a core-shell structure [26, 27].

320.0

370.0 420.0 470.0 520.0 570.0 620.0

A, nm

Fig. 2. Absorption spectra of monometallic (Ag, Au)
and bimetallic (Ag/Au) nanoparticles synthesized using
plasmochemically obtained aqueous grape extract

In [28-31], the authors demonstrated the efficiency of us-
ing plasma discharges for synthesizing monometallic and bime-
tallic compounds of precious metals (Au, Ag) of different core-
shell compositions and alloys with various types of stabilizers.
However, the authors either show antibacterial properties alone
or fail to give characteristics of the resulting compounds.

Thus, in order to compare the efficiency of “green”
synthesis with plasmocchemical extraction, we determined
characteristics of plasmochemically obtained bimetallic
compounds. This study reveals zeta potential of nano-
sized metals (Table 3). The resulting dispersed systems of
nanoparticles are characterized by the value of zeta potential
in the range from —31.0 to —40.8 mV, which is typical of
stable colloidal systems [32]. Dimensional characteristics of
the nanoparticles obtained in aqueous solutions were studied
by the method of dynamic light scattering (DLS); they are
shown in Table 1. Thus, the average size of particles
obtained by the “green” method is 30.1-35.1 nm. It
is found that plasmochemically synthesized bime-

tallic particles are much larger — their average size
is 75.1 nm.

It is known that monometallic Ag, Au and bime-
tallic Ag—Au NPs demonstrate antibacterial prop-
erties [25, 26, 33]. We assessed antibacterial activi-

25 ty of the NPs synthesized using a plasmachemically

Table 2
The antioxidant property of the grape extract
Total )

antioxidant Reducing capacity, mg of AsA/g of the extract

activity, mg

AsA/g of the Concentration, mg/ml

extract
0.5 1.0 1.5 2.0
571+1.38
73.2£1.38 | 96.1+1.01 | 148.3£1.41 | 162.3+1.96 | 190.5+1.79

obtained grape skin extract under the action of
plasma discharges. The synthesized nanoparticles

Monometallic (Au, Ag) and bimetallic (Ag—Au) nanopar-
ticles were received using the plasmochemically obtained
grape skin extract as a reducing agent/stabilizer. The reduc-
ing of metal ions to nanoparticles and the formation of bime-
tallic compounds was controlled by means of UV spectros-
copy as the positions of the beam-plasma discharge (BPD)
maxima characterize the forms of the existing nanoparticles
of metals, their size, shape, etc. [25, 26]. As Fig. 2 shows, the
BPD peaks at 440 nm and 540 nm correspond to the formed
nanosized particles of monometals Ag and Au’, respectively.
The BPD peak in the absorption spectrum of the equimolar
mixture of Au®" and Ag" ions, which lies between the peaks

showed a high antibacterial effect on gram-positive
and gram-negative bacteria (Table 4).

Table 3

Characteristics of metal nanoparticles synthesized using the
grape extract obtained due to plasma discharges

NP Zeta potential, AmV | Average NP size, nm
Ag -31.0 32.3£3.1
Au —28.3 35.1+1.2
Ag—-Au -40.8 30.1£2.2
Ag-Au plasma 235 75.1+1.0
synthesis




Table 4
Inhibition of the bacterial growth with the use of
monometallic (Ag, Au) and bimetallic (Ag—Au) NPs
synthesized using grape extract

Rate of inhibition of the bacterial growth,%
Test cult Control Ag-Au | Ag-Au
ture Bidystilled E ) Ag’ | Au” | “green” | plasma
water xtract synthesis | synthesis
Escherichia 0 130 |97.5/56.0| 93.1 82.0
coli
Staphy-
lococcus 0 10.0 |1983(580| 95.1 78.0
aureus

The catalytic effectiveness of the synthesized nanopar-
ticles was studied by the model systems (the recovery of
aromatic nitrocompounds in the presence of sodium borohy-
drate (NaBH,) in aqueous solutions). The catalytic process
was controlled with UV spectroscopy. Fig. 3 shows the
recovery of 4-nitrophenol to 4-aminophenol with the help of
the synthesized NPs.

In the spectra (Fig. 2, a—d), the absorption peak at about
320 nm with an arm at 400 nm corresponds to 4-nitrophenol.
This peak shifts from 320 nm to 400—420 nm immediately
after adding the aqueous NaBH; solution, which corresponds
to the formation of 4-nitrophenolate ion. If a NP catalyst is
absent and there is extract alone (Fig. 2, a), the absorption
peak at 400 nm remains unchanged, indicating that NaBHy
itself and the extract can not reduce ions of 4-nitrophenolate
without a catalyst.

—NPh
—extract

~— 4-NPh ion 24 h with
the extract

400.0

300.0 500.0 600.0

A, nm
a

——4-NPh
—0 min
——2 min
—4 min
——6 min
——8 min
=10 min
——12 min
~14 min
——16 min
~—18 min
~20 min
22 min

500.0 600.0

Catalysts (Ag, Au, Ag-Au NPs and NaBH,) reduce 4-ni-
trophenol. This is proved by the gradual decrease in the inten-
sity of the absorption peak at 400 nm over time. At the same
time, a new absorption peak at 297-300 nm is formed in the
spectra, and gradually its intensity increases. The new peak is
a typical peak for the absorption of 4-aminophenol [34-37].
Thus, the research findings give the grounds to believe that
catalytic reduction of 4-nitrophenol to 4-aminophenol is pos-
sible with the use of synthesized NPs.

6. Discussion of the findings on
the synthesis of mono- and bimetallic NPs

The componential composition of the obtained extract,
shown in Table 1, indicates the presence of a wide range
of organic compounds. The latter can perform reducing
and stabilizing functions in the formation of nanoparticles.
Therefore, the hydroxyl, carboxyl and carbonyl functional
groups of organic compounds (Fig. 1) are likely to allow
the recovery of metal ions and stabilization of the NPs. In
addition, the reducing ability of the extract compounds is
assessed by the antioxidant activity of the plant extract. The
results show that the obtained extract is active as an antiox-
idant (Table 2). Therefore, compounds with a reducing ca-
pacity are donors of electrons that are capable of decreasing
the number of products of lipid peroxidation processes and
acting as primary and secondary antioxidants.

A higher ability of the reaction mixture to absorb radia-
tion at a given wavelength indicates a greater reducing effect
of the extract. The reducing capacity of extracts increases
along with the increasing concentrations.

—NPh

400.0
h, nm

d

Fig. 3. Spectra for the absorption and reduction of 4-nitrophenol with the obtained nanomaterials:
a — without NPs /an extract and with the extract; » — monometallic NPs Ag% ¢ — monometallic NPs Au’;
d— a bimetallic alloy of Ag-Au NPs



The extract reveals its reductive potential and can serve
as a potent donor of electrons, which completes the radical
chain reaction [36]. Thus, the whole complex of the research
data proves the expediency of using the grape skin extract for
synthesizing the nanoparticles of metals.

The resulting nanoparticles were tested for their an-
timicrobial, catalytic and corrosion properties. Based on
the results of bacterial studies, the resulting NPs are active
against gram-positive (Staphylococcus aureus) 58.0-98.3 %
and gram-negative (Escherichia coli) 56.0-97.5 % bacteria
(Table 4). The greatest effect is achieved in the NPs of Ag,
which is quite expectable. Bimetallic NPs showed higher
antimicrobial effects than monometallic Au NPs. The precise
mechanism of interaction of the NPs with bacteria is not
completely revealed. Nevertheless, the main mechanisms
are the biological resistance of NPs against microorganisms.
The resulting NPs show an excellent catalytic activity in
reducing p-nitrophenol (4-NPh) to p-aminophenol (4-APh)
in the presence of NaBH,. Depending on the type of NPs, the
length of the process is 18—22 min.

7. Conclusions

1. The “green” synthesis of mono- and bimetallic NPs
of precious metals used an aqueous grape skin extract. The

extract obtained by the plasma discharge was used as an ef-
fective reducing and stabilizing agent. The researchers have
studied the componential composition of the aqueous grape
skin extract obtained under the action of a plasma discharge.
They have proved a hypothesis that hydroxyl, carboxyl and
carbonyl functional groups of organic compounds allow the
recovery of metal ions, as well as the formation and stabili-
zation of metal NPs.

2. The formation of mono- and bimetallic NPs is char-
acterized by the presence of peaks for Ag? (Ay.x=440 nm),
for Au® (Apax=540 nm), and for Ag—Au (Apayx=510 nm). The
size and stability of the nanoparticles synthesized by the
“green” method are assessed in comparison with the same
parameters for the plasmochemical method of NP formation.
It is proved that the method of “green” synthesis results in
obtaining colloidal systems with the size of the formed par-
ticles twice below the ave-rage size.

3. The research on the antibacterial and catalytic prop-
erties of the obtained monometallic and bimetallic nanopar-
ticles of metals revealed the polyfunctional properties of
the synthesized nanomaterials. The resulting NPs showed
their catalytic activity in reducing p-nitrophenol (4-NPh) to
p-aminophenol (4-APh) in the presence of NaBHy. The an-
timicrobial activity against gram-positive (Staphylococcus
aureus) and gram-negative (Escherichia coli) bacteris makes
up 76.0-98.3 %.
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