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The ZnO, MgO, NiO, and AlO nanoparticles and Zn-Al and Mg-Ni composite oxides were synthesized
by the green method from the Prunus persica leaves extract. The synthesized nanoparticles were character-
ized through FTIR, XRD, SEM, and TEM. The FTIR study was carried out to find out the presence of various
functional groups in nanoparticles. Their size was studied by the XRD method which exposed that the nano-
particles were in the range of 19—29 nm, and the size and morphology were studied by SEM, which was fur-
ther confirmed by TEM. The synthesized nanoparticles were tested for antibacterial activity. In particular,
Zn0 showed a good inhibitory effect with 22.31 mm of inhibition against Pseudomonas aeruginosa.
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Hanouacmuywvr ZnO, MgO, NiO, AlO u croscnvie oxcudvl Zn-Al u Mg-Ni cunmesupoganvl sKo102UYe-
CKU De30nACHbIM MemoOOM U3 IKCMpPAKma aucmves Prunus persica u oxapaxmepuzo8anvl ¢ NOMOWbIO
UK-Dypve-cnexmpockonuu, peHmeeHo8CKoU Ouppaxyuu, CKaHupyowell 21eKmpoHHOU U npoceedusaouel
NEKMPOHHOU MUKPOCKONUU. [{151 ONpedeneHUs: Haauyus pasiuyHblx QYHKYUOHATbHBIX ePYNN 8 HAHOYACHU-
yax npogederno UK-Dypve-cnexmpockonuueckoe uccieoosanue. Pazmep uacmuy 19—29 um onpedenen me-
MOOOM PeHmM2eHOBCKOU OUPpaKyuu, MOpghoocust U3yHeHa ¢ NOMOWBIO CKAHUPYIOWell JIeKMPOHHOU MUKDO-
CKONUU U OONOJIHUMENLHO NOOMBEPHCOEHA C NOMOWDBIO NPOCELUUBAIOU el INEeKMPOHHOU MUKPOCKONUU.
Cunme3supoganHvle HAHOYACTUYLL NPOMECMUPOBAHbL HA AHMUOAKMEPUATbHYI0 aKMUeHOCmb. B wacmmno-
cmu, noxkazan xopowuil ureubupyrowull sgpgpexm ZnO (3ona uneuduposanus 22.31 mm) 6 omHoweHuu
P. aeruginosa.

Knroueeswvie cnosa: sxonocuvecku 6e30nacHulil CuHmMes, HAHOYACMUYA, HAHOKOMNO3UM, SKCMPAKM Ju-
cmbes Prunus persica.

Introduction. Nanotechnology is amongst the most widely used technologies in translational research.
The development of metallic nanoparticles employing biological materials by an eco-friendly approach has
attracted significant attention. Nanotechnology deals with particles of a size ranging from 1 to 100 nm as
well as their synthesis strategy, and manipulation. This knowledge domain naturally commingles all the
fields of natural sciences together with chemistry, physics, biological sciences, engineering, materials sci-

“Full text is published in JAS V. 89, No. 4 (http://springer.com/journal/10812) and in electronic version of ZhPS
V. 89, No. 4 (http://www.elibrary.ru/title_about.asp?id=7318; sales@elibrary.ru).
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ence, and computational sciences for the formulation of nanostructures [1, 2]. The nanostructures have dif-
ferent applications attributable to their new or increased properties [3, 4], depending upon their size, distribu-
tion, and morphology. It has applications in various fields including biomedical, catalysis, chemical indus-
tries, cosmetics, drug delivery, electronics, environment, energy science, food and feed, health care, mechan-
ics, optics, space industries, nonlinear optical devices, single-electron transistors, and photo-electrochemical
applications. The metallic nanoparticles are considered as one of the most promising systems for all the
aforementioned functions [5-7].

Green chemistry is an emerging area that fosters the implementation of a set of principles intended to
reduce the utilization and generation of chemical hazardous wastes [8]. As a result, green methods reduce the
industrial labor impact on the ecosystem. Through their development, scientists are providing possible solu-
tions to costly processes and hazardous materials encountered when using traditional physicochemical syn-
thesis methods [9—12]. The employment of environment-friendly solvents and reagents, reducing high ener-
gy consumption methods, using nontoxic biomolecules such as DNA, proteins, enzymes, carbohydrates, as
well as plant extracts, allow for the synthesizing of biocompatible metallic NPs by reducing metal ions
in aqueous solutions [13, 14]. The peach (Prunus persica L.) is a climacteric fruit that originated from the
Asian continent, mainly China [15]. It is cultivated in many countries, but preferably in temperate regions, as
it requires abundant water [16]. It contains a high quantity of water, sugar, and protein along with vitamins
and minerals [17]. It also contains phenolic compounds such as catechins and leucoanthocyanins [17]. The
major phenolic compounds identified in peaches are chlorogenic acid, catechins, and epicatechins, with other
compounds, including gallic acid, ellagic acid, rutin, isoquercetin (primary flavonols), cyanidin glucosides
(anthocyanins), and malvin glycosides [18-21]. The presence of carotenoids such as PB-cryptoxanthin,
B-carotene, and o-carotene, have been detected in the peach fruit together with zeaxanthin, lycopene, and
xanthophyll. Peaches are rich in carbohydrates, group B vitamins, including vitamin C (or L-ascorbic acid)
and niacin (vitamin B3). The ripe juicy pulp of the fruit is edible, whereas the peel is discarded. The earlier
literature shows that the outer peel of the fruit contains higher amounts of phenolics than the pulp, and an-
thocyanins and flavanols are primarily detected in the peel [17]. Apart from these, the different peach culti-
vars are rich in hydroxycinnamates and flavan-3-ols with relatively higher antioxidant activities [17, 22, 23].

Keeping in view the aforementioned importance of Prunus persica L. and nanoparticles, the current
study was carried out to synthesize ZnO, MgO, NiO, and AlO nanoparticles and Mg-Ni and Zn-Al nano-
composite using green synthesis to evaluate their antibacterial potential against various bacterial strains us-
ing the agar well diffusion method.

Materials and methods. The Prunus persica leaves were collected, shade dried, and crushed
in a grinder to obtain a fine powder. About 50 g of the dried leaves was taken in a beaker, dipped in distilled
water, and placed in a water bath to boil for 10-20 min. After boiling, the mixture was filtered through
Whatman No. 1 filter paper. Then 50 mL of the filtered leaf extract was taken in another beaker, and 30 mL
of MgSOj4 (0.1 mM) was added to it. The solution was mixed well until precipitates were formed. As the
precipitates appeared, the solution was allowed to filter. The same procedure was adopted for the synthesis
of NiO, Al>O3, and ZnO nanoparticles by taking their salts. The nanoparticles formed were washed with dis-
tilled water, dried for 2 days, and stored for further analysis. Similarly, the synthesis of Mg-Ni composite ox-
ide nanoparticles was prepared by using the MgSO4 solution with a concentration of 0.1 mM and NiSO4 with
a concentration of 0.001 mM using the leaf extract as a reducing agent in the aqueous medium. The constant
temperature was maintained in the overall process where the MgO and NiO solutions in different ratios
(2:3, 1:3, 1:4, and 1:2 v/v) were stirred constantly, and 30 mL of the leaf extract was added to the solution
followed by heating of the water bath to 60°C. The color change indicated the formation of composite oxide
nanoparticles. The solution was filtered via Whatman No. 1 filter paper. The same procedure was followed
for the synthesis of the Zn-Al nanocomposite. The composite nanoparticles were collected and dried in the
oven at 60°C.

The nanoparticles obtained were characterized by the FTIR, XRD, SEM, and TEM techniques. The an-
tibacterial activity of the synthesized nanoparticles and composite oxides was evaluated by the agar well dif-
fusion method [24].

Results and discussion. FTIR analysis of the synthesized nanoparticles and nanocomposite. Fourier
transform infrared spectroscopy (FTIR) is used to find out the chemistry of the green synthesized nanoparti-
cles and nanocomposite (Fig. 1). The FTIR spectra of the ZnO NPs synthesized by the green approach show
a peak at 530 cm™! corresponding to the hexagonal ZnO symmetric bending vibration, and another peak
at 700 cm ™' due to the weak vibration of ZnO NPs. The peak observed at 950 cm™ corresponds to the strong
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C=C bending vibration of alkene, and the wide peak at 3300 cm ! is due to the strong OH stretching vibra-
tion of carboxylic acid. The band observed at 1200 cm™! reflects the presence of the strong C—O stretching
of vinyl ether, while the band at 1150 cm™' indicates the presence of the strong C—O of aliphatic ether. The
FTIR spectrum obtained for aluminum oxide nanoparticles reveals absorption bands at 3300, 1700, 1550,
1200, 960, and 518 cm™'. The peak observed at 3300 cm™! is due to the strong OH stretching vibration of
carboxylic acid, while that at 1700 cm™ corresponds to the strong C=0 stretching vibration of the conjugat-
ed aldehyde. The peaks at 1550, 1200, and 960 cm ! are due to the strong N—O stretching vibration of a nitro
compound, the strong C—O stretching of alkyl aryl ether, and the strong C=C bending of alkene, respectively.
The peak at 518 cm™' confirms the presence of aluminum oxide nanoparticles. Similarly, the peak around
3300 cm ! on the FT-IR spectrum corresponds to the strong broad O—H stretching vibration of carboxylic ac-
id, and at 1650 cm™! is due to the strong C=0 stretching vibration of §-lactam. The peak observed at 1500 cm!
indicates the presence of the strong N-O stretching of a nitro compound, whereas the peak observed at 1000 cm ™!
indicates the presence of the strong C=C bending vibration of alkene, while that at 850 cm™' shows the C=C
bending of alkene. The band at 790 cm™' is associated with the medium C=C bending of alkene and that
at 630 cm ™! is assigned to the Ni—-O—H stretching bond. The preceding information confirms the formation of
pure NiO nanoparticles. In addition, the data obtained from the FTIR results of MgO reveals a band
at 3300 cm™!, which indicates the strong broad O-H stretching vibration corresponding to carboxylic acid.
The band at 800 cm™! displays the existence of the medium C=C bending of alkene, while the absorption
band at 950 cm™! indicates the presence of the strong C=C bending vibration of alkene. Similarly, the absorp-
tion bands at 1100 and 1400 cm™' display the medium O—H bending due to phenol. The peak at 1900 cm ™! shows
the medium C=C=C stretching due to allene, while that at 2000 cm™' indicates the presence of C=C=N
stretching due to ketenimine. The absorption band at 2200 cm™' indicates the weak stretching of CEC which
corresponds to the presence of alkyne. The absorption bands observed at 550 cm™! indicate the presence of
MgO nanoparticles.
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Fig. 1. FTIR spectrum of the synthesized nanoparticles (a) and nanocomposites (b).

In addition, the FTIR spectrum of the nanocomposite (Mg-Ni) absorption peak at 3300 cm ™! is due to
the strong O-H stretching vibration of carboxylic acid, while the band at 1650 cm™' corresponds to the
strong C=0 stretching vibration of 3-lactam. The peak at 1500 cm™' is due to the strong N-O stretching of
a nitro compound, and that at 1450 cm™' is due to the medium C—H bending vibration of alkane. The peak
at 1250 cm™! is due to the strong stretching vibration of the C—O group of aromatic esters, while that
at 1095 cm™! is due to the strong C—O stretching vibration of a secondary alcohol. The peak observed
at 1040 cm™! corresponds to the strong CO-O-CO stretching vibration of anhydride, while that at 960 cm™!
is due to the strong C=C bending vibration of alkene. The peaks observed at 710 and 550 cm™! indicate the
presence of Ni and Mg of Mg-Ni nanocomposite. Similarly, the FTIR analysis is frequently used for the
characterization of green synthesized nanocomposite oxides of aluminum and zinc. The bands that appeared
in the FTIR spectrum are 3300, 1650, 1450, 1434, 1218, 1089, 960, 840, and 550 cm™!. The peak that ap-
peared at 3300 cm™! corresponds to the strong O-H stretching vibration of carboxylic acid and that
at 1650 cm ™! is due to the medium C=C stretching vibration of cyclic alkene. Similarly, the peaks that ap-
peared at 1450 and 1434 cm™! are due to the medium C—H bending of alkanes and the medium O—H bending
of carboxylic acid. The band at 1218 and 1089 cm™! is due to the strong C—O stretching vibration of vinyl
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ether and the strong C—O stretching of a secondary alcohol. The peaks observed at 960 and 840 cm™ are due
to the strong C=C of alkene and the medium C=C bending of alkene. The peak observed at 550 cm! repre-
sents the Al-O stretching mode. The absorption band around 500 cm ™! corresponds to the stretching mode of
the Zn-O of Zn-Al nanocomposite.

XRD analysis of the synthesized nanoparticles and nanocomposite. The XRD technique was used to de-
termine the size and structure of the synthesized nanoparticles and nanocomposite (Fig. 2). The size of syn-
thesized NPs was obtained by Debye—Scherrer’s formula:

D = KM(Bcos0),

where D is the crystal size; A is the wavelength of the X-ray radiation (A = 0.15406 nm) for CuK,; K is usu-
ally taken as 0.9, and f is the line width at a half-maximum height.
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Fig. 2. XRD spectrum of the synthesized nanoparticles (a) and nanocomposites (b).

The diffractogram of the XRD of ZnO showed peaks at 28, 33, 50, 58° suggesting the hexagonal wurtz-
ite structure, the crystal size calculated for ZnO NPs using Scherrer’s formula was about 24 nm. The XRD
profile of MgO NPs showed peaks at 25, 35, 38, and 58°. The XRD spectrum suggests that MgO NPs were
crystalline, the crystal sizes of MgO NPs calculated using Scherrer’s formula were about 19 nm. The XRD
peaks that appeared at 26, 27, 32, 38, 52, and 66° showed the face center cubic structure of NiO. The crystal-
line size of NiO nanoparticles calculated by Scherrer’s formula was found to be 29 nm. The X-ray diffrac-
tion profile of AlO nanoparticles showed peaks at 24, 38, 45, and 48°, suggesting AlIO NPs were crystalline
and the size of AIO nanoparticles was calculated to be 27 nm.

Similarly, the XRD technique was also used for the characterization of Mg-Ni and Al-Zn nanocompo-
site (Fig. 2b). The XRD peaks of Mg-NiO appeared at peaks occurring at 26, 33, 37, and 47° showed the
face cubic structure and the size of the nanoparticles to be 18 nm. Furthermore, the XRD peaks of Zn-Al
nanocomposite at 27, 33, 37, and 50° showed that both the face cubic structure and its size were calculated at
22 nm. The list of peaks and their respective positions (20) for the synthesized NPs and nanocomposites as
obtained from the X-Ray diffractometer are shown in Table 1.

TABLE 1. List of Peaks and their Respective Positions (20) for the Synthesized
Nanoparticles and Nanocomposites as Obtained from the X-Ray Diffractometer

20, degree | FWHM]| Particle’s size, nm | 20, degree | FWHM | Particle’s size, nm

ZnO nanoparticles AIO nanoparticles

28 0.71 12 24 0.28 30

33 0.32 27 38 0.37 24

50 0.24 38 45 0.23 39

58 0.56 17 48 0.64 14
MgO nanoparticles Zn-Al composite

25 0.31 27 27 0.31 28

35 0.62 14 33 0.42 21




ABSTRACTS ENGLISH-LANGUAGE ARTICLES 594-5

Continue Table 1

20, degree | FWHM | Particle’s size, nm | 26, degree | FWHM | Particle’s size, nm
NiO nanoparticles Mg-Ni composite
38 0.74 12 37 0.37 24
58 0.46 21 50 0.52 17
27 0.41 21 26 0.57 15
38 0.32 27 33 0.63 14
52 0.24 38 37 0.43 20
66 0.35 28 47 0.38 24

N o te. X-ray wavelength is 0.15416 nm, Scherrer constant K = 0.9.

SEM results of the synthesized nanoparticles and composite oxide. The morphological features of the
prepared nanoparticles and composite oxides were studied using SEM, as presented in (Fig. 3). The SEM re-
sults showed that ZnO nanoparticles were sphere-shaped and their size range was 37 nm (Fig. 3a), likewise,
the SEM images of the synthesized AlO nanoparticles reveal that the particles are crystalline with the size
range of 40 nm (Fig. 3b). Similarly, from the scanning electron microscopy (SEM) results, it was observed
that the size of NiO nanoparticles was in the range of 43 nm and represented the crystalline shape of parti-
cles (Fig. 3c). The SEM results of the synthesized MgO nanoparticles reveal that the particles are crystalline
in shape and their size range is 28 nm (Fig. 3d). Similarly, the SEM results perceive that the nanocomposites
of Zn-Al have a spherical shape and their sizes lie in the range of 26 nm (Fig. 3e); furthermore, the nano-
composites of Mg-Ni have a crystal shape and sizes are ~30 nm (Fig. 3f).

Fig. 3. SEM results of the synthesized nanoparticles and nanocomposite.

TEM results of the synthesized nanoparticles and a composite oxide. The size of the synthesized nano-
particles and nanocomposites was characterized using transmission electron microscopy (TEM). As is al-
ready known, TEM is an extremely useful technique to obtain direct information concerning the particle size
distribution, the mean particle size, and the shape of nanoparticles. Transmission electron microscopy has a
1000 times higher resolution than scanning electron microscopy does [25]. In this study, it was decided to
use both methods to measure the size of nanoparticles. The analysis was carried out and the images at differ-
ent magnifications 19 and 36 nm are shown in (Fig. 4). The TEM image of ZnO in Fig. 4a clearly shows that
the nanoparticles are mostly spherical with a size of 25 nm, and the TEM results of AIO nanoparticles de-
picted in Fig. 4b confirm their crystalline nature and a size of 27 nm. From the TEM analysis, it is observed
that the size of NiO nanoparticles is 36 nm with a crystalline shape (Fig. 4c). Similarly, the TEM result of
the synthesized MgO nanoparticles (Fig. 4d) confirms the crystal shape with a size of 22 nm. In addition,
it is observed that the size of the Zn-Al nanocomposite is 19 nm with a spherical shape (Fig. 4¢). Further-
more, the size of Mg-Ni is observed to be 23 nm with a crystal shape (Fig. 4f).
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Fig. 4. TEM results of the synthesized nanoparticles and nanocomposites.

Antibacterial activity. The green synthesized ZnO, MgO, NiO, and AlO nanoparticles and Mg-Ni and
Zn-Al composite oxides were tested for their antibacterial potential against various bacterial strains includ-
ing Bacillus cereus, Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, and Staphylococcus
aureus using the agar well diffusion method. The results obtained (Fig. 5) revealed that NiO and Mg-Ni na-
noparticles showed inhibition of 19.21 and 19.20 mm against B. cerus, MgO and AlO exhibit inhibition of
19.84 and 19.83 mm against E.coli, Zn-Al showed inhibition of 19.20 mm against K. pneumoniae, similarly,
ZnO showed inhibition of 22.31 mm against Pseudomonas aeruginosa, while Mg-Ni composite showed
19.50 mm inhibition against S. aureus. Ampicillin was used as a positive control, and DMSO was used as
a negative control.
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Fig. 5. Antibacterial activity of the synthesized nanoparticles and nanocomposites.

Conclusions. The ZnO, MgO, NiO, and AlO nanoparticles and Zn-Al and Mg-Ni nanocomposite were
effectively synthesized through the green synthesis method using the Prunus persica leave extract, which
showed interesting properties. Different techniques were used for the characterization of the synthesized na-
noparticles, such as FTIR, XRD, SEM, and TEM, confirming the chemistry, size, and morphology of the
synthesized nanoparticles and nanocomposites. The antibacterial activity of the nanoparticles was tested
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against Bacillus cereus, Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, and Staphylo-
coccus aureus using the agar well diffusion method. The best results were obtained for ZnO with 22.31 mm
of inhibition against Pseudomonas aeruginosa. The results confirmed that the synthesized nanoparticles re-
vealed interesting characteristics for various potential applications in the future. Moreover, the results of the
current study need to be validated by testing these materials for their in vivo application.
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