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ABSTRACT

In the last decades, interest has significantly increased to to studying of
nanodimensional particles, in particular, nanoparticles of various metals. In the
first stage it is connected with the fact that nanoworld objects significantly differ
the properties from macroobjects. Besides, there is a possibility of application of
nanoparticles for receiving medical and biological medicines. In this study, we
synthesized silver nanoparticles with various size and UV-VIS spectrophotometry,
“Master Sizer” and “Zeta Sizer” tools characterized the nano species; we have
conducted a simple and rapid one-pot synthesis method to generate nine colloids
of Ag-NPs in different concentrations of TSCD and FSH. In this one-pot synthesis
method, we utilized citrate as capping groups to stabilize the NPs and FeSO,-7H,0 to
control the formation of shapes of NPs.
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Introduction

Creation of nanoparticles of various metals are
impossible without carrying out basic researches, the
formed particles directed to the clarification of the
nature, mechanisms and regularities of the reactions
proceeding in the course of their formation. Despite
considerable success in synthesizing AgNPs with
different dimensions and size ranges, many of the
reported methods have certain limitations in terms
of their control over shape, size and stability in the
dispersion system.

Silver nanoparticles, due to their special properties,
are seen like a leader in the effective against morbific
microbial activity. Silver has a strong effect of slowing
their activity down. Compared to the solid form of silver,
the increased surface area of silver nanoparticles is
feature responsible for their action in this regard [1].
This results in better contact with microorganisms, and
more effective biocidal activity [2]. Silver nanoparticles
are very effective from the many types of bacteria.
We can see it and analyze from the next article, which
the biocidal activity of silver nanoparticles has been
confirmed, which includes Acinetobacter [3], Escherichia
[4], Pseudomonas [5] and Salmonella [6]. The effective
action of silver nanoparticles was also reported against
Gram-positive bacteria: Bacillus [7], Enterococcus [8],
Listeria [9], Staphylococcus [10] and Streptococcus [12].
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Last two decades studies have shown the using of silver
nanoparticles in the combination of different antibiotics
[11]. It should be noted that the works also proved that
silver NPs are also used against viruses by inhibiting
their replication [12]. Their activity has been confirmed
even against the HIV-1 [13] and influenza virus [14].

Application of silver nanoparticles

Developing of nanotechnology and their progress
in creating the new methods of acquiring silver
nanoparticles meant that the introduction of silver
nanoparticles to a variety of consumer products has
become very popular [15]. The unique properties of
silver nanoparticles attracted the attention of many
industries, particularly those in which an antiseptic
effect is particularly desirable. This applies to food,
textile, construction, medicine, cosmetology, pharmacy
and other branches of industry [16, 17]. Silver
nanoparticles are also used in the power industry [18]
and in biomedicine, in which they act as receptors in
labeling of biological materials [19]. Figures 1 and 2
illustrates the most common use of silver nanoparticles
in various areas.

A particularly important issue is the use of silver
nanoparticles in therapy. A process for preparing
synthetic materials impregnated by silver nanoparticles,
which may be used for production of catheters, has been
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developed. The coating containing silver nanoparticles
has antibacterial and disinfectant properties. In in vitro
tests confirmed the inhibition of bacterial flora, with the
effect maintained for a further 72 h [20].

A group of market products containing silver
nanoparticles includes, among others, Acticoat Wound
Care with nanocrystalline silver, and I-Flow SilverSoaker
Nanosilver catheters. SilverSTAT from ABL Medical
during laboratory tests that last for several minutes are
destroy the Staphylococcus aureus — a strain resistant
to methicillin and Enterococci bacteria — resistant to
vancomycin [21].

Cosmetic products are exposed to bacteria and
fungi, in particular during their manufacture or storage.
Since cosmetics have direct contact with human body,
it is important to prevent their contamination with
pathogenic microorganisms. In addition, the biological
purity in the final products should be also ensured. For
this purpose, silver nanoparticles have been also used.
Ha et. al in their patent shows a method of using silver
nanoparticles as an ingredient in cosmetics dyeing
mixture. The color is dependent on the nanometal
structure. In the case of silver nanoparticles a yellow
colour is mostly achieved. The authors report that one
can use a combination of nanoparticles of silver and
gold and thus get a yellow-red colour. The product
can be used in the dyeing of cosmetic foundations, eye
shadows, powders, lipsticks, inks, varnishes or eyebrow
pencils. According to Ha et al, the products with metal
nanoparticles, unlike the conventionally used metallic
pigments, are not harmful to human health, and may
even have health benefits [22]. A soap incorporating
silver nanoparticles is also known and in 2013 the
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method for its preparation was patented [23]. The
authors report that thanks to the presence of silver
nanoparticles, the product also has anti-inflammatory
activity and protects the skin against the adverse
effects of the microorganisms. Silver nanoparticles can
penetrate deep into the skin and remove from it any
bacterial contamination, which inhibits the formation
of acne [23]. Silver nanoparticles have also been used
in the production of toothpaste or oral care gels. Silver
as an ingredient of such products at a concentration of
0.004% is an effective factor in preventing the growth
of bacteria that cause unpleasant oral smells and dental
cavities. The authors stipulate that the best biocidal
effect is achieved when the average size of nanoparticles
isless than 15 nm [24].

An important issue is maintaining antiseptic
conditions in industrial facilities which, due to the
nature of the production, are particularly vulnerable
to microbial contamination. An innovative approach is
the use of silver nanoparticles to purify the air in meat
plants. The air blown into the production halls is an
agent that transfers microorganisms to meat products
may provide an environment conducive to their growth.
Microorganisms can penetrate into meat products
during slaughter, storage or their processing. Therefore,
the blowing air must be filtered. In order to avoid the
risk of microbial growth, a method of impregnating the
air filter with silver nanoparticles has been developed.
Results of microbiological tests confirmed that the
impregnation of baghouse with silver nanoparticles
allows for the almost total elimination of microbiological
contamination of the air [25].

Textiles
UV Blocking Textiles
Anti-stain Textiles
Medical Textiles

Enviromental Biomedical
Water Disinfection Cancer Therapy
Activated carbon filters Diagnosis
Wastewater Treatment Drug Delivery
By i e Cell Imaging
Application of Silver
nanoparticles
Catalysis < l ~ Health care
Fuel Cell Catalyst UV Protection
Ful Additive Catalyst Topical Ointments and
Hydrogen Production Creams
Photocatalysts Nutraceutical
Food Agriculture
Food Packaging
Interactive Food
Food Quality Analysis
Sensors

Fig. 1. Applications of silver nanoparticles [21].
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Fig. 2. Categories of products containing silver nanoparticles
[19].

Synthesis of silver nanoparticles

There are many processing methods for btaining
nanosilver particles. The most common Kkinetic
regularity of formation of nanodimensional particles is
the combination of high speed of origin of a crystal phase
to the small speed of its body height. These features of
synthesis of nanoparticles define technological paths of
its exercise [26].

There are two apparent approaches to the synthesis
of nanomaterials and manufacture of nanostructures -
«top down» and «bottom-up». The methods «top down»
are based on decrease of the size of initial particles by
crushing, etching, etc. The grind of substance by means
of mills or etching in a lithograph is ypical examples
of receiving nanomaterial by method «top down». The
main problem of receiving nanomaterials by methods
of decrease is deterioration in structure of a surface of
nanoobjects owing to formation of defects. These defects
have significant effect on properties of nanomaterial
as the surface relation to volume at nanomaterials
is essential. Nevertheless, methods of receiving
nanostructures decrease of the size remain widely
used for receiving nanostructures and nanomaterials
thanks to high efficiency and repeatability of processes.
«Bottom-up» obtaining methods are synthesis or
assembly of nanoobjects from atoms and molecules. The
applied synthesis methods are leading to emergence and
body height of nanoobjects, as a rule. A typical synthesis
of similar materials happens by accession to an atom
nanoparticle behind atom, a molecule behind a molecule
or a cluster behind a cluster. Various ways of synthesis
of the same material can lead to receiving materials,
various on chemical composition, on crystallinity and
a microstructure because of distinctions in kinetics of
processes [27, 28].

Methods of receiving nanomaterials can be also
grouped in a sign of environment in where is body
height of nanoobjects:

Processes of body height of nanomaterials happen
to use of a gas phase. The necessary component is
transferred to a gas phase by evaporation, dispersion,
combustion, etc. Formation of nanoparticles results
from condensation or chemical reactions between
components of a gas phase. Methods include also various
ways of decomposition of volatile mother compounds
(precursors). Precursors can react among themselves
when heating or plasma exaltation mixture of gases.
In many cases, precursors can be exposed to pyrolysis
(thermal decomposition) or decay at influence of plasma
or potent laser radiation. For receiving laminas use a
particle flux (atoms or molecules) directed to a substrate
on which they are condensed. Perhaps also formation
of independent atomic bunches which at collision on
a substrate form connections which corresponds to a
ratio of streams of atoms.

Body height of nanoparticles is in a liquid phase
due to chemical reactions of exchange, decomposition,
polymerization, a crystallization, etc. In a liquid phase
also nanolayers of various materials can be grown up,
and there are also more difficult educations, for example
threads, disks, etc.

Solid-phase processes, for example, disintegration
of a solid solution on separate phases, selection of
nanocrystals at heat treatment of glasses and ceramics.
Also, photochemical processes are possible in solid
matters, for example, in polymers from which a new
phase results can be formed.

The hybrid methods using chemical processes on
boundary of phases. Also photochemical processes are
possible in solid matters, for example, in hybrids from
which a new phase results can be formed [29].

Experimental Part
Methods and objects of research
Description of initial substances

Trisodium Citrate Dihydrate (TSCD) with molecular
weight 294.10 g/mol, which produced by «Sigma-
Aldrich Chemie GmbH» (Germany) was used without
further purification.

o

(@] ONa - H20
NaO 1 ONa .H,0
o

Ferrous sulfate heptahydrate (FSH) with molecular
weight 278.01 g/mol, which produced by «Sigma-
Aldrich Chemie GmbH» (Germany) was used without
further purification.

FESO4’ 7H20
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Silver nitrate with molecular weight 169.87 g/mol,
which produced by «Sigma-Aldrich Chemie GmbH»
(Germany) was used without further purification.

OI'
Ag* ’
% N.
0”7 ™o

Trietoxysilane (TES) with molecular weight 164.27
g/mol which produced by «Sigma-Aldrich Chemie
GmbH» (Germany), 95 %

O/\

HaC/\O—S:iH
O._CHs

CH,

For preparation of solutions used distilled water.
Synthesis of silver nanoparticles

Citrate-sulfate method of synthesis of silver
nanoparticles.

Silver nitrate, trisodium citrate and ferrous sulfate
heptahydrate were used as starting materials for the
preparation of silver nanoparticles. The silver colloid
was prepared by using chemical reduction method.
All solutions of reacting materials were prepared in
distilled water. The synthesis was carried out in the
magnetic stirrer (Fig. 3). AgNO; salt was melted in a
distilled water. Initial substances (1% Trisodium Citrate
Dihydrate and 6 g/l Ferrous sulfate heptahydrate) were
measured and prepared in a different concentrations
(Table 1) and they were added to solution of AgNOs;.
Stirring was carried out for 1 h.

AgNO;

Na:CsH;072H)
FeSOy7H20

Experiment results and their analysis
Experiment results from spectrofotometer

We have conducted a simple and rapid one-pot
synthesis method to generate nine colloids of Ag NPs in
different concentrations of TSCD and FSH. In this one-
pot synthesis method, we utilized citrate as capping
groups to stabilize the NPs and FeSO, 7H,0 to control
the formation of shapes of NPs. By controlling various
amounts of salts in the same mixture of AgNO;, sodium
citrate, FeSO,-7H,0, and H,0 solution, we generated
various sizes and shapes of Ag NPs in each colloid, as
described in the experimental section. FeSO, 7H,0
served as reducing agent for synthesis of the colloidal Ag
NPs.AsFeS0,-7H,0 was added into the mixture, it rapidly
reduced Ag* to Ag, which acts as nucleation precursors.
As FeS0,-7H,0 concentration increases, the amount of
nucleation precursors increases. Therefore, the shapes
of Ag NPs depend upon precursor concentration,
which can be tuned by the amount of FeSO,-7H,0.
They were have used UV-3600 Shimadzu UV-VIS-NIR
spectrophotometer in order to obtain the absorption
spectra of synthesized silver nanoparticles in solution.
The absorption band in the 350 nm to 450 nm region is
typical for the silver nanoparticles. Absorption spectra
of colloids of Ag NPs in Fig. 4 show peak wavelengths
range from 395 to 482 nm. For the third and forth
samples single peak wavelength of absorption spectra
at 395 and 398 nm was observed, respectively. All other
colloids (Table 2) show a primary peak at 400,411, 413,
465, 470, 475, and 482 nm respectively. Absorption
spectra of colloids of Ag NPs after 3 h in Fig. 5 show peak
wavelengths range from 402 to 495 nm. For the third and
forth examples single peak wavelength of absorption
spectra at 410 and 402 nm was observed, respectively.

Magnetic
stirring

—

T=1 hour

Fig. 3. Schematic representation for synthesis of silver nanoparticles.
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Table 1
1% Na3Ce¢Hs0,-2H,0 and 6 g/1 FeS0,-7H,0 salts ratio

Number of sample (10ml)

Volume of FeSO,-7H,0 in a sample (ml) Volume of Na;C¢Hs0;-2H,0 in a sample (ml)

[N
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O 0O Ul H» Wi

el
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1 sample
- - = 2sample
= = =3sample
----- 4sample
......... Ssample
----- 6sample
—_— — 7sample

- .« Bsample

300 400 500

A HMm

—_— = Osample
600 700

Fig. 4. Schematic representation for synthesis of silver nanoparticles.

All other colloids (Table 2) show a primary peak at 407,
416,431,460, 480, 482, and 495 nm respectively.

For the investigation of the sizes of synthesized
silver nanoparticles we used a “Master sizer” and “Zeta
sizer” tools. We have conducted a simple and rapid one-
pot synthesis method to generate nine colloids of Ag-
NPs in different concentrations of TSCD and FSH. In this
one-pot synthesis method, we utilized citrate as capping
groups to stabilize the NPs and FeSO,-7H,0 to control
the formation of shapes of NPs. By controlling various
amounts of salts in the same mixture of AgNO;, sodium
citrate, FeSO,-7H,0, and H,0 solution, we generated
various sizes and shapes of Ag-NPs in each colloid, as
described in the experimental section. FeSO, 7H,0
served as reducing agent for synthesis of the colloidal
Ag-NPs. As FeS0O,-7H,0 was added into the mixture, it
rapidly reduced Ag* to Ag, which acts as nucleation
precursors. As FeSO, 7H,0 concentration increases,
the amount of nucleation precursors increases.
Therefore, the shapes of Ag-NPs depend upon precursor
concentration, which can be tuned by the amount of
FeS0O,-7H,0. Ag-NPs in colloids from “Master Sizer” tool
show sizes in micrometer measurements. The results
of Ag NPs sizes and their percentage in solution from

“Master Sizer” tool were summarized in following table
(Table 3).

In this one-pot synthesis method, we utilized citrate
as capping groups to stabilize the NPs and FeSO,-7H,0
to control the formation of shapes of NPs. By controlling
various amounts of salts in the same mixture of AgNOs,
sodium citrate, FeSO,-7H,0, and H,0 solution, we
generated various sizes and shapes of Ag NPs in each
colloid, as described in the experimental section. The
results of synthesized silver nanoparticle size’s on
micrometer size and their percentage in prepared
solution were given on the appendix E.

Ag-NPs in colloids from “Master Sizer” tool show sizes
in micrometer measurements. We have investigated the
results of Ag-NPs sizes and their percentage in solution
from “Master Sizer” tool. Dependence of size from
volume density of silver nanoparticles with the mix
that was FeSO, 7H,0: Na3C¢Hs0,-2H,0 (1:9) showed
the results of particle sizes, as 10 nm, 21 nm, 35 nm, 40
nm, 52 nm, 67 nm, 77 nm, and 87 nm. The next sample
that was FeS0,-7H,0: Na;CsHs0,-2H,0 (3:7) showed the
results of particle sizes, as 10 nm, 16 nm, 21 nm, 31 nm,
40 nm, 52 nm, 67 nm, and 77 nm.
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Fig. 5. Schematic representation for synthesis of silver nanoparticles.
Table 3
The summarized results of Ag NPs sizes from “Master Sizer” tool
Ne 1 2 3 4 5 6
Na;C¢Hs0,-2H,0: 1:9 2:8 3:7 4:6 5:5 7:3
FeSO, 7H,0
salts ratio
Results of Ag NPs size, % size, % size, % size, % size, % size, %
sizes and their nm nm nm nm nm nm
percentage 10 2 10 2.3 10 2.3 10 2.4 10 2.4 10 0.3
21 8.6 16 9 16 9.2 16 9.2 17 9.1 16 1.3
35 6.2 18 9.7 21 10 25 9.3 24 9.3 21 1.4
40 5.1 21 9.9 31 8 31 7.4 31 7.4 31 1.1
52 2.9 31 8.1 40 5.5 40 4.7 41 4.7 40 0.8
67 1.1 407 57 52 2.9 52 2.2 53 2.1 52 0.4
77 04 526 3.1 67 0.9 68 0.5 68 0.5 59 0.3
87 0.1 679 1.1 77 0.4 77 0.2 77 0.1 67 0.1
CONCLUSION nanoparticles at radiation chemical restoration of ions

In the present study, silver nanoparticles and silver
nanocolloid solution were prepared chemically by
the reduction of silver salt, The nano species were
characterized by UV-VIS spectrophotometry, “Master
Sizer” and “Zeta Sizer” tools. The synthesis process was
precisely controlled and AgNPs of average size 8, 10, 15,
50,70,90,and 100 nm were synthesized, it is established
that trisodium citrate has unique property to stabilize
intermediate positively charged clusters of silver on the
various structure. Times of their life were tens of minutes
and hours. It is shown that concentrations of trisodium
citrate and ferrous sulfate heptahydrate essentially
influences the mechanism formation of clusters and

of silver. These silver nanoparticles can be used in the
above-mentioned area.
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IMoslyyeHHe HAHOYACTUL, cepe6Gpa C peryjupyeMbIM
pa3MepoM YacTHLy,

K. Ackapyust!, C. A3aT??, A.P.KepumkyioBa®?

'MHCTUTYT npo6sieM ropenusi, boren6ai batbipa 172,
Anmarsl, Kazaxcran

2KasHY uMm. anb-®apabu, npocnekT anb-Papadu 7,
Ainmarsl, Kazaxcran

*KasHUTY um. K.W. Catnaesa, ya.CatnaeBa 22a, AJMaThl,
Kazaxctan

AHHOTALIUA

B mocinesHue pecATU/EeTHS 3HAYUTEJBHO BO3-
poc HMHTepeCc K H3y4YeHWI0 HaHOpa3MepHBIX YacTHI,
B YaCTHOCTH, HAHOYACTHI, pas3JIMYHbIX MeTa/10B. Ha
MIEPBOM 3Tale 3TO CBSA3aHO C TEM, UTO 06'bEKTHI HAHO-
MHpa CyIeCTBEHHO OTJIMYAKTCA 110 CBOUM CBOHCTBaM
OT Makpoo6beKTOB. ITO PHUBEJIO K OTKPBITHIO HOBBIX
BO3MOXXHOCTEeH HMX NpPHUMEHEeHUs [AJA NOJydYeHUs Ho-
BbIX MaTepHaJIOB C BBICOKMMU KadyeCcTBaMH U APYTUMHU
XapaKTepUCTUKAaMH, KOTOpble HaxoJsAT Bce OoJibllee
NpUMeHeHHe B Pa3/IMYHbIX 00/1aCTAX HAYKU U TEXHUKHU.
Tak, B mocsieiHee BpeMsl HAHOMaTepHaJibl UCII0JIb3YIOT-
s 151 TosiydyeHust 9 GeKTUBHBIX U CeJIeKTHBHBIX KaTa-
JIN3aTOPOB, JIJIF CO3J4AHUSA 3JIeMEeHTOB MUKPO3JIEKTPOH-
HBbIX U ONTHYECKUX NPUOOPOB, CHHTE3a MaTepUasoB C
YHUKaJbHBIMU CBOMCTBaMU. Kpome Toro, cyuiecTByeT
BO3MOXXHOCTb IPMMEHEHHUS HAaHOYacCTHUIL JJid IMoJyde-
HUS MeAULMHCKUX U 6HOJIOrMYeCcKUX JieKapCTBEHHbIX
CpeAcTB. B 3TOM wucciefloBaHUM MBI CUHTE3UPOBaJIU
HaHOYaCTULbI cepebpa pasJIMYHOro pa3Mepa U HaHO4Ya-
CTHULbI OBIJIM 0XapaKTePU30BaHbl C IOMOLIBIO CIIEKTPO-
dotomerpuu UV-VIS, uncrpymentoB «Master Sizer» u
«Zeta Sizer»;
Karuesvle cnosa: HaHOYACTHIbl, HAHOYACTHULBI cepe-
6pa, AUrUAPAT TPUHATPUHULUTPATA, CUHTES.

Benmek eosimemMaepi 6acKapbuIaThIH KyMmic Ha-
HOGeJIEeKTepiHiH anxy

K. AckapyJuibt!, C. Azat??, A.P.KepumkysnoBa*?

Kany npob6JsieMasiapbl HHCTUTYThI, Beren6ai 6aTbip Ke-
weci 172, Anmatsl, KazakctaH

29s-Papabu aTeiHgarbl KazYY, on ®apabu JaHFbLIbI 7,
Anwmatsl, KazakcTtan

3K.U. CaTmaes aTbiHgarbl Kas¥T3Y, CaTmnaes Keiieci 22a,
Anmartsbl, KazakcTan

AHJATIIA

COHFBbI OHXBLJIJIBIKTA HAHOOJIIEM/II 66JIIEeKTEP],
aTtan aWTKaH[Aa, TYpJi MeTasiAapAblH HaHOOeJIIeK-
TepiH 3epTTeyre KbI3bIFYWIBLIBIK apTyfa. bipiHmi ke-
3eHe 6yJ1 HAHOOO'bEeKTisiepi 63iHiH KacueTTepi 6OUBIH-
1a MaKpOOO'beKTiNiep/ieH alTapJ/IbIKTal e3relleslirine
0alJIaHBICTBL. ByJl FBLJIBIM MeH TEeXHUKaHBIH 9p TYpJi
cajlaJlapblH/la KeHiHeH KOJIJaHbLIAThbIH »KOFaphl cama-
Jlaphbl koHe 6acKa Ja cullaTTaMasapbl 6ap »aHa Ma-
TepUa/IlJapAbl ajy YIUiH oJlapAbl KOJJAHY[bIH >XKaHa
MYMKIHZIKTepiHiH allblayblHa 9KeaAil. MacesieH, COHFbI
yaKbITTa HaHOMaTepua/Jap THUIMZl KoHe CeJIeKTUBTI
KaTaJu3aTopJapZbl aldy VIUiH, MHUKPO3JIEKTPOH/bI
>)KoHe OINTHKAJIbIK acnanTap/blH 3JeMeHTTEPIH Kacay
yiliH, 6ipered KacueTTepi 6ap MaTepuaajapJbl CHH-
Te3Jley YUIiH maijjasaHbliazibl. bysan 6acka, MeauIu-
HaUJIbIK, K9HEe GMOJIOTUSAJIBIK, JI9PiJliK 3aTTapAbl a1y YILIiH
HaHOOeJIIIeKTep i KoJIJaHy MYMKiHZIri 6ap. bys 3epT-
Tey/e 6i3 op TypJii KesieMzeri Kymic HaHOGeJIIIEeKTePiH
CHUHTe3/e/liK kxoHe HaHoOeueKTep i YK - ciekTpodo-
ToMeTpuda «Master Sizer» koHe «Zeta Sizer» Kypasnza-
PBIHBIH K6MeriMeH CUNaTTa/blK,
TyliiHOi ce3dep: HaHOO6JIIEKTEpP, KyMiC HAaHOGOJIIIEK-
Tepi, TPUHATPUNLUTPAT AUTHPATHI, CHHTES.



