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The aim of the work was obtaining a stable suspension based on biocompatible substances with appli-
cation of biogenic metal nanoparticles encapsulated into NaCl salt matrix, as a precursor.

Water-soluble complex based on different amine derivatives with antiseptic properties was selected
as a liquid for salt dissolution. The solution was subjected to dispersion using ultrasonication at elevated
temperature. Dispersion is accompanied by salt shell removal with simultaneous formation of an organic
shell on the surfaces of metal nanoparticles that ensures their stabilization. Study of the suspension after
soaking at room temperature for 100 days showed that its characteristics remain stable.

A method for producing a stable colloidal solution based on nanoparticles of biogenic metal (Cu, Co,
fem etc.) was developed. Metal nanopowder encapsulated into salt shell was used as a precursor. It is
shown that such colloidal solutions are characterized by narrow size dispersion, as well as stability to
temperature impact and time factor.
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Over the last decades metal nanoparticles
have attracted ever greater attention due to
their unique properties, compared to massive
metals and good prospects for application
in catalysis, gas sensors and optical devices,
for medical diagnostics, etc. There are a
great number of commercial technologies of
their manufacturing, based on the methods
of vapour phase deposition, reduction,
solid phase synthesis, etc. [1]. Each of
the currently applied methods to produce
metal nanoparticles has its advantages and
disadvantages and can be used to solve certain
technology problems. One of such problems is
producing stable colloidal solutions of metal
nanoparticles. These colloids are extensively
applied in petrochemistry, organic chemistry,
polymer chemistry, food industry, in agrarian
and cattle-breeding complexes [2—5]. The most
important characteristic of such colloidal
solutions is their interaction with organic
nano- and microobjects, namely, proteins,
amines, nucleic acids, etc.

The work is a study of the properties of
colloidal solutions produced on the bases of

metal nanoparticles (of biogenic metals Cu,
Co, Fe, etc.) encapsulated into a salt matrix,
together with two or more amides.

It is known that to produce colloidal
solutions of nanoparticles, their stabilization
by size and phase composition during their
preparation is important. This stabilization
can be performed both by creating protective
shells on nanoparticle surface during its
synthesis (encapsulation), and by introduction
of synthesized nanoparticles into a stabilizing
medium with additives of surfactants (SA).

The work presents an integrated approach
to stabilization of metal nanoparticles based
on formation of metal nanopowders (Cu, Co,
Fe, etc.) encapsulated into NaCl matrix with
subsequent preparation of a stable colloidal
solution on their base.

Materials and Methods

Metal nanoparticles encapsulated into
chemically inert medium were produced by
simultaneous deposition of metal and alkali
metal hanogenides (NaCl) from the vapor
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phase [6—8]. Schematic of the process of
producing them is shown in Fig. 1. Method
to produce metal nanopowders with particle
encapsulation into chemically inert medium is
based on simultaneous deposition of metal and
alkali metal halogenide form the vapour phase.
Presence of salt ions in the vapour phase, on
the one hand, limits growth of metal particles,
and on the other hand, ensures formation of
a protective shell on their surface. Presence
of a shell on the particle surface prevents the
processes of their consolidation at storage
and protects them from interaction with
the atmosphere. Such an approach enables
producing nanosized powders, in which metal
nanoparticles are encapsulated into chemically-
inert matrix based on sodium chloride. This
composite structure allows long-term storage
of encapsulated nanoparticles in regular
atmosphere, and if required, removal of the
salt shell, placing these powders, for instance,
into liquid, in which the salt dissolves.

As an example, Fig. 2 gives composite
microstructure, consisting of salt matrix and
copper nanoparticles.
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Fig. 1. Schematic of simultaneous deposition
of metal and alkali metal halogenide

Fig. 2. Electron micrograph (light field, high reso-
lution TEM) of a condensate formed at simultane-
ous deposition of vapour flows of copper and sodi-
um chloride (darker-coloured copper particles are
encapsulated into salt matrix)
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Statistical processing of measurement
results allowed plotting the diagram of
nanoparticle size distribution (Fig. 3). It
follows from the diagram that the largest
number of particles is of 6—7 nm size.

At interaction with the environment,
the salt shell around the particle protects
it from oxidation and agglomeration. It
turned out that particle size and structure
remained unchanged even after storage of
this nanopowder in air from more than 3 years
that is indicative of high effectiveness of the
shell for prevention of interaction of metal
nanoparticles with the environment.

In order to produce colloidal solutions
based on such particles, the salt shell should
be dissolved, while avoiding nanoparticles
sticking to each other. There are a large number
of methods to produce stable colloidal solutions
of nanoparticles [9—12]. Such solutions are, as a
rule, produced by adding nanoparticles to water
solution of organic molecules, which include
two or more amides, with subsequent dispersion
by ultrasonic treatment.

Schematic of producing colloidal solutions
shown in Fig. 4, was used in the work. Different
samples of metal nanoparticles encapsulated
into salt matrix were placed into 20 mg bottle
with backflow condenser with subsequent
addition of water and amides in the quantity of
two or more in a certain proportion. Obtained
solution was dispersed using ultrasonic
treatment for 60 min at the temperature of
60—-80 °C. During dispersion the salt shell
is removed with simultaneous formation
of an organic shell on the surfaces of metal
nanoparticle that ensures their stabilization
(this method is currently being patented).

Properties of produced colloidal solutions
were studied in Lavern Zetasizer Nano S
instrument, Ver. 6.20 of Malvern Instruments
Ltd., Great Britain, in which particle size
is determined by their displacement using
Einstein-Stokes relationship.
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Fig. 3. Size distribution of copper particles
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Fig. 4. Schematic of producing colloidal solutions

Results and Discussion

Fig. 5 shows colloidal solutions produced
at addition of different volume fractions
of encapsulated copper nanopowder to the
solution.

It is seen that with increase of copper
nanoparticle concentration in the colloidal
solution, its colour changes from green to
violet shade. It is known that solution colour
depends on wave length of light scattered by
dispersed particles. This leads to the conclusion
that properties of scattering centers change
with increase of nanoparticle concentration
in the colloidal solution. This can be due,
for instance, to increase of the number of
complexes formed from finer nanoparticles.

Particle size distribution in the colloidal
solution is given in Fig. 6. Distribution is
monomodal with the mode falling within the
size range from 0.5 to 2 nm.

Comparing size distribution of particles
in the precursor (copper nanoparticles,
encapsulated in the salt matrix; Fig. 3) and
in the colloidal solution (Fig. 6) one can see
that the mean size of particles in the solution

Fig. 5. Appearance of colloidal solutions with dif-
ferent concentration of precursor — encapsulated
copper nanopowder

is smaller than in the precursor. We can
assume that in the precursor the particles are
agglomerates and the agglomerated particles
are separated during solution formation under
ultrasonic impact on it.

Aggregative stability of the colloidal
solution is understood to be the ability of
dispersed phase particles to resist their
coalescence and, thus, maintain a certain
degree of dispersion. Loss of aggregative
stability leads to mutual coalescence
of colloidal particles with formation of
larger aggregates. Aggregative stability is
attributable to colloidal particles having
the same charges, which prevent them from
coalescing into coarser particles. Colloid
coagulation in most of the cases starts when
electrokinetic potential (zeta-potential)
has dropped to a certain critical value, at
which coagulation starts. The smaller zeta-
potential value is, the smaller the fraction of
particles having such a potential preventing
coagulation, and the greater the number
of particle collisions resulting in their
coalescence.
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Fig. 6. Size distribution of copper (a) and iron (b)
particles in amide-based colloidal solutions
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Zeta-potential (particle surface charge,
which determines the degree and nature
of interaction of particles of the dispersed
system) was determined to check the colloidal
solution stability characteristics and particle
ability for agglomeration. Obtained results are
shown in Fig. 7.
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Such a distribution is indicative of
noncompensated surface charge of particles
and potentially high surface activity,
respectively.

Studying the colloidal solution properties
after its soaking at room temperature for a
year showed that its dispersion and stability
characteristics do not change.

A series of respective experiments
was conducted to study the influence of
temperature on colloidal solution stability. The
size distribution of particles has been shown
at heating of copper nanoparticle colloidal
solution (Fig. 8, a) and at its subsequent
cooling (Fig. 8, b). Zeta-potential change at
heating and cooling is shown in Fig. 9. It is seen
that particle distribution remains monomodal
both at temperature rise and at subsequent
cooling of the solution. Zeta potential
magnitude at solution heating practically does
not change that is indicative of potentially
high surface activity of the particles.
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Fig. 8. Size distribution of particles at heating (a) of colloidal solution of copper from 25 °C (Fig. 6, a)
to 55 °C with subsequent cooling (b)
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Fig. 9. Zeta-potential of copper particles at different temperatures

Thus, results obtained in the present work
show that application of metal nanoparticles
encapsulated into the salt matrix as a
precursor, enables producing colloidal
solutions of metal nanoparticles based on
water solutions of amine derivatives by
their simultaneous dispersion by ultrasonic
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MeToio poboTu 0yJI0 OflepsKaHHS CTIHKOI Cy-
crensii Ha ocHOBi GiocyMicHHUX peuOBUH 3 BU-
KOPUCTAHHAM SIK MpeKypcopa 0ioreHHUX HAHO-
YaCTUHOK METAJIiB, iIHKAIICYyJIhOBAHUX Y COJBOBY
marpuio NaCl.

Piguuoio myisa posunHeHHS coJii 6yJy0 oOpa-
HO BOJOPO3UMHHUN KOMILJIEKC Ha OCHOBi pisHO-
MaHITHUX MNOXiJHUX aMiHiB, AKUM IIpUTAMaHHi
aHTHUCEeNTUYHI BacTuBOCTi. Po3unH miggasaan
IVCIIePTYBAHHIO 3 BUKOPUCTAHHAM YJIbTPa3BYKO-
BOI 00POOKM 3a IIiABUII[EeHOI TeMIlepaTypu. ¥ IIpo-
meci gucmepryBaHHsS BigOyBaeThCcA BUAAJEHHS
COJIBOBO1 000JIOHKHY 3 OJHOUYACHUM (POPMYyBaHHAM
opraHiuHoi 000JIOHKM Ha IOBEPXHAX HaHOYAC-
TUHOK MeTaJy, I1o 3abesneuye ix crabimisariiio.
Hocaim:keHHs cycieHsil micasa BUTPUMKY 3a KiM-
HaTHOI TeMmepaTypu yupomos:xk 100 nuiB moka-
crabinpHIMU.

PospobiieHo MeTon ofep:KaHHA CTa0iJIBLHOTO
KOJIOIZHOTO PO3UMHY HA OCHOBI HAHOUACTHUHOK 0io-
rexaux metatais (Cu, Co, Fe Ta in.). Ik mpexkypcop
BUKOPUCTOBYBAJU iHKANCYJAbOBAHUN Y COJNSAHY
000JIOHKY MeTajieBuii HaHOMOpoIoK. ITokasaHo,
10 TaKi KOJIOIMHI pO3YMHU XapaKTepu3yHThCs
BY3bKOIO IMCIIEPCiel0 po3MipiB, a TaKOMK CTilKi-
CTIO IO TeMIepaTypPHUX B3aEMOJill Ta 4acoBOTO
daxTopa.

Kniouwosi cnoséa: ereKTpOHHO-IIPOMEHEBE BHUIIA-

POBYBaHHS, HAHOIOPOIIKU, PO3IONIJ YACTUHOK
3a posMipammu.
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ITenbio paboThI OBLIO TOJYUYEeHE YCTOMYNBOMA
CyCIIeH3UU Ha OCHOBEe OMOCOBMECTHUMBIX BEIIECTB
C UCIIOJB30BAHMEM B KauecTBe IIpeKypcopa 6uo-
TeHHBIX HAHOYACTUI] METaJIJIOB, MHKAICYJUPO-
BaHHBIX B cosieByio marpuiry NaCl.

B KauecTBe MKUAKOCTHU IS PACTBOPEHUS COJIU
ObIJI BBIOpPAH BOJOPACTBOPUMBINA KOMIIJIEKC Ha
OCHOBE Pa3JNYHBIX IIPOU3BOIHBIX aMUHOB, 00Ja-
IaIoNNX aHTUCEeITUUYECKUMHU cBolicTBaMu. PacT-
BOD IIOJBeprajiy AUCIEPTUPOBAHUIO C TIpPUMEHe-
HIeM VJbTPa3BYKOBOII 00paboTKM  mpwu
THOBBIIIIEHHOII TeMIlepaType. B mpoiiecce muciep-
TUPOBAHUSA IIPOUCXOAUT yJaJieHre COJieBOii 000-
JIOUKY C OJHOBPEMEeHHBIM (D)OpMUPOBAHUEM Opra-
HUYEeCcKOoll  00OJOUKM Ha  ITOBEPXHOCTAX
HAHOYACTHUIT MeTaJjjia, 4To obecleunBaeT UX CTa-
ounusamnuio. McciemoBanme CYCIEH3UU IIOCTE
BBIIEPIKKY IIPU KOMHATHOM TeMIepaType Ha IIpo-
rsakeHun 100 qHel mokasajio, UTO BCe ee XapakK-
TEePUCTUKU OCTAIOTCS CTAOUJIBHBIMU.

Paspaboran MeToJ IOJyUYeHUS CTAOUIHLHOTO
KOJITOMZHOTO pacTBOpa Ha OCHOBE HAHOUYACTUIL
6uorennbrx metasios (Cu, Co, Fe u r. 1.). B Kaue-
CTBe IMPEKypcopa HCIOJIb30BAJU UHKAICYJIAPO-
BaHHBIA B COJIAHYIO OO0OJIOUKY MeTaJIINYecKuit
HaHomopoItIok. [lokasaHo, UTo TaKkue KOJLJIOUTHbIE
pacTBOpPHI XapaKTepPU3YIOTCA Y3KOUW aucrepcueit
pasmMepoB, a TaKiKe YCTOMUYMBOCTHIO K TeMIIEpaTyP-
HBIM BO3IEHCTBUSIM U BpeMeHHOMY (haKTopy.

Kntouesvie cnosa: s3eKTPOHHO-IyUEBOE UCIIape-
HUe, HAHOIOPOIIKM, pacIipeaejleHne YacTHI I10
pasmepam.





