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Abstract: A light scattering study was performed on new silver-containing polymer nanocomposites based on
water-soluble copolymers of 1-vinyl-1,2,4-triazole having sodium salt of vinylsulphonic acid of various compo-
sitions. The formation of nanocomposites was carried out using chemical reduction of silver ions by sodium
borohydride in a copolymer- containing aqueous medium. According to the dynamic light scattering data, a
decrease in the average sizes of metal-polymer coils in water-salt solutions of nanocomposites is explained in
terms of an increase in the content of sulphonate groups in the stabilising polymer matrix. The electrophoretic
light scattering with phase analysis of synthesised nanocomposites reveals the zeta potential ({) to vary
from -35.0 to -75.3 mV with an increased sulphonate unit proportion in the stabilising polymer matrix, indicat-
ing an increase in the stability of the colloidal system. The functional composition of the stabilising polymer
matrix is established to provide a significant effect on the hydrodynamic dimensions of polymer nanocompo-
sites in an aqueous medium.
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UccnepoBaHne HAHOKOMMNO3UTOB cepebpa

Ha OCHOBe rmapoduUnbHbLIX a3oTcoAepKalymnx
reTepoLUKIINYeCKUX conorimmMmepoB
MeToAaMu CBeTopaccesHUs

A.A. UBaHOBa
UpkyTckmin nHCTUTYT Xxumun nm. A.E. ®asopckoro CO PAH, r. MpkyTck, Poccuiickaa ®egepaums

Pe3rome: Memodamu ceemopaccesHusi uccriedosaHbl HO8ble MoMuUMepHbIe cepebpocodepxauiue HaHOKOMIOo3uU-
mbl Ha OCHoBe 8000pacmMeopuMbIX coronumepos 1-euHus-1,2,4-mpua3ofna ¢ HampueasoU COMbK 8UHUIICYTbGHO-
HOB0U KUCIOMbI pasfiudHo20 cocmasa. @opMuUpo8aHUe HaHOKOMITIO3UMO8 OCyWecmensiiu MemoooM XUMUYECKO-
20 soccmaHoerieHusi UoHo8 cepebpa b6opaudpudom Hampusi 8 800HOU cpede 8 rpucymemeuu coronumepos. o
OaHHbIM OUHaMUYEeCKO20 C8emopaccesiHUsl C yeesiudeHUeM cooepxxaHusi CyrbgbOHamHbIX 2pyrn 8 cmabunuaupy-
rowel nonumepHoU mampuuye Habrirodaemcsi yMeHblWEeHUE CPedHUX PasMepPO8 Memarsisio-rosiuMepHbIX KilybKoe-
8B800HO-CO/IE8bIX pacmeopax HaHOKOMIo3umos. ViccriedoeaHusi CUHMEe3UpOo8aHHbIX HaHOKOMIIO3Umos8 Memooom-
3r1eKMPOGhopemuU4eCcKoe0 C8emopaccesiHusi ¢ aHannu3oM ¢has rokasbigarom, 4mo ¢ yeerudeHuem 0oru cyrbgho-
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HamHbIX 38eHbe8 8 cocmase cmabunuaupyrouwel nonuMepHol Mampuubl eenuduHa d3ema-rmomeHyuana ()
usmeHsiemcsi om -35,0 8o -75,3 mMB, ymo yKa3bleaem Ha roebileHue cmaburibHOCMU KO/I0UGHOU cucmembl.
YcmaHoeneHo, Ymo ¢byHKUUOHarbHbIU cocmag cmabunusupyrowel nouMepHol Mampuubl OKasbieaem cyuie-
CMeeHHOe @rusiHue Ha 2uOpOodUHaMU4YeCcKUe pasmepbl MNoUMEPHbLIX HAHOKOMITO3UMO8 8 800HOU cpede.

Knrodyeenle cnoea: ronumepHblie HaHOKOMIIO3Uumal, HaHoYacmuubl cepebpa, 1-euHun-1,2,4-mpua3sosn, Hampue-
8asi Corib 8UHUSICYIbGHOHOBOU KUCI0MbI

BrnazodapHocmu: Paboma ebirnonHeHa npu ¢puHaHcosol rnoddepxke PODOU (npoekm Ne 19-03-00708). OcHos-
Hble pe3yrnbmambl MofyyYeHbl ¢ UCMoNb308aHUEM MamepuarnbHo-mexHudeckol 6a3bl balikarnbcko2o aHanumuye-
CKO20 ueHmpa KorriekmueHo2o rosib3osaHusi CO PAH.

UHgpopmayust o cmamebe: [Jama nocmyrneHus 9 anpens 2019 e.; 0ama npuHsmusi K nedamu 5 dekabpsi 2019
2.; Oama oHnatH-pasmeujeHusi 30 dekabps 2019 a.

Ansi yumupoeaHrus: VisaHoBa A.A. ViccnenooBaHne HAHOKOMMNO3UTOB cepebpa Ha OCHOBE MMAPOMUIbHBIX a30T-
coepXallmx reTepouMKIIMYECKMX COMONMMEPOB MeTodamu cBeTopaccesHusi /| Miseecmusi 8ysos. [lpuknadHas
Xxumusi u buomexHorioausi. 2019. T. 9, Ne 4, C. 768-772. https://doi.org/10.21285/2227-2925-2019-9-4-768-772

INTRODUCTION tion of scattered light operating temperature
Obtaining organic-inorganic nanocomposites equal to 173°.
based on functional polymers appears to be a The initial reagents for the synthesis of nano-
promising direction. In the processes of nanoparti- composites consisted of CP grade substances of
cle formation, a stabilising matrix is necessary, NH,OH, AgNO; and NaBH,, as well as copolymers
since the presence of various functional groups of VT with Na-VSA of various compositions, ob-
allows further modification [1-3], opening up promis- tained under conditions of radical initiation of azo-
ing new avenues for utilising target composites [4—6]. bisisobutyronitrile (AIBN) at a temperature of 60 °C
Due to the possibility of using different ap- in DMSO [21].
proaches to stabilise nanoparticles [7—9], account- Synthesis of copolymers. The radical copo-
ing for the ability of the stabilising polymer matrix lymerisation of VT and Na-VSA proceeded in
to interact with nanoparticles in order to avoid their DMSO at various initial monomer ratios under
agglomeration is of a great importance [10]. The the influence of AIBN in argon-containing sealed
copolymers of 1-vinyl-1,2,4-triazole are acknowl- ampoules at 60 °C for 8 hours. Further, the reac-
edged to be effective stabilisers of metal nanopar- tion mixture was dialysed against distilled water for
ticles [11-20]. 72 hours through a 5 KDa membrane (MFPI,
This paper presents the results of the synthe- Cellu Sep H1). Subsequently, the composite was
sis and property study of new silver-containing isolated by lyophilisation. As the result, white
nanocomposites based on copolymers of 1-vinyl- nanocomposite powders were obtained with a
1,2,4-triazole (VT) with the sodium salt of vinyl- yield of 82-89 %.
sulphonic acid (Na-VSA). Synthesis of nanocomposites. A solution of
0.5 mmol AgNO3; in 1 mL of 25% NH,OH was add-
EXPERIMENTAL PART ed to 1.0 g (10 mmol) of a copolymer dissolved in
The silver content was determined using an 15 mL of double-distilled water followed by inten-
AA-6200 atomic absorption spectrometer (Shi- sively stirring for 30 min at 20 °C. Then, 1 mmol of
madzu, Japan) in flame atomisation mode. The NaBH, was gradually added with the stirring con-
solution of 0.1 M NaNO; with 0.1 mg/mL nano- tinued for 8 hours. Then the reaction mixture was
composite concentration was applied to determine dialysed for 48 hours. Subsequently, the compo-
the hydrodynamic particle radius and zeta potential site was isolated by lyophilisation. The synthesis
(C) of the studied samples by means of the dynam- resulted in dark-brown powders of nanocompo-
ic light scattering (DLS) and electrophoretic light sites with a yield of 6570 %.
scattering with phase analysis (PALS) methods,
respectively, using a Zetasiser Nano-ZS photon RESULTS AND DISCUSSION
particle analyser (Malvern Instruments, UK). The The reaction of VT and Na-VSA radical copol-
measurements were carried out in thermostated ymerisation proceeded in accordance with the
cuvettes with an of 25 °C and an angle of detec scheme [21]
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Hydrodynamic radii Ry, distribution of the scattering particles
for the nanocomposite and the initial copolymer (a);
Relationship between zeta-potential (1) and the hydrodynamic radii Ry,
of scattering particles (2) of nanocomposites and content
of Na-VSA in the original copolymer (b)

Tucmoepamma pacnpedeneHusi No 2udpoduHaMmu4vyecKkum paduycam R,
pacceuegaroujux Yacmuy, 0151 HAHOKOMIIO3uma u UcxoOHO20 coroJsiuMepa (a);
3asucumocmsb d3ema-nomeHyuana (1) u 2uépoduHamuyeckux paduycoe Ry,
pacceuearouwux Yacmuy, (2) HaHokomMno3sumoe om codepxkaHusi Na-BCK e ucxodHom cononumepe (b)

The histograms provided in the figure are
characterised by a monomodal particle size dis-
tribution with a maximum corresponding to the
effective hydrodynamic radius of the scattering
particles. A noticeable increase is indicated in
the hydrodynamic radius of complex nanocom-
posite particles presented by an ensemble of
silver nanoparticles in a coil of copolymer mac-
romolecules, as compared to the initial copoly-
mer macromolecules (from 163 nm in the initial
copolymer to 676 nm in the based nanocompo-
site). This is possibly due to the formation of co-
ordinated cross-linked complex particles under
the action of multiple cooperative forces of in-
termolecular interaction, with metallic silver na-
noparticles acting as coordinating cross-linking
agent. As a result of this interaction, relatively
large macromolecular coils are formed.

With an increase in the proportion of Na-VSA in
the stabilising copolymer, a decrease in the
average sizes of metal-polymer coils is observed,
indicating the formation of more compact struc-
tures. The functional composition effect of the
stabilising matrix on the hydrodynamic dimen-
sions of polymer nanocomposites is associated

with the action of salt groups: sulphonate frag-
ments in the ionised state cause the appearance
of a negative charge on polymer macromole-
cules further immobilised on the positively
charged surface of silver metal nanoparticles,
leading to a denser coagulation of macromolecu-
lar coils.

Studies of synthesised nanocomposites by
electrophoretic light scattering with phase analy-
sis identified the zeta potential (¢) ranging from
-35.0 to -75.3 mV with an increase in the pro-
portion of sulphonate units in the stabilising pol-
ymer matrix, indicating an increase in the stabil-
ity of the colloidal system.

CONCLUSION

A light scattering study was carried out on
new stable polymer nanocomposites with silver
nanoparticles based on 1-vinyl-1,2,4-triazole and
the sodium salt of vinylsulphonic acid copoly-
mers. The functional composition of the stabilis-
ing polymer matrix was established to cause a
significant effect on the hydrodynamic dimen-
sions of polymer nanocomposites in an aqueous
medium.
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Kpumepuu aemopcmea
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