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Analytics

NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kaszakcma+ Pecnybnukacbl Ynmmbik fbinibiM akademusicbl "KP ¥FA Xabapnapbl. Xumusi xeHe
mexHorsioeusi cepusichl” fbinibIMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHdekcmernyze KabblnOaHraHbiH xabapnalobl. byn uHOekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicbl XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday macesneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei MeH canacbiH ycbiHadbl. KP ¥FA Xabapnapbl. XuMmusi XoHe mexHosoausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramdacmbIK YWiH eH 63eKmi xoHe 6edendi XUMUSIIIbIK FblribiMOap
bolibIHWa KoHmMeHmke adandbifbiMbi30bi 6indipedi.

HAH PK coobwaem, 4ymo Hay4Hbil XypHan «3eecmusi HAH PK. Cepus xumuu u mexHosnoaul» 6bi
npuHam 0ns uHdekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web of Science.
ColepxxaHue 8 amoM UHOeKcuposaHUU Haxodumcsi 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics 0ns danbHeliweezo npuHsmusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem ka4yecmso u
2nybuHy koHmeHma 0151 uccriedogamerel, asmopos, usddamersel u yuypexoeHul. BkrirodeHue Nagecmusi
HAH PK e Emerging Sources Citation Index OemoHcmpupyem Hawy MnpueepxeHHoCMb K Hauboriee
akmyasibHOMY U 8/IUSIMesIbHOMY KOHMEHMY Mo XUMUYEeCKUM Haykam O Hauleeo coobuecmea.
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OBTAINING AND STABILIZATION OF NANOSULFUR

Abstract. On the basis of sodium thiosulfate in the presence of sodium sulfite and solid organic acids — citric
and oxalic - sulfur nanoparticles were synthesized. By the method of spectrophotometry, it was shown that efficient
for the synthesis of sulfur is the using of the molar ratio of [Na,S,0;3]/[Na,SO;] 1:0.5 and of the catalyst is oxalic
acid. Nonionic polymer polyethylene glycol (PEG) was used for stabilizing sulfur particles. By methods of light
scattering, electron and light microscopy it is shown that the stabilizing effect of the polymer is achieved at a
concentration of 10”base-mol/L, and a further increasing of the concentration of PEG leads to aggregation processes.
The size of the obtained particles is determined on the Zetasizer Nano device. It was found that in the presence of
PEG concentrations of 10~ - 10base-mol/L, the size of sulfur particles decreases from 321.8 nm to 259.1 nm and
270.4 nm, respectively.

Key words: sulfur, nanoparticles, stabilization, polyethylene glycol.

Interaction

With the development of industry, demand for elemental sulfur as raw material for many chemical
products is continuously increasing. There are various applications of sulfur nanoparticles in nowadays,
the most important fields of applications are: in electrochemistry, sulfur nanoparticle was used to enhance
the electrochemical activity of lithium batterythrough a solution-based technique; as catalysis, for
example, elemental sulfur nanoparticles can dramatically enhance the rate of Cr(VI) reduction; in medical
sphere, using of anticancer, antibacterial properties of sulfur nanoparticles significantly increasing too.

It is known that sodium thiosulfate in an acidic medium decomposes with the release of sulfur in a
finely dispersed state. The stability of the sulfur produced depends on the initial amounts of sodium
thiosulfate and acid. According to this method, we previously synthesized colloidal sulfur particles [5]. It
is shown that the size of the obtained colloidal sulfur particles increases from 250 nm to 4500 nm in 90
hours after the beginning of the experiment with some subsequent reduction. The increase in the particle
size is justified by the aggregation of sulfur particles, and the decrease by the stabilizing action of the acid.

Aggregation of sulfur particles is a completely expected phenomenon due to its high hydrophobicity.
Meanwhile, the preservation of the dispersion sulfur particles is very important in its practical use, since
the magnitude of its adsorption on the stems and leaves of plants, tissues of living organisms will be
determined by the specific surface of the powder particles. In this regard, the aim of the study is the
synthesis and stabilization of nanosulfur.

Experimental part

Synthesis of sulfur particles was carried out according to the procedure described in [5]. We use
solutions of sodium thiosulfate and sodium sulfite with a concentration of 0.001 mol / L. The use of such
low concentrations of starting reagents is due to the fact that the abundant formation of a sulfur precipitate
makes it difficult to measure the optical density of a sulfur suspension. Solid organic acids (SOA) were
used as a catalyst for the synthesis process: citric and oxalic.

For the synthesis on solid substrates glass and polyethylene plateswere used, which were washed in
distilled water and ethyl alcohol before using. Then the starting solutions of sodium thiosulfate and
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sodium sulfite (0.5 ml each) were mixed on the surface of the substrates, after 60 minutes the substrate
with the resulting sulfurwas washed with distilled water and air-dried.

To stabilize the synthesized sulfur in the solution volume, a solution of polyethylene glycol (PEG)
was introduced into the reaction mixture. The polymer solution was mixed with a solution of thiosulfate,
then a sulfite solution and solid acid crystals were added to the resulting mixture.

Results and discussion

The process of sulfur formation is accompanied by turbidity of the reaction mixture, so the most
convenient method for studying this process is spectrophotometry. Table 1 presents data on sulfur
synthesis using various molar ratios [Na,S,0;]/[Na,SO;] and two solid organic acids: citric and oxalic. As
can be seen from the table, the use of different ratios of the initial reagents causes significant differences
in the optical density of these systems: at [Na,S,03]/[Na,SOs] equal to 1: 1, the optical density of the
mixture is in the range 0.08-0.12. When switching to a system with the ratio [Na,S,05]/[Na,SO;] equal to
1: 0.5, the optical density increases significantly, so the initial reagents were used in the ratio 1: 0.5. In
addition, the data in Table 1 show that when usingoxalic acid as the catalyst for the reaction, the optical
density of the system is higher than in the presence of citric acid.

Tablel - Ratio of reagents for obtaining nanoparticles of sulfur

No Ratio Mass of citric acid, g Mass of oxalic acid, g D
of exp [Na,S,03]/ [Na,SOs]

1 1:1 0,2 - 0,08

2 1:1 - 0,2 0,12

3 1:0,5 0,2 - 0,36

4 1:0,5 - 0,2 0,40

The advantage of using solid organic acids for sulfur synthesis indicates the possibility of intensifying
the synthesis process by using solid substrates of various types. The results of experiments on the use of
plates of glass and polyethylene as substrates are shown in Fig. 1.

£ g c :
Figure 1 - Preparation of sulfur particles on the surface of glass (a) and polyethylene (b, c)
in the presence of oxalic (a, ¢) and citric (b) acids. Magnification: x1000

— 4y ——
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As can be seen from Fig. 1a, on the surface of the glass the sulfur particles are in the form of large
aggregates. On the surface of the polymer material (Fig. 1b, c), the sulfur particles are distributed more
evenly. This difference in the distribution of sulfur particles on polymeric and inorganic materials can be
explained by the high affinity of hydrophobic sulfur to the polyethylene substrate. At the same time,
attention is drawn to the formation of an openwork mesh on the polymer when citric acid is used as a
catalyst. This probably can also be due to the different hydrophobicity of the SOA molecules: citric acid is
a tribasic acid, and oxalic is a dibasic acid.

Therefore, a more hydrophobic oxalic acid contributes to a more even distribution of sulfur particles
on the non-polar surface. Nevertheless, the absence of separate sulfur particles on the light microscopy
data indicates that the process of their aggravation has proceeded, which is a consequence of the high
hydrophobicity of the sulfur particles.

Various high- and low-molecular surfactants can be used to stabilize and modify sulfur particles [6-8].
The use of a high molecular weight compound - polyethylene glycol (PEG) as a stabilizer can be very
effective, since the -OH groups of the polymer can provide a high degree of lyophilization to the treated
sulfur particles. The use of the PEG solution in the concentration range 10°-107 base-mol /L (Figure 2)
showed that the polymer exerts a significant stabilizing effect on the system. If in the absence of PEG in
the reaction mixture a monotonic increase in the optical density is observed with time, then in the presence
of PEG, the optical density growth stops after 4-5 minutes after mixing the initial reagents, sodium
thiosulfate,and sodium sulfite. In this case, the optical density of the mixture (D) in the presence of a PEG
concentration of 10~ base-mol /L is much higher than when using a lower-concentration PEG solution -
10base-mol / L, and increasing the concentration from 102 to 1072, the base-mole / L does not show any
difference in the D values, which may be due to the achievement in the case of PEG use of a concentration
of 10”base-mole / L of the amount of polymer necessary to protect the sulfur particles from aggregation.

550

500
= —-D2, 10-5
% 450
g D3, 10-3
©
2 400 - D4, 10-2
(a]

350 -

300 .

0 5 10 15 20 25

t, min

Figure 2 - The change in the optical density of the sulfur suspension in time in the absence (1) and the presence of PEG
concentrations of 10~°base-mol/L(2); 10~ base-mol/L (3) and 107 base-mol/L (4)

The method of dynamic light scattering determines the size of the obtained sulfur particles. The
particle size distribution of the sulfur obtained in the absence and presence of PEG (Figure 3) shows that
the most probable particle size of sulfur without the addition of a stabilizer is 321.8 nm. Introduction to the
PEG system of concentration 10~ base-mol/Lleads to a reduction in particle size to 259.1 nm. In the case
of PEG, a concentration of 107 base.mole / L, the average particle size is 270.4 nm. Another difference in
the distribution curves in the absence and presence of PEG is the height and width of the peaks. If the
scattering intensity for sulfur particles in the absence of a stabilizer was 36%, then in the presence of a
polymer it rises to 48% and 41% in solutions with a PEG concentration of 10~ and 10~ base-mol/L,
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respectively. In addition, the width of the peaks here is much less than in the case of an unstabilized sulfur
suspension, that is, in these mixtures, the particles are predominantly close in size to each other. From
these data, it follows that at a PEG concentration of 10-3 base-mol/L, a significant stabilizing effect is
achieved in the system. A further increase in the concentration of the polymer can cause the system to
become unstable due to flocculation processes as a result of hydrophobic interactions between the "loops"

and "tails" of adsorbed polymer macromolecules.
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Figure 3 - The size distribution curves of sulfur particles in the absence (a) and in the presence
of PEG concentrations of 10~ base-mol/L(b) and 107 base-mol/L (c)
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In figure 4 shows electron microscopic images of sulfur particles obtained in the presence of various
concentrations of PEG. The smallest particles in the photographs are also observed at a PEG concentration
of 10~ base-mol/L.

€

Figure 4 - Electron microscopic images of sulfur particles obtained in the absence of (a, b) and in the presence of PEG
concentrations of 10 base-mol/L (c); 10-4 mol /1 (d); 10~ base-mol/L (e) and 10 base-mol/L (f)

The electron microscopy data also confirm the assumption of the protective effect of PEG (Figure 4).
As can be seen from Fig. 4, the introduction of a solution of PEG into the reaction mixture decrease
particle size of sulfur. The stabilizing effect of a nonionic polymer-PEGmay be due to adsorption of
macromolecules by non-polar regions on the surface of sulfur particles. In this case, the polar functional
groups of the polymer will be turned into a solution, imparting hydrophilicity to the sulfur particles.
However, one should take into account the need to select a sufficient polymer concentration for the
stabilization of dispersed particles. The lack of polymer cannot provide complete protection of particles
from sticking, and excess leads to aggregation. At the same time, it should be noted that, in order to
intensify the stabilization processes, it is probably necessary to study the kinetics of the process.

Conclusion

On the basis of sodium thiosulfate and sodium sulfite in the presence of solid organic acids - citric
and oxalic - sulfur nanoparticles have been synthesized. Comparison of the effect of catalysts shows that
the use of oxalic acid is more effective for the synthesis of sulfur. To stabilize the sulfur nanoparticles was
used a nonionic polymer, polyethylene glycol. It is shown that the stabilizing effect of the polymer is
achieved at a concentration of 10~base-mol/L. The size of the particles obtained is determined by light
scattering. It was found that in the presence of PEG with concentrations 10~ to10™ base-mole /LI, the
particle size of sulfur decreases from 321.8 nm to 259.1 nm and 270.4 nm, respectively.
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HAHOKYKIPTTI AJTY ) KOHE TYPAKTAHBIPY

AuHotaums. Harpuii Tnocynbdarsl Heri3inae HAaTpuil CyJIb(UTHI )KoHE KAaTThl OPTaHUKAIBIK KBILIKBUIIAP — JUMOH JKOHE
KBIMBI3ZIBIK KBIMIKBIIIAPH! - KaTBICYBIMEH KYKIPTTiH HaHoOeumekTepi cuHre3nenreH. CrekTpooTo-MeTpust daiciMeH KYKipTTi
cunresney ymriH [Na2S203]/[Na2S03] 1:0,5 monpIik apakaThHACHIH JKOHE KaTalM3aTOp PETiHAE KBIMBI3IBIK KBIIIKBLIIBIH
nalganaHyAblH THIMALTIr Kepcetinmi. KyKipTTi TypakTaHAbIpy YIUNiH MOHIBIK €MeC HOoJUMep - MoiudTHiIeHraukonb (I197)
TaHaidbHAbl. CoylieHI IMIambIpaTy, AJIEKTPOHABIK MHKPOCKONMWS JKSHE CIyJe MHKPOCKONMUSCHI 9JiCTepiMEH IOJMMEpiH
TYpaKTaHAbIpy dpekeTi oHblH 10-3 Heri3-Moub/J1 KOHIEHTPALUSICHIH/A ICKE acaThIHIBIFbI, all KOHICHTPALUSHBI OJ[aH opi YIFaUTy
arperaiusuIblK, yIepicTepre amapaTblHABIFBI KepceTinai. Zetasizer Nano KypbUIBIFBICBIHIQ aJIbIHFaH O6JIIIEKTepAiH eiieMi
anpikTanapl. Konnenrpanuscer 10-3 - 10-2 seriz-mouns/n [I9I kateichinga Kykipt Oemiekrepiniy enmemi 321,8 aM-nen 259,1 M
koHe 270,4 HM-Te eiiH TOMEH-IEHTIHAIrT KOpCeTUI .

Tyiiin ce3aep: KYKipT, HAHOOONIIEKTEP, TYPAKTAHIBIPY, TOIUITHICHT KO,

VK 544.77
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MNOJYYEHUME U CTABMJIN3ALINSA HAHOCEPBI

Annoramusi. Ha ocHOBe THOCYynb(aTa HaTpus B IPHCYTCTBUM CyIb(HUTA HATPUS M TBEPABIX OPraHUYECKHX KHCIOT —
JMMOHHOH U IaBeJIEeBOW - CHHTE3HMPOBAHBI HAHOYACTHIIHI Cepbl. MeTomoM CHEeKTpO()OTOMETPUH ITOKA3aHO, YTO 3(H(HEKTUBHEIM
JUISL CHHTE3a Cephbl SIBISICTCS UCIOJB30BAHUE MOJILHOTO cooTHoIIeHus [Na,S;03])/[Na,SO;] 1:0,5 u katamusatopa - IaBeseBOM
KHCIIOTBI.

Jis crabunm3anuu cephbl UCIOJIB30BAM HEHMOHHBIM monuMmep nonuadTwieHrnukons (I1917). Metogamu cBero-paccesHus,
SNMEKTPOHHOH U CBETOBOM MMKPOCKONHMH I0OKa3aHO, 4YTO CTaOMIM3UpyIollee JeHCTBHE TIOMMMepa JOCTHU-TaeTcs IpU
KOHIeHTpammn 10~ 0CHOBO-MOIB/T, a JanbHelInee yBemmueHne KoHneHTpamun 119 BeaeT K arpera-IHOHBIM mporneccam. Ha
npuGope Zetasizer Nano onpeneneH pasMep MOTydeHHBIX YaCTHIL Y CTAHOBIICHO, 9To B mprcyTeTeri 11310 konnentpammn 107 -
10" 0CHOBO-MOIB/1T pasMep yacTull cepsl ymeHbiiaercs ot 321,8 M 10 259,1 um u 270,4 HM COOTBETCTBEHHO.
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