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AHHOTalMs. B JaHHOM HCC/IeJOBAHUH ITPOBOAM/IK CHHTE3 U ONITHMM3ALIHI0 METOAUKH II0/1y4YeHHsI HAHOYACTHI]
celleHa, CTabMIM3UPOBAHHBIX a/bda-onedrH cynbdoHaToM HaTpus (AOC). HaHOpa3MepHBIH CejleH Iolydalu
METOJOM XHMHYeCKOIo BOCCTAHOB/IEHH S aCKOPOHMHOBOL KHC/IOTOM B BOLHOM cpefie. CeleHCoIeP>KaliM ITPeKypco-
POM BBICTYIIaJIa CeJIeHHUCTAasi KUCI0TA. B pe3ybraTe ONTUMU3ALMK METOAMKY CHHTe3a YCTAaHOBUIIH, YTO obpasel]
N29 sBJ1seTCSl ONTHMAJIBHBIM JIJ151 UCC/IeIOBAHUS BIIMSIHUS aKTHBHOM KHUC/IOTHOCTH CPefibl M IOHHOK CHJIBI Ha arpe-
TaTHBHYIO YCTOMYMBOCTD. B pe3ynbTaTe MHOroGaKTOPHOTrO 3KCIIepUMEeHTa YCTaHOBH/IH OIITHMaJIbHble [IapaMeTpbl
IUIsI CHHTe3a HaHOYACTHUI] cesleHa. B pe3y/ibTaTe KOMITBIOTEPHOIO KBAHTOBO-XHMUUECKOI0 MOJIe/IMPOBAHUSI YCTAHO-
BUJIH, IIPOLIeCC B3aMMOZEHCTBHUSI MOJIEKY/IBI CesleHa U anbda-onedrH cynbdpoHaTta HaTpusi (AOC) sIBIsieTCsI SHepreTH-
YeCKH BBITOAHBIM. [I0Ka3aHO, UTO 30/1b HAHOYACTHL] Ce/IeHa SB/ISIeTCS CTAOK/IbHBIM B HEMTPA/IbHOM Cpejie, a TaKKe
YTO Ha arperaTHBHYIO0 yCTOMYMBOCTb 3HAUUTe/IbHOE BIIMSIHHE OKa3bIBAIOT TPeX3apsiIHbIe I10I0KUTe/IbHbIe HOHBI Fe3*.
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Abstract. In this study, we performed the synthesis and optimization of the procedure for obtaining sele-
nium nanoparticles stabilized with sodium alpha-olefin sulfonate (AOS). Nanosized selenium was obtained by
chemical reduction with ascorbic acid in an aqueous medium. Selenious acid acted as the selenium-containing
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precursor. As a result, the optimizing synthesis technique, it was found that sample No. 9 is optimal for study-
ing the effect of active acidity medium and ionic strength on aggregative stability. As a result of a multifactorial
experiment, the optimal parameters for the synthesis of selenium nanoparticles were established. Due to the
computer quantum-chemical modeling, it was established that interaction process between a selenium molecule
and sodium alpha-olefin sulfonate (AOS) is energetically favorable. It is shown that the sol of selenium nanopar-
ticles is stable in a neutral medium, and also that aggregative stability is significantly affected by three-charged
positive Fe3+ions.
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BBEJAEHUE

CeJleH SIB/ISIeTCSI MHUKPO3JIeMEHTOM, BBIIIOTHSOMUM
Ba’KHYIO pojib B QYHKIMOHHMPOBAHHUH HMMMYHHOH
CHUCTeMBl W Peryasliii OKHUC/IHUTe/bHO-BOCCTAHOBHU-
TeJIbHBIX MeXaHH3MOB [1]. OfHaKo HeopraHHUYecKas
U opraHuveckasi QOpMBbl cesieHa 06/1a1a0T IIOBBIIIEH-
HOI TOKCHYHOCTBIO, B CBSI3U C UeM Bce O0JIbIlle BHUMA-
HUS IIpUBJIeKaeT HaHOQOpMa cejleHa, KoTopas obia-
aeT BICOKOM OHOIOTHYECKOHM aKTHBHOCTbIO, HU3KOHN
TOKCUYHOCTbIO, aHTHUOKCUJAHTHBIMHU, [IPOTHBOBOC-
[IaJIUTEIPHBIMHU CBOMCTBAMH, a TAKKe HAHOYACTHUIIBI
CeJIeHa MCIIO/Ib3YIOTCS B KaueCTBe HOCUTeJIS [J1s aipec-
HOM JOCTaBKH JIEKapCTB [2-5].

XUMHUYECKUU METOJl CHHTEe3a HAaHOYACTHI] celeHa
SIBJISIeTCSI OCHOBHBIM H JOBOJIBHO IIPOCTBIM METOLOM
IOy YeHH I KOJUIOMAHBIX cucTeM [6]. CTabunmusanus
HAHOYACTHULI CeJleHa TaK>Ke SIBJISIeTCS BaKHBIM IIPOoLiec-
coM, b6raromaps e ynaeTcsi KOHTPOIUPOBATh Pa3Mep
u dopmy ImonydaeMbIx HaHo4dacTull [7]. Cpefu 0CHOB-
HBIX CTaOHIN3aTOPOB MOSKHO BBIIEJIU T OHOIIONIH MephL
(XUTO3aH, [IOJIMBUHUJIIIMPPOIUAOH, METHIILIE/III0N03a
U [p.) U [IOBEPXHOCTHO-aKTHBHBIE BellleCTBa (AIKU/ITH-
MeTrI6eH3K/IaMMOHU I XJIOPH [, KOKaMHUAOIIPOIIKibe-
TauH u ap.) [8-11].

AHHWOHAaKTHBHBIe [I0BePXHOCTHO-aKTHBHEIE Bellle-
CTBa OTBEYAIOT 32 MOIINYI0 CIIOCOOHOCTH JI0boro
MBIJIA, a Takke OOJABLUIMHCTBA MaMIyHeH [12, 13].
B BOZHOM pacTBOpe OHU PaCIIaaloTcsi c 06pa3oBaHUEM
OTPHIIATeIBHO 3apsI>KeHHBIX HOHOB, THAPOdOOHAS
4aCTb MOJIEKYJIbl aHHOHHOrO I[TAB cBSI3bIBaeT 4aCTULIbI
I'psA3H, a fasee 61aromaps ruIpodUIbHOM YaCcTH MoJle-
Kysnbl ITAB yoepsKUBalOTCSL BOLOM KU BBIMBIBAIOTCS
c noBepxHOCTH [14]. OnHKUM M3 TakuX ITAB siBisieTcs
anpda-onedun cynpponar HaTpus (AOC), KOTOPBHIH
AKTHUBHO ITPUMEHSIeTCs IJIsI CTabHUIH3a UK Pa3ainyd-
HBIX HaHOCHUCTeM [15-17].

Ilesbi0 JAHHOM CTAThH SIBJISIETCSI UCCeOBAHUE
MeTOZa CHHTe3a HAaHOYACTHI] CeJieHa, CTabHIn3upo-
BaHHBIX a/ibda-orePuH CyIbGOHATOM HATPHU .

INTRODUCTION

Selenium is a trace element that plays an important
role in the functioning of the immune system and the
regulation of redox mechanisms [1]. However, the inor-
ganic and organic forms of selenium have increased
toxicity, and therefore, the nanoform of selenium,
which has high biological activity, low toxicity, anti-
oxidant, anti-inflammatory properties, is attracting
more and more attention, and selenium nanoparticles
are used as a carrier for targeted drug delivery [2-5].

The chemical method for the synthesis of sele-
nium nanoparticles is the main and fairly sim-
ple method for obtaining colloidal systems [6].
Stabilization of selenium nanoparticles is also an
important process, due to which it is possible to
control the size and shape of the resulting nanopar-
ticles [7]. Among the main stabilizers are biopoly-
mers (chitosan, polyvinylpyrrolidone, methylcel-
lulose, etc.) and surfactants (alkyldimethylbenzyl-
ammonium chloride, cocamidopropyl betaine, etc.)
(8-11].

Anionic surfactants are responsible for the clean-
ing power of any soap, as well as most shampoos [12,
13]. In an aqueous solution, they decompose with the
formation of negatively charged ions, the hydropho-
bic part of the anionic surfactant molecule binds dirt
particles, and then, due to the hydrophilic part of the
surfactant molecule, they are retained by water and
washed out from the surface [14]. One of these surfac-
tants is sodium alpha-olefin sulfonate (AOS), which
is actively used to stabilize various nanosystems
[15-17].

The purpose of this article is to study a method
for the synthesis of selenium nanoparticles stabi-
lized with sodium alpha-olefin sulfonate.

RESEARCH METHODS
Selenium nanoparticles were synthesized by chem-
ical reduction of a selenium-containing precursor
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METO/bl NCC/IEAOBAHUA

CHHTe3 HaHOYACTHIL] CeJIeHa ITPOBOAMIIN METOLOM XMMHU-
YeCKOI'0 BOCCTAHOB/IEHHUS CeJIEHCOIePsKalLero IpexKyp-
copa B BOLHOM Cpefie B IPUCYTCTBUH CTabunimnsaropa.
[TpekypcopoM BBICTYIIaJIa CeleHUCcTas Kuciota (H,SeOs),
B KayeCcTBe BOCCTAHOBUTE/IS MCIIOJb30BAIK aCKOp-
6rHoBy0 KHCcI0Ty (CHgO4), B KauecTBe cTabunmsa-
TOpa ~ aHMOHAKTHUBHOE [TI0BEPXHOCTHO-aKTHBHOE Belle-
CTBO - anbda-oneduH cynbdoHaT HaTpust (AOC).

CHHTe3 HaHOYACTHII CeJIeHa IIPOBOAMIIN B HECKOJIBKO
3TaIloB: B Haydaje rotosuau 0,036 M pacTBop cese-
HHCTOM KHCJIOTBI, B KOTOPOM PaCTBOPSI/IM HaBeCKH
AOCa, nanee roroBunu 0,088 M pacTBOp ackopbrHO-
BOM KHC/IOTHI. HaKoHell, B PacTBOP CeJIeHUCTOU KHC-
JIOTBI I10 KaIlJIIM A06aBIIsIIN PacCTBOP BOCCTAHOBUTEISI
U [IepeMeNINBaIH obpasel] B TedeHHe 5-10 MHH.

CpelHUMU THAPOAMHAMHUYECKHUU PaJUyC IIONY-
YeHHBIX 00pa31[0B HAHOYACTHIL] CelleHa Ol peesiu
MeTonoM GOTOHHOMN KOPPe/ISLHOHHON CIeKTPOCKO-
IIUM Ha ycTaHOBKe Photocor-Complex (OO0 "AHTek-97",
Poccust). CTIOTeHLIMAI IOy YeHHBIX 06pasIioB oIIpesie-
TSI METOZIOM aKyCTHUYeCKOM 1 3/IeKTPOaKyCTHYeCKOk
CIIEKTPOCKOIIMH Ha ycTaHOBKe DT-1202 mpou3BoACTBa
Dispersion Technology Inc., USA.

J71sl ONTUMM3a LMK ITapaMeTPOB SKCIIePHMEHTa IIPo-
BOAM/IH MHOTOQaKTOPHBIM 3KCIIEPUMEHT C TpeMsI BXOJI-
HBIMU [IapaMeTpaMH U TpeMs YPOBHAMHU BapbUpOBa-
HUs. B KayecTBe BBHIXOAHBIX [IaPaMETPOB BBICTYIIAIH
CpPemHUI THAPOSUHAMUYECKHUH pafguyC 4acTull (I
Y 9/IeKTPOKMHeTUYeCKHH II0TeHIHaJl.

MatemaTuueckas 06paboTKa pe3ybTaToB SKCIIEPU-
MeHTa OCYyIIeCTBJIs/IACh B [1aKeTe IMPUKJIAJAHBIX IPO-
rpaMm Neural Statistica Network, a TaksKe ¢ IIOMOII[bIO
IIPUK/IaAHBIX TPOrpaMM 6b11a COOPMUPOBaHA HEHPOH-
Hasl CeTh.

KBaHTOBO-XMMHYECKOE MOJE/IHMPOBAHHME IIPoLiecca
B3aHMOJI€HCTBUS HAHOYACTHUILL CeJleHa, CTabUIu3u-
poBaHHBIX anbda onepuH CyabHOHATOM HATPHUS IIPO-
BoguIu B nporpamme QChem c mcmonb3oBaHHEM
MOJIEeKYJISIPHOTO pefakropa lQmol. PacyeT ocymect-
BJISIICSL HA 060PyIOBaHUHU LIeHTPa 06paboTKU JaHHBIX
(Schneider Electric) ®TAOY BO CeBepo-KaBKa3cKoro
denepaIpHOIO yHHBEPCHTETA. PacyeT II0JIHOM SHeprUuH
U IPYTUX XapaKTePUCTUK IIPOBOAMIIM IIPH CIELYIOIIUX
nmapaMmeTpax: pacueT: Energy, meron: HF, 6asuc: 3-21G,
convergence - 5, cuiioBoe mose - Ghemical.

s ucciiefoBaHUS BAUSHUS aKTUBHOM KHCJIOT-
HOCTH CpeJibl Ha CTabMJIBHOCTb HAHOYACTHUI] CesleHa
B 06pas1ibl 06aB/ISIH PAaCTBOPBI C Pa3THYHBIM [TOKa3a-
TesleM pH B cooTHOIIEeHUH 1: 1.

O7ns u3ydeHUs BAHUSHUSA HOHHOM CHJIBI pacTBOpa
Ha cTabKJIBHOCTh HAHOYACTHUI] Ce/ieHa IPUTOTOBJIEHEI
ISTh CEPUI PAaCTBOPOB: PACTBOPHI XJIOPHJA HATpHUS
(NacCl), xnopuna sxenesa (FeCl;), xmopunma 6apus
(BaCl,), cynpdara Hatpus (Na,S0O,), docdara kanus

cp)

HAHO MHAVCTPUA Tom 16 Ne6 2023

in an aqueous medium in the presence of a stabi-
lizer. Selenious acid (H,SeO,) acted as a precursor,
ascorbic acid (C;HgO,) was used as a reducing agent,
and an anionic surfactant, sodium alpha-olefin sul-
fonate (AOS), was used as a stabilizer.

The synthesis of selenium nanoparticles was
carried out in several stages: at the beginning, a
0.036 M solution of selenious acid was prepared,
in which weighed portions of AOS were dissolved,
then a 0.088 M solution of ascorbic acid was pre-
pared. Finally, the reducing agent solution was
added dropwise to the selenious acid solution, and
the sample was stirred for 5-10 minutes.

The average hydrodynamic radius of the obtained
samples of selenium nanoparticles was deter-
mined by photon correlation spectroscopy using a
Photocor-Complex setup (OOO Antek-97, Russia).
The ¢ potential of the obtained samples was deter-
mined by acoustic and electroacoustic spectroscopy
using a DT-1202 setup manufactured by Dispersion
Technology Inc., USA.

To optimize the experimental parameters, a mul-
tivariate experiment was performed with three
input parameters and three levels of variation.
The output parameters were the average hydrody-
namic radius of particles (r,,) and the electrokinetic
potential.

Mathematical processing of the experimen-
tal results was carried out in the Neural Statistica
Network application package, and a neural network
was formed using the application programs.

Quantum-chemical modeling of the interaction
process of selenium nanoparticles stabilized with
sodium alpha olefin sulfonate was carried out in the
QChem program using the IQmol molecular editor.
The calculation was carried out on the equipment
of the data processing center (Schneider Electric) of
the North Caucasian Federal University. The calcu-
lation of the total energy and other characteristics
was carried out with the following parameters: cal-
culation: Energy, method: HF, basis: 3-21C, conver-
gence - 5, force field - Chemical.

To study the effect of the active acidity of the
medium on the stability of selenium nanoparticles,
solutions with different pH values were added to the
samples in a ratio of 1:1.

To study the effect of the ionic strength of a solu-
tion on the stability of selenium nanoparticles,
five series of solutions were prepared: solutions of
sodium chloride (NaCl), iron chloride (FeCl,), bar-
ium chloride (BaCl,), sodium sulfate (Na,SO,), and
potassium phosphate (K;P0,). The concentrations
of the solutions were 0.1 M, 0.25M, 0.5 M, 0.75 M,
and 1 M. To assess the stability, 1 ml of selenium
nanoparticle sol was added to 9 ml of the solution.
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Puc.1. TepHapHas nogepxHoCmMb, ONUCHIBAIOLWLAS CB53b CO Cped-
HUM 2u0pOOUHAMUYECKUM paduycom U KOHUEeHmpauusmu ce-
AeHUcmol KucAomel, ackopbuHosol Kucaomel U arbga-oreduH
cyabpoHama Hampus (AOC)

Fig.1. Ternary surface describing the connection between the level
of hydrodynamic radius and concentration of selenious acid, ascor-
bic acid and sodium alpha-olefinsulfonate (AOS)

(K;PO,). KoHIIeHTpallMK pacTBOPOB COCTaBIsiIu 0,1 M,
0,25M, 0,5M, 0,75M 1 1 M. JI;1s oLleHKH CTabHIbHO-
CTH K 9 MJI pacTBopa Ao6aBasiiu 1 M1 30714 HaHOYA-
CTHI] CeJIeHa.

PE3Y/IbTATDI

Ha mepBoM 3Tarie NpoBOAM/IN ONITUMMU3ALIMI0 METO-
OIUKKA CHHTe3a HaHOYACTHIL CejlieHa, pe3yIbTaThl
HCC/IeJOBaHU S IPe/CTaB/IeHbl B Tab1.1.

B pe3ynbpTaTe MaTeMaTH4ueckoHr 06paboTKu gaH-
HBIX II0JIy4YeHa TpexMepHas TepHapHas [oBepXx-
HOCTb, OIIMChIBAIOLIAs CBA3b CO CPeAHUM IMIPOIU-
HaMHYeCKUM PaJHyCOM M KOHLEHTPALUIMHU IIpe-
Kypcopa, BOCCTAaHOBHUTeSl U cTabuniusaropa, KOTo-
pas mpepcTaBieHa Ha puc.l.

Janee MpOBOOMIN KOMIIBIOTePHOE KBAHTOBO-
XUMHUECKOe MOJe/JIHPOBaHHe B3aUMOJeHUCTBUS
HaHOYACTHI] CeJleHa, CTabMIN3UPOBAaHHBIX anbda-
oneduH cynpdoHaTom Hatpus (AOC). [lonydeHHBIe
JNaHHBIE IIPe/ICTaBlIeHbl Ha PUC.2, a TAaK>Ke B Tabm.2.

CrnenyoIuM 3TallOM HCCIeNO0Ba/id BAUSHUE
aKTHBHOMU KHC/JIOTHOCTH Cpeflbl U MOHHOK CHJIBI
Ha CTabHU/IBHOCTh HAHOYACTHUI] CelleHa, CTabuau-
3UPOBAaHHBIX albda-oedrH CyI1bPOHATOM HATPUS
(AOC). I[TonydyeHHBIe MJaHHBIE IIPeACTaBIeHBI
Ha puc.3u 4.

Tabauya 1. 3HayeHUs cpedHez0 2udpOoOUHAMUHECK020 paduyca u
{-nomeHuuana noAy4eHHblx 06pasyo8

Table1. The values of the average hydrodynamic radius and
(-potential of the obtained samples

Ne CpeAHuii rugpo- DIeKTPOKUHETUYECKNA
obpasua AVHaMU4YecKum noteHuuan, mB
Sample Paauyc, HM Electrokinetic poten-
No. Average hydrody- tial, mv
namic radius, nm
1 17 -18,86
2 15 -20,74
3 1312 -6,43
4 12 —38,29
5 18 -18,69
6 18 =115,92
7 556 -50,99
8 326 =22,17
9 17 —-49,89
RESULTS

At the first stage, optimization of the procedure
for the synthesis of selenium nanoparticles, the
results of the study are presented in Table 1.

As a result of mathematical data processing, a
three-dimensional ternary surface was obtained,
describing the relationship with the average hydro-
dynamic radius and concentrations of the precur-
sor, reducing agent, and stabilizer, which is shown
in Fig.1.

Next, computer quantum-chemical modeling of
selenium nanoparticles interaction stabilized with
sodium alpha-olefin sulfonate (AOS) was carried
out. The data obtained are presented in Fig.2, as
well as in Table 2.

At the next stage, we studied the effect of the
active acidity of the medium and ionic strength on
the stability of selenium nanoparticles stabilized
with sodium alpha-olefin sulfonate (AOS). The data
obtained are presented in Fig.3 and 4.

DISCUSSION

An analysis of the results of studying the sols of
selenium nanoparticles by dynamic light scattering
showed that a monomodal distribution is observed
in all samples and it was found that samples No. 3, 7
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OBCY)XXAEHUE

AHanu3 pe3ynbTaTOB HCC/IeIOBAHUS 30/l HaHOYa-
CTHI] CeJleHa MeTOLOM OMHaMHUYeCKOIo CBeTopacces-
HMS [TI0Ka3aJI, 4TO BO BceX 06pa3Liax HabmogaeTcss MOHO-
MoJajibHOe pacIipefie/ieHHe U YCTAaHOBJIEHO, YTO HaH-
BonpnM pazuycom obnazaiot obpasier Ne 3, 7u 8 (1312,
556 U1 326 HM, COOTBETCTBEHHO), HAUMEeHBIIUM panuy-
coMm obmazmaror obpasmsr Ne 2, 4 1 9 (15, 12 1 17 HM, COOT-
BeTCTBEeHHO). OJHAKO B pe3y/ibTaTe aHAJIK3a UCCIe0Ba-
HUS 00pa3L0B MeTOLOM aKyCTHUECKON U IeKTPOAKY-
CTHYeCKOH CIIeKTPOCKOIIMU YCTaHOBJIEHO, UTO Y 30/Ie1
Ne4 u 9 HabnrogaeTcst Hanbopllee 3HaUeHHE 37IeKTPO-
KHUHeTHYecKoro noreHyaia (-38,29 u -49,89 mB, coot-
BeTCTBeHHO). [l/Isl Hccilef0BaHUS BIUSHUA pH U HOH-
HOM CHJIBI Ha aT PeraTUBHYIO YCTOMYKMBOCTh HAHOYACTHI]
cesleHa, CTabHIM3HPOBAHHBIX a/1bda-01edHH CyIbdOHA-
TOM HaTpHs, 6611 BEIOpaH 0bpaser N29.

AHaIN3 TpeXMepHOU TePHAPHOM II0OBEPXHOCTH IT0Ka-
3aJ1, YTO KOHLIEHTPALIUH CeJIEHUCTO KUCIOThL U aCKOp-
6MHOBOM KHMC/IOTHI OKA3bIBAIOT 3HAUHTEIbHOE BIIUS-
HUe Ha CpeJHUM TUPOAMHAMUNYECKUN PaluyC HaHO-
YaCTHLL CesieHa, CTAabUIN3NPOBAHHEIX albda-onedruH
cynbdoHaTOM HaTpus. Tak, BO BCeM AHaIla30He KOH-
LIeHTPALMH CeJIeHUCTON KUCIOTH M IIPU KOHIIeHTpa-
LIMSIX ac1<op61/IHOBoﬁ KHCI0TEL 0T 0,6 10 1,6 MOJIB/JI, Cpen-
HHUHU PafiyC YacTHUL] BapbupyeTcs oT 900 mo 1180 HM.
CTOUT OTMETHUTH, UTO ONTHMAJIbHBEIMH PaJHUYyCOM,
oKoso 20 HM, obaziaeT obpasel, KOTOPBIH IIOTyYasIH CO
cnenyromymu napamerpamu: C (H,SeO;) - 0,15 Moinb/1,
C (CgHOg) - 1,60 moims/n1, C (AOC) - 0,09 MOmB/1.

B pesyibraTe KOMIIBIOTEPHOTO KBAHTOBO-XHMHU-
YeCKOT0 MOJEeJIHPOBAHMUS YCTAaHOBJIEHO, YTO IIO0JI-
Hasl SHeprus MOJIeKY/bl ajbda-oeduH CyabdoHaTa
HaTpus (AOCQ) cocTaBnsget -1452,308 KKaJI/MOJb, a pas-
HHUIIA [IOJTHOM SHEpPruM MoJeKy/bl aabda-oneduH
cynbdoHata Hatpus (AOC) B MOJIEKY/ISTPHOM CHCTeMBI
Se-anbda-oneduH cynbdoHaT HaTpus (AOC) cocTaBisieT
bornee 2238 KKaJI/MOJIb, YTO FOBOPUT 06 SHEpreTHUeCKH
BBITOZHOM IIpoliecce 00pa30BaHUS CBSI3U MEXKAY Cesie-
HOM U anbda-oneduH Cy1bHOHATOM HaTPHUS.

AHanM3 3aBUCHMOCTH pajiuyca OT aKTHBHOM KHC-
JIOTHOCTH Cpefbl [T0Ka3aJj, u4To IIPH HU3KoM pH obpa-
3er] 06/1a/iaeT paJuycom oKkoso 750 HM. JIJaHHBINA GaKT
MOSKHO OOBSICHUTD TeM, UTO DOJIBIIOe KOTHYECTBO IIPO-
TOHOB BOZIOPO/IA B KHUCJIOH Cpefie 00yCIOBIMBAET 3/IeKTPO-
HeHNTPaJIbHOCTH II0TeHIIHaI0bpa3syolmero cyios. B Helt-
TPaIbHOM Cpejie 30/Ib HAHOYACTHUI] ce/ieHa MMeeT PaguycC
0K0J10 80 HM, a ITpH Ilepexofie B IIe/I0OYHY0 0671acTh cpefi-
HHUI PafgHyc 4acTHUL] yBeJIHU4YHBaeTcs A0 450 HM NIpu
PH=12. 310 CcBA3aHO C TeM, UYTO IIPOUCXOTUT aecop6m/m
MOJIeKYI ajibda-oepUH CyIbPoHATA HATPU C IIOBEPX-
HOCTH YaCTHI] CeJIeHa, B CBA3HU C UeM IIPOUCXOAUT I10J/IH-
MepH3aLus ¢ 06pa3oBaHHEM MOTHCeIeHU OB [18].

VccriemoBaHUe BAUSHUS MOHHOM CHJIbI Ha CTaOUIb-
HOCTb HAaHOYACTHUIL] CejleHa [10Ka3aJio, YTO KaTUOHBI
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Puc.2. Peyabmambl modeAauposaHus e3aumodelicmaust Mo-
AeKyAbl anbda-one@uH cyabGoHamMa Hampus ¢ cereHoM Yepe3
2udpokcuabHyto 2pynny / (O-): ModeAb MOAEKYASPHO20 KOM-
naekca (a), pacnpedeneHue snekmpoxHol nnomuocmu (b), 2pa-
dueHm pacnpedeAeHus 3AeKmMpoHHoU naomHocmu (c), Hauablc-
Wwas HaceAeHHas moaekyAspHas opéumanab HOMO (d), Huswas
€80600HAs MoAeKYAsipHAs opbumans LUMO (e)

Fig.2. Results of modeling the interaction of the sodium alpha-
olefin sulfonate molecule with selenium through the hydroxyl
group / (O-): model of the molecular complex (a), electron density
distribution (b), electron density distribution gradient (c), the high-
est inhabited molecular orbital HOMO (d), lowest free molecular
orbital LUMO (g)
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Tabauya 2. Pe3yabmamsi KoMNbIOMepHO20 KBAHMOBO-XUMUYECKO20 Moae/lupoeaHun 83aumodelicmausi HaHouacmuu, ceneHd ¢ a/lb(t)a'

oneduH cyabpoHamom Hampus (AOC)

Table 2. Results of computer quantum-chemical simulation of the interaction of selenium nanoparticles with sodium alpha-olefin sulfonate (AOS)

MonekynsipHasicuctema  B3aumopeincteme E, kkan/monb AE, kkan/monb|  Eyomor 3Bl Eymor 2Bl N, 3B|
Molecular system Interaction kcal/mol kcal/mol eV eV eV

AOC = —1452,308 -0,196 -0,053 0,072

AOS

Se-AOC Yepe3 O —3690,889 2238,581 —-0,195 -0,022 0,087

Se-AOS Through O

OKa3bIBalOT bosblllee BIMSHUE Ha CPeIHUMN pajiuyC
M KOATyIALMIO YaCTHL, YeM aHUOHBI. CTOUT OTMe-
THUTb, UTO C YBeJIMYEHHEM 3apsa [IOJI0KUTEIbHOIO
HMOHA ero BO3/IeHCTBHe Ha OTPHUILATEeIbHO 3apsi>KeH-
HYIO YaCTHILy YBeIHUYKMBAETCS B CBA3H C IIPABHJIOM
Ilynpue - Tapau. Tak, IPHU BO3JeHCTBUH COIeH Tpex-
BAJIEHTHOTIO >kKejie3a pajuyC yBeJIMYHBaeTCS BIJIOTh
110 11000 HM. OgHaKo IIpHU nobaBIeHUH colen optdoc-
$OpPHOM KUC/IOTHI pa3Mep TaksKe Bo3pacTaeT Jo 1700 HM.
IIpenmonoskKUTe/JIbHO, HAIKMYKME TpeX KaTHOHOB K*
B OTHO MoJjieKyJle opTodpocdaTa KaIKs OKa3blBaeT AaH-
HBIHN 50 PeKT.

BbIBO/bl

B maHHOI CTaTbe IIpOBeJleH CMHTe3 HaHOYaCTUI]
celleHa, CTabMIM3UPOBAHHBIX anbda-omedUH CYIb-
dboHaTOM HATpHs, a TaKXKe ONTHUMH3AL MU MeTO-
OUKH II071y4YeHHUs. B pe3ynbTaTe MHOr0GaKTOPHOIO
3KCIIepHMeHTa YCTaHOBJIEHO, YTO ONTHUMAJILHEIM
panuycom (17 HM) U HauboNbIIUM (-IIOTEHIIHATIOM
(-49,89 MB) obnagaer obpaser; N2 9, KOTOPHIE OBLI
BBIOPAH [JIsI UCC/IeJOBAHUS aTPeraTUBHOM YCTOMYH-
BOCTH. B pe3ynbraTe aHanMu3a TepHAPHOM IIOBepPX-
HOCTH YCTAaHOBJIEHO, YTO OIITHMAaJIbHBIMH I1apaMe-
TPaMHU ISl CHHTe3a HaHOYaCTHUI] CeJleHa, CTabrIu3u-
poBauHBIX AOC, aBnsorcs: C (H,SeO;) - 0,15 moinb/,
C (C¢HgOg) - 1,60 monp/n, C (AOC) - 0,09 monb/m.
KoMOpOTepHOe KBAaHTOBO-XHMMHUYECKOe MOLe-
JHUpOBaHUEe B3aHMMOJENCTBUS MOJIEKY/Bl CeleHa
¢ anpda-oneduH cyabPoHATOM HATpHA IIOKA3allo,
UTO IIOJIHAS SHEeprus B3aUMOMAEHCTBHUS COCTaBsET
bonee 2238 KKajI/MOJIb, YTO CBUETENbCTBYET 00 3Hep-
reTHUYeCKOM BBITOJle JaHHOTIO ITpoliecca. McciemoBaHue
BJIMSIHUS aKTUBHOM KMCJIOTHOCTH CPefbl ITI0Ka3aJlo,
4yTo obpasers cTabueH B HEUTPAJIIBHOM Cpefie, a B KUC-
JIOH U ILeJIOYHOM Cpefie — CpeAHUM PafHyC YBeTHIHBa-
etcst 0o 750 1 450 HM, COOTBETCTBEHHO. TaKKe Uccieno-
BaJIY BJIMSIHHE HOHHOM CHJIBI Ha CTabIBHOCTH 06pasia
HaHOYACTHII CeJleHa: YCTAHOBUJ/IM, YTO 3HaYHTe/IbHOe
BAMSHUE Ha arperaTUBHYIO0 YCTOMYKUBOCTb OKA3bIBAIOT
Tpex3apsiAHble KaTHOHBI (Fe3*), IIpy BO3eHICTBUH KOTO-
PBIX paguyc yBeTH4YuBaeTcs 10 11000 HMm.

and 8 have the largest radius (1312, 556 and 326 nm,
respectively), samples No. 2, 4 and 9 have the small-
est radius (15, 12 and 17 nm, respectively). However,
as a result of the analysis of the study of samples
by the method of acoustic and electroacoustic spec-
troscopy, it was found that sols No. 4 and No. 9 have
the highest value of the electrokinetic potential
(-38.29 mV and -49.89 mV, respectively). To study
the effect of pH and ionic strength on the aggrega-
tive stability of selenium nanoparticles stabilized
with sodium alpha-olefin sulfonate, sample No. 9
was chosen.
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Puc.3. 3asucumocmep cpedHez0 2udpoduHAMU4ecKozo paduyca
HAHOYACMuU, ceneHa om akmugHoU KUCAOMHOCMU cpedbl
Fig.3. Dependence of the average hydrodynamic radius of selenium
nanoparticles on the active acidity of the medium
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Fig.4. Dependences of the average hydrodynamic radius of selenium nanoparticles on the concentration of positive and negative ions
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An analysis of the three-dimensional ternary
surface showed that the concentrations of sele-
nious acid and ascorbic acid have a significant
effect on the average hydrodynamic radius of sele-
nium nanoparticles stabilized with sodium alpha-
olefin sulfonate. Thus, over the entire range of sele-
nious acid concentrations and at concentrations of
ascorbic acid from 0.6 to 1.6 mol/l, the average par-
ticle radius varies from 900 to 1180 nm. It should be
noted that the optimal radius of about 20 nm has a
sample that was obtained with the following param-
eters: C (H,SeO;) - 0.15 mol/l, C (C4HgO;) - 1.60 mol/l,
C (AOS) - 0, 09 mol/l.

As a result of computer quantum-chemical mod-
eling, it was found that the difference in the total
energy of the sodium alpha-olefin sulfonate (AOS)
molecule and the Se-sodium alpha-olefin sulfonate
(AOS) molecular system is more than 2238 kcal/mol,
which indicates an energetically favorable process of
bond formation between selenium and sodium alpha-
olefin sulfonate.

An analysis of the dependence of the radius on
the active acidity of the medium showed that, at low
pH, the sample has a radius of about 750 nm. This
fact can be explained by the fact that a large num-
ber of hydrogen protons in an acidic medium deter-
mines the electrical neutrality of the potential-
forming layer. In a neutral medium, the sol of sele-
nium nanoparticles has a radius of about 80 nm,
and upon transition to the alkaline region, the aver-
age particle radius increases to 450 nm at pH=12.
This is due to desorption of sodium alpha-olefin sul-
fonate molecules from the surface of selenium par-
ticles, which results in polymerization with the for-
mation of polyselenides [18].
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The study of the effect of ionic strength on the sta-
bility of selenium nanoparticles showed that cations
have a greater effect on the average radius and coag-
ulation of particles than anions. It should be noted
that with an increase in the charge of a positive ion,
its effect on a negatively charged particle increases in
connection with the Schulze-Hardy rule. Thus, when
exposed to ferric iron salts, the radius increases up to
11000 nm. However, when salts of phosphoric acid are
added, the size also increases to 1700 nm. Presumably,
the presence of 3 K* cations in one molecule of potas-
sium orthophosphate has this effect.

CONCLUSIONS

In this paper, the synthesis of selenium nanoparticles
stabilized by sodium alpha-olefin sulfonate was car-
ried out, as well as the optimization of the production
method. As a result of a multifactorial experiment, it
was found that sample No. 9, which was chosen for
the study of aggregative stability, has the optimal
radius (17 nm) and the largest {-potential (-49.89 mV).
As a result of the analysis of the ternary surface, it
was found that the optimal parameters for the syn-
thesis of selenium nanoparticles stabilized by AOS
are: C (H,Se0O;) - 0.15 mol/l, C (C;HgOg) - 1.60 mol/l,
C (AOS) - 0.09 mol/l. Computer quantum-chemical
simulation of the interaction of a selenium molecule
with sodium alpha-olefin sulfonate showed that the
total interaction energy is more than 2238 kcal/mol,
which indicates the energy benefit of this process.
The study of the influence of the active acidity of the
medium showed that the sample is stable in a neutral
medium, and in an acidic and alkaline medium, the
average radius increases to 750 and 450 nm, respec-
tively. We also studied the effect of ionic strength on
the stability of a sample of selenium nanoparticles: it
was found that three-charged cations (Fe3*) have a sig-
nificant effect on the aggregative stability, under the
influence of which the radius increases to 11000 nm.
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