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Pedepar:

1. lucepraniiiHa po6oTa nmpucBsYeHa IOoCaiIKeHHIO IIPOLIeCiB XiMiyHOI B3aemozii B cuctemi Mn2+ — S2- -
CTabisi3aTOP-pO3UMHHUK Ta iX BIUVIMBY Ha ONTUYHI BJIACTUBOCTI, PO3Mip Ta MOP(OJIOTii0 KiHLIEBOTO MPOAYKTY
HalliBIIPOBiIHMKOBOrO HAHOMaTepiany MnS, MOKINBOCTI ogepskaHHsl HY cipku B cucremi L-nucrein - HaTpin
guTpar - NaZS ta 3aKOHOMipHOCTeH XiMi4HOI B3aeMoii B Hil. Y IIepHIOMy pO3Ziji MPOBOLUTLCS aHAaIi3
JliTepaTypHUX IPKEPEJI 32 TEMOIO JUCepTalifHOi po6oTH. ONUCYIOThCSI 0COOINBOCTI HAMiBIPOBITHUKOBOrO MnS K
[EPCIIEKTUBHOIO HaHOMAaTepialy 1151 3aCTOCYBaHHS B Pi3HUX rajly3sx HayKu i TexHiku. [IpoBeeHo orysg MEeTOIUK

CHHTEe3y 3 BUKOPHCTaHHIM CTabini3younx areHTiB L-1jucreiny (L-uuc), HaTpil uuTpary (GUTpaT-ioH) Ta



tiorsikosiesoi kucynotu (TTK). OnpanboBaHo JiTepaTypHi Akepesia Moh0 OA4EP>KaHH HEMETIIYHUX HAHOYACTMHOK
cipku. BigMidueHO MOXKJIMBICTB OZi€P>KaHHS HAHOYACTUHOK CipKM Pi3HOTO PO3Mipy Ta BJIaCTUBOCTEN B 3aJI€KHOCTI Bif,
CII0CO0Yy CUHTE3y Ta 00paHUX [10NepeIHUKIB. BinMiueHO nepcneKkTuBy [OCiI>)KeHHsI 0OpaHoro 06’'eKTy Ta
MOXJIMBOCTI IJ1s1 IMPOKOTO 3aCTOCYBaHHS. Y OPYrOMY PO3LiJi ONUCYIOThCSI METOLVKY IIPOBELEHNX
€KCIIepUMEHTAJIbHUX JOCipKeHb BUKOPUCTAHI y JucepTaliiiHiil po6oTi gy cuntedy HU MnS, y BogHOMY Ta
€TUJIEHIJIIKOJIEBOMY PO3YMHHUKAX. HaBeneHi MeTOIUKY CUHTE3Y [ NOCIiIPKEHHS IIPOLIECiB
KOMIIJIEKCOYTBOPEHHS MK KaTioHOM Mn2+ Ta o6panumu jirangamu L-uucreinom, TT'K ta nurpar-ioHoM. Onucasi
METOJMKHU 7151 CMHTE3y HaHOYACTUHOK CipKU Y BOIHOMY PO34MHi Ta AOCJIIPKEHHS BIUIMBY Pi3HOMaHITHUX (PAKTOpiB
Ha ix po3mipu, popmy Ta poTosoMiHecieHTH] B1acTUBOCTI. TpeTiil pO3Ais IPUCBIYEHO ONUCY Ta OOrOBOPEHHIO
Pe3yJbTaTiB, OfiepKaHuX IIifl yac JociifkeHHs xiMiuHoi B3aemogii B cuctemi MnCI2 - Na2S - crabinizaTop -
po3unHHUK. ONKCaHO i NPOaHasi30BaHO NPOLECH, SIKi BilOYBaIOThCS B CUCTEMI Ta XapaKTEPHi BJIaCTUBOCTI
oJeprKaHUX NPOIYKTIB. BUBUEHO BIIMB BMICTY NIPEKYPCOPiB Ta pH cepenoBuila Ha XapakTep B3aeMOii B cUCTeMI
MnCI2 - Na2S - crab6inizatop (L-uucreiH, TiorsikoseBa KUCI0Ta, HATPill HUTpaAT). BCTAHOBIEHO YMOBU YTBOPEHHS
HY MnS, cTabinizoBaHuX ix MOJIEKYJIaMU Ta OL[iHEHO MEXKY CTabisi3yrouoi Aii L-uucTeiny rnpu 36inb1eHHi BMiCTy
KpUCTalI-(pOpMyIOUnx HOHIB. OL[iHEHAa MOXKJIMBICTb YTBOPEHHSI Pi3HUX 3a IPMPOAOI0 IPOAYKTIB peaKLii B
3aj1eXXHOCTi Bin pH cepenoBuiia. BusissieHo 1o ny>kHe cepepnosuuie npu cuntesi HY MnS crabinizoBaHux L-
1ycTeiHoM 36iblIye iIHTEHCUBHICTb POTOJIOMIHECHEHLII] iX KOJI0igHMX PO34MHIB. [IpoBeieHO NOCiIKeHHSs
B3a€MO3B’3Ky CKJIaJl-BJIACTUBICTb 1711 BOOHUX PO34MHIB cyMmileil oHiB MaHrany(ll) Ta noTeHuiiHux airanmis L-
LMCTEIHY, TiOTJIiKOJIEBOI KUCIOTH Ta LUTPAT-iOHIB py 3Ha4eHHsX pH, 6;113bKuX 10 6iopeneBaHTHUX (7,6 : 5,5).
BcTaHoBJIEHO, 1110 3pOCTaHHS KOOPAUHALIITHOTO YMCa JOCTiIKyBaHUX CTabili3ylounx areHTiB 3 2 0 6 He BIJINBA€e
Ha BUIJIS], CIEKTPaJIbHAX KPUBUX MOIVIMHAHHS IIPU CHiBBifHOMIEHH] [Mn2+]: [S2-] = 1:1, ase 3a CHiBBifHOIIEHHS
[Mn2+]: [S2-] = 1:2, Bigmiu€eHO MOMITHHUI CIIEKTPaJIbHUI 3CYB Y IOBTOXBUJIbOBY 00JIaCTh, 1O MiATBEPIKYE
IIOMIHYIOUMH BIIJIMB KOHLIEHTpaLlii aHiOHY S2- Ha MBUIKICTb 3apOAKOYTBOPeHH: Ta pict HY MnS. Ha cragii
yTBOpeHHs kKomiiekey [Mn(Ligand)n]n+ 3a pH = 9 i3 SH-BMicHuMU cTabinisaTopamy, Ha BiMiHy Bifi IUTpaTiB,
CIIOCTEpiraeThCs MosiBa HOBUX ITiKiB y CIIEKTpax MOIrJIMHAHHS 32 JOBXKUH 320 HM (17151 L-uuc ) i 295 um (g1 TI'K).
BcTaHOBJIEHO 10 CUHTE3 HAHOYACTUHOK MNS B €TUIJIEHIJIKOJI 32 TemnepaTypu noHay 353 K cripusie yTBOPEHHIO
HY MnS 3 He3HayHUM PO3KUIOM 32 Po3MipoM Ta Bucokumu ®JI BaacTuBocTsIMU. CXOKOTo ePeKTy MOKHA AOCIITU
IiCJISICUHTE30BOI0 TEPMOOOPOOKOIO 3a TemnepaTyp = 373 K myiss H4 MnS cuHTe30BaHUX 32 HWDKYMX TEMIIEPATYP.
YeTBEPTUI PO3MiJ IPUCBSYEHO OMUCY Ta OOTOBOPEHHIO PE3YJbTAaTiB, OJ€P>KAHUX IiJl 4aC CUHTE3y HAHOYACTUHOK
cipku. [TokazaHo, 0 B 3aJI€HOCTI Bifi CKJIaly CUCTEMU XiMiuHa B3a€MO/isI Mi’K KOMIIOHEHTaMU BiiOyBa€eThCsI 110~
pi3HOMYy i TiZIbKM HasIBHICTb YCiX KOMIIOHEHTIB 3a0e3Ieuye yTBOpeHHs JoMiHecieHTHUX HY cipku. CuHTe3oBaHi HY
CipKU CTabibHi IPOTAroM IOHANMEHIIE CEMU MiCSLiB Ta BOJIOZiI0Th XopomnMu PJI BIaCTUBOCTIMU 3 KEPOBAaHUM
BUITPOMIHIOBAaHHSIM, IO 3aJI€XKUTh Bif eHeprii 30yKeHHs. 36ibIIeHHS Yacy TeEpMOOOPOOKH 10 8 To, cripusie
CYTTEBOMY 3pOCTaHHIO iHTeHcuBHOCTI OJI ofep>kaHnx HaHOYACTUHOK. CKJIafl, CUCTEMU BILJIMBA€E HA ONTUYHI
BJIACTMBOCTI ofep>kaHux HY cipku. 36inbiieHHs KOHIeHTpauii L-uucTeiny crpusie 3poCTaHHIO iHTEHCUBHOCTI
IIOTJIMHAHHY 3a NOBXUHU XBUji 300 HM, HATOMICTb, 301/IbIIE€HHS KOHLEHTpaLii HaTpil cynbdiny cpusie nossi
MaKCHMMYMiB [IOTJIMHAHHS B JOBrOXBUJIbOBIN 06s1acTi criekTpy B gianazoHi 300 — 700 HM. 3abe3rnedeHHs CUCTeMU
IIOCTaTHbOIO KOHLIEHTpPALli€l0 KUCHIO € HeOOXiIHOI YMOBOIO 1151 ofiepkaHHs HY cipku 3 xopouumuy OJ1

BJIaACTUBOCTSIMU.

2. This dissertation is devoted to the study of chemical interaction processes in the Mn2+ - S2- - stabilizer-solvent
system and their influence on the optical properties, size, and morphology of the final product of the
semiconductor nanomaterial MnS, the possibility of obtaining NP sulfur in the L-cysteine - sodium citrate - Na2S
system and the regularities of chemical interaction in it. The first chapter analyzes the literature on the topic of
the dissertation. The features of semiconductor MnS as a promising nanomaterial for use in various fields of
science and technology are described. A review of synthesis methods using the selected stabilizing agents L-
cysteine (L-cys), sodium citrate (citrate ion), and thioglycolic acid (TGA) is carried out. Literary sources on the
preparation of non-metallic sulfur nanoparticles have been reviewed. The possibility of obtaining sulfur
nanoparticles of different sizes and properties depending on the synthesis method and the selected precursors is



noted. The prospect of studying the selected object and the possibilities for wide application are mentioned. The
second chapter describes the methods of experimental studies used in this thesis for the synthesis of MnS NPs in
aqueous and ethylene glycol solvents. The synthesis methods for studying the processes of complexation between
the Mn2+ cation and the selected ligands L-cysteine, TGA, and citrate-ion are presented. Methods for the
synthesis of sulfur nanoparticles in aqueous solution and the study of the influence of various factors on their size,
shape, and photoluminescent properties are described. The third chapter is devoted to the description and
discussion of the results obtained during the study of chemical interaction in the MnCI2 - Na2S - stabilizer -
solvent system. The processes occurring in the system and the characteristic properties of the resulting products
are described and analyzed. The influence of the precursor content and pH of the medium on the nature of the
interaction in the system MnCI2 - Na2S - stabilizer (L-cysteine, thioglycolic acid, sodium citrate) was studied. The
conditions for the formation of MnS NPs stabilized by their molecules were established and the limit of the
stabilizing effect of L-cysteine was estimated with increasing content of crystal-forming ions. The possibility of
forming reaction products of different natures depending on the pH of the medium was evaluated. It was found
that an alkaline environment in the synthesis of L-cysteine-stabilized MnS NPs increases the photoluminescence
intensity of their colloidal solutions. The composition-property relationship for aqueous solutions of mixtures of
manganese(Il) ions and potential ligands of L-cysteine, thioglycolic acid, and citrate-ions at pH values close to
irrelevant ones (7.6 : 5.5) was studied. It was found that an increase in the coordination number of the studied
stabilizing agents from 2 to 6 does not affect the appearance of the spectral absorption curves at the ratio [Mn2+]:
[S2-] = 111, but at the ratio [Mn2+]: [S2-] = 1:2, a noticeable spectral shift to the long-wavelength region was
observed, which confirms the dominant effect of the S2- anion concentration on the nucleation rate and growth of
MnS NPs. At the stage of formation of the [Mn(Ligand)n]n+ complex at pH = 9 with SH-containing stabilizers, in
contrast to citrates, new peaks in the absorption spectra at 320 nm (for L-cys) and 295 nm (for TGA) are observed.
It has been found that the synthesis of MnS nanoparticles in ethylene glycol at temperatures above 353 K
promotes the formation of MnS NPs with a small size dispersion and high PL properties. Post-synthesis heat
treatment at temperatures > 373 K for MnS NPs synthesized at lower temperatures can have a similar effect.
Chapter 4 is devoted to the description and discussion of the results obtained during the synthesis of sulfur
nanoparticles. It is shown that, depending on the composition of the system, the chemical interaction between the
components occurs in different ways, and only the presence of all components ensures the formation of
luminescent sulfur NPs. The synthesized NP sulfur is stable for at least seven months and has good PL properties
with controlled emission depending on the excitation energy. An increase in the heat treatment time to 8 h
contributes to a significant increase in the PL intensity of the obtained nanoparticles. The composition of the
system affects the optical properties of the obtained sulfur NPs. An increase in the concentration of L-cysteine
promotes an increase in the absorption intensity at a wavelength of 300 nm, while an increase in the
concentration of sodium sulfide promotes the appearance of absorption maxima in the long-wavelength region of
the spectrum in the range of 300-700 nm. Providing the system with a sufficient oxygen concentration is a
prerequisite for obtaining low-frequency sulfur with good PL properties.
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