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2. Synthesis, Structure, and Electrochemical Properties of (La,Sr)MnO3 Nanoparticles with a Perovskite Structure.

Pedepar:

1. O6’eKT mOCiIXEeHHS: MPOLeCH CTPYKTYPO(POPMYBaHHSI B IEPOBCHKITHUX MaTe—pianax (La,Sr)MnO3 npu ix
OTPMMAaHHI METOZAMHU XiMIYHOTO CUHTE3Y i3 PO3YMHIB Ta IIPOLECU HAKOIIMYEHHS 3apAy B €JIEKTPOXIMIYHMX
cucreMax, cGOpMOBaHUX Ha iX OCHOBI. MeTOI0 ucepTallii € BCTAHOBJIEHHS B3aEMO3B'SI3KiB MK METOJaMU
OTPUMAaHHS i CTPYKTYPHO-MOP(OJIOTiYHUME XapaKTeprucTukamu marepianis (La,Sr)MnO3 nepoBChKITHO]
CTPYKTYpH, Ta IUTOMUMHU €EMHICHMMU NIapaMeTPaMHU €JIEKTPOXiMiYHMX KOHAEHCATOPIB CPOPMOBAHUX Ha iX OCHOBI;
3'sICyBaHHS 0COOJINBOCTEN Iepediry enekKTPOXiMidYHUX MPOLECiB B KOHAEHCAaTopaxX, CPOPMOBAHUX HA OCHOBI
MarepiaJiiB 3i CTPyKTypOIO IIEPOBCHKITY Ta BYIJelLeBUX MaTepiaiB. ONuc MeToH0JI0rii/ MeTOAUKY AOCTiI KEHHSI:
JI7151 BOCSITHEHHS! METH IIOCTABJIEHMX 33/1a4 BUKOPUCTOBYBAJIMCS B3aEMOZONIOBHIOBAJIbHI METOM, a came: X-
IIpoMeHeBa J1u(pPaKTOMETPIsl, CKaHylo4Ya eJIeKTPOHHA MIKPOCKOIIisl, aficopOLiiiHa IOPOMETPis, iMIejaHCHa

CIIEKTPOCKOIIisl, IUKJIiYHA BOJIbTAMIIEPOMETPIsl, TajibBAaHOCTATUYHUI 3apsi]/po3psiz, 3acobu Bidya-Jizalii Ta



MaTeMaTU4HOi 0OPOOKH eKCllepUMeHTaNbHUX gaHuX. ClienianbHi iHCTPYMEHTH Ta anaparypa: copboMeTp
Quantachrome Nova 2200e, ckaHyo4u eseKTpoHHUE Mikpockon JSM-7600F, X-nipomeHneBi gudpakromeTpu
JPOH-3 ta Shimadzu XRD-7000, imnegancHuii ciekrpomeTp Autolab PGSTAT 12 /FRA-2, yibTpa3ByKOBUI
nucnepratop Y3[JH-A. [IporpamHe 3a6e3ne4eHHs], 1K€ BUKOPUCTOBYBAJIOCH IIiJl 4aC ONpPall0BaHHS OTPUMAHUX
IaHWX abo AJis IpoBesieHHs nociimkenHs: Quantachrome NovaWin 11.0., Match, FullProf, 12 /FRA-2, MS Excel 2016,
OriginPro 8.5. TeopeTuyHi i IpakTUYHi pe3ysibTaTH: pe3yabTaTu gucepTallii MOKYTh OYTH OCHOBOIO JJIs1 TOJAJIbIINX
HAyKOBUX JIOCJIiIKEHDb Ta PO3POOKM HOBUX €JIEKTPOJHUX MaTepiasliB Ha OCHOBI 3aMillleHMX IIEPOBCHKITHUX
Marepiasis, 33117151 30i/IbLIEHHS €/1IeKTPOXiMiYHUX [TOKA3HUKIB IPUCTPOIB HAKONIMYEHHS Ta 30€piraHHs eHeprii.
PesynbraTtu guceprallii MOKYTh MaTH BaKJIMBUY BHECOK Y PO3BUTOK HOBUX eHeproeeKTUBHUX TeXHOJIOTIH,
3HU3UTHU BapTiCTh Ta MiABUIIUTHU e(PEKTUBHICTb MPUCTPOIB HAKONIMYEHHS Ta 36epiraHHs eHeprii. [IpencrapieHi B
po6OTi MiAX0aM Ta METOAU MOXKYTb OYTH BUKOPUCTAHI (i B)Ke 4aCTKOBO BUKOPUCTOBYIOTHCSI) IPYU HaBYaHHI CTYIEHTIB
IIPUPOJHUYNX Ta TEXHIYHUX cllenianbHOCTer. HoBru3Ha: Briepiie BcTaHOBIEHO BIKMB pPH cepenoBuia Ha
dopmyBaHHs Mopdosorii HaHoYacTMHOK LaMnO3, oTpuMaHuX 30J1b-T€JIb METOJJOM, 30KpeMa BUSIBJIEHO, 1110 CUHTE3
y JIyKHOMY cepenoBullli (pH 9) npu3BogUTh 10 YTBOPEHHS KOPaJIONOAi6HOI CTPYKTYpHU 3 YaCTMHKaMU po3mipom 40-
60 HM Ta ApiOHIMMX arJIoMepOBAaHUX YACTUHOK (15-25 HM) 3 MiBUILEHOIO MUTOMOIO IOBEPXHEIO, 10 TO3UTUBHO
BILJIMBA€ Ha ixHi €1eKTpOXiMiyHi B1acTUBOCTI. EKCiepuMeHTanbHO oBeeHo, o MeToy, ITeuini 3abe3nedye
YTBOPEHHS HAHOCTPYKTypoBaHux MaTepiaiis (La,Sr)MnO3 3i CTPyKTypOIO I1E€POBCHKITY 3 KpaLMMU
MOP(OJIOTiYHUMHU Ta €JIEKTPOXiMiYHUMU XapaKTepUCTUKaMU, IIOPIiBHSHO 3 MarepiajlaMy, OTPUMaHUMU 30J1b-T€JIb
METOAOM. 30KpEeMa, 3pa3Ky, CMHTEe30BaHi MeTofoM IlediHi, MaloTb MEHIII pO3MipY 4YaCTHMHOK, BUILY IIMTOMY
IIOBEPXHIO Ta HWKYY CTYIIiHb aryioMepartiii. Bepine gocuikeHo e1eKTPOXiMiuHi XapaKTepUCTUKU HAHOYACTUHOK
LaMnO3 Tta La0,75r0,3MnO3, CUHTE30BaHUX Pi3HUMHU METOJIaMU, B eJIeKTpoJliTax Ha 0ocHOBi KOH Tta Li2SO4.
BcraHOBJIEHO, 110 3pa3ku, OTpUMaHi MeTozoM IlediHi, MaloTh migBuIneHy NUTOMYy eMHICTb (7o 85 @/t nya LaMnO3 i
1o 118 @ /r nns La0,7Sr0,3MnO3 B KOH enekTposiTi) 3aBAsKky ixHiil MopdoJiorii Ta 3MilIaHOMY BaJIEHTHOMY CTaHY
Mn3+/Mn4+. Biepiue peasnizoBaHO CTBOPEHHSI FiOpUIHUX €JIeKTPOXiMiYHUX KOHJIEHCATOPiB HA OCHOBI
HaHO4acTUHOK (La,Sr)MnO3 K aHOJHOTO KOMIIOHEHTA Ta IOPUCTOTO BYIJIELIEBOTO MaTepiany K KaTona. JJocsruyTo
MaKCHMAaJIBHOTO 3HaY€HHsI MUTOMOi eMHOCTi 165 ® /T npu BukopuctanHi La0,75r0,3MnO3 (PC), mo cBiguuTh 11po
eeKTUBHICTb TAaKUX MaTepiasiB [1J11 3aCTOCYBaHb y IPUCTPOSX HAaKONUYEHHS eHeprii. BcTaHOBJI€HO BIJIMB IOHHOTO
3amimenHs La3+ Ha Sr2+ y kpucTanivyhii rparui LaMnO3 Ha enekTpodi3nyHi Bl1aCTUBOCTI HAHOMAaTEPialiB.
[ToxazaHo, 1110 Taka 3aMiHa CIIpUsie YTBOPEHHIO 3MilIaHOTO BaJIEHTHOTO cTaHy Mn3+/Mn4+ i nokpaiye
€JIEKTPOIIPOBIIHICTb 32 PaXyHOK MeXaHi3My MOABIITHOro 0OMiHY, 110 CyTTEBO MiBUIIYE €JIeKTPOXIMIiUHy EMHICTb
KOMITO3UTiB. EQeKTUBHICTb BIIPOBaJ)KEHHS: OTPMMaHi MaTepiajy MaloTh [1€PCIEKTUBY BUKOPUCTAHHS Y IPUCTPOSIX
reHeparii Ta HaKOIMYEHHS €JIEKTPUYHOI eHeprii. ['any3b BUKOPUCTaHHS: €HEPreTHKa, EJIEKTPOHIKA,

MaTepiajo3HaBCTBO.

2. The object of the research is the processes of structure formation in perovskite materials (La,Sr)MnOn during
their synthesis by chemical solution methods, as well as the charge accumulation processes in electrochemical
systems based on these materials. The aim of the dissertation is to establish the relationships between the
synthesis methods and the structural-morphological characteristics of (La,Sr)MnOn perovskite-structured
materials, as well as the specific capacitance parameters of electrochemical capacitors based on these materials,
and to identify the features of electrochemical processes occurring in capacitors composed of perovskite-
structured and carbon-based materials. The research methodology involves the use of a set of complementary
methods to achieve the objectives of the study, including X-ray diffraction, scanning electron microscopy,
adsorption porometry, impedance spectroscopy, cyclic voltammetry, galvanostatic charge /discharge analysis, and
tools for data visualization and mathematical processing of experimental results. The special instruments and
equipment used include the Quantachrome Nova 2200e sorptometer, JSM-7600F scanning electron microscope,
DRON-3 and Shimadzu XRD-7000 X-ray diffractometers, Autolab PGSTAT 12 /FRA-2 impedance spectrometer, and
UZDN-A ultrasonic disperser. Software used for data processing and research: Quantachrome NovaWin 11.0,
Match, FullProf, 12 /FRA-2, MS Excel 2016, OriginPro 8.5. Theoretical and practical results is the results of the
dissertation can serve as a foundation for further scientific research and the development of new electrode



materials based on substituted perovskite materials, aimed at improving the electrochemical performance of
energy storage and accumulation devices. The findings may significantly contribute to the advancement of new
energy-efficient technologies, reduce costs, and enhance the efficiency of energy storage systems. The
approaches and methods presented in this work can be applied—and are already partially being implemented—in
the education of students in the natural and technical sciences. Novelty: For the first time, the influence of the pH
of the medium on the morphology formation of LaMnO3 nanoparticles synthesized via the sol-gel method was
established. It was found that synthesis in an alkaline medium (pH 9) leads to the formation of a coral-like
structure with particles sized 40-60 nm and smaller agglomerated particles (15-25 nm) with increased specific
surface area, which positively affects their electrochemical properties. It was experimentally proven that the
Pechini method yields nanostructured (La,Sr)MnO3 materials with a perovskite structure exhibiting superior
morphological and electrochemical characteristics compared to those obtained via the sol-gel method. In
particular, Pechini-synthesized samples have smaller particle sizes, higher specific surface area, and a lower
degree of agglomeration. For the first time, the electrochemical properties of LaMnO3 and La0,7Sr0,3MnO3
nanoparticles synthesized by different methods were studied in KOH and LinSOn-based electrolytes. It was shown
that samples obtained via the Pechini method exhibit increased specific capacitance (up to 85 F /g for LaMnO3 and
up to 118 F /g for La0,7Sr0,3MnO3 in KOH electrolyte) due to their morphology and the mixed Mn3o/Mn4o valence
state. Hybrid electrochemical capacitors were developed for the first time using (La,Sr)MnO3 nanoparticles as the
anode material and porous carbon as the cathode. A maximum specific capacitance of 165 F /g was achieved with
La0,7Sr0,3MnO3 (PC), demonstrating the effectiveness of these materials for energy storage applications. The
effect of ionic substitution of La3o by Sr2o in the LaMnO3 crystal lattice on the electrophysical properties of
nanomaterials was established. It was shown that such substitution promotes the formation of a mixed Mn3no/Mn4n
valence state and enhances electrical conductivity via the double exchange mechanism, significantly increasing the
electrochemical capacitance of the composites. Implementation efficiency is the obtained materials show
promising potential for use in devices for the generation and storage of electrical energy. Fields of application is

energy, electronics, materials science.
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