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AKAZIEMIK AHATOJII BINIOYC - BUAATHUNIA ®AXIBELIb 3 XIMIi TBEPAOIO TINIA

Axapemix HAH Ykpainu binoyc Anaromniit [puroposndy, fOKTOp XiMi4YHMX HayK, ITpode-
cop, BioMuii crieniamicT y ranysi ¢isuko-HeopranivHoi ximii, Ximii TBeproro Tina, ¢isukn
HaIliBIIPOBiJHMKIB i fienekTpukiB. Hapogusca 8 TpaBHa 1951 poky y ceni Ipymka Xmenb-
Hyubkoi obmacti. 3akinuuB HTYY «KuiBcbknil momiTeXHiYHMIT IHCTUTYT», PaKyIbTeT pa-
mioenexktpoHiku (1974), acipantypy npu ®@isuko-ximiunomy incturyri im. JI. 5. Kapnosa
(1977, MockBa). 3axucTuB KaHAMAATCbKY AMcepTalnilo «BmusaHue u mccnenoBaHme HEKO-
TOPBIX CETHETO- M AHTVMCETHETOINIEKTPUYECKMX OKMCIIOB METAJIJIOB U OLIEHKA IEePENeKTB-
HOCTY X ucronb3oBauys B CBU-rexuuke» B [HcTuTyTi cTani ta coasis y 1978 p. (M. Mock-
Ba). I 3 TOoro x poky i mo cporopui mpamioe B [HCTUTYTI 3araipHOI Ta HeopraHiyHOI XiMmil
imeni B. I. Bepaapcpkoro HAH Ykpainn, € kepiBHrkoM Bigginy ximii TBepmoro Tina (3 1982).
HokTopchbKy mucepranio « CMHTE3, CTpO€HNE U CBOJICTBA reTepO3aMelLeHHbIX OKCU/IOB Ha
ocHoBe 31eMeHTOB II1-V rpynn» saxuctus y 1991 poui. HaykoBi HanpsAMKM CTOCYIOTbCS BI-
BYEHHS YMOB yTBOPEHHS, CTPYKTYPH, BTaCTUBOCTE CKIAJHNX OKCUIHUX CUCTEM i po3po6-
JIeHHsI Ha iXHill OCHOBI BUCOKOeeKTUBHUX MaTepianiB. PasoM i3 cniBpobiTHMKamu Bigainy
Binoyc po3po6uB MeTO[M KEpyBaHH: BIAaCTUBOCTAMM OKCUHVX CUCTeM IOAiOHMX 3a XiMiy-
HJM CK/IalOM — Bifi lieJIeKTPUKIB 0 KaTIOHHUX IIPOBiHMKIB i HANliBIPOBiAHMKIB, BCTAaHO-
BUB 3aKOHOMIpHOCTI (pOpMyBaHHA MaKpO4YacTOK OKCUJIHMX CMCTeM (amoMiHaty, Gpeputi,
IIVIPKOHATY, TUTAHATH) i3 3aaHol0 PopMoro yacToK. Ofep>kaB HOBi QyHKIiOHa/NIbHI MaTe-
piam: BUCOKOIPOHMKHI Ta BYCOKOIHAYKIiITHI (pepyuTH, HOBI Jie/IeKTPUKY IJIs HAAIY T/INBOI
TEXHIKM, HaJIIPOBiHI MaTepiany, iOHHI IPOBIIHUKY 3aBJAKY 3HAXOKEHHIO KOPEIALIl MK
criocobamyt ofiep>KaHHsI, CTPYKTYPOIO Ta BIACTUBOCTAMM MaTepiaiy.

A. binoyc 3aiiMa€TbCA TAaKOXX HAyKOBO-IIEarOrivyHOI0 AiAnbHicTIO. IlifroTyBas ogHOro
IoKTOpa XiMiuHMX Hayk i 20 kKaHAMAATIB XiMiYHUX HaYK Ta JOKTOPiB ¢inocodii 3i cenians-
HocTi «Ximif». HaykoBi pesymbratu omy6/1iKoBaHO y BUITIAZL CTaTell, BUAAHUX B YKpaiHi
Ta 3a KOPHOHOM, fKi 3axmijeHo aBTopcbkumu cBigoursamy CPCP i marentammn Ykpainm.
Y 2018 poui A. Binoyc Ta C. Kobnnsucpka ony6nikysam MoHorpagito «OKcuHble TUTHUI-
IpOBOAILNE TBEPAbIE 3eKTPOMUThI». A. I. binoycy npucsoeHno spanH:A «3acimy>keHuit gisay
Hayk i TexHiku Ykpainu» (2004); BiH — naypear [lep>kaBHoi npemii Ykpaiuu B ramysi Hayku
i Texnixm (2008) 3a po60Ty «IHTEepMeTaNiiN, TIApUAN Ta OKCUAIM K OCHOBA HOBUX €HEPro-
omagHuX Marepianisy, npemii HAH Ykpainu im. I. Ilymroa (2017). Y 2019 poui jioro Haro-
POI>KEHO opAeHoM KHA3A fApocmaBa Mypgporo V crymnens.

KitouoBi cnoBa: HeopraHiyHa Ximis, XiMmis TBepmoro Tina, pepomarHiTHi Marepianm, mi-
€/IEKTPUKM, KaTiOHHI IPOBIJHMKY 1 HAIliBIIPOBIIHMKY, CETHETOMArHETUKY, HAHOCTPYKTYPH,
IIEPOBCHKIT, HAYKOBa LIKOJIA.
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Amnaroniit  Ipuroposuu binoyc - ximik,
npodecop, JOKTOp XiMiYHMX HAyK, aKajeMik
HAH VYkpainnu, sacmy>xenui [igd HayKu, ja-
ypear Jlep>kaBHOI mpemil YKpaiHu B ramysi
HayKMu i TexHiky, npemii HAH Ykpainn imeni
I. Ilynros, saBigyBau Bimginy ximii TBepmoro
Ti/la [HCTUTYTY 3arajibHOI Ta HEOPraHiYHOI Xi-
mii imeni B. I. Bepragcbkoro HAH VYkpainn,
HIMPOKO BiJOMMII HAYKOBiil CIII/IbHOTI HAIIOI
KpaiHu i 3apyODIOKs BUYeHMIT B Talysi yTBO-
PEeHHsA, CTPYKTYPU, BIACTUMBOCTEN CKIAJHMUX
OKCUJHMX CHUCTeM i pO3poOJeHHs Ha IXHIi
OCHOBi BUCOKOeeKTMBHMX MarepiaiiB, 3a-
CHOBHMK HayKOBOI KoM «XimiAg TBepHoro
Ti/Ta».

Amnaroniit Ipuroposuu binoyc Hapopusca
8 TpaBH: 1951 poky B ceni Ipymxa Kam siHerp-
I[Toginbcpkoro parioHy XMenTbHUIIBKOI obrac-
Ti. Bumy ocsity orpumas y 1974 poui, 3akin-
yyBIIM (aKyIbTeT pagioeneKTpoHiky Kuis-
CBKOTO IOMiTeXHiIYHOro iHcTUTYTY. HactymnHi
poxu (1974-1978) mpoposxyBas npodeciitHe
HaBYaHHA B aCHipaHTypi MOCKOBCBKOTO Ha-
YKOBO-HOC/IiiHOrO (isnko-ximMiyHOrOo iHCTH-
tyTy iMmeHi JI. Kapnosa. Hapani 3 1978 poky
BCsL itoro mpodeciitHa [is/IbHICTD TIOB s3aHa
3 IHcTUTYyTOM 3arajbHOI Ta HEOPraHiYHOI Xi-
Mii imeni B. I. Bepragcbkoro HAH Vkpainn,
fie BiH ycmimHO mpanoe i gorenep. Hayxo-
By AisnbHiCT AHaromiit moyas (1978-1979)
3 IIOCajy MOJIOALIOrO, a IOTiM CTAapILIOro iH-
J)KeHepa, a 3 1980-ro — cTapuoro HayKoBOro
criBpobiTHuKa y Bignini tBeppodasHoro cun-
Te3y i KpMCTa/moXiMil HEOPraHiYHUX CIIONYK,
AKuil Oymo opraHizoBaHo B IHcTuTYTI Ime y
1970 poui (ouinbHUKOM Bifiny Toxi 6YB JOK-
Top XimiuHux Hayk B. II. Hanmit — ogun i3 mep-
X CHiBpo6iTHUKIB [HCTUTYTY, opraHisaTop
peHTreHiBcbKOI aboparopii). CriBpobiTHM-
ku Bigginy (3. 1. Makaposa, I. M. HoBuipka,

https://ucj.org.ua

JI.T.TaBpunosa, O. B. Ilamxosa, K. II. lannnb-
yeHko, O. M. Antumko, b. C. Xomenko Ta
iHmi) BXe ofjepXamu HU3KY BAKIMBUX pe-
3Yy/IbTaTIB IJOJI0 CMHTE3y HEOPTraHIYHMX CIIO-
JIyK i3 MeTOI0 MOJA/IbIIOrO CTBOPEHH: (PyHK-
L[iOHa/IbHMX MarepiasiB, BUBYEeHHS (Da30BUX
nepeTBOPeHb NPy 0OpOOIEeHHI TifpOKCUIHIX
CHCTeM, KiHeTVKY Ta MeXaHi3My (pepuToyTBO-
peHHs, cuHTe3y QepuTiB Ta iHIIMX Heopra-
HiYHUX CIIONYK LUIAXOM TepMOOOpPOOIeHHA
CYMICHO OCA/)K€HMX BaXKOPO3YMHHMX CIIO-
YK — TiIpOKCUJIB MeTasliB, TaK 3BaHUI CUH-
me3 i3 po3uunie. 3a pe3ynbTaTaMy BUKOHAHUX
JoCipkeHb 6y0 pO3poOIEeHO TEeXHONOTiYH]
CXeMU Ofiep>KaHHA 13 TiZpPOKCHU[IB MeTajliB
BOX/IMBUX TPOMMCIOBUX MapoK ¢eputiB 3i
CTPYKTYPOIO ILIIiHE, IEPOBChKITY, IpaHaTy
Ta BI/IpO6iB i3 HUX, AKI Ma/qM 3HAYHO Kpalji
MAarHiTHI BJIaCTMBOCTI IIOPiBHAHO 3 aHAJIOri4-
HUMM MaTepialaMy Ta BUpoOaMu 3 HUX, OTPHU-
MaHJMMM METOJOM CHiKaHHs OKCUIB.

Y 1978 poui A. I. binoyc saxuctus pucep-
Tallilo Ha TeMy «BIIMB Ta JOCTi>)KeHHA Hes-
KUX CETHETO- Ta AHTUCETHETOENTEKTPUYHUX
OKCHJIIB METaJIiB Ta OLIiHKAa IE€PCIEeKTUBHOCTI
ixaporo BuKopucranua y HBY-rtexnini», or-
pVIMaB HayKOBMII CTYIIiHb KaH[AMJATa TeXHIY-
HUX HayK. I3 1982 poky jioro o6paHo Kepis-
HuKoM Bingminy enexrpodisnunux marepianis,
srooM y 1986 poui nepeiMmeHoBaHoro y Bin-
Iin TBEpHOro Tina, AKWUI, BIacCHE, CTBOPEHO
Ha 6a3i BUILEHA3BaHOTO BiffliTy, B AKOMY BiH
PO3II0YMHAB HAYKOBY [Iis/IbHICTb.

A. T binoyc Ta jtoro cmiBpo6iTHUKM TIPO-
TOBXKYBa/y i 3HAYHO PO3LIMPIOBA/IN TEMATUKY
Bigginy. OCHOBHUII HalIPAMOK JOCTiIPKEHb —
TBepfodasHMil CUHTE3 HEOPTaHiYHMX Mare-
pianiB, BUBYEHHA CTPYKTYPM i BIACTUBOCTEN
Oflep)KaHMX CIIONYK, IOIIYK KOPEeIALn MK
HUMM 3 METOI0 OTPUMAaHHA (YHKI[iOHATbHUX
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MarepiaiB I HOBOI TEXHIKM — BUCOKOIIPO-
HUKHUX i BUCOKOIHAYKIIHUX (epuris, HO-
BUX [Ii€IeKTPUKIB /i1 HaZ49yTAMBOI TEXHIKM,
iIOHHMX NIPOBiIHMKIB, HalliB- i HaAIpPOBiA-
HUKOBMX MaTepiamiB Tomo. [Ina BupilleHHA
IIOCTaB/IeHNX 3aBJaHb CIIBPOOITHUKM BUKO-
PUCTOBYBaIM HU3KY Pi3HUMX METOAIB i aHa-
Mi3iB, Y TOMY 4YMCIi AKICHMM Ta KiJIbKiCHMUIA
XiMiYHUI aHaJi3, TepMiYHMII aHaIi3, peHT-
TeHIBCbKY Audpakiilo Ta eneKTpoHorpagdiio,
BUIMIPIOBaHHA €eKTPOIPOBIIHOCTI Ta Mar-
HITHUX BJIACTUBOCTEN OJ€pP)KaHUX CIIONYK,
CIIEKTPOCKOMiuHI MeTopy, AMP, eneKTpoHHy
MiKPOCKOIII0 TOLIO.

Y 80-90-x poxax MMHY/IOTO CTOJITTA y BifI-
Ol IpOBEREeHO JOCTiKEHHA 3aKOHOMipHOC-
Teil B3a€MO3B A3KY BOK/IVBUX XapaKTePUCTUK
ocafiiB (rigpoxkcupiB, KapOOHATiB Ta iHIINX)
3a Q/ITOPUTMOM: YMOBM OCAaJI>)KeHHs, a00 CIIiB-
OCaJ)KEHHA 3 PO3YMHIB, CK/IaJ, CTPYKTypa
Ta enekTpodismyHi BractuBocTi. Opep>kaHo
HU3KY BaOX/IMBUX Ppe3y/IbTaTiB, AKi 3HaIII-
I TPaKTUYHMIA BUXiJ, Y CTBOPEHHI OKCUJ-
HUX MaTepia/liB pi3HOro Npu3Ha4eHH:A. Tak,
0y/10 pO3pO6TIEHO TEXHOJIOTiI0 BUTOTOB/ICHHS
¢dbepomaruiTHUX MaTepialiB MeTOIOM OCafi-
JKEHHA 3 pO34YMHIB, KA CTaza OCHOBOIO Opra-
Hizanii B IncturyTi focmigaoro BUPOOHUIITBA,
e HapBucokovacToTHi (HBY) pepurn pisamx
MapOK BUTOTOBJIA/IN Ta IOCTAB/IANN Pi3HUM
oprasisanisM, y TOMYy YMC/Ii Ha 3aMOBJIEHHA
KniBcbKkoro HaykoBO-BMPOOHMYOrO 00’€qHa-
HHA «Masx» (A. I. Binoyc, €. b. HoBocazosa,
O. B. ITamkosa, b. C. XomeHKO) [isi BUpO-
I[yBaHHSA MOHOKPMUCTAJIB, 3 SIKUX BUPOOIIA-
Y MAar”iTHI TOMOBKM 3alMCYIOYUX IIPUCT-
poiB. Ha ocHoBi rckcadepury 6apito 6yno
CTBOPEHO MarHiTOXXOPCTKI MaTepiaau A I10-
CTiMTHMX MarHiTiB Ta MOPOMIKM /I MarHiTHUX
CTPIYOK, KPeJUTHMX KapTOK, KOMII IOT€PHUX

nucket Tomo (A. I. Binoyc, O. B. Ilamxosa,
I. P. Hinyx, B. A. €mmanceknit, b. C. Xomen-
K0). /11 BUTOTOBJIEHHsI MaTepiaiB HOBUX Ia-
JTy3ell eIeKTPOHHOI TeXHIiKM (mie/IeKTpUIHMX
Pe30HATOPiB CYNyTHUKOBOTO TelneOadyeHHs,
MieeKTPUIHNX THAKIALOK I TiOpUIHUX
HBY-cxem To1110) 6Y/10 pO3p0O6IEHO TEXHOIO-
TiI0 OJleP>KaHHA CKIAJHUX OKCUIHMX CUCTEM
MeTOAoM mocmimoBHoro ocamkerus (A. I. bi-
noyc, O. 3. fnueBcbkuii, O. A. JIuToBY4eHKO,
O. B. OBuap Ta iHmi).

Y 1991 poui Ha mifcTaBi Ofiep>KaHMUX YMC-
JIEHHMX BaXIMBUX pesynbraTiB A. I. binoyc
3aXMCTUB AucepTauliiiny pobory «CuHres,
OymoBa Ta BJIACTMBOCTI TreTepo3aMillleHuX
OKCUZIiB Ha OCHOBi eneMeHTiB III-V rpym»,
JIOMYy NPUCBOEHO 3BaHHA NOKTOpa XiMIYHMX
HayK, a y 1997 poni - HaykoBe 3BaHHS IIPO-
¢decopa. IIpoBeeHO eKCIIepMMEHTAIbHI Ta
NIPUK/IAJHI HalpallOBaHHA, TPUBAIO PO3PO-
O/1eHHS HOBMX Ta YAOCKOHA/IEHHS JIIIOYNX Ha-
NPAMKIB JOCTi[PKEHb, CTBOPEHHA 1 BUBYEHHA
OKCUIHMX CIIONlyK Ta MaTepiamiB. AHamis Ta
3po0/ieHi y3arajbHeHHs OTPUMAaHMX pe3y/ib-
TaTiB i BMCHOBKIB CBifg4yaTh, 1o AHATOJIN
Ipuroposuy binoyc ocrarouno Bupic i chop-
MYBaBCS K BMCOKONpOdeCiiHuil BYEHUIL,
Ha/|3BMYATHO epy[oBaHMil XiMik-daxiBenp 3
¢isuko-HeopraHiuyHoi Ximii, ocobmmBo Ximii
TBEPJIOTrO Tijla, 3HaBEIlb YCiX TOHKOIIIB yTBO-
PEHHA, CTPYKTYpM, BIACTUBOCTEN CKIAJHUX
OKCHUJIHUX CUCTeM i po3po0JIeHHs Ha iXHill oc-
HOBi BMCOKOe(eKTVBHMX MaTepialiB [ HO-
BiTHBOI TEXHIKIL.

Ha mexi tucauonits A. I. binoyc pasowm i3
KOJIEKTVBOM CIIBpOOITHMKIB Bifjiiny posmno-
Yajay HOBI HampsAMM [OCTKEHb, 30KpeMa,
BIMCOKOYACTOTHI [IieJIeKTPUKU Ta pO3poOyIeH-
HA Ha IXHiJI OCHOBI [IieJIEKTPUYHUX pE30OHa-
TopiB i mifkmamok s ribpupHux cxem HBY;
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CETHETOENIEKTPUKM-HAIIIBIIPOBITHMKHA 3 11031~
TUBHVUM TeMIIepaTypHUM Koe(illieHTOM oI1o-
Py Ta po3poOieHHs Ha IXHiil OCHOBi Harpi-
BAJIbHMX €/IEMEHTIB J/Is1 AM3€/IbHUX ABUTYHIB,
1110 TO3BO/INJIO IXHiil 3aITyCK 3a O1i7bII HU3BKOI
Temnepatypy; ionHi (Li, Na, Rb, Cs, O) tBepai
€JIEKTPOJIITH JI/IA ITA/IMBHUX KOMiPOK i TBEpJ0-
TiIbHMX aKyMysATopiB. IlisHimme 6yno posmo-
9aTO BaXX/IMBi 3 HAYKOBOI i IPAKTMYHOI TOYOK
30pY JAOCTI/I)KEHHA CETHETOMAarHiTHMUX MaTepi-
a/liB Ta BUBYEHH:A 0araToOIIapOBUX CTPYKTYP,
1[0 [IOB’sI3aHO 3 TUM, 1[0 TaKi CIIOZIYKM Ta Ma-
Tepiazy MOXKYTb IPOABIATHA BOJHOYAC SIK CET-
HETOEJIEKTPUYHI, TaK 1 MarHiTHi BJIaCTUBOCTI.
Y neit nepion y Biggizi 6y/0 3aXuIeHo AeKinb-
Ka KaugupaTcbkux pucepraniin (O. B. ITamr-
koBa, C. B. [TonsaHenbka; y TOMy 4mcii Oymn
yuHi AHatonmia Ipuroposmua - I. P. [inyx,
O. 3. fAnuescokuii, O. I. B'roHOB; Ha movat-

Ky HoBoro tucsa4onirrsa — JI. JI. KoBaneHko,
T. B. Komopgspxnmii, O. B. Opuap, O. M. IaB-
punenko, 1. O. Iypunin, K. B. KpaBuuk,
C. O. Cornoman). I1ig 710ro KepiBHUIITBOM PO3-
po6/IeHO Ta BIIPOBA/KEHO B HApOJHE TOCIO-
JAapCTBO HOBI CK/Ia[IHI OKCMJHI Marepiann Ta
€/IEMEHT) Ha iXHill OCHOBiI Pi3HOMaHITHOTO
(GYHKI[IOHa/IPHOTO IIPU3HAYEHHA: HAJIBMCO-
KOYaCTOTHI KepaMi4yHi pe3oHaTopu i Jienex-
TPUYHI TiAKIaAKN 11 TiOpUIHNX IHTETrpasb-
HUX CXeM, fAKi BUKOPUCTOBYIOTb B amaparypi
CUCTEM 3B’fI3Ky; HU3bKOBOJIBTHI TepMOCTabi-
Ni30BaHI KepaMiyHi HarpiBHi eneMeHTH i
OBUTYHIB BHYTPIIIHbOIO 3TOPSAHHA 1 JM3€/Ib-
HUX IBWUIYHIB; BMCOKOKOEpIIETUBHI ApiOHO-
[UCIIEpCH] MOpOWKM i3 3afaHon (OpPMOI0
9aCTOYOK /I CUCTEM MATHITHOTO 3anucy. Jlo-
CATHEHHSA BYEHOTO Yy L[iil Taaysi IMPOKO 3HaHi
y Hallliil KpaiHi i 3a KOPJJOHOM.

Konektus cniBpo6itankis Bigainy ximii TBepgoro tina (2021 p.)
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Ha cporogHi B ramysi xiMmii TBepporo Tima
BilZli/1 € OJHMM i3 IPOBIZHUX HAYKOBUX KO-
NEeKTUBIB B YKpaiHi i He TimbKu. JIOCTaTHBO
CKasaTy, 110 KOJIEKTUB Bifflily, AKUM BIIEB-
HeHo i KkpeatuBHO Kepye A. I. binoyc, Burpas
1 ycmimHoO BMKOHaB MNoHazx 20 MDKHaApo[-
HUX IIPOEKTIB 3 iHO3eMHMM (iHAHCYBaHHAM
(y Tomy uncni 13 npoextis YHTLI, nekinbka
npoekTtiB HATO, rpanTu Ta nNpoexkTn Ha Ha-
YKOBO-TE€XHi4He cniBpobiTHUIITBO lepkas-
Horo ¢oHAy (yHIaMeHTaIbHUX HOCIiKEeHb
towo. Kpim 11p0r0, Biffin 6paB y4acTs i BUKO-
HaB Oararo HanjioHanbHMX npoekTis [JHTII Ta
JOTOBOPIB 3a pi3HMMM Lji/IbOBMMU IIpOrpama-
MM HaYKOBMX JOCTi/I>KEHb.

Po3BUTOK Cy4acHUX CMCTEM 3B SI3Ky ITOTpe-
Oye pospobnenns HoBux HBY-pienexTpukis.
Y Bipgini Bnepuie cCMHTE30BaHO JTIIIIPOBIL-
Hi MaTepiamm 3i CTPYKTYpOK II€POBCBHKITY;
PO3po6IeHO KOMIIO3MIIiiHI BUCOKOZOOPOTHI
HBY-pienexTpuku i Bupobu Ha ixHiil OCHOBI
(miemexTpu4Hi pe3oHATOPM i MiZKIATKM MJIs
riopupanx cxem HBY) pnsa cucrem cyyacHo-
ro 6e3[pOTOBOrO 3B’A3KYy; PO3po0/IeHO MaTe-
pia/m i TepMOCTabinbHI HAarpiBHI eneMeHTU
IJIA 3aIlyCKY OU3EIbHMX JIBUTYHIB 3a HU3BKOI
TEeMIIEPAaTypy; CUHTE30BaHO, Yy TOMY YMCIIi
30/Ib-Te/Ib-METONOM CUHTe3y, OaraTomaposi
CUCTEMM, B AKMUX MArHiTHi BJIaCTMBOCTI 3Mi-
HIOIOTbCA MiJI Ai€I0 €/IEKTPUYHOTO MOIA.

3HauHy 4YacTMHY Ofep>XKaHUX Bifgfainom
€KCIIEPVMEHTA/IbHUX Pe3y/IbTaTiB CUCTEMA-
TU30BaHO y JBOX KHIDKKOBMX BUJIAHHAX, a
came: MoHorpadii A. I. binoyca «Bucokopo-
OpOTHI HAJIBUCOKOYACTOTHI MieJIeKTPUKIL»)
(A. I. Benoyc «Bovicokodobpomtvie ceepxsvico-
Kouacmomuvle Ousnexmpuxu», 2016, 6uo-60
«Haykosa dymka»), B fKiil IIpefCcTaB/IeHO ic-
Topito posButky HBY- gienekrpukis, Bukia-
IeHO MEeTOIV JOCTi/KEeHb eNeKTpodisnuHux

BIACTUBOCTEN LuX crnonyk y HBY-gianasoni,
METOIM CHMHTEe3y pi3HUX K/aciB BMCOKOJO-
oporHux HBY-pienexTpukiB Ha OCHOBI ckmafi-
HJIX OKCUJJHUX CHCTEeM Pi3HOI CTpyKTypn (me-
POBCBKITy, KOMyMOiTy, KajaieBo-Bonbdpamo-
BuX OpoH3); apyra kumra — aBropiB A. I. bi-
noyca Ta itoro yyenuni C. JI. Kobmraacpkoi
«OKcupHi MTIANPOBiAHI TBEpAi €NeKTPOoiT!
(A. T Benoyc, C. [I. Kobunsanckas «OxcudHuvie
JIUMULNPo800susUe meepovie INeKMPOAUMbL»,
2018, suo-so «Hayxosa 0ymka»), B sKiii cucre-
MaTM30BaHO JIiTepaTypHi IaHi i BlIaCHI pe3y/ib-
TaTy aBTOPIB CTOCOBHO PO3pOOJIEHHS TBEp-
OOTIIbHMX OKCUAHMX JITIIIIPOBiAHUX MaTe-
piaziB i3 BMCOKO IIPOBIFHICTIO 3 MOXX/IMBUM
3aCTOCYBaHHAM Yy TBEPAOTIIbHUX aAKyMYILA-
Topax. HaBemeHo pesynbratm ROCTigKEHDb
KPUCTa/TIYHYX JITIAIPOBIAHUX MaTepiasliB Ha
OCHOBI OKCUTHUX CUCTEM 3i CTPYKTypaMu Iie-
poscoKiry, rpanary, NASICON rta LiPON, ski
MaIOTh BUCOKY IIPOBi/IHiCTb, iXHi METOAM CHH-
Te3y Ta PO3pOOIEeHHS eeKTPOXiMiYHNX Hpu-
CTpOIB Ha IXHill OCHOBI.

Y 2021 poui B I0BilIeIHOMY HayKOBO-IIO-
IIy/IAPHOMY BUJIaHHI «[HCTUTYT 3arajbHOI Ta
HeopraHivHoi Ximil imeni B. I. BepHancpkoro
HAH VYkpaian Ha Mexi Tucadonmite (1931-
2021), axe npucssdeHo 90-pivyyio 3acHyBaH-
HA [HCTUTYTY, € po3nin «3po6yTkn B ramysi
Ximii TBepporo Tinma», ne A. I. Binoyc nopsap
i3 KOPOTKMM iCTOpMYHMM HapMCOM IIbOTO Ha-
IPsAMY JIa€ XapaKTEPUCTUKY CY9aCHUM JOCTIi-
IDKEHHAM BifiJiiy, AKMIA BiH OYOJIIOE, Ta CBOE
OayeHHs LOfI0 BOXK/IMBOCTI OTPUMaHMX MaTe-
pianiB caMe [i/i1 pO3BUTKY HOBiTHbOI TEXHIKM
1 He TinbKM. BapTo Harafaty 4yuTayaMm Jewo 3
i€l cTaTTi.

Haodsucoxouacmomui Oienexmpuxu. Pos-
pOOIeHHS Cy4YacHMX CHUCTEM Te/IeKOMYHiKa-
LIiI BUMAara€ CTBOPE€HHA HOBUX MarepiajiB
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i3 BuCOKMM piBHeM eneKTpodi3MuHuX mapa-
MetpiB y HBY-pgiamasoni. Ile cmenianbamit
xn1ac HBY-pienextpukib. fIK 3asHavae aka-
neMik bimoyc, BUKOpMCTaHHA TaKuX Marepi-
a/liB NOBMHHO 3a0e3NeYuTV BUCOKY SKIiCTb
eKCIUTyaTalliIHUX XapaKTEePUCTUK €JIeMEHTIB
CHCTeM 3B’A3Ky Ta IXHI0 MiKpoMiHiaTiopusa-
niro. Ha ocnoBi HBY-gienexkTpukis pospo-
ONAI0Th [ie/IeKTPUYHI pPe30HATOPM, JiieeK-
TPUYHI MiAKIAKY, SIKi € eleMEHTHOI 623010
JUISI CTBOPEHHS CUCTeM 0e3[JpOTOBOTO 3B A3KY.
Y Biggini Bmepiue po3pobmeno 6aratodasHi
HBY- pgieneKTpuku 3 HU3bKMMU Ai€TIeKTPUY-
HUMM BTpaTaMM i BUCOKOK TepMOCTabinb-
HicTIO BractusocTeir, HBY-mienexktpukn Ha
OCHOBI ~ aHTMCETHETOE/IEKTPUKiB/IIapaeneKT-
pUKiB 3i CTpyKTypammu KomymbiTy, HepoB-
CBKITY Ta KaJieBO-Bonb(ppaMoBoi OpoH3H, 1110
CTa/Il OCHOBOIO I CTBOPEHHSA BiTYM3HAHOI
elleMeHTHOI 6asy TBEpHOTIIBHMX TeHeparo-
piB, cy4acHuX cucTeM 3B’S3Ky Ta HaBiraumii.
JliefIeKTpUYHI pe3oHaTOpU 3aCTOCOBYIOTH Ta-
KOX IIpM CTBOPEHHI aHTE€H HOBOI'O ITOKOJIiH-
HA. [lepeBaror Takux aHTeH €: MaJli po3Mipu,
IIPOCTOTA, BiJHOCHO BE/IMKA CMYra BUIIPOMi-
HIOBAaHHA, IIPOCTa cXeMa 3B A3Ky [0 BCiX, 3a-
3BMYAil BXXVBAHUX, JIiHiN nepemad. Ha gymky
aBTOpa, OCOOMIMBUI HAYKOBUI i MPaKTUIHUIA
iHTepec MalOTh HOCTIIPKEHH:, CIPSIMOBaHI Ha
PO3pO6IEHHs TEPMOCTA0I/TPHUX Iie/TeKTPUKIB
IUIL Pe30HATOpPiB MiliMETpOBOrO Jiala3oHy,
1O B/MAarae€ iCTOTHOrO MiJIBUIIEHHA OFHOPIiA-
HOCTi (XiMi4HOI Ta CTPYKTYpHOI) fienexTpu-
KiB. BayX/IBOI0 HayKOBOIO ITPOOIEMOI0 TAKOXK
€ CTBOPEHHs PE30HAHCHUX €/IEMEHTIB, Pe3o-
HAHCHY YaCTOTY AKMX MOXXHa 3MiHIOBaTU 30-
BHIIIHIM €/IEKTPMYHUM YY1 MarHiTHUM IIOJIEM.
Po3pobrneni pienekTpuyni pesonaropu (ko-
akciaynpHi, BigKpuTi), AienekTpuyHi migkaaz-
KM 1A ribpupHux iHterpanbHux cxem HBY
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BYKOPUCTOBYIOTh Ha Pi3HUX MiIIPMEMCTBAX
YkpaiHu npu pos3poOleHHi CY4acHUX CUC-
TeM 3B’A3Ky i papionokarii, 3okpema: «Opi-
oH», M. KuiB; «®a3orpon-Ykpainn», M. Kuis;
«Tomas», M. [loneupk; «Opuson-Hasiranis»,
M. Cmina Toro.

Jlimitinposioni enekmponimu 08 enekmpo-
XimiuHux npucmpois. TBepHoTiNIbHI iTieBi
IDKepena CTPyMY BiIKpMBAIOThb IpUBaOIMBi
IepCIeKTUBY BUpillleHHs Npobnemu 3abe3-
[IeYEeHHs €eJIEKTPOEHEPTi€l0 NMPUCTPOIB HeEBe-
JMKOI TOTY>XHOCTi. [InA iXHBOrO CTBOpPEH-
Hs HeoOXifiHI MaTepiany 3 BUCOKOI i0HHOIO
IPOBIIHICTIO Y TBEPAOMY CTaHi 3a BiJIHOCHO
HEBMICOKUX TemIepaTtyp. Ipynorw y4His Bino-
yca KaHanpaaTis XiMiyHux Hayk O. L. B’roHOBa,
O. M. TaBpunenko, C. [I. KobunsaHcbkoi Ta
JI. JI. KoBasieHka BHeplle CMHTE30BaHO HOBi
JTINIPOBiHI MaTepianyM Ha OCHOBI CKIaj-
HUX OKCU/JiB Hi06iI0 i TaHTasTy 3i CTPYKTYpOIO
IedeKTHOrO IEepPOBCHKITY Ta 3i CTPYKTYpOIO
NASICON. CuHTe3oBaHi nitilinposinHi ¢pasu
XapaKTepU3YITbCA BUCOKOIO IIPOBIJHICTIO 11O
ioHax JIiTiI0 3a KiMHaTHOI Temneparypu. Ha-
ABHICTb 3HAYHOI Ki/IbKOCTI BAKaHCIil Ta CTPYK-
TYpPHUX KaHaiB y Hio6aTax i TaHTa/laTax IaH-
TaHy 31 CTPYKTYpPOIO Ie(peKTHOTO ePOBCHKITY
CTBOPIOE IIVPOKi MOXKIMBOCTI /st MoaMdika-
1[il BKa3aHUX CTPYKTYp i3 MeTOI0 peaisalii B
HIX IIBJJKOTO iOHHOTO TPAHCIIOPTY Ta OTPU-
MaHHA Ha iXHill ocHOBi Li*-IIpoBifHMUX TBep-
OVIX €/1eKTPOMiTiB. ABTOpM OTpUMAaIM Kepa-
MiuHi Ta IUIIBKOBi 3pa3Ky BUCOKOI Li/IBHOCTI,
AKi XapaKTepU3yIThCA BUCOKOIO IIPOBIIHICTIO
II0 iOHAX JIiTif0 3a KiMHATHOI TeMIlepaTypu
(10°-10° Cm/cM), i TOKa3aHO TAKOXK MOXKJIM-
BICTb CTBOPEHHS Ha IXHiJl OCHOBI TBEPJOTI/Ib-
HUX JTi€BUX aKyMynATOpiB (miTiit-ioHHMX i
nitif-noBiTpsAHNxX). CTBOpeHi mKeperna nopis-
HSAHO 3 BiJOMMMM MAIOTh IIOKpAIlleHi TeXHi4Hi
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XapaKTEPUCTUKM 33 PAaXYHOK IIMPOKOTO iH-
TepBally poOOUYNX TeMIepaTyp, BUCOKOI 6e3-
IIEKM €eKCIUTyaTaliil, MOXK/IMBOCTI KOHCTPYIO-
BaHHsA Oarapeil IPaKTUYHO Oy/b-AKOI popMu
i po3mipy npu 3abe3nedeHHi BCOKOI MUTOMOI
TYCTMHM eHepril Ta HeBUCOKOI cobiBapTOCTi
BUTOTOB/IeHHA. Ha ocHOBi po3pobnenHux ma-
TepianiB pasoM i3 koneramu 3 OpaHLii cTBO-
peHo yHikampHi pH-cencopu pia motpe6
xap4oBoi npomucnoBocTi (O. 3. fIHueBcbkuii,
O.I. B’ronos, O. M. [aBpuieHKo).
CeeHemoenexmpuku-HanienposioHuky  Ha
ocHosi memamumanamy Oapit. XapaxTep-
HOI0O OCOO/IMBICTIO CeTHEeTOeNeKTPUKiB-HaIIiB-
IpOBiHMKIB, fAK Bigmivae A. I. bimoyc, €
piske 30iNbLIEHHS €IEKTPUYHOTO oropy (Ha
TPU-YOTUPU HOPAAKY) Y BY3bKOMY TeMIlepa-
TypHOMY iHTepBai (10-100)°C. 3a xopoTKmit
IIPOMDKOK 4aCy TaKMIl HaIliBIPOBIHUK IIif
TI€I0 eIeKTPUYHOIO CTPYMY HarpiBa€TbCsA [0
3aJJaHoOl TeMIlepaTypy, IpU LIbOMY OIIip J10Tro
30i/IbIIYEThCS Ha HeKiTbKa MOPSAAKIB BeMN4n-
HY, i BiH Have «BifiKkI0uae» cebe Bif mKepena
KupeHHA. CIIOXMBaHHA €/1eKTPUYHOI eHep-
ril 3MeHIIyeTbcsA A0 MiHIMyMYy, HeobXimHOro
IJIA MITPUMYBAaHHA 33/IaHOI TeMIepaTypu,
AKY €lIeMEHT IiATPUMYE, He IeperpiBalodmch.
IIs BIacTMBICTb TaKMX MaTepiajiB 3a/IEKUTh
BiJl XiMi4HOTO CKJ/IaJy, AKOCTi BUXiJHUX KOM-
IIOHEHTIiB, PeXMMiB cuHTe3y. HaykoBuamm
BifIi/Ty BCTQHOB/IEHO OCOOMMBOCTI yTBOPEH-
HS HaIliBIIPOBITHNMKOBUX (a3 B CETHETOEIEKT-
puyHOMY TuTaHati 6apito (Ba, Ln )TiO, npu
reTepoBaJIeHTHOMY 3aMillleHHi i0HiB 6apiio
ioHaMU pifiKiCHO3eMeNbHUX e/IeMeHTiB: Sc, Y,
La, Nd, Sm, Dy, Lu. Taxki 3amimjeHnHs npusBo-
JATH IO YTBOPEHHA CTPYKTYPM II€POBCHKITY
B IIMPOKOMY iHTepBaji KOHLIEHTpaliil, B Me-
Xax fKOrO iCHYIOTb TeTparoHajbHa, KyO0id-
Ha ¢asy Ta ixHA cymim. Bmepure orpumaHo

10

HAIiBIPOBiJHMKOBUII MeTaTuTaHaT Oapilo 3
JaCTKOBJM 3aMillleHHAM TUTaHy MOiOIeHOM.
BcraHoBeHO (a3oBuil CKIaj IPaHUIIb 3epeH
KepaMiky, AKMII BifIOBifja€ 3a BUMHMKHEHHA
MO3UCTOPHUX BIacTMBOCTel. Ha mnpukmazi
TuTaHaty 6Oapito (Ba, Y )TiO, BCcTaHoBnIEHO
HU3KY KOpeJIALi MK pajiiycoM 3aMilllyBaslb-
HOrO i0Ha 1 pO3MipOM 3€pHa MO3UCTOPHOI
KepaMiKl, MOXX/IMBICTb YIPABIiHHA MIiKpo-
CTPYKTYPOIO 1 BEIMYMHOK BapUCTOPHOTO
eeKTy IO3MCTOPHUX MaTepialiB IIIIXOM
i30Ba/IeHTHOTO 3aMillleHHs B Hifrparkax Oa-
pif0o i TUTaHy, 3MiHy IHIOMX BJIACTUBOCTEN
L/IAXOM BBEEHHs Pi3HUX [OMIIIOK AIZO3,
§iO,, TiO,, GeO, i Si,N, a Takox 6e3K1CHeBUX
cnonyk TiB,, TiC, TiN, BN (na posmmpenns
qJ 3HVDKEHHA TeMIIepaTypy CHiKaHH:A) MO3M-
CTOPHMX MaTepiaJliB, 110 B pe3yabTaTi JO3BO-
JIAJIO CHHTe3yBaTy MaTrepiaay 3 HeoOXigHMMNU
xapakrtepuctukamy. CUHTe30BaHi MaTepiaan
HarpiBaJIbHMX KepaMiYHMX e/leMeHTiB Oyso
BUKOPYICTAHO IS (PiIbTPiB TOHKOTO OUMIIEH-
HA namBa gusenpHux asuryHis (A. I Binoyec,
JI. JI1. KoBanenxo, O. 1. B’ronos). Pospo6neno
TAKOXX €/IEMEHT) Ha OCHOBi CETHETOENEKTPU-
KiB-HaIliBIIPOBiIHUKIB VI BUKOPUCTAHHA B
HM3bKOBO/IBTHUX HArpiBaJIbHUX IPUCTPOSX,
AKi camoperymorThcs. Po3pobieni HarpiBaui
PO anpo6allilo Ha OKPeMUX BiTUYM3HS-
HUX IiJIPUEMCTBAX.

Hanoposmipni mamepianu. 3aBIAKYU INPO-
KOMY CIEKTPY L[iHHMX Ta YHiKa/JIbHUX BIaCTH-
BOCTEJ HAHOPO3MipHi Marepianu MaloThb Be-
NMKi TEePCIEeKTUBY BUKOPUCTAHHA y Pi3sHMX
cepax HayKM Ta TEXHiKM, BK/TIOYAI0UM MEIN-
LIMHY. 30KpeMa, MarHiTHi HaHOYaCTMHKM Ta
HaHOCTPYKTYpPM Ha IXHilI OCHOBi BXe BUKO-
PUCTOBYIOTb Y MarHiTHO-pE30HAHCHII TOMO-
rpadii (MPT), 3a ajpecHoi focTaBKM JIiKiB.
HaykoBnii iHTepec 10 HAaHOYACTMHOK MAaTHIT-
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HUX MaTepiajiB 3yMOB/IEHUIA, 3a CTOBAMM aKa-
fleMiKa, MOXK/IMBICTIO IXHbOTO BUMKOPUCTAHHA
B pOJIi IH[YKTOpiB MarHiTHOI rineprepmii. I1ix
Ii€r0 3MiHHOI'O MAarHiTHOTO MO/ TaKi HaHO-
YaCTMHKM HarpiBalTbCA [0 TeMIEPATypu
43-45 °C, 3a AKOI TMHYTb OHKOJIOTi4Hi KiIi-
TUHU. JI/IA yCHiNIHOrO BUKOPUCTAaHHA BOHU
IIOBMHHI BIJIIOBiJaT¥l HACTYIIHUM BMMOTaM,
a caMe: MaTy Maji po3Mipy, cnabky ariome-
pallilo, cyneprapaMarHiTHi B1acTUBOCTI, 6io-
JIOTIYHY CYMICHICTD i3 >XMBUMM OpraHiZMaMu
Ta 3JaTHICTh epeKTMBHO HArpiBaTmCs Ipu Aii
3MiHHOTO MarHiTHOTO IIO/JS OO 3aJaHUX TeM-
neparyp.

Y Bipmini xiMmil TBepAOro Tina mif Kepis-
Huursom A. I. binoyca rpyma HayKoBLiB
(C. O. Comoman, 0. 10. Inama, O. II. ®e-
[IOpPYYK) i3 METOI0 CTBOPEHHS TaKMX Mare-
piajiB mocCaiguia ABa TUIM MarHiTHUX CIO-
YK, 3 AKMX MOXKe OYTU CTBOPEHO iHAYKTOpU
MarHitHol rineprepmii. Ilepmmit — ne cunTe-
30BaHi KpiOXiMiYHMM METONOM MarHiTHi Ha-
HOYaCTMHKM Ha ocHOBi Fe,O, 3i cTpykTyporo
LINiHeNi, a ApyTMil — HAaHOYACTMHKM Ha OC-
HOBiI MaHraHiTy saHTaHy-cTpoHuioo (La,Sr)
MnO, (LSMO) 3i cTpyKTypow HepOBChKiTY,
1110 37JaTHi HarpiBaTyCA Mpy il SMiHHOTO Mar-
HITHOTO TO/I. ABTOpPCbKa IpyIla BCTAHOBUIIA,
w0 HaHOYacTUHKYU Fe O, XapakTepusyoTbcs
HaJBUIIOI0 epeKTUBHICTIO HAarpiBy B 3MiHHO-
My Mar"itHomy moni (34 B1/r). Pospobrneni Ha
ocHosi Fe,O, maruiTHi pigunu Bunpo6ysano B
€KCIIEPUMEHTAX in Vitro Ta in vivo MeUKaMu 3
[HCTUTYTY eKcliepyuMeHTaNbHOI IaTOJIOTii, OH-
Kororii Ta pagio6iomorii im. P. E. KaBenbkoro
HAH VYkpainn. ITokasano, 1110 BUKOpUCTaHHA
MAarHiTHOI PiAVIHM Ha OCHOBI HaHOYaCTMHOK
Fe O, B moenHaHHi i3 [i€10 3MiHHOTO MarHiT-
HOTO TOJIS JJa€ TIO3UTUBHUI edeKT: 06pobe-
Ha IyX/IMHa He TiIIbKM 3YIMHA/NA CBIiMl PICT, a
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HaBITh 3MEHIIIYBa/IacA 10 IOBHOTO PyVHYBaH-
Hf, OJHAK 3MilIaHMiT OKCKf, GpepyMy Mae BM-
coke 3HaueHHA Temnepatypu Kropi (~ 585 °C),
1110 MO>Ke NPU3BOJSUTH IO HEKOHTPOIbOBAHO-
IO HarpiBy Ta IEPErpiBy 370pOBMX TKaHMH. Ha
BiMiHY Bifj Hboro Temneparypa Kropi MaHra-
HITiB JJAHTAHY-CTPOHIIiIO 3a/IeXKUTD Bif Ximiu-
HOTIO CKJIajy, 10 JA€ MOXK/IMBICTh 3MiHIOBATH
Ta KOHTPOJIIOBATM 1 B Jlialla3OHi TeMmIlepa-
Typ, HeoOXigHMX i rineprepmii. BcraHoB-
JIEHO, IO Kpallli XapaKTEePUCTUKM JEMOHCT-
pyoorb HaHodacTku LSMO, dAki cuHTe3oBaHi
30/1b-T€b-MeTOJOM. TaKi HAHOYACTMHKM Xa-
PaKTepU3yIOThCA BUCOKOI epeKTUBHICTIO Ha-
IpiBy B 3MiHHOMY MarHiTHOMY IO/ Ta 3[jaTHi
MiTPUMYBATy IOCTIHY TeMIIEpAaTypy Harpi-
BY, 110 HaJi3BMYallHO BaXX/IMBO IIPU caMope-
Ty/IbOBaHill MarHiTHIN rinepTepMii. Bukonani
TOCTIPKEHHA TOKa3ay, 10 32 YaCTKOBUX 3a-
MillleHb Yy MiJIpaTKaxX JJaHTaHy iOHaMI HEeO[ -
My Ta camapio abo MaHrany ionamu dpepymy
MO>KHa IIJITaBHO Ta 3 BMCOKOI TOYHICTIO Kepy-
BaTy TeMIIEPaTypOIO HArpiBy Yy BY3bKOMY [ia-
nasoHi. lle BigkpuBae npuBabnuBi nmepcrek-
TUBU IIPY BUKOPUCTAHHI IX y poJIi iHIYKTOpIB
Mar”iTHOI HaHorineprepmii. JocnimKkeHHA
MarHiTHUX BIACTUBOCTEN CMHTE30BAHMX Ha-
HOYACTMHOK BMKOHYBaJI/i B KOOIEpalii 3 Ko-
neramn 3 Incruryry marmermsmy HAH Ta
MOH VYkpainu. KoMmnekc IuToMOTiYHNX [0-
CIIJKEHD N Vitro Ta in Vivo, IpOBEeHNX KoJle-
ramu 3 [HcTuTyTY Mikpobiosorii Ta Bipycomo-
rii im. [I. K. 3abonornoro HAH Ykpaiuu, Ta-
KOX IiZITBEpAVB HU3bKY TOKCMYHICTh MarHiT-
HIUX pifiuH Ha ocHOBi HaHO4acTOoK LSMO i mo
BOHI IIPY BHYTPIiIIHbOIIYX/IMHHOMY BBEJEHHI
He CIPUYMHAITH MOPYLIEHHA TiCTONOTiYHOI
CTPYKTypM Ta (PYHKIiil OCHOBHMX OpTaHiB.
HocnifkeHHsa in vivo 3 Koneramu 3 Iactury-
Ty €KCIIEpMMEHTA/IbHOI IIaTOJIOTil OHKOJIOTil
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Ta papio6ionorii im. P. E. KaBerpkoro Takox
CBifiuaTh Ha KOPUCTD TOTO, 1[0 BUKOPUCTaHHA
MarHiTHUX HAHOYacTOK MaHraHity LSMO B
MMO€EMHAHHI 3 Ii€l0 3MiHHOT'O MaTrHiTHOTO II0JIA
TO3BOJIAE€ 3MEHIINTH Ta 3 YACOM IIOBHICTIO 3Y-
IVHATY PiCT OHKOJIOTIYHUX ITYX/INH, a B HU3II1
BUIIAJKiB IMOBHICTIO NPUNMHUATY PICT IMyX/INH
(C. O. Comnorman).

IIle opyH KOCUTD HOBUII /IS Bifjiny 06’ eKT
TOCTIIDKEHHSI — HAHOYACTUHKU CeOZ: CUHTE3
3 06epHEeHNX MiKpOeMY/IbCill Ta BUBYEHHS iX-
HbOI 6ioorivnoi akTuBHOCTL. HanouacTuHKM
CeO, npuBepTalOTh yBary BYEHUX Yepe3 MOXK-
NMUBICTh TIPOABIIATY 3HA4YHI aHTMOKCUIAHTHI
BJIACTMBOCTI IIpY JIIKyBaHHI HU3KM 3aXBOPIO-
BaHb, HAIIPUKJIaJ], XBOpoOu AsblireiiMepa abo
st 60poTHOM 3 HAC/TiAKaMV OKCUAATMBHOTO
crpecy. CizibHO 3 Kozeramu 3 IHCTUTYTY eKc-
nepuMmeHTanbHoi ¢isukn CAH (M. Komme,
CroBayurHa) B eKCIIepMMEHTaX in vitro Ha
npukaaji aminoigaux ¢ibpun iHcyminy mo-
Ka3aHo, 1110 CMHTe30BaHi y Bifi/li HaHOYacC-
TUHKY JIOKCULY LIepi0 MalOTh aHTUAMITOIHY
aKTUBHICTb, TOOTO BOHM 3JaTHi AK pyilHyBa-
T BXe chopmoBani aminoigni ¢ibpunu, Tak
i cioBinbHIOBaTM yTBOpeHHS HOBMX (iOpumiL.
[Tapanenpno Konerm-onkonorm 3 IncTury-
Ty €KCIIePMMEHTA/IbHOI I1aTO/IOril OHKOJIOril
ta papgio6iomorii im. P. E. KaBerpkoro HAH
YKpainu B eKCiepyMeHTax in Vitro IoKasam,
1110 CMHTEe30BaHi HAHOYACTVHKU LiePill JiOKCH-
Iy XapaKTepyU3yIOTbCS KaTalas3o-NOAiOHO0
aKTUBHICTIO (1110 € OHMUM 3i CITOCO6IB OI[iHKM
AHTMOKCUIAHTHOI aKTMBHOCTI), a TaKOX Oio-
JIOTIYHOI CYMICHICTIO 3 KMBUMM K/IiTMHAMMU
(A. T. Binoyc, C. O Comnoman, 0. 10. [llnamna).

Y mraHax cbOrOfeHHA i1 Ha MaliOyTHE aKa-
meMmik A. I. Binoyc Hanjinennit Ha nofaabLINIt
PO3BUTOK i CTBOpEHHS HOBUX (PYHKIIIOHA/Ib-
HUX MarepianiB yIi HaJBMCOKOYaCTOTHOL
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TeXHiKM, MaTepiajliB Ha OCHOBI HEOPraHIYHMX
1 OpraHo-HeOpraHiYHMX CHUCTEM 13 KaHajb-
HOI0 CTPYKTYPOIO ISl Of€p>KaHH:A, aKyMy/iA-
1jii Ta 306epiraHHs eHepril; BUCOKOZOOPOTHMX
IieNeKTpUYHUX (HEeMarHiTHMX) i MarHiTHUX
MarepiamiB i po3poOneHHA Ha IXHIiil OCHO-
Bi €JIeMEHTIB JJIl CUCTEM CY4acHOTO 3B SI3KY,
MauIMHOOYyBaHH: Ta IHIINX rajaysei BUpoO-
HUIITBA, CMHTE3 1 JOCTig>KeHHs BIaCTUBOCTEN
Pi3HOMaHITHMX HAHOYAaCTOK OKCUIHMUX CUC-
TE€M /11 BUKOPMCTaHHA B MEJULIVHI.
Hayxkoso-opeanizayitina OisnvHicms. AHa-
TOJN IpuropoBu4 Mae Iy HU3KY HayKo-
BO-OpTraHisaliifHux i rpoMajcbKux 3000B’s-
3aHb 1 mpuAinse iM 6araro yBaru i gacy. Bipo-
JIOBX JeCATU POKiB BiH OyB WieHOM OI0po Ta
3aCTYIIHMKOM aKaJieMiKa-cexkperapsa Bingi-
nenHa ximii HAH VYkpainnm; unenom Kowmi-
TETy 3 Jep>KaBHMX IIpeMill YKpaiHu B ramysi
HayKM i TeXHIKM; BXOAUTD [0 CKIAAy CIlellia-
nisoBanux BueHux paj [SHX HAH Ykpaian
ta HTYY «KIII» i3 mpucyjgkeHHA BY€HOTO
CTyIIEHA MOKTOpa HayK; 4iIeH BYEHOI paau
IncturyTy. barato pokis Tomy A. I. binoyca
Oy/10 BBefIeHO 10 CK/Ialy pefaKLiliHOl Kojerii
«YKPaIHChKOrO XiMi4HOTO >XypHamy», i BifiTo-
Il BiH € IOCTIIHMM aKTVBHUM J10IO aBTOPOM.
3 TpaBHA 2017 yoTupu poku AHaronii binoyc
0yB wienoM HaykoBoro komireTy Hanionans-
HOI pajgy YKpaiHM 3 IMTaHb PO3BUTKY HAyKU
i Texnomoriit mpu Kabineti MinictpiB Ykpa-
inn. HeomHopa3oBo OyB y cKlIaji HayKOBMX
OpPTKOMiTeTiB MDKHApOTHMX KOH(QepeHIiil Ta
3'13xiB. Boxe monax 20 pokis bBinoyc y cxmani
61opo Haykosoi pagn Bigpinennsa ximii HAH
Ykpainu 3 nmpobnemu «Heopraniyna ximis» €
IHIIIIaTUBHUM, PETEIbHUM 1 aKTUBHUM II 4Jie-
HOM, a 3 2024 poKy — i10ro 06paHO rOJI0BOIO
i€l pagyu. Y KO)KHOMY HayKOBOMY 3aXOfi, SKi
opraHisoBye paja (ykpaiHCbki KoH(epeHIii
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4y BUI3HI cecil, KpyI/ii cTonmm 4y ceMiHapm),
Amnaroniit Ipuroposud saBxan 6epe akKTUBHY
y4acTb y poOOTi 3aX0Ofy — BUTO/IOLIYE SICKpa-
Bi 3MICTOBHI JIONOBiZi LO/I0 CYYaCHUX OCIi-
IKEeHb cnino6iTHMKiB OYO/JIOBAaHOTO HUM
KOJIEKTUBY, JNIMTbCA 3 KOJIE€raMy BIACHUMM
YMKaMJ BiTHOCHO Ppi3HMX HayKOBMX (yH-
NAaMEHTA/JIbHUX NUTAHb XiMil, iHTepIpeTalil
pes3y/IbTaTiB eKCIepUMEHTY YU pO3B’s3aHHSA
IpUKIagHUX 3a/a4. Tak, akafemik A. I. binoyc
pasoMm i3 akagemikom P. €. ImapmmeBcbkum
(HmHi pekTop JIBBIBCHKOTO HaIiOHa/JIBHOTO
yHiBepcureTy iMeni IBana ®panka) Ta mpo-
¢decopom, fokTOpoM XiMivHMX Hayk I. €. bap-
giem (Y>xHY) 6ymm Ha 4omi oprkomirery Ta
3YMiIM IONIpy yCi TPYAHOILI BOEHHOTO CTaHy
B YKpaiHi nposectu 3-6 4epBHA 2024 poky
«XXI MixHaporHy KoH(epeHLil0 3 Heop-
raniyHoi ximii Ykpainm» (XXI ICICU), ska
Bifbynacsa B M. Yxropop Ha 6asi JBH3 «Yx-
TOPOJCHKMII HAILiOHAJIbHUI  YHIBEPCUTET».
Y nnenapHiit gonosifi A. I. Binoyca rmnocsa
IIPO HOBIi JOCTI/IKEHHA 1 IMOMIYK NUIAXIB CUH-
Te3y cnabkoaroMepoBaHNuX (pepoMarHiTHUX
HAHOYACTOK i3 pisHMMM CTpyKTypamm (Iimi-
HeJTi, TepPOBCHKITY 1 rekcadepury 6apiro), ski
MOXYTb 3HANTU i 3HAXO[ATb BUKOPUCTAHHA
Ipy pPO3pOOIeHH]I C1CTeM MarHiTHOTO 3aINCY,
y HBY-cucremax, misa BUKOPUCTAaHHA B Me-
mvuyai (MPT, rineprepmis, gocraBka ikiB)
Tom[o. Y pesynbTari Iiel pob6oT pospobie-
HO OINTUMIi30BaHi METO[M CUHTE3Y i Ha OCHO-
Bl CUHTE30BaHMX MAarHiTHMX HAHOYaCTMHOK
CTBOPEHO MarHiTOKepOBaHi NPUCTPOIL, 30Kpe-
Ma HeJTiHiVHI pe30HaHCHI MiKpOXBUJIbOBI efle-
MeHTH. Ofiep>KaHi pe3y/nbTaTy € TaKOX Ilep-
CIEKTMBHMMM 1 JI/I1 CTBOPEHHS P€30HAHCHUX
HBY-cTpyKTyp pisHOro npmsHa4eHHS.

CBOI0 HayKOBO-OpraHisaliliHy Jif/IbHICTb
Amnaromninn Ipuroposuy binoyc Ha cporopni

https://ucj.org.ua

CIpAMYBaB Ha NPOBENEHHSA CIIIJIBHUX HOCII-
JPKEHb Ta CIIIBIIPAII0 3 HMU3KOK HAayKOBMX
3aK/IafiB, y TOMY 4MCIi 3 Kademporo Heopra-
Hi4HOI XiMii /IbBiBCHKOr0O HalliOHA/IBHOTO YHi-
BepcuteTy iMeHi I. PpaHKa CTOCOBHO KpucTa-
JOXiMil HEOpraHiYHUX CHONYK, 3 IHCTUTYyTOM
npo6yem marepiamosHaBctsa im. I. M. @pan-
uesnya HAH VYkpainu, Kuiscbkoro Hamjio-
Ha/IbHOTO YHiBepcurery imeHi Tapaca Illes-
4YeHKa, [HCTUTYTOM eKCIepMMeHTabHOI Ia-
Tosorii oHKororii Ta pagio6ionorii im. P. E. Ka-
Benpbkoro HAH VYkpainu Ta inmmmu, y Tomy
qyCIi 71 3apyOKHMMI HAYKOBYMMIU 3aK/IalaMIL.
CBif4eHHAM MDKHApOJHOTO aBTOPUTETY BYe-
HOTO € IIOCTifiHi KOHTAaKTH i3 3apyObKHUMM
koneramu. Voro HeoTHOPa30BO 3aIPONIyBaIV
mo HayKoBuXx LeHTpiB Cnosenii, ITanii, e Bin
YUTaB JAEKIIil.

IlTopoxky y 6epe3ni HanionanpHa akagemis
HayK YKpaiHM IpPOBOJUTH HAyKOBi 4MTaHHA
Ha BIIAHYBaHHS IIaM ATi CBOTO NEPIIOTO IIpe-
3UJIEHTa — HayKOBLA-IIPUPOJOLOCIiIHNKA,
icropuka, ¢inocoda i1 opranizaropa Hayku
akafieMika Bomogmmupa IBanoBmua Bepnap-
cbkoro (1863-1945). Ha unrannsax 2025 poky
A. I. binoyc BUrO/IOCMB HayKOBy JOIOBifb
«Po3pobnieHHsT NiBKOBUX KOMNOSUUIUHUX Jii-
miil- ma Hampii-nposioHUx enekmponimie i
eneKmMpPOOHUX mamepianie 018 meepoominy-
HUX AKYMYTIAMOPi6», Y AKil TOBiJOMUB, 1110 [H-
CTUTYT 3arajibHOI Ta HEOPTaHivyHOI XiMil iMeHi
B. 1. Bepragcokoro HAH Ykpainn (a came Bin-
min ximii TBepmoro tina) i1 IHcTUTYT copoLii Ta
npo6em enpoexonorii HAH Ykpaiun noyamu
BUKOHYBaTHU IIPOEKT i IPOBOANUTY CITi/IbHI 10-
CIIJPKEeHHA 31 3rajjaHol TeMaTuKu. Bin koporT-
KO OIIMCaB IepIli Ofep)KaHi pe3ynbTaTy i OK-
pecIuB HalpsAMMU TIOAA/IbIIOI POOOTH, MaO4n
Ha METi CTBOPEHHS TBEPHAOTIIbHUX aKyMYy/is-
TOPIB /IS €/IeKTPOMOOI/IIB i He TiMbKU.
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Haykosa wixona «Ximis meepdozo mina».
HaykoBa mkorna — 11e HacaMmIiepep migep, reHe-
partop ifen Ta 3aCHOBHMK HOBMX aKTya/IbHUX
HaIIPAMKIB IOC/i/I)XeHb, CIIPaBXXHill KEPiBHUK
KOJIa CIiBPOOITHMKIB i OJHOIYMIIiB, HAacTaB-
HJK Ta BUXOBaTe/Ib HAYKOBOI MOJIOJI — Y4HIB,
acripaHTiB, 3700yBauiB. Came TakuM JIijlepom
i 3aCHOBHMKOM MIKOMY, Oe3nepeyHo, MO>KHA
BBakaTu AHatornis Ipuroposuya binoyca. Bin
Ma€ 3HAYHUI HAYKOBMII Ta HAayKOBO-TEXHIY-
HUJ JOCBifi y PO3pOOIeHHI BUCOKOSKICHUX
HBY-pienekTpuyHmx MaTepiais, a TAKOX pa-
IiomeTaney Ha IXHiMT OCHOBI, HOBUX KaTiOHHMX
IPOBIJHMKIB; Y CMHTE31 Ta JOCiIPKEHHI Ccer-
HeToeNeKTpuKiB-HamiBnposiguukis (IITKO-
TepMicTOpu); Y HBOCIi/KeHHi enekTpodiznd-
HUX B/IACTMBOCTEN CIOAYK i MarepiamiB y
IIPOKOMY YaCTOTHOMY Ta TEMIIEPATyPHOMY
AianasoHi; y CMHTE3i HAHOPO3MipHUX IIIIBOK i
MOPOUIKiIB CK/TaJJHMX OKCUJHIX CUCTEM.

Cam AmHaroniit Ipuroposny, 7ioro y4Hi ta
CIiBpOOITHUKY Bifjiny HeomHOpasoBo Opa-
JIM yYacThb B YKPaTHCHKUX (peciry6/iKaHCbKIX
Ta 3 MDKHApOJHOIO YYacTi0) i MDKHapOZHMX
KOH(epeHLiAX Pi3HOTO piBHA 3 IJIEHAPHUMY,
YCHMMM Ta 3anpouieHumu gonosigamu. Hay-
KOBi Ipali crniBpoOITHUKIB Bifjiny mmpoko
IUTYIOTh ¥ (paxoBMX Ta MDKHAPOJHNX HAYKO-
MeTPUYHMX 0a3ax JaHMX.

A. T. bimoyc € aBTOopoM Ta CHiBaBTOpOM
TPbOX KHVDKKOBMX BUJAHb, KiZTbKOX OITIAMNIB,
PO3MIillleHNX Y KHVDKKOBMX BUAHHAX, IIOHAJ,
360 crateill, AKi GUTYIOTh Y HAYKOMETPUYIHUX
6asax manux Scopus, Web of Science, i monap,
80 maTeHTiB. Joro memaroriyHa IisUIbHICTD He
00OMEeXYEThCS TIIbKM KePiBHUI[TBOM HAyKOBM-
MU poboTaMu acmipaHTiB Ta 3700yBadiB. Bin
yyTae Kypc JeKILil 3 Ximil pajioMarepiais,
«Ximis MaTepianiB» i «PizuyHa XiMis TOBepX-
Hi HamiBIpoBigHUKiB» Ana crymeHTiB HTYY
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imeni I. Cikopcpkoro «KuiBcbknii mosiTexHiv-
HUIT iHCTUTYT». BrcTynae, sk Bxe Oyro 3a3Ha-
YeHO BMUIIE, 3 ONOBiAMM Ha KOHpepeHIifX,
HAayKOBMX CeCiX Ta IHIIMX HAyKOBUX II/IaT-
¢dopmax. CBOIMM OCOOMCTUMM SKOCTSIMU —
KpeaTMBHUM MMC/IEHHAM 1 Ipale3faTHICTIo,
BUMOITIMBICTIO 1o cebe i Kojer Ta 4yiHUM
CTaBJIEHHAM [IO JIIOfEl — BiH IOfla€ IPUK/Iaf
i3ala€ TOH OUCHUIIIIHOBAHOCTI, BiIIOBiganb-
HOCTi Ta B3a€EMOJOIOMOIY YCbOMY KOJIEKTU-
By Bifgfimy. 3a poKM KepiBHMITBa Bifminmom
A. T. Binoyc migroryBaB 611M3bKO [BafLATU
KaHAMJATiB XiMIYHMX HayK i JOKTOPiB dinoco-
¢ii (ximis), YacTMHA 3 AKNX I CbOTOAH] ycIim-
Ho npawoe B [nctutyTi (O. I. B'ronos, /1. /1. Ko-
BajieHKo, O. 3. fnueBcpknuit, T. O. IInyTenxo,
C. O. Cornomnas, 0. 0. Ilnana, goxropu ¢i-
nocoii I. B. JlicoBcpkmit, I1. B. TopumHIoK,
O. I1. ®egopuyk). Monopai HaykoBILi Ta acmi-
paHTM Biffiny — y4Hi binoyca, HeogHOpaso-
BO OfiepKyBaju npecTipbkHi Haropoan HAH
Ykpainu (modecHi TpaMoOTH, T'paHTH), CTHU-
neyaii IIpesmpgenra YkpaiHu pamsa Monopgux
BYEHMX, CTUIIEHII Ta npeMii BepxoBHOi pagu
YKpainy HaiTaTaHOBUTIIIMM MOJIOGUM ydYe-
HUM Y Tanysi QpyHfaMeHTa/NbHUX i MpUKIaf-
HUX JIOC/TiJP)KeHb Ta HayKOBO-TEXHIYHUX pO3-
po6bok. Y 2021 poui y4ens A. I. Binoyca Cep-
rit CononaH 3axucTuB paucepranio «CuHTeS,
CTPYKTypa Ta BJIAaCTUBOCTI HAaHOPO3MIpHUX
MarHiTHUX CHCTEM Ha OCHOBi OKCHUJIHMX CIIO-
YK 31 CTPYKTypaMM IIIIiHEl Ta IEePOBCHKi-
Ty» 1 OTpUMaB HayKOBMII CTYIiHb JOKTOpa
xiviyHux Hayk. He 6yze 3aiiBum popary, mo
y 2024 poui KonekTuB criBpobiTHNUKIB [HCTH-
TyTy Bucnosus Cepriro Onexcangposuay Co-
JIONIaHy HOBipy i Maibke OZHOCTAlHO 06paB
jioro pupekTopoM IHcTUTYTy 3aranpHOi Ta
HeopraHivHoi xiMmii imeni B. I. BepHagcpkoro
HAH VYkpainmn.
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Amnatoniit Ipuroposuu binoyc 3a 6araro-
NITHIO TBOPYY IpAaIl0 Ta BaroMi 3HOOyTKM y
rajysi HeopraHi4yHOI Ximil TBepHoOro Tiza OT-
pUMaB HACTYIIHi HAYKOBi 3BaHHA, HATOPOAM i
BifI3HAKU:

— BYEHE 3BaHHA 4YIE€HA-KOPECIIOHMIEHTa
HAH Ykpainu (2000 p.);

— ITIOYECHE 3BaHHA 3aC/Ty>KEHOTO Jiisfya Hay-
k1 i TexHiku Ykpainm (2004 p.);

- cTaB naypearoMm Jlep>kaBHOI mpemil YKpa-
iHu B ranysi Hayky i TexHiku 3a po6ory «IH-
TEepMEeTAJIiIN, TiAPUIAY Ta OKCUAM SIK OCHOBa
HOBMX €HeproouagfHux Marepiamis» (2008 p.);

-y 2009 poui Bigginennsa ximii HAH Ykpa-
IHU o6pa)10 yoro pinicHuM wieHoM Hario-
HaJIbHOI aKaJieMil HayK — aKaJeMiKOM;

-y 2017 poui Bigginenns ¢isukn i actpo-
Homii HAH VYkpainn npucynuno A. I. Binoycy
HaykoBy npemito HAH VYkpainu 3a Bupatsi
poboru y ramysi npuknagHoi ¢isuky, a came
npeMilo, Ha3BaHy Ha 4ecTb YKpaiHCbKoOro ¢i-
3MKa, BMHAXiJHMKa, MyOIiumcTa Ta rpoMas-
cpkoro fifg4a Isama IlaBmosmua Ilymos, 3a
PO3pO6IEHHA HOBMX OKCHIHMX HaHOMarepi-
aJIiB /11 eIeMeHTiB iH(bopMauiﬁ[me CUICTEM,
MarHiTHUX OXOJIOJPKYBayiB Ta CAaMOKOHTPO-
JIbOBAHMX MarHiTHUX HarpiBadyis.

Y 2019 poui 3a 3acmyru y pO3BUTKY Ximiu-
HOI HayKM, IiITOTOBLI HAayKOBMX KafipiB Ta
aKTMBHY y4acCTb y TPOMaJiICbKOMY XUTTi AHa-
tosiAg [puroposuya binoyca HaropomxeHo op-
feHoM KHA34 fpocnaBa Myaporo V crymens.

Konextus cniBpo6iTHukiB IHCcTHTYTY 3a-
rajibHOI Ta HeOpraHiyHoi XiMii iMeHi B. I. Bep-
Hagcbkoro HAH VYkpainam, ynenn Haykosoi
pagu BX HAH VYkpaian 3 npo6nemu «Heop-
ra”iyHa ximis», pegKorneria « YKpaiHChKOTO Xi-
MIYHOTI'O JXypHaay» Ie€peJaloTh IMPi BiTaHHA
Amnaromniro Ipuroposuuy 3 Haropgy 75-pivud 3
IHA HapOJ>)KeHHA!

https://ucj.org.ua

baxaemo Bam, BemrbMuImaHOBHUII AHa-
toniro IpuropoBuuy, mMinfHOro 3mopom’s it
POAVMHHOrO OnMaromony4y4s, HOJATBLIIOTO
3MinHeHHA Bamoi HaykoBoi mxonm «Ximisg
TBEPAOTO Tila», HOBUX TBOPYUX 3X00YTKiB
Ta 3BepIIeHb 3apajy HAYKM i HalIoi Kpainm!
Xait HiKo/Iu He MOKKgae Bac npuramanHmMin
Bam ontumism! Xait Bam macturs!

I
ACADEMICIAN ANATOLY BILOUS -
AN OUTSTANDING SPECIALIST

IN SOLID STATE CHEMISTRY
(to his 75" hirthday).

S.0. Solopan
https://orcid.org/0000-0001-8079-3626
L.B. Koval
https://orcid.org/0000-0002-3931-2672

'V.I1. Vernadskyi Institute of General and
Inorganic Chemistry of the National Academy
of Sciences of Ukraine,

32/34 Ave. Acad. Palladina, 03142 Kyiv,
Ukraine

e-mail: koval@ionc.kiev.ua

Academician of the National Academy of
Sciences of Ukraine Anatoly Grigorovich Bi-
lous, Doctor of Chemical Sciences, Professor,
a well-known specialist in the field of physical
and inorganic chemistry, solid state chemistry,
physics of semiconductors and dielectrics.

Anatoly Bilous was born on May 8, 1951 in
the village of Grushka, Khmelnytskyi region.
Graduated from NTUU «Kyiv Polytechnic In-
stitute», Faculty of Radio Electronics (1974),
postgraduate studies at the L. Ya. Karpov Physi-
cochemical Institute (1977, Moscow). Defended
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his candidate’s thesis, «Influence and study of
some ferroelectric and antiferroelectric metal
oxides and assessment of their prospects for
use in microwave technology,» at the Institute
of Steel and Alloys in 1978 (Moscow). And
since the same year to the present time, he has
been working at the V.I. Vernadsky Institute
of General and Inorganic Chemistry NAS of
Ukraine, and has been the head of the Depart-
ment of Solid State Chemistry (since 1983). He
defended his doctoral dissertation, «Synthesis,
structure and properties of heterosubstituted
oxides based on elements of groups III-V» in
1991. Scientific directions concern the study of
the formation conditions, structure, and pro-
perties of complex oxide systems and the deve-
lopment of highly effective materials based on
them. Together with the employees of the de-
partment, Bilous developed methods for cont-
rolling the properties of oxide systems similar
in chemical composition - from dielectrics to
cationic conductors and semiconductors, and
established the regularities of the formation
of macroparticles of oxide systems (alumi-
nates, ferrites, zirconates, titanates) with a gi-
ven particle shape. He obtained new functional
materials: high-permeability and high-induc-
tion ferrites, new dielectrics for ultrasensitive
equipment, superconducting materials, and
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ionic conductors by finding a correlation be-
tween the methods of production, structure,
and properties of the material. A. Bilous is also
engaged in scientific and pedagogical activi-
ties. He has prepared one Doctor of Chemical
Sciences and about two dozen Candidates of
Chemical Sciences and Doctors of Philosophy
in the specialty «Chemistry». Scientific results
have been published in the form of articles
published in Ukraine and abroad, protected by
copyright certificates of the USSR and patents
of Ukraine. In 2018, A. Bilous and S. Koby-
lyanska published the monograph «Oxide Li-
thium-Conducting Solid Electrolytes». A.G.
Bilous was awarded the title of Honored
Worker of Science and Technology of Ukraine
(2004); he is a laureate of the State Prize of
Ukraine in the field of science and technology
(2008) for the work «Intermetallics, hydrides
and oxides as the basis of new energy-saving
materials», the I. Pulyuy Prize of the Nation-
al Academy of Sciences of Ukraine (2017).
In 2019, he was awarded the Order of Prince
Yaroslav the Wise, V degree.

Keywords: inorganic chemistry, solid-state
chemistry, ferromagnetic materials, dielectrics,
cationic conductors and semiconductors, fer-
romagnets, nanostructures, perovskite, scien-
tific school.

Crartsa Hagivia: 01.04.2026.
CrarTio npuitHATO [0 APyKYy: 16.04.2026.
CratTi0 omy67ikoBaHO: 25.05.2026.
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CATALYTIC PROPERTIES OF CARBON POWDER WITH DEPOSITED

REDUCED GRAPHENE OXIDE IN THE ETHYLENE HYDROGENATION.

V.V. Nosach'? http://orcid.org/0000-0003-1278-9507
I.B. Bychko'  http://orcid.org/0000-0002-4164-3024
P.Ye. Strizhak' http://orcid.org/0000-0003-0280-8719

'L.V. Pisarzhevskii Institute of Physical Chemistry
of National Academy of Sciences of Ukraine,

31 Nauky Avenue, 03028 Kyiv, Ukraine;

*National University of “Kyiv-Mohyla Academy”,

2 Hryhoriya Skovorody Street, 04655 Kyiv, Ukraine
e-mail: victorynosach@gmail.com

Metal-free catalysts based on carbon powder modified with reduced graphene oxide (rGO)
were prepared and investigated in the ethylene hydrogenation reaction. The samples were
characterized by Raman and FTIR spectroscopies, SEM, TEM, thermogravimetric analysis,
and N, adsorption-desorption. SEM and TEM analyses showed that rGO deposition leads to
the formation of wrinkled graphene-derived structures covering the external surface of the
carbon support. Raman spectra confirmed the presence of defect-rich sp’-hybridized car-
bon domains, while FTIR analysis revealed oxygen-containing functional groups associated
with partially reduced graphene oxide. Textural analysis demonstrated that rGO incorpora-
tion mainly affects the external surface area without significantly changing the microporous
structure of the support.

The catalytic properties of the obtained materials were studied in ethylene hydrogenation
within 50-400 °C under continuous-flow conditions. The pristine carbon powder provides
the highest catalytic activity, whereas deposition of rGO results in a decrease in activity com-
pared with the unmodified support. However, within the rGO/CP series, catalytic activity
increased with increasing rGO loading, reaching 18% conversion for rGO(0.1)/CP at 400 °C.
At the same time, normalization of the reaction rate to the mass of deposited rGO showed a
decrease in specific activity at higher rGO contents, attributed to partial restacking of graphene
sheets and blocking of active surface sites.

The obtained results indicate that the catalytic behaviour of the investigated composites
is governed by the balance between the intrinsic activity of carbon powder and the contri-
bution of defect-rich graphene-derived domains. The findings highlight the importance of
controlling graphene loading and surface accessibility in the design of efficient metal-free
carbon catalysts.

Keywords: reduced graphene oxide, carbon powder, ethylene hydrogenation, carbocatalysis.
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INTRODUCTION. The catalytic transfor-
mation of light hydrocarbons remains a key
process in modern chemical technology, where
the development of efficient and sustainable
catalysts is crucial for energy- and resource-in-
tensive industries. Ethylene, being one of the
most important platform molecules in pet-
rochemical production, is widely used in po-
lymer manufacturing, fine organic synthesis,
and the fabrication of industrial intermediates.
Achieving controlled hydrogenation of alkenes
under mild conditions requires catalysts with
well-defined active sites and a surface structure
capable of selective interaction with unsatura-
ted hydrocarbons [1-3].

Conventional catalytic materials for hydro-
carbon hydrogenation are typically highly-dis-
persed metals on supports such as alumina, si-
lica, or metal oxides, where the role of the sup-
port is primarily associated with dispersion,
stabilization, and electronic tuning of the ac-
tive phase [4, 5]. At the same time, the growing
demand for sustainable catalytic technologies
stimulates the development of alternative cata-
lytic systems based on abundant and environ-
mentally benign materials. However, increas-
ing environmental and economic demands are
stimulating the search for metal-free catalytic
systems that combine high stability, low cost,
and the ability to operate without precious or
toxic metals [6]. In this context, carbon-based
materials have attracted growing attention due
to their structural diversity, thermal stability,
and tunable surface functionality [7].

Reduced graphene oxide (rGO) has emer-
ged as a particularly promising component,
characterized by a high specific surface area,
a defect-rich architecture, and the presence
of oxygen-containing functional groups that
contribute to adsorption and activation proce-
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sses [8, 9]. The deposition of rGO onto carbon
powders or oxide supports leads to the forma-
tion of hybrid interfaces, where wrinkle-like
graphene fragments can alter the surface mor-
phology, modify mass-transfer pathways, and
change the distribution of active sites [10].
Depending on the rGO loading, such systems
may show different catalytic activity, as the ba-
lance between accessible defects and excessive
graphene coverage can influence the efficiency
of hydrocarbon conversion.

Although numerous studies have focused
on metal-decorated graphene materials, recent
reports indicate that rtGO demonstrates cataly-
tic activity in hydrogenation, dehydrogenation,
and bond-activation reactions without metallic
additives [11-13]. These findings highlight the
possibility of designing functional metal-free
catalysts based on the structural characteristics
of carbon materials, in which surface defects
and residual oxygen-containing groups are key
factors influencing catalytic performance.

The aim of this work is to determine the
influence of reduced graphene oxide content,
deposited in controlled amounts onto carbon
powder, on the catalytic activity of the result-
ing composites in ethylene hydrogenation.
Structural and morphological characteriza-
tion of the obtained materials was performed
using FTIR and Raman spectroscopies, SEM
imaging, and thermogravimetric analysis. The
results provide insight into the role of rGO
loading on the formation of functional surface
regions and reveal correlations between sur-
face modification and catalytic performance in
a metal-free carbon-based system.

EXPERIMENT AND DISCUSSION OF
THE RESULTS. Samples containing rGO de-
posited onto carbon powder were prepared by
depositing an aqueous suspension of graphene
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oxide (GO) with controlled concentrations
onto the carbon support. The GO suspension
was produced by exfoliation of graphite oxide
(GrO), synthesized using a modified Hum-
mers method followed by ultrasonic treatment
[14]. The carbon powder (ABCR) was impreg-
nated with the GO water suspension at a ratio
of 1 mL per 1 g of support. After deposition,
the materials were dried at 60 °C for 3 h and
subsequently thermally reduced in a hydro-
gen flow at 400 °C for 2 h, yielding reduced
graphene oxide (rGO). A series of samples
containing 0.0025, 0.01, and 0.1 wt.% rGO was
prepared and designated according to rGO
loading, rGO(0.0025)/CP, rGO(0.01)/CP, and
rGO(0.1)/CP.

The structural and physicochemical pro-
perties of the obtained composites were cha-
racterized using Raman spectroscopy, Fouri-
er-transform infrared spectroscopy (FTIR),
scanning electron microscopy (SEM), trans-
mission electron microscopy (TEM), and ther-
mogravimetric analysis (TGA). Raman spectra
were recorded at room temperature using a
Raman Senterra confocal dispersive spectro-
meter (Bruker Optik) equipped with a 532 nm
excitation laser operating at a power of 2 mW.
FTIR measurements were carried out using a
PerkinElmer Spectrum One spectrometer in
the range of 400-4000 cm™'. Thermogravi-
metric analysis was performed on a Disco-
very SDT 650 thermal analyzer under air and
nitrogen atmospheres with a heating rate of
10 °C min™", enabling the assessment of ther-
mal stability and the determination of carbon
content in the samples. The morphology and
surface elemental distribution of the composi-
tes were investigated by SEM and TEM using
MIRA3 TESCAN, Quanta 3D FEG, and JEM-
1200EX microscopes. Elemental mapping was

https://ucj.org.ua

conducted by energy-dispersive spectroscopy
(EDS) to visualize the spatial distribution of
carbon- and oxygen-rich regions associated
with the deposited rGO.

The catalytic performance of the samples
in ethylene hydrogenation was evaluated un-
der continuous flow conditions with chro-
matographic monitoring of both the reaction
mixture and its products. The analysis was
carried out using a custom-built gas chroma-
tograph equipped with a thermal conductivity
detector and a Porapak S column. The catalyst
was loaded into a fixed-bed tubular reactor
between two layers of purified quartz, which
were placed above and below the catalyst bed.
Hydrogenation of ethylene was performed
within the temperature range of 50-400 °C us-
ing a feed composed of 10% C,H, and 90% H,
at a total flow rate of 20 mL/min. The mass of
catalyst used in each experiment was 0.2-0.7 g.

The rate of hydrogenation product forma-
tion was calculated according to equation (1):

where F_is the initial molar flow rate of ethy-
lene (mol s™); F__ is the molar flow rate of ethy-
lene after reactor (mol s™); m_ is the mass of
the catalyst sample, g.

Figure la-b shows SEM images of the pris-
tine CP and rGO(0.1)/CP. SEM image of the
pristine carbon powder reveals compact parti-
cles with relatively smooth surfaces and block-
like fragments, showing only minor surface
irregularities. The material is characterized by
a predominantly monolithic morphology with
flat facets and a limited degree of microstructural
development, indicating a low level of surface
texturing and the absence of nanoscale features.
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In contrast, the SEM image of the rGO-modi-
fied sample displays pronounced morphologi-
cal alterations. Numerous wrinkled, sheet-like
and layered structures characteristic of re-
duced graphene oxide are clearly observed on
the particle surfaces and along their edges.
Figure 1 c-d shows SEM images with car-
bon distribution maps for CP and rGO(0.1)/CP.
The elemental mapping results support the
morphological observations and reveal clear
changes in the surface chemistry after rGO
modification. For the sample containing
0.1 wt.% rGO, the composition was determined

to be 85 wt.% carbon and 15 wt.% oxygen.
In comparison, the pristine support without
rGO deposition contains 87 wt.% carbon and
13 wt.% oxygen. Oxygen-containing regions
are predominantly located in the areas where
the SEM images show film-like and layered
structures, which is consistent with the pre-
sence of graphene-derived fragments on the
surface of the support. The increased oxygen
content compared to the pristine material indi-
cates the retention of functional groups within
the rGO phase and their contribution to the
formation of the surface modification.

Fig. 1. SEM images of the samples: (a) CP; (b) rGO(0.1)/CP; SEM images with carbon distribution
maps on the surfaces of: (c) CP; (d) rGO(0.1)/CP; (e) HRTEM image of CP; (f) TEM image of CP.
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Figure le-f shows HRTEM and TEM ima-
ges of the carbon powder (CP). The HRTEM
analysis Fig. le reveals a disordered carbon
structure composed of densely packed nano-
scale domains. No clear lattice fringes corre-
sponding to crystalline graphitic planes are
observed, indicating a predominantly amor-
phous or poorly ordered turbostratic structure.
The material is characterized by a developed
surface with nanoscale heterogeneities. The
TEM images Fig. 1f show irregularly shaped

particles with a broad size distribution, form-
ing agglomerates up to several micrometres in
size. The particles have non-uniform morpho-
logy with diffuse boundaries and no well-de-
fined geometric shape, indicating a fragment-
ed structure. TEM analysis was also performed
for rGO-modified samples; however, no dis-
tinct graphene-derived structures could be
reliably identified due to the low rGO loading
and insufficient contrast between rGO and the
carbon powder surface
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Fig. 2. FTIR (a) and Raman (b) spectra of rGO (0.0025)/CP, rGO (0.01)/CP, rGO (0.1)/CP;
(c) thermogram of rGO(0.1)/CP in nitrogen atmosphere.

Figure 2a presents the FTIR spectra of
carbon powder samples modified with diffe-
rent loadings of reduced graphene oxide. All
spectra show weak-to-moderate absorption
features typical of carbon-based materials
containing residual oxygen functionalities.
A broad band near 3400 cm™ is common-
ly associated with O-H stretching vibrations
of hydroxyl groups and adsorbed moisture
[23]. Weak bands in the 2850-2950 cm™" re-
gion can be assigned to C-H stretching vibra-
tions originating from aliphatic fragments or
residual organic species [24]. A distinct band
at approximately 1700-1720 cm™! is generally
attributed to C=0 stretching of carbonyl and
carboxyl groups, while the absorption close to
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~1600 cm™ is usually linked to C=C stretch-
ing within sp>-hybridised carbon structures
[25]. Bands appearing in the 1400-1200 cm™
region are commonly associated with C-OH
and C-O vibrations, and signals in the ~1100-
1000 cm™ range are indicative of C-O-C
stretching modes related to epoxide and ether
functionalities that may remain in partially re-
duced graphene oxide [26]. The band observed
near ~2350 cm™' can be attributed to atmos-
pheric CO, [27]. Comparison of the spectra
suggests that oxygen-related bands become
slightly more pronounced with increasing rGO
content, indicating progressive enrichment
of the surface with rGO-derived functional
groups.
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Figure 2b shows the Raman spectra of
carbon powder samples modified with diffe-
rent loadings of reduced graphene oxide. All
rGO-containing samples have two character-
istic bands of sp>-hybridised carbon materi-
als: the D band at 1350 cm™, associated with
disorder-induced scattering, and the G band
in the 1580-1600 cm™' region, correspond-
ing to the in-plane vibration of graphitic car-
bon atoms. With increasing rGO content, the
D band becomes more pronounced relative to
the G band, indicating an increase in the defect
density and structural disorder within the car-
bon framework [28]. In addition to the main
D and G bands, a weak D’ band is observed at
around 1620-1630 cm™!, which is commonly
associated with defect-related modes in gra-
phitic structures. A broad 2D band is observed
at 2680-2720 cm™" and remains of low inten-
sity, with only a minor enhancement at higher
rGO loadings [29]. Overall, the evolution of
the Raman spectra suggests that incorporation
of rGO increases the degree of structural disor-
der in the carbon powder, consistent with the

introduction of defect-rich graphene-derived
domains.

Figure 2c shows the thermogravimetric be-
haviour of the carbon powder/rGO sample in
an inert nitrogen atmosphere, demonstrating
a stepwise mass loss typical for carbon-based
materials. At temperatures up to 120 °C, the
sample loses 5% of its mass, mainly due to the
desorption of physically adsorbed moisture and
residual volatiles. Further heating to 300 °C re-
sults in an additional mass loss of 4%, which
can be attributed to the thermal decomposition
of oxygen-containing surface functional groups
associated with rGO and the carbon support.
In the 300-500 °C range, the mass change re-
mains minimal (~0.48%), indicating relatively
high thermal stability of the carbon framework.
At higher temperatures, the mass loss becomes
more pronounced, reaching 11% between 500
and 800 °C and a further 7% between 800 and
1000 °C. The total mass loss of approximately
28% at 1000 °C confirms that a substantial frac-
tion of the carbon framework remains intact
under non-oxidising conditions.

Table 1.

Textural characteristics of CP and rGO/CP samples.

Specific surface

Total pore volume,

Micropore volume,  t-Plot External

area, S, Vs Vs Surface Area,
m2 g—l Cm3 g—l Cm3 g—l m2 g—l
CP 1880 1.46 0.62 150
rGO (0.0025)/CP 1930 1.45 0.62 620
rGO (0.01)/CP 1720 1.46 0.62 670
rGO (0.1)/CP 1920 1.48 0.62 690

The textural parameters of the CP and
rGO-modified CP samples are summarized in
Table 1. The pristine CP exhibits a specific sur-
face area of 1880 m? g™', a total pore volume
of 1.46 cm® g7', and a micropore volume of

22

0.62 cm® g™*. The incorporation of rGO leads
to slight variations in the specific surface area
depending on its loading. The highest value
among the modified samples is observed for
rGO(0.0025)/CP (1930 m? g™'), while a more
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pronounced decrease to 1720 m” g™' occurs
at the intermediate loading (rGO(0.01)/CP),
followed by an increase to 1920 m* g™' for
rGO(0.1)/CP. A similar trend is observed for
the total pore volume, which remains in the
range of 1.45-1.48 cm® g™* for all samples. In
contrast, the micropore volume remains con-
stant at 0.62 cm® g™' for both pristine and
rGO-modified materials, indicating that the
introduction of rGO does not significantly al-
ter the microporous fraction. The substantial
increase in observed t-plot external surface
area from 150 m* g™* for CP to 620-690 m* g™*
for rGO-deposited samples is a consequence
of several effects. Mainly, a contribution of
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additional surface area, formation of carbon-
rGO gaps, and increased surface roughness
and fractality due to the introduction of addi-
tional corrugation and defects, increasing the
geometric complexity of the outer surface as a
consequence of rGO deposition.

These results suggest that rGO incorpora-
tion mainly affects the external surface and
mesoporous structure rather than generating
additional microporosity. Overall, rGO modi-
fication does not lead to a substantial increase
in surface area compared to pristine CP, but
significantly increases surface area, which is
not associated with micropores.
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Fig. 3. (a) Temperature dependence of ethylene conversion in the process of ethylene
hydrogenation within the temperature range of 50-400 °C, total flow rate 20 mL/min;
Conversion of ethylene for m — rGO(0.0025)/CP; @ — rGO(0.01)/CP; A —rGO(0.1)/CP; ¥ —CP.
(b) Reaction rate diagrams of ethylene hydrogenation over CP, rGO (0.0025)/CP,
rGO (0.01)/CP, rGO (0.1)/CP, recalculated per catalyst mass at 400°C.

r_—rate of ethylene hydrogenation normalized to the mass of the catalyst.

Figure 3a shows the temperature dependence
of ethylene conversion over pristine carbon
powder (CP) and rGO-modified CP catalysts.
For the CP sample, conversion starts at 2% at
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60 °C and gradually increases to 14% at 200 °C.
Upon further heating, a sharp rise is observed,
with conversion reaching 28% at 250 °C and
exceeding 30% at temperatures above 300 °C.
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The maximum conversion of 35% is achieved
at 350 °C, followed by a slight decrease to 32%
at 400 °C. For the rGO(0.0025)/CP catalyst,
ethylene conversion remains below 1% over
the investigated temperature range, reaching a
maximum of 1% at 400 °C. The rGO(0.01)/CP
catalyst becomes active already at 80 °C, pro-
viding an ethylene conversion of 1%, and shows
a continuous increase in the low- and inter-
mediate-temperature region. The conversion
reaches 3% at 150 °C and attains its maximum
value of 7% at 250 °C. At higher temperatures,
a gradual decrease is observed, with conver-
sion declining to 6% at 300 °C, 6% at 350 °C,
and 5% at 400 °C. In contrast, the rGO(0.1)/CP
catalyst remains inactive up to 140 °C. With in-
creasing temperature, the conversion rises pro-
gressively to 3% at 200 °C and 6% at 250 °C,
followed by a more pronounced increase in
the high-temperature region. The conversion
reaches 11% at 300 °C and increases further to
16% at 350 °C, achieving a maximum of 18%
at 400 °C.

Figure 3b shows the reaction rate values for
ethylene hydrogenation at 400 °C over carbon
powder (CP) and rGO/CP catalysts. The pris-
tine carbon powder has the highest activity,
with a reaction rate of 1.3-107° mol-g(cat)™"-s™.
Deposition of rGO decreases the reaction rate
compared to pristine CP. The sample containing
0.0025 wt.% rGO has a reaction rate of ethy-
lene hydrogenation 4.4-107° mol-g(cat)™"s7},
which increases to 1.4-1077 mol-g(cat)™'-s™*
for 0.01 wt.% rGO, and reaches 3.5-1077 mol-
-g(cat)™"-s™" for the catalyst with 0.1 wt.% rGO.
These results indicate that although rGO in-
corporation does not outperform the pristine
carbon powder under the studied conditions,
higher rGO loading partially improves the
activity within the composite catalyst series.
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Overall, the obtained data demonstrate that
the catalytic behaviour of the carbon/rGO
composites strongly depends on rGO load-
ing. While pristine CP remains the most active
material at 400 °C, the reaction rate within the
rGO-modified series increased progressively
with increasing rGO content.

The obtained results demonstrate that the
catalytic behaviour of the investigated materi-
als in ethylene hydrogenation is governed pri-
marily by the activity of the CP. SEM analysis
reveals that rGO forms wrinkled, sheet-like,
and layered domains covering the surface of
the carbon particles, which is consistent with
t-plot analysis. Such coverage leads to partial
blocking of the outer surface of carbon sup-
port, whereas the main surface of CP is loca-
lized in the micropores. Therefore, it can be
proposed that active sites on the surface of CP
are localized on the outer surface of CP parti-
cles, whereas the surface of CP that is localized
in the micropores contains a minor fraction of
active sites. Analysis shows that since the mi-
cropore volume remains essentially constant
for all samples, diffusion limitations associated
with high microporosity can be excluded for
the observed catalytic behavior. This indicates
that, for the studied reaction, the overall sur-
face area is not the determining factor, and the
reaction rate is governed by a combination of
factors.

The catalytic activity of graphene-derived
carbon materials in hydrogenation reactions,
and particularly in ethylene hydrogenation,
was demonstrated previously [30]. Whereas
the detailed mechanism remains undefined,
the surface structural defects, such as vacan-
cy-type defects, are considered as adsorption
sites for hydroden dissociative adsorption, and
ethylene is proposed to be activated by a n-n
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stacking. This means that in the rGO/CP sys-
tem, there are two catalytically active phases,
the CP and rGO. Whereas deposition of rGO
on CP results in the decrease of catalytic ac-
tivity of CP due to the blocking of active sites,
the increase of the ethylene hydrogenation rate
with the increase of rGO content shows that
rGO remains catalytically active after its dep-
osition on CP. An increase of rGO content by
4 times, from 0.0025 wt.% to 0.01 wt.%, leads
to an increase in the ethylene hydrogenation
rate by 3.2 times. This indicates that deposited
rGO in very small amounts does not restack
and allows for the approximation of a rate of
ethylene hydrogenation associated with rGO.
The obtained rate is 1.3-1075 mol-g(rGO)~'-s7},
which is consistent with the ethylene hydro-
genation rate on rGO reported previously in
such conditions [30]. Deposition of higher
amounts of rGO by 10 times, from 0.01 wt.% to
0.1 wt.%, leads to an unproportional increase
in ethylene hydrogenation rate by 2.5 times,
which can be caused by a significant restacking
of rGO sheets during its deposition in this con-
centration range.

Therefore, the catalytic performance of the
investigated metal-free carbon-based systems
is non-additive and determined by a combi-
nation of the active sites of the carbon powder
and introducing additional defect-rich rGO
through surface modification. In the present
composites, rGO deposition predominantly
leads to partial deactivation of an intrinsically
active carbon support due to site blocking.

CONCLUSIONS. Therefore, the results in-
dicate that the strategy of enhancing catalytic
performance through deposition of active rGO
onto an activated carbon support may not al-
ways lead to the expected synergistic effect,
due to the non-additive behavior of the system
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components. The pristine carbon powder ex-
hibited the highest catalytic activity, achieving
an ethylene conversion of 32% and a reac-
tion rate of 1.3-107° mol-g(cat)™"-s™* at 400 °C.
Within the rGO/CP series, the catalytic ac-
tivity increased with increasing rGO loading,
reaching a maximum conversion of 18% for
the rGO(0.1)/CP sample. At the same time,
normalization of the reaction rate to the mass
of deposited rGO showed a decrease in speci-
fic activity at higher rGO loadings, which was
attributed to partial restacking of rGO sheets
and blocking of active surface sites. These fin-
dings highlight the sensitivity of surface-active
sites and suggest that partial coverage of the
outer surface plays a key role.

Importantly, these observations open up
clear directions for improved catalyst design.
Future efforts can focus on the deliberate in-
troduction of chemically distinct active sites
or on optimizing graphene-derived materials
in combination with suitable supports, where
surface modification promotes the formation
of new reactive centers rather than limiting
access to existing ones. This approach offers
a promising pathway toward achieving en-
hanced catalytic performance through more
targeted material engineering.
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HemeTanesi kaTanisaTopy Ha OCHOBI ByTJIe-
LI€BOTO IIOPOIIKY 3 HAHECEHMM BiIHOBIIEHUM
okcupioM rpadeny (rGO) 3 pisHuM BmicToM
6yno CUHTE30BaHO Ta JOCIIIPKEHO B peaKLil
rizpyBaHHsA eTuneHy. OTpuMaHi 3pasky oxa-
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PaKTepM30BaHO METOAMM pPaMaHiBCbKOI Ta
[9-®yp’e-cnextpockomii (FTIR), ckanyBanb-
HOi eneKTpoHHOI Mikpockomii (SEM), TpaHc-
MiciitHoi enekTponHOI Mikpockomii (TEM) i
T€PMOTPaBIMETPUMYHOIO aHamisy. Buxigxmii
BYIJIELI€BMJI  TIOPOLIOK  IIPOJEMOHCTPYBaB
HaBUIy KaTa/JiTM4YHY aKTUBHICTb, TOAI AK
HaHeceHHA rGO Npu3BOOUTHL [O 3HIDKEHHA
CTYIIEHS NEPETBOPEHHSA €TUIEHY Ta IIBUIKO-
cTi peakuii mopiBHAHO 3 HeMopU(piKOBaHNM
HocieM. Bopnouac y cepii rGO/CP akTuBHICTD
3pocTae 3i 36inbienHAM BMicTy rGO, npuyo-
My HaVBUILI IOKa3HMKMU CIIOCTEPIraeMo [
spaska 3 0,1 mac.% rGO. IlIBupkocTi peakuii
y IepepaxyHKy Ha Macy HaHeceHoro rGO mo-
Ka3a/iy 3MEHIIEHHs KaTaliTUYHOI aKTUBHOCTI
31 3pocTaHHAM Joro BmicTy. IIpumnyckaemo,
mo HaHeceHHA rGO Ha aKTMBHMI BYITIELIEBUI
HOCIiJT MOYXe TIPU3BOANTH [IO YaCTKOBOTO 6710-
KyBaHH:A aKTVBHMX LIEHTPIB.

Knro4oBi cnoBa: BifHOB/IEHUIT OKCUJ, Tpa-
dbeny, ByraerneBuii IOpoLIOK, Ti[pyBaHH:A eTH-
JIleHy, KapOoKaTaris.

REFERENCES

1. Zhang J, Su D. S, Zhang A., Wang D.,
Schlogl R., Hébert C. Nanocarbon as Ro-
bust Catalyst: Mechanistic Insight into Car-
bon-Mediated Catalysis. Angew Chem Int Ed.
2007. 46: 7319-7323.
https://doi.org/10.1002/anie.200702466

2. Radovic L. R, Bockrath B. On the chemical
nature of graphene edges: Origin of stability
and reactivity. ] Am Chem Soc. 2005. 127(16):
5917-5927.
https://doi.org/10.1021/ja050124h

3. Serp P, Machado B. Nanostructured Carbon
Materials for Catalysis. Cambridge: RSC Pub-
lishing. 2015.
https://doi.org/10.1039/9781782622567

ISSN 2708-129X. YKp. xiM. XypH., 2026



\.V. Nosach, I.B. Bychko, P.Ye. Strizhak

UCJ Ne 4/ Vol. 92

10.

11.

12.

13.

Pan X., Bao X. The effects of confinement in-
side carbon nanotubes on catalysis. Acc Chem
Res. 2011. 44(8): 553-562.
https://doi.org/10.1021/ar100160t

Wang X., Li W,, Chen Z., Waje M., Yan Y. Du-
rability investigation of carbon nanotube as
catalyst support for proton exchange mem-
brane fuel cell. ] Power Sources. 2006. 158:
154-159.
https://doi.org/10.1016/j.jpowsour.2005.09.039
Liu X., Dai L. Carbon-based metal-free cata-
lysts. Nat Rev Mater. 2016. 1: 16064.
https://doi.org/10.1038/natrevmats.2016.64
Su D. S., Wen G., Wu S, Peng E, Schlogl R.
Carbocatalysis in liquid-phase reactions. An-
gew Chem Int Ed. 2017. 56: 936-964.
https://doi.org/10.1002/anie.201600906
Dreyer D. R., Park S., Bielawski C. W., Ruoff
R. S. The chemistry of graphene oxide. Chem
Soc Rev. 2010. 39: 228-240.
https://doi.org/10.1039/B917103G

Kim J., Cote L. ], Kim F,, Huang J. Revealing
the Nature of Interaction between Graphene
Oxide and Lipid Membrane by Surface-En-
hanced Infrared Absorption Spectroscopy.
J Am Chem Soc. 2015. 137(32): 10052-10055.
https://doi.org/10.1021/jacs.5b03803

Dong L., Gari R. R. S, Li Z,, Craig M. M,,
Hou S. Graphene-supported metal nanoparti-
cles for heterogeneous catalysis. Carbon. 2010.
48:781-787.
https://doi.org/10.1016/j.carbon.2009.10.027
QulL., LiuY,, Baek J-B., Dai L Nitrogen-doped
graphene as efficient metal-free electrocatalyst
for oxygen reduction. ACS Nano. 2010. 4(3):
1321-1326.
https://doi.org/10.1021/1n901850u

Tang Y., Allen B. L, Kauffman D. R., Star A.
Electrocatalytic activity of nitrogen-doped
carbon nanotube cups. ] Am Chem Soc. 2009.
131(37): 13200-13201.
https://doi.org/10.1021/ja9055408

Wang H., Maiyalagan T., Wang X. Review on
recent progress in nitrogen-doped graphene:

https://ucj.org.ua

14.

15.

16.

17.

18.

19.

20.

Synthesis, characterization, and its potential
applications. ACS Catal. 2012. 2(5): 781-794.
https://doi.org/10.1021/cs200652y

Nosach V. V,, Bychko I. B, Strizhak P. E. Cata-
lytic properties of reduced graphene oxide
deposited on aluminium oxide in the process
of ethane dehydrogenation. Theor Exp Chem.
2025.61: 141-147.
https://doi.org/10.1007/s11237-025-09860-w
Sadovska G., Martincic M., Vacik ], et al. The
thermal stability of carbon materials in the air:
Quantitative structural investigation of ther-
mal stability of carbon materials in air. Car-
bon. 2023. 205: 110-121.
https://doi.org/10.1016/j.carbon.2023.02.042
Khasraw D., Spooner S., Hage H., et al. Evalua-
tion of devolatilization behaviour of different
carbonaceous materials under rapid heating
for the novel Hlsarna ironmaking process.
Fuel. 2021. 292: 120329.
https://doi.org/10.1016/j.fuel.2021.120329
Suter J. L, Sinclair R. C., Coveney P. V. Princip-
les governing control of aggregation and dis-
persion of graphene and graphene oxide in po-
lymer melts. Adv Mater. 2020. 32(36): 2003213.
https://doi.org/10.1002/adma.202003213
Rissanou A., Karnis L., Krasanakis E, et al. The
role of oxidation pattern and water content in
the spatial arrangement and dynamics of oxi-
dized graphene-based aqueous dispersions.
Int ] Mol Sci. 2022. 23(21): 13459.
https://doi.org/10.3390/ijms232113459

Mases M., Palmqvist A. E. C., Gustafson J. The
oxidation of carbon nanostructures imaged
by electron microscopy: Comparison between
in-situ TEM and TGA experiments. Appl Surf
Sci. 2024. 663: 160755.
https://doi.org/10.1016/j.apsusc.2024.160755
Panerai F, Martin A., De Porte J. M., et al.
Flow-tube oxidation experiments on the car-
bon preform of a phenolic-impregnated car-
bon ablator. ] Thermophys Heat Transfer.
2014. 28(2): 181-190.
https://doi.org/10.2514/1.T4265

27




PHISICAL CHEMISTRY

21.

22.

24.

25.

28

CATALYTIC PROPERTIES OF CARBON POWDER WITH DEPOSITED REDUCED GRAPHENE OXIDE

IN THE ETHYLENE HYDROGENATION.

Li W, Liu X,, Chen Y., et al. The fate of aggre-
gated graphene oxide upon the increasing of
pH: An experimental and molecular dynamic
study. Sci Total Environ. 2022. 824: 153855.
https://doi.org/10.1016/j.scitotenv.2022.157
954

Martincic M., Sadovska G., Vacik J., et al.
Thermal stability and purity of graphene and
carbon nanotubes: Key parameters for their
thermogravimetric analysis (TGA). Nanoma-
terials. 2024. 14(21): 1754.
https://doi.org/10.3390/nano14211754

. He H.,, Klinowski J., Forster M., Lerf A. A new

structural model for graphite oxide. Chem
Phys Lett. 1998. 287: 53-56.
https://doi.org/10.1016/S0009-2614(98)00
144-4

Stankovich S., Dikin D. A., Dommett G. H. B.,
et al. Graphene-based composite materials.
Nature. 2006. 442: 282-286.
https://doi.org/10.1038/nature04969

Lopez P, Gomez-Romero P, Gonzilez A.,
Martin C. Surface characteristics and elec-
trochemical behavior of partially reduced
graphene oxide. Electrochim Acta. 2013. 106:
556-563.
https://doi.org/10.1016/j.electacta.2017.06.071

26.

27.

28.

29.

30.

Eda G., Chhowalla M. Chemically derived
graphene oxide: Towards large-area thin-film
electronics and optoelectronics. Adv Mater.
2010. 22: 2392-2415.
https://doi.org/10.1002/adma.200903689
Stuart B. Infrared Spectroscopy: Fundamen-
tals and Applications. Chichester: John Wiley
& Sons. 2004.

Rodriguez-Reinoso F. The role of carbon ma-
terials in heterogeneous catalysis. Carbon.
1998. 36: 159-175.
https://doi.org/10.1016/S0008-6223(97)0017
3-5

Ferrari A. C., Robertson J. Interpretation of
Raman spectra of disordered and amorphous
carbon. Phys Rev B. 2000. 61: 14095-14107.
https://doi.org/10.1103/PhysRevB.61.14095
Perhun T. I, Bychko I. B., Trypolsky A. L, et
al. Catalytic properties of graphene material
in the hydrogenation of ethylene. Theor Exp
Chem. 2013. 48: 367-370.
https://doi.org/10.1007/s11237-013-9282-1

CrarTsa Hagiva: 28.03.2026.
CrarTio IpUitHATO 1o ApyKYy: 10.05.2026.
CratTi0 omy67ikoBaHo: 25.05.2026.

ISSN 2708-129X. YKp. xiM. XypH., 2026



VIIK 621.355+544.65 doi: 10.33609/2708-129X.92.4.2026.29-51

[
CUHTE3, ®I3UKO-XIMIYHI TA ENNEKTPOXIMIYHI

XAPAKTEPUCTUKIW NEPOBCLKITIB CoTi0, AK AHOAHNX
MATEPIAJIIB ANA NITIN- TA HATPIA-IOHHUX AKYMYNATOPIB

10. B. IlImarox* https://orcid.org/0000-0001-7477-9297
H. 1. T'no6a https://orcid.org/0000-0001-8547-6822
T. B. licamya  https://orcid.org/0000-0002-9541-7241
K. II. Tlepmuna  https://orcid.org/0000-0003-3173-0690

IHcmumym 3azanvroi ma Heopeaniunoi ximii im. B. I. Bepradcvkoeo
Hauionanvroi akademii nayk Ykpainu,

npocn. Axademixa Ilannadina, 32/34, m. Kuie 03142, Ykpaina
*e-mail: yu.shmatok@gmail.com

Y po6oTi mpocTHM MeTOIOM CaMOBIZIBHOTO TifipOTi3y B IO€HAHHI 3 TOJAIBIINM TepMid-
HIUM BifilTa/ioM cuHTe30BaHo 6iMeTaniuni okcuay kobanpty i TuTany CoTiO, i cTpykTypoio
HepOBCBKiTY. MeToaMy peHTreHo(ha30BOro aHajIi3y, CKAHYBa/IbHOI elIeKTPOHHOI MiKpOCKO-
il Ta MopoMeTpii JOC/TiIKeHO BIUINB TeMIIepaTypy Bigmany Ha GpasoBmil CKIafl, KpUCTAIid-
HY CTPYKTYPY, MOp(OJIOTiIo Ta IOBEpXHEBi XapaKTepUCTUKU OTPYMAaHNX MaTepiaiB. Enexr-
pOXiMiYHi BIaCTUBOCTI CoTiO3 TOCTIPKEHO METOJLOM I'a/IbBAHOCTATUYHOTO IMK/IYBaHHA B
HalliBe/IEMEHTAX i3 JTiEBMM 1 HaTpi€BMM aHOZAMM B JiallasoHi I'ycTuH cTpymy Bij 0,1 mo
5 A/r. BcranoBneHo, mo spoctanns kpucraaignocti CoTiO, BHacmifiok 36inblienHs TeM-
neparypu Bipnany go 800 °C IO3UTMBHO BIUIMBA€ Ha CTabIIbHICTD IIMTOMOI €MHOCTI, HIO-
Kpallye IBUKICHI XapaKTepUCTUKI Ta 3MEHIIY€E Ki/IbKiCTh aKTUBaLiiHUX IUKIIB 3apAny/
pospAny. [lokasano, 1o npupopa KaTioHa JTy>KHOTO MeTa/ly CyTTEBO BIUIMBA€E HA EMHICHI Ta
kinetnuni xapaxkrepuctuku CoTiO,, a inTepkanais ioHis niTito BinbyBaeTbcs 3 MEHIINMMU
KiHeTYHMMY 0OMeXKeHHAMM NOPiBHAHO 3 i0OHaMM HaTpilo.

Knrouosi cnosa: CoTiO,, cTpyKTypa I1epOBChKITY, aHOHNUI MaTepiaJl, MTiii-iOHHUI aKy-
MYJIATOP, HATPiil-iOHHMIT aKyMYLATOP.
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BCTYII. AKTyanbHICTb JOCTiPKEHb, CIIpsI-
MOBaHIX Ha PO3pOOIeHHS aHOIB [IA NTiTili- Ta
HaTpi-IOHHNUX aKyMY/IATOPiB, 3yMOB/IEHA He-
OOXiJHICTIO CTBOpEHHs HOBMX aKTVMBHMUX Ma-
TepiajiB i3 MigBUIIEHOKN IMUTOMOKI EMHICTIO,
LIi/IbHICTIO €Hepril Ta MOKpPaILeHOK LMKIIid-
HicTio [1-4]. [lepcieKTMBHMM HAIIPSIMKOM €
pPO3pOOIeHHs aHOJHUX MaTepialiB Ha OCHOBI
OKCUIB, IepeBaru AKNUX IONATAITh Y IXHIi
BiTHOCHO BMCOKiNI Ta CTabiNbHI NUTOMII
€MHOCTI NIpM IMK/ITYBaHHI 3a HU3BKUX Ta BU-
COKNX TYCTUH CTPYMY po3pAny/3apany [1-6].
TakoX BayK/IMBOIO XapaKTEPUCTUKOI OKCUTIB
€ MOX/IMBOCTI IXHbOTO BUKOPUCTAHHA AK Yy
MITI-IOHHKX, TaK 1 HaTPiM-IOHHUX aKyMYy/d-
topax. CK1ajj OKCUAY, 10T0 CTPYKTYypa Ta IO-
BEpXHEBi BJIACTMBOCTI € OCHOBHUMM (aKTO-
paMy, 110 BUM3HAYAIOTh IXHIO €MHICTD, [iala-
30H HAIIpyT pO3pAAY/3apAny, 3BOPOTHICTD Ta
pecypcHi xapakrepuctuku. He nusnsa4ymch Ha
3HaYHY KiJIbKiCTb pOOiT, IPUCBAYEHUX I[bOMY
HAIIPSAMKY, YSOCKOHAJIEHHSA METOJIB CUHTE3Y,
MopudiKyBaHHS NOBEpXHi Ta 3MiHa Mopdo-
7I0Til YaCTMHOK OKCHUJIIB [al0Thb 3MOIY BIUIN-
BaTy Ha IXHi €JIeKTPOXiMiuHi BIACTUBOCTI Ta
perymoBaru ix. IIpu npoMy nepesary Haja-
I0Tb TiOPUAHNM CTPYKTYpaM, sAKi CK/IalaloTh-
cs 3 oBOX abo 6ibie OKCHUB, 10 iICHYIOTH y
BUITIANIl KOMIIO3UTIB, CTPYKTYpP TUILY «APO —
000/10HKa», a00 MOXXYTb OYTV BUKOPVUCTaHMU-
MM /I CUHTE3Y CIIO/IYK i3 HOBOIO KOHTPO/IbO-
BaHOI0 cTpykTypoto. Tomy poboru, oB’s13aHi
3 pO3pOOIEHHAM Ta CTBOPEHHSAM €IeKTPOXiB
Ha OCHOBI OKCUJHMX KOMIIO3MLIIHUX MaTepi-
ajIiB 3a/MIIAIOTHCA AKTYa/IbHUMM £K 13 HayKO-
BOI, TaK i IPUK/IaZHOI TOYKMU 30DYy.

Y 4mucneHHux nmpangx Bifj3sHaY€HO, WO IIO-
€IHAHHA KiJIbKOX OKCUiB [7-12] ab6o okcupiB
Ta ByI/leleBUX Marepianis [13-15] cnpuse ot-
PUMAHHIO IOKPaIEeHNX €/IeKTPOXIMIYHMX Xa-
PaKTEPUCTUK TAKMUX KOMIIOSUTHUX €IEKTPO-
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IiB IIOPIBHAHO 3 IHAWBIyaTbHUMM OKCHUIAMMU,
IO JIOCATAETbCA IOENHAHHAM BIACTUBOC-
TeJl KOXXHOTO i3 KOMIIOHEHTiB. BpaxoByro4n
1le, IEPCIEeKTBHYMM JI1 BUKOPUCTAHHA SIK
aHOJHMX MaTepiasliB Ji/id JIiTiii- Ta HaTpiil-i0H-
HJIX aKyMY/IATOPiB € 6iMeTasniuHi TMTaHATH 31
crpykrypoio neposcbkity (MTiO,, ;e M=Ni,
Co, Mn), AKi MOERHYIOTH Y c06i BIaCTUBOCTI
TiO, Ta BiNOBITHNX OKCUJIIB IIEPEXiHUX Me-
taiis [5, 6, 16, 17].

JIIna cuHTe3y IepOBCHKITiB BiJOMO BMKO-
PUCTaHHA TaKUX METOHIB, K 30/1b-Tenb [18-
20], rigporepmanpuuit [21], Tepmiuamit [22]
tonoximiynmit [23], enekrpodopmyBanns: [19,
24] ta conbBoTepmiunmit [25-28]. IlInupoxuit
CIIEKTP METOMIB CMHTE3Y NO3BOJIAE OTPUMY-
BaTU NEPOBCHKITH 3 PEry/IbOBAHOK CTPYKTY-
poto, MOp(OJIOTi€l0 Ta MOBEPXHEBUMU XapaK-
TEPUCTUKAMMU, AKi CIPUAIOTH TOKPALIEHHIO IX-
HiX €EMHICHUX Ta KiHETMYHUX XapaKTePUCTUK
y IKepernax CTPyMY.

Cepen, maTepianiB LIbOTO TUIIy OJHUM i3
Hal0i/IbII IEePCIIeKTUBHUX € TUTAHAT KOOATIb-
1y CoTiO, [20, 22, 23]. OcHOBHMMU i10TO He-
JOMiKaMI € HU3bKA €JIeKTPOHHA IPOBiJHICTD
Ta BIJHOCHO HM3bKa IMK/IyBa/bHa 3[aTHICTb.
EdexTyBHMM IUIAXOM BUPIIIEHHA LMX IIPO-
071eM € KOHTPO/IbOBaHMII AM3aiH YaCTUHOK Y
¢dopmMi yHiIKaIBHUX MiKPO-, HAHOCTPYKTYP, Ta-
KX sSIK BOJIOKHa [24], cTpmxHi [25, 26], yacTo
3 PO3BMHEHOK MEe30IIOPYBAaTOK IIPUPOJOI0
HoBepxHi [26], a00 CTBOpeHHS KOMIIO3UTIB 3
iHmmMy okcupgamm [23] um ByIeneBuMM Ma-
tepiamamu [20, 28]. 3aBAAKYM LILOMY OTpUMaHi
MaTepiay XapaKTepU3YITbCA MifBUIICHOK
CTPYKTYPHOIO CTabi/bHICTIO Ta IIOKpalie-
HJM iOHHUM Ta €IeKTPOHHUM TPaHCIOPTOM.
Ile cipuse OTPUMMAHHIO BUCOKUX €IEKTPOXi-
MiyHux xapakrepuctuk CoTiO, ax y niTiesiit,
TaK i B HaTpi€Bill cucTemMax, IO MiITBEPIXKY-
€TbCA JaHVMU, HaBeeHUMU B TaOmnii 1.

ISSN 2708-129X. YKp. xiM. XypH., 2026



10. B. LLimatok, H. I. Tno6a, T. B. Jlichuya, K. [1. Nepuna

YXX Ne 4 / TOM 92

Tab6m. 1

Enextpoximiuni xapakrepucruku neposcokiry CoTiO, B niTiii-ioHHil Ta HaTpiii-ioHHi

cucTeMax
Table 1.
Electrochemical characteristics of perovskite CoTiO, in lithium-ion and sodium-ion
systems.
Martepia €MHicTB 32 36epexxeHHs €MHicTB 32
Mo (l)OII)IOI‘i,}I Meto MiHiManTbHOIO €MHOCTI MaKCHMAaJIbHOTO
EMCTeMa ’ CI/IHTC: cTpymy, MArop/r (xinpKicTh ctpymy, MArog/r | Ilocunanusa
(Li 260 Na) Y (rycTmHa IIKIIiB / TyCTHMHA (ryctmna
cTpymy) CcTpyMmY) cTpymy)
O | | 0 | e | e |,
. " (100 MA/r) (1000/1 A/r) (2000 MA/r)
Mikpornpusmu, Na
. . . (500 MA/r) (1800/5 A/r) (5000 MA/T)
Mikponpusmu, Li
CoTiO 202 94% 44
3’ 2
mikpocrpmi, Na | O3 (0,1 A/r) (500/300 MA/r) (3 A/r) [22]
ﬁsgoll? SICIZ;E:IZI’HHMIZ X3 400 100% ~130 [23]
P . (100 MA/r) (500/1 A/r) (5 A/r)
HAaHOKOMMIO3MUT, Li
CoTiO,, E* 637 600 mArogp/r 428 [24]
HAHOBOJIOKHA, Li (100 MA/T) (1200/100 MA/T) (2 A/r)
CoTiO,, CTS 503 100% 171 [25]
MikpocTpyokHi, Li (100 MA/T) (200/100 MA/r) (2A/r)
CoTiO,,
Me30I0pyBaTi s 161 90%
reKcaroHajibHi cT (250 MA/T) (2000/5 A/r) 72 (5 Alr) [26]
Mikponpusmu, Na
Nb-gomnosaumit
CoTiO,, CTS 694 233 mArog/r 82 [27]
reKcaroHaJIbHi (100 MA/T) (100/100 MA /1) (1600 MA/r)
Mikponpusmu, Li
iﬁgsa?g%igigf/c’ CTs 1015 273 mArop/t 182 28]
. . (100 MA/T) (340/500 MA/1) (1600 MA/r)
Mikponpusmu, Li

! — 30/mb-Tenb, * — CUHTES i3 PO34NHY, > — TOMOXIMIYHUIL, * — eleKTPOGOPMYBaHHS, ° — COMbBOTEPMATIbHIIT
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I3 MeTOI0 CTBOpPEHH: epeKTUBHIX AaHOTHIX
MarepianiB, 37aTHUX QYHKLIOHYBATK AK Y Ji-
Tili-10HHIN, TaK 1 B HATpPiil-lOHHINA CUCTeMaX,
y Liit po6oTi posrisgHyTO PisMKo-XiMiuHi Ta
eeKTPOXiMiYHI XapakTepucTuky Oimerasiy-
uux okcupie CoTiO, 8i cTpykTypow mnepos-
CBbKiTYy, CHUHTE30BaHMX METO/IOM CaMOBi/IbHOTO
rigpomnisy. [JocmimpKeHo BIIMB TeMIepaTypu
Bifmany Ha $a30BuUil CKIaj, CTPYKTYPHI, MOp-
donoriyni Ta MOBEPXHEBI XapaKTEPUCTUKA
CMHTE30BaHMX MarepianiB. MeTomoM ranbBa-
HOCTAaTMYHOIO LVK/IYBaHHA BU3HAYEHO €M-
HICHI IMK/IIYHI Ta IIBUAKICHI XapaKTepUCT-
Ku ofiep>kanux 3paskis CoTiO, B nitieBux Ta
HaTPi€BUX €/IEMEHTaX.

EKCIIEPMMEHT TA OBI'OBOPEHHA
PE3YJIBTATIB. 3pasku neposcbkitie CoTiO,
0y/I0 CMHTE30BaHO METOJIOM CIIiBOCA/KEHH:
3a PaXyHOK peakxliil CaMOBi/IbHOTO Tifipomisy
3 MOJaNbIINM BifilIaJIOM 3a Pi3HUX TeMIlepa-
Typ. [Ipu cunTesi Bukopucrosysanu 1M-pos-
upan xaopupy turtany (TiCl) Tta mirpary
ko6anpry Co(NO,), 3a ixHiM eKBiMOTAPHUM
cniBBigHOmEeHHAM 1:1. K ocamxyBa4 BMKO-
pucroByBanu 2M-pO34MH TifpPOKCUZY JIiTiiO
(LiOH). Bci peakTuBu He Hmk4e kBamidika-
il «X. 9.». Y NepIIoMy BUIIAJKY [JO PO3YMHY
COJell TUTAaHy Ta KOOAIbTy HOfaBaIN PO34NMH
LiOH, y pesynbTari 40ro yrBOprOBaBCA OCaf,
TipOKCUJiB/OKCUTIAPOKCUIB TUTAHY Ta IBO-
BaJIEHTHOTO KOOanbTy. 3a [Pyrom CXeMO
[0 BUXiIHOTO PO34MHY coneiil gomaBamm 35%
PO3UYMHY IIEpEKUCY BOJLHIO, B PE3y/IbTaTi YOro
PO34YMH HaOyBaB TEMHO-YEPBOHOIO KOJIbODY,
110 BKa3yBajl0 Ha YTBOPEHHA IIE€PEKMCHOTO
TUTAHY Ta II€POKCOKOMIITIEKCIB TpUBaIEHTHO-
ro K00Oa/lbTy. 3a IIOJA/IBIIOTO HOABAHHA PO3-
yuny LiOH yTBOproBaBca ocap rigpokcupis/
OKCUT1IPOKCUJIB TUTAHY Ta K06a)IbTy. Orpu-
MaHi 3a 060Ma cxeMaMy Ocayl BiIMUBAIN -
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CTUIbOBAHOIO BOJOI0 BiJ| COIEN HEMTpatisalil
(LiNO, i LiCl) mo BcTanOB/IEHHA HENTPaNTbHO-
ro pH i cymmnm 3a remneparypu 100 °C ynpo-
nosx 10 rox. ITicnsa cymkm orprMaHni 6e3 Ta 3a
y4acTi IepPeKNCy BOJHIO 3pasKyl Majiy, BifillO-
BiIHO, CipO-3€/IeHNi1 Ta KOPUYHEBUI KOJIbO-
Py, 1[0 BKa3y€ Ha BiMIHHOCTi y Ba/JIEHTHOCTI
ko6anbty (puc. S1). ITorim cyxi mpopgykTu Bifi-
najoBany 3a temneparyp Big 400 mo 800 °C
YIPOMOBXK 8 rof /Il yTBOPEHHSA IIEPOBCHKITY
CoTiO..

HocnimpkeHHs TepMiyHMX eeKTiB Ta BTpa-
TV Macy Oy/IO IIPOBElEeHO METONOM TepMo-
rpaBiMerpnyHoro anamidy (TTA) Ha mepm-
Batorpadi Q1500D Mettler TA4000 3a mBwuz-
kocTi Harpiy 10 °C/xB. MeTon TT'A fo3Bonus
BU3HAYUTH He TiIbKM 3MiHY BaroBUX Xapak-
TEPUCTUK CHHTE30BAHMX IIOPOUIKIB 3aJexX-
HO BiJj TEMIIEpATypyu, a 1 TeMmIepaTypu, 110
BifillOBifa/m1 yTBOpeHHI0O HOBUX a3. s
peHTreHo-¢daszoBoro ananizy (P®A) Buko-
pucroByBamu audpakromerp «IPOH 4-07»
i3 Cu-Ka-BUIIpoMiHIOBaHHAM 3a KPOKY pee-
crpauii 0,05 rpaj. Posmipu Kpucranitis pos-
paxoByBanu 3a piBHAHHAM llleppepa 3a mikom
(104). IIntomy moBepxHI0, 06’eM mOp Ta ix-
Hiil pO3IIOAIi/ 3a pajiycoM I CMHTE30BAHUX
3paskiB 0y/I0 BU3HAUY€HO METOJOM aficopOIii/
fecopO1ii a30Ty 3 BUKOPUCTAHHAM NPUIARY
ASAP 2000. Mopdoororiro nopepxHi Ta po3Mi-
PY YaCTMHOK HOCTIJ[)KyBayl METOJIOM CKaHY-
BaJIbHOI efleKTpoHHOI Mikpockomii (CEM) Ha
mikpockormi JSM 6700F (JEOL, fInoHis).

EnexrpoxiMiuHi JOCTIIKEHHA IIPOBOAVIIN
B efleMeHTax tunoposMmipy CR2016 3 aHomom
i3 MmetaniyHoro mitito a6o Harpiro. Poboumni
€/IEKTPOJ, CK/IAZlaBCsl 3 aKTMBHOTO MaTepiamy
(CoTiO,), enexrponposignoi gobasku Timcal
Super P carbon black Ta cioryuynuka nosnisinin-
inengudropupy (IIBAD, Solef 6020, Solvay)
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3a IXHbOT'O MAacCOBOTO CIIiBBigHOIIeHHsS 7:2:1.
Cyxy cymim Super P Ta akTBHOTO Marepiamy
MOPLIAMM JIOlaBa/i [0 IIONEPENHbO IIPUTO-
Top/ieHoro posuuny IIBI® y N-merunmipo-
nigoni (99 %, Aldrich) Ta mepemimysanu Ha
BUCOK006epToBiit mimani (~2500 06/xB.) 1o
CTaHy OIHOPiIHOI CYCIeH3sil, AKY HAHOCU/IA Ha
IIOBEPXHIO aMoMiHieBOi (5, = 20 MKM) Ta MifI-
Hoi (8, =9 MKM) ONIBIM 3 BYT/IEL|eBUM €/IeKT-
POIPOBIAHKMM IIAPOM TOBIUVHOK 12 MKM,
Bi[IIOBIHO I [OCHI/PKEHDb y HATPieBiil Ta
niTieBint cuctemMax. OTpMMaHi e1eKTpOAu Cy-
un 3a TeMrneparypu 60 °C mo BupaneHHA
PO3UMHHUKA, VIIIIbHIOBAMN Ta BUPYOyBamm
JIVICKY 3 TUIOLIEI0 MTOBEPXHi 2 cM?%, SIKi CYIININ
y BakyyMmi 3a Temneparypu 120 °C mpotarom
6-7 roguH. IToninponinenosy mnisky Celgard
2400 Oy10 BMKOPMCTAHO fIK CemapaTop s
PO3JilIeHHA KaTOZHOTO Ta aHOJHOIO IIPOCTO-
py. AKX eneKTpOmiT y NMiTiEBUX €eMEHTaxX BU-
xopuctoBysamu 1M-posunn  LiN(CF,SO,),
(LiTFSIL, 99,9%, Aldrich) y cymimi posums-
HukiB etmrenkap6onat (EK, 98%, Aldrich),
numetunkapbonar (IMK, 99%, Aldrich) Ta
¢dropermnenkap6onat (PEK, 98%, Alfa Aesar)
3a IXHbOTO 00’€MHOTrO CIiBBifHOLIEHHS 4:5:1.
JIna HaTpieBMX €/1IeMEHTIB BUKOPMCTOBYBAIN
IM-posunn NaClO, B ananoriuniit cymimi
posunmHHuUKiB. PoboTu, mow’ssaHi 3i 36epi-
TaHHAM €/IeKTPOJliB, BUTOTOBJICHHA Ta 30e-
piraHHsA €NeKTPOJITIiB, CK/IaJJaHHA €/IEMEHTIB
IPOBOAMIN B CYXUX PYKaBUYHMX OOKCax B
aTMoc¢epi aprony. [anbBaHOCTaTVYHI BUIIPO-
OyBaHHA BMKOHYBalM Ha yCTaHOBIi Battery
Testing System (Neware, Knrait) y mianasowni
Hanpyr uuknyBanua 0,01-3 B 3a pisHux ryc-
TUH CTpyMy. LIuK/IyBaHHA Benu 3a TeMIiepa-
typu 30+0,5 °C.

IlepuBatorpamu ocafiiB, OTpMMaHUX 6e3 Ta
B pucytHocTi H O, i monepennbo BUCyIeHUX

https://ucj.org.ua

3a remneparypu 100 °C, [1eMOHCTPYIOTb, 110 Y
000X BUIIaZIkax OCHOBHA BTpaTa Macu Bifoy-
BAETHCA B Pe3y/bTaTi BUIa/IEHHA KpUCTali3a-
Li/IHOI BOAY Ta PO3K/IaJaHHA TiIpOKCUIBHUX
rpyn (muB. puc. S2). MakcumanbHa iHTeH-
CUBHICTb IIpOLIECY BifIOBiZae TeMIeparypi
120-130 °C, a cam mpornec po3TATHYTUI [0
temiiepatypu 61muspko 300 °C i mae feio pis-
Hi mpodii, 0 OB’ s13aHO 3 Pi3HUM CTYIIEHEM
OKIMCHEHHs iOHIiB 1<o6aany B ocallaX. 3a IIO-
[a/IbIIOrO 30i/MbIIeHHA TeMIIepaTypy BTpaTta
Macu 3pasKiB CYyTTEBO CHOBiIbHIOETbCA. Ha
fepuBaTorpaMi 3paska, OTpUMaHOro 6e3 jo-
maBanHa H,O,, cmocrepiraeMo He3HaYHMI
€K30TepMIYHMI MK B IHTEPBaJi TeMIIEpATyp
560-600 °C, akuit Mo>ke OyTH HOB SA3aHMIT 3
okucHeHHaM Co** pmo Co’. Kpucranizamisa
CoTiO, 3aBepiyeTbcs 3a TeMepaTypu 61usb-
ko 700 °C. Ilbomy y 000X BUITafKax Iepenye
He3HayHa BTpaTa Macu. 3a L€l Temneparypu
MIOPOLIKY ITOBHICTIO HAOYBAIOTh XapaKTepHO-
ro myst neposcebkity CoTiO, TeMHO-3emeHoro
Konbopy (puc. S1).

BB Temmneparypu Bigmany Ha ¢asoBuii
CKJIaJ] CMHTe30BaHNX 3pa3KiB 0y/I0 BI3HAYEHO
MeTOZIOM PeHTreHO(a30BOro aHa i3y, pe3yb-
TaTU AKOTO NPEACTaB/IeHo Ha puc. 1. Xapak-
Tep OTPUMAHMX JUPPAKTOrpaM CyTTEBO 3ajie-
JKITD Bifl TeMIlepaTypu Bifmany. BigcyTHicTh
nikiB 3a 400 °C cBifunThb po aMopHUIL CTaH
npopykTis. Iliku kpucraniuHux ¢as 3’aBra-
I0TbCsA 3a TeMnepaTyp Bignany Biff 500 °C. Oc-
HOBHi pedexcu 3a kyTiB 26 24,0°, 32,9°, 35.5°,
40,6°, 49,1°, 53,6° 57,0° 62,0° i 63,7° Bigno-
BilalOTh BiOMTTAM BiJ IUIOLIVH KPUCTAIy
(012), (104), (110), (113), (024), (116), (018),
(214) i (300) i Hanexxatb pasi CoTiO,, axa mae
reKCaroHaJIbHy CTPYKTYPY HEepOBCHKITY (inb-
MEHITYy) i HaZIeXXUTh 1O MPOCTOPOBOI rpymu R3
(JCPDS 72-1069). Okpim ocHoBHOI dasu Ha
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nudpakTorpamMax TaKoXX HMPUCYTHI He3HA4Hi
IOIaTKOBI MiKM, AKi Ha/e>XXKaTh TiO2 (pyTun) Ta
Co,0,. Is mopanpmmm 36i1bIIeHHAM TeMIIepa-
TYpM Bifmanay BiflHOCHA IHTEHCUBHICTb IiKiB
CoTiO3 3pOCTa€, 10 BKa3ye Ha MiIBUILEHHA

& CoTil: o Tild:z o Con {ﬂ}

{Eay

M
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20, rpan

KpUCTaliYHOCTi MaTepiany. IIpy nboMy iHTeH-
CMBHICTb IIiKiB JOMIIIOK 3MeHIIy€eTbcA. Paso-
BUJ CKJIaJ, 3pasKiB He 3a/JIeKUThb BiJj IIIAXY
CuHTesYy, ane y pasi Bukopucranus H O, xinb-
kictp omimku TiO, € femo 6inburoro.
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Puc. 1. PenrreniBcpki gudpakrorpamu 3a pisHux Temnepatyp sigmany ans spaskis CoTiO,,
orpumanux (a) 6es Ta (6) B mpucytHocTi H,0,

Fig. 1. X-ray diffraction patterns at different annealing temperatures for CoTiO,
samples obtained (a) without and (6) in the presence of H,O,.

Macosi wactkn CoTiO, i TiO, y spaskax
0y/0 OIliHEHO MeTOAOM BifHOCHMX Koedimi-
€HTIiB iHTeHCUBHOCT] (reference intensity ratio,
RIR) 3a ganumu PPA, BuKOpuCTOBYIOUYM PiB-
HaHHA 1 [29]:

XCTO -1+ (kCTOITO)/ (kTOICTO) ] (1)
ne X, — Macosa yactka CoTiO,, I il -
iHTEHCMBHOCTI OCHOBHUX AVQPAKIIHMX ITi-
kiB BigmosinHo aa TiO, i CoTiO,, k. ik, -
€Ta/IOHH] CIIiBBiIHOIIEHHA iHTEHCUBHOCTEN
BignosigHo ana CoTiO, i TiO,, saki srigno 3
panumu [30] cranoBnath k.., = 2,81 i k=
3,68. Taxk, macosa yactka CoTiO, y 3paskax,
Bigmanenux 3a 700 i 800 °C, 6es H O, crano-

34

BUTD BifnoBigHO 891 90,6 %, a y BUnajiKy CuH-
te3y 3 H O, -78,3179,2 % BinmosinHo.

PospaxoBani 3a ganumy POA mapamerpn
KpUCTaNTiyHOI I'patku (a, b, ), 06’eM enemeH-
tapHOi KoMipku (V) Ta posmipm kpucrari-
TiB (d,,) nna spaskie CoTiO,, oTpumanux
3a pi3HOI TeMIlepaTypM Bifmany, HaBe[eHO B
tabs. 2. Hajani 3HaueHHs mapaMeTpiB IpaTku
e tunopumu i cnonyku CoTiO,. Hesnaune
30i/IpIIEHHs BIANIOBITHMX IAapaMeTpiB, sKe
BizbyBaeTbCA 3a Iepexofy [0 BUIIVX TeMIIe-
paTyp BifIanay, 3yMOBJIEHO YIi/IbHEHHAM Ma-
Tepiay BHACIIOK CIiKaHHA 4acTUMHOK. IIpu
36inblIeHH] Temneparypu Bigmany Big 500 fo
800 °C poamipu KpucTasiTiB 361/IbIIYIOTHCA
npubmusHo y 1,5 pasn.
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Tabm. 2
CrpykrypHni mapamerpu 3paskiB CoTiO,
Table 2.
Structural parameters of CoTiO, samples.
Tomneparypa |y, 4 oA VA g
cunTes 6e3 H,O,
500 5,066 13,916 309,3 214
600 5,063 13,919 309,0 21,8
700 5,063 13,911 308,8 33,6
800 5,061 13,911 308,5 33,7
cunres 3 H,O,
700 5,063 13,928 309,2 33,8
800 5,059 13,923 308,5 36,4

Mikpodororpadii spaskip CoTiO,, oTpu-
MaHUX IIC/IA Bifilla/y 3a Pi3HOI TeMIIEpaTypu,
npefcTaBlreHo Ha puc. 2. lng 060X 1uisxis
cuntesy (6es Ta B npucyrnocti HO,)) sa op-
HAKOBJMX TeMIlepaTyp Mop¢ororia ta po3Mipu
YaCTMHOK € IMPaKTUYHO ifeHTMYHMMU. OTpu-
MaHi micna Bigmamy 3a temneparypu 400 °C
okcuay, AKi 3a gaHuMu POA sHaxopaTbCA ¥
aMop(HOMY CTaHi, CKIafal0TbCs 3 YACTUHOK
po3mipom MeH1Ie 50 HM, AKi yTBOPIOIOTH IIOPY-
Bari arnoMmepatu. IlifBuileHHA TemmepaTypu
Bigmany 1o 600 °C mpusBOANTD 0 MiHiMa/IbHO-
ro 30i/IbIlIeHHs PO3MIpPYy YaCTMHOK, SIKi pa3oM
i3 M HabyBalOTh Oi/IBII YiTKMX KOHTYPIB, 110
€ pe3ynbTaTOM IXHbOI KpUCTali3allil i y3romKy-
eTbcA 3 pesynbratamu POA. Tloganbiie nigsu-
LIeHHA TemnepaTypu Bifnany go 800 °C cripu-
4iHs€ OIIbII BiTYyTHe YKPYITHEHHS YaCTVHOK
1o 200-400 HM y pesynbTaTi IXHbOTO CIiKaHHA.

Ha puc. 3 ta y Tabi1. 3 mpepcTaBIeHo pe3yiib-
TaT¥ IOPOMETPUYHMX JOCTIIPKEHb 3pasKiB
CoTiO, micna Bimamy 3a pisHUX TeMIepaTyp.
3MmiHa i3oTepM azicop6uii/mecop6buii nmpu mia-
BUILIEHHI TeMIlepaTrypu Bigmany (gus. puc. S3),

https://ucj.org.ua

a caMe 3MEHILEHH TiCTepes3NCcHOI NeTi Ta 3a-
TaJIbHOTO 00’eMy aficopOOBAHOTO a30TY, CBifi-
YUTh IIPO €BOJIOLII0 IIOPUCTOL CTPYKTypU
MaTepiasy Ta YKpYIHEHHS YacTMHOK. 3a MiHi-
MaibHOI Temrieparypu 400 °C 11 OTpUMaHOTO
MaTepiay € XapaKTe€PHOIO YiTKO BUpakeHa Me-
30II0pyBara CTPYKTypa i3 cepegHiM pajniycoM
IIOp ~ 2 HM Ta BJMCOKa II/IOIA IIMTOMOI ITIOBEPX-
Hi (213 m%/r). I3 migBuieHHAM TeMmmepaTypu
TEPMOOOPOOIEHHA CIIOCTEPIraEMO MOCTYIIOBE
36iIbIIIEHHA pafiyCcy IOp i Iepexif Big Me3oro-
pyBaroi 10 MiKpOIIOPYBaTOI IOMIKPUCTaTiYHOI
crpykrypu. IIpn npomy Bxe 3a 500 °C orpu-
MaHO MaJbKe YOTMPUKPATHE 3MEHILEHHSA ITATO-
Moi noBepxHi. [licia Bigmany sa Temneparypu
700 1 800 °C cuHTe30BaHi 3pas3ky MalTh Bobpe
copMOBaHy KPUCTATYHY CTPYKTYpY, Maiy
IMTOMY IIOBEPXHIO, a IXHA IOPYBATiCTh IIepe-
BXHO BU3HAYAETbCA MIKpOIOpaMMm, yTBOpe-
HVMM BHACJI/IOK CIIIKAaHHA YaCTMHOK IIpU Ha-
rpiBanHi. IlpefcraBieni y ocTaHHil KOJOHII
(Tabn. 3) po3Mipu 4acTMHOK, PO3paxoOBaHi 3a
IITOMOIO IIOBEPXHEI0, I0CTaTHbO JoOpe y3rofi-
XyroTbcs 3 fanumu CEM.
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CUHTE3, ®I3MKO-XIMI4HI TA ENEKTPOXIMIYHI XAPAKTEPUCTWKI NEPOBCBKITIB CoTi0, IK AHOQHUX MATEPIAIB
ONA NITIA- TA HATPIW-IOHHWUX AKYMYNSATOPIB

Puc. 2. CEM spaskis CoTiO,, orpumanux (a-6) 6e3 nofaBanus ta (2-e) y npucytnocti H O,
Ta BifmaneHux 3a remneparypu (a, ¢) 400, (6, 0) 6001 (s, e) 800 °C

Fig. 2. SEM of CoTiO, samples obtained (a-6) without and (-e) in the presence H,O,
and annealed at (a, 2) 400, (6, 0) 600 and (s, ¢) 800 °C.
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Puc. 3. Kpusi posnopiny nop sa paiiycom s spaskis CoTiO,, orpumannx (a) 6e3 H,O,
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Ta (6) B mpucytHocTi H O,

Fig. 3. Pore radius distribution curves for CoTiO, samples obtained (a) without
and (6) in the presence of H,O,.
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Tabn. 3
Ilosepxnesi xapakTepuctuku 3paskis CoTiO,, Bignanennx 3a pisHux remmeparyp
Table 3.
Surface characteristics of CoTiO, samples annealed at different temperatures.
T;f;r:;l; z;:zfga S .o M/T V pop SM/T 7 op (BJH), HM d.,HM
cunTes 6e3 H,0,
400 213 0,297 1,9 5,6
500 58 0,218 4,8 20,7
600 24 0,189 8,7 50,1
700 5,6 0,11 39,3 215
800 3,8 0,024 - 316
cunres 3 H,O,
500 113 0,487 3,9 10,6
600 29,4 0,358 8,8 (24,3) 40,9
700 6,4 0,152 47,7 188
800 2,8 0,045 - 429

EnexrpoximiyHi nmpouecu BiJHOBJIEHHA Ta
OKMCHEHHSA CoTiO3 NPOTIiKAIOTh BifIIOBiZHO
[0 PiBHAHHA 2 y pasi KaTiOHa JIiTiI0 Ta piB-
HAHHA 3 [J14 KaTioHa HaTpio. Y pasi IOBHOrO
IIPOXO/KEHHA €NeKTPOXiMIYHOI peaxiiil, He-
3a7IeXKHO BiJi KaTiOHa Y>XHOIO MeTajy, KiH-
LIeBVIMM NIPOAYKTaMI € iHTepkasboBaHa ¢asa
TiO,, meraniunmit KOOA/IbT Ta OKCUAM JIIiTiIO
abo Harpimw [20, 25, 26].

CoTiO3 + 3Li" +3e & LiTiO2 + Co + LiZO;
(2)

CoTiO3 + 3Na' +3e & NaTiO2 + Co + Na,O.
(3)

BignmoBifHO [0 HaBefeHUX PiBHAHb TeO-

perryHa murtoma emHictb CoTiO, cknamae
519,5 MAron/T misa 000x cucreM. TakoK BaxK-

https://ucj.org.ua

JIMBUM € Te, 0 B IJbOMY MaTepiaji BOAHOYAC
peanisyoTbcs iHTEepKaIALiHNAI Ta KOHBEPCili-
HUJ MeXaHi3MM elIeKTPoXiMiyHol peakuii [20].

HocmipkeHHA LMKIIYHUX XapaKTepUCTUK
CoTiO, B nmiTieBUX efeMeHTaX MPOBOIAUIN B
raJibBAHOCTAaTUYHOMY pEXUMi B iHTepBai
Hanpyr 0,01-3,0 B 3a cranoi ryctunm ctpymy
0,1 A/r. Ilicna nepmux 20 UUK/IiB IPOBOANIN
IIBUAKICHI BUIPOOYBaHHS, NOKPOKOBO IIifI-
BUIYIOYM PO3PAJHUIL CTPYM 1o 5 A/T. Kox-
HUJ pO3PAAHUI CTPYM MiTPUMYyBaIM IPO-
TATOM 10 LIMKJIiB, IiC/IA YOTO IPOOBXKYBA/IN
UMKAYBaHHA IIOCTIIHOI TYCTMHOIO CTPyMY
0,1 A/r. EnextpoximiuHi JOCHTiJyKeHHS IIpO-
BOJVIA U1 3Pa3KiB CoTiOS, BigmameHux 3a
temiepatypu 600 (3pasku CTO-600 ta CTO-
600-H,0,, orpumani BifmosifHo 6e3 Ta 3 fo-
paBannam H O,) Ta 800 °C (spasku CTO-800
ta CTO-800-H,0,).
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ANS JUTIA- TA HATPIA-IOHHWUX AKYMYIATOPIB
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Puc. 4. lluxnysanbHi xapaktepuctuku 3paskis CoTiO,, orpumannx 6e3 nogasanua H,O,
B €/IEeMEHTaX i3 JIiTieBUM aHOLOM. (4, 6) Po3psan/3apsAnHi KpuBi 3a TyCTUHM CTPYMY
nyknyBaHHsA 0,1 A/T; (8) 3a7I€XKHOCTI MUTOMOI EMHOCTI Bifi HOMepa VKT
3a cTpyMy nukmrysanua 0,1 A/r; (2) IIBUAKICHI XapaKTepUCTUKN

Fig. 4. Cycling characteristics of CoTiO, samples obtained without the addition of H,0, in cells
with lithium anode. (a, 6) Discharge/charge curves at a cycling current density of 0.1 A/g;
(8) dependences of specific capacitance on the cycle number at a cycling current
of 0.1 A/g; (e) rate characteristics.

Ha puc. 4 npesicTaBneHo pe3y/IbTaTil e/1eKT-
poximiunux BunpoOysanb 3paskie CoTiO,,
OTpUMaHMX 6e3 mofaBaHHs H,O,. 3 nasegne-
HUX JJAHMX BUJHO, IO €MHICHI, IMKIiYHi Ta
wBUAKiCHI xapakrepuctuku 3paskis CoTiO,
3a7IeXaTh Bifl TeMnepaTypu Bignany. Pospsap-
Ha KpuBa nepmoro nuxiay spaska CTO-600
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(puc. 4 a) Mae mekinbKa Pi3HUX 3a MPOTIK-
HICTIO MailJaHYMKIB 3a PO3PASHMUX HAIPYT
~1,7 B, ~1,51 B, ~0,5 B Ta Hmxue 0,2 B. Ha-
TOMICTb 3apsAJHa KpMBa MICTUTb AuUIE [Bi
BiIHOCHO IITacKi AiIAHKM 3a Hanpyr po 0,5 Ta
~1,7-2,5 B Ta gBi moxui AiIAHKM B iHTEpBaIi
Hanpyr 0,5-1,7 B ta Bume 2,5 B. Pospsagna Ta
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3apsAHa EMHOCTI ITepIIOro UUKIY CTAHOBJIATD
BigmoBimHo 801 Ta 436 MAro#/T, 110 BifIIOBI-
nae KynoHiBcpKill epextnBHOCTI (KE) 54,5%.
Bucoka He3BOpPOTHICTb Ha MNEPIIOMY LMKIIi
MOSICHIOETHCA PO3K/IAZAHHAM €JIEKTPOJITY Ta
YTBOPEHHAM TBEPJOl €IeKTPOMITHOI IUIIBKYU
(TEII) Ha moBepxHi pO3ZmiNeHHA eneKTpon/
enextporit [23]. [lounnaroun 3 gpyroro nu-
KIIy, PO3psA/IHa KpMBa CUIBHO 3MIHIOETbCA 1
Ha Hill MOXKHA BUJIINTY TiIIbKM JIBA YMOBHUX
MaliJaHYMKA Ha ginAHKax Hanpyr 1,6-2,1 B ta
Hwk4de 0,5 B. I3 nuknyBaHHAM NPOTAXKHICTD
LVX SUIAHOK ITOCTYIIOBO 3MEHIIYEThCA Pa3oM
i3 BigMMOBigHUM 3HUKEHHSAM IIMTOMOI €MHO-
CTi, a Ha Oi/IBII Mi3HIX IVK/IaX po3ps//3apARHi
npodini HabyBaoTh GOPMU CYLITBHUX ITOXM-
JIUX JTiHiTA.

Pospsap/sapsapHi KpuBi INepuUIOro LMKy
3paska CTO-800 (puc. 4 6) marTh femio iH-
NI BUITIAT OPiBHAHO 3i 3paskoM CTO-600.
PospsapHa rizka Mae Tpu MaliJaHYMKM 32 Ha-
npyr ~1,4, ~0,4 Ta Hux4ge 3 0,2 B, AKuM Ha 3a-
PARHIN KpUBIi1 BISIIOBiaI0Th BITHOCHO II/IACKi
JiNAHKM 3 Hanpyroo fo 0,5 ta 2-2,5 B. 3a mo-
[AJIbIIOrO LIMK/IYBaHHA IUIACKI JIAHKU PO3-
PAMHOL HAIIPYIM TAaKOXX IOCTYIIOBO 3MEHIIY-
I0TbCS1, @ KPMBi HAOYBAIOTh BUITISAAY HOXVIINX
ninin. JK i y monepegHboMy BUIIAJIKy HM3bKa
KE nepuoro nukiny 43,5% (eMHOCTI po3ps-
Iy Ta 3apAAy CTaHOBJIATDH BifMOBiIHO 759 Ta
330 MAroz/T) 3yMOBJ/IeHa IIPOLIECOM PO3KIIa-
llaHHA efeKTporiTy Ta popmyBanHa TEIL

[lopiBHSAHHA OTpUMaHUX PpO3pAA/3apsa-
HIUX KPUBUX i3 pe3ynbTaTamMy BOJIbTaMIIEPHUX
NOCTi/KEHb, TPEACTaBAeHUX Yy JiTepaTypi
[23, 27], no3Bonse imeHTUQIKyBaTV OCHOBHI
e/IeKTpOXiMivHi mponecu y cucremi. Tak, ka-
TOJHI MaiiJaHYMKM 3a Hanpyru noHap 1 B ta
AHOITHMIT MalfaHYMK B 00/macTi 2 B Hamexxarb
no okucHo/BigroBHOI mapu Ti**/Ti** y CoTiO.,.

https://ucj.org.ua

OxpiM LIbOro KaTOZHMII IpoLieC 32 HAIPYIU
~1,6 B moxke 6yTI/I OB’ A3aHNI 3 OKUCHEHHAM
TUTaHY y (asi pyTuny, axuit, 3a ganumy POA,
IPUCYTHIN y 3paskax. Maiijan4uku, mpucyT-
Hi Ha pO3pAJ/3apASHMX KPUBUX 32 HAIIPYIU
Hipkde 0,5 B BifgnoBifgaroTh mporecam OKNC-
HeHHs1/BifHOBIeHH: B mapi Co*'/Co°.

Brumme Temneparypu Bifnany Ha Benu4m-
Hy OUTOMOi eMHOCTi Ta i cTabimbHicTD IpuU
LVK/IyBaHHI IOKasaHo Ha puc. 4 6. Ilicna
3HAYHUX BTpaT Ha INEepLIOMY LMK/ IMMUTOMa
eMHicTb 3paska CTO-800 crabimi3yroTbcs Ha
10-20 umxmax Ha piBHI ~190 MArop/T i 3a mo-
[A/IbLIOTO LMK/IYBAaHHs HaBiTh 30i/MbIIYETHCS
mo 218 mArop/r Ha 190-my umksi. Bogrovac
mida 3paska CTO-600 € xapakTepHUM MOCTIN-
He 3HJDKEHHSA €MHOCTI BIIPOJJOBXX BCbOTO LIM-
K1yBaHHA. [IpMunMHM Takol NOBEeNiHKM 3pas-
KiB MOXKyTb OyTu OB A3aHi 3 BilMiHHOCTAMMU
y IATOMIll ITIOBEPXHi Ta pO3Mipax YacCTUHOK,
a TaKOXX IXHbOK Pi3HOI KPUCTaTi4HICTIO Ta
CTPYKTYPHOIO BIIOPAJKOBAHICTIO, AKi
3HAYaIOTh CIPOMOXKHICTh LMX MarepiaiB 1o
YTBOPEHHA B IPOLECi LVKIyBaHHA YIOP:AJ-
KOBaHNX HaHOKPUCTa/MIYHUX (a3, 3TaTHNUX IO
cTabipHOrO ILMKIyBaHHA. MeHIi posmipn
YJaCTMHOK Ta Oi/lbllla NYTOMa OBEPXH: 3pas-
ka CTO-600 crnpusAmoTb OTPMMAHHIO BMILOI
IUTOMOI €MHOCTI Ha IOYaTKy LMK/IyBaHHS,
ame He 10 KiHLS cdopMOBaHA KpUCTamidHa
CTPYKTYpa NPU3BOAUTH 10 HU3BKOI CTabiNb-
HOCTI IIMTOMOI €EMHOCTI.

Taky >k MOBeMliHKY CIIOCTepiraeMo i mip yac
IIBUZIKICHUX BUIPOOYBaHb, Pe3y/IbTATH SIKUX
IpefcTaBieHo Ha puc. 4 2. 3pasok CTO-600
NEMOHCTPYE HM3bKY CTiMIKiCTh [0 IifBMUIIe-
HUX PO3PAMHUX CTPYMiB IOPiBHAHO 3i 3pas-
koM CTO-800. MakcuMasnbHe 3HVM>KEHHS pO3-
pAnHoi emHocTi 3paska CTO-800 crocrepi-
raeMo B iHTepBasi IycTuH crpymy 0,1-3 A/r,

BU-
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3a AKUX NMTOMA EMHICTb 3MeHIIYeThCA 31 190
00 93 MArop/r. 3a noganapmoro 36i/IbIIeHH
TYCTUHU CTPYMY /IO 5 A/T €MHICTb 3HUXYETb-
cs1 1o 86 MAroa/T, 1o Bifmosigae 45,3% 36epe-
JK€HHS €MHOCTI. [Ipu 3MeHIIIeHHI pO3pARHOrO
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crpymy jo 0,1 A/r muTOMa EMHICTh OBHICTIO
BiJTHOBJIIOETbCA, 11O BKa3ye Ha BMCOKY CTa-
Oi1bHICTD 3a3HaYEHOTO 3pa3Ka HaBiTh 32 YMOB
MiBUILEHNX CTPYMiB pO3pALY.
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Puc. 5. lluknysanbhi xapakrepuctukn 3paskis CoTiO,, orpumanux i3 fogasanusam H O,
B €/IeMEHTaX i3 /iTieBUM aHOROM. (4, 6) Po3psap/3apsaaHi KpuBi 3a IyCTMHU CTPYMY
nuknyBaHHA 0,1 A/T; (6) 3a7eXKHOCTI MMTOMOI EMHOCTI Biff HOMepa LUKITy
3a cTpymy nukayBansA 0,1 A/r; (2) IBUAKICHI XapaKTepUCTUKU

Fig. 5. Cycling characteristics of CoTiO, samples obtained with the addition of H,O, in cells
with lithium anode. (a, 6) Discharge/charge curves at a cycling current density of 0.1 A/g;
(8) dependences of specific capacitance on the cycle number
at a cycling current of 0.1 A/g; (e) rate characteristics.

AHasoriyHi enekTpoxiMiuHi AocmifykeHHA BignmoBigHi
6yno mposesieHo i s spaskis CoTiO,, cun-
Te€30BaHMX i3 [JOJaBaHHAM IIE€PEKNCY BOJHIO.
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pe3ynbTaTy IPEACTABIEHO Ha
puc. 5. Ha BigMiHy Bif pesynbraTis, HaBefe-
HUX Y po6oTi [23], y HamoMy BUIA[IKY foha-
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BaHHA IIEPEKNCY BOJHIO MalKe He BIUIMHY/IO
Ha BEIMYMHY IUTOMOI EMHOCTI Ta 1i 3aymex-
HICTh Biji HOMepA LMKy Ta IYCTUHUA CTPYMY
po3pAny. 3a XapaKTepoM PpO3pAA/3apAmHUX
KpUBUX Lii 3pasKu CoTiO3 € MoJioHMMU [0
OTpUMaHMX 0e3 IepeKNCy BOIHIO 33 TUX XKe
TeMIleparyp Binmany (puc. 5 a, 6). [Ins 3paska
CTO-600-H,0, nomiTHmit 6inblI IMMPOKMIL
MaiilaH4MK 3a Hanpyru 1,7 B, mo mos’a3ana
3 JITIIOBAHHAM PYTUIIY, BMICT AKOTO, 3TiZTHO
3 HaBeIeHMMM BMILle pO3PaXxyHKaMM, € BIBidi
BUILVIM IIOPIBHAHO 31 3pasKaMy, OTPMMaHUMU
6es nepexucy sogHio. 3pasok CTO-800-H,0,
IEMOHCTPYE CTabiIbHY MUTOMY EMHICTD, fAKa
cTaHoBUTb 202 MATOA/T Ha 190-My LUK/ TPy
UMKIyBaHHi ctpymoM 0,1 A/r, a 3a mBuUAKic-
HUX BUIPOOyBaHb 30epeXeHHs €MHOCTI 3a
MaKCUMa/JbHOTO CTPyMy 5 A/r CTaHOBUTb
45,5% (puc. 58, ¢). Takum 4MHOM, OCHOBHUM
¢dakTOpoOM, 110 BU3HAYA€ UKTyBa/IbHi XapakK-
tepuctukn CoTiO,, 3anmmimaerbca Temmepa-
Typa Bifilla/y, a BBEJEHHA IEPEKNCY BOJSHIO
Ha IIPOMDKHIN cTafil CMHTe3y IPaKTU4YHO He
BIUIMBA€E Ha KiHIIEBY LIVMK/IYBa/JIbHY CIIPOMOX-
HICTb aKTMBHOI'O MaTepiary.

Jloc/mii>)KeHHA B HATPiEBUX €IEMEHTAX IIPO-
BOZIVJIN 33 CXEMOI0, CXOXKOI0 JIO 3aCTOCOBAHOI
y MiTiEBMX KOMipKaX, fIKa BKJ/IIOYaja LVKIIYy-
BaHHA 3a cTajoi ryctuau crpymy 0,1 A/r Ta
IIBUJKICHI BUIPOOYBaHHS 3a CTYIiHYacTOl
3MiHM pospApHoro crpymy Bifg 0,1 o 1 A/r
(mo 10 nuKIiB Ha KOXHY TYCTUHY CTPYMY).
Ha puc. 6 a, 6 npencraBieHo po3psn/3apsiy-
Hi KpuBi 1, 2, 5, 20 Ta 60 uuKIiB A4 3paskis
CoTiO,, cunresoBanux 3a npucytHocti H O..
[Tpu nmknyBanni CoTiO, B HaTpieBUX KOMip-
KaXx IHTepKaAlLifg/feiHTepKanALia HaTpio
BifOyBaeTbCs 3a NOCUTb HU3BKOI HAIpyru
(amxue 1,5 B), mo sk i B mitieBiit cuctemi 3y-
MOBJIIOE 3HaUYHy HE3BOPOTHY EMHICTD Ha IIep-

https://ucj.org.ua

HIOMY LMK/ 32 paXyHOK PO3K/IaJaHHA €/IeK-
Tpornity Ta ¢popmysanna TEII [22]. IIutomi
€EMHOCTI PO3pAAY Ta 3apAAy INEPIIOro LUKy
CTAaHOBATL 443 Ta 199 MArop/r pna 3pas-
ka CTO-600-H,0, rta 167 Ta 64 MmAron/r s
spaska CTO-800-H,O,, mo signosigae KE
44,9% Ta 38,2% BignosigHo. B 060x Bumap-
KaxX pO3pAAHiI KpMBI IIEPUIOTO LMKy MalOTh
IJTACKi mimAHKM 3a Hanpyr ~1,25 B Ta HipKue
0,3 B, AxuM Ha 3apsAAHIN KpuUBiN BifmoOBifa-
I0Tb MalilaHYMKy 3a Hanpyr ~0,85 Ta ~2 B.
i minAHKM IOENHYIOTbCA NOXWIOK JIiHIEH.
[IpOTAXHICTD IUIACKUX AUIAHOK PO3PALHOI Ta
3apsAIHOI KpMBYX ITOCTYTIOBO 3MEHIIYETbCA Ha
HACTYNMHUX LMKIaX. AHAJIOTiYHO JIO JiTi€BOI
CUCTEMM, Y IIbOMY BUIIQ[IKy €JIeKTpoXiMidHa
peakKIlisa 3yMOBJIeHa MPOLeCaMM BiJHOB/IEHHA
Ta okucHenHsa Co%/Co?" ta Ti*/Ti*" Bigmosin-
HO TIpU pO3pAKEHHI Ta 3apsamkenHi [20, 22,
26]. HaaBHICTh QiNAHOK i3 IJIAaBHOIO 3MiHOIO
HallpyT¥ TIOACHIOETbCA B3aEMHUM MiATPU-
Mylo4rM edeKToM 6iMeTaseBOro OKMCHEHHH.
[Toxn opyH iOH MeTanmy OKMCTIOEThCS, dasa
iHIIOrO MeTajy 3a/MIIAETHCA HE3MIHHOIO, 3a-
Oe3neuyr4y CTPYKTYPHY LiTiCHICTD aKTUB-
HOTO MaTepialy Ta yTBOPIOIOYM TaKUM YMHOM
CaMONITPUMYBaHy Mepexy 3a PaXyHOK 0e3-
IIEPEpBHOCTI OKMCHO-BiJHOBHOTO IIPOIECY.
Hamnpyra ocHOBHUX €1€KTPOXiMiYHMX IpoIie-
CiB Ha KPMBMX PO3PANY/3apAMy 3a BEINIMHOIO
MOXXYTb CyTTEBO He 306iraTmcs iy ofHaKOBUX
MarepiajiB, OTPMMAHUX Pi3HMMU METOJAMM,
OCKI/IbKM Pi3HUIA Y iXHbOMY CK/Iajii, IOBEPX-
HEBUX Ta CTPYKTYPHMX XapaKTepUCTUKAX
MOXX€ 3YMOBJIIOBAaTH 3HA4YHI IOIApM3aLIiiHi
npouecu [20].

3anexHoCTi, IpefcTaBneHi Ha puc. 6 6,
NEeMOHCTPYIOTb 3MiHy NMTOMOI €MHOCTI Bif
HOMEpa LMKy 3a CTaloi TYCTUHM CTPYMY
0,1 A/r. Emmuictp 3paska CTO-600-H,O, npu
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UMK/IYyBaHHI Ma€ TEHMEHLII0 IO IOCTYIIOBO-
ro 3MeHIIEeHH:A, 0cOOMMBO Ha mepmmx 20-Tn
nuKaax. BopgHodac mmuTOMa €MHICTh 3paska
CTO-800-H,0, micisA piskoro sMeHIIEHHA Ha
APYroMy LUKl IeMOHCTPY€E JiesiKe 3pOCTaHHA
i Ha 100 umki cknafae 94 MATOf/T NOPiBHAHO
3 78 MAroz/r Ha gpyromy. 3pasok CTO-800-
H,O, Takoxx mMa€ Kpaui WBKUAKICHI XapakTe-
puctuku (puc. 6 ¢), Xo4a pisHUIA MiX 3pa3Ka-
mu CTO-600-H,O, ra CTO-800-H,0O, 3a unm
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ITIOKa3HMKOM He € TaKOI0 3HaYHOIO, K IIPY 1IN~
KJIyBaHHI B /IiTieBiy cuctemi. [Tpu 36inbpiuenHi
pospapHoro ctpymy Bif 0,1 go 1 A/r nutoma
emuicTh 3paska CTO-800-H,O, sHmKyeTbcs
Bim 92 go 67 mArop/r BimnoBinHo. Ile Bimmo-
Biflae 36epe>keHHI0 EMHOCTI 72,8%, 1110 € J10-
CTaTHBO O/IM3bKMM IO 3HaUeHHsI, OTPYMAHOTO
y JNTIiEBINI CUCTeMI 3a iJEHTUYHOIO CTPYMY,
AKe CTaHOBUTD 75,8%.
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Puc. 6. HuxnysanbHi xapakrepuctuku 3paskis CoTiO,, orpumanux i3 gogaBanusam H O,
B eJIEMEHTaX i3 HaTpieBUM aHOROM. (g, 6) Po3psy/3apsagHi KpuBi 3a I'yCTUHU CTPYMY
nuktyBaHHA 0,1 A/t; (8) 3a/1eXXHOCTI MMTOMOI €EMHOCTI Bifi HOMepa LMKITY
3a cTpyMy nuknysanua 0,1 A/r; (e) IBUAKICHI XapaKTepuCTHUKN

Fig. 6. Cycling characteristics of CoTiO, samples obtained with the addition of H,O, in cells
with sodium anode. (a, 6) Discharge/charge curves at a cycling current density of 0.1 A/g;
(8) dependences of specific capacitance on the cycle number at a cycling
current of 0.1 A/g; (e) rate characteristics.
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AHajoriuHi enekTpoxiMiyHi BUIIPOOYBaH-
HA 6y7o mpoBesieHo s cepii spaskis CoTiO,,
oTpuMaHMX 0e3 JofaBaHHSI H,O,. Bignosin-
Hi pe3y/lbTaTy NPENCTAaBIeHO Ha puc. 7. 3a
XapaKTEpOM KPUBUX pO3pAJKEHHA/3aps-
JDKeHHS 1ii 3pa3Kyl MoAi6Hi 10 OTpUMaHMX 3a
npucytHocti H O,. Takox s6epiraroTbcs Ti
K caMi TeHJieHIIil y 3MiHi MMTOMOI EMHOCTI 3a
CTasol IyCTMHM CTpyMy LuknysBaHHa 0,1 A/r

(puc. 76) Ta po3psAni pisHMMMU T'yCTHAMU
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cTpymy (puc. 7 2). lle minTBepmxye Te, 1m0 y
HalIOMy BUIAJKY JOJLABAaHHSA IEPEKUCY BOJ-
HIO ITifl YaC CMHTE3Y IPAKTUYHO He BIUIMBAE HA
(dYHKIIOHAIbHI XapaKTePUCTUKM OTPUMAHUX
nepoBcbkiTiB CoTiO,, a 6inbin BaXINBOW0O €
TeMIlepaTypa Bifimany, sika mo3Bosse cdop-
MYBaTHU CTPYKTYpPy MaTepiainy, 1o 3abesnedye
CTabi/IbHi €eKTPOXiMiYHI XapaKTepUCTUKU
AK y HaTpill-, TaK i JiTiil-lIOHHUX CUCTEMAX.
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Puc. 7. luknysanbHi xapakTepuctuku 3paskis CoTiO,, orpumannx 6e3 nomaanna H O,
B €JIEMEHTAX i3 HaTpi€eBUM aHOAOM. (a, 6) Po3psn/sapsAnHi KpMBi 3a TYCTUHU CTPYMY
nuknyBanHA 0,1 A/t; (8) 3a/1eXXHOCTI TMTOMOI EMHOCTI Biff HOMepa LIMKITY
3a ctpymy nuknysanus 0,1 A/t; (e) mBUAKicHI XapaKTepuCTUKN

Fig. 7. Cycling characteristics of CoTiO, samples obtained without the addition of H,O, in cells
with sodium anode. (a, 6) Discharge/charge curves at a cycling current density of 0.1 A/g;
(8) dependences of specific capacitance on the cycle number at a cycling
current of 0.1 A/g; () rate characteristics.
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[IopiBHIOIOYM OTpMMaHiI €IeKTPOXiMivHi
xapaktepuctuku CoTiO, B mBOX eneKTpoxi-
MIYHUX CHCTeMaX, C/IiJi BiMiTUTV 3HAYHY pi3-
HIUIII0 Y IUTOMUX EMHOCTAX, AKi Yy HaTpi€eBii
cucTeMi MpaKTUYHO BJBIYi HVKYI, HDK Yy JIiTie-
Bi. lle mepenycim noB’s13aHo 3 6inbIINM PO3-
mipowm iona Na* (Na* = 1,02 A, Li* = 0,76 A),
10 3HAYHO YCKJ/IaJHIOE JIOr0 IHTEpPKAIALII0 B
KPUCTATIYHY PeIliTKy Ta 0OMeXYye KiTbKiCTb
NOCTYIIHMX aKTMBHMX LeHTpiB. Kpim mporo,
nudysis Na* y TBeppoMy Tifi € MOBINbHIIIOW,
IO IIOTipulye KiHETUKY eIeKTPOXiMi4HUX
npoleciB Ta 36inpUIye monApusanio. Y cy-
KYITHOCTI Ije IPU3BOAUTD [0 HIDKYOI 000pOT-
HOI €EMHOCTI Ta TipLIol peasisalil eeKTpoxi-
MiYHMX XapaKTE€PUCTUK MaTepiany. B npomy
IIaHi CMHTE3 MaTepialiB i3 peryJabOBaHUMMU
CTPYKTYPHMMU, TIOBEPXHEBUMM Ta MOpdosIo-
TIYHVMM XapaKTepUCTUKAMU € Oi€BUM IIJIA-
XOM 11 Gi/TbIII TOBHOI peajtisariil IIOTEHLiamy
CoTiO, sAK aHOLHOrO Marepiamy mjs MeTas-
iOHHMX cHCTeM.

BMCHOBK. Bimeraniyni okcupu CoTiO,
31 CTPYKTYpOIO IIepOBCHKITy Oy/I0 CMHTe30Ba-
HO METOJJOM CaMOBIJIbHOTO rifpornisy 6e3 Ta B
IIPUCYTHOCTI IIEPEKNUCY BOAHIO 3 IOJA/IbIINM
TepMIYHMM Bi[IIaJIOM Ha IOBIiTpi Ta [OCIi-
IPKEHO fAK aHOJHI MaTepianu [jid NiTili- Ta Ha-
TpPili-iloHHNX aKyMynATOpiB. DisuKo-XiMiuHi
XapAKTEPUCTUKM OTPUMAHUX OKCUJHUX Ma-
TepialiB [OCII)KEHO MeTOAaMM TepMorpa-
BIMETPUYHOrO Ta peHTreHo(]a3oBOro aHaii-
3y, CKaHyBaJIbHOI €/IeKTPOHHOI MiKPOCKOIIil
Ta opoMeTpii. BctaHOBNIEHO, 110 YTBOPEHHA
KpUCTaTiyHOI (pasy nepoBChKITY BifOYBa€Th-
ca 3a remneparypu Big 500 °C i Bume. Iligsu-
IleHHA TeMIlepaTypu Bignany 3 400 o 800 °C
CYIPOBOIPKYETbCSI  30iMbLIEHHAM  Ppo3Mipy
gacTMHOK Big ~50 mo 200-400 HM Ta minmBm-
LIEHHAM KPUCTATIYHOCTI.
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EnexTpoxiMiyHi XapaKTEepUCTUKM 3pas-
KiB IIEpOBCBKITiB, BifllIaJIeHNX 3a TeMIlepa-
Typ 600 °C (CTO-600) Ta 800 °C (CTO-800),
JOCIPKEHO METOJOM TIa/IbBAaHOCTATUYHOIO
LUMK/TyBaHHA B HalliBe/IEMEHTAX i3 JITiEBUM i
HaTpi€BMM IPOTHMENEKTPOJaMu. Y JIiTiil-i0H-
Hilt cucremi 3pasok CTO-800 neMoHCTpYyE BI-
COKY CTabi/IbHICTb MMTOMOI EMHOCTI Ha PiBHi
~200 MArop/r 3a cTpyMy nukiaysanssa 0,1 A/t
Ta BifIMiHHI IIBUJAKICHI XapaKTEPUCTUKM 3
PO3pAJHOI0 IMUTOMOI0 €MHICTIO 86 MAroz/r
3a cTpyMmy 5 A/r. 3a3sHayeHi XapaKTepUCTH-
KI CYTTEBO IEPEBUINYIOTh ITOKa3HUKM 3pas-
ka CTO-600, 1m0 cBifuNTh NpPO MO3UTUBHMUIA
BIUIMB IIi/IBUIEHOI KPUCTAIYHOCTI Ha €JIeKT-
POXiMiYHy NOBEJIHKY Marepiany, 30Kpema Ha
CTabibHICTD Ta KiHeTMKY iHTepKansAuii/mein-
TepKasALil JIiTio.

3aranbHi TeH/IeH1ii B e/IeKTPOXiMiuHiil I10-
Bentinui spaskie CoTiO, y HaTpiii-iOHHil cuc-
TeMi 3arajgoM € IONIOHMMU O JIiTili-iOHHOI,
ajle OTpMMaHi IpM LIbOMY NMUTOMI €MHOCTI
€ IPAaKTUYHO BABIYI MeHIIMMU. [nd 3paska,
Bignanenoro 3a remneparypu 800 °C, crocre-
piraemo mBUAKY cTabinmisarito nMToMoi EMHO-
CTi, AKa 3pocTae Bif 78 MAroA/T Ha 2 UK [0
94 mArop/r Ha 100 nuKi 3a CTpPyMy LIMKITy-
BanHA 0,1 A/r. IIpy nboMy BIZIMB TeMIIepaTy-
Py Bifmanay Ha IIBUAKICHI XapaKTepUCTUKIA B
HaTpIll-lI0HHIN CUCTEMI € MEHII BUPAXKEHUM.
BBefennsa mnepekucy BOOHIO Ha IIPOMDKHIIA
CTafil CMHTe3y IpPaKTUYHO He BIUIMBAE Ha
€lIEKTPOXiMiYHy TOBefliHKy 3paskiB CoTiO,,
BiJjITaZIeHNX 3a BifTIOBiJHMX TeMIIEpaTyp AK Y
MiTiN-10HHIN, TaK i HATPil-iOHHIN cUcTeMaX.

OrpuMaHi pe3ynbTaTu CBifyaTh, IO IIifi-
BulleHHs KpuctaniyHocti CoTiO, cmpuse
dbopMyBaHHIO B IpoLieci IMK/ITyBaHHA OibLI
BIIOPAJKOBAHMX HAHOKPUCTAMIYHUX [OMe-
HiB, y MeXax AKMX e(eKTUBHillle IPOTiKAIOTh
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nmpolecu iHTepKaALil/feiHTepkanAnil ioHiB.
Orxe, LimecnpsAMOBaHe KepyBaHHA CTPYK-
TYPHMMIU IIapaMeTpaMy IEPOBCHKITiB € edpek-
TUBHUM LUIAXOM ONTUMi3alil iXHIX e/l1eKTpo-
XiMIYHUX XapaKTepUCTHK.
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SYNTHESIS, PHYSICOCHEMICAL AND
ELECTROCHEMICAL CHARACTERISTICS OF

CoTi0, PEROVSKITES AS ANODE MATERIALS
FOR LITHIUM- AND SODIUM-ION BATTERIES.

Yu.V. Shmatok*, N.I., Globa,
T.V. Lisnycha, K.D. Pershina

V.I. Vernadsky Institute

of General and Inorganic Chemistry

of the National Academy of Sciences of Ukraine,
32/34 Acad. Palladina Ave., 03142 Kyiv, Ukraine
*e-mail: yu.shmatok@gmail.com

In the work, a bimetallic cobalt-titanium
oxide CoTiO, with a perovskite structure was
synthesized by a simple method of spontane-
ous hydrolysis with subsequent thermal an-
nealing. The influence of the presence of hyd-
rogen peroxide during synthesis and annealing
temperature on the phase composition, struc-
tural, morphological and surface character-
istics of the obtained materials was studied
using X-ray phase analysis, scanning electron
microscopy and porometry. It was shown
that the formation of the crystalline phase of
perovskite CoTiO, occurs at annealing tem-
peratures of 500 °C and above. Increasing the
annealing temperature from 400 to 800 °C
leads to particle enlargement from ~50 nm to
200-400 nm and a concomitant increase in
crystallinity. The electrochemical properties of
CoTiO, were studied by galvanostatic cycling
in half-cells with lithium and sodium anodes
in the voltage range of 0.01-3 V and current
densities from 0.1 to 5 A/g. It was found that
the increase in crystallinity of CoTiO, due to
an increase in the annealing temperature to
800 °C has a positive effect on the stability of
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the specific capacity, improves the rate charac-
teristics and reduces the number of activation
charge-discharge cycles. In lithium-ion cells,
the maximum specific capacity of CoTiO,,
which reaches 218 mAh/g after 190 cycles at a
current density of 0.1 A/g, and the best stabili-
ty during cycling and discharge at high current
densities are characteristic of samples annealed
at a temperature of 800 °C. The specific capa-
city of CoTiO, in the sodium-ion system is al-
most 2 times lower and is less dependent on
the annealing temperature. It is shown that the
nature of the alkali metal cation significantly
affects the capacitive and kinetic characteris-
tics of CoTiO,, respectively, the better electro-
chemical properties of CoTiO, in the lithium
system are associated with a higher diffusion
ability and smaller kinetic limitations of the Li*
cation compared to the larger Na* cation.

Keywords: CoTiO,, perovskite structure,
anode material, lithium-ion battery, sodi-
um-ion battery.
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Fig. S1. Powders obtained (a) without and (b) with the addition of H,0,
dried at 100 °C and (c) after subsequent annealing.
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In 2025, seven fluorine-containing anticancer agents received approval from the US Food and
Drug Administration, underscoring the continued and growing impact of strategic fluorination
in modern oncology drug design. These newly authorized therapies represent a diverse portfolio
spanning a broad spectrum of malignancies, molecular targets, and innovative mechanisms of
action, further validating fluorine’s unique ability to enhance drug performance. Sunvozertinib
(Zegtrovy®) was approved for the treatment of locally advanced or metastatic non-small cell lung
cancer (NSCLC) harboring specific EGFR mutations. The combination of defactinib and avu-
tometinib (Avmapki®) provides a much-needed targeted option for patients with KRAS-mutated
recurrent low-grade serous ovarian cancer, addressing a historically challenging disease setting.
Imlunestrant (Inluriyo®) offers a next-generation selective estrogen receptor degrader (SERD)
as an effective endocrine therapy for estrogen receptor-positive, HER2-negative, ESR1-mutated
advanced or metastatic breast cancer. Ziftomenib (Komzifti®) enables precision therapy for adults
with relapsed or refractory (AML) carrying susceptible NPM1 mutations, representing a signi-
ficant advancement in targeted hematologic oncology.Datopotamab deruxtecan (Datroway®), a
novel TROP2-directed antibody-drug conjugate (ADC) with a topoisomerase I inhibitor pay-
load, expands treatment options for previously treated hormone receptor-positive, HER2-nega-
tive metastatic breast cancer and for certain TKI-experienced NSCLC populations. Taletrectinib
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(Ibtrozi®), a potent next-generation ROS1 tyrosine kinase inhibitor, received approval for ROS1-
positive NSCLC in both TKI-naive and TKI-experienced patients, offering improved central ner-
vous system penetration and activity against resistant mutations.Collectively, these seven agents
vividly illustrate the remarkable versatility of fluorine incorporation in enhancing molecular po-
tency, metabolic stability, binding selectivity, and overall pharmacokinetic performance across
vastly different therapeutic modalities — from small-molecule kinase inhibitors and degraders
to complex antibody-drug conjugates. The strategic placement of fluorine atoms or fluorinated
groups in these molecules often leads to improved lipophilicity, stronger target engagement, re-
duced clearance, and better safety profiles.For each compound, we provide a comprehensive inte-
grated discussion covering its discovery history, detailed biological mechanism of action, primary
therapeutic applications, recommended clinical administration and dosing regimens, the specific
role of fluorination in optimizing its pharmacological and physicochemical properties, as well as

the detailed chemical synthesis routes employed in its industrial-scale production.

Key words: Fluorine; Drug Design; Oncology; Synthesis; Chirality; Pharmacology; Therapeutics.

INTRODUCTION. Pharmaceutical drugs
are essential to modern civilization, profoundly
shaping public health and quality of life. They
treat and manage a wide range of acute and
chronic diseases, from bacterial infections-
transformed by antibiotics in the modern
era—to long-term conditions such as diabetes,
hypertension, and cardiovascular disorders.
Advances in oncology, including chemothe-
rapy and targeted therapies, have markedly im-
proved survival rates while vaccines have near
eradicated or greatly reduced the incidence of
a number of once devastating infectious di-
seases [1-3].

Beyond disease control, pharmaceuticals
enhance daily functioning by relieving pain,
managing symptoms, and supporting mental
health, enabling individuals with depression,
anxiety, or chronic pain to participate fully

https://ucj.org.ua

Dedication: Dedicated to the memory of Professor
Volodymyr Brovarets whose rare combination of
intellect, kindness, and curiosity enriched every-
one around him. Your legacy remains alive in our
hearts and in the science you loved.

in society. They are indispensable to modern
medical practice—surgery, transplantation,
and intensive care all rely on anesthesia, im-
munosuppressants, and other critical drugs.
Pharmaceuticals also underpin public health
initiatives, including vaccination and disease-
control programs. Continuous research and
development within the pharmaceutical in-
dustry drives the discovery of new therapies
ensuring progress against emerging health
challenges [4-6].

Fluorine is a key element in modern drug
design owing to properties that significant-
ly enhance therapeutic performance [7-10].
By blocking metabolic oxidation sites, fluorine
slows drug degradation, extending half-life,
and sustaining efficacy. Its strong electronega-
tivity fine tunes molecular electronics, impro-
ving interactions with biological targets and
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increasing potency and selectivity. Fluorine in-
corporation can also enhance solubility, mem-
brane permeability, and overall bioavailability,
helping drugs reach their intended sites more
effectively while reducing off-target effects
[11-15].

Comprehensive surveys over the past
25 years [7, 16-22] indicate that more than
450 fluorine-containing pharmaceuticals have
been approved by the US Food and Drug Ad-
ministration (FDA). Structurally, heterocyclic
scaffolds dominate modern drug design, ap-
pearing in over 85% of approved agents due to
their broad biological activities and exception-
al versatility as molecular backbones [23-31].
Amino acid-derived motifs are similarly in-
fluential: over 30% of small-molecule drugs
incorporate amino acid residues or related de-
rivatives such as amino alcohols and diamines.
These fragments expand structural diversity
and, by introducing defined stereochemistry,
enable three-dimensional architectures that
optimize target engagement [32-41]. Chirality
is also very much a central principle of drug
design with more than 70% of marketed phar-
maceuticals chiral [42-46].

From a therapeutic perspective, fluorinated
drugs span nearly all major disease areas. The
most frequent activities include anticancer,
anti-infective, antiviral, anti-inflammatory,
cardiovascular, metabolic, and central nervous
system (CNS) indications [7, 14, 16]. Among
these, anticancer agents represent one of the
most prominent and rapidly expanding cate-
gories. Fluorination is especially valuable in
oncology because it enhances metabolic sta-
bility, improves target selectivity, and enables
the fine tuning of physicochemical properties
required for potent inhibition of oncogenic
pathways. Many landmark cancer therapeu-
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tics—including fluoropyrimidines, kinase in-
hibitors, and modern targeted agents—rely
on strategic fluorine incorporation to achieve
clinical efficacy [7, 14, 16].

In this review, we profile seven recently ap-
proved fluorine-containing, anti-cancer drugs
approved by the US FDA in the year 2025.
These include sunvozertinib (Zegfrovy®) 1
(Fig. 1), approved for treatment in adults with
locally advanced or metastatic non-small cell
lung cancer (NSCLC). Defactinib 2 and avu-
tometinib (Avmapki®) 3, a co-approved oral
combination regimen, are indicated for adults
with KRAS-mutated recurrent low-grade se-
rous ovarian cancer (LGSOC) after prior sys-
temic therapy. Imlunestrant (Inluriyo®) 4 is
indicated for adults with estrogen receptor
(ER)-positive, HER2-negative, ESR1-mutated
advanced or metastatic breast cancer that has
progressed after at least one line of endocrine
therapy. Ziftomenib (Komzifti®) 5 is approved
for adults with relapsed or refractory acute
myeloid leukemia (AML) harboring suscep-
tible NPM1 mutations. Datopotamab derux-
tecan (Datroway®) 6 is a TROP2-directed an-
tibody-drug conjugate (ADC) approved for
adults with unresectable or metastatic hor-
mone receptor-positive, HER2-negative breast
cancer after prior endocrine therapy and
chemotherapy, and for certain adults with pre-
viously treated advanced NSCLC. Taletrecti-
nib (Ibtrozi®) 7 is indicated for adults with
locally advanced or metastatic ROS1-positive
NSCLC, including both TKI-naive and
TKI-experienced patients. For each drug, we
outline its discovery, mechanism of biological
activity, and detailed synthetic route. We also
assess, when possible, how fluorination influ-
ences the drug’s biological profile.
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Fig. 1. Fluorine-containing oncologics that have been introduced

into the pharmaceutical market in 2025.

EXPERIMENT AND DISCUSSION OF
THE RESULTS. Sunvozertinib (Zegfrovy®,
DZD9008) 1 is an oral, irreversible, pyrimi-
dine-based epidermal growth factor receptor
(EGFR) tyrosine kinase inhibitor (TKI) deve-
loped by Dizal (Jiangsu) Pharmaceutical Co.,
Ltd. It represents the first approved targeted
oral therapy specifically designed to address
the therapeutic challenges posed by EGFR
exon 20 insertion mutations (exon20ins) in
NSCLC [47].

https://ucj.org.ua

Sunvozertinib 1 was discovered through
rational, structure-guided medicinal chemis-
try optimization starting from the osimerti-
nib 8 (Fig. 2) scaffold. The design focused on
overcoming the unique steric hindrance and
conformational constraints introduced by
exon20ins in the EGFR kinase domain while
preserving high potency against a wide spect-
rum of EGFR exon20ins variants and mini-
mizing off-target activity against wild-type
EGFR. Preclinical evaluation demonstrated

29




ORGANIC CHEMISTRY

ORGANOFLUORINE CHEMISTRY IN ONCOLOGY: A REVIEW OF US FDA-APPROVED

ANTICANCER DRUGS IN 2025 (review).

potent enzymatic and cellular inhibition of di-
verse EGFR exon20ins (as well as classical sen-
sitizing mutations and T790M) coupled with
robust antitumor efficacy in patient-derived
xenograft models and favorable pharmacoki-
netic properties [48, 49].
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osimertinib 8

Fig. 2. Structure of osimertinib 8.

Following promising preclinical data, sun-
vozertinib 1 entered clinical development with
a phase 1 dose-escalation and expansion study
that established initial safety, pharmacokinetics,
and preliminary antitumor activity in heavily
pre-treated EGFR exon20ins NSCLC patients,
including those with prior monoclonal anti-
body amivantamab exposure or baseline brain
metastases. Pivotal efficacy was subsequently
demonstrated in two key phase 2 trials: the sin-
gle-arm WU-KONGS6 study conducted in Chi-
na and the multinational, open-label, dose-ran-
domized WU-KONG1B global study. These re-
sults supported regulatory milestones, including
Breakthrough Therapy Designation by both the
US FDA and China’s National Medical Products
Administration (NMPA). Sunvozertinib 1 re-
ceived accelerated approval in China in August
2023 (the first oral agent targeted for this indica-
tion worldwide) and accelerated approval by the
US FDA in July 2025 [47].

Sunvozertinib 1 is indicated for the treat-
ment of adult patients with locally advanced or
metastatic NSCLC harboring EGFR exon20ins
(as detected by a US FDA-approved test) whose

56

disease has progressed during or after plati-
num-based chemotherapy. It fills a longstand-
ing unmet need in this molecularly defined sub-
group (approximately 1-4% of NSCLC) which
has historically exhibited intrinsic resistance
to earlier-generation EGFR TKIs and limited
post-platinum options [48, 49].

The recommended dose is 200 mg orally
administered once daily, taken with food and
swallowed whole, until disease progression or
unacceptable toxicity results. Dose reductions
to 150 mg are recommended for selected grade
> 3 adverse reactions (e.g., severe gastrointes-
tinal or dermatologic toxicities) with perma-
nent discontinuation indicated for interstitial
lung disease/pneumonitis or intolerance to the
reduced dose. Administration with food was
found to improve tolerability and exposure
consistency [50, 51].

In the primary efficacy population of the
pivotal WU-KONGIB trial (n = 85 patients
treated with the approved 200 mg dose), sun-
vozertinib 1 achieved a confirmed objective
response rate (ORR) of 46% (95% CI: 35-57%;
6% complete response, 40% partial response)
by blinded, independent central review per
RECIST v1.1 with a median duration of response
(DOR) of 11.1 months (95% CI: 8.2-not estima-
ble); 72% of responses lasted > 6 months. Effi-
cacy was consistent across subgroups, includ-
ing patients with baseline brain metastases and
prior amivantamab treatment. Supporting data
from the Chinese WU-KONG6 trial (300 mg
cohort, n = 97) showed a higher ORR of 61%
(95% CI: 50-71%) with responses observed ir-
respective of exon20ins variant subtype, prior
lines of therapy, or immunotherapy exposure.
These outcomes establish sunvozertinib 1 as a
clinically meaningful advance for a previously
difficult-to-treat population [50, 51].
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Fluorine and chlorine atoms were intro-
duced to address oxidative metabolic liability
identified on the unsubstituted phenyl ring of
earlier leads. Thus, dual 4-fluoro- and 5-chloro
substitution reduced human hepatocyte clear-
ance from 34 to 7.1 yL/min per 10° cells—a >
4-fold improvement-while preserving EGFR
mutant activity [48]. The fluorine atom plays
a particularly critical role in metabolic stabi-
lity. By blocking para-hydroxylation (a major
CYP-mediated oxidative pathway on the ani-
line ring), the 4-fluoro substituent markedly
improves systemic exposure and oral bioavai-
lability without compromising target engage-
ment. In co-crystal modeling (PDB 4LRM
overlay), the fluorine atom projects toward
the solvent-accessible region and does not
form direct polar interactions with the protein;
its primary contribution is pharmacokinetic
rather than direct binding affinity. The paired
5-chloro substitution further augments steric
and electronic modulation, collectively ena-
bling the low clearance required for once-daily
oral dosing at the approved 200 mg level. These
halogens also subtly tune electron density on
the aniline NH group, supporting optimal
hinge and back-pocket interactions, but the
dominant bioactivity benefit documented in
the discovery SAR is the dramatic reduction in
metabolic turnover [48, 49].

The synthesis of sunvozertinib 1 from
the commercially available and inexpensive
starting materials 2-(2-amino-4-chloro-5-
fluorophenyl)propan-2-ol (9) and 2,4-dichlo-
ropyrimidine (10) is outlined in Scheme 1
[52,53]. Nucleophilic aromatic substitution
between 9 and 10, conducted in isopropanol at
90 °C for 27 h in the presence of the non-nu-
cleophilic base N,N-diisopropylethylamine
(DIPEA) [54] afforded intermediate 11 in

https://ucj.org.ua

50% yield. A second SNAr reaction of 11 with
4-fluoro-2-methoxy-5-nitrobenzenamine (12)
was performed under acidic conditions (tri-
fluoroacetic acid, TFA) in n-butanol at 50 °C
for 26 h, delivering the core aromatic scaffold
13 in 86% yield. Functional elaboration of in-
termediate 13 was achieved in three final steps.
First, reaction with (R)-N,N-dimethylpyrro-
lidin-3-amine (14) under basic conditions
in DMSO at temperatures up to 50 °C for 5h
furnished intermediate 15 in 87% yield. Subse-
quent reduction of the nitro group in 15 using
Zn/NH,Cl in methanol-H,O at 90 °C for 2 h
provided aniline derivative 16 in 63% yield.
The synthesis concluded with acylation of the
amine in 16 using acryloyl chloride 17 in the
presence of DIPEA in dimethyl formamide
(DMF) at 5-10 °C for 30 min affording sun-
vozertinib 1 in high yield. Overall, this route
features operationally simple transformations,
mild and easily controlled reaction conditions,
and is readily scalable for the preparation of
sunvozertinib 1 in process-relevant quantities.
Defactinib 2 (VS-6063) is a selective inhibi-
tor of focal adhesion kinase (FAK), a non-re-
ceptor tyrosine kinase involved in cell adhe-
sion, migration, survival, and cancer stem
cell maintenance. It was discovered and deve-
loped by Verastem Oncology, with additional
clinical research support from the National
Cancer Institute and several academic cancer
centers. Over the past decade, defactinib 2 has
advanced through numerous clinical studies,
including more than thirty trials evaluating its
activity across a range of solid tumors [55].
The therapeutic rationale for defactinib 2
centers on the role of FAK signaling in tumor
progression, metastasis, and the survival of
cancer stem cell populations. Its principal areas
of clinical investigation include low-grade
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serous ovarian cancer, pancreatic cancer, and
endometrial cancer, often in combination with
avutometinib 3, a RAF/MEK inhibitor. The
combination of defactinib 2 and avutometinib
3 has received US FDA Orphan Drug Designa-

Cl

tion for metastatic pancreatic cancer, reflecting
its potential in RAS/MAPK-driven malignan-
cies. Additional exploratory studies have exa-
mined its activity in glioblastoma, mesothelio-
ma, and breast cancer [56].
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Scheme 1. Synthesis of sunvozertinib 1.

Defactinib 2 is administered orally. In its
most clinically advanced regimen, it is given
at a dose of 200 mg twice daily on days 1-21
of a 28-day cycle in combination with avutom-
etinib 3. In early glioblastoma studies, single
preoperative doses of 200-400 mg were used
to assess tumor penetration and pharmacody-
namic effects.

Preclinical studies demonstrate potent inhi-
bition of FAK and Pyk2, suppression of cancer
stem cell populations, and significant tumor
growth inhibition in xenograft models. Clini-
cal data further support its activity. In RAMP

58

205, a pancreatic cancer study, the combination
of defactinib 2, avutometinib 3, and standard
chemotherapy produced partial responses in
most evaluable patients with substantial re-
ductions in target lesion size and a managea-
ble safety profile. In glioblastoma, defactinib 2
was detectable in tumor tissue within hours of
administration and produced a marked reduc-
tion in Pyk2 phosphorylation confirming tar-
get engagement [57].

In defactinib 2, the CF, group on the pyri-
midine ring plays an important role in po-
tency, stability, and overall pharmacological
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behavior. The CF, substituent is a very strong
electron-withdrawing group, and on a hetero-
aromatic core it modulates the electronics of
the hinge-binding region in a way that im-
proves hydrogen-bond geometry, n-stacking,
and polarization of nearby heteroatoms. These
effects typically strengthen kinase binding,
which is consistent with the behavior of fluo-
rinated pyridines and pyrimidines in medicinal
chemistry. The CF, group also increases meta-
bolic stability. Because it strongly resists oxida-
tive metabolism, it blocks common metabolic
soft spots such as aromatic hydroxylation and
N-oxidation. This generally leads to improved
half-life and better systemic exposure, which
is desirable for an orally administered kinase
inhibitor [58,59].

Overall, these findings position defactinib
2 as a promising component of combination
regimens targeting tumors driven by aberrant

FAK and RAS/MAPK signaling, with ongoing
development focused on ovarian and panc-
reatic cancers [55-60].
Thesyntheticroutetodefactinib2reliesonthe
convergent assembly of two key intermediates,
21 and 24, as outlined in Scheme 2 [61]. The se-
quence begins with nucleophilic aromatic sub-
stitution between 3-chloropyrazine-2-carboni-
trile (18) and N-methyl methanesulfonamide
(19) under basic conditions in acetonitrile to
afford adduct 20. Subsequent catalytic hydro-
genation of the nitrile group in 20 over Pd/C
in the presence of ammonia furnishes cleanly
the corresponding primary amine 21. In a pa-
rallel branch, 2,4-dichloro-5-(trifluoromethyl)
pyrimidine (22) undergoes selective displace-
ment of the chlorine located on C-4 by the
amino group of 4-amino-N-methylbenzamide
(23) to generate intermediate 24. The final step
involves coupling amine 21 with pyrimidine 24
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Scheme 2. Synthesis of defactinib 2.
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via another nucleophilic aromatic substitution
in 1,2-dichloroethane (DCE)-t-BuOH using
DIPEA as a non-nucleophilic base to provide
defactinib 2. Overall, this synthetic strate-
gy is operationally simple, employs inexpen-
sive and readily available starting materials,
and proceeds under mild, easily controlled
reaction conditions, thus rendering it an ef-
ficient preparation of defactinib 2 either on a
laboratory or an industrial scale.
Avutometinib 3 (also known as VS-6766
or CH5126766) is an orally administered
dual RAF/MEK inhibitor distinguished by its
unique “RAF/MEK clamp” mechanism which
prevents MEK phosphorylation by RAF while
simultaneously inhibiting MEK kinase activity.
This dual action results in sustained suppres-
sion of ERK signaling, a pathway frequently
activated in RAS- and RAF-driven malignan-
cies. The compound was originally discovered
through collaborative efforts involving Japanese
and US research groups and was subsequent-
ly advanced clinically by Verastem Oncology.
Its development has focused on tumors char-
acterized by MAPK pathway dependence, par-
ticularly those harboring KRAS mutations [56].
The therapeutic rationale for avutometinib 3
aligns closely with the strategy described above
for defactinib 2, as the two agents were co-de-
veloped and clinically evaluated as a combina-
tion regimen. Avutometinib 3 has shown prom-
ise in treating low-grade, serous ovarian cancer
(LGSOCQ), a disease in which KRAS mutations
and MAPK pathway activation are common
and where standard therapies often only yield
limited benefits. The combination of avutom-
etinib 3 with defactinib 2 has also received US
FDA Orphan Drug Designation for metastat-
ic pancreatic cancer, reflecting its potential in
RAS-driven tumors. Additional areas of investi-
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gation include endometrial cancer, NSCLC with
KRAS mutations, and other solid tumors exhib-
iting MAPK pathway dysregulation [62-64].

Avutometinib 3 is administered orally. In
the combination regimen with defactinib 2,
the clinically established dosing schedule con-
sists of a 3.2 mg dose twice weekly, typically
on days 1 and 4 of each 7-day period within a
28-day cycle. This intermittent schedule is de-
signed to optimize pathway suppression while
maintaining tolerability, a strategy supported
by pharmacodynamic studies demonstrating
prolonged ERK inhibition after each dose [65].

Preclinical studies show that avutometi-
nib 3 produces sustained suppression of MEK
and ERK phosphorylation, induces apoptosis
in RAS-mutant cancer models, and enhanc-
es antitumor activity when combined with
FAK inhibition. Clinically, avutometinib 3 has
demonstrated meaningful activity in LGSOC,
including objective responses and durable di-
sease control in patients previously treated with
multiple lines of therapy. In pancreatic cancer,
early-phase data from combination studies
with defactinib 2 and standard chemotherapy
have shown encouraging response rates and
reductions in tumor burden, supporting fur-
ther development [66].

In avutometinib 3, the CF, group plays a
structural role that is closely tied to the drug’s
unusual mechanism as a dual RAF-MEK
“clamp” inhibitor. Rather than simply boost-
ing lipophilicity or metabolic stability, the CF,
group helps enforce a preferred three-dimen-
sional shape of the inhibitor, stabilizing the
conformation that allows simultaneous enga-
gement of RAF and MEK. This conformation-
al steering is important because avutometinib
3 does not behave like classical MEK inhibi-
tors—it relies on a cooperative binding mode in
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which MEK is held in a catalytically inactive
state while remaining associated with RAF. The
CF, group contributes to this by shifting the
electronic distribution of the heterocycle and
subtly altering torsional angles that favor the
clamp-competent geometry [63, 64].

Another consequence of the CF, group is
its impact on the drug’s kinetic behavior. Avu-
tometinib 3 shows unusually durable suppres-
sion of ERK signaling despite intermittent do-
sing. The CF, group influences this by slowing
conformational relaxation and dissociation
from the RAF-MEK complex, which prolongs
target engagement even when plasma levels
begin to fall. This kinetic stabilization is a hall-
mark of many fluorinated kinase inhibitors,
but in avutometinib 3 it directly supports the
intermittent dosing schedule used clinically
[63-66]. Finally, the CF, group helps balance
the molecule’s physicochemical properties so
that it can reach intracellular RAF-MEK as-
semblies without excessive polarity or rapid
clearance. In avutometinib 3, this balance is
less about maximizing permeability and more

about ensuring that the inhibitor maintains the
conformational rigidity and binding kinetics
required for its distinctive mechanism. This
fundamentally differs from how the CF, group
in defactinib 2 impacts its attributes [62-66].
The synthesis of avutometinib 3 (Scheme 3),
as disclosed in a US Patent [67], begins with the
core building block 4-(bromomethyl)-3-fluoro-
2-nitropyridine (25). Nucleophilic substitution
of 25 with ethyl 3-oxobutanoate (26) in the
presence of NaH in tetrahydrofuran (THF) fur-
nishes the substituted keto-ester 27. Subsequent
condensation of 27 with resorcinol provides the
chromenone scaffold 29. Further elaboration
involves coupling 29 with 2-bromopyrimidine
30 under basic conditions to introduce the py-
rimidinol ester fragment, affording intermedi-
ate 31. Reduction of the nitro group in 31 then
yields the corresponding aniline 32. Finally,
acylation of the newly formed amino group
with methylsulfamoyl chloride delivers the tar-
get compound, avutometinib 3. Overall, the
sequence is concise, employs inexpensive rea-
gents, and is readily adaptable for scale up.

H
Br JOL 9 . ]
e Me~ 'OA\ _-0._-0 |'“'N o oM HO._~. 0. -0 //\N
B % Me _ 28 | L L L —
= NOs ]/"“\ ] 0,
OsN N THF, NaH o) F H2S04, AlCI5 Me F
25 27 29
[N\ Br
| -
EtOH, EtOAc N LJ%\ S
K:COs, THF ))\No ’ NH,
Me 32 Me F
Ve 1
A
oSN e
H 33 /N.Q_ O e 0._-0 P
| [ | f\l Q\//
pyridine, MeCN =N FNF NS e
Me F H H

avutometinib 3

Scheme 3. Synthesis of avutometinib 3.
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Imlunestrant (Inluriyo®) 4 is an orally ad-
ministered, next-generation selective estro-
gen receptor degrader (SERD) approved for
the treatment of adults with estrogen receptor
(ER)-positive, HER2-negative, ESR1-mutated
advanced, or metastatic breast cancer that has
progressed following at least one line of endo-
crine therapy. This patient population typical-
ly includes postmenopausal women, although
the indication formally applies to adults re-
gardless of sex [68].

Clinically, imlunestrant 4 addresses a ma-
jor mechanism of endocrine resistance: ESR1
ligand-binding domain mutations which stabi-
lize the receptor in an active conformation and
diminish the effectiveness of aromatase inhibi-
tors and earlier SERDs. Unlike fulvestrant-the
long-standing standard in this class-imlunes-
trant 4 is fully oral, exhibits high ER-binding
affinity, and induces efficient receptor degra-
dation across a broad spectrum of ESR1 mu-
tations. Its pharmacokinetic profile enables
consistent systemic exposure without the limi-
tations of intramuscular administration [69].

Imlunestrant 4 has been evaluated both as
monotherapy and in combination with targe-
ted agents such as CDK4/6 inhibitors, demon-
strating its role in modern endocrine-based
regimens for advanced breast cancer. The drug
represents a significant step forward in the
evolution of SERDs offering improved conveni-
ence, broader activity against resistance-associ-
ated ER variants, and a favorable safety profile
suitable for long-term outpatient therapy [70].

Imlunestrant 4 is administered orally once
daily, with or without food, using a fixed dos-
ing schedule designed to maintain continu-
ous estrogen receptor suppression suitable for
long-term outpatient therapy. The regimen is
compatible with combination strategies, in-
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cluding co-administration with CDK4/6 in-
hibitors reflecting its integration into modern
endocrine-based treatment paradigms for ad-
vanced breast cancer [71].

Fluorine plays a strategically important role
in the biological performance of imlunest-
rant 4. The drug contains multiple fluorine
substituents positioned to optimize both ER
binding and pharmacokinetic behavior, fea-
tures that distinguish it from earlier SERDs
such as fulvestrant. From a structural perspec-
tive, fluorine’s strong inductive effect and its
ability to modulate local conformational pre-
ferences help stabilize the ligand in a bioactive
geometry that favors high-affinity engagement
with the ER ligand-binding domain, including
clinically relevant ESR1 mutations. These mu-
tations often shift the receptor toward a consti-
tutively active conformation, but the fluorina-
ted scaffold of imlunestrant 4 maintains potent
antagonism and efficient receptor degradation
across these variants. Fluorination also contri-
butes significantly to the drug’s metabolic sta-
bility. By blocking oxidative metabolism at key
positions, the fluorine atoms prolong syste-
mic exposure and support the once-a-day oral
regimen, a major advantage over fulvestrant’s
intramuscular administration. Additionally,
fluorine fine tunes lipophilicity and membrane
permeability improving oral absorption and
ensuring adequate intracellular concentrations
for sustained ER degradation [68-71].

The practical synthesis of imlunestrant 4
(Scheme 4) was recently disclosed in a patent
application [72]. The sequence begins with
the addition of Grignard reagent 35 to the
carbonyl group of 3-chloro-7-methoxyquino-
line-4-carbaldehyde (34) followed by MnO,
oxidation affording (3-chloro-7-methoxyquino-
lin-4-yl)(4-fluorophenyl)methanone (36) in
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68% yield. Treatment of 36 with BBr, in DCM
at low temperature effected demethylation of
the aromatic methoxy group to give the cor-
responding phenol 37. Nucleophilic substitu-
tion of 37 with 2-(3-(fluoromethyl)azetidine-
1-yl)ethanol (38) furnished ether 39, isolated
in 61% yield. Suzuki-Miyaura coupling of 39
with 4-(trifluoromethyl)phenylboronic acid
(40) introduced the second and final fluorina-
ted aromatic fragment to yield biaryl inter-
mediate 41. Subsequent reduction of 41 with

34

)
N

3g >~ "OH F 81,61% yield

P
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CF3
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LiBHEt, produced alcohol 42 which cyclized
with NaH treatment in refluxing THF to gene-
rate the target 43. Racemic imlunestrant 43 was
resolved into its enantiomers by supercritical
fluid chromatography (SFC). In this context,
it is worth noting the recently recognized con-
vergence between achiral simulated moving
bed chromatography and the self-dispropor-
tionation of enantiomers (SDE) phenomenon
[73-75] which potentially offers significant ad-
vantages for large-scale chiral separations.
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Scheme 4. Synthesis of imlunestrant 4.

Ziftomenib (Komzifti®) 5, is a first-in-class,
orally bioavailable inhibitor of the menin-
KMT2A (MLL) protein—protein interaction, a
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central epigenetic driver in leukemias charac-
terized by KMT2A rearrangements (KMT2A-r)
or NPM1 mutations. These AML subtypes
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rely on menin-dependent transcriptional pro-
grams that maintain leukemic stemness and
block differentiation. By selectively disrupt-
ing the menin-KMT2A complex, ziftomenib
5 suppresses HOX/MEIS oncogenic signaling,
thereby promoting differentiation and apopto-
sis of leukemic blasts [76].

The compound was discovered and deve-
loped by Kura Oncology, a company speciali-
zing in precision oncology and epigenetic the-
rapeutics. Following promising clinical acti-
vity in heavily pre-treated patients, ziftomenib
(Komzifti®) received US FDA approval in
November 2025 for the treatment of relapsed
or refractory acute myeloid leukemia (AML)
with susceptible NPM1 mutations, addressing
a population with historically poor prognosis
and limited therapeutic options. Clinical re-
sponses include durable complete remissions
and measurable residual disease (MRD) ne-
gativity. Combination regimens with veneto-
clax or hypomethylating agents are currently
under evaluation and may broaden its thera-
peutic utility [77].

From a medicinal chemistry standpoint,
ziftomenib 5 incorporates a strategically po-
sitioned fluorinated aromatic unit which con-
tributes to its high-binding affinity, optimized
physicochemical properties, and favorable
pharmacokinetic profile—hallmarks of mo-
dern fluorine-enabled drug design. The mole-
cule demonstrates a refined selectivity profile
avoiding off-target interactions that limited
earlier generations of menin inhibitors [78].

Overall, ziftomenib 5 represents a significant
advance in targeted epigenetic therapy offering
a precision-guided treatment option for geneti-
cally defined AML subsets and exemplifying the
sophisticated use of fluorine in contemporary
anticancer drug development [76-79].
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The synthesis of ziftomenib 5 (Scheme 5)
has been disclosed in two US patents [80, 81]
and begins with the activation of 2-amino-
5-(2,2,2-trifluoroethyl)thiophene-3-
carboxamide (44) using bis(trichloromethyl)
carbonate (BTC) to afford bicyclic intermedi-
ate 45. Subsequent treatment of 6-(2,2,2-tri-
fluoroethyl)thieno[2,3-d]pyrimidine-2,4-diol
(45) with PCl, exchanges the aromatic hy-
droxy group for a chloro substituent to yield
compound 46. Nucleophilic substitution of
this chlorine atom with ¢-butyl 4-aminopip-
eridine-1-carboxylate (47) furnishes inter-
mediate 48 and displacement of the second
chlorine with methylamine in refluxing etha-
nol provides compound 49. Boc-deprotection
with TFA then yields the corresponding di-
amine 50. The resulting fragment undergoes
reductive amination with the (S)-indole de-
rivative 51 in the presence of triethylamine
and NaBH(OAc), to give the protected in-
dole-piperazine conjugate 52. Subsequent
Boc removal with excess TFA affords the free
indole-piperazine amine 53. Finally, mesyla-
tion with methanesulfonyl chloride and tri-
ethylamine furnishes ziftomenib 5.

Datopotamab deruxtecan 6, is a next-gene-
ration TROP2-targeted ADC designed to
deliver a highly potent topoisomerase I in-
hibitor (DXd) selectively to tumor cells. The
agent consists of a humanized IgG1 monoclo-
nal antibody against TROP2 conjugated via
a cleavable tetrapeptide linker to the exate-
can-derived DXd payload. Upon binding to
TROP2 on the tumor cell surface, the ADC is
internalized and trafficked to lysosomes where
enzymatic cleavage releases DXd inducing
DNA double-strand breaks and apoptosis in
TROP2-expressing cancer cells [82].
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Scheme 5. Synthesis of ziftomenib 5.

Clinically, datopotamab deruxtecan 6 has
demonstrated significant antitumor activity
in hormone receptor-positive, HER2-negative
metastatic breast cancer, and in EGFR-mu-
tated NSCLC previously treated with targeted
therapy and platinum chemotherapy. The drug
received US FDA approval in January 2025 for
unresectable or metastatic HR+/HER2- breast
cancer with expanded approval in June 2025
for EGFR-mutated NSCLC. It was also ap-
proved in the EU (April 2025) and Japan (De-
cember 2024) for similar indications [83].

https://ucj.org.ua

Pharmacologically, datopotamab deruxte-
can 6 employs an optimized drug-to-antibody
ratio of 4 balancing payload potency with sys-
temic tolerability. The DXd payload is more
potent than SN-38, the payload used in sacitu-
zumab govitecan, and the linker is engineered
for high plasma stability with tumor-selective
cleavage. The agent is administered intrave-
nously at 6 mg/kg every 3 weeks until progres-
sion or unacceptable toxicity occurs [84].

The safety profile is consistent with the
DXd-ADC class, with notable risks including
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interstitial lung disease/pneumonitis, ocular
toxicities (e.g., dry eye, keratitis), stomatitis,
nausea, fatigue, and myelosuppression. Careful
monitoring for respiratory and ocular symp-
toms is required and dose modifications are
recommended based on severity [85].
Although datopotamab deruxtecan 6 is
structurally defined by its ADC architecture,
the critical fluorine element resides within
the DXd payload, an exatecan-derived topo-
isomerase I inhibitor. Fluorination plays a cen-
tral role in shaping the pharmacological per-
formance of the payload and, consequently, the
therapeutic index of the entire ADC [86].
From a chemical perspective, fluorine en-
hances the metabolic stability of the DXd scaf-
fold, reducing susceptibility to oxidative degra-
dation, and prolonging the intracellular persis-
tence of the active species following lysosomal
release. This increased stability contributes
directly to the high cytotoxic potency charac-
teristic of DXd-based ADCs. Fluorination also
modulates the lipophilicity and membrane
permeability of the payload enabling efficient
intracellular diffusion while maintaining a
controlled bystander effect-an essential ba-
lance for ADCs targeting heterogeneously ex-
pressed antigens such as TROP2 [82, 85].
Electronically, the presence of fluorine fine
tunes the pharmacophore, improving binding
affinity to topoisomerase I and stabilizing the
ternary drug-enzyme-DNA cleavage com-
plex. These effects underpin the superior po-
tency of DXd relative to earlier camptothecin
analogs such as SN-38. In addition, the fluo-
rinated structure contributes to the chemical
robustness of the payload-linker system sup-
porting high plasma stability and minimizing
premature drug release. Collectively, these
fluorine-driven properties enable datopotamab
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deruxtecan 6 to achieve potent, selective, and
clinically meaningful antitumor activity while
preserving an acceptable safety profile [83-86].
Overall, datopotamab deruxtecan 6 represents
an important advancement in TROP2-directed
therapy offering a potent and clinically valida-
ted option for patients with heavily pre-treated
breast cancer and EGFR-mutated NSCLC.

The fluorine-containing component of
datopotamab deruxtecan 6 is exatecan 64
(Scheme 6) [87, 88]. Its synthesis begins from
2-fluoro-1-methyl-4-nitrobenzene 54 which
undergoes bromination with N-bromosucci-
nimide in sulfuric acid-heptane followed by
platinum-catalyzed hydrogenation of the nitro
group in EtOAc to afford the corresponding
aniline. Acetylation with acetic anhydride and
triethylamine furnishes the brominated ani-
lide 55. This aryl bromide then participates in
a palladium-catalyzed C-C coupling with but-
3-enoic acid (56) in the presence of DIPEA
yielding an alkene intermediate that is subse-
quently hydrogenated in 2-Me-THF to provide
the saturated acid 57.

Activation of the carboxylic acid with TFA
promotes an intramolecular Friedel-Crafts
acylation producing the tetrahydronaphthale-
none 58. Nitration at the a position of the ke-
tone is achieved using amyl nitrite and potas-
sium t-butoxide in THF; catalytic hydrogena-
tion of the resulting nitro group then provides
the corresponding primary amine followed by
acetylation with Ac,O in acetic acid to afford
compound 59. Selective deacetylation of the
anilide—leaving the aliphatic amide intact-is
accomplished by heating with hydrochloric
acid in ethanol yielding amine 60. Condensa-
tion of 60 with ketone 61 in o-cresol-toluene
with catalytic amounts of pyridinium p-tolue-
nesulfonate (PPTS) forms enamine 62 which
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undergoes dehydrative cyclization to quinoline
63. Treatment with aqueous methanesulfonic
acid in ethyl cyclohexene-2-methoxyethanol
affords the mesylate salt of exatecan dihydrate

Me:@\ 1. NBS, H,S0;, heptane Me
F N02 2. HQ, PUC, EtOAC F

3. TEA, Ac;0, EtOAc

0O
Z OH
N Me J'L

54 55
Me
TEA O 1.amyl nitrite, +-BuOK, THF
F NH 2 Ha PUC
3. Ac,0, HOAC
58 (] Me
Me
F
O 61 HO ~
PPTS, o-cresol, toluene
62

MsOH, H,0, ethyl cyclohexene E

Me

2-methoxyethanol

64, along with the epi-exatecan diastereomer.
The latter is recycled through an amine protec-
tion-deprotection-crystallization sequence to
complete the synthesis [87, 88].

1. Pd(OAc),, P(o-tol)s
DIPEA, THF, H;O

N
H 2. Hy, PdIC, 2-MeTHF N Me
57
H
e g
N._O
Me . Y
M M
Hcl, EtoH_ M€ o Ve
F NH —
F NH,
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* MsOH + 2 H,0
exatecan64 HO O

Scheme 6. Synthesis of exatecan 64, the fluorine-containing component
of datopotamab deruxtecan 6.

Taletrectinib (Ibtrozi®) 7 is an orally admi-
nistered, next-generation selective inhibitor of
ROS1 and NTRK fusion kinases approved for
adults with ROS1-positive metastatic NSCLC,
including patients previously treated with
first-generation ROSI inhibitors such as crizo-
tinib. The drug was designed to overcome the
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two major limitations of earlier ROS1-targeted
therapies: poor CNS penetration and vulnera-
bility to resistance-conferring kinase-domain
mutations, particularly the solvent-front mu-
tation G2032R which is a common mechanism
of acquired resistance to crizotinib and en-
trectinib. Taletrectinib 7 exhibits high potency
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across a broad spectrum of ROSI alterations,
including clinically relevant resistance muta-
tions, and demonstrates robust intracranial ac-
tivity, an essential feature given the high inci-
dence of brain metastases in ROS1-rearranged
NSCLC [89-91].

Compared with existing ROS1 inhibitors,
taletrectinib 7 offers a more mutation-agnostic
profile, improved CNS exposure, and a favora-
ble tolerability pattern with reduced off-target
TRK-related adverse effects. Its activity in both
TKI-naive and TKI-experienced patients posi-
tions represents a meaningful advancement in
the management of ROS1-driven lung cancer,
particularly for individuals whose disease has
progressed on from earlier generation agents.
The approved indication applies to adults of
all ages, though the typical patient population
skews toward younger non-smokers, reflecting
the epidemiology of ROS1-rearranged NSCLC
[92, 93].

Taletrectinib 7 is administered orally once
daily using a fixed dosing regimen suitable for
long-term outpatient therapy. The drug’s fluo-
rine-containing structural elements contribute
to its kinase-binding affinity, metabolic stabi-
lity, and CNS penetration—properties central to
its clinical performance. Overall, taletrectinib
7 represents a significant step forward in pre-
cision oncology for ROS1-positive lung cancer
offering durable systemic and intracranial re-
sponses in a population with limited targeted
options after resistance emerges [93].

The synthesis of taletrectinib (7) (Scheme 7)
is described in patent literature [94, 95] and fol-
lows a convergent route centered on late-stage
Suzuki-Miyaura cross-coupling. The sequence
begins with a Mitsunobu reaction between
the chiral amine 65 and derivative 66. This
reaction is typically performed using triphe-

68

nylphosphine (PPh;) and diisopropyl azodi-
carboxylate (DIAD) in anhydrous tetrahydro-
furan (THF) at 0 °C to room temperature for
12-24 hours. The Mitsunobu coupling pro-
ceeds with clean stereochemical inversion, fur-
nishing the corresponding adduct 67 in good
yield (typically 70-85% after purification by
column chromatography or recrystallization).
This intermediate 67 then undergoes Suzuki-
Miyaura cross-coupling with boronic acid 68.
The reaction is commonly carried out us-
ing a palladium catalyst such as Pd(OAc), or
PdCl,(dppf)-CH,Cl, (2-5 mol%), in the pres-
ence of a base like K;PO, or potassium car-
bonate, in a mixed solvent system such as
DMAc/water or dioxane/water at 80-100 °C
for 4-12 hours under inert atmosphere. These
conditions afford the Boc-protected biaryl
amine 69 in high yield (80-94% after aqueous
workup and crystallization). Finally, Boc de-
protection of intermediate 69 is achieved un-
der acidic conditions, most commonly using 4
M HClin 1,4-dioxane or HCl in dichlorometh-
ane/methanol at room temperature to 75 °C
for 2-6 hours. This step delivers taletrectinib
(7) as the free base in excellent yield (typically
85-95%). The free base can be further conver-
ted to the pharmaceutically preferred adipate
salt by treatment with adipic acid in a suitable
solvent (e.g., ethanol or isopropanol) followed
by crystallization, often providing the final API
in >90% yield and high purity. This synthetic
route is relatively concise (3-4 linear steps from
key building blocks), scalable, and features ro-
bust palladium-catalyzed coupling as the key
bond-forming step. Purification at each stage
is typically achieved through crystallization
rather than extensive chromatography in opti-
mized process versions, supporting its use in
clinical and commercial manufacture.
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Scheme 7. Synthesis of taletrectinib 7.

CONCLUSIONS. This review highlights
seven fluorine-containing oncology therapeu-
tics that received US FDA approval in 2025.
Sunvozertinib (Zegfrovy®) 1 was approved
for adults with locally advanced or metastatic
NSCLC. The co-approved oral regimen of de-
factinib 2 and avutometinib (Avmapki®) 3 is
indicated for adults with KRAS-mutated recur-
rent low-grade serous ovarian cancer following
prior systemic therapy. Imlunestrant (Inlu-
riyo®) 4 received approval for the treatment
of estrogen receptor-positive, HER2-negative,
ESR1-mutated advanced or metastatic breast
cancer that has progressed after at least one line
of endocrine therapy. Ziftomenib (Komzifti®)
5 was approved for adults with relapsed or
refractory acute myeloid leukemia harboring
susceptible NPM1 mutations. Datopotamab
deruxtecan (Datroway®) 6, a TROP2-directed
ADC, was authorized for unresectable or meta-
static hormone receptor-positive, HER2-nega-
tive breast cancer after endocrine therapy and
chemotherapy, as well as for certain adults
with previously treated advanced NSCLC. Fi-
nally, taletrectinib (Ibtrozi®) 7 was approved
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for adults with locally advanced or metasta-
tic ROSI-positive NSCLC, including both
TKI-naive and TKI-experienced patients.

As discussed, fluorine plays a central role
in shaping the pharmacological performance
of all seven agents profiled in this review. Stra-
tegic fluorination is used throughout these
molecules to fine tune electronic properties,
enhance target binding, and improve physico-
chemical behavior essential for clinical success.
Incorporation of fluorine often increases me-
tabolic stability by blocking oxidative hotspots,
thereby prolonging systemic exposure and ena-
bling once-daily oral dosing for several of these
therapies. Fluorine substitution also modulates
lipophilicity and membrane permeability, con-
tributing to improved tissue distribution and,
in some cases, enhanced CNS penetration, as
exemplified by taletrectinib 7. In kinase inhi-
bitors such as sunvozertinib 1, avutometinib 3,
and imlunestrant 4, fluorinated motifs help
optimize potency, selectivity, and conforma-
tional control within ATP-binding pockets.
For complex modalities like the ADC dato-
potamab deruxtecan 6, fluorine contributes to
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the stability and performance of both the pay-
load and linker system. Across these diverse
therapeutic classes, fluorine consistently serves
as a powerful design element that enables me-
dicinal chemists to balance potency, safety, and
pharmacokinetics—ultimately supporting the
successful translation of these compounds into
effective anticancer medicines.

A further unifying feature of these agents is
their chirality: five of the seven drugs are chiral
and are administered exclusively enantiopure.
In accordance with US FDA expectations for
chiral pharmaceuticals [96-98], the continued
development of robust asymmetric synthe-
tic methods and advanced analytical tools for
fluorine-containing chiral molecules remains
essential. Particular attention should be gi-
ven to the SDE phenomenon which can occur
under various physicochemical conditions for
enantioenriched samples [99-102]. SDE is es-
pecially relevant for chiral drugs incorporating
fluorinated motifs [103-105] and/or amino
acid-derived fragments [106-108] as these
structural elements can amplify the propensity
for enantiomeric redistribution. Because such
behavior poses a tangible public safety concern,
rigorous assessment of enantiomeric purity is
required throughout the entire drug lifecycle
[109-112]. Continuous monitoring of stereo-
chemical integrity during synthesis [113,114],
manufacturing, and even long-term storage is
critical, particularly since sublimation-driven
SDE has been documented as a specific chal-
lenge for fluorine-containing pharmaceuticals
[115-118].

Growing public concern about the poten-
tial health risks associated with certain fluo-
rine-containing substances, particularly per-
sistent per- and polyfluoroalkyl substances
(PFAS), warrants careful consideration [119-
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122]. While most organofluorine pharmaceu-
ticals exhibit minimal defluorination and do
not significantly contribute to inorganic fluo-
ride burden [123], patients on long-term fluo-
rinated medications may wish to discuss total
fluoride exposure with their physicians when
appropriate, including from sources such as
fluoridated water and foods produced with
fluorinated agrochemicals [124]. The broader
environmental and health impacts of persis-
tent perfluorinated “forever chemicals” (PFAS)
[125], alongside other modern pollutants such
as bioavailable plastics [126], underscore the
need for continued vigilance and responsible
management of fluorinated substances across
industrial, agricultural, and pharmaceutical
applications.

Despite these issues, the essential role of
pharmaceuticals in modern medicine remains
unquestionable. These agents provide life-sa-
ving interventions, enhance quality of life
across countless conditions, and continue to
drive therapeutic innovation. Their develop-
ment not only addresses urgent medical needs
but also lays the groundwork for future ad-
vances in healthcare.
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XIMISt ®TOPOPTAHIYHUX CMONYK B OHKOJIOTIi:

ornaa nPOTUNYXNUHHWUX NMPEMAPATIB,
CXBAJIEHWX FDA CLLA 'Y 2025 POL|I (orngap)

Aningis Baopex’, Taitzo Ouo?,
Kapen [I. Knika®, Harania B. /Trorenko®,
Bagum A. ComomoHok®

! Ximiunuil incmumym, Ynieepcumem Ana
Koxanoscvkoeo 8 Kenvu,

eyn. Yuisepcumemcovka 7, 25-406 Kenvue,
Ionvwa;

? HayionanvHuil iHcmumym nepedosoi HayKu
ma mexnonoziit (AIST),

2266-98, Anazaxopa, Lllimowioami, pation
Mopiama, Hazos, 463-8560, Anonis;

? [ambyp3vkuti nepedosuti 00ciOHULLKULL
uenmp bioopeaniunoi ximii (HARBOR),
Vnisepcumem lumbypea, Luruper Chaussee
149, 22761 Iambype, Himeuuuna;

* Incmumym 6ioopzaniunoi ximii ma
Hagpmoximii im. B. I1. Kyxaps HAH Ykpainu,
8yn. Axademixa Kyxaps, 1, Kuie 02094,
Yxpaina;

> IKEPBACKE, backcvka Haykoea gpyHOauis,
eyn. Mapis [liac de Xapo 3, IInow,a bizkas,
48013 Binv6ao, Icnanis

e-mail: vadimsoloshonok@gmail.com

¥ 2025 poni YnpasniHHA 3 IPOJOBONIbCTBA
ta MegukaMeHTiB CIIIA (FDA) cxBamuno cim
IPOTUPAKOBUX Iperaparis, AKi MicTATb ¢prop,
[0 BiffoOpakae IPOJOBXKEHHA BIUIMBY CTpa-
Teriil pTOpyBaHHA B Cy4yacHOMY AM3aiiHi OH-
KOJIOT{YHMX TiKapchbKux 3aco6iB. I1i HoBocxBa-
JIeHI Tepamil OXOIUIIOITH IUVPOKUI CIEKTP
3/I0AKICHMX HOBOYTBOPEHb i MeXaHi3MiB [ii.
CynBosepTuHi6 (Zegfrovy®) 6yno cxsameHo
JUTS TIKYBaHHSA MiCI[eBO-IIOIINPEHOro abo Me-

https://ucj.org.ua

TACTATMYHOTO HEPiOHOK/IITMHHOTO PaKy Jie-
reub (HIKPJI). Kombinanis pedaxrinidy ta
aByMeTHiOy (Avmapki®) npomnonye TapretHy
onnito 11 KRAS-MyToBaHOTO penyuanBHO-
IO HU3bKOCOPTHOTO CEPO3HOTO PaKy A€YHM-
KkiB. Imnynectpant (Inluriyo®) e npemaparom
HACTYIHOTO IIOKOJMIHHA €HJOKPMHHOI Tepa-
mii i1 eCTpOreH-peLenTop-Io3UTUBHOTO,
HER2-neratusnoro, ESR1-myToBanoro mo-
IIVPEHOTO paKy MOIOYHOI 3ano3n. 3iprome-
Hi6 (Komzifti®) nmpencraBise npenusiiiny Te-
pario Jyist peuAnBHOTrO 260 pedpakTepHOro
TOCTPOrO MI€ENIOIFHOTO JIEMKO3Y 3 Yy T/IVBUMMU
myranismu NPMI1. [latonoramab mepykcre-
kaH (Datroway®) — e cnpsamoanuit Ha TROP2
aQHTUTINO-TIIKapCPKMIT KOH'IOTaT, SIKMIl PO3-
LIMPIOE MOXXIMBOCTI JIIKyBaHHA TOPMOH-pe-
genrop-nosutusHoro,  HER2-neratusHOrO
METACTAaTUYHOIO PAKy MOJIOYHOI 3a703M Ta
OKpeMMX TPyl IaLi€HTIB i3 paHille iKoBa-
HuM HJIKPJI. Tanerpextuni6 (Ibtrozi®) - in-
ribitop ROS1 HacTymHOrO NOKOMHHA — 6y10
cxBajieHo Jyi niKkyBaHHA ROS1-nmo3utuBHOTO
HIKPJI sk y TKI-naiBaux, tak i 8 TKI-goc-
Bi[YEHMX MAL[i€HTIB. ¥ CYKYIIHOCTi Iii areH-
T IeMOHCTPYIOTb YHiBepCa/lbHICTb PTOpPY B
MiJBUILIEHH]I TOTY>XHOCTI, CEIeKTUBHOCTI Ta
(bapMaKOKiHETMYHNX BIIACTUBOCTEN Y pi3HMX
T€PaNeBTMYHMX MOJA/IbHOCTSX.

JI71 KO>KHOI PO3ITIAHYTOI CIIONIYKM MM Ha-
Ja€MO KOMIUIEKCHe 00roBOpeHHs i BifkpuT-
T, 6i0I0TiYHOrO MeXaHi3My [iii, TepaneBTnY-
HOTO 3aCTOCYBaHH:A, KIIiHi4YHOIO BBEJEHHA,
poni ¢ropyBaHHA B onTmmisanii ii BmacTu-
BOCTel, a TaKOXX JeTaJabHUI ONNC XIMIiYHOT'O
CUHTESY.

KniouoBi cnoBa: ¢prop, ausaiH mikapcbKux

3ac00iB, OHKOJIOTisl, CUMHTe3, XipaJabHICTB,
dapmakorioris, TepaneBTHKa.
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