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MOAU®IKALISA OKCUAHOI KOMNO3NLIi Ti0,/WO,

TA [T BIACTMBOCTI B NPOLIECAX ®OTOAECTPYKLII
MEAWYHUX NPENAPATIB Y BOAHOMY CEPE[10BWLL

€. B. 3a6onomumiii, B. O. 3ancuzanoe

Incmumym copbuii ma npobnem endoexonoeii HAH Ykpainu,
éyn. Oneza Myopaxa, 13, Kuie 03164
e-mail: vazazh@ukr.net

I[Toxasano, o Mexanoximiune (MXO) ta conoximiune (Y30) 06pobneHHs cyMmili oKcu-
nis TiO, ra WO, He BIuIMBaOTh Ha ii dba3oBuit ckIaj], OFHAK IPU3BOAATH 0 3MEHILIEHHS
po3Mipy yacTMHOK OKcupiB. [Tpu 11boMy HaltOiIbIINIT BIUIMB CIpUYMHsIE 06po0IeHHs y BOi
Ta eTaHo/. BogHoYac crocrepiraemo 36i1bIIeHHSA MMTOMOI IIOBEPXHI KOMIIO3UTY 3a aHa-
JIOTiYHOTO BIUIMBY cepefioBUIa 06pobneHHs. BcTaHOBIEHO, 1110 MeXaHOXIMiYHe Ta COHOXi-
MiuHe 06po6nenns cymimi TiO, Ta WO, 36inb11yroTh i akTMBHICTb (KOHCTAHTY IIBUKOCTI
peakuii Ta cTyniHb jerpaganii) B GOTOKAaTaIITMYHUX PeaKIlisiX OKMCIIOBANIbHOL erpajarii
MefiIpenapariB: MeTPOHIJa30/1y, aHa/AbliHy Ta HOBOKAIHY y BopgHOMY cepemoBuli. IToka-
3aHO, 1[0 PoTOKaTaMTUIHA aKTUBHICTD 3paskiB TiO,-WO, 36inbiuyerbcs 3i sMeHIIEHHAM
3HAUeHHs IIVPVMHM 3a00pOHEHOI 30HU B pe3y/IbTaTi 0O0pOOIeHHA NMOPIBHAHO 3 BUXIJHUM
OKCUIOM TiOZ. BopHO49ac KOHCTaHTa IIBMJKOCTI Ta CTYHIIHb Jerpajiallii MeAIpenapariB
3pOCTAOTh 3i 30i/IbIIIEHHAM MUTOMOI TOBEPXHi KOMIIO3UTY, sIKe BijOyBa€TbcA B pe3y/nbTari
MXO Tta ¥30. AHani3 3Ha4eHb eeKTMBHOI KOHCTAHTI MBUKOCTI poTOpeakiiit (KOHCTaH-
TU IIBUJKOCTI BilHECEHOI 10 BaroBoi KinbkocTi okcupy TiO, ra WO, B cyminii) f03BONMMB
BUC/IOBUTY IIPUITYILLIEHHS IIPO HAsIBHICTb reTePOCIIONyYeHH B 3a3Ha4€eHil cucTeMi, 0cobmu-
Bo micnA ii MXO Ta Y30, mo Bu3Havae mifgBuiieHHs GOTOAKTUBHOCTI 3pasKiB y peakiisax
OKMC/TIOBa/IbHOI poToferpasalii MeIpenaparis.

Knrouosi cnoBa: oxcupgna xommnosusinia TiO,/WO,, mMexaHOXiMmis, COHOXiMmis, doro-
KaTaJli3, ferpajalia Mejpenaparis.

BCTYII. Po3BuTOK MenudyHOi iHAyCTpil BopHY akBaTopito. OKpeMo CTOiTh ImpobreMa
CYIPOBOJKYETbCSA 301/IbIIEHHAM AK KilbKo-  yTwiaisanii MegyyHux npenaparis (MII), Tep-
CTi, TaK 1 HOMEHK/IaTYpU IIpelnaparis, BK/IIO- MiH IPUSATHOCTI AKUX 3aKiHYMBCHA, i BOHMU
Yar4Yy aHTUOIOTMKY, IO, CBOEK Yeprow, MOTPAIUIAITh Ha CMITTE3BaNuUIle, a 3BiATH
IpPU3BOANUTD 0O MifBUINEHHS IXHIX BUKUJIB 3aBAsAKM aTMocepHUM omajaM — y CTivHi
Yy HaBKOJIMIIHE CEPENOBUIIE, B TOMY YUC/Ii iy BOAMN.
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Cepep pisHMX MeTO[iB HeiiTpaisanii (re-
peBelleHHSA B OKCHUAM BYIVIENI0) MeAMIHMX
IpenapariB Ta iHIINX OPraHIYHUX CIIONYK Yy
BOJHOMY CE€peIOBMIL OfTHUM i3 IepCIeKTUB-
HUX BBXalTh ¢poToKaranis [1-3]. Haitbinpru
HONY/IAPHUMMY BioMuMy (oTOKaTasisaTopa-
MU € OKCHAV TUTAHY Ta LUHKY [1-4], ogHak
BOHM TAKOXX MAaIOTb CBOI HEJOJIIKY, IIOB A3aHi
iHKO/MM 3 HETOCTAaTHHO BMCOKOIO IIBUIKICTIO
IPOLIECY, BEIMKUM IPOMIKKOM 4Yacy JIOCAT-
HeHHA 95-100 % crymneHs perpagauii 3abpyn-
HIOBa4a Ta YTBOPEHHAM IPOMDKHIUX CIIONYK,
AKI MOXYTb OyTM OiIBII TOKCMYHMMM, HDK
BUXifgHI peuyoBuHN. ToMy icHye 3HaYHa Ki/lb-
KiCTh JlOCTipKeHb 3 Mopubikamil 1ux ABOX
OKCHJIiB OKCHJIaMI 4M CIOJYyKaMM iHIIUX Me-
TamB abo HemeraniB [4-12] Ta HaBiTHL BBe-
INEHO TaKuil TepMiH fAK 2emepocnony4eHHs
(heterojunction) [11-17]. L] onepauisa B HU3-
i Bumnajkis [1, 3, 6-15] mo3Bose TigBUIUTA
eexTUBHICTD [iil Pporokaramizaropi. OpHak
i Ipy IbOMY BMHMKA€ HM3KA 3alIMTAHb, YU 1[e
MiJBUIIEHHS aKTUMBHOCTI, BIacHe, IOB 3aHO
i3 BIIMBOM Apyroro enemMeHTa (CHOMYKM) Ta
3MiHOI0 (i3VMKO-XiMiYHUX BIaCTUBOCTEN, 4N
BM3HAYA€ETbCA 3MIiHOK CTPYKTYpHUX IIapa-
MeTpiB, HAalIpMK/Ia/l, TUTOMOI HOBEpxXHi (mpn
LJbOMY He BifloMO, sIKa YaCTVHA 3 Hel JOCTyIIHa
JUIS OTIPOMiHEHH:); 301/IbLIeHHS pajiiycy Hop,
[0 MPU3BOIUTH IO 30i/blIIeHHs, BIacHe, 1O-
BEPXHIi, AKa JOCTYIHA [/IA ONPOMiHEHHA, 91
YTBOPEHHSA HAHOPO3MIpHMX 4YacCTUHOK, MJIA
AKUX XapaKTepHUM € IposiBa KBAHTOBO-PO3-
MmipHoro edekry [1-3].

OpHi€r 3 1iKaBUX CHOMYK, AKi BUKOPUCTO-
BYIOTb fIK (bOTOKaTanisaTop iHguBiTyanbHO,
a Takox i B cymimi 3 TiO, Ta ZnO, € okcun
Bonbdpamy WO, [3, 8,9, 18-24], axmii, srifHo
3 JiTepaTypHUMM JAHUMU, Y CyMillIax JO3BO-
nsie migBUIMTI GOTOAKTUBHICTD, X04Ya icny-
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I0Tb i mpoTmnexHi faui [24, 25]. Bigomo, 1m0
WO, mae MeHury mmpuny 3a00pOHEHOI 30HU
(2,8 eB) mopisuano 3 TiO, (3,2 eB), (Bigmo-
BigHO, i ZnO (3,2 eB) i nmpu npomy enepris
BaJICHTHOI 30HM Ta 30HM IIPOBIJHOCTI Mae€
HVDKYIMI piBeHb, HDK y TiO, (8, 19]. EnexTpon
BasleHTHOI 30HM TiO2 Moxe 6yTu nerko me-
pemaHumn WO3 Ta HaJjaji IepeflaHunil KUCHIO,
aicopboBaHOMY Ha TiO,, pesynpratom 4oro
€ MiABUILEeHHS POTOKATATITUIHOI aKTUBHOC-
Ti OKCUJY TUTaHY B IIPOLIeCaX OKMC/TIOBA/IbHOI
merpafanii opraHivHNX conyk [23, 24, 26, 27].
I3 yboro mpuBOAY CIifl BITMITUTY pe3ynbTaTi,
HaBeZleHi B [9], sAKi MOKa3yoTh, 1[0 KOHCTAHTA
mBKUAKOCTI poTozerpamanii ra CTYyIiHb fIerpa-
Janii MeTpoHimasony npu YB-onmpomiHeHHi
mia TiO,/WO,-3paskiB 3a/iMaiOTh TIPOMIiXK-
He 3HaYeHHA MK manumu s TiO, ta WO,
Bonu 6inpmii, HiX 114 TiOz, ajzle MeHIi, Hi>XK
i) ¢ WO3. JleTalbHO MPUYMHM LbOrO ABUILA
He OOTOBOPIOIOTHCA, OKPiM MipKyBaHHA, IO
senenns WO, B TiO, 36i/pIIyE IIBUKICTD
pospaineHHs 3apsanis e- Ta h+ Ta sMeHIIye iMo-
BipHICTb IXHBOI peKoMOiHaIii.

Y niit po6oti 6y10 MpoBeneHO KOCTiKeH-
g Bractusoctern TiO/WO,-3paskis, mpn
IJbOMY, BPaXOBYIOUM IO3UTUBHMI BIUIMB IIe-
pexony [0 HAHOAUCIIEPCHOTO CTaHy [2-4,
11-12, 19, 28, 29], 6yno peanizoBaHO MeXaHO-
XiMiyHe Ta COHOXiMiuHe 00pOoOIeHH cymimi,
sIKa NO3BOJIA€ Ofep>KaTy HAaHOAVICIIEPCHI Yac-
tuHKY [11, 12, 30-34]. Jocnimkeno ¢oroxa-
TaJIiTUYHY aKTUBHICTh IJUX 3Pa3KiB B peakxlii-
AX OKMC/IIOBAJAbHOI JeCTPYKUIl JeAKUX Me-
IpenaparisB y BOLZHOMY CepefloBUII.

EKCIIEPMMIMEHT TA OBI'OBOPEHHA
PE3YJIBTATIB

3pasku TiO,/WO, 6yn0 cuHTe30BaHO A~
xoMm 3mimyBannsa TiO, (uza, anaras) Ta WO,
(ypma). Ilicmsa 3minryBaHHA OKCHAIB IIPU €KBi-
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MOJIEKY/IAPHOMY CIIBBIJHOILIEHH] IX peTeIbHO
nepeMillyBajy B araToBiil CTYIILI.

MexanoximiuHe 06po6nennsa (MXO) cymi-
IIi OKCUJiB IPOBOAM/IN B IVIAHETAPHOMY KY-
npoBoMy MimHi Pullverisette-6 (Fritsch) mpn
Bi/JHOIIIEHH] Macy KYJIb ;O MacK CyMillli OKCHK-
niB (BPR) 10:1 Ta kinbkocTi 0bepTiB ManHa
500 06/XB. IPOTATOM 1 TOAVMHM B CepeOBUIIi
HOBITps1, BoAM Ta eTaHony. IIpn obpobnenHi
0y/10 BUKOPUCTAaHO €MHICTD (250 M) Ta Kyii
(d=5 mm) 3 ZrO,. O6pobneHHs IPOBOAUIN
B pexxuMi: 30 XxB 06po6neHHs — 30 XB 0XO0J10-
JoKeHHs — 30 XB 0OpOO/IeHHs 3 peBepcoM —
30 XB OXO/MOMKEHHSI.

CoHoximiuHe 06po61eHHA cyMinti okcupiB
(Y30) peanisyBanu B yIbTpa3ByKOBOMY IeHe-
paropi Titan ultrasonic 3 po6040i0 4acTOTOMIO
20 kI ta moryxHictio 80 Br y cepemoBuii
BOiM Ta eTa”ony nporArom 30 xs. Ilicisa ynb-
TPa3BYKOBOTO 00pOOJIeHHsI OfiepKaHi CyCIleH-
3ii 6ymo BucymeHo B arMmocdepi moBiTps.

PenrtrenodaszoBumit aHami3 3paskiB 3[iii-
cHoBamm Ha audpakromerpi D8 ADVANCE
(Bruker) mpu CuKa-Bunpowminensi 3 Ni-¢inbr-
poM y BibuToMy mydKky i reomerpii ¢poxycy-
BaHHA 3a bperom - bpentano. CkanyBaHHA
nposofguay npu 20 = 10-90° i3 KpOKOM cKa-
HyBaHHA 0,05°. Cepenniit posmip KpucTaniTis
(L) pospaxoByBanu 3a piBHAHHAM [lebas -
[leppepa.

Hocnimpxenns Mopgororii moBepxHi 3pas-
KiB CKaHYIOYO0I0 €/IEKTPOHHOKI MiKPOCKOIIIE€I0
(CEM) Oymo mpoBefieHO 3 BMKOPMCTaHHAM
€/IeKTpPOHHOro Mikpockony Tescan Vega3
LMU, axkuit OcCHallleHuil BOMa [JeTeKTOpaMu
SEI (pexxum «BTOPMHHIX e/IeKTpOHiB») Ta BSE
(pe>xuM «BiTOUTUX BTOPMHHUX €/IEKTPOHIB»).

OnTtuyni  B/IACTMBOCTI 3pas3KiB  [OCIIi-
JoKeHo Ha criekTpodortomerpi Perkin-Elmer
Lambda Bio 35 UV-Vis 3 inTerpyiouoro cde-

https://ucj.org.ua

poto Labsphere RSA-PR-20 y mianasoHi jjoB-
1H xBunb 190-1100 uM. Kpaii nornmuaaHHA
BU3HAYa/IM €KCTPAIOIALIEI0 CIPAM/IECHOI [i-
JITHKM Kpalo CMYTM IOIIMHAHHA 10 Bici abc-
myc y kooppuHarax a'’’=f(hv) (me o - xoedi-
IIiEHT MOIIMHAaHHA MaTepiany, hv — eHepris,
1/r - mo3Hauae npupoxpy nepexoxny). Lleir me-
Top, mo3Bonge BusHayuty 11133 i3 To4HIicTIO
+0,02 eB. IIpu npoMy KOXHUIT 3pa3oOK 3Hi-
MaJli JIeKiJIbKa pasiB, peTelIbHO MepeMIlIyo-
4. BigHOoCHa oxm6Ka B I[MX BYMipIOBaHHAX
cknagaina 0,01 eB.

CrexTpy HOIIMHAHHA Oy/lIo Ofjep>KaHo i3
BifIMOBigHNX cHeKTpiB BigburTa 3a opmy-
noro Ky6enku — Mysxka (1):

_(1-R/Ro0)*

2(R/ Roo) 'S, )

F(R»)

BusnayeHHs (¢oTOKaTamiTMYHOI aKTWB-
HOCTI JTOCTIPKYBaHMX IOPOLIKIB IIPOBOJVIIN
y CKIAHOMY (OTOKATATTUIHOMY peaKTopi
BJIACHOTO BUPOOHUITBA. SIK pKepeno BUIIPO-
MiHIOBaHHA BUKOPMCTAHO PTYTHY JIaMIy BU-
cokoro TucKy (Optima) morysknictio 125 Br,
sKa BUIIPOMiHIO€ nuite B YP-4acTUHI CIIeKT-
pa (A=365um).

@oTOKaTaMiTUYHY OKUCIIOBAa/IbHY Jerpa-
marnjito Megmpernaparis (puc. 1) y Bogi 3a npu-
CYTHOCTI JOCTi/DKYyBaHMX 3pasKiB KaTaisa-
TOpiB mpoBOAMIN (IO 5 TOAVH) Y CKISHOMY
peakTopi 3a KimHaTHOI Temmeparypu. Ilig
Yac BUIIPOMIHIOBAHHA PO3YMHM IHTEHCUBHO
nepeMillyBaay 3a JOIOMOTOI0 €1eKTpO-Mar-
HIiTHOI MillIaJIKM JIs1 BCTAHOBJIEHHS aficopO-
niriHoi piBHOBaru (1 rop.) y cucremi goroka-
Tasnisarop/cop6ar. Peakuiitni cycrensii 6ymo
IPUTOTOBAHO IIUIAXOM JOflaBaHHA (POTOKa-
tanmizaropa (0,5 r/1) mo 300 My po3umHy Me-
TpoHifazony (15 mr/n), ananeriny (25 mr/m)
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abo HoBoKaiHy (12,5 mr/m). [Insa KoHTpomIO
3a XOfIOM TIPOILIeCY CIEeKTPU IMOITIMHAHHA Bi-
mibpaHux mpob peecTpyBaM 4Yepe3 KOXKHY
ropuHy. PoTOKaTaIi3aTOpy BilOKpEMIIOBa/IN
Bifj pPO34MHY 3a ZOIIOMOTrOI0 LIEHTPUQYTK Un
IPOCTUM BiJICTOIOBaHHSM, a OfiepXKaHi pos3-
YJHI aHa/li3yBaan Ha crieKTpoMetpi UV-2450
Shimadzu. EdexrtusHicts peakuii oriHeHO
3a 3MiHOI MAaKCUMYMy ONTUYHOI T'yCTUHMU
PO3UYMHY [iI040l PEYOBUHM — METPOHia30Iy
(A=320 uM), aHaneriny (A=240 HM) Ta HOBO-
kaiHy (A=260 HM). 3 ofiep>kKaHUX HaHUX Oy/I0
pPO3paxoBaHO KOHCTAHTY WIBMAKOCTI Jerpa-
panii (k) TceBponepuIoro nopsAaKy, AKy 6yno

N
ozN’q)\cm 7

HoN
OH

a 6

BJM3HAYEHO JI/Is1 KOXKHOTO JOC/Ii/I)KyBaHOTO Ka-
Tajisaropa 3 KpuBMX 3anexxHocti In D/D Bin
Jacy 3a popmyromwo (2):

k, = In(D/D,)/At, 2)

fe D i D - ontuyHi rycTuHM BUXiTHOTO po3-
YJHY Ta Mic/d JI0TO OIIPOMiHEHHS 3a IEeBHUI
IIPOMDKOK 4acy At.

Cryninb porokaramitnanoi gectpykuii (G)
KOHTPOJIIOBA/IN 3a 3MiHOIO JI0T0 KOHIJEHTpaLjil
3a IIeBHOI JOBXXVHY XBUIi 3TiTHO 3 popMyIo

(3):

G:Mxm%, 3)
0
/
Q\S“‘\ i Nh
(8] ( HO, N O
K/N\/ )

Puc. 1. Mennpenaparu: a — MeTPOHiZa3071, 6 — HOBOKaiH, B — aHAJIbTiH
Fig. 1. Drugs: a - metronidazole, b - analgine, ¢ - novocaine.

Y tabmuni 1 HaBemeHno pmaHi 3 ¢orokara-
TITUYHOIL JeTpajalil MefnpenapariB: MeTpo-
HiIa30/1y, HOBOKAIHY Ta aHA/IbIiHy Ha CUHTe-
30BaHMX 3paskax npu Y®P-ompominenni. Sk
MO)XHa IE€PEeCBIYUTUCA, AKTUBHICTb 3pas-
KiB y mpoteci ¢poToKaTamiTM4IHOI feCTPyKIil
(KOHCTaHTa IIBUAKOCTI Ta CTYIiHb HECTPYK-
11il) 3MIiHIOETBCS 3aJIEXKHO BiJ IPUPOAN pea-
TeHTY: HalOiIbIIl BYCOKi ITOKa3HMKY CIIOCTe-
piraemo 1A METPOHiZa3ony, a HalIMeHIIi —
II1 HOBOKaiHy. SIKiio Haitbinpina ImBKp-
KiCTb JIeCTPYKIIil METpOHiZa30my Moxke OyTH
IIOB’sI3aHa 3 BiJICYTHICTIO B JIOTO CTPYKTypi
HIECTUY/IEHHOTO Ki/IbIiA, TO 3HAYHO CK/IaJiHi-
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e MOACHUTY PISHMUII0 MK HOBOKAIHOM Ta
aHaJIbIiHOM.

SIx MO>KHa T06aun Ty 3 JaHMX TabI1. 1, oKcup
Bonb(dpaMy € felo akTuBHimuM Qorokara-
J3aTOPOM, HDXK OKCUJ, TUTaHy B yCiX TPbOX
peakuisax. AKTUMBHICTD CyMillli IBOX OKCUJiB
3HAXONMUTHCA Ha piBHI akTuBHOCTI TiO,. Bop-
HOYAaC MOXKHA 3a3HAYNMTH, 1[0 MEXaHOXIMi4-
He Ta Y/IbTPa3BYKOBe OOpOOJIEHHS CYTTEBUM
YI[HOM BIUIMBA€ Ha (POTOAKTMBHICTD 3pasKiB
Yy BOCIIPKEHUX IIpoliecaX, NPy LbOMY Hal-
MeHIuM 4rHOM MXO cyminii B noBiTpi (xo4a
HesiKe IMiBUIIEHHA IIOKa3HMKIB IIOPIBHAHO 3
BMXi/IHOIO CYMIIIIIIIIO BCE K TAK!U CIIOCTEpirae-
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MO), asie B 000X BMIIafikax 00poO/IeHHs Y BOAI
Ta €TAHOJi Pi3KO MiABUINYIOTH AK KOHCTAHTY
IIBUAKOCTI poTOmpoLecy, TaK i CTyIiHb Iepe-
TBOPEHH: PeareHTiB.

[/ BU3Ha4YeHH A IPUYMH TaKoi 3MiHM B $o-
TOKaTa/JiTMYHUX BJIACTUBOCTAX 3pa3KiB HaMU
0y/10 IPOBENEHO HOCI/PKEeHHs IXHIX JiesKuX
¢isnko-ximMiyHuX Xapakrepuctuk. OpeprkaHi
llaHi IpeficTaBIeHo B Tabs. 2 Ta Ha puc. 2.

Ilani POA nokasyrors, mo pedexcy BU-
XiTHUX OKCU/IB BifIIOBigaroTh HAsIBHOCTI B
Hux Kpucranivanx ¢as: anaras TiO, (JCPDS
21-1272) ta monokninma WO, (JCPDS 024-
0747). Ina BuxigHoi cymimi okcnpis 3adikco-
BaHO HasIBHICTb BCixX pedriekciB 060x a3 Bu-
XiIHUX OKCUJIB, IIPU 3HVDKEHHI IHTEHCUBHOC-
Ti pedriekciB, 0 MOSACHIOETHCSA 3MEHIIEHHAM
KiJIBKOCTi KO>)XHOTO OKCUZY IIPU YTBOPEHHI IX-
HbOI CyMillli Ta y3rOKYETbCA 3 JIiTepaTypHU-
MU JAaHVMU JUTS TIOf[iOHMX 3pasKiB, CMHTE30Ba-

HuX iHmmmy Metogamu [35-39]. MXO cyminri
OKCHUJIiB TPU3BOANUTDH 1O 3MiH y Andpakro-
rpami: a) HOBi pedrekcy, sKi 6 cBiguMnM Mpo
3MiHy (pa30BOTO CKIaJy OKCUJIB, K Lie 0yIo
BifMiueHo, Hanpuknap, y [20], un popmyBan-
HS CKIQTHOI CIIONYK! — BifICyTHI; 6) He3amex-
HO Bifl cepefoBMIIia 0OpOO/IeHH BitOyBa€ThCs
3MeHIIIeHHsI iHTEHCUBHOCTI peieKciB OKCUAIB,
IIPY LIbOMY CIIOCTEPIra€ThCs fAesiKe IXHE IO -
PpEeHHs, AKe CBIIYUTD PO 3MEHILEHHS pO3Mipy
KPUCTATITiB BUXiJHIX OKCUJIiB; B) MaKCUMalb-
He IIOLIMPEeHH: BiMidaeTbcsl Ipyu 00po6IeHHi
y BOJi Ta eTaHosIi. 3MiHN B pO3Mipi KpUCTaIiTiB
OKCUAIB IIpK LIbOMY OOpOO/IeHHi eMOHCTpY-
I0Tb pe3y/IbTaTyl PO3PAXYHKY PO3MIpy 4acTy-
HOK, HaBefleHi B Ta6m1. 2. Y30 y Bogi Ta eTaHoi
NPU3BOAUTH O AHAJIOTIYHMX 3MiH i, BJIacHe,
0 3MeHIIEeHHs iHTeHCUBHOCTI Ta IONIVPEHHS
pedrekciB 060X OKCHAIB, 1110 BiOMBAETHCS i HA
po3Mipi kpucranitis (Tabmn. 2).

Tab. 1
DoTOoKaTAMITNYHI BTACTUBOCTI 3pa3KiB B OKMCIIOBA/IbHIN Aerpaganii MeqMYHNX
npenaparis*
Table 1.
Photocatalytic properties of the samples in oxidative degradation of the drugs*.
Mertponipason Amnanbrin HoBoxkain
3pasok
k102 G, % k 10? G, % k 102 G, %
TiO2 1,6 52 1,0 24 0,6 14
WO, 2,1 61 1,4 32 0,8 22
TiO,/WO, - Buxinnuit 1,5 59 0,9 25 0,7 18
TiO,/WO, - MXO, nositps 1,7 61 1,3 33 H.s. H.s.
TiOZ/WO3 - MXO, Boma 2,8 80 1,9 43 1,2 25
TiOZ/WO3 - MXO, etanon 3,0 89 2,1 47 1,3 38
TiO,/WO, - Y30, Boga 2,8 79 2,2 57 1,2 31
TiOZ/WO3 - VY30, eTtanon 3,3 92 2,4 60 1,3 42

*k - xoHCcTaHTa MBUAKOCTI peakuii, XxB™, G — cTYIiHb lepeTBOpeHH: Mpelapary 3a 3 rofi, H. B. — He BU3Ha4eHO
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Tab6m. 2
Heaxi ¢pisnko-xiMivHi XapaKTepUCTIKI CHHTE30BaHNX 3pasKiB*
Table 2.
Some physical-chemical properties of the synthesized samples*.
L, am
3pasok S, M%/T R, M E,eB
TiO, WO, ¢
TiO, 90 - 9 27 3,18
WO, - 52 12 28 2,82
TiOz/WO3 — BUXiTHU 89 48 10 24 3,16
TiO,/WO, - MXO, nositps 48 45 13 15 3,12
TiOZ/WO3 - MXO, Bona 31 15 17 10 3,02
TiO,/WO, - MXO, eranon 28 12 20 9 3,00
TiOZ/WO3 -¥Y30, Boga 34 15 17 10 3.00
TiO,/WO, - V30, eranon 27 12 22 8 2,95

* L — po3Mip KpUCTATIB, S — mnTOMa MOBepxHA, R — cepenHiit pagiyc nop, E — mmpnuHa 3a60poHEHOI 30HI
g

3MiHM B pOo3Mipi YaCTMHOK OKCHUZIiB IIOKa-
3YIOTh TaKOX [IaHi JOCTiP)KEHHA 3pasKiB Me-
togoMm CEM, AKi npepcrasieHo Ha puc. 2. fx
MO)KHA IT00AYUTH 3 PIC. 2, A, Ha IOBEPXHi Cy-
Millli OKCUZIB IPUCYTHI JOCTAaTHHO 3HAYHI 3a
po3Mipamu arnomepary Ta 6ibpin gpibHi ac-
TUHKM, AKI BiJJCBIYyIOTbCA 6inmm KOJIbOPOM.
Ocranui Hanexarb 1o WO, a 6i7bII 3HAYHI
arnomepatn — jio TiO,, mo, BracHe, y3romxy-
€TbCA 3 TiTepaTypHUM manumu [37-40]. MXO
CyMillli OKCHZIB Ha IIOBITpi NPU3SBOAUTL [0
smenulenHs arnomeparis TiO, Ta HesHauHOT
sminu posmipis WO, (puc. 2, 6, Tabmn. 2). MXO
CyMili y BOJAi Ta €TaHONI HPU3BOJUTH [0
3HaYHO Oi/bIIIOTO 3MEHIIEeHHS PO3MipiB Yac-
TUHOK 000X OKCH/IiB Ta IXHBOTO TOMOT€HHOTO
nepeminryBasss (puc. 2, B, T Ta Ta6n. 2). Y30
CyMillli OKCUJIiB y BOZIi Ta €TaHOJIi IPU3BOJSUTD
[0 TIPaKTMYHO TaKUX CaMMUX 3MiH PO3Mipy
YACTMHOK Ta IXHbOI roMorenisaiiii, sk i MXO
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(puc. 2, 1. e Ta Tab1. 2). MO>KHa BigMiTUTH, 110
Ii pe3y/bTaTy 3HAYHOIO Mipo0 36iraloThbcs 3
maHumu [36, 39, 41], ofep>xaHMMM 32 COHOXi-
MiYHOIO CMHTE3Y 3pasKiB i3 cymillli OKCUJiB.
3MiHM B po3Mipi YaCTMHOK OKCHUJIIB y pe-
3ynbTati 06pobneHHA ixHbOI cymimi BifOu-
BAaIOThCA TAaKOXK HAa 3HAYEHHAX IUTOMOI IIO-
BEPXHI Ta CEpeIHbOTO JliaMeTpy mop (Tadm. 2).
[Turoma moBepxHA BUXIFHOI CyMilli 3aiiMae
IIPOMDKHE 3HAYeHHs MK JaHUMM, XapaKTep-
HVIMU JI/I1 BUXiJHUX OKCHJIB, IO HE € AVIBHUM
Ta BiANOBifla€ miTepaTypHUM AaHuM [36-39,
41]. dx mokHa moOauuTy 3 maHMX TabI. 2,
nicna MXO ta Y30 nuroma noBepxHs 3pas-
KiB 30i/IbIIy€eTHCS, @ pajiyc MOp — 3MeHINy-
€TbCSI B pe3yabTaTi 0OpOO/IeHHs, IO TAaKOX
3a 1ux obpobnens [11, 30-32, 42]. Hait6inb-
1€ 3pOCTaHHA 3HA4YeHHs IMUTOMOI ITOBEPXHi
3pasKiB Ta 3MEHIIIEHHs PO3Mipy IOp CIIOCTe-
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piraemo mpn MXO vy Bopi, etanoni Ta Y30. 1o pyliHyBaHHA KpPUCTAJTiB BimbyBaeTbcA
Taki 3MiHM [ocTaTHBO JOOpe KOPEIIOTh 3i Yy IMopax i3 HailbiIbLUIMM [jiaMeTpOM Ta 3MeH-
3MiHaMU B po3Mipax YacTMHOK cyMimi mpy ii IIeHHAM po3Mipy IXHIX YacTMHOK, 1o Oyro
00po6ieHHI Ta MOXXYTb OYTH OB sI3aHi 3 TUM, ITOKa3aHO BUIIE.

SEM HV: 710KV
View st 221 pm

SEM MAG: 120 kx

Puc. 2. CEM-mikpodororpadii nosepxui spaskis TiO,/WO,: a — uxignmit, 6 — MXO Ha nosirpi,
B - MXO y Bopi, r - MXO B etanomni, - Y30 y Bogi, e - Y30 B eTanori [371iBa H0oTO B peXX1Mi BTOPUHHOTO
eneKTpoHHoro BunpominioBaHHs (SEI), cripaBa — B pexxnMi npy»Ho Bifoutnx enekrponis (BSE)]

Fig. 2. SEM microphotos of TiO, /WO, samples surface: a — initial, b — MChT in air, c - MChT in water,
d - MChT in ethanol, e - UST in water, f - UST in ethanol [left — photos in second electron emission (SEI),
right — photos in back scattering electron emission (BSE)].
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BusHayeHH: 3HaUeHH:A MIVMPYHM 3a00pOHe-
Hoi 30HM (Tabn1. 2) mokasye, mo MXO ta Y30
CyMilli IPU3BOJATH O 3MEHILEHHA 1i BeN4n-
Hu nopiBHAHO 3 TiO,, ane He ocATAIOTH 3HA-
4eHHs1, xapaktepHoro it WO, 1o 3araiom
XapaKTepHO Ji/1A LIi€l KOMIIO311lii 3a HAABHOCTI
11i/IbHOTO KOHTAKTY MIXK YaCTMHKAMM OKCH/JIiB
[36-39] Ta yTBOpeHHS MO>X/IMBOCTI IIEpeXOfy
eNeKTpoHiB 30HM mposigHocTi TiO, B 30HY
nposigHocti WO, [8, 21, 40, 41, 43].

CniBcTaB/ieHHs laHUX i3 QoTOKaTamiTHy-
HOI aKTMBHOCTI 3pa3KiB B peakxijii OKMUCIIIO-

BajibHOI (QoToferpajanii Meanpenaparis 3i
3HAYEeHHSM LIVMPVHYU 3a00POHEHOI 30HU IIpef-
CTaBJIeHO Ha puc. 3 a, 6. SIk Mo>xHa mob6aun-
TU, KOHCTAHTA MIBUJKOCTI peakuil, K i 3Ha-
YEHHA JOCATHYTOTO CTYIEHA IEepeTBOPEHHA
peareHTy /i BCiX MepupenapartiB 30inbury-
I0TbCS 31 3MEHIIeHHAM MIVPUHU 3a60pOHEHOI
30HM 3pasKiB, IO B3arajai-To € XapaKTepHUM
ms porokatanisy [1-3]. BuraTkom e 3pasok
WOS, JIJISL SIKOTO 3a HalIMEHIIIOrO 3HaUeHH S Eg
CIIOCTEpIiraeMo He Jjy>Ke BUCOKY aKTMBHICTDb y
IMX ITPOIIECax.

3,5 - 100 -
3 -
80 -
2,5
N 1 e
E 2 4 * e\° 60
o 5
21,54 _
o | 40 .
1 .
A 204 A
0,5 -
0 T T T ] 0 T T T \
2,8 2,9 3 3,1 3,2 2,8 2,9 3 3,1 3,2
Eg, eB Eg, eB
a 0

Puc. 3. 3anexHicTh KOHCTAaHTM WIBUKOCTI Aerpajanii MefIpenaparis (a) Ta CTyIeHA IXHbOTO Iepe-
TBOpeHHs (6) Bif mmpuHu 3a60pOHEHOI 30HU: 1 — METPOHIIa3071, 2 — aHaJIbTiH, 3 — HOBOKaiH

Fig. 3. Dependence of rate constant drugs degradation (a) and degree of their transformation (b) from
bang gap of the samples: 1 - metronidazole, 2 — analgine, 3 - novocaine.

3 iHmoro 60Ky, faHi, AIKi IpeCcTaBIeHO Ha
puc. 4 a, 6, TOKa3yI0Tb, III0 KOHCTAHTA LIBY/J-
KOCTI peaklil ferpafanii JOCIiDKEHNX Mef-
IpernapariB Ta CTYNiHb IXHbOTO II€PETBOPEH-
Hs1 30iMbIIYIOTBCS 31 30i/IbIIIEHHSAM 3HAUYeHH
nUTOMOI ITOBEPXHi 3pasKiB, fike BigOyBaeThb-
cs B pe3y/nbTati 06po6ineHHA cyMinti okcuzis
o6oma meroamu. [Ipu npomy spasoxk WO,

46

TAKOXX BK/IAIAETHCA B 3arajabHy KOpeNALilo.
[IprHUNIIOBO LA 3a/IEKHICTb HE € 4MMOCH
HOBMM, 00 3p03yMiJI0, 1110 301/IbIIIeHHS TUTO-
MOI IIOBEpXHi 3pasKiB IPU3BOAUTD [0 30i/mb-
LIeHHA Ti€l YaCTUHM IIOBEPXHI, AKa IMifnajgae
IiJ 1if0 ONPOMiHEHHS i TAKMM YMHOM 30i/1b-
LIYEThCA KibKICTh L[EHTPIB, AKi aKTUBYIOTb
dboromporec.
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Puc. 4. 3anexHicTh KOHCTAaHTM IIBUAKOCTI Aerpajanii Mefnpenaparis (a) Ta CTyHeHs IXHbOTO Iepe-
TBOpeHHs (0) Bifi 3HaYeHH: MTOMOI IOBEPXHI 3paskiB: 1 — MeTpOHifja3071, 2 — aHa/IbriH, 3 — HOBOKAIH

Fig. 4. Dependence of rate constant drugs degradation (a) and degree of their transformation (b) from
specific surface area of the samples: 1 - metronidazole, 2 — analgine, 3 — novocaine.

Tabm. 3
3anexxHicTb eeKTUBHOI KOHCTAHTM IBUAKOCTiI OKMCTIOBAIBHOI ierpafalii Megnpena-

pariB Biff BUKOpucTaHoro poToKarazizaTropa
Table 3.

The dependence of effective rate constant of the drugs oxidative degradation from used
photocatalyst.

3pasok EdexTuBHa KOHCTaHTa MBUAKOCTI peakIiil OKMCIIOBAIbHOL
fierpafianii Mefmpenaparis, k_ 4]'102, XB!
METPOHIFA30/1 aHaJIbTiH HOBOKailH
l(I'iOZ kWO?: 1(1'102 kW03 kl'iOZ kW03
TiO, 1,6 - 1,0 - 0,6 -
WO, - 2,1 - 1,4 - 0,8
TiOZ/WO3 — BUXigHUT 5,9 2,0 3,5 1,2 2,8 0,9
TiO,/WO, - MXO, nositps 6,6 2,3 5,0 1,8 H. B. H. B.
TiOz/WO3 - MXO, Boma 10,9 3,8 7,4 2,6 4,7 1,6
TiO,/WO, - MXO, eranon 11,7 39 82 2,7 5,0 1,8
TiO,/WO, - V30, Boa 10,9 3,8 7,4 2,6 4,7 1,6
TiO,/WO, - V30, eranon 12,8 4,4 9,3 3,2 5,0 1,8
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Y npaui [44] 6yno nokasaHo, 1o /1A CyMi-
et ZnO Ta TiO, 3 poTokaTaniTnyno iHepT-
Humu okcupamu (SiO,, ALO,, MgO) koH-
CTaHTa IIBM/KOCTI lerpajialiil METPOHIfa30my
3MEHIIYETbCA Ta BMCIOBIEHO AYMKY, IO Iie
IIOB’$13aHO 31 3MEHIIIEHHAM KiZTbKOCTi poTOaK-
TUBHOTO KOMIIOHEHTY (710ro po30aBIeHHSM)
Ipy yTBOpeHHi cymimi. byno BBemeno mo-
HATTA «e(PeKTUBHOI KOHCTAHTM MIBUAKOCTI —
k. o TOOTO KOHCTAHTH, BifHECEHOI ;O BaroBOI1
Ki/IbKOCTi aKTMBHOTO KOMIIOHEHTY Ta IIOKa-
3aHO, IIIO, BJIacHe, i1 3HaYeHHS 3aJINIIAEThC
IIOCTITHMM He3a7eXXHO BiJj IPUPOAY BBEIEHOL
inepTHOI loMimKnM. Y 3B’A3Ky 3 TUM, 0 WO,
He € POTOKAaTaTITUYHO iHepTHUM, OyIo Ii-
KaBO JOCTIIUTI, SIK Y IIbOMY BUIIAJKY BifOy-
BA€TbCA 3MiHa 1IbOTO IapaMeTpa, TOMY HaMU
0yl10 TpOBefieHO pO3paxyHKM e(deKTUBHOI
KOHCTaHTM IIBUJKOCTI Jerpafauii Meamperna-
paTiB Ha BMICT y CyMillli KO>KHOTO 3 OKCU[iB
Ky, Kyos)- Pe3ynbTaTi 11boro pospaxyHKy
IpefiCTaB/IeHo B Ta0I. 3.

Sk Mmo>xHa mobaunTy 3 faHUX Ta01I. 3, edek-
TMBHA KOHCTaHTa IIBMIKOCTI BigHeCceHa 1O
Kinpkocti WO, mpy yTBOpeHHi cyMilti OKcu-
miB ta ii MXO y noBiTpi sanuiaeTbcsa mpax-
TUYHO NOCTiNHOM i muie micaa MXO y Bopi i
eTaHosi Ta Y30, KoM CIocTepiraeMo cyTTeBe
3MEHIIEHH:A pO3Mipy YaCTMHOK — 3POCTa€ B
ABa pasu. [HIIYy KapTMHY criocrepiraemo jjis
edeKTMBHOI KOHCTAHTH, BiTHECEHOI IO Ki/b-
xocTi TiO, B cymimi. Y upomy BUNajiKy, HaBiTh
IIpY yTBOPEHHI IOYaTKOBOI CyMillli, CIIocTepi-
raemo 36inpuenns k . 6inbur, Hixxk BTpuyi, a
nopanbuie o6pobnenns (MXO rta Y30) cy-
IIPOBOIKYEThCA 11 30i/IbIIEHHAM 1I[e BJBidi.
MoxHa 3ayBaXuTH, [0 3Ha4YeHHsA K, o VLA
TiO, nopiBusAnO 3 BuxigHum okcupgom TiO,
301/IBIIYIOTBCA NMPAKTUYHO Ha IOPANOK Be-
mmayHY. TakuM 4YMHOM, MOXKHA IIPUITYCTUTH,

48

wo BeenenHs WO, B TiO, cyrreBo BImBae
Ha (OTOKATATITUYHI BIaCTUBOCTI OCTaHHbBO-
r0, 0COOMMBO y BUMAAKy 00p0oOIeHHs cyMmili
OKCUJIiB, KA IPU3BOAUTD 10 HAHONOZIPiOHeH-
HA OKCUJIB Ta yTBOPEHHA 1I/IBHOIO KOHTAKTY
MID>K HMMH i TaK 3BAaHOTO «T€TEPOCIIONYYEHHA»,
a 32 paxyHOK IIbOTO IOJIETINYETHCS TpaHCPep
enektpona Biz TiO, mo a/IcOpOOBAHOTO KVCHIO
[23, 24, 26, 27], sKnit i aKTUBYE IpoIiecC aerpa-
pauii MefIpenaparis.

BUMCHOBK/M. llokasaHo, IO MeXaHOXi-
MiyHe Ta COHOXiMiuHe 0OpoO/MeHHA cyminm
okcupip TiO, Ta WO, ne BruBae Ha ii paso-
BMII CK/IaJ], OffHAK IPU3BOJAUTDH IO 3MEHIIEH-
HA PO3MIpy YaCTMHOK OKCUZIB, IIPU LIbOMY
HalOi/IbIINIT BIVIMB CHPUYNHAE 00pOoOIeHHA
y BOAi Ta eTaHom. BogHoyac cnocTepiraemo
30i/IbIIIeHHS MUTOMOI IOBEPXHI KOMIIO3UTY 32
TAKOTO CaMOro BIUIMBY CepefoBuIna 06po6-
JIEHHA.

BcraHOB/IEHO, 1110 MEXaHOXIMIYHE Ta COHO-
ximiune o6pobnennsa cymimi TiO, Ta WO,
361/bIIYIOTD 1i aKTUBHICTD (KOHCTAHTY IIBUJ-
KOCTI peak1lii Ta cTymiHb flerpagauii) y ¢oro-
KaTaJiTUYHUX PeaKIliAX OKMCIIOBANIbHOIL Jie-
rpajanil  MeAmpernapariB:  MeTPOHi[ja3oiy,
aHaJIbriHy Ta HOBOKAiHY y BOJZHOMY Cepefo-
BUIIIi.

QorokaramiTMyHa AKTUMBHICTD  3pasKiB
TiO,-WO, 36inblryerbcs 3i 3SMEHIIEHHAM 3Ha-
YeHHs IIMPUHYU 3a00POHEHOI 30HU B pe3y/ib-
TaTi 0OpOOIEHHS MOPIBHAHO 3 BUXIJHUMMU
okcumamu. BogHoYac KOHCTaHTa IIBUIKOCTI
Ta CTYIIHb Jerpajalil MeAlpenapariB 3po-
CTalOTh 31 30i/MbIIeHHAM NNUTOMOI HOBEPXHi
KOMIIO3UTY, fIKe BiflOyBa€Tbcs B pe3y/bTarTi
MXO ra ¥30.

AHaii3 3HaYeHb eQeKTMBHOI KOHCTAHTH
MIBUAKOCTI HOoTOpeakiliit (KOHCTaHTY IIBWJ-
KOCTI BiJfJHEeCEHOI 10 BaroBoi Ki/IbKOCTi OKCUY
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TiO, Ta WO, B cymiIi) 103B0MMB BUCTOBUTI
IpUIYLEHHA PO HAABHICTb TeTEPOCIOINY-
YeHHs B 3a3Ha4YeHill cuctemi, 0coOMMBO mic/s
il MXO Ta Y30, mo BuU3HaAYa€ MigBUIEHHS
($hOTOAKTMBHOCTI 3pasKiB y peakLifx OKUCIIIO-
BajIbHOI (hoTOfeTpaallii Mefpenaparis.
TUBHUX METOAIB Ofiep)KaHHA HaHO-
PO3MipHIX OKCUJAHUX KaTanai3aTopiB
i komnosutiB Ha ocHOBi Mo, Ti, Zr, Nb Ta
Sn», H#epKaBHMII peecTpaliiiHNii HoOMep
0118U003420 Tta «HaHogucnepcHi ckmagHi
OKCHMJHi KaTani3aTopyu Ta KOMHO3WTH: CUH-
Te3 Ta IXHE 3aCTOCYBaHHA B €KOIOTiYHOMY

Ta NPOZYKTMBHOMY KaTalisi», Jep>KaBHUI
peecrpaniitamnii Homep 0123U100427.

Po60oTy BUKOHaHO B MeXKax JepKOro-
moKeTHUX TeM «Po3BUTOK anbrepHa-

I
MODIFICATION OF OXIDE COMPOSITION
Ti0,/WO, AND ITS PROPERTIES

IN PROCESSES OF PHOTODEGRADATION
DRUGS IN WATER MEDIUM.

E.V. Zabolotnii, V.O. Zazhigalov

Institute of Sorption and Problems

of Endoecology NAS Ukraine,

13 Oleg Mudrak str., 03164 Kyiv, Ukraine
e-mail: vazazh@ukr.net

The influence of mechanochemical (MChT)
and sonochemical (UST) treatments of TiO,
and WO, oxide mixture (molar ratio 1:1) on its
properties was studied. By XRD method it was
shown that both treatments have not influence
on phase composition of the mixture, the re-
flexes of initial oxides were observed only, but
the treatment leads to the change of intensity

https://ucj.org.ua

of the reflexes and their widths. The calcula-
tions from XRD data and SEM results of the
samples investigations show that both treat-
ments led to a decrease of the particles sizes
of both oxides. The influence of the treatment
medium nature (air, water, ethanol) on the di-
mensions of the formed particles was shown.
The maximal decrease of the particles sizes was
observed at MChT and UST in water and etha-
nol which god accordance XTD and SEM data
confirmed. The particles sizes decrease accom-
panied by an increase of the samples specific
surface area. The photocatalytic properties of
TiO, /WO, samples in the reactions of drugs
(metronidazole, analgine, novocaine) decom-
position in water solution were studied. It was
established that activity of the samples (rate
constant and degree of drug decomposition)
dependences from drug nature and changes in
next order: metronidazole > analgine > novo-
caine. The treatment of the sample TiO,/WO,
permits to an increase its activity in all studied
drugs photodecomposition in comparison
with initial mixture and individual oxides. The
highest activity was observed for the samples
after their MChT and UST in ethanol medium.
It was established that for all studied drugs the
rate constant and degree of drug decomposi-
tion increase with a decrease of band gap va-
lue of sample in comparison with initial TiO,
which proceeds in result of MChT and UST
treatments. Simultaneously it was shown that
between the values of rate constant and degree
of drug decomposition and specific surface of
the samples the god correlation observed for
all drugs: an increase of activity with specific
surface area increase, last proceeds as result of
samples treatment. The values of effective rate
constant (rate constant determined to weight
quantity of TiO, or WO, oxide in mixture) were
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analyzed. An essential increase of effective rate
constant determined to quantity of TiO, in
mixture (practically in ten times) after mixture
oxides treatment was established. It has been
suggested that the presence of heterojunction
in this system after its treatment determines an
increase of photoactivity of the sample in the
grugs decomposition in water solution.

Key words: oxide composition TiO,/WO,,
mechanochemistry, sonochemistry, photoca-
talysis, drugs degradation.
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Fluorine is a key element in drug design due to its ability to enhance metabolic stabili-
ty, binding affinity, and bioavailability. Fluorine’s properties lead to more stable drugs with
longer half-lives, reducing dosing frequency and improving patient compliance. Its small size
and high electronegativity also improve binding affinity, resulting in more effective treatments
with lower doses. For example, fluorine increases a compound’s ability to cross cell memb-
ranes. This article highlights advancements in chiral, fluorine-containing pharmaceuticals
introduced over the past five years, focusing on their synthesis, therapeutic benefits, mecha-
nisms of action, and the impact of fluorine on efficacy and safety. Chiral molecules, essential
in drug development, exist in two enantiomeric forms with distinct biological activities. Syn-
thesizing chiral, fluorine-containing drugs involves techniques like asymmetric synthesis to
produce pure enantiomers, resulting in drugs with increased potency, selectivity, and reduced
side effects. Understanding their mechanisms of action provides valuable insights into effi-
cacy and safety. Reviewing recently FDA-approved chiral drugs offers insights into fluorine
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chemistry in drug development and future therapeutic innovations. Recent FDA approvals
highlight the significance of chiral, fluorine-containing drugs in various therapeutic areas,
enabling targeted and effective treatments. Analyzing these approvals reveals trends shaping
drug development’s future. The article also addresses the need for more research into self-dis-
proportionation of enantiomers (SDE) in chiral, fluorinated compounds and concerns about
excessive fluorine levels. SDE can affect pharmaceutical product purity. Research into SDE in
fluorinated compounds ensures drug quality. Additionally, fluorine’s widespread use raises
environmental and health concerns, necessitating studies on long-term effects and mitigation

strategies.

Keywords: Fluorine, chirality, drug design, pharmaceuticals, self-disproportionation of

enantiomers, bioactivity.

INTRODUCTION. Pharmaceuticals play a
crucial role in modern medicine, significant-
ly enhancing the quality of life for millions of
people worldwide. They are essential for treat-
ing a wide range of diseases and conditions,
from chronic illnesses to acute infections, and
have revolutionized healthcare by providing
effective and targeted therapies [1-5].

One of the key factors in drug design and
development is chirality. The importance of
chirality cannot be overstated as the spatial
arrangement of atoms in a molecule can dras-
tically affect a drug’s efficacy and safety. Enan-
tiomers can have different biological activities,
often with one being therapeutically active
while the other may be inactive or even harm-
ful. Therefore, understanding and controlling
chirality is vital for developing safe and effec-
tive pharmaceuticals. It comes as no surprise
that over 70% of small-molecule drugs on the
market today are chiral [6-11].

Fluorine has emerged as a critical element
in drug design and development [12-14]. Its
unique chemical properties, such as high elec-
tronegativity and small size, allow it to form
strong bonds with carbon, enhancing the me-
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tabolic stability and binding affinity of drugs.
Fluorine can also improve the bioavailability
and pharmacokinetic profiles of pharmaceu-
ticals rendering them more effective [15-19].

However, the synthesis of fluorine-contain-
ing compounds presents significant challenges,
particularly in asymmetric synthesis. Achieving
the desired chirality in fluorine-containing mo-
lecules requires sophisticated techniques and
precise control over reaction conditions. The
difficulties associated with these syntheses can
complicate the drug development process and
result in increased production costs [20-31].

Fluorine is also one of the most promi-
nent self-disproportionation of enantiomers
(SDE)-phoric groups [32-34] i.e., the abili-
ty to express strongly the SDE phenomenon
[35-37]. The SDE phenomenon leads to the
enrichment of one enantiomer over the oth-
er during synthesis when fractionation is in-
volved, which is crucial for producing enan-
tiomerically pure drugs [38-40]. Thus, SDE
tests are essential during the production of
chiral, fluorine-containing drugs to ensure the
desired enantiomeric purity and consequent
therapeutic efficacy [41, 42].
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Despite its benefits, fluorine-containing
drugs have a dark side. Fluoride, a common
form of fluorine, is a poison that can accumu-
late in the body over time. Chronic exposure
to high levels of fluoride can lead to adverse
health effects, including dental and skele-
tal fluorosis. Therefore, the use of fluorine in
pharmaceuticals must be carefully managed to
balance its therapeutic advantages against po-
tential risks [43-49].

According to surveys published up to 2020

TM)

Asciminib (Scemblix

Krazati™

[12, 13, 50, 51], around 400 fluorine-contain-
ing pharmaceuticals have been approved by
the FDA. Reviews from 2020-2024 profiled 50
new fluorine-containing, small-molecule phar-
maceuticals [52-56]. Unsurprisingly, most of
these drugs (~75%) are chiral and have been
approved as specific enantiomers. For examp-
le, highly grossing drugs such as Asciminib
(Scemblix™) 1 [57], Melflufen (Pepaxto™) 2 [58],
and Krazati™ (Adagrasib) 3 [59] are all chiral

(Fig. 1).

NH2
*HCI

C' Melflufen (Pepaxto™)

(Adagrasib)

Figure 1. Examples of chiral, fluorine-containing compounds displaying stereogenic centers on resi-
dues of tailor-made amino acids or related amino alcohols and diamines.

However, the fluorine atom in these mole-
cules is situated quite far from the stereogenic
centers, consequently having minimal effects
on their synthesis and chiral properties. Since
most approved chiral compounds are based
on amino acids or related amino alcohols and
diamines, modern pharmaceuticals derived
from tailor-made amino acids [60-65] and fea-
turing fluorine constitute a unique and rapidly
growing segment of the small-molecule phar-
maceutical market [56, 66-68].

In this review, we profile compounds ap-

https://ucj.org.ua

proved by the FDA during the period 2020-
2024 that display fluorine or fluoroalkyl groups
directly bonded to stereogenic centers. These
structural features highlight the great impact
fluorine can have on the asymmetric synthe-
sis, chiro-optic, physical, and biological pro-
perties of these molecules. This group of com-
pounds (Fig. 2) include: Fluoroestradiol F-18
(Cerianna™) 4, a radioactive diagnostic agent
used in positron emission tomography (PET)
imaging to detect estrogen receptor-positive
lesions in patients with recurrent or metastatic
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breast cancer; Inqovi™ 5, a combination of a
nucleoside metabolic inhibitor and a cytidine
deaminase inhibitor approved to treat adults
with myelodysplastic syndromes including
chronic myelomonocytic leukemia; Belzuti-
fan (Welireg™) 6, used to treat adults with von
Hippel-Lindau (VHL) disease who require
therapy for associated renal cell carcinoma,
central nervous system hemangioblastomas,
or pancreatic neuroendocrine tumors that
do not need immediate surgery; Voranigo®
(Vorasidenib) 7, an isocitrate dehydrogenase-1
and isocitrate dehydrogenase-2 inhibitor pre-
scribed to treat adults and pediatric patients
aged 12 years or older with Grade 2 astrocy-
toma or oligodendroglioma following surgery
that have a susceptible isocitrate dehydroge-
nase-1 or isocitrate dehydrogenase-2 muta-
tion; Vivjoa™ (Oteseconazole) 8, an antifungal
medication used to reduce the risk of recurrent
vulvovaginal candidiasis (RVVC) in females
with a history of RVVC who are not potential-
ly reproductive; Sunlenca™ (Lenacapavir) 9,
developed and administered in combination
with other antiretroviral medicines to treat
adults with HIV-1 infection who have received
multiple HIV-1 medicines in the past and have
the HIV-1 virus that is resistant to many HIV-1
medicines; Voydeya® (Danicopan) 10, which
inhibits complement Factor D that plays a
key role in the immune system’s alternative
pathway and approved as an add-on therapy
for adults with paroxysmal nocturnal hemo-
globinuria who experience ongoing anemia
due to extravascular hemolysis despite treat-
ment with Ravulizumab (Ultomiris) or Eculi-
zumab (Soliris); Jaypirca® (Pirtobrutinib) 11,
used to treat adults with relapsed or refractory
mantle cell lymphoma, chronic lymphocytic
leukemia, and small lymphocytic lymphoma
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who have received at least two prior lines of
therapy, including a Bruton’s tyrosine kinase
inhibitor and a BCL-2 inhibitor; and finally,
Itovebi® (Inavolisib) 12 prescribed in com-
bination with Palbociclib and Fulvestrant to
treat adults with hormone receptor-positive,
human epidermal growth factor receptor
2-negative breast cancer that has an abnor-
mal phosphatidylinositol-3-kinase catalytic
subunit alpha gene, and has spread to near-
by tissue or lymph nodes (locally advanced),
or to other parts of the body (metastatic),
and has returned after hormone (endocrine)
therapy.

Fluoroestradiol F-18 (Cerianna™) 4.

Estrogen receptors serve as crucial prog-
nostic biomarkers enabling the visualization
of tumor progression/regression or facilitating
targeted hormone therapy. Molecules labeled
with radioactive "F can accumulate in can-
cerous tissues expressing estrogen receptors,
providing powerful contrast agents for diagno-
sis. These agents also allow for the assessment
of estrogen receptor expression heterogeneity
without the need for biopsy [69, 70]. Nume-
rous '®F-labeled radiopharmaceuticals have
been documented in the literature for PET
imaging [71-74]. Incorporating a small, high-
ly electronegative fluorine atom as a hydro-
gen mimic can enhance pharmacokinetic and
physicochemical properties, including binding
affinity, metabolic stability, and bioavailabili-
ty. The goal of developing high-affinity, estro-
gen receptor-targeted diagnostic agents capa-
ble of crossing the blood-brain barrier led to
the synthesis of radioactive fluoroestradiols.
These molecules exhibit high binding affinity
for estrogen receptors and exceptional tissue
permeability, including the blood-brain barri-
er [75, 76].
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Decitabine 5 Cedazuridine
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Fluoroestradiol F-18 (Cerianna ™) Decitabine/Cedazuridine) (Ingovi™)
£ F
NC o OH H H
F3C\_/NYNYN CF,
SO,Me ENe N T
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P ™
Belzutifan (Welireg'™") 2

Jaypirca® (Pirtobrutinib)

X 7

Voranigo® (Vorasidenib)
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N "
l N/ o 10
Voydeya® (Danicopan)

12

Itovebi® (Inavolisib)

Figure 2. The structures of pharmaceuticals featuring fluorine or fluoroalkyl groups directly bonded

to stereogenic centers.

Fluoroestradiol F-18 4 (also known as
['*®F]16a-fluoroestradiol) was developed by
Zionexa USA and brought to market by Pet-
net Solutions, Zionexa USAs manufacturing
arm and exclusive distributor in the USA.
On May 20™, 2020, the FDA approved Fluo-
roestradiol F-18 4 as a radioactive diagnostic
agent for the non-invasive monitoring of es-

https://ucj.org.ua

trogen receptor-positive lesions during PET
scans in patients with recurrent or metastatic
breast cancer. Fluoroestradiol F-18 4 enables
the detection of multiple tumor sites without
causing patient discomfort. FDAs approval
was primarily based on data from two pub-
lished clinical trials [77, 78]. In these trials, all
patients with recurrent or metastatic estrogen
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receptor-positive breast cancer received Fluo-
roestradiol F-18 4 prior to their PET scans and
the results compared to tissue biopsy data.
Kiesewetter et al. pioneered synthetic pro-
cedures for preparing '*F-labeled estrogens
[78] and subsequently other research groups
[79, 80] successfully synthesized fluoroestra-
diols. The “F radioisotope used in these syn-
theses is generated from "O-H,O [79]. The
synthesis of Fluoroestradiol F-18 4 begins with

l\ ~ 13 I\o/

Scheme 1. The synthesis of Fluoroestradiol F-18 4.

Decitabine/Cedazuridine (Inqovi™) 5.

Inqovi 5, a fixed-dose combination of Deci-
tabine 15 and Cedazuridine 17, was developed
by Astex Pharmaceuticals Inc., a subsidiary of
Otsuka Pharmaceuticals. The FDA approved it
on July 7%, 2020 for treating myelodysplastic
syndromes and chronic myelomonocytic leu-
kemia. Decitabine 15 (Fig. 3), a hypomethylat-

RSSO “E%WOH

HO™ o"

Decitabine 15

tetrahydrourldlne (16)

compound 13 (Scheme 1), activated for nu-
cleophilic substitution, which is reacted with
K"F in anhydrous acetonitrile at 110 °C for 15
minutes to yield intermediate 14. Following "*F
fluorination, the solution is then treated with
2 N HClI followed by neutralization with aque-
ous NaHCO,. The crude product 4 is purified
by semi-preparative HPLC using 50% aqueous
ethanol as eluent [81]. The radiochemical yield
can be as high as 43%.

0SO4K*

ing nucleoside metabolic inhibitor also known
as a cytidine antimetabolite, incorporates itself
into DNA after metabolism, inhibiting DNA
methyltransferase in proliferating cancer cells.
This leads to the reactivation of silenced tumor
suppressor genes and apoptosis of cancerous
cells, restoring normal cellular differentiation
and proliferation [82-84].

IZ‘ {on

Cedazuridine 17

Figure 3. The structures of Decitabine 15, tetrahydrouridine (16), and Cedazuridine 17.

However, its oral bioavailability is limit-
ed due to first-pass metabolism by cytidine
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deaminase in the gut, kidney, and liver. To en-
hance oral bioavailability and reduce gastro-
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intestinal toxicity associated with high-dose
Decitabine 15, the cytidine deaminase inhibi-
tor tetrahydrouridine (16) is co-administered.
This approach was patented by Otsuka Phar-
maceutical Co. Ltd [85].

Cytidine and deoxycytidine are both sub-
strates for CDA, demonstrating that the
2’-hydroxy group of cytidine does not play a
specific role in binding [86, 87]. This was fur-
ther confirmed by the co-crystal structure
of mouse CDA with tetrahydrouridine (16),
which revealed that only the 3’-OH and 5’-
OH groups of the sugar form critical hydro-
gen bonds with specific amino acid residues
in the active site [88]. Later studies showed
that 2’-deoxytetrahydrouridine is more potent
than tetrahydrouridine (16) [89]. To enhance
acid stability and systemic exposure, Ferraris
et al. developed 2’-fluorinated tetrahydrouri-
dine derivatives, such as Cedazuridine 17, as
next-generation CDA inhibitors that prevent
the breakdown and enhance the efficacy of
Decitabine 15 in primates [90]. The acid-stable
CDA inhibitor Cedazuridine 17 demonstrated
improved stability in acidic environments and
better oral bioavailability in rhesus monkeys
compared to tetrahydrouridine (16) and its
analogs. Co-administration with the CDA sub-

HO O
N NH,
o™ g JNH
F 70 18

HO 0]

—_—

5% Rh/C

H2/H20

HO"

20, 17% yield

Scheme 2. The synthesis of Cedazuridine 17.
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strate Decitabine 15 resulted in increased plas-
ma levels of Decitabine 15 in primates [90-93].
The orientation of the 4-hydroxyl group in 16
is crucial for CDA inhibition, explaining the
difference in potency between its isomers.
A similar binding mode and interaction with
the active-site zinc atom were observed for
fluorinated analogs. The FDA approved Ce-
dazuridine 17 for combination with Deci-
tabine 15, marketed by Astex Pharmaceuticals
Inc. under the name Inqovi™ 5. This approval
was based on phase III studies evaluating sys-
temic exposure to Decitabine 15 from Inqovi™
5 as well as its safety and efficacy [94].

The fluorinated analog of 16, Cedazuridine
17, is prepared using the procedures reported
by the Sturla group [90] for the synthesis of
2'-deoxytetrahydrouridine. As illustrated in
Scheme 2, gemcitabine 18 served as starting
material. The first step is rhodium-catalyzed
hydrogenation of 18 to form 2'-deoxy-2',2'-di-
fluorodihydrouridine (19). This is followed by
reduction of 19 with NaBH, to give a mixture
of difluorinated tetrahydrouridine 17 along
with diastereomer 21 as well as the 4-deoxy
byproduct 20. Preparative HPLC is used to iso-
late enantiomerically pure Cedazuridine 17 in
less than 30% yield.

o

19, 61% yield

NaBH,4, methanol

HO O
N 1OH /_><OH
NH
HO" 7 °F 4

21, 31% yield

17, 29% yield
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Belzutifan (Welireg™) 6.

VHL disease is a rare genetic disorder that
significantly increases the risk of developing
multiple organ cancers [96, 97]. Renal cell car-
cinoma is often linked to the inactivation of
the VHL protein, a crucial component of an
E3 ubiquitin ligase complex responsible for
protein degradation. The VHL protein prima-
rily regulates hypoxia-inducible factors (HIF).
HIF-2aq, in particular, plays a vital role in renal
cell carcinoma. Oxygen-dependent HIF pro-
lyl-hydroxylase enzymes control the activity of
HIF-2a by hydroxylating specific proline resi-
dues, creating a recognition site for VHL pro-
tein and targeting it for rapid proteasomal deg-

radation. In patients with renal cell carcinoma,
defective or absent VHL protein leads to the
accumulation and transcriptional activation of
HIF-2a [98, 99].

Several research groups have demonstrated
that small molecules can allosterically inhibit
the inner pocket of HIF-2a, reducing its pro-
tein—protein interaction with ARNT and there-
by inhibiting transcriptional activity [100-
103]. The first-generation HIF-2a inhibitor 22
(Fig. 4) developed through structure-guided
studies showed clinical activity in advanced re-
nal cell carcinoma patients [104]. However, its
use was limited due to extensive phase 2 meta-
bolism via glucuronide conjugation [105-107].

F F
- F,
F 0 OH F O OH
; SO,CHj ; SO,CH;
CN 22 CN 6

Figure 4. The structures of Belzutifan 6 and its structural precursor 22.

Structural modification of compound 22
to Belzutifan 6, achieved by altering its gemi-
nal difluoro group to a vicinal difluoro moiety,
resulted in enhanced potency, reduced lipo-
philicity, and an improved ADME profile with
decreased glucuronide conjugate formation.
The FDA has approved Belzutifan (Welireg™) 6,
a hypoxia-inducible factor-2 alpha (HIF-2a)
inhibitor developed by Merck, for treating can-
cers associated with VHL disease that do not
require immediate surgery. As shown in Fi-
gure 4, Belzutifan 6 is a chiral compound with
three adjacent stereogenic carbon atoms and
three fluorine substitutions consisting of two
C(sp?)-F bonds and one C(sp*)-F bond.

62

The synthesis of Belzutifan 6 (Scheme 3)
begins with enantiomerically pure fluorinat-
ed alcohol 22 as starting material [108-110].
Compound 22 is converted into ester 23 in
87% vyield by reaction with acetic anhydride
in the presence of 4-(dimethylamino)pyridine
and triethylamine. Ester 23 is then brominated
by a radical reaction initiated by azodiisobuty-
ronitrile with the use of N-bromosuccinimide
at 80 °C for 3 hours giving rise to compound
24 in 65% yield. The treatment of 24 with
AgClO, at 70 °C for 2 hours allows for the sub-
stitution of bromine by a hydroxy group fur-
nishing alcohol 25 in low 23% yield but with
the required configuration of the stereogenic
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centers. Subsequently, stereoselective fluorina-
tion reaction of 25 with (diethylamino)sulfur
trifluoride at —78 °C provides the vicinal difluo-

ro compound 26 in 74% yield. Finally, the ester
group in compound 26 is hydrolyzed by 0.5 N
LiOH solution at 0 °C to afford Belzutifan 6.

F o)
(CHsCOY0, o J— s,
F o) OH Et,N O AIBN
DMAP, SO.CH. CICH,CH,CI,
SO:CHs i, it , Z7'% 80°c,3h
CN 22 CN 23, 87% yield
Br 0 HO, F
>\\ AgCIO,, g DAST,
. o o 70°C,2h o o CH,Cl,
. CH30CH,CH,0CHj, 78 to
SO,CH;4 H,O SO,CHz  geoc
CN 24, 65% yield CN 25 23% yield
F F (3&\
F (0] (@) LIOH rt \©/ \&‘
THF
SO,CH SO,CH
2 3 Hzo 2 3

CN 26, 74% yield

Scheme 3. The synthesis of Belzutifan 6. Legend: AIBN, azodiisobutyronitrile; DAST, (diethylami-
no)sulfur trifluoride; DMAP, 4-(dimethylamino)pyridine; NBS, N-bromosuccinimide; THEF, tetrahydro-

furan.

Voranigo® (Vorasidenib) 7.

Gliomas are the most common malignant
brain tumors in adults [111, 112]. A subset of
these tumors harbor mutations in the genes
encoding the metabolic enzymes IDH1 or
IDH2 [112-118]. Gliomas with IDH1 or IDH2
mutations and an unbalanced translocation
(1p/19q codeletion) are classified as oligoden-
drogliomas, while IDH-mutant gliomas with-
out 1p/19q codeletion are defined as astrocy-
tomas [119, 120]. These tumors are notorious
for infiltrating normal brain tissue and, over
time, progressing into more aggressive forms
characterized by features such as neovascu-
larization [121, 122]. Vorasidenib 7, an orally

https://ucj.org.ua

administered, brain-penetrant drug with po-
tential antineoplastic activity, acts as a dual in-
hibitor of the enzymes IDH1 and IDH2. By in-
hibiting the activity of mutant IDH1 and IDH2
enzymes in cancer cells, Vorasidenib 7 effec-
tively slows the progression of brain tumors.
In August 2024, Vorasidenib 7 received FDA
approval for the treatment of Grade 2 astrocy-
toma or oligodendroglioma with susceptible
IDH1 or IDH2 mutations [123].

Vorasidenib 7 demonstrates superior brain
penetration and higher drug exposure com-
pared to Enasidenib 28 (Fig. 5), a known tri-
fluoromethyl-containing achiral drug [124-
126]. In contrast to 28, Vorasidenib 7 is a chiral
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triazine derivative with two chiral centers both
of R configuration. Structure-activity rela-
tionship studies revealed that introducing two
trifluoromethyl groups led to excellent inhibi-
tion in the neurosphere TS603 cell assay using
IDH1-R132H/IDH1-wild type cells with an IC_|
of 0.6 nmol/L [124]. Replacing the trifluorome-
thyl groups with cyclopropyl groups (i.e., com-
pound 27) resulted in a loss of inhibitory po-

A

ZT

tency. While the racemate, 29, displayed nano-
molar potency, Vorasidenib 7 with R,R absolute
configuration exhibited approximately ten-fold
greater potency in cell assays [124]. Treatment
with Vorasidenib 7 reduced the concentration
of the oncometabolite 2-hydroxyglutarate which
is linked to the reversal of gene expression and
epigenetic alterations commonly observed in
gliomas with IDH mutations [127-129].

N H H OH
Y TA LK

BPG
F5;C N =
% |N R.R \Ej)\N l}l CF;
= H
X" 27 28
IDH1-R132H and IDH1-WT
|C50 =6 nM
H H H H
FsC.__N N._N_ _CF; FsC._N.__N_ _N_ CF
= N~ 3
TrrT YUY
N\ N - N\ N
Z >N Z>N R.R
I
N N
29 7 (Vorasidenib)

IDH1-R132H and IDH1-WT
|Cso =7nM

IDH1-R132H and IDH1-WT
|C50 =0.6 nM

Figure 5. The structures of Vorasidenib 7 and its structural 27 and 28 and optical 29 analogs.

Vorasidenib 7 works by reducing the pro-
duction of 2-hydroxyglutarate, which inhibits
2-hydroxyglutarate-mediated signaling. This
action restores cellular differentiation and in-
hibits cellular proliferation in mIDH-mutant
tumor cells. As a result, Vorasidenib 7 effec-
tively treats certain forms of glioma by slowing
tumor growth and delaying relapse [130-132].

The synthesis of Vorasidenib 7 (Scheme 4)
[133] begins with the cyclization of bi-urea with
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methyl 6-chloropicolinate 30 using NaOEt as a
base to furnish the 1,3,5-triazine intermediate
31. Compound 31 is then treated with POCI,
and PCI, to yield the 2,4-dichloro-1,3,5-tria-
zine compound 32. The reaction of 32 with
(R)-1,1,1-trifluoropropan-2-amine HCI salt
(33) in the presence of diisopropylethylamine
[134] at 95-100 °C for 20 hours resulted in
the formation of Vorasidenib 7 as an oft-white
solid after purification by crystallization. It

ISSN 2708-129X. YKp. XiM. XypH., 2025



Jianlin Han, Alicja Wzorek, Gagan Dhawan, Wei Zhang, Alexander E. Sorochinsky, Daniel Baecker, Taizo Ono, Karel D. Klika, Vadim A. Soloshonok U [ N\ R A /i1 B b |

should be noted that the key chiral, fluorinat-
ed compound in this synthesis, (R)-1,1,1-trif-
luoropropan-2-amine [135-137] and related
compounds featuring a trifluoromethyl group

| !
| X N
_N
NHz HNTSN
Me  NaOCH,CHs, O%H/go
ethanol 31
Me H
B FaC N
/N 2 5
. “HCl -
\\N
DIPEA, 95-105 °C, 20 h
CI N cl
32

in the a position relative to the amino group,
are readily available via biomimetic transami-
nation of the corresponding keto compounds
[138-141].

PCls, POCl,
100°C

Cl

WA

Vorasidenib

Scheme 4. The synthesis of Vorasidenib 7. Legend: DIPEA, diisopropylethylamine.

Vivjoa™ (Oteseconazole) 8.

Oteseconazole 8, a potent oral antifungal
agent developed by Mycovia Pharmaceuticals,
belongsto the class oftetrazoleantifungal agents
[142]. It inhibits cytochrome P450 (CYP51) by
disrupting the formation and integrity of the
fungal cell membrane. In studies on Candida
albicans cells, 8’s binding strength to CYP51
was found to be similar to other azole antifun-
gal agents, including Fluconazole, demonstrat-
ing tight binding inhibition. However, unlike
other azole antibacterial agents, Otesecona-
zole 8 does not bind to human CYP51 or inhi-
bit its activity [143, 144]. Research confirmed
8’s effectiveness in treating initial episodes of
VVC and highlighted its superior efficacy and
safety in treating RVVC compared to the cur-

https://ucj.org.ua

rent standard care drug, Fluconazole, for VVC
[145]. Oteseconazole 8 is a chiral compound
featuring a difluoromethyl pyridine unit bond-
ed to the stereogenic carbon, a tetrazole hete-
rocyclic moiety, a difluorophenyl group at the
chiral carbinol center, and a trifluoroethoxy
group representing the third case of fluorina-
tion in this molecule. Structure-activity rela-
tionship studies by Viamet Pharmaceuticals
Inc. revealed that replacing the trifluoroethyl
ether with a chloro group in compound 34
(Fig. 6) led to a decrease in inhibitory activity
against Trichophyton rubrum with the MIC in-
creasing from < 0.001 to 0.004 uM. Addition-
ally, Oteseconazole 8 demonstrated high selec-
tivity for CYP3A4 vs. T. rubrum [146].
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Oteseconazole

Figure 6. The structures of Oteseconazole 8 and its non-fluorinated analog 34.

On April 26", 2022 the FDA approved
Vivjoa™ (Oteseconazole) 8 as an oral antifun-
gal drug to reduce the incidence of recurrent
RVVC in women with a history of RVVC who
are not potentially reproductive. This makes it
the first and only drug approved by the FDA
specifically for RVVC [142].

The synthesis of Oteseconazole 8 is present-
ed in Scheme 5. 2,5-Dibromopyridine is reacted
with difluorobromoethyl acetate in the presence
of Cu to yield the coupling product 35. Com-

N

pound 35 is next reacted with tetrazol-1-ethyl
acetate to furnish the Claisen reaction product
keto ester 36. The next step involves the hydro-
lysis of the ester function followed by the decar-
boxylation of the carboxylic group to give ke-
tone 37. The p-ethoxy phenyl group is incorpo-
rated by Suzuki coupling of 37 with dioxaboro-
lane 38. Finally, compound 39 is reacted with
the Grignard reagent derived from 2,4-difluoro-
bromobenzene in the presence of chiral ligand
(R)-BINOL to yield Oteseconazole 8 [147].

HiCHoCOC7 N g,
NI X o0 FN‘
=N | N
= N..
> N N
F F CO,CH,CHj4

Br\(j BrCF,CO,CH,CHs B | XN, o
—
“>pgr Cu, (CH3),S0, N OCH,CH,4
70 h

36

Oteseconazole

Scheme 5. The synthesis of Oteseconazole 8 starting from 2,5-dibromopyridine.
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Compound 39 can also be prepared start-
ing from 5-bromo-2-pyridinecaldehyde (Sche-
me 6). Suzuki coupling reaction of 5-bromo-
2-pyridinecaldehyde with dioxaborolane 38
yields trifluoroethoxy aldehyde 40. Subse-

quently, intermediate 40 is converted to difluo-
romethyl derivative 41 by reaction with (di-
ethylamino)sulfur trifluoride. Finally, 41, in
the presence of strong base, is reacted with re-
agent 42 to yield 39 [147].

Scheme 6. The synthesis of the key difluoro ketone 39. Legend: DAST, (diethylamino)sulfur trifluo-

ride; NHMDS, sodium bis(trimethylsilyl)amide.

Oteseconazole 8 can be obtained enantio-
merically pure by chiral HPLC [148]. In this
regard, it is interesting to note a very recent
breakthrough development in chiral purifica-
tions, viz. achiral simulated moving bed chro-
matography [149] leveraging the SDE phe-
nomenon [150-152].

Sunlenca™ (Lenacapavir) 9.

HIV/AIDS continues to be a major con-
cern due to the rise of multidrug resistance
and the challenges patients face in sticking to
their treatment regimens [153]. There is cur-
rently no cure for HIV or AIDS. The HIV-1
capsid protein plays a crucial role in the viral
replication cycle by protecting the virus’s ge-
netic material and other enzymes [154, 155].
Unlike earlier antiretroviral drugs that target
protease, reverse transcriptase, and integrase,
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the capsid protein functions through protein-
protein interactions making it a key target for
novel drug design [156]. The capsid protein,
along with Gag and Gag-Pol polyproteins, fa-
cilitates crucial interactions required for virion
assembly [157]. The self-assembly of the capsid
protein in the virion, which is responsible for
the virus’s infectivity, is initiated by cleavage
mediated by HIV-1 protease [157, 158]. Ad-
ditionally, the infection of a new cell is regu-
lated by interactions with various host factors
that support reverse transcription and proviral
DNA integration [159-161]. Lenacapavir 9 is a
groundbreaking HIV medication known as a
capsid inhibitor. Developed by Gilead Scienc-
es, Lenacapavir 9 can be used in conjunction
with other antiretroviral drugs as a biannu-
al treatment regimen. In December 2022,
the FDA approved Lenacapavir 9 for HIV-1
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treatment in adults with multidrug-resistant
HIV infection. It works by preventing the virus
from replicating and consequently reducing
the levels of viral particles in the body [162].
This compound features a difluorobenzyl ring
that fits into the same phenylalanine-glycine
binding pocket as polyadenylation specificity
factor subunit 6 (CPSF6) and nucleoporin 153
(Nup153). This binding establishes strong hy-
drophobic and hydrogen bonding interactions,
thereby disrupting the interactions of capsid
protein with Nup153 and CPSF6 [163-167].
By any measure, Lenacapavir 9 is a structurally
unique pharmaceutical as it contains 10 fluo-
rine atoms, representing four types of fluori-

HCI H

CF3CO,CH,CH; @  CF3
LHMDS
OLi H2N
THF, 0 °C

ethanol, HCI, 0 °C

_CO,H

nation, and features three stereogenic centers.
The synthesis of the key intermediate 47 for
the preparation of Lenacapavir 9 is presented
in Scheme 7 [168]. The bicyclic ketone 43 is
treated with lithium bis(trimethylsilyl)amide
and ethyl trifluoroacetate to generate enolate
44. The reaction of 44 with N-aminoglycine
under Knorr pyrazole synthesis conditions af-
fords 45. The heterocyclic compound 45 is oxi-
dized with N-hydroxyphthalimide and NaClO,
to yield ketone 46. Compound 46 is subjected
to deoxyfluorination to afford the target 47.
Enantiomerically pure 47 is then obtained by
chiral supercritical fluid chromatography.

N/\COZCHZCH3
Q(N —

CF; 45
1) NaClO,, CH3CN, 50 °C /\CO 4 1) HS(CH,),SH, CH,Cl, FF 02
N-hydroxyphthalimide I \ BF3, CH3COuH, rt N
2) NaOH, MTHF Br{ J(
3) HCI CF; 46 N

M‘Br 3) chiral CF3
0 SFC a7

HF, pyridine

Scheme 7. The synthesis of key compound 47. Legend: LHMDS, lithium bis(trimethylsilyl)amide;
MTHE, 2-methyl tetrahydrofuran; SFC, supercritical fluid chromatography .

The synthesis of Lenacapavir 9 is illustrated
in Scheme 8. Enantiomerically pure imine 48,
bearing an Ellman chiral auxiliary [169-172],
undergoes reaction with the corresponding di-
fluorobenzyl zinc reagent to provide amine 49.
Compound 49 is then subjected to Sonogashi-
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ra coupling to afford product 50. Next, Suzuki
coupling is used to transform 50 to 52 using
reagent 51. The key intermediate, compound
47, bearing a free carboxylic group, and amino
compound 52 are reacted under peptide bond
forming conditions to produce Lenacapavir 9.
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F
SO,CH
f0) Br 2 3
|| 1Z N NHBoc F \
S~ _N__Br o FE /N X
t—BU\\ N | N = —
B N\ DTBC, NaHCO; Br Pd(PPh3)Cl,
48 49 F  Cul, Et;N
Cl NH,
F
N\
N H,co,s
N
BPin \\CF3

50
3) CF3CO,H

47
CF3

1) HATU, DIPEA

2) NaOH

1) Pd(dppf)Cl,, Cs,CO3
2) mesitylCl, Et3N
OQS//

0 FsC

Lenacapavir F

Scheme 8. The synthesis of Lenacapavir 9. Legend: DIPEA, diisopropylethylamine; DTBC, di-tert-bu-
tyl decarbonate; HATU, hexafluorophosphate azabenzotriazole tetramethyl uranium.

Voydeya® (Danicopan) 10.

Voydeya® 10, marketed under the name Da-
nicopan, is structurally derived from y-fluo-
rine-substituted proline with the fluorine atom
directly bonded to the stereogenic carbon. Ap-
proved by the FDA on March 29%, 2024 it was
developed by Alexion Pharmaceuticals, a sub-
sidiary of AstraZeneca. Voydeya® 10 is specifi-
cally designed to address rare diseases, aligning
with Alexion’s specialization in orphan drug
development [173]. Cyclic amino acids, such
as proline and its derivatives used in the de-
sign of Voydeya® 10, play a crucial role in drug
development due to their increased steric con-
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straints compared to linear analogs [174, 175].
Incorporating a fluorine atom or —CF, groups
into five-membered rings [176-178] further
limits conformational flexibility, allowing pre-
cise modulation of biological properties. Spe-
cifically, introducing a fluorine atom into the
pyrrolidine-2-carboxamide framework, in
contrast to non-fluorinated analogs like com-
pounds 53 and 54 (Fig. 7), significantly en-
hances activity, e.g. achieving an impressive
IC,, of 0.027 uM. This modification highlights
exceptional potency and positions the com-
pound as a leading candidate within its class
[179, 180].
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N\ p
=

‘N ICs0 = 0.027 uM

10
Voydeya®

Figure 7. The structures of Voydeya 10 and its fluorine-free analogs.

Voydeya' 10, an oral complement Factor D
inhibitor, is used as an add-on therapy to the
complementary C5 inhibitors Ravulizumab
and Eculizumab for treating extravascular
hemolysis in adults with paroxysmal noctur-
nal hemoglobinuria (PNH) [181, 182]. PNH is
a rare disorder in which the immune system’s
complement pathway attacks red and white
blood cells as well as platelets, causing intra-
vascular hemolysis and increasing the risk of
thrombosis and organ damage. While C5 in-
hibitors are the standard treatment, some pa-
tients continue to experience residual extravas-
cular hemolysis and anemia [183]. Voydeya®
10 was first approved in Japan on January 18",
2024 for use in combination with C5 inhibitors

to treat adults with PNH [184]. On February
23, 2024 the European Medicines Agency
also recommended its use for patients with re-
sidual hemolytic anemia despite undergoing
C5 inhibition therapy [185].

The synthesis of Voydeya® 10 [186-188]
begins with the formation of several key in-
termediates. As depicted in Scheme 9, 5-bro-
mo-1H-indazole-3-carbonitrile 53 undergoes
reaction with methylmagnesium bromide ge-
nerating an imine magnesium salt interme-
diate. Subsequent acid treatment at pH 5 hyd-
rolyzes this intermediate yielding ketone 54.
The process continues with a Michael addition,
resulting in ester 55 in 81% yield.

Br
Br Br 2.5 equiv K,CO3, /\\(O't'BU
CN (@] i -
3 equiv CHzMgBr 1.2 equiv tert-butyl l\‘l
\N > \N bromoacetate _N
H’ Ozgil(CHin)z:?r; H/ dimethylformamide,
53 o ambient, S0, 54 50°C,3h,81%yield O ‘ye 55
93% yield

pH =~ 5 using HCI

Scheme 9. The synthesis of intermediate 55. Legend: THE tetrahydrofuran.
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The synthesis of another key intermedi- diisopropylethylamine [134] followed by de-
ate, compound 58, is depicted in Scheme 10. protection of the amino group in 57 to afford
Boc-protected fluoropyrrolidine 56 undergoes precursor 58.
amide alkylation using the Ghosez reagent and

H2 BrN
F, F,
O\WNHg 11eqU|v 1.1 squiv [j\w“ N. pr 4NHC O\W
LT o T o8
Yo 58

| 0 3 equiv DIPEA, CH,Cl,, I o) 1,4-dioxane,
Boc 5g 0 °C to ambient, 12 h Boc ~ g, ambient, 3 h

Scheme 10. The synthesis of intermediate 58. Legend: Boc, tert-butyloxycarbonyl; DIPEA, diisopro-
pylethylamine.

The final assembly of Voydeya® using the Hydrolysis of the ester function using trifluo-
key intermediates 55 and 58 is illustrated in roacetic acid yields the free carboxylic acid 63.
Scheme 11. Bromide 55 is reacted with boro- The closing peptide coupling reaction using
nate 59 to yield diester 60. The second step previously prepared fluoro proline derivative
involves palladium-catalyzed Suzuki-Miyau- 58 affords Voydeya' 10.
ra coupling resulting in bis-aryl derivative 62.

poses

CH3CO,K, Pd(dppf)Cl,

O +BU 4 4_dioxane, 20 to 120 °C,
2 h, argon, 89% yield

t-Bu-on/N'N‘ ° HO/[{/ § GW U

—<\:i/>fBr

61 1.0 equiv
K,CO3, Pd(PPh3)s,
_Bu DMF/H,0 (9/1), 5 h,

90 °C, 74.9% yield

~

N
1
N

CF3CORH, 1 mL
DIPEA, HATU

DMF, ambient, 18 h_
PFg

N
10 7
Voydeya® (Danicopan) O S

Scheme 11. The synthesis of Voydeya® 10. Legend: DIPEA, diisopropylethylamine; DMF, dimethylfor-
mamide; HATU, hexafluorophosphate azabenzotriazole tetramethyl uranium.
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Jaypirca® (Pirtobrutinib) 11.

Eli Lilly’s Pirtobrutinib 11 is a highly se-
lective and reversible Bruton’s tyrosine kinase
(BTK) inhibitor that can be administered
orally [189]. BTK is crucial for the growth,
activation, and survival of B cells, a type of
white blood cell responsible for antibody pro-
duction. However, uncontrolled B cell growth
can lead to cancer [189]. Unlike the previously

»——CF3

N-N

@[’( MNHZ

Pirtobrutinib

approved BTK inhibitor Ibrutinib 64 (Fig. 8),
which binds irreversibly to the C481 residue
in the kinase domain of BTK, Pirtobrutinib
11 offers a non-covalent, reversible inhibition
method [190]. This unique mechanism makes
Pirtobrutinib 11 effective in treating ibrutinib-
resistant chronic lymphocytic leukemia that
arises due to mutations in the C481 kinase do-
main [191].

? N\\@

HN—( N
N 64

Ibrutinib

Figure 8. The structures of the clinically approved BTK inhibitors Pirtobrutinib 11 and Ibrutinib 64.

Pirtobrutinib 11 features an aminopyrazole
carboxamide ring, replacing the 4-aminopyra-
zolopyrimidine core of Ibrutinib 64. The pyra-
zole ring acts as an ATP analog, binding com-
petitively to the ATP binding site of BTK and
ensuring the proper conformation for effective
inhibition. Additionally, the covalent binding
region of Ibrutinib 64 has been modified to a
non-covalently bonded CF,-substituted ethyl
group.

In January 2023, the FDA approved Pir-
tobrutinib 11 for treating adult patients with
relapsed or refractory mantle cell lymphoma
following at least two lines of systemic therapy,
including a BTK inhibitor [192, 193].

Eli Lilly’s approach to synthesize Pirtobru-
tinib 11, guided by Loxo Oncology, involves
the preparation of two key intermediates:
aminopyrazole derivative 65 (Scheme 12) and
potassium trifluoroborate salt 66 (Scheme 13)
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[194, 195]. The meticulous process requires the
synthesis of aminopyrazole derivative 65 and
begins with the reaction between acid chloride
67 and malononitrile catalyzed by diisopropyl-
ethylamine. This is followed by O-methylation
of the resulting 2-(hydroxymethylene)malo-
nonitrile derivative 68 using dimethyl sulfate,
forming the 2-(methoxymethylene)malononi-
trile derivative 69. Subsequent cyclization with
(8)-(2,2,2-trifluoro-1-methyl)ethylhydrazine
hydrochloride in the presence of triethylamine
in ethanol at 80 °C yields aminopyrazole deri-
vative 65 in an impressive 91% yield.

The synthesis of potassium trifluorobo-
rate salt 66 (Scheme 13) starts with the reac-
tion of pinacol bromomethyl boronic ester 70
with the sterically hindered potassium bis(tri-
methylsilyl)amide, resulting in silylated amino
boronic ester 71. This compound is then desi-
lylated under mild conditions using methanol,
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followed by acylation with acid chloride 72 to um bifluoride in a methanol/H,O mixture at
yield the amido boronic ester 73. The cleavage room temperature yields the desired potassi-
of this pinacol boronic ester 73 using potassi- um trifluoroborate salt 66.

DIPEA
Br THF/tquene
CH3 2S04 &
NC
cloc
67 CN 68 CN 69
B Br
F /NH2
N
F
%F/\H “HCl - N=
e —— y N
—
(CH3CH,)sN, THF F CN
80°C, 14 h FFHN

65, 91% yield

Scheme 12. The synthesis of compound 65. Legend: DIPEA, diisopropylethylamine; THE, tetrahydro-
furan.

1. methanol
0 Br 0°C,1h
N\ % (@) >
/B KHMDS \B_/N(TMS) 2 0
(0] —_— %
70 -78 °C to O 74
ambient, 2 h

F
KHF A~
2 KF,B

Scheme 13. The synthesis of compound 66. Legend: KHMDS, potassium bis(trimethylsilyl)amide;
TMS, trimethylsilyl.

The culmination of these efforts is the palla-
dium-catalyzed cross-coupling reaction of aryl
bromide 65 with potassium trifluoroborate
salt 66 (Scheme 14). This reaction, facilitated
by Pd(OAc), as the precatalyst, Xphos as the
ligand, and Cs,CO, as the base in a tetrahyd-
rofuran/H,O mixture at 85 °C, yields the tar-
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get 5-aminopyrazole-4-carbonitrile 74 in 87%
yield after flash column chromatography over
silica gel. The final step involves the hydrolysis
of 74 using a solution of sulfuric acid and trif-
luoroacetic acid at 55 °C followed by flash co-
lumn chromatography over silica gel, yielding
Pirtobrutinib 11 as a white solid in 51% yield.
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o)
F
KFsB~ "N
5 H
;
66 9 -,
//’» /N\ -
F N CsCO3, Pd(OAc),
CN XPhos, THF/H,0
FpHN - g5 85°C, 16 h
H,S0,, CF;CO,H
55°C, 5 h N
- = “ 2
N
£ _—__NH,
FF H2N 0 11

SN |
=
F{ CN
74,87%

yield

Pirtobrutinib, 51% yield

Scheme 14. The synthesis of Pirtobrutinib 11 by combining intermediates 65 and 66. Legend: DIPEA,

diisopropylethylamine; THE, tetrahydrofuran.

Itovebi (Inavolisib) 12.

Inavolisib 12, known commercially as Itove-
bi®, has received FDA approval for the treat-
ment of locally advanced or metastatic breast
cancer [196]. This innovative drug acts as an
inhibitor of the phosphatidylinositol-4,5-bis-
phosphate 3-kinase (PI3K) pathway, marking
a new era of cancer therapeutics. It boasts an
enhanced toxicity profile, surpassing that of its
predecessor, alpelisib [197, 198].

PI3K enzymes are vital players in the or-
chestration of cell growth and differentiation,
comprising both regulatory and catalytic subu-
nits [199]. These enzymes come in four distinct
isoforms: PI3Ka, PI3Kp, PI3KYy, and PI3K$. Of
these, PI3Ka stands out as the most closely tied
to cancer development thanks to mutations
in the PIK3CA gene that encodes the p110a
unit [200, 201]. Remarkably, nearly one third
of breast cancer cases display such pathway
anomalies [202], often marking a bleak prog-
nosis [203].

The pursuit of selective PI3Ka inhibitors

74

which circumvent the side effects associated
with blocking other PI3K isoforms is a top
priority [201-203]. Inavolisib 12 is a true vir-
tuoso in this regard with an IC_| of only 0.034
nM for PI3Ka in comparison to 100 nM for
PI3Kp, 18 nM for PI3Ky, and 12 nM for PI3K8.
Inavolisib 12 thus exhibits an impressive 350-
fold selectivity for PI3Ka [204]. Moreover, Ina-
volisib 12 also promotes the degradation of
the mutated p110a subunit [205]. 12’s precise
targeting and high selectivity underscore a sig-
nificant leap forward in the fight against breast
cancer, offering hope and potential for more
effective treatments.

It is intriguing to note that introducing a
trifluoromethyl group in compound 75 (Fig. 9)
leads to a PI3Ka IC_ of 0.095 nM and a PI3K&/
PI3Ka ratio of 171, showing reduced selectivi-
ty for the o isoform. By contrast, with a difluo-
romethyl group, Inavolisib 12 exhibits a PI3Ka
IC,, of 0.034 nM and a PI3K&/PI3Ka ratio of
361, highlighting a much higher selectivity for
PI3Ka [206].

ISSN 2708-129X. YKp. XiM. XypH., 2025



Jianlin Han, Alicja Wzorek, Gagan Dhawan, Wei Zhang, Alexander E. Sorochinsky, Daniel Baecker, Taizo Ono, Karel D. Klika, Vadim A. Soloshonok U [ N\ R A /i1 B b |

3
?
T

75

H
\/N 0
HoN (6] : 7/]
N
F

H
~_N 0
H.N" Y0 i /W/I
N
o) F

2
v

T

12

Inavolisib

PI3Ka = 0.095 nM;
PI3K&/PI3Ka ratio = 171

PI3Ka = 0.034 nM;
PI3K&/PI3Ka ratio = 361

Figure 9. The structures of Inavolisib 12 and its CF -containing analog 75.

From a chemical perspective, Inavolisib
12 is comprised of a benzoxazepine oxazo-
lidinone core adorned with an alanine amide
moiety and an amino alcohol derived from
difluoroalanine. This particular difluoroala-
nine derivative is highly attractive to PI3Ka,
significantly boosting the drug’s selectivity for
this isoform. The efficacy of 12’s interactions
with its target is enhanced by hydrogen bonds
formed between the amide and amino groups
of the alanine fragment. Furthermore, the di-
fluoromethyl group of Inavolisib 12 engages
with the hydroxyl group of Ser774 within the
p110a pocket [204]. Hence, strategic fluori-
nation is the key to the high potency of this
PI3Ka inhibitor.

The synthesis of Inavolisib 12 (Scheme 15)
begins with 1,2:5,6-bis-O-(1-methylethylide-
ne)-p-mannitol (76) to provide the desired
stereochemical configuration [206]. The pro-
cess begins with sodium periodate in hot water
which is added to silica to form a powder that
is combined with compound 30 dissolved in
dichloromethane. After stirring at room tem-
perature for an hour, carbaldehyde 77 is pro-

https://ucj.org.ua

duced. As the reaction cools, diethylaminosul-
tur trifluoride is gradually added to the carbal-
dehyde 77 solution in dichloromethane, which
is then stirred at room temperature for three
hours to produce (R)-4-difluoromethyl-2,2-di-
methyl[1,3]dioxolane (78). Intermediate 78 is
dissolved in methanol and hydrochloric acid in
dioxane is added followed by stirring at room
temperature for 30 minutes. The acetal is cleaved
to form the respective diol. Following work up,
the residue is dissolved in dichloromethane fol-
lowed by the addition of tert-butyldimethylsilyl
chloride, triethylamine, and a catalytic amount
of 4-dimethylaminopyridine. After stirring for
an hour at room temperature, compound 79
is obtained. The next step involves adding tri-
fluoromethanesulfonic anhydride dropwise to
a solution of 79 and pyridine in dichlorometh-
ane. The temperature is maintained at —20 °C
for 20 minutes then brought to 0 °C for an hour
while stirring. After extraction and work up, the
residue is dissolved in dimethyl formamide and
sodium azide is added followed by stirring for
two hours at room temperature to produce in-
termediate 80. Azide 80 is then reduced using
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palladium hydroxide on carbon under hydro-
gen by stirring for 16 hours in ethyl acetate and
methanol, yielding primary amine 81. This
product is dissolved in methanol and stirred in a
solution of HCl in dioxane for two hours at room
temperature to remove the protecting group. Af-
ter work up, the crude product is dissolved in to-
luene and aqueous potassium hydroxide at 0 °C.
Phosgene is added gradually, followed by stir-
ring for an hour to obtain (S)-4-difluoromethy-
loxazolidin-2-one (82). This is then combined
with 9-bromo-2-iodo-5,6-dihydrobenzo[f]imi-
dazo[1,2-d][1,4]-oxazepane (83), copper acetate
monohydrate, 3,4,7,8-tetramethyl-1,10-phenan-

Na|O4
HO o/
O
/\\_2_\/0 CH20|2

\F DAST

throline, and cesium carbonate in dioxane. The
mixture is heated to 100 °C for 18 hours under
an argon atmosphere resulting in compound 84
[206].

Compound 84 is then suspended in dime-
thyl sulfoxide with r-alanine, cuprous iodide,
and potassium phosphate tribasic with heating
at 100 °C for two hours. Once cooled to am-
bient temperature, dimethyl sulfoxide, ammo-
nium chloride, and triethylamine are added.
To this suspension, hexafluorophosphate aza-
benzotriazole tetramethyl uranium is added
dropwise and stirred at room temperature for
an hour to finally obtain Inavolisib 12 [206].

) methanol, HCl/dioxane

-1

CHzC'z 2) CH,Cl,, TBDMSCI
0 OH s 77, 75% yield 78,79% yield ~ DMAP, (CH3CHp)3N
1) CH,Cly, Tf,0

F ) 2 2> 2 E N3 CH3COZCH2CH3, E NH2

OH pyridine methanol

: . _ methanol .
>_\/0 2) DMF, NaN F EN H,, Pd-OH/C N
F N rBMS » NalN3 TBMS TBMS

. 80
79, 31% yield

H
N_©O

81, 90% vyield

g, @Q

1) methanol, HCl/dioxane R \I//
2) toluene, KOH,q, COCI, FFQ/O

82, 68% yield

1) (CH3),S0, Cul, KzPO,

2) L-alanine
(CH3),S0, NH4CI, HATU

dioxane, Cu(OAc),-
TMPhen, Cs,CO3, Ar

VZ@Q

ﬂ?

84, 63% yield

N\fo
46% yield FH/O

Scheme 15. The synthesis of Inavolisib 12. Legend: DAST, (diethylamino)sulfur trifluoride; DMAP,
4-(dimethylamino)pyridine; DMF, dimethylformamide; HATU, hexafluorophosphate azabenzotriazole
tetramethyl uranium; TBDMSCI, tert-butyl dimethyl silyl chloride; Tf O, trifluoromethanesulfonic anhy-
dride; THE tetrahydrofuran; TMPhen, 3,4,7,8-tetramethyl-1,10-phenanthroline.
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Conclusions. Each of the nine compounds
profiled in this review features a unique struc-
tural arrangement of fluorine with respect to the
chirality of the molecule. Fluoroestradiol F-18
(Cerianna™) 4 has a single fluorine atom on the
stereogenic carbon B to a hydroxy group. This
unit is part of a five-membered ring, which is
itself part of a polycyclic system possessing five
consecutive stereogenic centers. Cedazuridine
17 features a difluoromethylene group as part
of a tetrahydrofuran heterocyclic moiety bear-
ing three additional amino, hydroxy, and hyd-
roxymethyl substitutions on three stereogenic
carbons. The molecule contains four centers of
chirality overall. Belzutifan (Welireg™) 6 pos-
sesses a 1,2-difluoroethylene group as part of
a dihydroindene system with a hydroxy group
and a stereogenic center vicinal to one of the
fluorine atoms. Each fluorine atom is direct-
ly bonded to a stereogenic carbon thus there
are three consecutive chiral centers within the
five-membered ring. Voranigo® (Vorasidenib) 7
has two trifluoromethyl groups as fragments of
chiral trifluoro-isopropylamine moieties, which
sterically and electronically influence the pro-
perties of the amino groups. Vivjoa™ (Otese-
conazole) 8 features an acyclic difluoromethyl-
ene group bonded directly to a quaternary ste-
reogenic carbon. Additionally, the molecule in-
cludes two aromatic fluorine substitutions and a
trifluoroethoxy group. In Sunlenca™ (Lenacapa-
vir) 9, the difluoromethylene group is bonded to
a stereogenic center as part of a highly sterically
constrained tricyclic system composed of one
three-membered and two five-membered rings.
The molecule possesses two aromatic fluorines,
one aromatic trifluoromethyl, and one trifluo-
roethyl substitution and has three centers of chi-
rality overall. Voydeya® (Danicopan) 10 features
a monofluoroproline residue as a centerpiece
of its structure and is the fluorinated analog

https://ucj.org.ua

of natural occurring hydroxyproline, a com-
pound which is essential for collagen structure
and function. The molecule has two stereogenic
centers within the glycine-fluoroproline dipep-
tide unit. Jaypirca® (Pirtobrutinib) 11 includes a
trifluoromethyl group bonded to the stereogenic
center of a trifluoropropanylhydrazine struc-
tural fragment. Finally, Itovebi® (Inavolisib) 12
possesses a chiral oxazolidinone ring with a di-
fluoromethyl group bonded to the stereogenic
carbon. The second stereogenic center in the
molecule is associated with an alanine residue.
This diverse array of chiral, fluorine sub-
stitutions shows that there is currently no es-
tablished structurally favored pattern in the
design of modern drugs. Consequently, there
remains a need for the synthesis of a variety of
chiral, fluorine molecules for data collection,
analysis, and theoretical predictions. It is well
established that incorporating elements of chi-
rality, particularly a stereogenic center, in com-
pounds under development enhances their
success rate as they progress from discovery
to marketing approval. For example, approxi-
mately 65% of approved drugs have at least one
element of chirality, compared to about 50% of
candidates in the discovery phase [207]. There-
fore, it is anticipated that chiral, fluorine-con-
taining compounds will continue to play an
indispensable role in modern medicinal che-
mistry, becoming even more prominent in the
drug candidates being designed, developed,
and submitted for approval.
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@Top, BifoMMII CBOIMM YHIKaJIbHUMMU Xi-
MIYHMMM B/IaCTUBOCTAMY, CTaB KIIOYOBUM
€IeMEHTOM y pO3po06JeHHi JiKapchKux 3a-
co6iB 3aB[AKY JIOTO 3[aTHOCTI IiBUIIYBaTH
MeTabo/MiuHy CTabiNnbHICTD, IIOKpallyBaTH
CIIOpifHEHICTh 3B’A3yBaHHA Ta 30i/1bIIyBaTH
6iogoctynHicte. Il crarTa mocmimkye oc-
TaHHI JOCsATHeHHS y cdepi xipanbHux dap-
MalleBTUYHMX IIpelaparis, Mo MicTATb ¢rop,
AKi Oy/10 BBEICHO Ha PVHOK 3a OCTaHHI ITATb
POKiB, 30CEpe>KYI0UNCh Ha iIXHBOMY CUHTe3i,
TepaleBTUYHUX IlepeBaraX, MeXaHi3max il
Ta BIUIMBY QTOPY Ha IXHIO e(PeKTUBHICTH Ta
npodinb Gesmexkn. Yepes ormsap XipaapHuX
IIpeIapariB, HEIOAABHO cxBaeHnX FDA, Mn
IIparHEMO HaJaTH YAABJIEHHA IIPO PO3BUTOK Xi-
Mii ¢propy y po3pobiieHHi nikapcbKux 3aco6iB
Ta ii 3HaYeHHA 1A MailOyTHIX TepanmeBTUY-
HIX iHHOBain. HaromomeHo Ha HeOoOXigHO-
CTi GiNPLIOrO MOCHIIKEeHHA ABUINA CAMOIM-
criporiopijionyBanHs eHaHTioMmepiB (SDE) y
xipaZbHMX PTOPBMICHUX CHONyKaX. 3a3Haue-
HO HagMipHUI piBeHb PTOPY K Y HABKOMUIII-
HbOMY CEpEelOBUIIL, TaK i Y XKUTTEHIANTbHOCTI
JIIOJIENA.

KnrouoBi cmoBa: ¢rop, xipanpHicts, dap-
MaleBTUYHI IpenapaTy, po3poOieHHs IiKap-
CBbKMX 3ac00iB, cuHTe3, SDE, 6i0aKTUBHICTB.
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HEOPTAHIMHA XIMISt Y A3EPKAII CbOr0OAEHHSA

(3a marepianamu XXI MixnapopHoi koHthepeHuii 3 HeopraHi4Hoi Ximii Ykpainun (XXI ICICU))

/1. b. Kosanv

Incmumym 3azanvroi ma Heopeaniunoi ximii im. B. I. Beprnaocvkoeo HAH Ykpainu,
npocn. Axademixa Ilannadina, 32/34, Kuis 03142, Yxpaina
email: koval@ionc.kiev.ua

CraTTa MICTUTD OITIAL 3alIPOLIEHNX, IVIEHAPHMX, YCHMX Ta iHIINX JONOBifel cydyacHuX
JOCTIIIKEeHDb y rajysi HeopraHiuHoi Ximii, mpepcrapnenux Ha XXI MixHapopnsiit KoHpe-
peHuii 3 Heopraniunoi ximii Ykpainu (XXI ICICU), saxa Bigbynacs 3-6 yepBHs 2024 poky
B M. Yxropop Ha 6asi [IBH3 «Yxropopcpkuil HaljioHa/IbHUIT YHiBepcuTeT». JJoCmifKeHH
3TPYIIOBAHO Y YOTUPYM HAIPAMMU: XiMid HEOPraHiYHUX i KOOPAMHALIMHUX CIIONYK, Y TOMY
41CTi MeAYHa Ta papMaleBTUYHA XiMis; XapaKTepUCTUKa Ta BTaCTUBOCTI HOBMX Heopra-
HiYHMX PEYOBUH, KPUCTAIOXiMis; disnko-HeopraHiuHa XiMis Ta HaHOXiMisl; MaTepiaau mo-
ABIVIHOTO IIPM3HAYEHH, aIbTePHATUBHI JKepera eHeprii, «3eneHa» Ximia. [Ipuitnaro nocra-
HOBY 3 PEKOMEHIALiAMY aKTyaIbHMUX XiMIYHUX JOCTIPKEHb Ha Ma17[6yTHe Ta HU3KY IHIIMX
JIOILIJIbHMX 3aXO0JIiB.

Knrouosi cmoBa: HeopraHiyHa XiMmif, XimMiA KOOpAMHALIIIHMX CHOMYK, KPUCTaIO0XiMifd,
TBEPJOTI/IbHI peYOBMHY, HAHOMAaTepiaul.

«Cp0200Hi 20n106Ha npobnema 0 HAC —
niompumamu HayKkoeyis, AKi
3ANUWUIUCS npauosamu 8 YKpaii».
Anamoniii 3az20pooniti,
npesudenm HAH Ykpainu

HeopraniuHa xiMmif € HeBifj€eMHOI0 CKia-
JOBOI YaCTMHOIO Cy4aCHOI XiMiYHOI HayKu 3
BaroMyM KalliTa/JIoM HaKOIMYeHNX AK pyHpa-
MEHTa/IbHUX 3HAHb 1 JOCII[KEeHb, TaK i Ipu-
KITaJHNUX pe3y/IbTaTiB, po3poOOK, HOBUX Me-
TOJiB, SIKi BUKOPUCTOBYIOTbCSI 200 CIIPUSIOTH
ITOKPAILEHHIO JII0YMX TEXHOJIOTIN y IMPOMMC-

JIOBOCTI, CI/IbCbKOMY TOCIOJAPCTBi, MeJUIIN-
Hi, €EKOJIOTIYHOMY HaBaHTa>KE€HHI.

3 3 no 6 4epBHA 2024 pOKy B M. YXXTropo-
i Bigoynacsa XXI MixHapopgHa KoHQepeHIisa
3 Heoprasiynoi ximil Ykpainn (XXI ICICU).
JTo Y>KropopcbKoro HallioHaJIbHOTO YHiBepCH-
TeTy 3’IxanmicsA BimoMi XiMiky MaibKe 3i Bciel
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(3a matepianamu XXI MixHapopaHoi koHchepeHLii3 HeopraniuHoi Ximii Ykpaiuu (XXI ICICU))

Ykpainn Ta i3-3a xoppony. Opranisatopn i
napTHepyu KoHQepeHuii: MiHicTepcTBO 0CBi-
TN 1 Haykm YKpainu, HanjioHanbHa akagemis
HayK YKpaiHM, Y>KTOPOJCbKUIT HalliOHAIbHUIA
yHiBepcuTeT, IHCTUTYT 3arajsibHOI Ta HeOpra-
HiyHOI Ximil im. B. I. Bepnapgcbkoro, Haykosa
pana 3 npobnemu «Heopraniuna ximis», YHi-
BEPCUTET TyMaHITApPHUMX Ta IPUPOSHUYUNX
HayK iM. fna [Inyroma, ITpAmiBcbkuit yHiBep-
CUTET.

Meroro opranisaTopiB Mi>XHapOJHOI KOH-
¢epenuii 6yn10 CTBOPUTK CIIIBHMIT MaiiaH-
YMK I OOMiHY OCTaHHIMU pe3y/IbTaTaMu
HocTimpKeHb Ta iHpopMalieo mpo mepenosi
METOIV JOCHI/IKEeHDb Yy LiiJi Tanysi YKpainu Ta
KpaiH €BPOIEIICbKIX CYCifIiB, 0OTOBOPUTH CY-
JacHi npo6eMy XiMii HeOpraHiYHNUX peYOBUNH
i MarepiamiB 1A BUpillleHHA BaX/IMBUX 3a-
BJJaHb CbOTOfICHHA.

KoHndepennis nmpoxoawna y Bignosiganb-
HILIT, CKJIAIHUI /1 YKpalHM Yac y 3MilIaHOMY
PEXIMMi — OYHOMY Ta AVICTAHIIIIHOMY, ajie Bce
K Taky 3ibpana noHay 150 yyacHuUKiB — Bifio-
MMX HayKOBIIiB-XiMiKiB i3 pi3HMX MICT i KpaiH,
y Tomy umcri 3 Ykpaian (Kuis, /IbBiB, Opeca,
Xapkis, [lonrasa, Y>xropop, Yepuisui, /Iynpx,
Binnunsa), Ilompmi (Iryrom, Yencroxosa,
Bpownas, Kpaki), Cnosauumunm (IIpsmis,
Kommme), Himewunan (MrionxeH, [pespes,
Kaprncpye).

Cepen yyacHukiB — wieHn HamioHanabHOI
aKajemil HayK YKpaiHu, HayKOBIi 3aKOPJOH-
HJIX YCTAQHOB, Ipo(ecopy, JOKTOPU HayK, KaH-
AUAATV HayK i gokTopu dinocodil, npauniBuu-
KJ aKaJIEeMIYHMX IHCTUTYTIB i 3aK/IafiiB BUIOI
OCBiTH, JOKTOPAHTH, acCIipaHTH, CTygeHT. Ha
caiiti koHdepeHwii 3apeecTpoBano 125 ocib.
binpuricth yyacHUKIB Maju 3MOTY JUCTaHLIii-
HO, aJIe JOCUTDb aKTVBHO OPATM y4acTh y KOH-
depenuil. Y 36ipHuky ony6iaikosano Te3u 115
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DOTOBIfEN 3a MaTepialaMyl OpUTiHATbHUX [0-
CJIifPKeHb, BUKOHAHMX B OCTaHHI POKM B aKa-
IeMiYHUX {HCTUTYTaX, Ha XiMiuHUX Kaderpax
BUIIIOL OCBITM Ta B iHIIMX yCTAaHOBAX, Y TOMY
Yyl 23 CIHiZIbHI JIONOBiAi YKpalHChKUMX Ta
iHo3eMHMX ydacHMKiB. Ha cTeHfoBill cexuil
npezcTaBieHo 83 mocrepu. 36ipHUK Te3 PoO3-
MilleHo 3a er1. aipecoro: https//www.xxi-icicu.
online.

HajtaktuBHinny yuacts y kKoHdepeHii B3s-
NV CHiBPOOITHMKY BUINMX HaBYa/IbHIX 3aK/Ia-
IiB i HAYKOBUX YCTAHOB, AKi € IPOBIIHUMU B
KpaiHi 3a HalpsAMKaMJ HEOpTaHiYHOI XiMii —
IHcTUTYT 3arasibHOI Ta HEOpPraHiYyHOI XiMil
im. B. I. BepHancpkoro, J/IpBiBCbKMIT Halio-
Ha/lbHUI yHiBepcuTeT iMeHi IBana PpaHka,
YXropopcbkuii HalliOHaJIbHUI YHIBEPCUTET
(YxHY), KniBcpknit HarjioHa/nbHUI yHiBep-
cuter imeni Tapaca IlleBuenka, Opecbkuii
HalioHanbHUI yHiBepcurer iMeHi I. I. Mey-
HUKOBa, QPisuKo-XiMidyHMII IHCTUTYT imeHi
O. B. borarcbkoro HAH Vkpainmn.

[IpuBiTaB y4yacHMKiB KOHQepeHIil peKTop
YxxHY Bomogmmup Cmomanka: «YIpomoBx
TPbOX POKIB OpraHisaropaMm He BJaBajloCs
IpoBecTH 110 KoH¢epeHIio. Tomy MeHi BaBi-
4i IpuUEMHilIe BiTaTu BCiX B YXXIOPOJCHKO-
My Hal[iOHa/IbHOMY YHIBEPCUTETI — Ii€ YeCThb
ona Hac. 3aBggaku HammM 3CY Mm MoXKeMo
IIPOBOAVTY BaXK/IVMBI HAYKOBI IO/l B OYHOMY
dbopmari. Ake HilllO He 3aMiHUTH 3aJJOBO/IEH-
HsI JKUBOTO CIiJIKYBaHHS Ta OOMiHY JYMOK.
Sl BrieBHEHMI1, 1O NMPOTATOM LUX TPHOX JHIB
IIpOJTyHae 0araTo I[iKaBMX [OIOBiZeil Ipo
Ballli HampaIfoBaHHA. ToX Oaxal IUTITHNUX
IVICKYCili».

Axanemix HAH Yxpainu, npocgecop, romno-
Ba HaykoBol pagu HAH Ykpainu 3 npo6memn
«Heopraniuyna ximisg» Anatonin bimoyc Bin-
3HauyB: “IlepemyciM X049y BMUCTIOBUTM BHEAY-
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HicTh KepiBHMUTBY Y>XHY 3a roctunHIicTh Ta
BCiM crniBOpraHisaTopam, 3aBJAKM AKUM MU
OTpMMa/M MOXJIMBICTb OyTM CHOTOOHI TYT.
Heopraniyna xiMig 3ayiMae Ay>Ke BaK/IMBe
Miclle B Cy4aCHOMY >KUTTi. 30KpeMa, OJHUM
i3 cTpaTeriyHuX HaIpAMIB PO3BUTKY HAYKMU
€ a/JIbTepHATVBHA €HepreTuKa, cucreMu 36e-
piraHHs Ta HaKONMMYEHHS eHeprii. IxHi mapa-
MEeTpM Ta BIACTUBOCTI BU3HAYAIOTHCA AKICTIO
€JIEKTPOJHMUX MarepiajiB, AKi IOBHICTIO He-
opraniuni. HayisBnyaino akryajabHUMI y BO-
€HHMII 9ac € CYCTeMU 3B’sI3Ky — Iie 0di i Byxa
Ha mozni 60r0. Takok HeopraHiyHa XiMmis Tic-
HO IIOB’s13aHa 3 MeauuuHow. JlomoBigi Hamol
KOoH(epeH11ii 3rpyrnoBaHi B YOTHPU HANIPSIMY,
AKi OXOIUIIOIOTD BCi BaK/IMBI aCIIEKTU Heopra-
HiYHOI XiMil CbOTOJIEHHS».

Axapemik HAH Vkpainu, npodecop, npo-
pexTop 3 HaykoBoi po6ortu JIbBiBCbKOrO Ha-
L[iOHAJIbHOTO yHiBepcuteTy iM. IBana @panka
Poman DImagumeBcbkuin momas: «ChOTOAHI B
YKpaini BUpIlIyeTbcA [0MA MaiOyTHbOIO —
HaIliOHAJIbHOTO, €BPOIIENICBKOTIO, CBITOBOTO.
Hami BoiHM maroThb rigHy Bimcid Ha (pOHTI.
A MM IIpalll0OEMO i TOTYEMO BiJJHOB/IEHHS Kpa-
iHu. Ile Bce BUMarae iHoBalliliHMX MigXOMiB Ta
TexHonorin. Ilicnsa pyiiHiBHOTO BTOPTHEHHA
arpecopa HaM HeoOXifjHO Oy/ae BifHOBIIOBATH
MiCTa, EKOCUCTEMY, 3aKPill/IIOBaTV €HEepreTny-
Hy cucTeMy YKpainn. I TyT posb HeopraHiyHoOI
XiMil € y>Ke BayK/IMBOIO».

I3 BiTasIbHMMM CTIOBaMU IO Y4aCHUKIB 3Bep-
Hy/mca TakoxX pupekrop Haykoso-mocnin-
Horo iHcTuTyTy (isuku i ximil TBepgoro Tina
(HAOI ®XTT) YKropoacbKoro HaiioHaIbHOTO
yHiBepcureTy akageMmik HAH Ykpainu, npo-
¢decop IOmian BucoyaHcbkuii, B. 0. JMPEKTO-
pa HaB4anbHO-HAayKOBOIrO iHCTUTYTY Ximil Ta
exonorii Y>)xHY Bacunp Jlengen. Ha 3asep-
LIEHHA NPUBITaHb rON0Ba OprKoMmireTy Irop

https://ucj.org.ua

Bapuiit - npodecop, 3aBigyBau kadenpu He-
opraniunoi ximii Y>kHY, BucnoBus Hazio, 11106
HilI[0 He 3aBafINJIO MIPOBeeHHI0 KOHDepeHIii,
no6axxaB IVTiZHOI poOOTH, FAPHOTO HACTPOIO i
rapHOrO BiJJIIOYMHKY.

Bripoposxx Tppox HIB po60TM KOH(epeH-
1[ii HayKOBILi 006roBOpIOBaM 3asIBIeHi JOMOBI-
Ii, 3TPYIIOBaHi y 4 CeKljii: XapaKTepPUCTUKU Ta
BJIACTMBOCTI HOBMX HEOPraHIiYHMX PEYOBUH i
TBEPAOTIIPHUX MaTepiajliB, KpUCTAIOXiMil, Xi-
Mii HEOpraHIYHMUX i KOOPAMHALIHUX CIONYK,
Yy TOMY YMC/Ti CMHTE3 HOBUX CIIONTYK JJIA Cydac-
HOI MegMuMHY Ta papMaleBTUYHOI XiMii, Ximii
Ta (Qi3uKM HaHOMaTepiamiB, «3eeHoi» XiMmii
towjo. Becporo Ha koHgepeH1il 6y1o 3acmyxa-
HO 32 mIeHapHi i yCHi IONOBif, y TOMY 4MCIIi
IPEJCTAB/IEHO OIVHAJUATD 3aIPOLIEHNX [IO0-
nosifient yueHux. Kpim sraganux suie A. bino-
yca, P. [nagmmescpkoro, 0. Bucodancpkoro
ta I. bapuis, npefcraByim KONOBIAL aKaleMiK
HAH Ykpaiun ITerpo Crpwxkak (IncturyT di-
su4Hoi ximii im. JI. B. IIncap>xecbkoro HAH
Ykpaiun), wren-kopecrongent HAH Ykpainu,
npodecop Irop @purpkuii (Kuiscbknit Hawio-
HanbHUI yHiBepcuTeT iMeHi Tapaca IlleBuen-
Ka); npocdecopn Bikrop Dnyxmit (Texniurmit
yHiBepcuteT MionxeHa, Himewyunna), Omnex-
capp lony6 (HamionampHuit yHiBepcureT
«KueBo-MornnsancpKa akafieMis», Pycman Ma-
piituyk (IIpsmiBcpkmit yHiBepcureT, CoBay-
yyHa), Onena Mapunuko (Opecpknit Harjio-
HaibHMI yHiBepcureT im. . I. MeuHukoBa),
Mixan [T'sceupkuit (YHiBepcurer imeHi fHa
Iryroura B Yencroxosi, [Tonbima).

KoHepeH1ito po3mnoyaro BUCTYIIOM aka-
nemika AHaronia Bimoyca - Bigomoro ¢axis-
1A B ramysi Ximil TBEpAoOro Tija, KepiBHMKA
Bigminy Xximii TBepmoro Tima IHcTuTyTy 3a-
rajIbHOI Ta HeOPraHivHoi XiMii iMeHi B. I. Bep-
Hagcbkoro HAH VYkpainn. OcHoBHI HaykoBi
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HAIIPAMKY JIOTO IIKO/IMA CTOCYIOTHCSA CUHTE3Y
1 JocmipKeHHs HAaHOYaCTOK i HeOpraHiyHux
MarepiajiB Ha OCHOBi CKIaJHUX OKCHUIHUX
CHCTEeM, BCeOIYHOTO BUBYEHHS CTPYKTypH i
(byHKuiOHaanMX BJIACTUBOCTEN OKCUIHUX
CIIONTYK, HAaHOKPUCTAIIYHMX (epOoMarHiTHuUX
MaTepiasiB, po3poOIeHHs eleMeHTIB i mpu-
CTpOIB Ha OCHOBI JOC/iKeHNX PYHKI[iOHATb-
HUX PEYOBMH 3 METOI IXHBOTO IIOJA/IbIIOrO
3aCTOCYBaHHA B CYYacHUX CUCTEMax 3B A3KY,
MalnHOOy/yBaHHI, MeAUIVHI ToIo. Y fjomo-
Bifi binoyca imnoca npo focmifpKeHHA CHH-
Te3y cnabkoarioMepoBaHux (epoMarHiTHUX
HaHOYACTUHOK, fIKI MOXXYTb 3HaliTV BUKOPMU-
CTaHHs NIPU pOo3pOOJIeHH] CICTeM MarHiTHOTO
samucy, y HBY-cucremax, BmactuBocTi AKnx
MO)XHa 3MIiHIOBAaTM 3O0BHINIHIM Mar”HiTHUM
II0JIEM, B €/IEKTPOXIMIYHUX CUCTEMAX, /I BU-
kopuctanua B Megunvai (MPT, rineprepmis,
JHOCTaBKa JIiKiB) ToIo. MeTo HOCIiIKeHHs
OyB caMe ITOIIYK IIIAXiB CMHTe3y c/1abKoarmo-
MepoBaHMX epOMarHiTHIMX HAHOYACTUHOK i3
pisHUMM CTPYKTypamy (LIITiHesI, epoBChKi-
Ty i rekcadepury 6apiro). Y mipcymxy pospo-
071€HO ONITUMIi30BaHi METOAY CMHTE3Y i Ha OC-
HOBI CMHT€30BaHMX MarHiTHMX HAHOYaCTVHOK
aBTOp 3i CBOIMM CIIiBpOOITHMKaMM CTBOPUB
MarHiTOKepOBaHi NIPUCTPOI, 30KpeMa, Herli-
HiifHI pe30HaHCHI MIKpOXBU/IbOBI €7I€MEHTMU.
OpepxaHi pe3ynbTaTu TaKOX IEepPCHEKTUBHI
i mna crBopeHHA pesoHaHcHuXx HBY-cTpyk-
Typ pisHoro npusHadeHHs. Po3po6ieHo i mo-
CTiKeHO 6araTorapoBi CUCTeMM Ha OCHOBI
CerHeTOeNeKTPUYHMX i pepomarHiTHNX a3, B
AKNUX €IeKTPUYHUM I10/IEM MOXKHA BIUIMBATU
Ha MarHiTHi BIaCTUBOCTI.

Bucryn akagemika Pomana Imagmmes-
CBKOTO, BilOMOr0 BYEHOIO-JOCTifHMKA B
rajaysi KpUCTaJOXiMil HeOpraHi4HMUX CIIO-
NyK, KepiBHUKaA JIbBiIBCbKOI HayKOBOI LIKO/IN
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»Kpucranoximis iHTepMeTaniyHuUX CIONYK,
CUHTETMKA 1 aHaJIiTUKA iHTepMeTaNlifliB, YN
HAyKOBa [iA/NIbHICTD 11 HAa CbOTOJHI CIIPAMO-
BaHa Ha BYBYEHHSA KPUCTANIYHOI CTPYKTYpU
iHTepMeTa/liYHUX CIOAYK Ta B3a€MOJII KOM-
IIOHEHTIB y MeTa/liYHUX CUCTeMaX, IpUCB-
YEHO caMe KPMCTAJIOXiMiI Ta I MOXK/IMBOCTAM
OyTu BU3HAYa/IbHUM 3B 13KOM MiX OYZOBOIO
i BMacTuBOoCTAMM iHTEepMeTanifis. Kpucrano-
XiMis iHTepMeTaNTiYHNX TA IHIIMX HeOpraHiv-
HIX CIIONYK Mae€ JJaBHi Tpaanuuii y JIbBiBCbKO-
My HalliOHa/IbHOMY YHiBepCuTeTi iMeHi IBaHa
®panka MOH Ykpainn. Bueni BuBuaroTh B3a-
€MO3B’ 30K MXK XiMiYHIM CKJIaZlOM, KPUCTa-
JNIYHOIO CTPYKTYPOIO, CTabi/IbHICTIO Ta pisHu-
MU XiMiyHUMU 1 Pi3MYHMMM BIaCTUBOCTAMI.
Taknit ninicHuit mipxizg gys>ke BaXK/IMBUIL A1
PO3YMHOTO IOIIYKY HOBMX PYHKIIIOHa/TbHMX
MarepialiB i3 MOKpaleHVMM BIACTUBOCTA-
MU, SIKi MO>KHa BUKOPYCTOBYBATH s 30epi-
TaHHA BOJHIO, TEPMOEIEKTPUKY, MOCTITHUX
MAarHiTiB, HAAPOBIJHMUKIB, KBAHTOBUX MarTe-
piajiB TOWO. Y NONOBiAi IPOJEMOHCTPOBAHO
NPUKIagU OCTAaHHIX JOCIIKeHb, BUKOHAHUX
Ha Kadenpi HeopraHiyHOI XiMii, IKy 04YOIIIOE
P. €. Imapumescbkuit. Po3pobneHo minxo-
M 1o “HimicHOro mornasAmy’ Ha KpUCTayid-
Hi HEOpraHiYyHi pe4YOBMHM, SAKi 3aCTOCOBY-
I0Th y HaykoBilt 6a3i manux PAULING FILE
(Inorganic Materials Database), sika 06’egHye
Kkpucranorpadiuni mani (376’000 BBemeHb),
piarpamu ctany (54’500 BBemeHb) Ta disny-
Hi BrmactuBocTti (174’000 BBeneHb) Heopra-
HIYHMX CIOTYK B OJHOMY KOMIIIEKCi; darin
Pauling, mo rpynye ekcrepuMeHTanbHi gaHi
PO KpUCTaJIiuHi CTPyKTypy, (pasosi giarpa-
MU Ta BHYTpilIHi ¢i3WyuHi BIaCTUBOCTI, MOXe
OyTVU BUKOPUCTAHMM SK BUXifJHA TOYKA MJIA
OTPUMaHHS KPUCTANTOXIMIYHUX 3B A3KiB MJIs
PO3YMiHHSA OCOOIMBOCTEI Ta MPOTHO3YBAH-
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HA YTBOPEHHA CIIONYK 13 IIEBHUM CKJIaJOM i
CTPYKTYpPOIO.

Big iMeHi KONMEKTUBY aBTOPiB, AKi € Ipen-
CTaBHMKAaMJ YOTMPBOX BMILMX HAyKOBUX 3a-
KnafliB YKpainm i YeHCTOXOBCBHKOrO YHiBep-
curery Ionbuii, gonoBins «Cucremu Ag(TI)-
Sb(In)-P-Se: mpomixHi cionykn Ta ixHi Ba-
CTMBOCTi» BMTONIOCUB IIpodecop, 3aBigyBay
kadenpy HeopraHiuHOI Ximil YXXropoacbkoro
HallioHa/sbHOTrO yHiBepcurery Irop bapwuiii.
BiH € daxiBiem y ramysi HaniBIpoBigHNKOBO-
rO MaTepiaZTo3HaBCTBA, a TOIOBHMM HaIIpAM-
KOM JIOCTi/KeHb Kadenpu € Gpisnko-XiMidHMIA
aHa/l3 B3aeMofil B 6araTOKOMIIOHEHTHUX
CHCTeMaX, BJBYEHHSA YMOB (ha3oyTBOpEH-
HA CK/IAQJJHMX /IBOKaTiOHHMX Ta JJBOAHIOHHMX
Xa/IbKOT€HITHUX CIIONYK, KOMIUIEKCHE JOCIIi-
JDKEHHS BJIACTUMBOCTEN OJEp)KaHUX HOBUX
HaIiBIIPOBiJHMKOBUX peYOBUH, BUOIp omTy-
MajIbHMX YMOB Ta BMPOUIYBaHHSA MOHOKpPNC-
taniB. Came 1i 3aBaHHA Oy/I0 IOCTaBIEHO
IIpY BMUBYEHHI BUIE3a3HAYEHOI CUCTEMMU.
Hocnimxeno ¢asoBi piBHOBarm B cucTeMax
Ag(T1)-Sb(In)-P-Se xmacuyHMMM MeTOmaMu
¢isnko-ximiyHoro anamisy JITA Ta peHTreHo-
rpadii. OcHOBHOW 0c06MUBICTIO bi3NKO-Xi-
MIYHOI B3Aa€EMOJil IIMX CUCTEM € YTBOPEHHSA
CK/IafHMX rekcaceneHopugocdaris  Ag(Tl)
Sb(In)P,Se .. Cpibno (raniit)- Ta ctubii (in-
J1ii1)-BMiCHi CIIOJTyKM € IIpeICTaBHUKAMM TUITY
CIIONTYK, AKi BOMOAIIOTh (pepOMATHITHUMM Ta
I €30€/IeKTPUYHMUMY  BJIACTUBOCTAMM. LI
cnonyk AgSbP Se i TlInP_Se, Bupomeno mo-
HOKpuctany, [locmimkeno IixHit d¢asosuii
CK/IaJl, TPOBEJEHO KPUCTAJIOXIMIUMIl aHa-
73 CTPYKTYp, AKNI IOKa3ye iXHIO IIapyBaTy
CTPYKTYPY, 10 Ma€ CTBOPIOBATU BUCOKOAHi-
30TPOIIHI ONITUYHI BIACTUBOCTI.

3a HampsAMKoM «Xapaxkmepucmuxa ma
671ACMUB0CMI HOBUX HEOP2AHIUHUX PEeHOBUH,

https://ucj.org.ua

Kpucmanoximiss» Oy/I0 TpeNCTaBIeHO Hail-
Oi/bIIy KiNBKICTh IUICHAPHUX, YCHUX JIOIOBI-
ZeN Ta IOCTEPiB, B AKUX MIIIOCA IIPO Pe3yilb-
TaTU JOC/iPKEHb TBEPAOTIIBHUX Marepialis,
iHTepMeTanizniB, pepoOMarHiTHUX 4acTOK, HO-
BJMX KPUCTAJIOXIMIYHMX CIIOJIYK i Marepiais,
NEePCIEKTUBHMUX /1A TEXHOJIOTIYHOTO BUKOPH-
CTaHHS 3aBJAKY IXHIM L[iHHUM (i3uKO-XiMid-
HUM BJIACTUBOCTAM (ONTMYHUM, MarHiTHUM,
CEHCOPHMUM, JTIOMIHECLIEHTHUM, HAIliBIPOBifi-
HUKOBMM TOIL0). Y 30ipHMKY Te3 IpeficTaBIe-
HO 36 CTeHIOBUX JOIIOBifIEeN.

Axapemixk HAH VYkpainu, npodecop, mox-
Top dismKo-maremarnyHux Hayk IOmian Bu-
coyaHchkuit, fupekrop HJI disukm i ximii
TBEpOro Tila, 3aBimyBau kKadempu ¢isukn
HaIliBIIPOBIJHMKIB  Y>KTOPOJCBKOTO  HaIlio-
HaJIbHOTO YHIBEPCUTETY € BiIOMUM HAyKOBiil
CIiZIbHOTI creniamicToM y ramysi ¢isukn Ha-
MiBIIPOBIAHMKIB, CETHETOENEKTPUKIB, CTPYK-
TypHUX (asoBUX IepexofiB, HeTiHiilHO-
ONTMYHMX Xa/IbKOTE€HITHMX MaTepiais. Pazom
i3 KozeraMu IJIEHAPHY JOIOBifib BiH IPUCBA-
TUB HOTPitHUM (ocHOpHUM Xa/IbKOreHifam
M,P.S(Se), (me M - Sn, Pb) i3 3D-kpucramiy-
HOIO PEIIITKOIO, AKi IEMOHCTPYIOTH IUNPO-
KUil CIIEKTP IOTEHLIIHMUX 3aCTOCYBaHb [IA
CETHETOEIEKTPUYHMX HalliBIPOBigHUKIB. [lo-
cmimpKkeHHs 2D-BaH-fiep-BaanbcoBUX KpucC-
taniB CulnP S, mokasano, mo ui marepianu
MOXXYTb 30epirati CBOE CErHeTOENeKTPUIHE
BIIOPAJKYBAaHHA, HaBiTh AKILO IXHIO TOBIIVHY
3MEHIIIEHO [I0 KiZTbKOX CTPYKTYPHUX IIapis,
110 BiKPWU/IO HOBI MOXX/IMBOCTI JI/I1 BUKOPY-
CTaHHA (epoigHMX MaTepialiB Ha HAaHOPO3-
MipHOMY piBHi.

Y Ko HayKOBUMX JOCIi/pKeHb Ipodeco-
pa MIOHXEHCBKOTO TEXHIYHOIO YHiBEPCUTETY
Biktopa Imyxoro - BucoKoTeMIlepaTypHMIA
CUHTE€3 HOBMX IO/IAPHMX IHTE€pMeTa/lTiYHUX

95




HEOPTAHIMHA XIMIS1 Y A3EPKANI CbOr0AEHHA

(3a matepianamu XXI MixHapopaHoi koHchepeHLii3 HeopraniuHoi Ximii Ykpaiuu (XXI ICICU))

CIONYK i3 mepexigaumy Metanamu. [loTpinHi
CUILUAY Ta TepMaHifgy MepexifHNX MeTasliB
CTQaHOBJIATH iHTepec He TiMbky A QyHzma-
MEHTAJIbHOI XiMii iHTepMeTaNiYHMUX CIONYK,
a 11 3aBJAKM CBOIM (i3VKO-XiMiYHNMM BIacTu-
BOCTAM: TEPMOENIEKTPUYHIM, HAJIIPOBiTHNUM,
a TAaKOXX KaTaJIiTM4Hil aKTMBHOCTi. Y BUroO-
JIOIIeHil Ha KOHQepeHLii TONoBifi B IeHTpi
jioro yBary Oy/u MOTpiliHi iHTepMeTaseBi Te-
Tpelifiu HiKeMo Ta IXHI CTPYKTYpHi ocobmm-
BOCTi. 3aBpsAkyu HanoBHeHilt d10-koHpirypa-
1[ii HiKeJIb € CTPYKTYPHO YHiBepCa/lIbHUM eJle-
MEHTOM Y XiMil TBEpPZIOTO Ti/la: BiH IPUITYCKAE
Pi3HOMaHITHI cXeMM KOOpAMHAILl i, AK Hac/i-
IoK, y cucremax Ae-Ni-E yTBOproerbcsa Be-
JMYe3Ha KiNbKiCTh iHTE€pMeTamiYHUX CIIONMYK
(Ae = myxxHosemenpHU Metan), (E = Si, Ge)
3 pisHMMU cTpyKrypamu. OpHiero 3 Haiilika-
Bimux crnonyk € BaNi Si ) - iHTepmeraniuna
CIIONyKa 3 HAaIMEHILNOK KiJIbKIiCTIO Ty>KHO3e-
MeJIbHUX MeTajliB 1 HalBUIIMM Ha ChbOTOMHI
KOOpAVHALIIHUM YMUCJIOM cepel, iHTepMe-
tanigis (CN = 32). Kpucraniuna crpykrypa
BaNi, Si , - makoBanus W-Tumy 6ararorpas-
HuKiB BaNi, Si , 110 cK/afaloThes 3 ikocaenpa
II7IaBJIEHOTO KPEMHIIO Ta JojeKaelpa Hikese-
BOTO IT ATUKYTHMKA.

Y nnenapHii pgomosigi mpodecopa Mi-
xama Ilsacenpkoro (YuiBepcurer imeni SIHa
[nyroma B YeHCTOXOBI) IpefcTaB/IeHO Haii-
Ba)K/IMBILII JOCATHEHH:A, 30CEPEIKEH] Ha J0-
CIIJKEHHAX MOTPIIHNX 1 YeTBEPHUX Xa/IbKO-
TeH-TaJIOIJHNX KPUCTa/iB, IXHIX CTPYKTyp-
HIUX, €IEKTPOHHMX Ta IHIINX BIACTUBOCTEN,
IO € Pe3y/IbTaToM CIBIpalli MK yKpaiH-
cokumn (Yxropog, JIbsis, Jlynpk i Kwuis) i
IIO/IbCBKMMM yHIBEpCUTETaMM Ta iHCTUTYyTa-
mu. IloTpiitHi Ta yeTBepHi comykn (Kpucra-
M, MOHOKPUCTaIM abo TBepAi PO3UMHU), IO
CK/Iafly AKMX BXOJATH TaKi eIeMeHTH, 4K S, Se i
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Te, 3aBasAKM CBOIM LIiHHUM (Di3VYHUM BIacTH-
BOCTAM LIMPOKO 3aCTOCOBYIOTh Y IIPUCTPOAX
€JIEKTPOHHOI Ta OITOEJIEKTPOHHOI IIPOMIC-
noBocTi. barato MOHOKpucTaniB XanbKore-
HiJjiB € HErirpOCKOIIYHMMY Ta MAIOTh TapHY
XiMiYHYy CTIifIKiCTh, IO TAKOXX BAXK/IMBO JJIA
IMPaKTUMYHOIO 3acTOCyBaHHA. Matepianu Ha
OCHOBI CipKM JIeMOHCTPYIOTb BUCOKI ITOKa3HM-
KJ 3aJIOMJIEHHA, Be/MMKi HesiHiHocTi Keppa
Tow0. Marepianm Ha OCHOBI CeJIEHY 3aCTOCO-
BYIOTb Y BUIIPAAM/IAYAX, COHAYHMX €/IEMEHTAX,
dororpadiyHMx eKCIIOHOMeTpax, Kceporpadii
Ta IPOTUPAKOBUX areHTax, Jad BidyasisaLil
Ta 610MEIMYHUX 3aCTOCYBaHb. Y KpUCTasid-
Hill ¢popmi ixHIO KOMOiHAaIiI0 3 IHIIMMM MarTe-
piamamu, Takumu sk T1, Pb, Cu Ta In, mmpo-
KO BUKOPUCTOBYIOTb HJIs1 (POTOENIEKTPUYHUX
npucTpoiB i poromeTekTOPiB. [lesiki kpuctamm
Xa/JbKOT€HiJliB BUABJIAIOTH HECIIOZiBaHi Bja-
CTUBOCTI: BOHM i30/IALIIJIHI 3CEpEeNVHY Ta IIPO-
Bi/IHi 30BHi, TOMY IX MO>XHa BiJJHECTH [0 TPYIIN
TOITOJIOTIYHMX 130/IATOPIB 13 Ha[A3BUYATHUMU
MOXXIMBOCTAMMU [JIS1 €IeKTPOHHUX 3aCTOCY-
BaHb, TAKMX AK TPAH3UCTOPU 3 HAJTHU3DKMMU
€HepriaMu, asepu i CKaHyBaHHA PaKy Ta
BITBHMIT KOCMIYHNII 3B I30K 32 Mexamn 5G.
JlonoBifib CTOCOBHO [OCHIiJK€Hb IOTPiil-
HUX OOpOCWIIVIHUX CIIONYK pifKicHO3e-
Me/IbHMX MeTaJliB IpefcTaBuB Bomomummp
Babikenbkmil — npefcTaBHUK Kadeapu He-
opraHiuyHoi XiMii JIbBIBCPKOrO HalliOHAJIb-
HOro yHiBepcureTy iMeHi IBana Ppanka, i
JKan-®pancya Xaner 3 YHiBepcurery Penna
(Opanuin). CuHTe3 Takux CHOMYK i joci-
JDKeHHs IXHIX BJIACTMBOCTENl MOXYTb OyTU
Iy>XKe LiKaBUMU /I, HaIpUKIAJl, KPUCTaJIO-
Ximii Ta 3aCTOCyBaHHS T€PMOENIEKTPUKU. Ajle
IIOBHI JOC/iKeHHs (a30BUX BiJHOCUH Y CU-
cremax R-Si-B (me R - pigkicHo3emenbHmMit
MeTasn) € BKpail 6igHumu. Panime 11i aBTOopn
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DOCIIAUIN 130TEpMidHI PO3pisy MOTPIMTHUX
cucreM R-Si-B (ge R =Y, Nd, Gd, Dy, Ho, Er)
3a temneparypu 1270 K. 3arasom y KoXxHil
cucreMi, okpiMm Nd, BusABIeHO Tpu HOTpiii-
Hi ¢asm: crexiomerpuuna cromyka R.Si B,
(crpykryprmit tun Gd.Si B,), dasa Hosort-
Horo i3 BBemeHHsAM 6opy R.Si.B_ (cTpykrty-
pa tuny Mn,Si)) i TBeppmit posuun RB, Si
(crpyktypa tumy AlB)). ¥ cucremi Ce-Si-B
BCTAHOBJIEHO CTabinizoBaHy 0OpOM CIIONTyKY
CeSi, B, cTpykrypn tuny AlB,. Jlna cucre-
mn Nd-Si-B suaiigeno nume Nd.SiB. Bu-
KOPVICTOBYIOUV METONM MeTaseBOro (QJIICy,
aBTOpaMJ CHHTe30BaHO HOBY cepilo 6iHapHMX
CUTILUJIB Ta OTPMMAHO Y BUITIALI MOHOKPMC-
TaniB 6inaphi cuminuan RSi, (R = Dy, Ho) i
notpitnoro Ho, Si,B, ski 1eMOHCTPYOTD yIO-
PALKOBaHI CTPYKTYpH, IOXiJIHI Bifj CTPYKTYp-
Horo tuny AlB,. Teoperuuni pospaxynku 1o-
Ka3yITb iCTOTHY KOBAJIEHTHY B3aEMOJII0 MK
aToMaMM MeTajny Ta HeMerany. Hesemukuii
BiICOTOK aTOMiB KPE€MHil0, KNI 4acTO Bifi-
CYTHIll y IIMX HECTEXiOMETPUYHUX CIIONYKaX,
JIMOBIpPHO, O3BOJIsIE 3MILIHUTH 3B 130K 60Op —
MeTa i 60p — KpeMHiil.

3a HanpAMKOM «Ximifg Heop2aniuHux i Ko-
OpOUHAUITIHUX CNOTIYK, Y TOMY HUCTi MeOuH-
Ha ma dapmavesmuyuna ximis» 3anpOILIeHi
ponoBini Buronocwayu mnpodecopka Ornena
Mapunsko Ta npodecop Onexcanpp Tony6;
ycHi — HaykoBni ISBHX HAH VYkpainn - pgok-
tTopu XiMiyHux Hayk Csirnana Opucuk, Ore-
Ha TpyHoBa, BikTop YepHiit. Kpim 1iporo, 6ymo
NIPEJCTABIEHO 25 CTEHAOBUX JIOIOBifel, AKi
CTOCYBa/MCA MpoOeM CUHTe3y i BcebigyHOro
BUBYEHHA KOOP[VHALIMHNX CIIONyK (reTepo-
MeTaniYHNX, MONiANEPHUX KOMIIJIEKCIB, II0-
TiMepiB i MaKpOLUMKIIYHUX CHONYK), IXHBOI
OymoBM, BIACTMBOCTEN i (PYHKIIIOHAJIBHOTO
IpU3HAYEHHA, 0COOMMBO MOX/IMBOCTEN 3a-
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CTOCYBaHH: y MeUIMHI Ta ¢papMarieBTUIi K
IIOTEHLIIHUX JIIKAPCbKUX aTreHTiB aHTUOKCHU-
JaHTHOI #ii, 6i0JIOTiYHO AKTUBHUX pPEYOBUH
TOLIO.

3anpolleHy IUIEHApHY J[IOIOBilb BMUIOJIO-
cuwra npodecopka OfecbKOro HallioOHaIb-
Horo yuiBepcurery imeni I. I. Meuynukosa
Onena MapuyHKO - IpefiCTaBHUIA BiZoMoi
B YKpaiHi Ta 3a ii MeXXaMi HayKOBOI IIKOJN
«Kooppgunauiitna ximis p-, d-, f-meranis 3
OpraHiYHMMIU HIiTPOTeH-, OKCUTEH-, CYyIbdyp-
Ta $ochOpOBMICHUMY MOJIEKyTaMu» (KepiB-
HUK — Ipodecopka, 3aciy>KeHnil iy HayKu
i rexniku Yxpainu InHa Ceiidymrina). ABTo-
pu peamidyBany HOBUM IAXif L[OJO0 PO3BUT-
Ky OiokooppuHaniitHoi ximii repmaniro (IV)
AK CaMOCTIIHOTO HAayKOBOI'O HAIPsAMY, BCTa-
HOBJIEHO CYTTEBi IlepeBaru OiOKOMIIIEKCiB
IIOPiBHAHO 3 OpraHiYHMM TrepMaHi€M: BOHMU
MaJIOTOKCUYHI, BOJOPO3YMHHI, IXHII CUHTE3
€ 6inpm exonoriunuM. IlokasaHo, 10 IXHi
(dbapMaKo/IOriyHi BIACTUBOCTI 3a0€3MeuyoTh-
Cs1 CMHepri3MoM [iil repMaHito Ta OiomiraHpis.
Hait6inpm scKpaBo yHIKa/JbHICTh repMaHilo
K KOMIUIEKCOYTBOpIOBada i GioreHHoro erne-
MEHTa IIPOJEMOHCTPOBAHO Ha MpuK/iIazi 1-riz-
pokcuetan-1,1-qudocdoHoBoi (eTifpoHOBOI)
xucnory (H hedp) — Binomoro 6aratodyxkiiio-
HaJIbHOTO KOMIUIEKCOHY (pocoHOBOrO THMIY,
110 BOJIOJIi€ PI3HOMAHITHUMM i LiHHUMU [/IA
INPaKTUKA BIACTUBOCTAMU, 3aCTOCOBYETHCA Y
¢dapmariii Ta kocmeTtororii. [IpoBefeHo cuHTe-
31 1 JOCTIIPKEHHA CTPYKTYPU HU3KM pi3HOMeE-
TQJIbHUX Ta 3MilIAHOMIraHAHUX l-TigpoKcue-
Tal-1,1-gudocdonarorepmanaris, A mes-
KIX 3 Oflep>KaHMX KOMIIJIEKCIB PEKOMEHI0Ba-
HO K/TiHiYHi BUIPOOYBaHHS.

Ynen-kopecnonpent HAH VYkpainnm, npo-
decop Irop ®punbkuii - 3aBigysau kadenpu
¢isnynoi ximii KuiBcbkoro HalioHanabHOTO
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yHiBepcuteTy imeni Tapaca IlleByeHka, cBoo
IONOBib NMPUCBATUB NUTAHHIO OiOXiMiyHMX
IIPOLIECIB Y )KMBUX CUCTEMAX, 1110 Bi,‘EL6YBaIOTb-
A 3a y4acTio pepMeHTiB, 30KpeMa 3a y4acTIo
€H3MMIiB, AKi MICTATD Y CK/Ia/li CBOIX aKTUBHUX
IeHTpiB ioHM MetaiB. [I1s1 BUBYEHHSA 0CO6-
nMBOCTelt OyoBM Ta PyHKLIOHYBaHHS MeTa-
nopepMeHTiB BUKOPMCTOBYIOTb HU3BKOMOJIE-
Ky/LApHi Mogeni. CTBOpeHHA TaKMX CMHTETUY-
HUX CIIONTYK Ha OCHOBi KOMIIJIEKCIB MeTaJliB
THOJIIIIIye pO3yMiHHA MeXaHi3MiB ¢epMmeHTa-
TUBHOTO KaTaJIi3y Ta Jja€ 3MOTy pO3B’A3yBaTu
0araTo NMpakTUYHMX 3aBAHb: BiJj CTBOpEHHS
HOBIUX (hapMalleBTUYHNUX 3ac00iB (iHribiTOpiB
¢byHKuii MeTanodepMeHTiB) 10 po3pobIeHHs
6iomiMeTMYHUX KarajizaTopiB. ABTOp IpoO-
aHa/Ii3yBaB OCHOBHi IPMYMHYU HU3BKOI edek-
TUBHOCTI Cy4acHUX O6ioMiMETMYHUX KaTasi-
3aTOpIiB IIOPIBHAHO 3 IXHIMM IPUPOSHUMMU
IPOTOTUIIAMM Ta 3aIlIPOIIOHYBAB LI/IAXY 1I I10-
KpaijeHHs. OOroBOpeHo MepCIeKTNBI 3aCTO-
CyBaHHA 610MiMeTMYHUX KaTa/li3aTopiB y pis-
HUX IIpoliecax, 3okpema ikcanii asory, ¢o-
TOKATaJIiTUYHOIO PO3LIENIEHHA BOAY Ta OT-
PUIMaHHS «3€/IeHOTO» BOZHIO («IITYYHOTO ¢o-
TOCUHTE3Y»), IpOJIiTUIHOTO 3HEIIKOYKEHH
dbocdopopraHiuHNX €KOTOKCUKAHTIB Ta aHa-
7I0TiB 60JIOBMX OTPYIOIYMX PEYOBUH TOLIO.
Cy4acHa yKpaiHCbKa XiMi4Ha TepMiHO/IOTiA
Ta HOMEHK/IaTypa HEOPTraHiYHOI Ta KOOp/AMHa-
1iitHOl Ximii 6yM TeMolo IIeHapHOI JOIOBifi
npodecopa, FOKTOpa XiMIYHUX HayK, JeKaHa
¢dakynpreTy npupopgHNYnx Hayk HarjioHans-
Horo yHiBepcuteTy «KneBo-Morunsancbka
akazieMisi» Onekcanppa Tony6a - ¢axisis B
rajysi KOOpAMHALINHOI Ta (papMaleBTIUYHOI
ximii. A xpim nporo Onekcangp [ony6 € ximi-
KOM-TE€PMiHOJIOTOM, ITOC/IiJOBHUKOM CIIpaBU
cBoro 6arbka — mpogecopa Anapia Tonyba -
OJJHOTO 3 TBOPILIB YKpalHCHKOI XiMi4HOI Tep-
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MiHOJIOIII Ta HOMEHK/IATYPU B HEOPIaHIYHiN
ximii. Onexkcansip AHAPIIOBMY HaJaB y JOIIO-
BiJli KOPOTKY iCTOpMYHY JIOBiJKY IIPO pO3BU-
TOK CUCTEMATUKM i YKpalHCbKOI TepMiHO/IOTriI
B HEOpraHivHil Ta KOOpAMHALIIHIN XiMil, 3ra-
faB ¢axiBliB yKpaiHChKOI HAYKOBOI TEPMiHO-
norii Iana TopbayeBcpkoro, Onenu Kypwo,
Amnatonis Boska, Auppis Tony6a, sikmit cTBO-
PMB IiJIBa/IMHY CYYaCHOI XiMiYHOI TEPMiHOJIO-
rii i HOMEHK/IaTypy HeOpraHi4Hoi Ximii; Mu-
xaina Kopninosa, Muxony Bacunery-Iepu-
maca — TaKoX IociijoBHuka Auppis Tonyo6a.
HaykoBnii BHECOK camMOro aBTOpa JOIOBifi —
BiH 3allpOIIOHYBaB OCHOBHI 3acajii BIPOBa-
IPKEHHA MDKHAPOAHOI XiMi4HOI TepMiHOJIOoril
ta HoMeHKMarypu IUPAC B yKpaiHCBbKy Tep-
MIHOJIOTiI0 Ta HOMEHK/IATYPY B HEOPraHi4HiN
XiMmii, HaBiB 6araTo MpUKIaiB O6i/bII BAINX,
3 JOro0 TOYKM 30Dy, YKPAalHCbKUX XiMi4HMX
TepMiHiB. YKpaiHCbKa XiMi4Ha TepMiHOJIO-
Tif Ta HOMEHK/IAaTypa HOTpebyIoTh MOCTiltHOI
yBaru Ta BIOCKOHAJIEHHs, 110, Oe3IepevHo, €
Ba)K/IMBMM 3aBJaHHAM B IUIaHI TOYHOCTI i fAc-
HOCTI T€pMiHiB, iHTerpamuii 3 Mi>KHapOZHUMMA
CTaHZapTaMu i 3abe3nedeHHs eeKTUBHO-
ro obminy indopmauiero Ta cmiBIparyi, A
eeKTMBHOrO HaBYaHHA Ta 3aCBOEHHS 3HAHb
y Tajysi Ximii, 30Kpema /11 HaB4a/IbHOTO IIPO-
11eCy IIKO/IAPIB i CTYJEeHTIB.

Honosinp Ceitmanm Opucuk - gokTopa
XiMIYHUX HayK, IPOBIfIHOIO HAYKOBOIO CIIiB-
pobiTHuka Bigniny ximil KOMIIEKCHUX CITO-
nyk ISBHX HAH Ykpainu npucssadeHo n,n-xe-
nmatauM komiiekcam Pd(II), Pt(II), Ag(I) ta
Cu(I) Ha ocnoBi N-aminsamimeHux tiocedo-
BUH: IXHIM CIIEKTPa/IbHUM XapaKTepPUCTUKAM
ta Oionorivyniin akrtmBHOCTI. Taki cromykn
€ aKTyaJbHUMM [Jid pO3pOOTIeHHA IPOTHU-
OYXIVMHHUX 1 aHTMOaKTepia/IbHUMX areHTiB
HOBOT'O ITOKOJIHHA, a TaKOX Yy IIpernapaTyB-
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HiJl XiMmil AK KaramisaTopy rifjpyBaHHsA a6o0
okucHeHHs onediniB. m-Kommnekcn Pd(II)
i Pt(II) mpuBepHynu ii yBary fAK IIOTeHIIiil-
Hi NPOTUIIYX/IVMHHI areHT!, OCKI/IbKM BOHMU
CTPYKTYPHO MOAiOHI [0 WIMPOKO BifoMoro
IPOTUIIYXIMHHOTO TIpenapary yucIUIaTUHY,
cTabinpHi B mmpoxomy pianaszoni pH i pos-
4yyHHi y disionorivHoMy po3unHi 3a HUSBKIUX
KOHIleHTpanin. Ha BiiMiny Bij yucnnatuny,
NOHOPHUMM aTOMaMM-HOCiAMM B CUHTE30-
BaHMX KOMIUIEKCAX € «M sIKi» aTOMM Cipku
KapboTioaMifHOl rpymu i Ime «M’AKuI» arto-
MM ByIJIeIIo aninbHOro ¢parmenra. Taka
CTPYKTypa 3abe3redye peanizaiiio «edexTy
aHTUCUM6i03y B mparc-BImBi» IlipcoHa Ta
IepeIIKO/KAE 3B’SI3yBaHHIO TaKMX CIOTYK
i3 «M’sIKMMIM» aTOMaMM iHIIMX TiOJBMICHMX
peYOBMH, fAKi NPUCYTHI B LIUTOIUIa3Mi KpOBi
(rmyraTioH, nucTein Ta iH.), O, AK HACTIAOK,
no3Bonuth iM focsartu JHK - ocHoBHOI dap-
MalleBTNYHOI MileHi. 3a pesynbpraTamu 6io-
TeCTiB in vitro Ta in vivo OTpMMaHi aBTOpaMu
KOMIUIEKCY BUABVINCS OibII epeKTMBHUMY,
HDK YUCTITATUH, 5K 32 mokasHukamu IC, ; Tak
i 3a giero Ha xiniTaM Hela (kapuyuomy mmii-
KJI MaTKM), Mikpocdepoiny MOTIOYHOI 3ajo-
3su MCF7, xkapunnomu sereHis JIbioica, neii-
KeMil MUIIeil Ta KIITUHU PaKy JIET€HIB JIiHil
NCI-H69/CPR, 0 AKMX LUCIIATUH Pe3JNC-
TeHTHMIA. Hallkpamyumu nuToCcTaTukKaMm BI-
ABUINCA KOMIUIEKCH, IO MICTATb JJOHOPHMIA
LIEHTp, He 3a/ly4eHNI N0 KOOpAMHALI, AKUI
MOXKe YTBOPIOBATM JORATKOBi BopgHeBi (abo
iHIIi HeKOBaJIeHTHi) 3B’A3KM 3 MOJIEKYTaMu
IHK, 1m0 3ymoBmoe 611y cTabinbHICTD Ta-
Kux crnonyk. Ile Moxxe sMeHIIUTM po3mi3Ha-
BaHHA TaKUX afyKTiB CUCTEMaMM perapalii
IOHK i yHMKHYTM ©IlepeXpecHOi pe3VCTEHT-
HOCTI 3 iCHYHOUYMMM IIpelaparamy IJIaTUHMN.
Taki cnomyky MaloTh 3HaYHMIA TOTEHLia I
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IXHIX moja/bIINX JOCHiIKeHb in vitro Ta in
Vivo, a TaKOXX NEPCHEKTUBY CTaTX OCHOBHUM
KOMIIOHEHTOM Y pO3pO6/IeHH] IPOTUITYX/INH-
HOTO IIpeIapary HOBOTO ITOKO/IiHHA.

JJoKTOp XiMiYHMX HayK, NPOBIJHMIT Hay-
KOBUII CIiBpOOITHUK, KepiBHMK Binminy ximii
kommiekcHux crnonyk ISHX HAH VYkpainn
Bikrop YepHiit - BigoMuit creniamicT y ra-
y3i KOOpAMHALIHOI XiMil MaKpOLMK/TIYHAX
CIIONYK i TIOpMIHMX CTPYKTYpP Ha OCHOBI Ta-
JIOLJiaHIHOBMX KOMIUIEKCIB, CIOpiJHEHUX [0
6ionoriyHo akTMBHUX NMOpGipUHIB Ta TPUBMU-
MIPHUX KapKaCHMX K/IaTPOXEJTaTHUX KOMII-
nexciB. Voro momosigb Ha KOH(QepeHLii Bif
KOJIEKTUBY HOCIIIHUKIB i3 BUIE3a3HAYEHOTO
iHCTUTYTY, a TakoX KuiBCbKOro HallioHasb-
Horo yHiBepcuteTy imeHi Tapaca IlleBuenka
Ta [HCTUTYTy HU3BKUX TeMIlepaTyp i CTPYyK-
TypHUX JocifkeHb IlonbchKkol akaemil Hayk
(Bpounas, ITonbiia) crocyBanmacs came CuHTe-
3y Ta 6ionoriyHoi akTMBHOCTI (pranonianiHo-
BIX KOMIIJIEKCIB MeTasliB, AKi 3HAXOOATh IIM-
POKe 3acTOCYBaHHA y Hallpi3HOMaHITHIlIMX
rajay3sax HayKu Ta TexHiku. [amysi ixuboro sa-
CTOCYBaHH: 3a/IeXKaTh Bijf 6araTbox GpakTopis.
OcHOBHUMN 3 HUX € NpPUPOJAa LIEHTPATbHUX
aTOMiB MeTasliB, HasgBHICTb I€BHUX 3aMic-
HIKiB, aHe/IbOBAaHMX Kijlellb, T€TEPOATOMIB Y
CKIa/li MaKpouMKay Ta iHmux. @ramoniani-
HOBMII MaKpPOLIMKII 1 IOTO LIeHTPalbHUIL aTOM
MeTaJIy € 3PY4YHOI CMHTETMYHOI0 IIaTdop-
MO0 JI/Ii CTBOPEHHSA Jy>Ke IIMPOKOIo KOja
CIIONIYK 13 Hallepefi 3aJJaHMMU BJIACTUBOCTA-
MI. ABTOp 30CE€PEIVB yBary Ha MOXK/IMBOCTI
BUKOPUCTAaHHA XIMIYHUX B/IACTVBOCTEN LIEHT-
pPaIbHUX aTOMIB MeTasiB (TanoliaHiHOBOrO
MaKpOLMK/IY IS iXHBOTO 3aCTOCYBaHHA B 6i0-
JIOTIYHMX JOCTIIPKEHHAX Ta MeguuyHi. ITpope-
MOHCTPOBaHO, 1[0 (rasoliaHiHOBI KOMIUIEK-
CM IMPKOHiI0 Ta radHilo 3 KOOPAVHOBAHUMMA
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Ta/I0BOIO, CY/Ib(OCATILMIIOBOIO Ta XPOMOTPO-
IIOBOIO KMC/IOTaMM IIPOAB/IAIOTH BUCOKY IIPO-
TUITYXIMHHY aKTUBHICTb.

Y cy4acHill KoopAMHaLiiHili XiMii HOBOTO
TUCAYONITTA, SK CBIJYUTH aHaji3 HayKOBOI
niTepaTypu, yBary AOCHiIHUKIB JI€IIO Iiepe-
MIIIEHO BiJ KIaCMYHMX MOHOMEPHMX KOMII-
JIEKCIB JI0 TeTeposi/ilepHUX Ta 6araTomiraH HIX
CIIONYK, IIIO MIOB’13aHO, HacaMIlepey, 3 iHTeH-
CMBHUM IIOIIYKOM HOBMX (PYHKIIIOHAJbHUX
MarepialiB: ONTUYHNUX Ta MAaTHITHUX, Oiono-
riYHO aKTUBHUX PEYOBMH, XiIMiYHUX CEHCOPIB,
KaTaJli3aTOpiB TEXHOJIOTIYHMX Ta Oioximiu-
HUX IpolleciB. Tako)X 3ac/TyroBylOTb Ha yBa-
Iy CMHTE30BaHi 3MilIaHOMIraHAHI KOMIIZIEKCH
Co(II), sKi iHTEHCMBHO BMBYAIOTh B OCTaHHI
HeCATWIITTS AK HOTEeHLiNHI IpOoTUrprOKOBi
Ta aHTKOAKTepiaJbHi 3aCO0U, OCKINIbKYU TeTe-
poJliraHfHi CTPYKTYpU BiJirparoTb BaKIUBY
ponb y 6iomoriyHux mporecax. BUkinkaoTh
inTepec i rerepometaneBi kommiaekcu 3-d i
4-f-metaniB i3 KapOOHOBMMU KUC/IOTaMU Ta
HeTpanbHUMM N-JOHOPHMMM JIiraHAaMMu
AK TPEeKypcopu I OTPUMAaHHA CKIaJHUX
okcyjiiB. CaMe uepes aKTya/IbHICTb LIUX JOCTi-
IDKEHD Yy Te3ax JNOKTOpa XiMiYHMX HayK, 3aBi-
nyBadky Bigginy rerepodasHoro cuHTesy He-
opraHiyHux crnonyk i marepianis ISHX HAH
Ykpainn Onenn TpyHoBoi 3i cniBaBTOpamu
JiJie MOBa TIPO CMHTe3 i BcebiuHe MOCIimKeH-
HA CTPYKTYypM HOBUX MYIBTWIraHZHUX /Te-
tepoMeTaneBux komivrekcis Co(II) ra Nd(III)
3 OypIITMHOBOIO KIC/IOTOK, MipUAVHOM i
denarponinom: [Co(C,H,0,)-2Py]-2H,0 (I);
[Co(Phen),Nd,(NO,),,(H,0),]-H,O (II). Kom-
IJIeKcy OY/I0 CMHTE30BaHO BIIEpIlie METOJOM
caM030ipKM 1 HOBHICTIO OXapaKTepU30BaHO 32
JIOIIOMOTOI0 e7ieMeHTHOro aHanisy, UV-VIS ra
[Y9-criekTpockomii, peHTTeHiBCbKOI KPUCTAIO-
rpadii Ta TepMiYHOrO aHasIi3Yy.
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Ynponosx ocraHHiX pokiB OmekcaHpgpa
KosaukoBa, KaHIuaT XiMiYHMX HayK, CTap-
IlIa HAyKOBa CHiBpOOITHMIIS pa3oM i3 Korera-
mu 3 ISBHX HAH VYkpainu Ta iHIIMX HayKOBUX
3aKJIa/liB IPUAIIAKTh 3HAYHY yBary HgOCIi-
IKeHHAM B3aeMoii komrtekcis ITamamiro(I1),
a came K PdCl,, uuc-Pd(NH,),Cl, Pd(en)Cl,
3 pudocdoHoBMMM Ta amiHO-mMdOCHOHO-
BMMM KMCIOTaMM, BMBYEHHIO IXHBOTO CKJIa-
my, 6ymoBu Ta 6ionoriyHoi akTMBHOCTI. YBa-
Iy 3yMOBJEHO TuM, 1o [lanazgiii € ogHuMm i3
IIePCIEeKTUBHUX METaJliB IJIAaTMHOBOI TPYIN,
CIIOJIyKM AKOTO IOP:AJ, i3 BUCOKOK IPOTU-
IIyX/IMHHOK AKTMBHICTIO IPOABIAITH HIDK-
9y 3a YUCIIaTMH TOKCU4HicTh. CuHTE3 Ta
TOCTiPKEeHHA KOMIUIEKCHUX CIIONTyK MeTaliB
3 aminomnomnidgochonaramu (APPs) Takox Bu-
K/IMKAIOTh iHTepec 3aBAAKM IXHbOMY HIMPO-
KOMY 3aCTOCYBaHHIO B IIPOMUC/IOBOCTI, Ci/lb-
CbKOMY T'OCIIOfJapCTBi Ta MeguuyHi. B poboTi
Onekcangpu KosaukoBoi, mpefcTaB/eHill Ha
KoH(pepeH1ii, MeTrogamn pH-noTenmiomerpii,
enekTpoHHOl Ta SIMP?'P-criexkTpockomii jo-
cmipkeno kommnekcoyTsopenns K PdCl, s
eTVIeHliaMiHTeTpa-(MeTnIeHPOoCcPOHOBOIO)
xucnororw (edtmp, H,L), sixa saBpsaku cropin-
HEHOCTi [0 KiCTKOBOTO MaTPUKCYy IPOSBIIAE
3[JaTHICTb HAKOIIMYYBATHCA B MICIIAX YpaXKeH-
HsI KICTKOBOI TKaHMHM 37I0AKICHOIO ITy X/INHOIO
abo MeTacTazamu. BcTaHOB/IEHO, 1O B CHCTe-
max Pd(II)-edtmp=1:1 yTBOpIOIOTbCA KOMII-
nekcu exsBimonspHoro ckmapy [PdH,LCL]*,
[PdH,LCI]*, [PdH,LCI]*, [PdHLCI]* Ta
[PALCl]”, g sSKuX po3paxoBaHO KOHCTAHTU
YTBOPEHH:A, BM3HAYEHO CK/IaJi BHYTPIIIHbOI
KOOpAVHALITHOI C(bepl/[ Ta HO6YI[OB3HO mmia-
rpaMy pO3IOJINy PiBHOBa)XHUX KOHIIEHTpa-
11111 3anexxHo Bif pH posunny.

BuBuYeHHA CTPYKTypM MiCTKOBOTO KOMII-
nexcy BaHapio (V) i3 N ¢deninanerorigpokca-

ISSN 2708-129X. YKp. XiM. XypH., 2025



J1. b. KoBanb

YXX Ne2 / TOM 91

MOBOIO KMCIOTOI0 — T€MA NOCTIKEHHA TPy
cniBpoOiTHUKIB Bipminy ximil koMIuteKcHux
conyk I3HX HAH Vkpainu Ha 4o 3 KaHp,.
xim. Hayk JIrogmumnoro Kosanb. Banapiit Hane-
>KUTD [0 610/IOrYHO 3HAYMMUX €7IEMEHTIB, 10
3YMOBJIIOE I€PCIEKTUBHICTb 3aCTOCYBaHHA
JIOTO CIIOMYK i1 IIKYBaHHA TaKMX CKIAHUX
3aXBOPIOBaHb, SIK PaK, AiabeT, pi3Hi iHeKiii-
Hi Ta iHBa3iliHi ypaXeHHA. 3a YMCIEHHUMU
€KCIEPVMEHTA/IbHUMM  JAHVUMM  KOMIIJIEKCU
BaHAJI{I0 3 OPraHiYHMMU JIiraHAaMU € OilbIn
eQeKTUBHUMM HOPIBHAHO 3 HEOPTaHIYHMMU
criomyKamu. Y 3B’A3Ky 3 LM CHMHTe3 Ta Jio-
crnimkenHsa MeranoxenariB V(V) i3 rigpokca-
MOBYIMM KJC/IOTAMM, 1[0 IIOTE€HIIITHO MOXYTh
IPOABIATY TillOIMKEMIYHY aKTUBHICTb, €
aKTyaJbHUM 3aBJaHHAM. Y Tesax Jloopmmu-
mu KoBasnb i3 ciBaBTOpaMu ommcaHo OyoBy
HOBOT'O MICTKOBOTO Oisi/jlepHOTO KOMIIIEKCY
okcoBaHapilo i3 N-denimanerorigpokcamo-
BOI0 Kucnorow. 3a ganumu PCA, xoopauna-
Li/THI MOMiegpy aToOMiB MeTany ABIAITh CO-
6010 BUKpVBJIEHI OKTaefpu, sKi yTBOpeHi 3a
PaxyHOK YOTHPbOX aTOMIB KMICHIO Bifl JIBOX
JIeTIPOTOHOBAaHUX (ParMeHTiB Ti[poKcaMOBO]
KJC/IOTH, OFJHOTO aTOMa KVCHIO Bifl OKCOTpyIn
Ta MiCTKOBOTO aToMa KycHio. OcTaHHIl 3B’1-
3ye MK cO00I0 B MOJIEKY/Ti JBa CUMETPUYHI
dparmentn [VO(C,HNO,),]. ¥ xpucrarni mo-
JIEKY/IM yTBOPIOIOTb TPUBUMIPHY CiTKY, B SIKil
cycipHi Monexynu 3’egHano C-H...m B3aemo-
RissMM MK GeHMIbHUMM 3aMiCHUKaMI.

3a HanpAMKoM «Di3uko-Heopzaniuna xi-
Mist, HAHOXIMisl» 3aTIPOLIEHY IJIEHAPHY JIOIIO-
Bifb Buronocus akagemik HAH VYkpainn Ile-
Tpo CrTpuKak, NpeAcTaBIeHO JONOBIfi OK-
TopiB XimiyHux Hayk Karepunu Tepebinenko,
Harasii PycakoBoi, 1onoBizi iHIIMX y4aCHMKIB
(dbopyMy CTOCYBaIUCsA CHHTE3y HOBUX CIIONYK,
HNOTeHIIHMX (QYHKLIOHATBbHNX Martepiasis
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i3 IPOrHO30BAHMMM BJIACTUBOCTAMU, JIFOMi-
HECLIEHTHNX MaTepialiB, JOCIIJKEHHA HAaHO-
AVCIIEPCHNUX OKCUJHMX CIIONYK, HaHOOioTex-
HOJIOTiiT i 6IOKOMITIO3UTHUX cucTeM. Y 36ip-
HUKY MarepiasiB KoH(pepeHIil MpecTaBIeHo
12 Te3 cTeHJOBUX JOIIOBifeN.

CBoiMM IOT/IA/IaMM HA PO/Ib HEOPraHIYHUX
HaHOMaTepialiB 1A BUPILIEHHA BaXKIMBUX
3aBJJaHb TeTEPOreHHOIrO KaTajli3y IOAiMNBCA
3 YYaCHMKaMM i cTyXadaMu KoHQepeHIii aka-
neMmik Ilerpo Crpmxkak - kepiBHUMK Binminy
KaTa/JiTUYHUX CHHTE3iB Ha OCHOBi OJHOBYI-
JeneBUX MOJIeKyn IHcTutyTy dismvnoi Ximil
im. JI. B. Ilucapxescpkoro HAH VYkpainn.
ITerpo Crpmxkak € mobpe BifoMuM BUEHUM
y ranysi disuunoi ximii. Moro naykosi mpaui
CIIPAMOBAHO CaMe Ha PO3BUTOK CY4aCHMX YIB-
JIeHb IpO 3B’A30K MK ¢isuKo-XiMiYHMMHU Ta
PO3MIpHMMM XapaKTE€PUCTUKAMI Pi3HUX Ha-
HOMarepiajiB: HaAaHOIIOPYBAaTUX CUCTEM, BYI-
JTelleBUX HAHOTPYOOK, rpadeny i rpadenormno-
RiOHUX CTPYKTYP, KOMIIO3UTHMX MaTepiaiiB i3
METOI0 CTBOPEHHS HOBUX I'€TE€POre€HHO-KaTa-
JITUYHUX IPOLECiB i KaranisaTopis. Y pomo-
Bi/li IPOIEMOHCTPOBAHO, 110 BUKOPUCTAHHA
Pi3HOMaHITHMX HEOpPraHiYHMX HaHOMarepi-
aliB 1 KOOpAMHALIMHUX CIOAYK Yy KaTamisi
IPU3BOANUTD JIO BUTOTOBJIEHHS BUCOKOe(dek-
TUBHUX KaTaTiTUIHUX CUCTEM, AKi CIIPUAIOThH
BUPILIIEHHIO ITPo0JIeM BeIMKOMAaCIITaOHOI Xi-
Mii, OTPMMaHHIO LIIHHMX OPraHiYHMUX CIIONIYK
i3 6iomacy, CTBOpeHHIO KaTali3aTopiB CIHasIio-
BaHHA BYIJIEBOJHEBOIO Ia/MBa, BUKOPUCTAH-
HIO Ta PO3BUTKY BOJHEBOI EHEPTETHUKI TOLIO.

HonoBigy npodecopky, KOKTOpa XiMiYHMX
Hayk Karepunnm TepeOimeHKo Ta deHa-Ko-
pecrionzienta HAH VYkpainu Mukomn Cno6o-
maanka (KniBcpkuil HarlioHanbHUI YHiIBEpCH-
teT imeHi Tapaca IlleBuenka) «JlocsArHeHHs Ta
NEepCIIeKTVBY BUKOPUCTAHHA B PO3poO/IeHH]
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moMiHO(dOPiB Ha OCHOBI ImapyBarux docda-
To-MOMibaariB Ta ¢ocdarTo-BombppaMaTie»
IPUCBAYEHO OTPMMAHHIO MIKpPO- Ta MOHO-
KPUCTATiYHUX HOPOLIKiB ToMiHOQOpiB Ha
ocHOBI ocdaro-monibaTiB pigKicHO3eMeb-
HUX Ta JTY>KHUX €/IeMEHTiB, CTEKO/I Ta KOM-
IIO3UTIB Ha IXHIil OCHOBI fAK IEPCIIEKTUBHUX
JIOMIHECIIEHTHUX TNOKPUTTIB JJIA CBIiT/IOAIO-
niB. 3a pomnomoroi [Y- ta KP-cnekrpocko-
il BCTAHOBJIEHO KOOpAMHALli/iHE OTOYEHHA
CKJIOyTBOPIOIOYOTO areHTa Ta Mopudikaro-
piB. [N pO3INIAHYTUX CTEKOJI BCTAaHOBJIEHO
OIITMMaIbHY KOHLeHTpauilo eBponiro(IIl) sk
aKTMBATOpa Ta BUBYEHO BIIIMB BMICTY €BpPO-
niit(III)-okcupy Ha cTabimbHICTD yTBOpEHUX
crekon. Ilig vac pgomoBifi IMOKa3aHO BIIIVB
CIIiBBigHOIIEHHs BUXIJHMX KOMIIOHEHTIB Ha
dbopMyBaHHA KpUCTaNTiYHMX abO pEeHTreHO-
aMopdHMX MaTepianiB Ha JIIOMiHECIIEHTHi
BJIaCTMBOCTI. Briepiie nmokasano siKicHy Kope-
JIALiI0 MK a0COMIOTHIM KBaHTOBVIM BYIXOZIOM
JIOMIHECUEHIIII Ta CTyIleHeM nedopmariii Ko-
opauHaniitHoro otodeHHs espomito(I1l) mis
TBEp/UX PO34YMHIB Ha OCHOBI pocdar-Momnib-
JaTy €BPOIIII0 Ta IIOKA3aHO HalBUIIE 3HAYEH-
H: aOCOMIOTHOTO KBAHTOBOTO BMUXOAY 99 %.

Y Tesax pmomoBifi IpOBIZHOI HayKOBOI
crniBpobitTHuni Bigginy ximii manTaninis ®i-
3UKO-XiMiuHOro incturyty im. O. B. Borar-
cokoro HAH VYkpainu Haranii PycakoBoi 3i
cniBaBTOpaMIM MOBa Jifie IIPO HOBi JIIOMiHeC-
IleHTHi MaTepianyu OMKHBOrO iH(ppadepBo-
HOTO [lialla30Hy Ha OCHOBI KOMIUIEKCIB JIaH-
tanigy (III). Cy4acHni TexHomOrii IMPOKO BMU-
KOPMCTOBYIOTb MAarHiTHI Ta CIIEKTPOCKOIIIYHi
BJIACTYBOCTI iOHIB JIaHTAHOIJiB, 30KpeMa,
IXHIO 3[IaTHICTb IeHepyBaTU IHTEHCUBHY JIIO-
MiHeCILIeHIIi0 B O/IVKHBOMY iHppauepBOHOMY
pianmasoni (NIR), mo akTHBHO BUKOPUCTOBY-
I0Tb Y OyAb-AKill CydacHiil Tamysi BOOKOH-
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HO-ONTUYHUX Te/IeKOMYHiKaliil. MeTow no-
crimxeHHA OyB CMHTe3 TiOpuHUX MarepiasiB
Ha OCHOBIi OpraHiuHux monimepis (momiMeTn-
JIMeTaKpuiaar) abo HeopraHiYHUX MOTiMepiB
(Si0,) y moepHaHHi 3 pisHMMYN TMIAMM IXHiX

2
3B A3KiB, /IETOBAHMX KOMIUIEKCAMU JIAHTaHO-
igiB, Ta BCTAaHOBJIEHHS 3B’ﬂ31<y MDK IXHBOIO
CTPYKTYpOIO, eMiCiltHuMM Ta 6ioorivHMMM
XapaKTepucTUKaMu. SIK pesynbrar — po3po6-
JIEHO METORM OTPMMaHHsA HOBUX (orocra-
OiTPHUX JTIOMiHECIIEHTHUX MarepiajiB Ha
OCHOBI TeTpamnipo/NbHUX i JIAHTaHIiJ-TeTpalli-
POIBbHUX CIIONYK, a TAKOXXK MaTepiais, 1110 Mic-
TATb aMiHONOMIKApOOKCU/IATH JIAHTAHOINIB i3
BJICOKOIO iHTeHCUBHIicTIO 4f-nmroMiHecneHIil.
Y matepianax, mo mictate Nd(III) ra Yb(III),
moMiHecneHnioo 4f 6ymo Bussneno B I49-06-
nacti. JocnimpkyBaHi 3pasky ribpugHoro ma-
Tepialy XapaKTepU3YITb JOCUTb BJMCOKUM
piBHeM aHTMOaKTepia/bHOI aKTUBHOCTI LIIOf{0
npuUrHideHHs pocty Staphylococcus aureus ma
Escherichia coli.

JlonoBifpb IpencTaBHULI HAYKOBOI IIKO-
m Anatonis binoyca «Ximisa TBeporo Tima»,
KaHgupara ximivemx Hayk IOmii Ilmanm
(IBHX HAH VYkpaiunm), xomer 3 IncturyTty
eKCIepyMeHTanbHOI ¢isuky Akamemii Hayk
CrnoBay4yyHu Ta IHCTUTYTY eKcliepyMeHTalb-
HOI IaTOJIOTiI, OHKOJIOTII Ta panio6ion0ri’1’ ime-
Hi P. €. KaBeupkoro HAH VYkpainn «biocy-
micHi komnosutu C@CeO,: cuHTe3, XapaKTe-
PUCTUKA, OIliHKa 6i0aKTMBHOCTI» OXOIITIIOBA/IA
pe3y/nbTaTy KOMIIJIEKCHUX JIOCTi/I)KeHb HaHO-
xom1osutiB C@CeO,, AKi NPOABNAIOTH BOJHO-
Jyac copOitHMUI OoTeHIian Ta 6i10aKTUBHICTD
Ha IpUK/Iafi aHTMOKCUJAHTHOL Ta pajionpo-
TEeKTOPHOI Jii. B onoBizii mpofeMOHCTpOBaHO
pesynbTaty fmeTanbHOl ¢ismko-xiMiyHOI Xa-
paKTepusanii KOMIIO3UTIB, IIOKa3aHO 3aJ/IeX-
HOCTi MK isuKo-XiMiYHMMU TapaMeTpammu
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Ta 0i0AKTMBHICTIO TaKuX KOMIIO3UTiB. Bymo
3a3HA4Y€HO, 1110 ITIOE€JHAHHA [BOX KOMIIOHEHTIB
y KOMHNO3NTi 3abe3ledye IiIBUIIEHY aHTU-
OKCUJAHTHY Ta PafioNpOTEKTOPHY Ail0 3a11po-
IIOHOBAHMX KOMIIO3UTIB IIOPiBHAHO 3 IHAMBI-
AyaJlIbHMMM YaCTMHKAMM 32 PaXYHOK CUHEpril
BJIACTMBOCTEN BYITIELI0 Ta LEepii-BiOKCURy y
KOMIIO3UTI.

Buctyn wmonopmoro pocmifHuka Aprema
Babenka mpencraBieHo Bif Ipyny HayKOBILIiB
Bigginy ximii pyHKI[iOHaTBHUX HEOPraHIYHMX
cnonyk ®PisyKo-XiMi4HOrO iHCTUTYTY iMeHi
O. B. borarcbkoro HAH VYkpainu. 3aBigyBay
i cniBaBTOp nomoBifi - Bikrop 3iHYeHKO,
JIOKTOp XiMiYHMX HayK, Bigommii ¢axiBeup
[OCTi/KeHb y Trajysi HeopraHiyHoi i ¢ismy-
HOI XiMil XaJ/IbKOTeHiiB MeTasiB, OKCUJIB Ta
IHIIMX CIIONYK PifKiCHO3eMEeIbHUX MeTaliB,
ONITUYHUX MaTepialiB, CTBOPEHHsA Ta BIIPO-
Ba/PKEHHA IUIIBKOYTBOPIOIOYMX MaTepiaiB
ns ingpadepBoHoOl onTuky. B gomosini pos-
[JIAHYTO TIPOBEJEHI aBTOpAMM HOCHi/KEH-
HsA HAaHOCTPYKTYpyBaHHA B cucremax SiO -
GeO,-B,0, ta SiO-ZnO Ta xapakrep BIIUBY
no6asku B O, Ha mporecy, mo Biff0yBarThCs
IIpM B3a€MOAil B LUMX cucTeMaX. MOHOKcup
kpemHio SiO € mikaBuM 06’€KTOM i BiH Mae
IpaKTU4He 3acToCcyBaHHA. Ina imeHTudika-
il IPOAYKTIB B3a€MOMil BUKOPUCTOBYBAJIN
METOJY PeHTTeHiBChKOI udpaxiiii, enekTpo-
HHOI crekTpockomii ayudysHoro BigOUTTA B
piamasoHi 400-2500 M Ta IY-cnexTpockomii
(4000-200 cm-1). Cucremy SiO-GeO, posrnsa-
HYTO fIK IIEPCIIEKTUBHMII MaTepias I ONTH-
k1 IY9-pmianmasony crekrpa.

3a HampsaAMKoM «Mamepianu noositino-
20 NpusHaveHHs, anvmepHAMUGHi Oxcepena
eHepezii, 3emena ximisg» 3aNpOILLIEHi IJIeHapHi
ponosifi Buronocumn akagemik HAH Ykpai-
Hu AHaroniit binoyc (mpo Hei rntocs Buie),

https://ucj.org.ua

npodecop Pycman Mapiituyk. Kpim 1poro,
0yJ10 TIpeACTaB/IeHO YCHI Ta CTEH[OBI JOIIOBI-
Ii, B AKX MILIIOCA PO CUHTE3 PEYOBUH /1A
Cy4aCHUX €HEpProeKOJOTiYHMX TEXHOJIOriN,
METOMIB ab0 JOCIiIKEeHb CTOCOBHO 3aXMUCTY
TOBKI/IIA, IPYHTOBMX BOJ, Towlo. Ha choropni
PO3SBUTOK BiJJHOB/IIOBA/IbHUX JIXKEpeNl eHep-
rii Habupae 00epTiB, y 3B’A3Ky 3 UMM IOIIYK
eKOHOMIYHO eeKTMBHUX 1 eKONoriyHo 6es-
IIeYHMX BiTHOB/IIOBAJIbHIUX J)KEepeJl eHepril 3a-
JIMIIAETHCA HAL3BUYATHO BaXK/IMBUM 3aBJIaH-
HAM.

ITpodecop Pycnan Mapiitayk, 3aBifyBad
kagengpy exosorii [IpamiBcpkoro yHiBepcm-
teTy (CrmoBayumHa), y BUTOJIOIIEHIIT JOMOBizi
IIpEICTAaBUB JIiTEPaTypHi Ta BJIaCHI OCTaHHI
DOCTIDKEHHs B 3€7IEHOMY CHHTe31 IIJIa3MOH-
Hux Ha"odacTmHOK (HY), saxi mpusepnynmm
yBary HayKoBOTO CIIiBTOBapMCTBA CBOIMM yHi-
Ka/TbHMMM Gi3MYHMMM Ta XiMIYHMMM BIaCTH-
BOCTAMM 4epe3 HAaHOPO3MipH, BEIUKY IIJIOLLY
IIOBEPXHi, MOX/IMBOCTAMM Pi3HOMAHITHUX
3aCTOCYBaHb, y TOMY 4MC/Ii Y HAHOMEIMUIMHI
SIK areHTM JJOCTABKM JIiKiB 200 aKTUBHI Tepa-
MEBTUYHI CUCTEMU I Pi3HUX 3aXBOPIOBaHb.
CunretnuHa ximia HY pyxaerbca B HanpsAM-
Ky PpO3pOOIeHHA eKOJOTiYHMX IpOLeRyp 3
METOI0 3MEHIIEHHA YTBOPEHHA BiIXO/IB i Iifi-
BUILEHHA iXHbOI Oesleky Ta 6iocymicHOCTI.
«3eneHi» MapHIPyTH € Oi/IbII €KOHOMIYHUM,
€KOJIOTIYHO YMCTUMMM, He BUMAramTb JOPO-
roro o0O/IafHAHHA, OCKUIBKM BiTHOBHMKM Ta
O/I0KYI0Yi areHTV OTPUMYIOTb i3 6io/moriyHmx
I>Kepesl, HapUKIIaf, POCINH, TpubiB Ta Mi-
KpoopraHismiB. OCHOBHI HaHOYaCTVHKM, L0
YTBOPIOIOTHCA 3a JOIIOMOIOI0 3€7IEHOTO ITiIX0-
Iy, — Ile HAHOYAaCTVHKI MeTaJIiB, 30KpeMa 671a-
TOPOJHIUX METaliB, TaKMX AK Au, Pt Ta Ag, oT-
PUMYIOTbCA IIJIAXOM BiJJHOBJIEHHSA COJIEN Me-
TajliB 3 IMO3UTUBHOTO CTYIIEHA OKMCHEHHA [0
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HY/I y BOGHUX PO34YMHAX i3 BUKOPUCTAHHAM
¢itocrionyk (pocIMHHMX eKCTpakTiB). Mop-
¢ororito HY Au ta Ag, OTpUMaHNX TaKUM 4M-
HOM, a TaKOXX BUJIi/IeHi 3 poc/nH nomidenomnm,
obrosopeHo B pamkax cunresy HY i3 Bigryka-
MU B iHppauepBOHOMY piamasoHi. PesynbraTu
IXHIX XapaKTepUCTUK, BUKOHAHI 3a JOIIOMOI OO
TPaHCMICI/THOI e/IEKTPOHHOI MiKPOCKOILil, eHep-
rO-IUCIIEPCIIHOI PEHTTEHIBChKOI CIIEKTPOCKO-
nii Ta GOTOTepMiUYHNX €KCIIEPUMEHTIB, aBTOP
IIPENCTAaBMB K OCHOBY /i1 BUKopucTanHa HY
y HaHOMEeUIVHI AK (POTOTePMIUYHNUX areHTiB i
CHICTeM JIOCTaBKU JIiKiB.

Honosinp Ipuropia [ImurpiBa Bif imeni
Koter 3i J/IbBiBCbKOro HaljiOHaJIbHOTO yHiBep-
curery im. IBana ®panka, TexHomoriyHoro
incturyry Kapncpye, Incturyry npuknap-
Hux marepianiB (Himeuunna) Ta YHiBepcure-
Ty Anpbepra (Kanaga) mpucssiueHo aHasmisy
ONTUYHUX BJIIACTUBOCTEN IHTEpPMETANILIB Yy
cucremax Li-{Cu, Ag, Zn}-{Al, Ga, In} i3 me-
TOIO IIOIIYKY HOBMX CIIO/NYK, AKi MalOTh IjiHHi
B/IaCTUBOCTI, 30KpeMa, KOTTbOPOBi 3a6apBieH-
HA, ajle OTPMMAaHi 3 BUKOPMCTaHHAM MEHUI
NOpPOTMX KOMIIOHEHTIB. ABTOpPM HOCTifMIN
B33a€EMO3B’A30K MDXK KOJIBOPOBMM 3abapB-
JIEHHAM CIUIaBiB iHTepMeTaslifliB Ta IXHIM Xi-
MIYHMM CKJIaJJOM i CTPYKTYPHUMM OCOO/IN-
BOCTAMM. BcTaHOB/IEHO 3aranbHy TEHJEHIIIIO
3MiHM KOJIbOPY CIIIaBiB Ha NPUK/Iafi TBEPAUX
po3uMHiB Lix(Ago.5Ino.5)1-x’ Lix(Ag0.251n0.75)1-x’
LiIn ra Li(Ag In) . Bin >xoBTOro 4epes
yepBOHUIL, (ioneTosi i cuHi ToHM O ciporo 3i
3POCTAaHHAM 3HAYEHHA KOHLEHTpPALlil BaJIeHT-
Hux enekTpoHis (VEC). Takoxx 3miHa Konbopy
CIUIaBiB BinOyBa€eThcs B 00/1ACTAX TOMOTEHHO-
CTi CYIIIZIPHUX TBEPAMUX PO3UYMHIB y CUCTEMAX
Li-Zn-(Al,Ga). B pesynbrari 3anpomnoHoBaHO
KOJIbOPOBi IHTEpMeETaliN, AKI MOXHA OTPU-
Maty 6e3 JOpOTOLiHHNX MeTasliB i AKi Oy 6
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npuBabmueumMu s Bukopucranus: LiCu Al
(uepBonmit), LiCu,Ga (>xoBTnit), Li,ZnGa (i-
onerosuit) Ta Li,Znln (cBiTmo-6makuTHmit).
Konextus pocnifpHukis y ckmani Jmurpa
CodponoBa 3 IHCTUTYTYy MOHOKPUCTATIB
HAH VYkpainu Ta 7i0ro Kojer 3 iHIIuX HayKo-
Bux 3akmaniB HAH VYkpainm ta Himequnnn
IpefCTaBIIN Y BUIVIAAL Te3 Ha 0OrOBOpeHH:
JIOTIOBi/Ib Ha Iy>Ke aKTYa/IbHY TeMy — po3po6-
JIEHHA HETPAANLIHUAX IPKepel eIeKTPOeHep-
rii, a caMe CHHTe3y CHONMYK /I COHAYHUX
Oarapeit. IlpsiMe mepeTBOpeHHS COHSIYHOI
eHepril B eIeKTPUKY € OJHIEI0 3 HalBaXK/Iu-
BilIMX 1 HAMIIEPCIEKTUBHININX a/JbTepHATUB
HeBiTHOB/TIOBAaHMM BUJIaM Ia/nBa (ra3y Ta BYy-
Ti/lmo) i, Ha [yMKy 6araTbox eKCIepTiB, cTaHe
OJHMM i3 HalOi/IbIINX ITOCTaYa/IbHUKIB €/IeK-
TpOeHeprii Ko KiHnA cToniTTa. Halikpamymn
NpUK/IaZaMy, BilOMUMH 3 JTiTEpaTypH, € TOH-
KOIUTIBKOBi cOHs4Hi 6arapei Ha ocHoBi CdTe i
Culn(Ga)Se,. lInineni ckmagy AB X, (A - Mg,
Ca, Zn, Cd, Pb, Hg; B - Sc, Y, Ga, In; X - §,
Se, Te) TakoX pO3ITIANAIOTH SK MEPCHEKTHUBHI
MarTepianm Ay BUTOTOBIEeHHA (POTOeNIeKTPUY-
HIX HepeTBOproBadiB. OCHOBHMM OOMeXYy-
BalIbHUM (aKTOPOM y iIXHbOMY HOCTiIPKeHHi
Ta 3aCTOCYBaHHI € 6e3IocepenHs MiAr0TOBKA
MarepianiB. HuHI OCHOBHUM METOLOM CUHTE-
3y € B3a€EMOJisA €/IeMEHTIB y 3allagHMX IIiJ] Ba-
KYyMOM KBapLoBux ammynax 3a 800-1100°C.
ABTOPM JIOTIOBifIi YCIIIIIHO CMHTE3yBa/IN Xab-
KoreHifni mmineni 3 dopmynoro ZnB X, (e
B - Gaab6oIn,aX - Sa6o Se). IIpouec cunresy
IPOBOJV/IM B 3allasHMX KBapLOBMX aMITy/ax
3a temrneparypu 800-950°C y Bakyymi mpo-
TATOM YOTMPBOX Ai6. TakyM 4MHOM CUHTe3y-
Ba/lM TeMHO-4epBOHMII Znln Se,, oparxeBuii
ZnGaZSe » JKOBTHUI1 ZnIn28 R 6immit ZnGaZS , Ta
JOCTiAMIN iXHi ONTUYHI BIACTUBOCTI, AKi ITif-
TBEPKYIOTb IXHIO IEPCIEKTUBHICTD.
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BaxxnuBuMm 3aBgaHHAM Cy4acHOI XiMil i Xi-
MIYHOTO MaTepia/slo3HaBCTBA € PO3POOIEHHS
HOBUX DPEYOBMH JI/I1 CTBOPDEHHS €/IEMEHTIB
I TIEPETBOPEHHA COHAYHOI eHepril B eJleK-
TpU4Hy. B 1IbOMy acmexTi nmepcrneKTMBHUMU
€ Opra”o-HeopraHiyHi mepoBcbKiTu. Hayko-
Buil croiBpobiTHMK Bimminy ximil TBepmoro
tima I3HX HAH VYkpainn, goxtop ¢inocodii
ITaBno TopumHIOK Bif iMeHi cBOro Ta Ko-
JIET 1O «L|eXy» 3pOoOMB yCHe IOBifIOM/ICHHS,
IIPUCBAYEHE CaMe CUHTE3y Ta JOCTiPKeHHAM
BJIACTMBOCTEN OPTraHO-HEOPIraHiYHUX IIEpOB-
CBKITIB 3 axipaJIbHUMM Ta Xipa/JIbHUMM KaTio-
HaMU pi3HOI IpocTOpoBOi 6yHoBU. ABTOpaMu
JIIOBeJleHO, 110 He3aJIe)KHO BiJl CIiBBiTHOILIEH-
HA BUXIIHUX peareHTiB PbI2 Ta CH3NH3L y
posunHHuKy DMSO yTBOpeHHSA NEepOBCHKi-
1y CH,NH,PbI, si cTpykrypoio 3D Binbysa-
€TbCs Yepe3 YTBOPEHHA Ta PO3KIafaHHA 4-X
HIPOMDKHMX CHONYK 32 HOJIOHMMM CXeMaMI.
3i 30i/1bllleHHAM CIiBBIHOILIEHHS BUXiTHUX
peareHTiB 3pOCTa€ TeMIepaTrypa YTBOPEHH:A
ofHO(}a3HOTO MEepOBChKiTY. BcTaHOBIEHO, 1110
YMOBIU CHHTE€3y CYTTEBO BIUIMBAIOTh Ha Mi-
KPOCTPYKTYPY, CTPYKTYPHI Ta efeKTpodisny-
Hi XapakTtepucTtuku. ITokasaHo MOXXIMBICTDH
MiIBUIIEHHA CTiIKOCTi OpraHO-HeOpraHiyHoO-
IO IEPOBCHKITY /10 il 30BHIIIHUX YMHHMUKIB
(Bomnory, kucHi0). Ha ocHoBI ¢pisnunmx xapak-
TEPUCTUK XipaJbHUX MOJIEKYI PO3pOOIeHO
METOAMKY Iepenb6adeHHs MOXKIMBOCTI yTBO-
PEHHA Xipa/IbHNUX NEPOBCHKITIB pi3HOI CTPYK-
Typu. OTpuMaHO XipaJbHUII TI€POBCHKIT
DABCO-PbI, 3 1D-cTpyKTypolo Ta BUSHa4€HO
JIOr0 CTPYKTYPHI XapaKTePUCTUKMN.

JlonoBizb MOJIOAOrO CIeLiasIicTa, JOKTOpa
dinocodii, HaykoBoro cniBpobiTHuka IBaHa
JIicoBCBKOTrO Ta J10ro KojIer Takoyk i3 Bimmi-
ny ximii TBepgoro tina I3HX HAH VYkpainn
Mazna Has3By «Po3po6neHHSA KOMITO3MTHOTO

https://ucj.org.ua

TBEPJIOrO €JIEKTPOJITY Ha OCHOBI IIOJIBIHI-
nigeHpTopuny Ta HaHo4acTMHOK NASICON
I JTiEBUX aKyMYNATOPiB». JOCHiIKEeHHA
IPUCBAYEHO PO3POO/IEHHIO TeXHOJOTi BUTO-
TOBJIEHHS JITIN-NIPOBIIHUX ITIBOK Ha OCHOBI
nonisinininendropuny (PVDF), HanoBHeHMX
LiClO, i nanovactuukamn Li (Al ,Ti (PO,),
3i crpykryporo NASICON Ta mocnigkeHHIO
IXHIX eJIeKTpOXiMiYHMX XapaKTepucTuk. I1po-
IeMOHCTPOBAHO, IO MeMOpaHU Ha OCHOBI
PVDF maroTh HM3KY IiepeBar, IOPiBHAHO 3
koMepiiiiHumy Mem6panamu Celgard 2400 i
€ TepCIeKTUBHUMY i po3pobnenns JIIA 3
BJMICOKOIO LIiJIbHICTIO €Hepril, a OTpMUMaHi pe-
3y/IbTaTU JAIOTh IJCTaBM /A TOJAIbIINX
TOOCIIIJPKEHD, CIIPSAMOBAHMX Ha OINTMMI3allilo
CK/IaZly Ta TEXHOJOIil BUTOTOBJIEHHS KOM-
IIO3UTHOTO TBEPAOIO €/IEKTPOJIITY Ha OCHOBI
PVDF Ta LATP.

OkpeMo MOXXHa BMJIIUTYU [IBi [OIOBifi,
IpeficTaB/IeHi Ha KOHQepeHil K Marepiann
IiITOTOBJIEHNUX JIO 3aXMCTY JOKTOPCHKUX JIN-
cepTarii.

Temoro momoBifi morenta kadenpu Heop-
raniuHoi ximii Y)xHY Map’ana CaboBa 6yo
mocmimpkeHHA (a30BMX PiBHOBAr Ta BIACTU-
BOCTEl1 CIIONYK Yy Xa/JbKOIeHIHUX CUCTeMax
T1, Sn i Pb. Binapsi xanpkorenigu NI (I), Sn (IT)
i PB (II) BMK/IMKaIOTh 3HAUHMIT iHTEpeC 3aBM-
K/ CBOIM YHiKa/JIbHUM XiMiuHUM i isudHuM
BJIACTUBOCTAM, Y TOMY YMC/Ii HAalliBIPOBiIHM-
KOBJM i ONITMYHUM, @ TAKOX AK 6a30Bi 00 €K-
™ (yHIAMEHTaIbHUX JOCIiIKeHb. biHapHi
xanpkoreHigu Cranymy (II) i ITmom6ymy (IT)
i TBepAi po34MHM HA IXHIl OCHOBI € OHUMMU 3
OCHOBHUX MaTepiasiB cy4acHoi [Y-onroenex-
TPOHIKM, AKI BUKOPUCTOBYIOTb IJI1 CTBOPEH-
HA IHXXEKLIHNX reTeposasepiB, CBITIONI0fIB
i boTomeTEKTOPIB, 1110 IPAIIOIOTh B CEPEIHBO-
My i manekomy iHppadepBOHOMY [iamas3oHi.
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BinapHi ceneningu i Tenypupm T1, Sn i Pb i mo-
Tpiitni xanpkorenigu Tl MeX, (Me - Sn, Pb;
X - S, Se, Te) BUABIAIOTb TepPMOENEKTPUYHI
BIAaCTUBOCTI. 30Kpema, Temypuau Sn i Pb e
K/IAaCMYHVMM TEPMOEIEKTPUYHVMM MaTepia-
namu, Tofi AK motpifini remypuan Tl Sn(Pb)
Se,(Te,) maroThb myxe HU3bKY (DOHOHHY Te-
1onpoBifHicTb. KpiM 1pOro, yacTo Haiikpa-
mi ¢isuyHi mapamMeTpu CHOCTepiraloTb He B
OKpPEMUX CIIONyKaX, a Y TBEPAMUX PO3YMHAX.
Mertoto focmimkeHHs 0y/10 BUBYEHHS 3aKOHO-
MipHOCTEN B3a€EMOJii B Xa/JIbKOT€HIJHUX CU-
CTeMax TaJlilo, 0/I0Ba, CBMHIIIO Ta BCTAHOBJIEH-
HA NEPCIEKTUBHMUX 3a CBOIMMU IIapaMeTpaMMu
¢as3, 1110 B HUX peani3yrThCs.

Y pomnosifi KaHaupara XiMIiYHMX HayK
ISBHX HAH VYkpaimn Onekcanppu bepex-
HUIBKOI «bynoBa Ta BracTMBOCTI MOHOMEp-
HUX Ta TOJAIMEPHUX KOOPAMHALIHUX CIIO-
YK JIaHTAHiiB» PO3INIAHYTO HOBI IiAXOAM
IO CHHTE3y CIIONYK i3 KOMIIJIEKCOM 3a/laHMX
B/IACTUBOCTEII, IO € aKTYaJbHOK Ipobe-
MOIO CMHTETUYHOI XiMii CbOTOJieHHA 3aBIAKU
HIMPOKOMY BUKOPMCTAHHIO KOOPAMHALITHUX
CIIO/IYK JIAHTAHOIJIB AK IONEPEJHNKIB TIOMi-
HEeCLIeHTHUX MarepiamiB (IIOMiHeCIeHTHUX
CEHCOPIB, eMICITHUX 30H/IB B ONITUYHII CIIEK-
TPOCKOIIII Ta MiKpOCKOIIil, KOHTPaCTHUX pe-
YOBMH y MAarHiTHO-pe30HaHCHiil ToMorpadii
(MPT), cuMHTWIALITHUX MaTepialiB TOILIO).
ABTOpKa CMHTe3yBaJla HU3KY HOBUX JIiraHZiB
Ha OCHOBI [-/IMKeTOHIB, BUOIp SIKUX 3yMOBJIe-
HO BJCOKOIO CTabiMbHICTIO P-AMKETOHATHUX
KOMIIJIEKCiB, HU3bKOIO JIEHTATHICTIO JIiTaHTIiB,
a TAaKOXX BUCOKMMM €MiCi/IHMMM B/IACTUBOCT-
MI, Ta HU3KY IOJIIMEPHUX CIONTYK Ha OCHOBI
METa/IOKOMIUIEKCIB JIaHTAHIAIB — TreTepoti-
TaHHMX KooppauHaniiHmx cnomyk Pr(III),
Nd(III), Sm(III), Gd(III), Eu(III), Tb(III),
Dy(III), Ho(III), Er(III), Tm(III) Ta meTasmo-
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IIo/1iMepiB Ha IXHill OCHOBI. JIOC/Ti/I>)KeHO IXHIO
OymoBYy i /MOMiHeCI[eHTHI BIaCTUBOCTI, 3HAI-
[EHO IMapaMeTpy, BapilolUM AKI MOXKHA 3Mi-
HIOBaTY (Pi3MKO-XiMi4HI XapaKTepPUCTUKY JIIO-
MiHecLleHTHUX Marepianis. [lokasano, mo ana
CHMHTE30BaHMX KOMIUIEKCIB i MeTaJIONOIiMepiB
Jac JKUTTA 30Y[PKEHOro CTaHy B 2-2,5 pasu
OiNMbLINIT TOPIBHAHO 3 HaCMYEHUMM [-IUKe-
TOHAMI.

Ha 3aBepiienHsa KoHQepeHLii y 3araibHiit
mucKycil Buctynuam Poman ImapuineBcbkuii,
Amnaroniit  binoyc, Onexcanpp Tony6, Irop
bapuiit. Bueni KoHcTaTyBany BUCOKNI PiBEHb
BUTOJIOLIEHOTO i IIPEICTAB/IEHOrO Y IOCTEPAX
HayKOBOI'O MaTepialy, HOBU3HY 1 pisHOIIa-
HOBICTb JIOIIOBifIENl — CYTO HEOPraHiuHi TBep-
OOTIZIbHI 00 €KTM, METa/IOKOMIUIEKCY, HAaHO-
Ximis, q)yHnaMeHTaanI/HZ, TEeXHOJIOTIYHNIA,
MaTepiasosHaBumMii i MeguuHmit (papmaiies-
TUYHUI) HampsiM ROCTIJKEHb KOOpAMHAILi-
itHol XiMii. Y moBHOMY 06cs3i Bif 3asBIeHOI
IIPENCTABIEHO CTEHJOBY YacCTUHY JOIOBifei
(mmoctepn), y TOMY YUCII 3 JOCUTH AaKTUBHOIO
Y4aCTIO MOJIOAMX JJOC/TIJHUKIB.

OprkomiTtet nifrorysas ceprudikaru Bcim
3apeECTPOBAHMM Y4YacCHMKaM KoH(epeHii,
a TAaKOXX HAaropojuB JUIIJIOMAMM 33 BUCOKMIA
piBeHb HAayYKOBMX JJOCATHEHb 5 MOJIO[IMX Bue-
HMX — aBTOPIB KpAIMX YCHUX i CTEH/IOBKX JO-
nosigeit — l0niro llnany (I3HX HAHY), Ap-
tema [Toropina (YxHY), Augpiany [Banymixo,
bormana Koporommna ta Hasapa Caigosa
(JIHY).

Ha xondepen1ii 6y/10 NpuitHATO 32 OCHOBY
IIOCTaHOBY, B AKill Mi[CYMOBAHO, 110 HAYKO-
Bi JOCTIZKEHHA B rajy3i HEOpra"iyHol Ximii,
KOOPpAVHALIHOI XiMii, KpUCTanoXiMil, XiMmil
TBEpHOTo Tima, ¢isnko-HeopraHiyHoi Ximii,
HaHOXIMil € aKTya/JIbHUMM 1 3a MOXXIMBOCTI
CIIpSIMOBAaHVMMM Ha MHifiBUIIEHHSA OOOPOHO-
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3[JaTHOCTI YKpaiHM, 30KpeMa dYepe3 CHUHTE3
BiIIOBIIHMX CIIOYK i po3po06/ieHHs Marepia-
JIiB Ha IXHIiJ OCHOBI, CTBOPEHH: €KOJIOTIYHUX
Ta eHepros0epirarynx TeXHOJIOTIN JI/Is 3aXU-
CTY JOBKI/IA Bif 3a6py;£1HeHH;1, Collia/IbHO-e€-
KOHOMIYHMII pO3BUTOK KpalHM, BIIPOBAJKEH-
Hs iHHOBAIIiMTHMX IiIXOMiB. A TaKOXX BII3HAUe-
HO HaCTYIIHI peKOMeH/allil Ha MaitOy THE:

HaMaraTucs, 3a MOXX/IMBOCTI, 3aay4aTu
OinplIy KiNbKiCTh HAyKOBILiB JO y4acTi B
pisHUX popymax B ouHiit Ppopmi;
IIPOIOBXXUTY TPAKTUKY 3aCTyXOBYBaHHA
HAayKOBUX JIOIIOBiflell 3a TEMAaTUKOK JIOK-
TOPCBKUX AMCEPTALIHNX JOC/iKEHb;
BMKOPVICTOBYBATU IIpY NPE/ICTABJIEHH] Hay-
KOBIUX Pe3y/IbTaTiB y MyO/IiKaliax Ta JoIo-
BiJIAX YKPaIHCbKY Ta MDKHApOJHY XiMIi4HY
TEPMIHOJIOTiI0, 3aII0YaTKYBaTU CTBOPEHHA
BiITOBiTHOTO HaBYa/IbHO-METOAUYHOIO iH-

TepHET-PeCypcy;
3aIPOBAINTU IIPAKTUKY CTBOPEHHA Ta pea-
ni3anii CIiIbHUX OCBITHbO-HAYKOBMX IIPO-

rpaM aKaJeMiYHUX IHCTUTYTIB Ta 3aK/Ia/liB
BUIILIOI OCBIiTH;

IIOCMJINTY CIIBIIPALI0 aKaIeMi4HIX, OCBIT-
HIX YCTaHOB YKpalHM Ta 3aKOpPJOHHUX
HapTHEPIB 11 e()eKTUBHOIO BUKOPVICTAH-
HsI MaTepiaIbHO-TeXHIYHOI 6a3m;
sarBepauTu 3BiT Haykosoi pagun HAH Vk-
paiu 3 mpobnemn «Heopraniyna Ximisi»,
po6OTy BUSHATY 33 0BI/IBHOIO.

HactynHy XXII MixHapopgHy KoH(epeH-
11110 3 HEOPTaHivHOI XiMii mpoBecTn y JIynp-
Ky a0o IBaHO-PpaHKIBCbKY OPiEHTOBHO y
2027 poui.

E OprkoMirer BUCTOBMB IIPY NOAAKY

npaniBHUKaM Kadeapu HeopraHiu-
Hoi ximii IBH3 «Yxropopchkmii Ha-
IliOHaNTbHMII YHiBepcUTeT» i 30KpemMa
npodecopy Iropy Bapuiro 3a ycninny
opraHisaniro i mpoBefgeHHA KoH(e-
PeHILIii B yMOBaXxX CbOrOfleHHA.

Puc.1. Bigkpurtsa XXI MixkHapopHoi KoH(epeH1iii 3 Heopraniynoi ximii (XXI ICICU)
Fig.1. Opening of the XXI International Conference on Inorganic Chemistry (XXI ICICU).

https://ucj.org.ua
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The article contains an overview of invited,
plenary, oral and other reports of modern re-
search in the field of inorganic chemistry, pre-
sented at the XXI International Conference on
Inorganic Chemistry of Ukraine (XXI ICICU),
which took place on June 3-6, 2024 in the city
of Uzhgorod on the basis of the Uzhhorod
National university. Research is grouped into
four areas: chemistry of inorganic and coor-
dination compounds, including medical and
pharmaceutical chemistry; characteristics and
properties of new inorganic substances, crystal
chemistry; physical-inorganic chemistry and
nanochemistry; dual purpose materials, alter-
native energy sources, «green» chemistry.

Plenary reports at the conference were de-
livered by: academicians of the National Aca-
demy of Sciences of Ukraine, Anatoliy Belous
(V.I. Vernadsky Institute of General and In-
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organic Chemistry of the National Academy
of Sciences of Ukraine), Yulian Vysochanskii
(Uzhhorod National University), Roman Gla-
dyshevsky (Ivan Franko National University of
Lviv), corresponding member of the Nation-
al Academy of Sciences of Ukraine Ihor Frit-
sky (Taras Shevchenko National University of
Kyiv), professors: Thor Barchiy (Uzhhorod Na-
tional University), Viktor Hlukhyy (Technical
University of Munich, Germany), Oleksandr
Golub (National University of Kyiv-Mohyla
Academy), Ruslan Mariychuk (Pryashov Uni-
versity, Slovakia), Olena Martsynko (I.I. Mech-
nikov National University of Odessa), Michal
Piaseckyi (Jan Dlugosz University in Czesto-
chowa, Poland) and others.

The conference materials (ISBN 978-617-
8321-25-3) have published abstracts of 115
reports of the conference participants (https//
www.xxi-icicu.online).

The general discussion and resolution con-
cluded that scientific research and reports pre-
sented in the field of modern inorganic che-
mistry are relevant and, to the extent possible,
aimed at increasing the defense capability and
economic development of Ukraine. A resolu-
tion was adopted with recommendations for
topical chemical research for the future and a
number of other expedient measures.

Key words: inorganic chemistry, chemistry
of coordination compounds, crystal chemistry,
solid-state substances, nanomaterials.
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