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| ntroduction

The collective monograph was formed based on the results of the 1st
International Forum “Chemistry and Ecology: Innovation and Sustainable
Development for Future Generations”, held with the grant support of the
Visegrad Fund: project No. 22330251. The forum was held at Uzhhorod
National University on September 18-20, 2022. Scientists from different
parts of Ukraine and from the Visegrad Four countries presented their sci-
entific achievements in the sections “Analytical Chemistry”, “Ecol-
ogy\Green Chemistry”, “Methods of Teaching Chemistry in Ecology”, “Or-
ganic Chemistry”, “Inorganic Chemistry”, “Physical Chemistry”. It was
within these sections that the sections of the collective monograph were
formed. Among the authors of the publication are not only recognized spe-
cialists, but also five young scientists who co-authored their work in various
fields of chemical and environmental science. The largest representation in
terms of the topics of the chaptersisin the field of organic chemistry and its
applications. The collective monograph also includes two chapters that
highlight modern trends in ecology and green chemistry and one chapter
each in the field of inorganic and analytical chemistry. Some research was
carried out within the framework of the implementation of scientific topics
of state budget financing and with the grant support of the National Research
Foundation of Ukraine,

The collective monograph is designed for a wide range of chemists
and ecologists, since its focus covers amost all sections of chemical and
environmental science. The material will be especially useful for young sci-
entists and graduate students who are just starting their scientific activities.



Bcemyn

KonexruBHa MoHorpadis copmoBaHa 3a pe3ysibTaTaMmu poooTu 1-ro
Mi-)kHOpagHoro ¢opymy «Ximis Ta Exomoris: InnoBamii ta Cranumii
Po3Butok st MaitoythHix [lokosdiHb», MTPOBEACHOTO 3a TPAHTOBOI
niaTpumMkn Buierpaacekoro ¢onay: npoexkt Ne 22330251, 3a3HaueHuit
dbopym Oyi0 TpoBeieHO Ha 6a31 Y KTopoICHhKOT0 HAIIIOHATIBLHOT'O YHIBEPCH-
tery 18-20 Bepecust 2022 poky. Bueni 3 pi3HUX KyTOUKIB YKpaiHU Ta 3
KpaiH Buierpaacbkoi 4eTBIpKHY MPEICTaBISIIA CBOT HAYKOB1 3100yTKH B Ce-
KIIAX «AHaniTuyda ximis», « Exonoris\3enena ximis», « MeToau HaBYaHHS
XIMii Ha ekoJjorii», «OpradiyHa xiMis», «Heopraniuna ximis», «®PizudHa
xiMisi». CaMe B Mexkax IUX CEKI1i 0y0 cpopmMaBaHO PO3LIH KOJIEKTUBHOT
moHorpadii. Cepen aBTOpIB BHIAAHHS € HE JWIE BHU3HAHI (paxiBi, aje u
II’SITh MOJIOAUX BUYCHUX, SIKI MPEJICTABUIIM B CIIIBABTOPCTBI CBOI HaIpallto-
BaHHS B PI3HUX rajy3sX XiMIYHOI ¥ eKoJioriyHoi Hayku. HaliOinbie mpe-
CTAaBHUIITBO 32 TEMATUKOIO PO3/ILIIB € B Faly31 OpraHiyHO1 XiMii Ta ii 3acTo-
cyBaHHI. TakoX 70 KOJIEKTUBHOI Morpadii yBIMIILIN ABa PO3ILIH, SIKI BH-
CBITJIIOIOTh CyYacCHI TEHJEHII1 B €KOJIOTil Ta 3€JeHIi XiMii Ta 0 OAHOMY
pO3ILTy B Tady3l HEOPraHIYHOI Ta aHANITUYHOT XiMii. OKpem1 AOCIIIKEHHS
OyJI0 BUKOHAHO B paMKaX BUKOHAHHS HAYKOBUX TEM JIEPKOIOHKETHOTO (Pi-
HAHCYBaHHS Ta 3a TpaHToBOi miaTpuMku HartionansHoro ®ouny [ocni-
JOKEHb Y KpaiHu.

KosnektrBHa MOHOTpadisi po3paxoBaHa Ha IIUPOKE KOJIO PaxiBIlIB Xi-
MIKIB Ta €KOJIOTIB, OCKUIBKH 11 (POKYC OXOIUTIOE MPAKTUYHO YC1 PO3ALIH Xi-
MIYHOI Ta €KOJOT14HO1 HayKu. OCOOIMBO KOPUCHHUM Oyjie MaTepiall AJisl MO-
JOANX BYEHUX W ACHIPAHTIB, SIKI JIUMIIE MOYMHAKOTH CBOIO HAYKOBY isIb-
HICTb.
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Beryn

3aBASKHU LIBUJIKOMY PO3BUTKY €JIEKTPOHIKH NOMYJIIPHUM € IPOTpecC B 00-
JacTi MiHIaTIOpU3aIlii, aBBTOHOMHOCTI, CTa01ILHOCTI Ta JOBroBidyHOCTI. Bce
11e 00YMOBITIOE aKTyaTi3aIlito JOCTIKEHb MOKJIUBOCTEN 3aCTOCYBaHHS Ha-
HOYACTUHOK. HaHOpPO3MIpHI YaCTUHKH SBJISIIOTH COOOI0 MEPEXIAHY JIAHKY
MK 00’€MHUMH MaTepialaMu Ta MOJIEKYJIIPHUMU a00 aTOMHUMU CTPYKTY-
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pamu [1-3], BMacTUBOCTI SIKUX € CYTTEBO BIAMIHHUMHU BiJl 00’ €MHUX MaTe-
pianiB. HaHOKOMIO3UTH — IUPOKUM Ki1ac (YHKI[IOHATBHUX MaTepialiB, 110
IIpUBEpPTA€E 3HAUy yBary 3aBJsSK{ BEJIUKIN BapiaTUBHOCTI CKJIaJiB, 3HAYHIM
3JIKHOCTI BIIACTUBOCTEM B1/1 Oy 10BM HAHOYACTUHOK, 1X MOP(}OJIOTii Ta Me-
TOAIB cMHTE3y. Bce 11e 3yMOBIIO€ MUPOKUN MPOCTIp JJIsl MEPCHEKTUBHOTO
BUKOPUCTAHHS HAHOYACTUKOK, [0 HE OOMEXYETHCS TIJILKU TEXHOJIOTISIMHU
Ha OCHOBI iX ()I3WYHUX BJIACTUBOCTEH — MArHITHUX, ONITUYHUX Ta EICKTPH-
YHUX, aJI€ 1 BIIKPUBAE MEPCIEKTUBH JJIS 3aCTOCYBAHHS iX y SKOCT1 KaTali-
3aTOpiB, 010CEHCOPIB, y MEIUIIMHI (AHTHOAKTEPiaIbHI Ta MPOTUTPUOKOBI 3a-
coOu, A1arHOCTHKA 3aXBOPIOBAHb) CIJILCBKOMY I'OCIIOJAPCTBi, XapuoBii Te-
xHoJorii 1 T.4. [1-9]. [llupoke komepIliiiHe 3aCTOCYBaHHS HaHOMAaTEpialiB
(B11 IPOAYKTIB MOBCSAKACHHOTO BXXUTKY (KpeMH, ITOJIMEPHI HAIOBHIOBAY,
MOKPHTTS) 1 IO €HEPro30epirarourx Ta €HEPronepeTBOPIOIOYNX TEXHOIOT 1
[1, 6-12]) cioHyKae 10 MOAAIBIINX JOCIIHKSHD B 00JIaCTI HAHOMATEpiaiB.

Cepen Heopraniunnx HaHouyacTuHOK (HY), HaykoBuii Ta MpaKTUYHUMN 1H-
Tepec 30epiraerhes 10 MeTaneBux [13,14], B nepiiry uepry a0 61aropogHux
metamB Ag [15-17], Pt [18,19], Au [20], Cu [21,22], 110 11OB’sI3aHO 3 BUCO-
KO0 010aKTHUBHICTIO IIUX MeTaNiB. [lepeBaramu faHux MeTasiB € HU3bKA TO-
KCUYHICTb, CTIKICTh Y BOAHUX/HEBOJAHUX PO3YMHAX, 3/IATHICTb 10 (DYHKIII-
OHaJTi3aIlli B 3aJ1€KHOCTI Bi moTped. KomepiiiiHo HailOo11b11 TOMUPEHUMHU
€ cpiOHI HaHOYacTUHKU (nam Ag-HY), 110 noB’s3aHo sIK 3 TOCTYIHICTIO Aa-
HOTO METaJly, TaK 1 3 yHIKaTbHUMU BiaacTUBOCTAMHU Ag-HY. 3apasku noodpe
BIJIOMUM XapaKTEPUCTHKAM JIOKAJII30BAaHOTO MOBEPXHEBOTO TIA3MOHHOTO
pesonancy (JITIIIP) Ag-HY BononitoTh YITKUMHM CMyTramMu MOTJIMHAHHSA,
3HAXOJIKEHHS SIKUX PETYIIOETHCSA PO3MIPOM Ta MOP(OJIOTI€I0 YACTUHOK, 1O
3aCTOCOBYETHCS IMPU BUTOTOBJICHI ONTUYHMUX ceHCopiB [23-27]. HiTko Bupa-
’KEeH1 aHTHOaKkTepiaibH1 BiacTuBocTi Ag-HY [16, 28, 29] 3yMOBIIOIOTH iX
BUKOPUCTAHHS B 0UUCTI Boau [30-32], 30epiranHi mpoayKTiB XapuyBaHHS
[33-35], TekcTrIbHI# TpoMuciIoBOCTI [36-38]. Bucoka nposignicte Ag-HU
€ OCHOBOIO JIJISI BUTOTOBJICHHS €JIEKTPONPOBIAHIUX YOPHUIT Ta TOHKOILTIBKO-
BO1 enekTpoHiku [39-43], enekTponiB y Li-ioHHHX Oarapesx [44-48].

Po3mipu Ta Mopoorisi HAHOYACTUHOK € YYTJIUBUMH JI0 YMOB CUHTE3Y —
8
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TeMIlepaTypa, BAKOPUCTAHUI BIIHOBHUK Ta CTA01113aTOP, 3 UMM 1 TTOB’ si3aHa
3HAYHA KUIbKICTh JOCIIKeHb. HalfuacTiiie BUKOPUCTOBYETHCS CYyTO XiMi-
YHE BIJTHOBJICHHSI a00 Pi3HI TEXHIKM (DOTOXIMIYHOTO, €JIEKTPOXIMIYHOTO
BILIMBY 171 ojiepkanHsg Ag-HY [1-3, 49-55]. Onnak nocTiiiHe 301IbIIIeHHS
noTped OTpUMAaHHS, OPsiA 3 IX BUCOKOIO 1IHOK Ta BUKOPUCTAHHAM HeOe3-
MIEYHUX PEareHTiB, 3yMOBIIOE€ PO3BUTOK TAaKUX METOMIB K «3€JICHUN)» CUH-
Te3 Ta 610XIMIYHI MeTOANKHU [56-63]. «3eneHuil» cuHTe3 yepe3 OUTbIIy J0-
CTYIHICTh 3a0€3Meuye albTePHATUBY BUKOPUCTAHHIO JOPOTUX PEareHTiB Ta
XapaKkTepU3yeThCsl O10CYMICHICTIO, 1110 CIIPUSIE PO3ITUPEHHIO MEXK 3aCTOCY-
BaHHS OTPUMAHUX HAaHOMAaTEpialiB.

Hanomarepianu 3aBasi9yIOTh MPOSBY HOBUX Ta KPaIllUX BJIACTUBOCTEH, Yy
MOPIBHSAHHI 3 00 €MHUMH (pa3amu, 3aBISIKAU CBOIM HaJ MaJlUM PO3Mipam
(<100 uM), BenMKiil KUIBKOCTI FPAHUYHHUX aTOMIB Ta BUCOKIN MOBEPXHEBIM
eHeprii. Aje 1e 0JHOYACHO € 1 IX HaHO1IBIIO MPOOIEMOI0, OCKUIBKU Ha-
HOYACTHUHKHU € TEPMOJAMHAMIYHO HE CTIMKUMU 1 CXUIBHUMU JIO CIIOHTAaHHOT
arperariii [64-66]. Jlust miaBUIiEeHHS CTIMKOCTI HAHOYACTUHOK BHKOPHCTO-
BYIOThHCS P13HI pEUOBUHU — CTA01II3aTOPHU, A0 AKUX BITHOCSITHCA SIK HU3BKO-
MOJIEKYJIIPHI CHOJIYKH Tak 1 nojimepu [67-71]. Bukopucranus nojaiMepiB
IUIs1 OJIEp>KaHHsI HAHOMAaTEPiajiB He JIMIie 3a0€31euy€e BUCOKY CTa0IbHICTh
32 paxyHOK 3HAYHOI'O0 MOKPHUTTS MOBEPXHI HAHOYACTUHKHU (CTEpUUHUN (ak-
TOp), aje 1 Ja€ 3MOTy BUKOPHUCTOBYBATU MOJIMEP y SIKOCTI MaTpPUIll s
OTPUMAaHHSI HOBOT'O KJIaCy HaHOMAaTepiajiB — MOJIMEPHUX HAHOKOMITO3HUTIB
[72-76]. Hanokommo3uTtu — rerepoda3sHi 6araTOKOMIIOHSHTHI MaTepialiu, ¥
SKUX HEOpPraHI4YH1 HAHOYACTUHKU PO3IOAIIEH] Y OpraniuHiil Mmatpuiii. Taka
OyJlloBa Ja€ 3MOTy OTPUMYBATH HOBI MaTepiajiu, M0 NOEAHYIOTh BIACTUBO-
CT1 BCiX CKJIQJIOBUX YaCTHH, a TAKOXK MOXJIMBUM € TIJICUJICHHS BJIACTUBOC-
Ted 000X KOMIOHEHTIB (cuHeprizm) [75-78]. MoxnuicTe Moaudikamii
CTPYKTYpH MOJIIMEPIB, 382 PAXYHOK BBEJICHHS HOBUX (PYHKIIOHATLHUX TPYTI,
JT03BOJISIE KOHTPOJIbOBAHO 3MIHIOBATH HEOOX1THI BIACTUBOCTI (J110poOH1/Ti-
o 1IbH1 BJACTUBOCTI TOBEPXHI, ONTUYHI, €JIEKTPOPI3UUHI Ta MEXaHIYHI Ta-
paMeTpH) I OJ€pKaHHS HOBUX MaTepialiB 13 CIieliaji30BaHUMU BJIaCTH-

BOCTSIMU. OCOOIUBICTIO MOJIMEPHUX HAHOKOMIIO3UTIB € 1X THYUYKICTb, 110
9
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BIJIKPHBAE HOB1 MOKJIUBOCTI y cepi BAPOOHHUIITBA €JIEKTPOHHUX MTPUCTPOIB
[75-78].

Cra0inizaiiisi 3a I0MOMOT0r0 610T0JIIMEPIB T4 YTBOPEHHS MOJIIMEPHUX Ha-
HOKOMIIO3UTIB 3a 1X y4YacTIO MOBHICTIO MiANAaAa€ IiJi KOHIEMII0 «3eie-
HOT'O» CUHTE3Y, OCKUIBKHM y HNPUPO/Il ICHYE BEJMKAa KUIBKICTh MaKpOMOJIe-
KyJ1. BoHU BiApI3HAIOTHCS CBOEIO JOCTYMHICTIO, JICIIEBU3HOIO, 3JaTHICTIO
710 010JI0TTYHOTO PO3KJIATy Ta HETOKCHUYHICTIO [ 79-82]. Cepen OiomosiMepiB
HaWOUIBIIT TOITUPEHUMH € TI0JTicaxapajy, MOJIIMEeNTHIN Ta MOJIHYKICOTHIN
[82, 83].

Bapto BiAMITUTH, 110 HAWUOUIBIIT MOMIMPEHUM MOICAXapUI0M POCIUH-
HOTO TTOXOJIPKEHHS € 11eN1t0J103a. HacTynmHUM — € moaiOHUM 10 1IETI0JI03H TM0-
nmiMep TBapuHHOTO MmoxopkeHHs — XiTHH (CgH130sN), (momi-N-aneTw-D-
TJTFOK030-2-aMiH), IO BXOJAUTH J0 CKJIay 30BHINTHBOTO MAHIMPY BCIX dIe-
HHUCTOHOTHX Ta KJIITUHHUX CTIHOK TpuOiB [84, 85]. XiTHH BOJOIIE KOPCT-
KUM TIOJIIMEPHUM KapKacoM 1 € HE pO3YMHHUM Y BOJII, a JUIIE Y CHJIBHUX
KHUCJIOTaX, OJIHAK MPOIIEC POZUYMHEHHS CYNPOBOKYETHCA HOr0 PO3KIAIOM
[86]. Illnsixom nealyitoBaHHs XITUHY OTPUMYIOTh HOBHMI aMiHOMOJIIcaxa-
pua — XiTo3aH (2-aMiHO-2-1e30Kcu-D-D-rimrokan), Skuii Ha BiIMIHY BiJ Xi-
THHY, PO3YMHHUN Yy po3BeAeHux opranHiyHux kucimorax (HCOOH,
CH3COOH) [87, 88]. XiT03aH € IIKaBUM MaTepiaioM 3aBASKH MOITHPEHO-
CT1 B IPUPO/i1, 010CYMICHOCTI, 3JJaTHOCTI 10 010JIOTTYHOTO PO3KJIATy, HETO-
KCUYHOCTI, 30KpeMa aHTHOaKTepiaTbHUMH BJIACTUBOCTSIMHU, 110 BUKOPUCTO-
BYIOThCS Y XapyoBil, MEIUYHINA, KOCMETUYHIN MPOMUCIOBOCTSIX Ta MPHU
ouncTill Boau [85, 88-91]. KopucHOIO BIACTUBICTIO XiTO3aHY € MOKJIUBICTh
HOro oTpuMaHHs y pi3HUX (popMax: IJIIBKU, BOJIOKHA, I'€lll, CMOJIU, MEM-
Opanu, ryoku [91, 92].

Haiibisb1ma KibKICTh MyOJTiKaIii JOCTIKEHHSI HAHOKOMITO3UTIB Ha OC-
HOBI XiTo3aHy Ta Ag-HY HanexuTh 10 BUBUEHHS aHTUOAKTEpialibHUX Ta
OPOTUTPUOKUBUX TMpemnapaTiB [93-96], 3acTocyBaHHsS MpPU OYUCTIN BOJU
[97], 30epiranHsa xap4oBUX NPOAYKTIB [98], y TEKCTUIIBHIN MPOMHUCIOBOCTI
[99]. [loeqHaHHS THYYKOCTI XITO3aHY 3 €JIEKTPOIPOBIIHICTIO cpida y Ha-

10
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HOKOMITIO3UTaX BUKOPHUCTOBYETHCS Y TEXHOJOTIi BUPOOHUIITBA €IEKTPOH-
Hux pucTpois [100], enektponposiguux yopuui [101] Ta cencopis [102].
OpHak BapTO 3a3HAYMTH, 1110 JaH1 JOCIIIKEHHSI CTOCYIOThCSI OOMEKEHOTO
KOHIIEHTpaIlIHOTO 1HTepBaly BMicTy Metany (10 20% Ag-HY). Takox cu-
HTE3 JJaHUX HAHOKOMIIO3HUTIB MPOBOAIM 3MINTyBAaHHIM YK€ OTPUMaHHUX
Ag-HY 3 xito3aHowm.

BpaxoBytoun 3HayHUN 1HTEpEC 0 MOIIYKY HOBUX MaTepiaiiB Ta MOKpa-
IICHHS BJIACTUBOCTEN BIAOMUX Yy cdepl eHepro30epiratounx TEXHOJIOTIH, y
IIbOMY JOCJI1KEHH1 0YJIO BUPIIIEHO JOCTIAUTHA IPOCTUN METOA OTPUMAaHHS
€KOJIOTTYHO YUCTOT0 MO (PIKOBAHOTO CTa0LII30BAHOTO HAHOKOMITO3UTY Ha
OCHOBI XiTO3aHY 13 3HAYHOIO YaCTKOIO aJICOPOOBAHMX HAHOYACTHUHOK Cpidiia
y LIUPOKOMY J11aria30H1 KOHIIEHTpallii. BCTaHOBUTH BIUIMB KOHIIEHTpAIlli Ta
po3mipiB Ag-HY Ha CTpyKTypHI Ta ONTHUYHI BIIACTUBOCTI OJI€PHKAHUX HAHO-
xommo3utie [103, 104].

1. MeToaguka OTPMMAHHA HAHOKOMIIO3UTIB

JInst 1OCIiIKEHHS] BUKOPUCTAHO BHCOKOUYHMCTI PEUYOBUHM: X1TO3aH (CTY-
niHb neanetwitoBadHs 91.6%), Aprenarym HitpaT (AgNOs 99%), Amonii
riagpokcua (NH4OH) (25 %), eranoa kucnota (CH3COOH 99.8%), ackop-
6iHoBa kuciorta (CsHgOg 99.5%). Jlns mpuroTyBaHHsS poOOYHMX PO3UHHIB Bi-
JINOBIIHUX MacoBUX 4acTok (1.67 % Aprentym Hitpary, 0.87% ackopOiHO-
BOi kuciotH, 10 % eranoBoi kucnotH, 10 % aMOHI r1IpOKCHUTY) BUKOPHUC-
TaHO O1UCTWIHLOBAHY BOJY.

[Topomkomnoaiouuit xito3an (M ~ 0.25-1 1) po3uunsiu B 10 % eTaHoBIi
KHUCJIOTI MPU MOCTIHHOMY mepeMilyBaHHi npu 25 °C, B pe3ynbTaTi 4oro
OJIEPKAHO TeJenoIIOHUI OTHOPITHUN PO3UHH.

oM I oH
1

oH OH OoH

Puc. 1. YTBOpenns anerary xito3any (Ch-Ac).
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O4eBuHO, IO TPU PO3YMHEHHI XITO3aHy B11I0YBa€ThCS YTBOPEHHS arle-
taTy xito3any (Ch-Ac) (Puc. 1) [103, 104].

o onepkanux renenomaionux po3unHiB Ch-Ac nonaBanu HEOOXIIHY Ki-
abpKicTh po3unHy AgNOs, BimHoBaeHHS AQH (Puc.2) 0.87 % po3unHOM ac-
KOpPOIHOBOT KMCJIOTH MPOBOIWIH 31 MBUIAKICTIO 0.02 MJI/XB TP MOCTITHOMY
nepeMillyBaHHI Ha MarHiTHid mimanmi (t=25 °C). Takuii pexxuM CHpuUsB
BUJIJICHHIO Cpibyia came y popMi HAHOYACTHUHOK, 3 HE3HAYHUM CTYIICHEM
arperari.

HCG, CHOH HO CH,0H

28gNOy ————> i 2Ag -+ 2HNO3
HO O o 0

Puc. 2. IIpouec BigHoBnenus Ag™ go Ag.

B npoueci Bignosnenns Ag'—AQP, y magarogoMy cBiTii, criocrepiranacs
IOCTYIIOBA 3MiHA KOJIBOPY PEaKLiiHUX cymimeii: sxoBTuii (9 % Ag°) — ue-
peonuii (15-22 % Ag®) — ceitio 3enennii (>22 % AgP). IToBHOTA MPOXO-
JDKEHHS XIMIYHOT peakilii JoBeIeHa BiJICYTHICTIO y po3unHi ioHIB AQ' (Bif-
cytHicTh Oisoro ocaxy AQCl nmpu nonaBanni KCl). s BUmiIeHHS KOMIIO-
3UTy Ha ocHOBI XiTo3aHy Ta Ag-HY (Ch-AgHY) y cyxoMmy BUTIISIII, y peak-
IMHY cyMiln OyJo 10JaHO HEOoOX1IHY KIIbKIcTh 10 % po3unHy aMoOHiil Ti-
JIPOKCHUIY, 110 HEOOXITHO JIJIsl HEeMTpasi3allli €TaHOBO1 KUCIOTH Ta pyHHY-
BaHHs opraHiuHoi cojii Ch-Ac (Puc.3.). B nomanpimomy ocaaxeHi KOMIIO-
sutu Ch-AgHY npomuBanu 0iIMCTHIBOBAHOIO BOJOIO 0 HEHUTPaIbHOI pe-
aK1ii, Ta BUCynryBaiau Ha noBitpi (t=25 °C).

OH o B OH

« NH,OH
(s !

e “H,COONH

Puc. 3. BuaineHHss KOMIO3UTY Ha OCHOBI XITO3aHY.

12
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Jns oneprkanHs ToHKUX TriBok Ch-AgHY koMIo3uTiB, OCTaHHI PO3UH-
Hsmu y 10 % po34nHi €TaHOBOI KUCJIOTU J0 ofepkaHHs remiB. OpepikaHi
relli HAHOCWJIW Ha MAKJIaJKU Ta BUCYIIyBaiu Ha nositpi (1=25 °C). B pe-
3yJbTaTi OJIEP’KAHO TOHKI TUTIBKU X1TO3aH-XITUHOBOTO COIOJIIMEpPY 3 HAHO-
gactuHKamu cpibia (Ch-Chn-AgHY), sik Ha migkiaakax (CKII0 Ta KBapIioBe
CKJIO) TaK 1 B OKPEMOMY BHUIJIAAI, 3 MacoBoro Konuenrpanicro Ag® (pospa-
XoBaHa) B aiana3oHi Big 9 mo 80 % (Puc.4.) [103, 104].

——aning v
Xito3a C,H.0,
CH,COOH |

AgNO,

+ CH,COOH

@@

=7

Puc. 4. CxeMa ojiep>kaHHsI HAHOKOMIIO3UTHUX TOHKHX TUTIBOK HA OCHOBI
xiTo3any tTa AgHY (Ch-Chn-AgHY).

2. BcTaHOBJIEHHSI CKJIay OTPMMAHMX HAHOKOMIIO3UTIB

2.1. Bcmanoenenns cmpykmypu op2aniunoi mampuui.

JIJ1st BCTAaHOBIICHHS CTPYKTYPH OpPTaHIYHOT MaTPHIll Y IUTIBI[I OTPHMaHUX
kommo3utiB Ch-Chn-AgHUY, BukopucToByBanmm MeTo 1 iHGpauepBOHOTO ITe-
perBopeHHs Dyp’e 3 0ci1abIeHUM TTOBHUM BIIOMTTSM Ta B PEKUMI MPOMY-
ckanHs (Shimadzu IR Tracer-100 ta Shimadzu FTIR-21 Prestige o6manna-
auii ATR-FTIR(ZnSe))).

Amnaumiz (a3oBoi BiamosigHoCcTi oTpuManux kommosutie Ch-Chn-AgHY
MpOBEJICHO 3a gonomoror audpakromerpa AXRD, ocHaleHOro JTiHIHHUM
Si nerexkropom (DECTRIS MYTHEN2 R 1D) i BunpomintoBanusim CuKa
(Ni — ¢inpTp) y reometpii bperra-bpentano (pekuMm CkaHyBaHHS KYTiB

13
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1. Apna-\ankina- ceaen (IV) Tpuraiorenigu
1.1. Ompumanns heninceneniimpuzanozenioie
DeHUICeNeHINTPUTraIoreHiin BOepiine OTpuMaHi e Hanovarky 30-ux po-
KiB XX cTONITTS. BUX1HOIO CMOMYKOIO I CHHTE3Y TaKUX PEYOBHH CIIy-
ryBaB audeninaucenexin (1.1) [1], Ha skuii 114 HAJJIMIIKOM TaJIOTEHY B
CEpeIOBHILI A1€TUIOBOrO eTepy. Buxin npoaykriB ctpykrypH (1.2) ctano-
BUB 65-72 %.

3 ngz

Se—Se
© 1.1 Et,0, 20 °C
3Hlg,
Se—CN

CCly, -20 °C
1.3 ! @ O NH,HIg, HHlg ©/56ng3
/ —_—
Se'< o
3Hlg, 14 OH H,0, 20 °C
: 5 > 1.2
t,0, 20 °C
Se—Hlg

[0]
15 sepy NHiHig HHlg 7

Hlg = C], Br. 1.6

Puc. 1.1. OcHOBHI ME€TO/IM OTPUMAaHHS (PEHUICEIICHTPUTAIOTEHIIiB
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Jlist orpuManHs (DeHUICENCHINTPUTaIoTeH1IiB MOKHA BUKOPHUCTATH apo-
MaTH4YHE TOXigHe ceneHorianiay (1.3) ta BIAMOBIAHOTO HAUIUIIKY Tajio-
reny [2]. [lepciekTuBHUM € cuHTe3 cronyk (1.2) 3 celeHOBMICHUX apoMa-
TUaHUX KuciaoT (1.4) [3].

[Ipu aii HapUIIKy rajsoreny Ha (eHinaceneHeniranorexiau (1.5) 3 Kijib-
KICHUM BHUXOJIOM YTBOPIOIOTHCS BIJIMOBIAHI TpuranoreHiau [4]. denince-
JCHIATPUTAIIOTEH1/TH, 1110 HE TOTPEOYIOTh TOAATKOBOI OUYMCTKH [ 5] yTBOPIO-
IOTHCS TTPU OKMCHEHH1 apOMAaTHYHUX ceJIeHUTIB (1.6) 3 MOaabIIoo II€r0 ra-
JIOT€HOBOJIHEBOI KHCJIOTH. XiMI4HI peakliii, o BigoOpa)arTh Mpernapa-

THUBHI METOAU CUHTE3Y (DEHIJICEICHIUTPUTAIIOTEHI/IIB MPEICTaBICHO Ha PHC.
1.1.

1.2. Peaxuii gheninceneniiimpuzaiozenoie 3 aniibHUMu nROXIOHUMU

[Ipu B3aemomii rekcamieny-1,5 (1.7) 3 deHuIceneHINTpUTaTOTeHIAaMU
(1.2) yrBOproerscs 1-ramoreHo-1-denin-2,5-au(rajioreHoMeTHI)TeTparii-
pocenerodex (1.8.) (puc. 1.2) [4, 5]:

etles /&
CH,HI
W + ©/ — HIgH,C S¢ 21lg
17 1.2

Hlg
Hlg = Cl, Br. 18

Puc. 1.2. Peakuis rekcamieny-1,5 3 peHUICENEHIUTPUTIIIOTEHIJaAMU

AninbenseH (1.9) 3 peninceneHiTpuraioreHijaMmu pearye Hectepeocre-
nu@iyHO Ta Heperiocnenu@iuHo 3 OJHOYACHHUM YTBOPEHHSAM MPOAYKTY
npueaHanHs peareHty (1.10) ta l-ramoreno-2-ramoreHomeTui-1-gdenin-
2,3-nurigpooenso|b]cenenodeny (1.11) (puc. 1.3) [6, 7]:

SeHlgs Hlg . CH,Hg
O T O
-HHlg SeHlg,Ph Hig
19 1.10 111
Hlg = Cl, Br.

Puc. 1.3. Peakiis aninoenseny 3 GeHiaceaeHinTpuraioreHigaMmu
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YT1Bopenusa crnonyku (1.13) BimOyBaeThcs MpH B3a€MO/IIi JiaIiIOBOTO
etepy (1.12) 3 peninceneniiitpuranorerigamu (puc. 1.4) [8, 9]. s penin-
CEJICHIUTPUXIIOPUIY BUXIJT CTAaHOBUTH 29 %, a s PpeHuIceneHIUTpuOpo-

Mminy — 47 %:
I L)
+ —_—
Z X ©/ HIgH,C” Sel “CH,Hlg
1.12 Hlg
Hlg = Cl, Br. 1.13

Puc. 1.4. BzaeMo/ist 11aiioBoro erepy 3 PeHUICEICHINTPUTIIOTeHITaMU

Anindeninosi erepu (1.14) yrBoprorots npoayktu (1.15, 1.16) 3 denin-
ceneHiuTpuranorerigamu mpu — 20 °C, 1o CBIAYUTH PO 3HAYHUN BIUIMB
TeMrepaTypy Ha Mpollec YTBOPEHHs KiHIeBUX MpoaykTiB [10, 11]. Mox-
JIMBO, MEpIIa CTaalsl IEPETBOPEHHS — 1€ CTaAls MpUeIHAHHS (EeHUICETeH1M-
TPUTAJIOTEHIAIB 70 MOJBiHHOTrO 3B’s3Ky (1.15), AKuii Hamam mepeTBopro-
€ThCS B IUKIIYHUNA npoaykT (1.16) (puc. 1.5).

R R R
0 SeHlg; 0 0
g\ - )|
-HHlg Hlg” “CH,SeHlg,Ph SeT “CH,Hlg
&

1.14 Hig

Hlg = Cl, Br. 1.16

R=H,CL
Puc. 1.5. Bzaemois noxigHux aniig)eHII0BOro eTepy 3 PeHUICeNeHINTpu-
rUIoreHijaMu

Peakuis deninmuknonponany (1.17) 3 ¢eHuiceneHIdTpUraaoreHijaMu
MPOXOJIUTh 3 YTBOPEHHAM TMOXiTHUX cesieHoxpoMmany (1.18) (puc. 1.6) [12,
13]:

Hlg

SeHlg;
+ »
-HHIg Se
1.17 @ Hlg
Hlg = CI, Br. 1.18

Puc. 1.6. Peakiist ¢peHINIMKIONPONany 3 GeHIICENCHIUTPUraaoreH1JaMu
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2,6-/{u(ramorenometui)-1,4-cenenasun-4-11-MeTuaGEHUICYIb(GOH
(1.20) yrBOoproeTsess BHacaimok B3aeMojii N,N-miamin-4-metwmn-1-Genze-
Hecynbbhaminy (1.19) 3 ¢enincencuirpuraiorenigamu (puc. 1.7) [14-15].
Jlnst peninceneHiuTpuxJIopuay BUXiJl KIHIIEBOTO MPOAYKTY ckiaB 78 %, a
st heHinceneHinTpudpominy — 63 %:

CH,Hlg
/ 2 H]g_
OHC - O OB
HsC S—N + —> H; - e @
i 0
\ CH,HIg
1.19 1.20
Hlg = Cl, Br.
Puc. 1.7. Peakiiist apoMaTuyHux CysibpaMiTHUX MOX1AHUX 3 deHuIcene-
HINTpHUTaJI0TeHIIaMU

4- AMiHO-2-(2-ipornieHinTI0)-1,6- nuriaponipuMiauH-6-oH (1.21), B3aemo-
J104M 3 (GEeHUICENICHIUTPUOPOMIZIOM, YTBOPIOE MUKIIYHUNA TPOAYKT (1.22)
(puc. 1.8). Moro 6ynoBy minreepmkeno gauumu 19 ta IMP 'H cniexrpoc-
korii. I[IpoToHM JBOX METUJICHOBUX TPy TiaCEIEHAa3WHOBOTO ITUKITY, B CITE-
kTpi SIMP H, nposBisioTses y BUMIIsAL 4OTHPHOX Ay6ineris [16-18]:

0

NH
SeBr; | J\
| NH + ©/ — H.N N* S + Br-
2
N/)\S/\/ Se

|
B T)
121 @ " CH,Br

1.22
Puc. 1.8. Peaxkist 4-AMmino-2-(2-iponieHinTio)-1,6-murigpomnipumianH-6-
OHY 3 (peHIICENEHIUTPUOPOMITOM

B3aemogiro amnbHUX noXigHUX TieHO[2,3-d]mipumignaoHiB (1.23) 3 de-
HIJICEICHIUTPUXJIOPUAOM MPOBOAATH B IIETHUIOBOMY €TEpi MpU TeMmIiepa-
Typi 0~+5 °C, a 3 PhSeBr3 B xmopodopmi mipu Tiid camiii TemriepaTypi (puc.
1.9) [19-22]. [TpoxykTH (1.24) BUABHINCEH CTIHKUMH HA MTOBITPi KPUCTATIY-
HUMH criotykaMu. CTIMKICTh OJIEp:KaHUX CIOJYK MOSICHIOETHCS JAEJIOKal-
3aIi€10 MO3UTHBHOTO 3apsaxy B Tpiagi N°=C-N°>;

H,N
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ZR 0] 3

0 R

‘R _R SeBr; a 1\)1: Br-
N + —p p

vl \_J A~ s7ONT

S N* S Br-Se

1.23 -

1.2 3 1.2 3 r

R=R = CHj, R = CgHs R=R=CH; R=H 1.24 ?

'R+R=(CHy)s R=CeHs  'R+R=(CH,)sR=H
'R+R=(CH,), R=CeHs  'R+R=(CH,), R=H
Puc. 1.9. Peakis aninpHUX noxigHUX TieHo[2,3-d] mipuauHOHyY 3 (eHi-
CeJICHIUTpUOpOMiTOM
BcTanoBieHo, 110 ceneHoBMICHI rerepounkiu (1.24) € Hecriiikumu 1 3a-
3HAIOTh pyWHYBaHHs B aieToHi (puc. 1.10). Taka necTpykilis CynmpoBOIKY-
€THCA BIIMICIUICHHSAM MOJCKYJIH (EeHUICEICHEHUIOPOMITY, IO IMiATBEP-
mxeno SIMP H crextpamu, B sxux Oynu 3HaMIEH] 1Ba MYJIBTUILIETH apO-
MaTUIHKMX npoToHiB PhSeBr (8 7.26 Ta 7.62 m.4.). ITicist 20 XBUIMHHOT B3a-
€MOJI1 3 alleTOHOM Oy BHAUIEH] NPOAYKTH (1.25). AHTYIAPHICTH CIIOTYK
(1.25) mintBepmxena [Y cnexkrpamu. Ob6nacts nornmuHanHs rpynu (C=0) B
IIAX CIIONyKax 3HaxoauThest mpu 1730-1725 cm L. B cnexrpax SIMP H cro-
ayk (1.25) crocTepiraloThbCsi po3LICIUICHHS, 110 XapaKTepH1 i1 CUCTEMU

ABX [23-27].

2 (0) 3
2 0
R /R R 3R
N Br- Acetone N B
1 —_— r-
R— N:)\S -PhSeBr n— \ ,)\
S \ s~ N* S
Br-=Se
CHZBI‘ BI'HZC
1.24 1.25
1 2 3 1. 2 3
R=R=CHj R=CgHs R=R=CHs R=H

'R+R=(CHp)3 R=CeHs  'R+R=(CH,)s R=H

'R+R=(CHp, R=CeHs  'R+R=(CH,), R =H
Puc. 1.10. CxemaTruuHe 300pa’keHHS B3a€MO/I11 TOX1THUX CEJICHBMICHUX

TETEPOITUKIIIB 3 al[ETOHOM

AninpHI noxigHi Tieno[2,3-d]mipumiguHoHiB (1.23) akTHBHO B3a€EMOJII-
I0Th 3 OeH3uiceneHinTpuopomizom (1.26) B cepeoBuiill 6€3BOIHOTO XJIO-
podopmy 3 YTBOPEHHSIM CEJICHOBMICHOI T'€TepOIUKIIUYHOI cucteMu (1.27)
(puc. 1.11). BcraHoBieHo, 10 OTPUMaHI CEJIEHOBMICHI MPOJYKTH 3/1aTHI
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0 JNECTPYKIi 3 BIJAMICIUICHHSIM OEH3UJICEICHEHIIOpOMITY Ta CHOJYK
(1.25) [28-29].

2

R ©/CH 2SeBr; 2
NH Br-
R / \ &NH Br- Acetone 42{
¥ PhCH Br +

L 23 Br- Se

R+ R =(CHy)3,(CHyp)4 CH Br
'R =R =CH, 127

BrH, C
1.25

Puc. 1.11. Peakuis aniapHUX MOXiAHMX TieHO[2,3-d] mipuauHOHY 3 OeH3U-
JICENCHIUTPUOpOMIIOM

Peaxkiiisa 2-aninTioimigazony (1.28) 3 dbeniiaceneHIATpuOpoMiioM IpUBO-
JUTH 10 YTBOPEHHS CTIMKKUX reTeporiukiaiB 0yaoBu (1.29) (puc. 1.12). [1pu-
CYTHICTB CeJEHy y CKJIaJi TeTepPOLUKIy MiaATBepKeHo nanumu IMP H-
CIIEKTpaMU, sIKICHUMH PEakIlisiMi Ha OpoM Ta celieH, naHuMu [Y-crekTpis.
Mo>kIUBICTB BiIEIICHHS (DEHUICEIICHEHIIOpOMITY MPH il alleTOHY MiT-
BEpJKEHO I KiHleBoi crnoayku (1.29). IIpu 11s0My BCTAHOBJIEHO yTBO-
penns rereponukiy (1.30) [30].

H _
SeBr3> N Br H B
> Acetone N
/, S — >\
\_\ N* -PhSeBr 7~s
\ N*
Br-=Se

12 CH,Br
1.29

BrH,C
1.30
Puc. 1.12. Cxema B3aeMo/1i 2-aniiTioiMiga3zony 3 peHuIceneHIn
TpUOpOMIIOM
[MToximHi 5-3amimeHoro-2-(2-npomnexinrio)-1,3,4-okcamiazony (1.31) mix
niero PhSeBr3 B po3uuni xmopodopmy, oTroBoi KUCIOTH a00 TiCTHIOBOTO
eTepy YTBOPIOIOTH celieHOBMICHI reTepounkiu (1.32, 1.33) 3 Buxonamu 76-
89 % (puc. 1.13). ITpoayktu (1.32) MaroTh >KOBTHUI KOJIP 1 € CTINKMMHU Ha
noBiTpi. BuaineHi Bouu 3 Buxogamu 56-85 % [31-33].
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Br CH,B
©\S 4 Acetone 28T

;6 CH2Br > ;
N-N* -PhSeBr N-N Br-
, ;N\
R/QO»\S Br R/ko)_s

1.32 1.33

Cl 0
> &
0

Puc. 1.13. Cxema B3aemoii 5-3amimenux-2-(2-nmpomneninrio)-1,3,4-ok-
caj1a301iB 3 PeHUICEICHIUTPUOpOMIIOM
JlecTpyKiiisi B CepeIOBHIII alleToHy crmoiyk (1.32) mpoXoauTh mpoTITroM
20 XBWJIMH 3 BIJIIETUICHHSM (PEHUICEICHEHUIOPOMITY 1 30€pEeKEHHSIM ITUK-
aiyHoi OynoBwu (1.33).

N-N SeBr3
R/QO»\S/\/ * —_—

1.31

1.3. Peakuii ¢heninceneninimpuzanozenoié 3 nponapiibHUMu noxio-
HUMU

DeHICeNeHIUTPUOPOMIT 31aTeH MIPUHMATH aKTUBHY Y4acTh B PEaKIlii 3
4-amiHo-2-(2-nipomniHinTio)-1,6-urigpomipuMianH-6-oaom (1.34) # 3 yTBO-
penssM npoaykty (1.35) (puc. 1.14). Hectpyxkuis crionyku (1.35) B cepe-
JIOBUIIIl alleTOHY MPOXOAUTH 3 BIAIICIJICHHSIM (eHIICEICHEHUIOpOMITY 1
yTBOpeHHsM reteponukiry (1.36) [34]:

0
0

SeB NH
NH . ol | A B NH
| )\ —> HZN N* S Acetone HoN | ,J\ Br-
z S/\// @,?lef -PhSeBr 2 N* S
B
I"H | B H4/2\/1.36
1.35 r Br

1.34

Puc. 1.14. Cxema B3aemoii 4-amino-2-(2-nporininTio)-1,6-murigporri-
PUMIJIUH-6-0HY 3 (eHIICEeTCHIATPUOPOMITOM

JInst nocaipkeHHs: 0aKTepUIIMIHOL Ta 0aKTep10CTaTUYHOT aKTUBHOCTI CH-
HTe30BaHOi croayku (1.35) [35-36] mo BIJHOIIEHHIO /10 3alaTEeHTOBAHUX
MY3€HHHUX IITaMiB MIKpOOPTaHI3MiB BUKOPUCTAIH 9 KyJIbTyp OaKkTepiid pi3-
HUX TaKCOHOMIYHMX T'PYIIL: TpaMITO3UTHBHI Oaktepii Saphylococcus albus,
Saphylococcus aureus ATCC 25923, Sarcina jlava, Bacillus subtilis ATCC
6633, Candida albicans CCM 885 (my3eitHi KynbTypH) Ta TpaMHETaTHBHI
— {Klebsiella pheumoniae 5056, Klebsiella oxytoca ATCC 13182, Pseudo-
monas aeruginosa ATCC 27853}, a Takox E. coli M-17.
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JInst BUBHAYEHHS YYTJIUBOCTI JTUCKO-TU(PY31MHUM METOJAOM BUKOPHUCTO-
BYBaJIM CTaHJIaPTU30BaH1 JUCKH 3 aHTUOI0TUKAMH ¥ MPOTUTPUOKOBUMH 3a-
cobamu. IIpu BUMIpIOBaHHI 30H 3aTPUMKH POCTY OPIEHTYBAJIUCA HAa 30HY
MOBHOT'O MPUTHIYEHHS BUIUMOTO pOoCTy. Pe3ynbTaT Ail pO34MHIB CIIOTYKHU
(1.35 — mpoOu 1-3) Ta cTaHIAPTHUX PO3YMHIB MOPIBHSAHHS (aHTHOIOTHKIB)
(po3uunu 4-7) Ha psau OakTepii-peacTaBieHo B Tadmui 1.1.

Tabmuns 1.1. AETUMIKpOOHA aKTUBHICTB criotykH (1.35 — po3unnu 1-3)
Ta CTAHJAPTHUX PO3YMHIB MOPIBHAHHS (aHTUOI0THKH) (4-7)

Cnonyka (2.35) npu Po3unnan
Buy 6akrepiit PI3HUX PO3BEACHHAX aHTHUO10THKIB
1 2 3 4 |5| 6 [/

['pamM1ioO3UTHBHI MIKPOOpPraHi3MH
S. aureus ATCC 25923 8 9 2 11 |21 - F
Saphylococcus albus 0 11 5 7 |12 -
Sarcinaflava 5 0 0 - - - F
Cand. albicans CCM885 23 29 | 31 - - | 12 | 17
Bacillus subtilis 6633 4 5 10 - - - -

['pamHeraTuBHI MiKpOOpPraHi3MHU
Kl. pneumoniae 5056 2 10 15 - -+ -
Kl. Oxytoca ATCC 13182 0 7 S - - - -
Ps. aeruginosa ATCC 27853 5 1 0 - -k -
Esch. Coli M-17 29 30 24 14 29 - -

Ipumimxka: sax cmanoapmui po3uuHu NOPIGHAHHS GUKOPUCTOBYBAIU OU-
CKU aumubiomuxia. 4 - neniyuiin, 5 - yegpamokcum, 6 - HUCMamin, 7 - K1o-
MpUMA3oil.
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Sk BugHO i3 Tabummi 1.1 Bci po3uunu cnonyku (1. 35 — po3uunu 1-3)
BUSIBWJIA BUCOKUY aHTUMIKPOOHUH €(eKT 10 BIAHOIIECHHIO 0 POCTY 1 PO3-
MHOKCHHSI TpaM-HEraTUBHHUX MikpoopranizmiB Escherichia coli M-17 ta
rpammo3uTuBHUX rprokiB Cand. albicans CCM 885.

Tabmuis 1.2. Tokcuunicts cnionyku (1.35 — po3unnu 1-3) Ta npemnapa-
TIB MOPIBHAHHS (aHTHO10TUKIB)

TOKCUYHICTh Po3uun 1 | Po3uun 2 | Po3unH 3
Knorpu- o
CHOJIYKH | CHOJYKH | CHOIYKM |~ ~ [leninumnin
2.35 2.35 2.35
LD 50 (mg/kg)
(BHYTpILIHBO- 188 210 270 80 2884
BEHHE BBEJICHHS)

AHai3 TokcudHOCTI cronayku (1.35 — po3uunu 1-3) npu 3icTaBiieHH] 3
npenapaTamu MopiBHIHHSA (Tabnui 1.2) Bka3zye Ha HU3bKY TOKCUYHICTb J10-
cimkyBaHoi crionyku (1.35 — po3uunu 1-3) mpu pi3HUX KOHIEHTPAIIisX,
110 OOYMOBJIIO€ aKTYaIbHICTh PO3POOKH KOMIUIEKCHUX JIIKAPCHKUX TIperna-
paTiB HAa OCHOBI IaHOT CITOJTYKH.

J171s1 BUBUEHHS CTEPEOXiMIi TpUETHAHHS (PEHUICEIICHIUTPUTATIOTeHIIIB 10
KpaTHUX KapOOH-KapOOHOBHX 3B’SI3KiB B YMOBAaX peakiliil elekTpodiibHO1
BHYTPIIIHOMOJICKYJISIPHOI IIMKITI3a111i BUBYEHO B3aemoito PhSeHIgs 3 5,6-
JTU3aMillieHUMH-2-(2-ipontininTio)rieno[2,3-d]mipumigua-4-onamu  (1.23)
(puc. 1.15) [37-42].

SeBr,
Jf X~ U fo "
1.23

Br- Se
a) 'R=R=CH R = CgHg 0 'R=R=CHs R=H 237 \ Br
6) 'R +R=(CHy)s R=CeHy M) R+R=(CHp)y R=H
5) 'R+R=(CHp), R=CeH; ¢ R+R=(CHy), R=H
Puc. 1.15. Peakis nponapriibHUX MoXigHuX TieHo[2,3-d] mipuauHoHYy 3
deHninceneH1uTpudpomiom
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JInst BCTaHOBJICHHST KOHQIrypalli 3aMiCHUKIB O11s1 TTOABIMHOTO KapOOH-
KapOOHOBOTO 3B’ 513Ky IpoaAyKTiB (1.37), ne Mosiekyna Mmoxe Matu Z— Tta F—
OpIEHTAIII0 aTOMa rajoreHy B osieiHOBOMY (pparMeHTi, HaMu OyB OTpUMa-
uuit nomipauid NOESY crniekTp, mo 6azyerhcs Ha eekTi OBepxaysepa. Y
BHUIIAJIKY, SKIIO O 0J1e(hiHOBHI MPOTOH OyB HAINPaBJICHUIN B CTOPOHY A0 OJIH-
3bKOPO3TAIIOBAHOT METUJICHOBOT IPYIH TiaCEIECHA3MHOBOTO KUJIbIIS (Z—Opi-
€HTAIlis1), TO MK HAMHM B CIICKTPl MOBHMHEH OM BUHUKHYTH BiAIOBIIHUM
Kpoc-mik. OIHaK HACIIPaB/ii, Hi JJIsl CUTHATY 0J1e()1IHOBOT'O MPOTOHY, Hi JJIs
CUTHAJIIB METWJICHOBO1 IPyNu KPOC-MiKiB HE BUSBICHO. L{e CBIIUUTH TPO
IIPOCTOPOBY BIIJAICHICTh JTAHUX MPOTOHIB, TOOTO Mpo E-KOHPIrypariiro
oJieiHOBOTO (pparMeHTy MOJeKyJu. Takum YuHOM, NpueaHaHHS (eH1Ice-
JICHIATPUTAIIOTEH1/IB B1IOYyBa€eThbCs periocnernudiuio npoTy npasuia Ma-
PKOBHIKOBa Ta CTepeocnenu(piyHO — yTBOPIOETHCS BUKIIOYHO E—i30Mep
[43].

Jns gochigkeHHs OaKTEepUIIMAHOI Ta OaKTEeplOCTAaTUYHOI aKTHUBHOCTI
MPOBEJICHO OAKTEPIOJIOTTYHE JOCTII)KEHHSI CUHTE30BaHUX cronyk (1.37a-e)
0 BITHOIIICHHIO JI0 3alIaTEeHTOBAHUX MY3€HHHUX IITaMiB PaMIIO3UTUBHUX 1
rpaMHETraTUBHUX MikpoopranizmiB (Staphylococcus aureus ATCC 25923,
Sarcina flava, Pseudomonas aeruginosa ATCC 27853, Escherichia coli
ATCC 25922; Bacillus subtilis 934; Klebsiella pneumoniae 5056, Klebsiella
oxytoca ATCC 13182, Candida albicans ATCC 663-885 ta 34 kiiHiyHUX
130JISITIB 3 MHOKMHHOIO CTIMKICTIO IO aHTHOIOTHKIB, cepell sSskux 9 Haie-
xanu 1o Staphylococcus spp., 17 - Klebsiella spp., 5 - Escherichia cali, 3 -
Pseudomonas aeruginosa).

JInst BU3HAUYCHHS YYTJIMBOCTI MIKPOOPTaHI3MiB JJ0 HOBUX CHHTE30BaHUX
PE€YOBHUH BUKOPHUCTOBYBAJIA METOJI IBOKPATHUX CEPIMTHUX PO3BEAECHB B PiJI-
KOMY TTOKUBHOMY CEPEJIOBHIII, SIKE € ONTUMAJIBLHUM JIJII POCTY T€CT-MIKPO-
oprani3miB. I1ig yac 10cCi1iB CTaBUIM KOHTPOJIb CEPEIOBUIIA HA CTEPHUIIh-
HICTh, KOHTPOJIb PO3YMHHUKA. J[OCiu mpoBOAMIMN Y 3-X MOBTOpPAX, OTPHU-
MaHi1 pe3yiabTaTh 00pOOIISLIIN MAaTEMaTUYHO.

Pe3ynbTaTy OPiBHSUIBHOT OLIHKHA YYTJIMBOCTI KYJIBTYp - NPEICTaBHU-
KiB IPaMITIO3UTUBHUX 1 TPAMHETaTUBHUX MIKPOOPTaHi3MiB - IPEACTABJICHI B
Tabnumi 1.3.
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Ta6nuns 1.3. AnTUMiKpoOHa akTUBHICTH cionyk (1.37a-e) om0 rpam-
MO3UTUBHUX Ta TpaMHETraTUBHUX MikpoopranizMmis (KYO)

Cnonyka
Bun 6akrepiii
2.37a|2.376|2.3782.371(2.371|2.37¢
['paMnO3UTUTHUBHI MIKPOOPTAHI3ZMHU

Staphylococcus aureus ATCC 25923 1 27 | 17 (260 12 | 38
Saphylococcus albus 0 5 O [185| 18 | 12

Sarcina flava 0 4 0O | 6| 2 6

Candida albicans ATCC 653-885 18 | 42 | 13 | 92| 34 | 10
Bacillus subtilis 934 CP | CP| CP|CP| CP|410

['pamHeraTuBH1 MiKpOOpPTaHi3MU

Klebsiella pneumoniae 5056 7 | CP|159 57| 5 2
Klebsiella oxytoca A TCC 13182 O |CP| 92 32| 2 11
Pseudom. Aeruginosa ATCC 27853 | 268 | O 0O (204 54 | 48
Escherichia coli ATCC 25922 21 | CP | 6 0 | 16 | 106

Ipumimka: y mabauyi HagedeHo 36e0eHi OaHI NiC/isl BUCIBY KYAbMYPU HA
3-x uawxkax Ilempi, konyenmpayis cnoayxk (2.37a-e) ckradae 300 mxe/mn;
E - emanon nopisnanns - JIMCO,; CP - cyyinouuti picm 6axmepiti.

MinimanbHy 1HTi0yI04y KoHIeHTpalito (MIK) cnonyk (1.37a-e) momao
rPaMIIO3UTUBHUX Ta TPAMHETaTUBHUX MIKPOOPTaHi3MIB BH3HAYAIM METO-
JIOM PO3BEJICHb B arapu30BaHOBAHOMY CepeAOBUIII. MiHIMAIbHOIO MIPUTHI-
YyBaJIbHOIO KOHIIEHTPAIlI€I0 BBAXKAIN Ty HAWMEHIIY KOHIIEHTPAIliI0 CITOJITYK
B CEpEJIOBHIII, 3a SIKOi picT MikpoopraHizMiB Ha MITA OyB BijicyTHil. Pe-
3yJbTaTH 00paxoByBaJid uepe3 24 roAMHU KyJIbTUBYBaHHA OakTepiil 3a Te-
mrepatypu 37°C. SIk KOHTPOJIb BUKOPHUCTOBYBaIM cepenoBuiie MITA 6e3
JOJaBaHHs CHHTE30BaHMUX crionyk (1.37a-e).
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Ak BunHO 3 Tabauii 1.3, Bci cnonyku (2.37a-¢) BUSIBUIA BUCOKUN aHTH-
MIKpOOHUN €(EeKT MO BIAHOIICHHIO 10 canpo(ITHUX MIKPOOPTaHi3MIB -
Sarcina flava. Jlns rpubka poay Candida, sikuii € cTiiikuM HaBiTh 10 aHTH-
oiotukiB |11-1V mokoIiHHS, CHIOMYKH TEX BUSBHIN BUCOKY aKTHBHICTH [44].

Cnonyku (1.378 ta 1.37 1) nposiBUIM MOMIPHY OaKTEPUIUIHY 110, 3a-
TPUMYIOUHU PICT HA OAHY 00y 1 MikpoOHe uncio (MY) cTraHoBMIIO BiMO-
BijiHO 92 ¥ 94 KOJOHIEYTBOPIOBAILHUX OJMHHMIIL B 1 Mi1. PSeudomonas ae-
ruginosaA7CC 27853 — najaudka CHHbO-3€JICHOr0 THO0, BusiBrIach Ha 100
% uyTauBoro 10 cronyk (1.370 ta 1.378), 6akTepioctatuuny nito (MY 54)
BUSIBWIN 200 MOKa3ajau Takoxk pedoBuHH (1.37r-€), HEeraTUBHUN pe3yyibTaT
BiAMiueHOo nipu aii cnoayk (1.37a, 1.378), ne MY cranoBuiio 268 ta 204
KOJIOHIEYTBOPIOBaIbHUX OAWHUIL B 1 mul. PedoBuna (1.370) BusiBHIACH
HEHTpaJIbHOIO JIJIs pocTy 1 po3muokeHHs Escherichia coli ATCC 25922,
crosyka (1.37r) moBHICTIO MPUTHITHIIA PICT JAHUX OaKTEpid, a pEYOBUHHU
(1.37a, 1.378, 1.371) BUSBUIIN BUCOKY OAKTEPUITUIHY I1O.

KarncynbeHi 6akrepii poay Klebsiella sussuiucs crifikumu 10 aii Ha HUX
criontyku (1.376); Bucokouytiausumu 3 MY BianosigHo 2 Ta 0, BUSBUIUCH
peuoBunH (1.37a, 1.371) nnsa Klebsiella oxytoca 3 MY 15 ta 7. PedyoBunu
(1.37n-¢) nposiBHIIM BUCOKY OakTepiocTarnuny aito i s Klebsiella pneu-
moniae. s 3omotuctoro cradinokoka (Saphylococcus aureus ATCC
25923) BUCOKY OaKTepHUIIUIHY Ait0 posiBrM crionyku (1.37a, 1.37¢e), a niis
oimoro cradinokoka (Staphylococcus albus) anamoriuny niro mposBuIN
cnostyku (1.37a-B, 1.371).

Ak 6aunmo it cnionyk (1.37a-€) Ha pi3HI TaMU € HEOJJHAKOBOIO 32 CTY-
NIEHEM MPUTHIYEHHS XUTTEIISIILHOCTI MIKPOOPTaHi3MiB, aje crnocTepira-
€THCS 3arajibHa 3aKOHOMIPHICTH 111010 11 TaHWX PEYOBHH Ha 30y AHUKHU O/~
HOTO ¥ TOTO 3 BUYy. BUIBIIICTh 3 HUX Ma€ MIMPOKUHN CIIEKTP aHTUMIKPOOHO1
AKTUBHOCTI, PE3yJIbTATUBHO MPUTHIYYE PICT MYy3€UHUX IITAMIB 1 KIIIHIYHUX
130JI5TIB YMOBHO TATOr€HHUX MIKPOOPTaHi3MiB 3 MHOKUHHOKO CTIMKICTIO
110 aHTUOI0TUKIB. B pe3ysbTaTi bOr0 MOCTA€E MUTAHHS ITPO PO3POOKY KOM-
MJIEKCHUX JIIKAPCHKUX MpenapaTiB, aJyke B METUYHUX 3aKIajax JaHi MiKpo-
OpraHi3mMu nepedyBarOTh B OCHOBHOMY B CKJIaJll CTIHKMX MIKpOOHHX II€HO-
3iB, MPO IO CBIAYATH MPOBEACHI HAMH JTOCITIKEeHHS [45-47].

[nsxom mepeminryBanHs cnoyiyku (1.37a-e) B amertoni mpotsrom 20

XBUJMH Oyiu BuaUIeH! Ta iaeHTHdiKoBaH1 mpoayktu (1.38) (puc. 1.16).
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Bigmerienus Mojiekyiau (¢eHinceaeHeHnopomiay i3 crnoiayk (1.37a-e)
BCTaHOBJIEHO 3a gonomoror AMP 1H cnekrpis peakuiiinoi cymimi, B IKMX
OynM 3HaMJICHI JIBa MYJbTUILICTH apoMaTHYHUX NpoToHiB PhSeBr (8 7.26
Ta 7.62 Mm.4.) [48].

R R 3
N~ Br- Acetone R N’R 5
1 —_— r-
R ) :)\S -PhSeBr = \ ,)\
S N N* °S
Brd S
Se
\ /
Br H
H 1.38 Br
1.37
1 2 3 1 2 3
a) R=R=CH3,R=C6H5 1") R=R=CH3,R=H

6) '"RR=(CHy)s R=CeHy  A) R+R=(CHy)s R=H
8) 'R+R=(CH,), R=CeHs ¢) R+R=(CHy), R=H
Puc. 1.16. Cxema aecTpykiiii CEJICHOBMICHUX T€TEPOIMKIIIB i1 JI1€F0
aleToOHYy

CryniHuare 3aMileHHs aToMiB Opomy y crionyui (1.37B) BinOyBaeThCs
pH Aii apreaTym TeTpadayopoOopaTy 1 3aJIeKUTh Bl 4aCy KOHTaKTy pea-
reHTiB. Tak, mpu i1 ABOX MOJIIB peareHTy Ha OJ1H MOJIb peduoBUHU (1.37B),
MPOTATOM 2 XBUJIMH BiI0YBA€ThCA 3aMIIIEHHS OJIHOTO aTOMy OpOMY Ha Te-
Tpadiyopodopar—anioH (1.39) (puc. 1.17). HasBHicTh 7BOX aTOMiB OpoMy
BU3HAYCHO MLUISAXOM TUTpPyBaHHS crioiayku (1.37B) HITpaTOM apreHTymy

[49].
NQ
; Br‘g\t AgBr BY‘Se o
@ \QBr @ \ﬁ
) 239 Puc. 1.17.

Cxema B3aeMo/Iii apreHTyM TeTpadayopobopaTy 3 CeI€HOBMICHUM TeTe-
ponukiiom (1.37B)
[Tpu 3011bIIEHH] Yacy B3a€MO/IIi peareHTIB /10 2 TOJAUH YTBOPIOETHCS Ma-
JocTiikuit mpoaykT (1.39), B skoMy ABa aTOMH OpOMY 3aMillleHl aHIOHOM
BF4 (puc. 1.18). Oneprxani pe3ynbTaTy CBIIYaTh PO T€, 110 BC1 TPU aTOMU
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Oopomy B criosyiii (1.37B) HEPIBHOILIIHHI: OJIUH 3 HUX (MOHHUI) pearye I1iBu-
JIKO, IpYruii (OYEBUIHO 3B’SI3aHUN 3 ATOMOM CEJICHY KOBAJICHTHUM 3B’ S3-
KOM) 3aMilyeTbcsl aHioHoM BF4 3Ha4uHO moBUIBHIIIE, a TPETiil (po3Taliio-
BaHUH OLISI €K30MMKJIIIYHOTO MOJBIMHOIO 3B’ 53KY) 3 apreHTyM TeTpadiryo-
pobopaToM He pearye HaBiTh NPU JOCUTh TPUBAJIA BUTPUMIII PEAarcHTIB

[50].
0 /@ 0 N/@

N
7\ N;)\S + AgBF, ——>» 7\ ’)\s

S BF4- -AgBr s7N 2BF,-

\
BI‘\Se Set,

@ \ﬁBr @ \ Br
H H
1.40

1.39
Puc. 1.18. Cxema B3aeMo/1ii apreHTyM TeTpadayopodoparty 3 CIoIyKOIO
1.39
[Toximui 2-3amimeHoro-5-(2-npomnininrio)-1,3,4-oxcaniazony (1.41) 3
dbeHuIceneHIUTpUraaoreHilaMu yTBoprotoTh npoayktu (1.42) (puc. 1.19).
B pe3ynbrari npoBeaeHUX IOCTIAIB OyJIM BUAUICHI KPUCTAIIUYHI PEYOBUHU

3 Buxojamu 43-74 % (1.42) [51-53].
SeHlg; Acetone K

/
N-N Se s
I N~ + A Hg T —»  N-N*
R’< )\S ©/—> N-N \f\ PhSeHlg R Hlg-
0 PSS e

1.41 S Hig-

1.42 1.43
(O
A
’ S )
0

Hlg = Cl, Br.
Puc. 1.19. Cxema B3aemMoii MOXiTHUX 2-3aMillIEHOr0-5-(2-1poMmiHiNTIO)-
1,3,4-okcamiazony 3 3 (heHIICEICHINTPUTAIOTEHI TaMHU
JInst ceneHoBMICHUX TeTepoluKiiB (1.42) BCTaHOBIEHO MOXJIUBICTD Jie-
CTPYKIII MiJ] AI€I0 alleTOHY 1 yTBOPEHHSIM crionyk (1.43).
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TeCl;

: x@ heated, 240-250 °C @[ D

2.133 X=0,S 2.134
Puc. 2.55. HarpiBaHHs 0-3aMIIlIEHUX apUITEIyPTPUXIIOPH/IIB.

Takum YMHOM, TOKA3aHO, 10 APUITETYPTPUTATIOTEHIIN SBIISIIOTHCS 3PY-
YHUMHU €JIEKTPOGUIBHUMU peareHTaMu JJisl CHHTE3y FeTepOLUKIIYHUX CITO-
JYK 3 €K30- Ta CHAUIUKIIYHUM aTOMOM Telypy.... i epexTuBHOrO CHH-
T€3y TaKUX FeTEePOIMKIIIB HEOOX1JHA HASBHICTh KPATHOI'O 3BA3KY Ta J0/aT-
KOBOT'0 HYKJICO(IIBHOTO IIEHTPY — aTOMa OKCUTEHY, CYJIbpypy Ta HITPO-
TeHY.
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1. Introduction

Antibiotics play a key role in treatment and controlling bacterial
infections. Resistance to antibiotics that are widely used in clinical practice
is the global unsolved problem of healthcare that leads to the increase in
morbidity and mortality of infections and causes significant economic |oss.
Despite different approaches taken in recent decadesto tackle thisissue, the
trends of global antimicrobial resistance (AMR) spread show no signs of
slowing down [1-3]. The consequences of AMR rise will be increasing use
of older less effective techniques in controlling infections such as
debridement, disinfection, amputation. The process of treating infections
will take longer, be more invasive, and will be less successful [4]. The rapid
growth of AMR infection rate and the lack of new antimicrobial medications
being introduced to combat this issue are the main reasons that AMR has
emerged as one of the greatest global concernsin the 21st century and has
recelved favorable conditions for its development during any cataclysms,
especially terrible war in Ukraine [5,6].
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The proposed section of the monograph contains analysis of the
antimicrobial resistance mechanisms, waysto combat resistant bacteriawith
focus on the use of newly synthesized chemica compounds and
photochemical methods as well as their combination.

2. M echanisms of antimicrobial resistance in bacteria

There are different mechanisms and types of resistance using which
bacteria overcome the effectiveness of the antibiotics [7]. Understanding of
these mechanisms in turn facilitates development and improvement of both
the rational use of current antibiotics and new ways to combat infections
caused by resistant microorganisms.

Antimicrobial resistance (AMR) can be defined as ability of bacteria or
other microorganisms to withstand the impact of antibiotics to which they
used to be susceptible [8]. Thisin turn allows resistant microorganisms to
survive, spread, and gradually substitute susceptible ones. Last years of
great concern is emergence of multi-drug resistant (MDR), extensively drug
resistant (XDR), and even pan-drug resistant (PDR) bacteria. MDR —
resistance to at least one antibiotic from three or more antimicrobial
categories. XDR — resistance to at least one antibiotic from all but two (or
fewer) antimicrobial categories. PDR — resistance to all antimicrobial
categories[9].

Antibiotics, disinfectants, food preservatives or another antibacterial
means mainly act on the bacterial cell wall (B-lactams and glycopeptides),
cell membrane (polymixins), protein synthesis (tetracyclines, macrolides,
aminoglycosides, lincosamides, etc.), DNA replication (fluorogquinolones),
and metabolic pathways (sulfonamides) [7, 9, 10]. Despite these different
mechanisms of antimicrobial action, the misuse and overuse of antibiotics
as well as natural mechanisms of resistance development have led to the
global spread of resistance.

Generally AMR can be divided on natural or innate and acquired. Former
Is associated with the absence of areceptor for the antibiotic, low affinity,
cell wall impermeability, or enzyme production. Acquired resistancein turn
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can be subdivided on primary and secondary. Primary is the result of
spontaneous mutations and appear without contact with a drug. Secondary
resistance mechanisms are more complex and develop after interaction of
antibacterial mean and microorganism [12]. Besides, primary resistance is
associated with chromosomal genes, while secondary — with
extrachromosomal genetic elements — plasmids. Rapid spread of resistant
microorganisms in particular is possible due to the horizontal gene transfer
mechanisms which are conjugation, transduction, and transformation [ 8].

Mechanisms of drug resistance fall into several categories. inactivation or
ateration a drug, modification of drug binding sites (targets), active drug
efflux, changes in cell permeability (limiting uptake of a drug) [8-11].
Specified types aso can be unified as biochemica resistance. Biofilm
formation is another important aspect that facilitates the survival of bacteria
and can be considered as the mode of AMR.

In this chapter will be described the above mentioned mechanisms of
AMR with separately emphasized biofilm formation.

2.1. Biochemical resistance mechanisms

2.1.1. Destruction or alteration of drug

Inactivation of antibiotic is conducted by enzymes that are produced by
bacterial cell [11]. There are two ways of antibiotic inactivation: destruction
and chemical modification of the drug [8]. Process of inactivation is based
on hydrolysis of antibiotics by microbial B-lactamases. These enzymes
destroy B-lactamic ring of such antibiotics as penicillins, cephalosporins,
monobactams and carbapenems, thus preventing their binding to penicillin
binding proteins [8, 133]. About 300 different -lactamases are known at
present. They can be classified according to their structure (Ambler’s
classification) and functional peculiarities (Bush—Jacoby—Medeiros’
classification) [11, 133]. Chemical modification of drugs is based on the
transfer of phosphoryl, acetyl, and adenyl groups to particular sites of
antimicrobial means. This process is facilitated by the enzymes
acyltransferase, phosphotransferases, and thioltransferases. By the chemical

modification can be inactivated aminoglycosides, chloramphenicol,
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streptogramins, and fluoroguinolones [8, 9].

2.1.2. Modification of drug binding sites

Modification of target sites allows resistant bacteria to avoid recognition
by antimicrobial agents [11]. The most common example of this type of
resistance is production by methicillin resistant Staphylococcus aureus
(MRSA) strains modified penicillin-binding protein (PBP2a) that prevents
B-lactam antibiotics from binding to the target site [12]. In the presence of
PBP2a, B-lactam drugs are not able to bind effectively to their usual PBP
targets. PBP2a is encoded by mecA gene which is a part of the
staphylococcal chromosome cassette SCCmec genetic element [144].

Another example of drug binding sites modification is ribosomal
methylase that modifies adenine at the target site of the antibiotics in the
23S rRNA subunit. This enzyme is encoded by erm genes (erythromycin
ribosome methylase) and provides resistance to antibiotics that inhibit
protein synthesis at the level of the 23S rRNA subunit — macrolides,
lincosamides and streptogramin [8, 12].

Resistance to fluoroquinolones — drugs that interfere with DNA
replication — takes place due to the mutation of topoisomerase Il (gyrase)
and topoisomerase | V. M utations make impossible drug's ability to attach to
these components [8, 12, 144, 155].

2.1.3. Drug efflux

Efflux pumps are membrane proteins that transport nutrients inside the
cell and export toxic compounds including antibiotics from the cell
maintaining their low intracellular concentration [9, 133]. There are five
primary families of efflux pumps, which are classified according to their
structure and energy supply. Pumps can be specific to single classes of
antibiotics or extrude variety of different groups of antibiotics. Latter are
known as multidrug efflux pumps [8, 9]. All classes of antibiotics except
polymixins are susceptible to the efflux system. Major classes of antibiotics
that can be effluxed by bacterial efflux systems are macrolides, B-lactams,
fluoroquinolones, etc. [9, 133]. Efflux pumps are magjor determinants of the

multidrug resistance phenotypes in Pseudomonas aeruginosa [155]. Thus
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this mechanism provides resistance to amost all classes of antibiotics with
different mechanisms of action.
2.1.4. Limiting uptake of adrug
Decreased permeability of the bacterial cytoplasmic membrane prevents
antibiotics from reaching intracellular targets [9]. Due to the presence of
outer membrane, Gram-negative microorganisms are naturaly less
permeabl e to some antibiotics comparing to Gram-positive ones. Thisisthe
reason of Gram-negative bacteria resistance to vancomycin and
glycopeptide [8]. The natural resistance of Enterococci to low
concentrations of aminoglycosides is based on the low permeability of
bacterial cell membranes for molecules of the antibiotic. This precludes the
use of these drugs in monotherapy of enterococcal infections. Reducing the
number of porin channelsin the outer membrane of Gram-negative bacteria
limits the ability of PB-lactam molecules to enter the cell space [12].
Modifications in the permeability of the outer membrane significantly
decrease the ability of hydrophilic molecules including tetracyclines, and
certain fluoroguinolones penetrate inside microbial cell [8]. Decreased
antibiotic penetration is the reason of Mycobacrterium tuberculosis natural
resistance to a variety of antibiotics [9]. Recent studies suggest that
reductions in porin expression lead to resistance to carbapenems in
Pseudomonas and Acinetobacter. Thus, the functional loss of OprD porin
results in imipenem resistance in otherwise beta-lactam-susceptible strains
of P. aeruginosa [8, 15].
Table 1 summarizes the mechanisms of antibiotic action and mechanisms
of AMR development to them [8, 9, 12].
Table 1
M echanisms of the main antibiotic groups' action and AMR
development to them
Antibiotic M echanism AMR
Targets . :
group of action mechanisms
B-lactams Penicillin binding | Inhibition Enzyme
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Carbapenems protein (PBP), of cell wall | inactivation by
Cephal osporins peptidoglycan synthesis B-lactamases;
Monobactams subunits efflux pumps;
Penicillins production of
Glycopeptides altered PBP23,
reducing the
number of porin
channels
Decrease of
Aminoglycosides intracellular
Tetracyclines concentration by
I_\/Iacrolic_l% 30 Sand 50 S Inhibiti(_)n efflux;.
Lincosamides : : of protein enzymatic
: ribosome subunits : L
Streptogramins synthesis Inactivation;
Chloramphenicol drug binding
Oxazolidinones sites
modification

Continuation of Table 1

Antibiotic M echanism AMR
Targets : :
group of action mechanisms
Modification of
drug binding
Inhibition of Sites—
Fluoroquinolones DNA nucleic acid | topoisomerase
synthesis | Il (gyrase) and
topoisomerase
1V
Lipopolysaccharides Cell

Polymyxins

of Gram-negative
bacteria

membrane
disruption

Modification of
lipid A of LPS

116




Po3zaia Ne 3 \ Chapter Ne 3

e PANTYO Valeriy & authors
Presence of
: thydr
Enzymes taking part : difyd optergate
: . : Anti- synthase with
Sulfonamides in synthesis of :
. metabolites reduced
tetrahydrofolic acid ..
affinity for

sulphonamides

2.2. Biofilm formation as the mode of antimicrobial resistance exertion

According to the Costerton’s definition, biofilms are matrix-enclosed
bacterial populations adherent to each other and/or to surfaces or interfaces
[166]. Biofilms can be formed on numerous substrates like indwelling
medical devices, living tissues, agquatic systems, etc. Term ‘biofilm’ is used
to distinguish aggregated microorganisms from the free living or planktonic
[177, 188].

Biofilm has increased antibiotic resistance comparing to the planktonic
form, and involved in many persistent disease — generalized periodontitis,
chronic prostatitis, endocarditis, otitis media, etc. Inside biofilm, several
mechanisms provide the multi-factorial resistance to antibiotics [188, 199].
The high resistance of biofilms is determined by the extracellular matrix
which facilitates the adhesion of bacterial cellsto each other and the surface.
This decreases diffusion of antimicrobials inside biofilm aswell as protects
against host defensive mechanisms [188]. Matrix mainly consists of
extracellular polymeric substances — polysaccharides, proteins, lipids, and
extracellular DNA from the microbes that form glue-like substance for the
attachment and colonization of substrate and for the three dimensiona
architecture of biofilms [11, 20]. Besides biofilms can be made of several
different species of microorganisms, which increases the rate of horizontal
gene transmission as cells may exchange resistance plasmids within
biofilms [188].

There are two main theories that explain mechanisms of biofilms
resistance to antibiotics: complicated penetration of antimicrobials through
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extracellular matrix and decreased rate of the cell growth [188]. Another
mechanism of antimicrobial tolerance is the depletion of the antimicrobial
agent in the fluid bathing the biofilm. Antimicrobial penetration into a
biofilm depends on biofilm thickness. Latter also correlates with the age of
biofilm. Age or phase of microbial growth in turn impacts the susceptibility
of bacteria to chemical and physical factors. The most susceptible are
microorganisms at the beginning of the exponential phase. In the stationary
phase microorganisms grow slowly, are less metabolically active, and thus
are much less susceptible to environmental factors[21].

3. Strategiesto combat antimicrobial resistance

Among numerous ways and methods to combat infections caused by
resistant microorganisms, can be highlighted three main groups: designing
of new antibiotics or improvement of known antibacteria means;
discovering of new chemical compounds that on common or new targetsin
microbial cell; some alternative ways such as the use of bacteriophages,
monoclonal antibodies, photochemical methods, etc. [22]. Undoubtedly, to
overcome AMR complex and systemic multidisciplinary collaboration is
needed. This approach requires appropriate measures at international,
national, community, hospital, individual, or patient levels[2, 233-25].

3.1. Discovery of new antibiotic types.

As amost al microbial pathogens rapidly acquire resistance to currently
active antibiotics, medicine urgently requires new antibiotics — either new
classes with clinically validated modes of action, or new classes with
different modes of action. After the first antibiotics discovering the main
question that has been asked was “What is the ideal antibiotic?”” Latter can
be defined as an antibacterial agent that selectively inhibits a wide range of
Gram-positive and Gram-negative bacteria without affecting beneficial gut
microflora [266, 277].

Over the last few decades decline in the discovery of new and effective
antibiotics can be stated. Pharmaceutical companies are facing severa

118



I Po3zaia Ne 3 \ Chapter Ne 3
i PANTYO Valeriy & authors

lightbulb and later laser and LED radiation contributed transformation of
heliotherapy into phototherapy [95].

Phototherapy is widely used in the treatment and diagnosis of diseases
and various fields of medicine [96]. In particular, for the treatment of nerv-
ous system complications; skin and mucous membrane diseases, oncogenic
diseases [97], dentistry [98], tissue repair processes [99] pain relief, inflam-
mation process resolution [100]. Such abroad spectrum of phototherapy us-
age is determined by the almost complete absence of side effects on the hu-
man body. The beneficial effects of low-power radiation are based on its
ability to increase cellular viability, proliferation rate, DNA integrity, and
damaged DNA reparation [101].

In vitro studies [102, 103] show the impact of low-power radiation on
some biological properties of microorganisms. Results of own studies [104-
107] show the dose-dependent effect of different types of low-power radia-
tion on the growth rate and antibiotic susceptibility of opportunistic bacteria.
Thus, low-intensity radiation is considered as promising complement to tra-
ditional antibiotic therapy.
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Abstract

Quinone oximes and their salts are good bioactive compounds to attain
this am. The alkali metal salts of quinone mono- and dioxime have been
synthesized by the reaction of the corresponding quinone oxime with alkali
metal hydroxide. Copper {[2-methyl-4-ox0-5-(propan-2-yl)cyclohexa-2,5-
dien-1-ylidene]amino} oxidanide shows good activity against Phytophthora
infestans. Inhibition of the growth and development of the P. infestans is
80%. N-arylthio-1,4-benzoquinone imines andN-heterylthio- and N-
ethylxanthogenato-1,4-benzoquinoneimines were synthesized. Using
modern research methods their structures were investigated. A
combinatorial library of perspective plant protection means, based on N-
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arylthio-1,4-benzoquinone imines, was created and their antimicrobial,
insecticidal and acaricidal activities were studied. Certain dependencies of
the antimicrobial activity of the synthesized compounds on their structure
have been established. Using the online ProTox3 platform, the
determination of acute toxicity of the synthesized N-arylthio-1,4-
benzoguinone imines in silico for rats using four types of substance
administration was carried out. New N-heterylthio- and N-
ethylxanthogenato-1,4-benzoquinoneimines were synthesized. As a result
of the study of the antioxidant activity of these compounds by the absorption
method 2,2-diphenyl-1-picrylhydrazyl radical (DPPH), it was found that
2,6-dimethyl-4-{ [ (ethoxymethanethioyl)sulfanyl]imino} cyclohexa-2,5-
dienone exhibits high antioxidant activity.

I ntroduction

The development of antimicrobial drugs has been an actual task in recent
years. A healthy person contains about 1000 types of bacteria. M ost bacteria
livein theintestines. They enhanceintestinal immunity and synthesize some
vitamins. But pathogenic bacteria are also present in the human body. They
feed, multiply rapidly, and poison the body with their waste products[1].

Escherichia coli is a bacteria that lives in the intestines of humans and
warm-blooded animals. When ingested with raw vegetables, they can cause
severe food poisoning in humans and animals[2]. Escherichia coli infection
is transmitted by consuming contaminated water and food (raw meat, raw
fish, or raw milk) [3,4]. Saphylococcus aureusisabacterial pathogenwhich
causes various diseases: furunculosis, skin infections, osteomyelitis, endo-
carditis, pneumonia, meningitis, and toxic shock syndrome [5,6]. In addi-
tion, Staphylococcus aureus causes sepsis (bacteremia) [ 7], which often oc-
curs due to skin infections in the presence of surgical wounds, pneumonia,
and intravenous drug use. In 20-40% of bacteremia cases, it leads to death
[8]. That is associated with staphylococcal enterotoxins (SE). Mycobacte-
rium luteum are phytopathogens. In the course of evolution, mycobacteria
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have developed various mechanisms for overcoming unfavorable environ-
mental factors.

Fungi are present in the human body and under certain conditions, they
become very aggressive. Fungi of the genus Candida live on the surface of
human mucous membranes. They are opportunistic microbes, and certain
species can cause disease. Y east-like fungi of the genus Candida are often
isolated from cancer patients. Aspergillus niger is one of the most common
species of fungi of the genus Aspergillus. It can cause black mold on some
fruits and vegetables, such as grapes, apricots, onions, and peanuts. Asper-
gillus niger isacommon food contaminant, which can cause serious human
disease aspergillosis[9-11].

Bioactive compounds were previously synthesized to fight the bacteria
mentioned above and fungi [ 12-14]. However, bacteriaand fungi eventually
developed resistance to these antimicrobial drugs, particularly by forming
biofilm consortia providing microorganisms with additional resistance to
known drugs [15]. The problem of resistance of microorganisms to
antimicrobia drugs can be solved by searching for new ways of synthesis
of biologically active compounds [16-22], changing the active substance
[23,24], and creating complex preparations that minimize the effective
antimicrobia concentration [25-27]. Disinfection factors, particularly water
disinfection [28-30], and the use of antimicrobial materials also affect the
preservation of human health [31]. A prominent place among new biologi-
cally active substancesistaken by quinoid compounds, which exhibit awide
spectrum of biological activity like antimicrobial activity in particular [32],
specific biocidal and antibiofilm properties[33], have both trypanocidal ac-
tion [34,35] and antitumor activity [36-39].

Last time, the biological activities of metal complexes and organometal -
lic salts have been extensively studied [40,41]. They exhibit high biological
activities, such as antibacterial, antifungal, antiviral, and antipyretic [14,42-
A7) They are part of anticancer drugs.

A promising direction is the synthesis of new biologically active deriva-

tives of quinone oximes and their salts. Some quinone mono- and dioximes
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salts high biological, pesticide, and insecticidal activities [48-50]. However,
the biological activity of salts of guinone mono- and dioximes, naphthoqui-
none oximes were studied insufficiently.

Thus, this work aims to obtain new alkali metal salts of quinone mono-
and dioximes, naphthoquinone oximes, which have biological activity and
can be used in the compositions of antifungal and bactericidal preparations.

Some recent forecasts show that until 2050, the planet's population will
increase to about 9 billion [51]. At the same time, world food production is
not able to grow at a rate that would satisfy the needs of the fast-growing
population. One of the most significant obstacles to sufficient quantities of
food production are the diseases of agricultural plants [52]. The reduction
in losses to pests, pathogens, and environmental stresses is equivaent to
expanding the land and water resources for greater agricultural production
[51]. Today pesticides are used worldwide to combat plant diseases[53,54].
The use of the latter has a significant positive effect on the increase in the
guantity and the quality of agricultural products, but it is often short-term.
The cause of this phenomenon may be the emergence of resistant pathogens
as aresult of the long-term use of pesticides [53].

In this connection, the replenishment of the existing pesticide arsenal for
successful pest control of agricultural and ornamental crops, the search for
new effective plant protection meansis an open and rather relevant issue of
today. The screening of new compounds, primarily those with the structure
close to the known biologically active substances, is aimed to address this
issue. Thelatter compounds certainly include quinones, in particular, natural
guinones and some synthetic derivatives, which attract attention as
insecticidal, antifeedant and phytotoxic compounds [13, 54-60,].

Among the quinonimines, some compounds exhibit antitumor, cytotoxic
activity, and also inhibit the development of the human immunodeficiency
virus 61] Quinonimines in their structure contain a nitrogen atom and
substituents near it, which influences the molecule symmetry and opens up
wide possibilities for reactivity controlling. Therefore, the search for new
herbicidal and fungicidal agents among the derivatives of quinoniminesis
prospective, as well as the possibility of the application of the latter for the
synthesis of the compounds with better investigated pesticidal activity.
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It is known that some sulfur-containing quinonimines, namely N-
arylthio-1,4-benzoguinone imines, can be used as reagents for the synthesis
of important sulfur-containing compounds with a wide spectrum of
biological activity — thiosulfoesters [62], among which there are effective
fungicides and plants protective compounds [63-72]. However, the
pesticidal activity of N-arylthio-1,4-benzoquinone imines has still not been
investigated. Therefore, the aim of this work is the synthesis of several N-
arylthio-1,4-benzoquinone imines for the study of their antimicrobial,
insecticidal and acaricidal activity, as well as the determination of the
correlations between the structure of synthesized compounds and their
pesticidal activity.

Synthesis and biological activity of quinoid compounds

The biological activity was determined in the laboratory of Department of
Technology of Biologicaly Active Substances, Pharmacy & Biotechnolog-
Department of Technology of Biologically Active Substances, Pharmacy &
Biotechnology laboratory of Lviv National Polytechnic University.

The antimicrobial activity was studied on test cultures of bacteria Esche-
richia coli, Staphylococcus aureus, Mycobacterium luteum, and fungi Can-
dida tenuis, Aspergillus niger by diffusion of substances into agar (using
sockets). The minimum inhibitory (MIC), bactericidal (MBC) and fungi-
cidal (MFC) concentrations were determined by the method of seria dilu-
tions of the substance in aliquid nutrient.

Alkali metal salts of quinone monooximes 2a-k were obtained according
to the Scheme 1. To prove the structure of compounds 2a-k, elemental anal -
ysis was carried out, and the IR and 1H NMR spectra were studied. In the
IR spectra of compounds 2a-k, the absorption was observed in the range of
1620-1645cm-1 (C=0) and 1549-1575cm-1 (C=N).

Alkali metal salts 4a-d were obtained by the reaction of reacting N,N'-
cyclohex-2,5-diene-1,4-diylidene dihydroxylamine 3a, b with alkali metal
hydroxides (Scheme 2).
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" tag R 2ak
1: R'=R?=R3=R“=H (a), R'=CH3, R?=R3=R*=H (b), R'=R*=CH3;, R>=R3=H
(c), R'=R*=H, R>=R3=CHj3 (d), R'=CH3, R>=R*=H, R3=i-Pr (¢), R!=R*=H,
R?=R3=Br (f), R'=R?=R%=H, R3>=COOH (g); 2: R'=R?=R3=R*=H, Me=Li
(a), R'=R?=R3=R*=H, Me=Na (b), R'=R?=R3=R*=H, Me=K (c), R!=CH3,
R?=R3=R%=H, Me=Li (d), R!=CH3;, R?=R°*=R%=H, Me=Na (€), R'=CHj,
R’=R3=R%=H, Me=K (f), R!=R*=CH3;, R?=R°=H, Me=Na (g), R'=R*=H,
R?=R3=CH3s, Me=Na(h), R'=CH3.R*=R*=H, R3=i-Pr, Me=K (i), R'=R*=H,
R’=R3=Br, Me=K (j), R'=R?=R*=H, R®=COONa, Me=Na (k).
Scheme 1. Synthesis of compounds 2a-k.

R R
NOH N
/ = \07 Me+
+MeOH -
= —_— Me+tO  _—
HON/ Y

3a,b 4a-d
3: R=H (a), R=CHs3 (b); 4: R=H, Me=Li (a), R=H, Me=Na(b), R=H, Me=K
(c), R=CHs, Me=Na (d).
Scheme 2. Synthesis of compounds 4a—d.

Alkali metal salts of [(2-oxonaphthalene-1(2H)-ylidene)amino]oxi-
danides 6a, b were obtained by the reaction of 1-(hydroxyimino)naphtha-
lene-2(1H)-one 5 with alkali metal hydroxides (Scheme 3).

OH -
O Me+
N N

| |
C ‘/0 o
- + MeOH /
—_—

6: Me=Li (a), Me=K (b).
Scheme 3. Synthesis of compounds 6a, b.
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The experiment showed that salt 6b at a concentration of 0.5% has the
greatest fungi bactericidal effect on Staphylococcus aureus, Mycobacterium
luteum, Candida tenuis, and Aspergillus niger. At a concentration of 0.1%,
this compound is active only against Staphylococcus aureus and Mycobac-
terium luteum. The salts 2i, 4a, b at a concentration of 0.5% also showed
high bactericidal activity against Mycobacterium luteum. At a concentration
of 0.1%, only salt 4b was active.

The compound 2b was the most activein the study of minimum inhibitory
concentrations (MIC). The minimum inhibitory concentration (MIC)
against Escherichia coli of this compound was 31.2 ug/ml. Compounds 2D,
6a, b, and 2] also showed good results against Saphylococcus aureus. The
minimum inhibitory concentration (MIC) was 15.6 ug/ml (2b, 6a, b) and
31.2 ug/ml (2j). The salts 4a, b, 6a, and 6b showed the best MIC against
Mycobacterium luteum.

The salts 2b, 6a, b has shown the best minimum bactericidal concentra-
tion (MBC) 31.2 pg/ml against Staphylococcus aureus. The best MBC
against Mycobacterium luteum was in the case of compounds 2a, h, 4a, 6a,
and 6b.

In the case of fungi, the good minimum inhibitory concentration (MIC)
against Candida tenuis was for compounds 2b, e, 4b, 6b. But the salts 6a
and 4a showed the highest activities 3.9 ug/ml and 0.9 ug/ml, respectively.
The salts 6a, b showed good MIC against Aspergillus niger (7.8 ug/ml) and
good minimum fungicidal concentration (MFC) against Candida tenuis (7.8
ug/ml and 3.9 ug/ml) and Aspergillus niger (15.6 pg/ml).

In general, N-arylthio-1,4-benzoquinone Imines are
produced by the following methods. 1) interaction of N-chloro-1,4-
benzoquinone imines with thiophenols (method A) [73]; 2) reaction of N-
chloro-2,6-dihalogeno-1,4-benzoquinone imines
with disulfides (method B) [74]; 3) oxidation of N-arylthio-1,4-
aminophenols (method C) [75]; 4) interaction of p-aminophenols with
arylsulphonyl chloride

(method D) [72]; 5) interaction of thionitrates with 1,4-aminophenols
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(method E) [76.]. For the synthesis of the compounds presented in thiswork,
the method A was used, and the methods, optimized by the authors and
described in [62,73] were reproduced. The process can be represented by
the following Scheme 4.

Scheme 4. Synthesis of N-arylthio-1,4-benzoquinone imines

Compounds 7a-e were obtained by the interaction in the equivalent ratio
of N-chloro-p-quinone imine with the corresponding thiol and the
corresponding amount of 10% sodium carbonate in tetrahydrofuran at - 5 to
0°C [73]. Yields of compounds 7a-e and their melting points correspond to
the literature data [62,73], and the spectral characteristics (*Hand 3C NMR
spectra data) are consistent with data for the abovementioned compounds
reported in [62] 1,4-benzoquinone imines 8 a, d, e were obtained using the
method, similar to the method of obtaining the compounds.

It should be noted that to obtain compounds 8, method B was mainly used.
Thus, in the above-mentioned method, 2,6-dibromo-4 - [(phenylsulfanyl)
imino] cyclohexa-2,5-dien-1-one (8a) was obtained with a 84,4% yield
[74.]. It was shown that the method Ais also sufficiently suitable for the
synthesis of N-arylthio-2,6- dibromo-1,4-benzoquinone imines, and the
target quinonimines 8a, d, e were obtained with 58-72% vyields. The
structures, determined in the studies of N-arylthio-1,4-benzogquinone
imines, have been confirmed using modern methods of investigation (*H
and 3C NMR spectroscopy).

An important part of the most widespread plant diseases are diseases
caused by microorganisms. In general, from two to thirteen species of
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microbial phytopathogens parasitize on onetype of plant. The present paper
presents the results of the study of antimicrobial activity concerning
phytopathogenic bacterium Xanthomonas malvacearum and fungi
Fusarium moniliforme, Verticillium dahliae, Venturia inaequalis, Botrytis
cinerea, Aspergillus niger, Sphacelotheca panicimiliacei, Phytophthora
infestans, Erysiphe graminis, Erysiphe cichoracearum. As an example of
the diseases caused by the above-mentioned microorganisms, several
diseases can be mentioned, namely: black rust of cotton — causative agent
Xanthomonas malvacear um; corn pink mold, stem elongation disease of rice
— Fusarium moniliforme; powdery mildew of wheat, rye, barley, wild
poaceae - the causative agent Erysiphe graminis; powdery mildew of melon,
cucumber, pumpkin and zucchini - causative agent Erysiphe
cichoracearum; head smut— causative agent Sohacel otheca panicimiliacei;
late blight, a disease that affects potatoes, tomatoes and other kinds of
passover - causative agent Phytophthora infestans; apple scab — causative
agent Venturia inaequalis[77-79].

The harmful effects of some fungus are not limited to one particular plant
or plant species. For instance, Verticilliumdahliae hasalarge range of hosts,
consisting of more than 350 plant species, mainly root plants [80]. Botrytis
cinerea causes diseases of grapes, pasterns, onions, citrus fruits, as well as
beats, flax, gladioluses, greenhouse crops, peas, and salad. It isthe causative
agent of the clamp rot and gray rot of strawberries.

The study of the fungicidal activity of N-arylthio-1,4- benzoquinone
imines was carried out by the method of estimating the percent of growth
inhibition of pathogens.

The above data indicate that the studied N-arylthio-1,4- benzoquinone
imines 7a-e, 8a, d, e and 9a, c, d are characterized by mild antimicrobial
activity. The best results were observed for compounds 7a, ¢, 9a, ¢ with
respect to the fungi Erysiphe graminis, Erysiphe cichoracearum and
compounds 7d, 9d in relation to Sphacelotheca panicimiliace,
Phytophthora infestans, which creates the prospects for the search for the

agents for the protection of plants belonging to the Cucurbitaceae,
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Solanaceae and Gramineae families among the specified class of
compounds. The analysis of the resultsindicates the selectivity of the action
of benzoquinone imines to various microorganisms. In particular, the
compound (7d), which was active against the fungi Sphacelotheca
panicimiliacei, Phytophthora infestans (growth inhibition are 73 and 67 %
respectively), turned out to be completely ineffective to Erysiphe graminis
(growth inhibition — 0%). Also, the results of the studies have shown that
the antimicrobial activity is influenced by the nature of the substituents in
the arylthio group of N-arylthio-1,4-benzoquinoneimines. For example, the
introduction of chlorine atom into the arylthiol group of the compounds 9
increased their antimicrobial activity. Growth inhibition of microorganisms
by benzoquinonine with phenyl group 9a was within 0-25%, while
compounds with 4-chlorophenyl group 9d —14-67%. Similarly, the presence
of chlorine atom in the arylthio group of the structure 7 contributed to an
increase in the activity of the compound to Sphacel otheca panicimiliacei,
Phytophthora infestans compared with benzoquinone imines 7, containing
other substituents in the same position. To create a combinatorial library of
perspectivecompoundsfor plant protection based on N-arylthio-1,4-
benzoguinone imines, astudy of theinsecticidal, nematocidal and acaricidal
activity of the compounds 7a-e, 8a, d, e, and 9a, ¢, d was also conducted.

The results reveal that the highest efficacy of the studied substances was
shown in the control of the red spider mite Tetranychus urticae Koch.
Among them, N-arylthio-1,4- benzoquinone imines 1c (pest death rate was
52,5%), 9c (pest death rate — 100%) and 9d (pest death rate — 100%) turned
out to be especially active. As for other investigated pests, the results
obtained for the compound 7e demonstrate the death rate of the root-knot
nematode Meloidogyne of 62,3%.

The assessment of the toxicity of compounds is an important aspect of
research and devel opment of new pesticides sinceit helpsto prevent damage
to human health and the environment. Such studies are mostly carried out
on rodents, are quite expensive and constantly criticized for ethical reasons.

The European Community Guidelines for Chemicals and Safe Use
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(REACH) provide the devel opment of computational methodsfor analyzing
"structure-activity" interactions and the study of toxic effects. Nowadays
thereis alarge amount of literature data of L Dso for various compounds on
rats, which allows evaluating LDsp in silico using the ProTox3 platform
[81]. We used the ProT ox3 platform for modeling acute toxicity for rodents.
Results of the acute toxicity predictionmake it possible to assert that the
synthesized N-arylthio-1,4-benzoguinone imines can be attributed to low-
toxic compounds (4, 5class of toxicity). Such results are a good argument
for the feasibility of further experimental biological research of the above-
mentioned compounds to find new effective pesticides.

N-Substituted 1,4-guinoneimines have a wide spectrum of biologcal ac-
tivity [50]. The stabilizing property of N-substituted p-gquinonemono- and
diiminesis known, which isrelated to their antioxidant activity. Derivatives
of N-substituted 1,4-benzoquinoneimines are used as antioxidants and sta-
bilizers. For example, stabilization of fats, oils, unsaturated compoundswith
N-phenyl-1,4-benzoquinonimine was proposed. [82,83].

N
[ :[ N gl R!
Y>1_la-c N\
R Y—s-N 0 + HCl
Y
S
R! I 12a-f R R?
C,H,0—C—SK R!
S
Cl-N o) 11d I
———————» (,H,0—C—S—N 0 + KCl
3 2
R R N-N 12g,h R
10a-c 4 Y—sH
N Me
H j1e N-N
L » ¢ 35N 0 + HCl
N

H
12i Me

10, R'=R®=Me, R?=H (a), Rt =R?= Me, R®=H (b), R' = R? = t-Bu, R®=H (c);
11,Y =0(a), S(b), NH (c); 12,Y =O,R' =R®=Me, R?=H (a); Y =O,R' = R? =
Me, R®=H (b); Y =S, R'=R3=Me,R2=H (c); Y =S,R'=R?=Me, R*=H (d); Y
=NH,R'=R?=t-Bu, R®=H (), Y =NH, R'=R?=Me, R®*=H (f); R* = R®= Me, R?
=H (g9); R'=R?=Me, R®*=H (h).
Scheme 5. Scheme of obtaining N-heterylthio- and N-ethylksantogenato-
1,4-benzoquinoneimines
N-Heterylthio-1,4-benzoquinonimines were synthesized by the reaction
of N-chloro-1,4-benzoquinonimines with the corresponding heterocyclic
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mercaptans in acetone. The reaction of quinonimines with mercaptobenzox-
azole was difficult, so it was carried out with the sodium salt of mercapto-
benzoxazole in ethyl alcohol Scheme 5.

The reaction products were bright orange crystals. The composition and
structure of the synthesized compounds was established based on the results
of elemental analysis and the study of NMRH spectra [84].

Aninvitro method based on thereaction of 2,2-diphenyl-1-picrylhydrazyl
(DPPH) dissolved in ethanol was used to assess antioxidant activity (AOA).
As a result of the reduction of DFPGe with an antioxidant, a gradual discol-
oration of the DFPG solution in ethanol was observed, which was deter-
mined by the change in optical density at 517 nm on a spectrophotometer.
The radical-absorbing activity (RPA) of the compound was defined as the
ratio of the difference in the value of the optical densities of the DFPG so-
|ution and the solution containing the test substance and DFPG to the optical
density of the DFPG solution. High levels of antioxidant activity werefound
for compounds 12¢, d, i, g, h, neutralizes free radical by 91% after 20
minutes of interaction with the stable free radical DPPH. Compounds 12 b,
e show prooxidant properties.

Conclusions

The salts of quinone oximes were obtained in the reaction 4-(hydroxy-
imino)cyclohexa-2,5-dien-1-one, N,N'-cyclohexa-2,5-diene-1,4-diyl-
idenedi-hydroxylamine and 1-(hydroxyimino)naphtalen-2(1H)-one with al-
kali metal hydroxides. The antimicrobial activity was studied on test cul-
tures of bacteria Escherichia coli, Saphylococcus aureus, Mycobacterium
luteum, and fungi Candida tenuis, Aspergillus niger by diffusion of sub-
stances into agar on a solid nutrient medium. The minimum inhibitory
(MIC), bactericidal (MBC) and fungicidal (MFC) concentrations were de-
termined by serial dilutions of the substance in a liquid nutrient medium.
The akali metal salts of 1-(hydroxyimino)naphthalene-2(1H)-one showing
the most activity against bacteria Staphylococcus aureus, Mycobacterium
luteum and fungi Candida tenuis and Aspergillus niger.
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Thus, in the course of thestudies, a combinatorial library of
perspectivecompoundsfor  plant  protectionbased on N-arylthio-1,4-
benzoquinone imines was created. In this case, methods of the synthesis of
several N-arylthio-1,4-benzoquinone imines have been reproduced and the
compounds’ structures were determined using modern research methods
(33C and 'H NMR spectroscopy). Antimicrobial, insecticidal and acaricidal
activity of synthesized N-arylthio-1,4-benzoquinoneimineswas studied and
some correlations of synthesized compounds’ structure and their
antimicrobial activity was revealed. The effectiveness of some N-arylthio-
1,4-benzoquinone imines to fungus Erysiphe graminis, Erysiphe
cichoracearum, Sphacelotheca panicimiliacel, Phytophthora infestanswas
shown, which opens the prospects for the search among this class of
compounds for the plant protection products for the plants from the
Cucurbitaceae, Solanaceae and Gramineae families. Among the N-
arylthio-2,3,5,6-tetrachloro-1,4-benzoquinone imines, two highly active
compounds for the control of spider mite (Tetranychus urticae Koch) were
identified, suggesting the feasibility of the further search for effective
acaricides in this series. The prospect of finding new effective pesticides
among Narylthio-1,4-benzoquinone imines in silico was confirmed by
studying their acute toxicity in rats using the ProTox3 platform.

High levels of antioxidant activity were found for 4-(benzo[d]thiazol-2-
ylthioimino)-2,5-dimethylcyclohexa-2,5-dienone,  4-(1H-benzo[d]imid-
azol-2-ylthioimino)-2, 6-dimethylcyclohexa-2,5-dienone, and 2,6-dime-
thyl-4-[(4H-1,2,4-triazol-3-ylsulfanyl)imino] cyclohexa-2,5-dienone. It was
established that 2,6-dimethyl-4-{ [ (ethoxymethanethioyl)sulfa-
nyl]imino} cyclohexa-2,5-dienone neutralizes free radical by 91% after 20
minutes of interaction with the stable free radical DPPH. A detailed study
of the antioxidant activity of N-heterylthio- and N-ethylksantogenato-1,4-
benzoguinoneimines is promising for their use as antioxidants.
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OpraniuHi reTepOLUKIIYHI CTIOJYKH BIIITPAIOTh BaXKJIMBY POJIb Y CY-
YyacHIM aHamiTAYHINA XiMmii [1, 2]. 3aBasKK CBOiM yHIKaIbHIA XIMIYHIN CTpPY-
KTYpl Ta 3aTHOCTI 10 ClielU(pP1YHOT B3a€MO/I1 3 I0HAMU PI3HUX E€JIEMEHTIB,
11 CIIOJTYKH IIIMPOKO 3aCTOCOBYIOTHCS K 10HOGOPU — (YHKI[IOHATIbHI KOM-
MOHEHTH CEHCOPIB, IO 3a0€3MEeUyI0Th BUCOKY CEJIEKTUBHICTD Ta Yy TJIMBICTh
[3-7].

VY MOTEHIIOMETPUYHUX METOJIaX BU3HAYEHHS 10HO()OPHU BUKOHYIOTH
KJIFOUYOBY (DYHKIIII0, BABHAYAIOYU CEJIEKTUBHICTh CEHCOPIB L1010 KOHKPET-
HUX 10HIB, OpraHIyHI T€TEPOIMKIIIYHI CIIOIYKH 1€aTbHO MAXOIATH IS i€l
3a7a4l yepes:

1. lMoasspU30BaHICTHL 1 HASIBHICTh I'€TEPOATOMIB, SIKi CHIPUSIIOTh YTBOPEHHIO
MIITHMX KOMIIIEKCIB 3 ioHamu [8].

2. Pi3HOMAHITTS CTPYKTYP J03BOJIsi€ HAJAIITOBYBATH iXHI XiMIUHI BJIACTH-
BOCTI JUIsl BUPIIIEHHA KOHKPETHUX aHATITUYHUX 3aBlaHb [9].

3. CrabinbHicTh y 4yaci 3a0e3reuye JOBTOBIYHICTh CEHCOPIB 1 HAMIMHICTH
BUMIpIOBaHb [10].
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[Ipuknagyn ycHmilmiHOrO 3acTOCYBaHHS BKJIIOYAIOTh BUKOPHUCTAHHS
GyHKIIIOHAIBHUX TOX1IHUX TaKUX CIOJYK K mipazonu [11, 12], Tiazonu
[13, 14], Tpuazonu [15, 16] Ta iHII, SKI JEeMOHCTPYIOTb BHUCOKY CEJICK-
TUBHICTbD JI0 KaTiOHIB JIY’)KHHUX, JTy>KHO3EMEJIbHUX METAIB, BAXKKUX METAIIB,
a TAaKOX JI0 JESKUX aHIOHIB.

Jlana moHorpadis mpucBSIUY€HA CUCTEMATUYHOMY OIKMCY BUKOPUCTAHHS
OpraHIYHUX TeTEPOLUKIIYHUX CIIOIYK Y PoJii 10HO(DOPIB SISl MOTEHI[IOMET-
PUYHUX METO/IIB aHaTi3y, onmyOsikoBaHUX 3a ocTaHH1 10 pokiB.

1. IPATHYWICHHI MOHOIETEPOUMKIIIYHI CHOJYKHM 3 ABOMAa rerepoaro-
MaMH

1.1. Iloxioui nipazony

['pynioro aBTopiB [17] po3pobiieHO HOBUIT MEMOpPaHHUN MOTEHIIOMETPH-
YHUW aT4UK HAa OCHOBI nodiBiHUIxIopuay (I1BX) nims BU3HAYEHHS 10HIB
xpomy(III). B sxocti HelTpanpHOTro i0HODOPY OyI10 3acTocoBano 5,5'-(1,4-
dbenineny)oic(3-(nadranin-1-i1)-4,5-quriapo- 1 H-nipazon-1-kap6oTio-
amia. OnTuManbHUM CcKjIaJ Halie(peKTUBHIIIOT MeMOpaHu MICTUB 10HOGOD,
tetpakuc(4-xnopdenin)oopar kamio (KTpCIPB), nubyrundranar (DBP) i
[1BX y cmiBBigHo1IeHH1 5,5:1,5:55:38 (mr). CeHcop Mae poOounii aiana3zoH
koHuentpamiii 1,0x10°-1,0x101 mons/n, Mexy Bussaenss 1,7x107°
MOJIB/JI, Yac BIATYKY 8 ¢ Ta mpaifroe B mupokomy mianazoni pH 5,0-11,0.
JlaHuil JaTyMK OPOJEMOHCTPYBAB HAMKpallly CEJIEKTHUBHICTh MJISl 10HIB
xpoMmy (I1T) BiTHOCHO psiAy 1HIIMX JOCHIIKEHUX KaTIOHIB, BKIIOYAIOYH JIy-
HI1, Ty>KHO3EMEJIbHI, BaXKi Ta nepexigni metanu. Kpim Toro, po3poOneHuii
CEHCOP MOKAa3y€e XOPOIITY MOXKJIMBICTh MOBTOPHOTO BUKOPUCTAHHS Ta CTa01-
JBHICT.

Sk mokasano I0CHiIHKEHHS, pO3pO0JIEHUI CEHCOP MOYXKHA BUKOPHUCTOBY-
BATH K IHAMKATOPHUM EIEKTPOJ y KiIbKiCHOMY BHM3HadeHHi iomiB Cr3*
[UISIXOM TOTEHIIIOMETPUYHOTO TUTPYBaHHS ETHJICH11aMIHTETPAOI[TOBOIO
kuciororw (EJATA). TutpyBanHs Oyio YCHIIITHO 3aCTOCOBAHO Ha 3pa3Kax
IIPOMUCIIOBOI BOAM, JUCTUIHLOBAHOI BOJAM, @ TaKOXK Ha MPUKIAAl CTIYHUX
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BO/I.
[nodop, TobTo 5,5'-(1,4-dpeninen)odic(3-(nadramin-1-in)-4,5-auriapo-
1 H-nipazosn-1-kapOoTtioamig OyB cuHTe30BaHuM 3rigHO 31 CxeMoro 1.

Cxema 1
S S
N—NH, HN—¢
oy p s N

C,H.OH N-N

NaOH, 12h
reflux

[i€ro 5 DOCIIIHUIBKOIO rpy1oro [ 18] po3po0iaeHo HOBUM TBEPAOTIILHUN
KOHTAKTHUW TOTECHI[IOMETPUYHUN MEMOpaHHUHN €JIEKTPOJl Ha OCHOBI Oic-
1,5-numerni-2-penin-1,2-guriapo-3H-nipazon-3-ony (Puc. 1) B sikocTi 10-
Hoopy, KU ceaekTHBHO jie Ha ioH Hg?'. B pamkax IOCIiKEHHS BH-
BUCHO MOTEHI[IOMETPUYHY OBEIIHKY €JICKTPO/1a B /liania30H1 KOHIIEHTpaIlii
Big 1,0x1072 1o 1,0x107° Monb/1 ioHa pTYTi i pe3yIbTaTH IIOKA3aIK XOPOILY
minifinicTs (R? = 0,9997) 3 Mexero BuspnaeHHs 1,2x107 MOIB/I Ta BUCOKOIO
CENIEKTUBHICTIO moa0 ioHiB Hg?*, He miagar0¥mch BILIMBY iHIIMX 1OHIB.
Enextpon npoaeMoHCTpyBaB 3MiHy noteHuiany Ha 62,0+2,0 MB nis kox-
HOTO JIECSITUKPATHOTO 301bllIeHHs] KOHIeHTpalii 10H1B pTyTi(Il). [ToTeni-
OMETPUYHUM BIATYK €JEKTpoJa JOCHiKyBanu B nianma3zoHi pH Bix 3,0 mo
10,0. Sk 1 y BUnDagKy 3 mornepeaHiM BUIICOMUCAHUM MOXIUTHUM MIpa3ony,
JTAHUM €KCTIEPUMEHT TaKOX MPOBOIAWIN 3 MeTor0 Bu3HaueHHs pTyTi (II) y
pI3HUX 3pa3kax Boju. JloBeaeHuM € i itoro Bukopuctanss 3 EJITA sk iHau-
KaTOPHOTO €JIEKTPOAY Y MOTEHI[IOMETPUYHOMY TUTPYBaHHI1 10H1B pTyTIi (II).

SN

N- N~
/ N\
o~ 0

Puc. 1. ®opmymna ionodopy - 5,5'-(1,4-beninen)oic-1,5-mumermn-2-gde-
H11-1,2-nuriapo-3H-nipaszon-3-oHy.
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2. IsTM4YJIeHHI MOHOTEeTePOIUKJIIYHI CMOJYKH 3 TPbOMAa IeTepoaro-
MaMHu

2.1. Iloxioni 1,2,4-mpuazony

KoncTpykirisg, pododi XxapaKTEpUCTHKH Ta 3aCTOCYBaHHS HOBOT'O MEM-
opannoro IIBX enexrpona st Bu3HadeHHs ionis Bi®" ma ocnosi 5-(3,4,5-
TpuMeToKkcudenin)-4-amino-1,2,4-tpiazon-3-tiony (Puc. 2) sk ioHodopy Ta
o-HiTpodenin-oktriioBuit erep (0-NPOE) sik mmactudikaTopa omnvcani B
po6oTi [19]. Po3pobnenuii gaTyuk npoaeMoHCcTpyBaB HepHCTIBChKUI BiJI-
ryk ansa iona Bi®* B mianmasoni Bix 5,010 mons/n no 1,0x1072 mons/n 3
Haxuiom 19,8 mB/aexany. Pobounii nianazon pH natumka ctanoButs 3,0—
6,0. EnekTpoa 1eMOHCTPYE Yac BIATYKY 6 € 1 MOKE BUKOPUCTOBYBATHCS 110~
HalMEHIIIE T’ SITh THXKHIB 0€3 Oy/Ib-sIKOT 3HaYHO1 pO30O1KHOCTI y pe3yibTa-
Tax. BiH BoJo/i€ XOPOIIOIO CENEKTUBHICTIO II0/I0 IIIMPOKOTO CIIEKTPY 10HIB
JTY)KHUX, JTY>)KHO3EMEJIbHUX, MEPEXITHUX 1 BAKKUX METaJIB. 3alIpONOHOBA-
HUU eJIEKTPO]] MOXKEe OyTH BUKOPUCTAHUH SIK €JIEKTPOI-1HIAUKATOP MPHU TIO-
TEHLIOMETPUYHOMY TUTpyBaHHi i0HiB Bi®* 3 EJITA Ta npy BU3Ha4Y€HH] BMi-
cry Bi** y mnynkosux npenaparax.

N=(
SH

Puc. 2. ®opmymna ionodopy - 5-(3,4,5-tpumerokcudenin)-4-amino-1,2,4-
Tpi1a30J1-3-Ti0dy.
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3. HlecT4/ieHHIi MOHOTETEPOUMKJIIIYHI CIOJYKH 3 OJHUM IeTepoaro-
MOM

3.1. Iloxioni nipuouny

['eTepoukIIiuHi CIOMYKH Ha IpUIUHY Ta ceuoBUHU (Puc. 3), 110 MiCTATH
rpyNnu JOHOPIB/aKIENTOPIB BOJHEBUX 3B’ A3K1B, BUKOPUCTOBYBAJIHUCS SIK 10-
HOGOpPH Il BUTOTOBJICHHS MOJIMEPHUX MEMOpPAHHUX 10H-CEIEKTUBHUX
CJICKTPOJIIB JJII BU3HAYCHHS TiApocynbdia-, riapocynbdar-anionis [20].
OnTuMizalliss MeMOPaHHOT'O KOMITOHEHTA, TAKOTO SIK JMo(dIbHI J0OaBKU Ta
miacTudikaTopu, MpU3Beia 10 OTPUMAHHS 10H-CEJIEKTUBHHUX €JIEKTPO/Ia,
110 IEMOHCTPYIOTh peakilito HepHcTa Ha riapocyabdia/riapocyabdar 3 mo-
KPAIlIEHOI0 CEJIEKTUBHICTIO 111010 JiMo(diIbHUX aHIOHIB 1 rajgoreHiaiB (Puc.
4). [Inst 3acCTOCYBaHHS 3 METOK BU3HAUYEHHS T1IpOCyibdary B Mpodax BOIU
IUIsL T1IApOCyb(diny BUKOPHUCTOBYBAIMCS ONTHMMI30BaHI 10H-CEIECKTHUBHI
€JIEKTPOJIM 3 XOPOIIIOK OOOPOTHICTIO Ta MOKPAIIEHUMHU MEKaMU BUSIBJICHHSI
(3 miHiAHEMM gianazoHoM 5x10° M - 1x 102 M Ta Mexero BusBiIeHHS 1X10-

5 M).

Puc. 3. ®opmymna ionodopy - N,N'-{nipuaun-2,6-quinbic[(eTun-2,1-
auin)4-mpem-oytmindenin-2,1-auin] } 6ic(N'-(4-meTokcrdEH1T)CCUYOBHHH ).
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Puc. 4. Pe3ynpTaTi MOTEHIIIOMETPUYHOTO BU3HAYEHHS aHOHIB TIPH BUKO-
puctanHi ioHodopy - N,N'-{mipuaun-2,6-quindic[(etun-2,1-nuin)4-mpem-
oyrundenin-2,1-nuin] } 6ic(N'-(4-meTokcrudeHIT)cCeYOBUHH ).

ABtopamu [21] OyJI0 BUTOTOBJIEHO Ta JOCIHII)KEHO HOBU MEMOpaHHUIA
enexktpo 13 nomiBiHUIXIopuay (IIBX) 13 BukopucTaHHsIM 2-0eH301M0Ipu-
IUHCEMIKap0a30Hy K 10HO(POpY 3 AIOKTHIPTATATOM K IUIACTU(IKATOPOM
1 rerpadeninooparom Hatpio (NaTBP) miist cenekTuBHOTO BU3ZHAYEHHS 10-
HiB Zn(II). Haiipamii pe3ynbpTaTi mokas3aB €JIeKTPO]l y MAaCOBOMY CIiBBiTHO-
menHi: [I1BX 30%, nnactudikarop 58%, NaTBP 8% Ta 2-0eH3oinmipuiuH-
ceMikap6azony 4%. Cunte3 ioHOQOpY BiIOyBaBCs 3a peakili€ro, HaBeje-
HOIo Ha Cxewmi 2. BcTaHoBiEHO, IO TaTYMK 3a0€3Meuye JiHIMHY peakilito B
nianazoHi koHueHtpamiii 1,0x102-4,56x10°% M 3 Mexero BHABIEHHS
2,28x10° M i wacom Biaryky <10 c. ExexTpos MO’kKHa BUKOPHCTOBYBATH HE
MEHIIIE IIECTH MICSIIB 0€3 po301HOCTI MOoTeHIiany. Anpo0aliito IpoBO -
jacst Ha 3pa3kax (PpPyKTiB 1 OBOUIB.
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Cxema 2

CH3COONa

\

\ 0
+ _NH _NH
HN 7 2

o

4. KoH/1IeHCOBAaHI reTePONUKJIIYHI CIIOJYKH
4.1. Inoon

TBepIOTUIbHI MOTEHIIOMETPUYHI CEHCOPHU JJIsI BU3HAYEHHS KaJbIIIO
Oynu po3pobsieH1 aBTopamu poooTu [22]. Cencopu Oysid CKOHCTpYHOBaHi
IIUISIXOM HaHECEHHsI TOHKOI TUTIBKY CyMIIIIl TTOJIIMEPHUX MeMOpaH Ha 30J10T1
CJIEKTPO/IU, SIKI OyJIM MONEPEeAHHO MOKPHUTI MPOBIIHUKOM — 1oJi(3,4-eTu-
JeHAI0KCUTIO(PEHOM) SIK IepeTBOpIOBaueM 10HIB Ta enekTpoHis (Puc. 5). B
po6o0Ti Oys0 mocaiakeHo oibine 40 CeHCOpIB, sIKI MICTUIN Pi3HY KIIbKICTb
p13HHX 10HO(OPIB 3 aHIOHHOIO JIMOQPLIBHOIO J00aBKOIO Ta 6e3 Hel. B sikocTi
ioHOQoOpiB OyIM BUBUEHI MOXIJIHI 1HA0JY, HaBeeH1 Ha Puc. 6.

Miasa gpoTiea

(Caly

> _——

Posine 1pa ey

3anotwi enenTpog

om0Gop/ nosivep
noal3 - ermaesionceriodeen)
ok rmpency aniponay

Puc. 5. Cxema 3anponoHoBaHOro y poboti [22] ceHcopa Juisi BU3HA-
YEHHS KAJTBIIO.
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Cencopu Oy BHKOPHCTaHI I BU3HAYCHHS KOHIIGHTPAIll KaJbIlO B
CUpPOBATII KpoBi. Pe3ynpTaTu MOpiBHIOBANIN 3 PE3yIbTaTaMU, OTPUMAHUMHU
3a JOMOMOTOK CTaHJAPTHOTO aHalli3aTopa €JIEKTPOJIITIB, OTPUMAHUX Y
KJIIHIYHOT Jabopartopii. BMICT kalbIlit0 KOpeaoBaB Npy BU3HAYCHHI 00oMa
METOJaMHU.

~
Z O/ \
o] \ N 0
N \
(i\\ S—NH,
HO ) H
HO COOH O/ NH
O;

NH,

Puc. 6. ®opmynu ionodopiB — nmoxiguux 2-rigpokcu-3-[ (E)-(2-okco-1,2-
auriapo-3H-1a101-3-17111eH)aMiHOo |0€H30MHOT KHCIIOTH.

4.2. Xinaszonin

JloCHiAHUKY BUABWIIM, 1110 XiHA30JIHU Ta iX MOXiJAHI MICTSTh Pi3HI THUIH
TeTePOLUKITYHUX MOJIEKYJI, SIKl € BAXJIMBUMU XpoModopamu 3 OakaHUMU
€JIEKTPOXIMIYHUMU BIACTUBOCTAMM JIJIsl 3aCTOCYBAaHHS B cpepl 10H-CENeK-
TUBHUX CEHCOPIB [23]. MeTaTOKOMIUIEKCH IUX CTIOIYK IMPOJAEMOHCTPYBAIH
3HAYH1 €JIEKTPOXIMIUHI BJIACTUBOCTI SIK 10HO(OpHU ab0 €IEKTPOI0AKTUBHI
PEYOBUHU 11 BUIOTOBJIEHHS 10H-CEJIEKTUBHUX €JETPOIIB 3 pI3HUMU
noiMmepaumu Memopanamu (Puc. 7). Tak, moxigH1 XiHa30/iHy OyJU 3aCTO-
coBaHl gk 10HoGopu y [IBX maTpuii 1151 BUTOTOBJIEHHS MOTEHIIOMETPUY-
HUX 10H-CEJIEKTUBHUX E€JEKTPOMAIB Il BUZHAUCHHS OyTpalliHy, TlIpOKCH-
JaMiHy 1 HITPUTY, a TAKOX JJIsi BABHAYEHHS 10HIB BaXXKUX METAJIB, TAKUX
sk Fe3* 1 Th*. JlocmigkeHHs MPOBEIUIOCS Ha 3pa3Kax XapyoBHX MPO-
IYKTiB, TUTHOI BOAM, HAIOIB, IOOPUB, IPYHTOBUX MPOMUCIIOBUX.
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lovogop

N

_~N

TRRCTAPNETOR PO3UMHHMK

(ambyruadranar, ICE -
[: membpana (reTparigpodypan)

Avokrundranar)

Bnosmosay karionls
(warpii rerpadeninbopar)

Puc. 7. Cxiana i0H-CEIEKTUBHOT MEMOaHH, TOCHIKEHOT B poOoTi [23].
4.3. Kykypoimypun

ABropamu [24] onrcaHo BU3HAYCHHS aKTMBOBAaHHMX OIOMCHHHMX aMiHIB 3a
JIOTIOMOT010 10HHO-TIapHO1 XpoMaTorpadii B MO€HAHH] 3 TOTCHI[IOMETPHY-
HUM JIE€TEKTYBaHHSAM JJII KOHTPOJIO SKOCTI Xap4yOBUX MPOIYKTIB. Jlis
OTPMMAHHS aMIHOCEJIEKTHUBHOTO €JEKTPOJa BUKOPUCTOBYBABCS KYKYp-
oit[6]ypun (Puc. 8) B sxocti ioHodopy. bioreHni aminu Oyiu po3iieHi i3
3acTocyBaHHSAM KoJIoHKH C18 B saxocTi HEpyxomoi ¢a3u. Lleit meTon BKIIIO-
4ae TpaJlEHTHE EJII0I0BAaHHS PyXOMOIO (Da3010, 0 MICTUTH JITIA-(opmiaT-
HUW Oydep, aleTOHITPUII 1 HATPIEBY CUIb OYyTaHCYIHL(POHOBOT KUCIOTH SIK
areHT 10HHO1 mapu. 3arnporOHOBaHUK METO/T J03BOJIMB OJJHOYACHO BUSIBUTH
necaTh O10TeHHUX aMiHIB, a caMe: METUJIaMiH, €THJIaMIH, TyTPECIINH, KaJia-
BEpUH, TCTaMiH, CIIEPMIJIMH, CIEPMiH, TUpaMiH, (peHIIeTHUIaMIH 1 TpUITa-
MIH. AHali3 3pa3KiB TOMAaTIiB IOKa3aB MOKAa3HUKU BWIy4YeHHS Bia 85,8
+0,0% no 108,5 £0,0%, 110 miaATBEpKY€ BUCOKY TOUYHICTH 3allpOIIOHOBA-
HOTO METONly. TakiuM YMHOM, 3aIIPOINIOHOBAaHA CUCTEMA € MPUBAOJIMBUM 1 Ha-
JIMHUM TJIXOJIOM JUIsi TPOCTOT0, IIBUAKOTO Ta €KOJOT1YHIIIOrO BH3HA-
YeHHs1 010r€HHUX aMiHIB Y XapuOBUX MPOJYKTaX.
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Puc. 8. ®opmyna kykypOiT[6]ypuiy.
4.4. bensimioazon

I'pymoro aBropis [25] Oysi0 CTBOPEHO HOBUH MOTEHI[IOMETPUYHHIA CaMO-
MIaCTU(PIKYIOUMNA MOJIMIPOJbHUN JAaTYMK HA OCHOB1 Olf€HTATHOro Oic-
NHC niranny s BusHadeHHs kationis Hg?* Ionodop, a came 6ic[1-6en-
3w-0eH3iMigazoninmMeT |-4-metmnoen3oncynbdonamin opomia (NHCL)
(Cxema 3) OyB yCcHIIIHO CUHTE30BaHUM 1 OXapaKTEPU30BaAHMI 3a JOTIOMO-
ror (i3UKO-XIMIYHUX METOJIB aHami3y. EjekTpos 13 onTUMaIbHUM MEM-
OpaHHUM CKJIaJ0M IPOJAEMOHCTPYBaB XOpouly peakuiro HepHcra Ha kati-
onn Hg?* B miamazoni Bix 1,0x10° 1o 1,0x102 M 3 Mexkero BHABICHHS
2,5x107" M Tta yacom Biaryky npuoausao 20 ceKyH 1 Ipy KiMHATHIN TeMIIe-
patypi. 3anpornoHoBaHU MeMOpaHHUN CEHCOp OYB YCIIITHO BUKOPHUCTA-
HUU 7151 BU3HAYEHHS p13HUX KoHueHTpaui pryTi(Il) B peanbHuX 3pa3kax i3
3aJIOBUIBHUMU Pe3yJibTaTaMu

B iH1mi#t po6oTi [26] nanuii ioHoop OyB BHEpIlE YCIIIIHO BUKOPUCTA-
Huil 1s Bu3HaueHHs iona AQ'. B3aemomiro mixk NHCL Ta xatioHom Ag*
(Cxema 3) mochiKyBaiu CHEKTPOPOTOMETPUYHO BU3AHAYAKOYU CTEXIO-
metpito komruiekey (1:2) NHCL:Ag+ y po3unnauky JIMCO. Ilotentio-
METpPUYHA BiMOBIIb IEKTPOIa Ha KaTioH Ag® Oyuna miHiliHO¥O Bij 2,5%10
® 10 1,0x10 M 3 mexero Buasnenns 2,00x10° M i wacom Biaryky mpu-
osmm3HOo 20 cexyH/[I Ipy KIMHATHIM TeMnepaTypi Ta pododomy aianazoni pH
3,5-9,0. 3anponoHoBaHU# €JIEKTPO]I 3aCTOCOBYBABCS JIJI IPSIMOTO BHU3HA-
YCHHS KaTiOHIB Ag® y BOJOIPOBIIHIN BOJII Ta CTAHTAPTHUX MPoOax i3 10-
CTATHBHOIO TOYHICTIO Ta MPEIMU3IMHICTIO.
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4.5. benzomiazon
XenaTHi ioHOGOpH Ha OCHOBI OeH30Tia30iTy, Taki sk 1,3-0ic[2-(1,3-0en-
30Tia30:1-2-11)-heHokcu Jpoman (L1) i 1,2'-6ic[2-(1,3-0en3oTia30i-2)-i1)-
dbenokci]2-eTokcueran(L2) (Puc. 9) Oynu cuHTE30BaH1 Ta JOCTIIHKEHI K
HelTpanbHi ioHOGopH y BurorosiaeHHi Cu?t i0H-CENIEKTUBHUX €IEKTPOIIB
[27]. B pamkax mociipkeHHs OyJ10 CKOHCTPYHOBAaHO Pi3HOMAHITHI €JICKT-
poau Ha ocHoB1 [IBX, enexkrpoau 3 rpadiTy 3 HOKPUTTIM Ta €JIEKTPOAH 3
HIPOJITUYHUM rpadiToM Ta MOKPUTTSIM. BCTaHOBIIEHO, IO €JIEKTPOH Ma-
COBOTO CKIIaTy 1,2'-6ic[2-(1,3-6en30Tiaz0m-2)-11)-heHokci]2-
etokcueran: I IBX:1-xnoponadranen:natpiii TerpadeHUIO0paT y CHIBBII-
HOIIeHH1 6:39:53:2 mae Halikpallll MOTEHLIOMETPUYHI XapaKTEPUCTHUKHU.
[TopiBHSJIbHI AOCHIIXKEHHS PI3HUX THUIIIB €JIEKTPOJAl Ha OCHOBI 1,2'-0ic[2-
(1,3-6enH30Tia30:1-2)-111)-heHOKC1 | 2-eTOKCHETaHy TTOKa3yI0Th, IO CICKTPO/
3 MIPOJITUYHUM T'padiTOM Ta MOKPUTTIM MOKA3y€ HAMKpaIlll Pe3yabTaTH 3
TOYKH 30py XapaKTEPUCTUK: HU3bKOI Mexi BUABIeHHA 6,30x10° moms/m,
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HEPHCTIBCHKUM HaxuioMm 29,5 mB/nekany Ta yacom BiAryky 9 c, i Moxe Bu-
KOPUCTOBYBATUCS MIPOTSITOM S5 MICSIIIB 0€3 OYIb-IKUX ICTOTHUX PO301>KHO-
cTel y HOT0 MOTEHIIIOMETPUYHUX XapaKTEPUCTUKAX. J[aTUK BUKOPUCTOBY-
BaBcs 1714 BUsiBIIeHHs ioHiB Cu?*y 3pa3zkax BOJH, IPYHTY Ta JIKapChKUX Tpa-
BaX, 1, KPIM I[bOT'0, JATYMK TAKOK BUKOPUCTOBYBABCS SIK IHAMKATOPHUM eJe-
KTPOJ y MoTeHIioMeTpuunomy BusHauenni Cu?* 3 EJITA.

A vadin
5 8 B

Puc. 9. ®opmynu 1,3-6ic[2-(1,3-0eH30Tia30:1-2-1)1)-(heHOKCH [ITpOmaHy
(3miBa) ta 1,2'-6ic[2-(1,3-0eH30Tia3011-2)-11)-PeHOKCI |2-eTOKCHeTaHy
(cipaBa)

4.6. Kapoaszon

ABTOpH poboTH [28] cuHTE3yBaIu 10HO(POP peakiiero eTepudikarii Mix
poaaminom B 1 9H-kap6a3zon-9-etanonom (Cxema 4), a OTprMaHy CHOJYKY
HiJIaBaJIiv €JIEKTPOIOIiMepH3allii MeTOI0M ITUKIIIYHOI BOJBTAMIIEPOMET-
pii. OTpumanuii mosiiMep HaHocuau Ha ckiio ITO Ta enexkTpon 13 Tpadapet-
HUM JIpyKoM. PoOounii 1iana3zoH ceeKTUBHOCTI JAHOTO MOJIIMEPHOTO 10HO-
dopy 1o ionis pryri (II) OyB Bixperyasosanuii 10 mianazony 102 M-10"°M
i 102 M-10"1 M st cucremu ITO/cKn0 Ta €1€KTPOAHOI cucTeMu 3 Tpada-
PETHUM JIPYKOM B1JIIOBIIHO. BCTaHOBJIEHO, 1110 3HAYCHHS MEX1 BUSBIICHHS
cTaHOBJIATH 6,4x107° M i2,02x10712M 3a cucremamu enekrpoais ITO/ckio
Ta TpadapeTHOTO APYKY BIAMOBIIHO.
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Cxema 4

oo\/\
AN N&

N

-
4.7. Tiazun

VY nocaimkenH [29] koMiuiekcoyTBopeHHs 2,3-auriapo-1H-dbenoriazun-
4(5aH)-ony (Puc. 10) 3 14 pisHuMU KaTioHaMH OYyJI0 BUBYCHO 3a JIOIIOMO-
roto Teoplii GpyHKIioHATY TycTUHU. Ha movyaTky CTpyKTypH Jiraiay, pisHUX
KaTi1OHIB Ta IX MOX1JHUX KOMIUIEKCIB OYyJIM ONITUMI30BaHi reoMeTpuyHo. [1o-
TIM Ha HUX Oynu mpoBeaeHi [Y-po3paxyHku, o6 oTpuMaTH 3HAYCHHS €H-
TaJbIli YTBOPEHHS Ta BUIbHOI eHeprii ['100ca. OTpumani pe3yabTaTH MiAT-
BEPIKYIOTh, 1110 2,3-nuriapo-1H-dpenoriazun-4(5aH)-on yTBOproe Haiimill-
HimuMi 1 Hali6GinbI cTabiapHUM KoMIuleke 3 kaTioHoM Cr3*. OTpumani 3Ha-
YEHHS 3MIHU €HTAJIbII YTBOPEHHS TaKOX OYyJIM HAWHMKYUMU JJI XPOMY
(I1T), 110 TOBOAUTHL €K30TEPMIUHY MPOIEAYPY KOMILIEKCOyTBOpeHHs (Puc.
11). BpaxoByroun, 0TpuMaHi pe3yJibTaTh BCTAHOBJIEHO, IO JIaHYy T€TEPOIIH-
KJIIYHY CHOJIYKY MOKHa BUKOPHUCTOBYBATHU SIK €JIEKTPOAKTUBHY PEUOBUHY
11 po3pobku Cr3* ceeKTHBHOTO MOTEHLIOMETPUYHOTO eIeKTpoaa. Yci
pO3paxyHKHU OyJIM 3aCTOCOBaHI Ha OCHOBI Te€OPii (PYHKIIOHATY TYCTUHH Ha
piBai B3LYP/6-31G(d).

Puc. 10. ®opmyna 2,3-aurinpo-1H-denotiazun-4(5aH)-ony

182



R Po3zgia Ne 5\ Chapter Ne 5
interazecal Viegrad Fud KOPOJIb Haranuisa ma aem.

*_ v& e‘b "C L} (.«b' ‘\\ ‘x&‘ ‘x\ A\'(\ L\) Qb “C (.}

“"HHMHHHW

g
(avow /5) JHP

Pi3aHi KoMmnnekcum

Puc. 11. 3naueHHs 3MIHU €HTAJIBIIT JJIs JOCTIKyBaHHX KOMILJIEKCIB.
5. OcunoBu Hluddpa

[Toxigui ocHoBu [HIudda, siki MICTATH ICEBAOTOPOKHUHU 3 PI3HUMHU Te-
tepoatomamu (O, N 1 S), Oynu po3poOseHi, CHHTE30BaH1 Ta JOCIIIKEHI
IOA0 iX MOBEIIHKM IPH BHUSBJICHHI pi3HUX 10HIB MeTamiB [30]. ¥V mo-
CJIIDKEHHSIX YIbTPadioeTOBOro BUIIPOMIHIOBAHHA Ta (hIyopecleHIlii Bci
TPU PEUENTOPHU 3 JOCHIKYBaHUMU pedoBuHamu (Puc. 12) nmokazanum 4yt-
muBy peakniro Ha Cu?*, Toxmi Ak TiOEHOBMICHA CHONYKA MOKA3adH 4yT-
nuBicTh Takoxk 10 ioHiB Hg?*. EnexkTpoxiMiuHi €KCIIEPUMEHTH IIOKa3aiu
mexi BusiBiieHHst Cu?t 1,41x107M - 9,8x107" M. Mesxa BusBIIEHHS Tiode-
HOBMiCHOTO penenropa a0 Hg?* cranosuna 5,61x10% M. Cencopu 6ynn
CKOHCTPYWOBaHO Ha 0a3l BYTUIbHUX €JIEKTPOJIB 1 alipoOOBaHi Ha 3pa3Kax

MI3€MHUX BOJI.
N s-s N
CH CH
NH S

Puc. 12. ®opmynu nocnimxenux ocuon lludda.
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6. MakporeTepoUKJIi4YHI CIOJYKH TA MOJiMepH

6.1. Jliazauuxknookmaoexkan

Ha ocHoBi 4,13-nunenun-1,7,10,16-rerpaokca-4,13-mia3aukinookraie-
kany (kpuntodikc22DD) (Puc. 13) sk ioHodopy Oy10 BUTOTOBJIECHO HOBHI
noniBiHUIXJIopuaHUM (IIBX) MemMOpanHuii ceHcop AJisl KUIbKICHOTO BU3HA-
yenns uepiro (I1I) [31]. Jlatuuk geMOHCTpY€ JMHIHHUEI qiana30H KOHIICHT-
pauii 1,0x10°° - 1,0x10 M, 3 maxunom Heprcra 18,0+1,0 MmB/nexany, me-
Kero BusBIeHHsa 9,7x107 M i wacom Biaryky 5 c. JlaHuii ceHCOp MOXKE BH-
KOPUCTOBYBATUCS MPOTATOM ABOX MicCsIiB 0€3 Oy/Ib-sKMX 3HAYHUX PO3XO-
JUKEHb y MOro moTeHIiati. 3arponOHOBaHUHN TaTUUK BUSBUB BUCOKY CeJie-
KTHUBHICTH 10 ioHa Ce3' Mmoo aesIkuX KaTioHIB JTYKHHX, JTY>KHO3EMEITbHUX
1 IEPEX1THUX METAIIB, SIKU MOKHA BUKOPUCTOBYBATH B IIIUPOKOMY Jlarna-
30H1 pH 2,0-11,0. CeHcop ycnimHO BUKOPUCTOBYBABCS K 1HAMKATOPHUI
€JIEKTPOJ IIPU IOTEHIIOMETPUYHOMY THTpyBaHHi ioma Ce®' pozunnamu

EATA 1 iioguny HatTpiro.
e
HaC N N CHj
15Elaﬁ&o\_/oj ﬂ ?

Puc. 13. ®opmynu 4,13-auaenun-1,7,10,16-retpaokca-4,13-niazammk-
nookTaaekany (kpunrodikc22DD).

6.2. Xipansni napiamni egpipu monoasza-15-kpayn-5

XipainbHi napiatHi eipu MoHoaza-15-kpayn-5 (Puc. 14), npuennani 1o
nanku 1,2-O-13onponinigeH-a-D-rmokodypano3uay 0ys0 CHHTE30BaHO Ta
JIOCJIIJI)KEHO B SIKOCTI 10HO(OPIB Ta BUBUEHO iXHIO €KCTparyBajibHy 3/aT-
HICTh IUX MAKPOLHUKIIIB 0 MIKPaTIB JY>KHUX METAJIIB Ta AMOHIIO B CUCTEMI
nuxjaopMmeTaH—Boja. [lnactudikoBani memOpanHi enexktpoau 3 [IBX Oynu
BUTOTOBJIEHI 3 MOXiAHOT TPU(PEHIIMETHIOBOTO(TPUTHUIIOBOTO) edipy Ha OC-
HOBI 0 -D-ritokodypano3uay. OuMH 3 oJiepKaHuX JapiaTHUX edipiB HA Oc-
HOBI 1,2-O-13omponutiaeH-aD-rinokodypano3uay mpoIeMOHCTPYBaB BU-

COKY CEJICKTHUBHICTb IIOJ0 10HIB cpibia Ag™ [32].
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R! = Pr, Bn; R% = (CH,);0H, (CH,);0CH;

Puc. 14. ®opmynu napiatHux edipiB MOHOa3a-15-kpayH-5.
6.3. Kanixcnipon

Penentop Ha ocHOBI apmi-3amimieHoro Kajikc[4 |mipoiy 3 moHOdOChO-
HaTHUM MOCTUKOM (Puc. 15) BusiBIisie 3HaUHY CIIOP1HEHICTD /10 KPEATUHIHY
Ta KaTioHy kpearuHiny [33]. Penentop mpaifoe, BKI0YaOUd BU3HAYYBAHY
MOJIEKYJTy Y CBOIO MOJISIPHY apOMaTUYHY MOPOKHUHY Ta BCTAHOBJIIOIOYHU
CIpsIMOBaH1 B3a€MO/Ii1 Y TphOX BumMipax. [Ipu BKIIFOUEHH1 y BIAMOBIHY TO-
JiMepHy MeMOpaHy 1151 MOJIeKyJIa i€ sk ioHo¢op. CaMe 3a UM IPUHITUTIOM
1 OyB po3p00JICHUI BUCOKOUYTIMBUI 1 CEICKTUBHUIN MOTECHI[IOMETPUYHUM
CEHCOp, MPUAATHUIN ISl BU3HAYEHHS PiBHSI KPEaTHHIHY B O10JIOTIYHUX Pi-
JTMHAX, TAKUX SIK ceda ado 1ia3Ma, TOUHHUM, IIBUKUM, IPOCTUM 1 eKOHOMI-
YHO €()EKTUBHUM CIIOCOOOM.

Puc. 15. ®opmyna apui-3aMimeHoro kaidikc|[4]mipoiny 3 MoHodochoHa-
THUM MOCTHKOM.
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6.4. Okcosanaoam (IV) zemepomaxkpouuKkiiuHuUX CROYK

BucokocenektuBH1 MeMOpaHHi enexkTpoau 3 [IBX Ha 0CHOBI KOMILIEKCIB
okcoBaHanaty (IV) rerepomakponukiiuaux crnoiyk (Puc. 16) sik HoBux #o-
IUJICeNeKTUBHUX 10HO(OPiB M ioHceneKTuBHUX eiaekTpoAiB (ICE) Oyau
BUroTOBJIEHI 3 Kommo3uuiero [IBX (28,1 mac.%), mnactudikaropu (69,3
mac.%), ionodopu (2,6 mac.%), ycyBaui kaTioHiB (15 M01.% BiIHOCHO 10-
Hodopy) [34]. EnexTpon, BUroTOBIICHHH 3 TeTpadeHUInmopdipuHy OKCoBa-
Hazito (IV) 3 2-nitpodenin okrunoBum edipom (0-NPOE) sk pozunHHUKOM
MeMOpanu Ta Tetpanoaenmiamonii xiopuaoM (TDDACI) sik ycyBauem ka-
TIOHIB, BUSIBUB HAMKpallly YyTJIMBICTh y IIMPOKOMY Jiana3oHi KOHIIEHTpa-
it Big 5,0x10~7 mo 2,1x1072 M 3 Haxmiom Hepucra -59,02 mB/nekany ta
HaWBHINA 10HHA CEJICKTUBHICTH 710 10HIB [ MOPIBHSIHO 3 IEpXJIOpaT-ioHaMu

(I"/ClO4 = 91).

H,C JCH
VXt
NON

Y NV YIS

QLD
M A

- 1= 4 HaG Tt

A A AW A A A s s

— 2 - & > = = e d

oV A A s A s s s e sy =~

R A A A A

NO NO Br Ci© HCO,” CO AcO” SO SO, HPO,” CH.O

Hofmeister series

Puc. 16. Cepis ['opmelicTepa q0CIiIKyBaHUX aHIOHIB Ta GOPMYJIIH OK-
coBaHaaatis (IV) rerepoMakpolMKIIYHUX CIIOIYK.
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1. Beryn

Ximis celieH-/Tenyp-OpraHIYHUX CIOJYK € MPEIMETOM MOCTIHHOI yBaru
nociigHuKiB. Cepell HUX CeJIeH-/TelypBMICHI T'€TEePOLUKIIIYHI CTIONYKH BHU-
PI3HSIOTHCS CBOIMU LIIHHUMHU BJIACTUBOCTSIMU Ta IIUPOKUM 3aCTOCYBAHHSIM,
0 TOSICHIOE BEJIMKY KIJIBKICTh MyOJiKaIliil 1Mo MeTodaM iX OJepKaHHs.
[IponionoBaHu#t po3ai MOHOTpadii MICTUTh aHaJ13 CUHTETUYHUX MOKJIHU-
BocTel Bukopuctanus cened (IV), renyp (IV) ranoreniaiB npu ofepkaHHi
TETEPOLUKIIYHUX CIIOIYK PI3HOI Npupoau. PO3IIIAHYTO OCHOBHY METOJIO-
jorito B3aemonii ceneH (IV), tenyp (IV) ramoreHijiiB K KIaCUYHUX €JIEKT-
podUILHUX peareHTIB 13 HEHACUYEHUMU MOX1THUMH T'€TEPOIUKIIYHUX CIO-
ayk. Metonu noOyBaHHS Kiaacu(]iKOBaHi MO TUIY PEreHTY; YMOBH MPOBE-
JIEHHS PEeaKIliii, perioceeKTUBHICTh MIPOIIECIB Ta IMOBIpHI MEXaHI3MH TPO-
1IeCIB € TaKOX 00roBopeHi. Lleit ormsy y3araapHIO€ CHHTETHYHI 1aH1 IO BU-
KOPUCTaHHIO YOTUPHOX-KOOPAMHOBAHUX CEJICH/TENIyp rajJoreHiiiB 75l OJle-
pKaHHS TEeTEPOLMKIIIB 32 OcTaHH1 20 pOKIB.
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2. IcTopuyHa 10BiAKA 10 BUKOPUCTAHHIO IaJIOT€HITHUX CIOJYK Y0TH-
PHOXKOOPAMHOBAHUX ATOMIB CeJIeHY/TeJypy B OPraHiuoMy CHMHTe3I

2.1. OcnoeHni nioxoou cunmesy cejleH-/meaypemMiCHUX 2emepoyuKiiu-
HUX CROJIYK

XiMmis CeNeH-/TeIypOpPTraHiYHUX CHOJYK € TMPEAMETOM IMOCTIMHOI yBaru
JIOCJIITHUKIB B 00JIaCTi OpraHiuHoi Ta ¢apMaleBTUYHOI XiMii, 3aBISKH iX
PI3HOIIIIAHOBIM 010JIOT1YHIN aKTUBHOCTI, IO MIATBEPKYETHCS BETUKOIO Ki-
JBKICTIO HEIABHIX JOCIIIHHULBKUX crared Ta orysmiB [1-18]. Opraniuni
CHOJIYKH CeJIeHy/Tenypy Bigomi Bxke Oublie sk 180 pokis, Biakonu Boxmuep
B 1840 porii oBiIOMUB TTPO CUHTE3 JlaiKia TeaypuiB [19], ane iHTeHCHUB-
HOT'O PO3BUTKY XiMis CEJIEH-/TeTypOpraHiYHUX CIOJIYK Ha0yJia 3 4acy BiJIK-
PUTTSL CEJIEHY SK Ba)KJIMBOI'O MIKPOEJIIEMEHTY ISl JIFOACBKOTO OPraHi3My
[20].

[Tpuyomy, OypXIuBUM PO3BUTOK XiMIi CEJICHY 3yMOBJIIOBAB yBary J0CIi-
JHUKIB 1 O aHAJOT1YHUX OPraHIYHUX CIOIYK TENypy, SIK 10 MOTECHIIHHUX
00’€KTiB, 10 MOXYTh BOJIOJITA O10JIOTIYHOIO aKTHUBHICTIO. Yce IIe 3yMo-
BUJIO PO3POOKY €(PEKTUBHUX METOIOJIOT1 CUHTE3Y IIUX CIOJIYK, SIKI Iepio-
TUYHO y3arajbHIOIOTHCS OTIIsIIaMu Ta KHuramu [21-26]. B mboMy KOHTEKCTI
MPUBEPTAE yBAry BUKOPUCTAHHS CEJIEH/TENyp rajIOreH1/lIB B CUHTE31 TeTe-
POLMKIIYHUX CHOJYK, OCKIJIBKM OKpPIM BBEJCHHS B OPTraHiuHy MOJEKYIY
aTOMY CEJIEHY YU TeIypy, TAKOK BBOJIUTHCS aTOM TaJIOTEHY, IO IIIBUILYE
peaKIiiiHy 3JaTHICTh LIILOBUX MPOIYKTIB.

3riJIHO HaIlUM JJaHWUM, B HAYKOBIH JiTE€paTypl BiICYTHI aHAIITUYHI OTJIs-
JIOB1 CTaTTl IO BUKOPUCTAHHIO TETPArajoreHiliB CeJeHy/Telypy Jjsl CUH-
T€3y TETEPOIUKIIYHUX CIOJYK, IO MICTSITh Y CBOEMY CKJIaJl aTOM ce-
JeH/Tenyp. Metoro 111€i MmoHorpadii € y3araibHeHHS €KCIIEPUMEHTAIbHUX
JJAaHUX HAyKOBUX CTaTel i maTeHTiB 3a ocTaHHI 20 POKiB 110 BUKOPHUCTAaHHIO
cenen (1V) / Tenyp (IV) ranorenifiB B CHHTE31 T€TEPOIUKIIYHUX CIIOIYK.
Sk mpaBuIio, B peakIlisfx MUKIi3alii 3a3Ha4eH1 Talliid Teypy 1 celeHy BU-
CTYHaIOTh SIK €IEKTPO(PIIBHI pEareHTH, PiJillie — B SIKOCT1 OKHCHHKIB.
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2.2. Cnoayku 4omupboXKoOpOUHOBAHUX AMOMIE Ce/leHY/meypy, uio
Mic-mamb 2a7102€H

2.2.1. Cenen (IV) xnopuo. [27, 28]

Cenen (IV) xmopung (SeCls, Terpaxmopua celeHy, Selenium
Tetrachloride, Mr = 220.79) — e sickpaBo-)KOBTa KpUCTaliuHa TBEPJIa pe-
YOBHMHA 3 PI3KMM YACHUKOBHUM 3amaxom, ska cyonimye mpu 196 °C. B TBep-
niit hasi nepeBakHo nepeOyBae B ctani [SeCl3]" C1'. B ra3osiii ¢azi Cenen
(IV) xnopun nosuictio aucoritoe Ha Cenen (II) xmopun ta xmop. Cenen
(IV) xmopua MBUIKO T1IPOTIZYE M €0 BOJIOTH, ajie € CTINKUM B aTMOC-
depi cyxoro xjopy. 3 0€3BOTHUM ATIOMIHIN XJIOPUIOM YTBOPIOE CUIb TUITY
[SeC13] " TA1CL,]".

Cenen (IV) xnopun B iIHAUBIyaIbHOMY CTaH1 J0OYBaIOTh XJIOPYBaHHAM
enemeHTHOro ceneny uu CeneH (II) xnopuay npu KIMHATHIA TeMOepaTypi.

Se+2Cl, —» SCly

2.2.2. Cenen (IV) 6pomio. [29]

Cenen (IV) Opomin (SeBrs, Tterpabpomin ceneny, Selenium
Tetrabromide, Mr = 220.79) — 11e TeMHO-UYepBOHA KpHUCTAJiYHA TBEPAA pe-
YOBUHA, sika po3kianaersesa npu 70-80 °C. Cenen (IV) 6pomin po3unHHUN
B KapOOH nucynbdifal, xaopodopMi, eTHIOPOMIII, JbOSHIN OLTOBINA KHUC-
JIOT1, AllETOHITPWUJIL;, CMOJIyKa € YyTJIMBA JI0 BOJOTH 1 PO3KIATAETHCS i
€0 BOIH.

Cenen (IV) 6pomia B IHIUBIAyaJIbHOMY CTaH1 J0OyBatOTh OPOMYBaHHSAM
€JIEMEHTHOTO CEJIEHY B CyXOMY KapOOH nuCyab(dial Ipu KIMHATHINA TeMre-
parypi.

Se + 28[’2 — SeBr4

2.2.3. Cenen (IV) ¢pnyopuo. [30, 31]
Cenen (IV) dnyopun (SeFs, Tterpadmyopun ceneny, Selenium
Tetrafluoride, Mr = 154.95) — 1ie 6e36apBHa, AUMIITYa HA MOBITPI PiAMHA 3
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temmnepaTtyporo kumiaas 101 °C, sxa HeoOMeXeHO PO3YMHHA B €TaHOJ, JIi-
ETUJIOBOMY €Tepi, Xxstopodopmi Ta TeTpaxiopui kapoony. Cenen (IV) day-
opuJl OYpXJIMBO pearye 3 BOJOI0 3 YTBOPEHHSM JIIOKCHIY CEJIeHY Ta TUIaBHU-
KOBOI KHCJIOTH.

Cenen (IV) dayopus B iHAuBIAyaIbHOMY CTaHi J00yBaloTh (PJIyopyBaH-
HSIM €JIEMEHTHOI'O CEJICHY NP KIMHATHIN TeMreparypi. Takox onucaHuii
CUHTE3 3 BUKOPUCTAHHSIM OLIbII JOCTYIIHUX PEAreHTIB, KWW mependavae

dbTopyBaHHS JIOKCUIY CEIEHY TeTpadIyopua CipKu.
Se + 2F, —» SeFy

SF, + Se0, —» SeF, + SO,

2.2.4. Tenyp (IV) xnopuo. [32-34]

Tenyp (IV) xmopux (TeCls, TteTpaxiopun Temypy, Telurium
Tetrachloride, Mr = 269.41) — e Bia 0110r0 10 CBITJIO-’KOBTOTO KPUCTATi-
YHa TBEpJla pEUOBMHA, 3 TeMIlepaTypoto TorieHHs npu 224 °C. Tenyp (IV)
XJIOPUJ € PO3YMHHUM B €TaHOJI1, TOIYEH1, YaCTKOBO PO3KIAAAETHCS Y BOJI.

Tenyp (IV) xsopua B iHAMBIAyaIbHOMY CTaH1 JOOYBalOTh XJIOPYBaHHSAM

€JIEMEHTHOTO TEIypYy MPHU HArpiBaHHI B 3aMasiHii CyXiil Karcyi.
Te +2Cl, —» TeCly

Takox tenyp (IV) xnopun MokHa OTpUMATH 3 BUCOKUM BHUXOJOM IUIS-
XOM KHIT'ITIHHSI €JIEMEHTAPHOTO TEIYpPy B CYJIbPYpUil XJIOPUAI IPOTATOM

12 rogun.

Te +2S0,Cl,—— TeCly+ 250,
reflux, 12h

2.2.5. Tenyp (IV) 6pomio. [35, 36]

Tenyp (IV) Opomin (TeBrs, terpabpomin Ttemypy, Telurium
Tetrabromide, Mr = 447.22) — 11e sx0BTO-TIOMapaH4eBa KpUCTAIIYHA TBEPIA
peuoBUHA, 3 TemnepaTyporo TorieHHs 0iu3bko 380 °C (po3knan). Texyp
(IV) 6pomin € po3UMHHUM B JIIETUIOBOMY €Tepi, O€H3EH1, TOJIYEHI, aleTo-
HITPWJI1; BOJIOTOUYTIMBUHN, pearye 3 €TaHoJIoM Ta Boow. [Ipu po3unnenHi

194



SR Po3xaia Ne 6 \ Chapter Ne 6
Aamaades aainy OHUCBHKO Muxaiijio ma aem.

B OeH3eHi, TonyeH1 Tenyp (IV) 6pomin icHye gk 1oHHUN TeTpamep: TesBrie.
B po3uuHi alleTOHITPUITY UM 1HIIMX PO3YUHHUKIB 3 TOHOPHUMH BIACTUBOC-
Tamu tenyp (IV) 6pomin nepedyBae B CTaHl I0HHUX KOMILJIEKCIB 3 pPO34YHH-
HUKOM:

2CH4CN + TeBry— [(CHiCN);TeBrg]" + Br’

Tenyp (IV) 6poMin B i1HAMBIAyalbHOMY CTaHi 100yBalOTh OPOMYBaHHSIM
€JIEMEHTHOTO TEIypy B CyXill KamcyJsi B IHEPTHOMY CEepeIOBHIII (a30T, ap-
TOH) YU Y BaKyyMI.

Te + 2Br, —» TeBry

2.2.6. Tenyp (IV) ¢ayopuo. [37]

Tenyp (IV) dayopun (TeFs, terpadayopun Ttemypy, Telurium
Tetrafluoride, Mr = 203.59) — nie 6iy1a kpucTaiiyHa TBepja peUOBHHA y BH-
TSI/ TOJIOK, 3 TeMIiepatyporo TorieHHs 0sm3bko 129 °C. Tenyp (IV) day-
OpUJl € PO3YMHHUM B JIIETHJIIOBOMY €Tepi, OCH3€H1, TOIYEH1, alleTOHITPHUJIL;
CUJILHO TIFPOCKOIIYHMH, pearye 3 eraHosioM Ta Bojoro. Tenyp (IV) day-
OpH/JI € arPECUBHHUI J10 cKJia, KpeMmHito Ta Miai npu 200 °C; He pearye 3 mia-
truHOIO HIKYe 300 °C.

Tenyp (IV) piyopus B iHAMBIIyaTbHOMY CTaHi JOOYBaIOTh PEAKIIE€0 00-
MIHY M1 IIOKCHJIOM TEIYpy Ta TeTpadiyopu oM KPEMHIIO B CyXiil Kancyl
B IHEPTHOMY CEPEIOBHUILI (a30T, ApTOH) YU y BaKyyMi.

SIF, + TeO, — TeF; + SO,

3. Peaxkuii nukiizamii 3a yuactio cejieH (IV) rajsoreniais

B upomy po3aini Oyje po3riasiHyTO pi3Hi TAIOMOXI1IHI YOTUPHOXKOOPAU-
HOBAHOTO CEJICHY, [lisl IKUX MPUBOJIUTH O YTBOPEHHS CEJICHBMICHUX T'eTe-
POLMKIIIYHUX CMOJIYK. B HayKoBIif JiTepaTypi OMMCAHO CUHTETUYHE BUKO-
pucTaHHs HacTynmHUX peareHTiB: ceneH (IV) xmopua, cenen (IV) Gpomin.
Bukopucranns B opra"nigHomy cuntesi cenet (1V) dnyopuay B ocHOBHOMY
CTOCY€TBHCSI peakilii (TOpyBaHHS aJKUIBHUX Ta apOMaTUYHUX (DparMEHTIB
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1. 3araabHa indopmaiis npo nNepoBCKITHI MaTepiaaun

1.1 Ponwv 2iopuonux nepoeécKimuux mamepianié 6 COHAUHIN eHepze-
muyi ma e1eKmpoHiyi.

I'opuani opraniyno-neopraniydi neposckitu (I'OHII) € ognumu 3
HaWOUIbII MEPCHEKTUBHUX MaTepiaiiB 21-ro CTOMITTSA, OCKUIBKH LIEH Kiac
CIIOJTYK BOJIOJI€ HU3KOK I[IHHUX BJIACTUBOCTEN Ta 3HAYHUM MOTEHI1AJIOM
JUISl IAPOKOTO CIIEKTPY 3aCTOCYBaHb — BiJl (POTOEIEKTPUYHOI TEXHIKH J10
ONTOCJICKTPOHIKK Ta (hOTOKATaII3y, BKIIOUAIOUNA COHSYHI €JIEMEHTH, CBIT-
JO10/I1, IETEKTOPU PEHTI€HIBCLKOTO BUIIPOMIHIOBAHHS, JIa3€pU, JATUMKH,
MPUCTPOI MaM'aTi, KaTaji3, THy4YKY €JIEKTPOHIKY, (DOTOJETEKTOPHU Ta ONTH-
YH1 MOYJISITOpH. JIETKICTB 1 MPOCTOTA, 3 AKOIO METAJIOTAJIOTeHIAH1 IEPOBC-
KITH MOXKYTh OyTHU CUHTE30BaHi, a TAKOX 1X pPEeryJbOBaHI Ta I[iKaBl B MpaK-
TUYHOMY CEHC1 ONITUYHI Ta €JEKTPOHHI BJACTUBOCTI MPUBAOUIIN JOCITITHH-
KiB 3 pi3HUX HaykoBux ramysei. [lIupoxe 3acrocyBanus ["'OHII oGymoB-
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JIEHE MO>KJIMBICTIO PETYJIIOBAHHS 1X BJIACTUBOCTEU (30KpeMa, IIMPUHH 3a-
OOpPOHEHOT 30HH), YHIKATbHUMH POTOPIZUMUHUMH XapaKTEPUCTUKAMHU, TTPO-
CTOTOIO CHHTE3Y, CHJILHOK (POTOTIOMIHECIICHIIIEI0, XOPOIIIO MOO1IBHICTIO
HOCIIB 3apsi1y, BUCOKOIO TOJIEPAHTHICTIO 10 Je(eKTiB. 3aralbHOBU3HAHUMU
O0COOJIUBOCTSIMU TEPOBCKITIB, 110 3a0€3ME€UYIOTh iX KOHKYPEHTOCIIPOMOXK-
HICTb JJIsl BUTOTOBJICHHS ONTUKO-EJIEKTPOHHUX MPUCTPOIB, € BUCOKA CTIiH-
KICTh 10 A€(EKTiB, HU3bKA IIIJIBHICTh MACTOK 1 TPUBAIUI TEPMIH CIIYXKOU
HOCIs1, @ TAKOXK MOXJIMBICTh BUTOTOBJICHHS IIUX MaTepialliB HU3bKOTEMIIe-
paTypHOI0 00poOKOIO B po3uuHi [1-7].

ChOro/IHI MEPOBCKITHI MaTepiaan PO3rIsIa0ThCS SIK IEPCIIEKTUBHI 1
€KOHOMIYHO €(PEKTUBHI aJbTepHATUBH HamiBnpoBigHukam [11-V B ontoene-
KTPOHIIll, BiJ COHSYHHX €JIEMEHTIB 1 (POTOMETEKTOPIB A0 CBITJIOIOIIB
(LED) [5]. LikaBo, mo MeranoranoreHiaai neposckitu (MI'TI) ogHOYacHO
no0pe po3AUIAIOTh 3apsj Il BUPOOJICHHS €JIEKTPOCHEPrii Ta arperyroTh
3apsij U1l BATIPOMIHIOBaHHS CBITJIa. B0OJIO1F0YM BUCOKUM ONTHUYHUM KOE-
(bIIIEHTOM IIOTJIMHAHHS, MOB'SI3aHUM 3 MPSIMUMH II€pEeX01aMU, 1 3HAYHOIO
PYXJIMBICTIO HOCISI 3apsy 3 BEJTUKOIO JOBXKUHOI AU(DPy31i, MPpUAATHOIO JIJIs
(dhoTOoENEKTPUUHUX 1 POTOCEHCOPHUX 3aCTOCYBaHb, FAJIOTEHIJIHI TIEPOBCKITH
TaK0X JIEMOHCTPYIOTh BUCOKY €()E€KTHUBHICTh BUIIPOMIHIOBAHHS, BITHOCHO
BHCOKY YUCTOTY KOJILOPY Ta KOHTPOJIHOBAHY CMYTy BUIPOMIHIOBAHHS, 1O
€ KPUTUYHO BKJIMBUMHU XapaKTEPUCTUKAMU JIJI CBITJIONIOAIB [8].

ITpocrota cunte3zy 'OHII Takox € ofiHi€IO 3 IX HANOUIBIITUX TIEpeBar.
Ha BigMmiHy BiJ KJIacMYHUX HamiBHOpoBimHMKIB (Takux sk Ge, Si, GaAs,
CdS, CdSe, InP), BucokosKicHI TEpOBCKITH, 3aBJIIKH BIACTUBOMY iM 10H-
HOMY XapakTepy, MOKHa OJIep>KaTH MPOCTHUM 3MIIIYBAaHHSIM BiANOBIIHUX
BUX1IHUX PO3UYMHIB IPU KIMHATHIN TeMIepaTypi B yMOBaX HaBKOJHUIIIHbOTO
cepenonuia. [Ipocta TeXHOI0Tis BUTOTOBJICHHS BIAKPUBA€E MOXKJIUBICTh 1H-
Terpailii B IpoMHUCIOBE BUPOOHUIITBO IUTIBKOBUX MaTepialliB, IO JI03BOJISE
MacoB€ BUPOOHHUIITBO 3 HU3LKMMHU BUTpPaTaMU. 3aCTOCYBaHHS IIMX MaTepia-
JiB HE OOMEXYEThCSI COHTYHUMH €JIEMEHTAMU 3 OJTHUM TEPEX0I0M: TOHKA
XIMIYHA HACTpOMKa IIMPUHU 3a00POHEHOI 30HM MaTepialy poOUTh KWOro

0CO0INBO HiKaBI/IM JJIs1 3aCTOCYBAHHSA B TAHACMHUX COHAYHUX CIICMCHTAX,
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a TAaKOX JIJII BATOTOBJICHHS CYYaCHUX MPHUCTPOIB MaM’sITi, TUCTUICIB €JICKT-
POHHMX TpUCTPOiB TouIo [9,10].

binpmie Toro, 37aTHICTH TIOPHUIHOI MEPOBCKITHOI CTPYKTYPH JIETKO
BMIIIIATH IIUPOKUHN CIEKTp HOHIB mpu3Bena a0 toro, mo 'OHII MoxyTh
MIPOSIBJIATH IMAPOKUN CTIEKTP 1HIIHUX MEPCIIEKTUBHUX IS IPAKTUYHOTO 3a-
CTOCYBaHHSI BJIACTUBOCTEH, TAKUX K CETHETOEJICKTPUKA, MAarHETH3M, a Ta-
KO XipaibHICTh [11].

[{ixaBi XapakTEPUCTUKH 3raJJaHuX MaTepialliB 3arajioM IMOB'sI3aHi 3 iX
YHIKQJIBHOIO €JIEKTPOHHOIO CTPYKTYPOIO, 110 MOEAHYE €(PEKTUBHE ONTUIHE
MOTJIMHAHHS, CTIAKICTh 10 Ne(PEeKTIB Ta 3HWKEHY PEKOMOIHAIlIIO0 3aps/IiB,
10, Y CBOIO Yepry, BU3HAUAE iX AOBTY IUPy31t0 (HOTOHOCIIB Ta eheKTUBHE
BUIIPOMIHIOBAHHS CBITJIA.

[Ile oxHi€r0 OCOOJMBICTIO IUX MAaTepiaiiB € BIACTHBA iM XIMIYHA Ta
CTPYKTYpHa aJanTOBHICTh, TOOTO MOKJIUBICTh MIMPOKO KOPUTYBATH iX Xi-
MIYHUH CKJIaJl B paMKax CTIMKOI NMEpPOBCKITHOI CTpyKTypH. Lle no3Bossie
JIETKO OTPUMYBATH CKJIAJIHI CTPYKTYpPH, MIOYUHAIOYH BiJ 00'€MHUX TPHUBU-
MipHUX (3D) MOHOKpUCTAaNIB, IAPyBAaTUX ABOBUMIPHUX (2D) HaHONHUCTIB,
(1D) BosIOKOH 1 HAHOZIPOTIB, axk 10 0D-1Mo1I0HUX KBAHTOBUX TOYOK [7].

1.2. Icmopin po36umky nepoecKimHux mamepiaiis.

Haitnepma nocmigauieka podora 3 MI'TI Oyna npoBeaeHa HampuKi-
Hiil 1800-x pokiB Yenrcom, TOM1 K feTalibHA CTPYKTYpPHA XapaKTEPUCTHUKA
Oyna posesieHa Bebepom y 1900-x pokax [1]. Ix norenuiiine 3acrocyBanHs
B CIICKTPOHHUX 1 ONTHYHUX IMPHUCTPOSX IMPHUBEPHYJIO yBary HamNpHKIHII
1990-x 1 Ha moyaTtky 2000-x, 3a40BTO 10 TOTO, SIK 3aXOIUJIO ITUPOKE HAY-
KOBE CIIBTOBAapUCTBO. KiIbKICTh TOCITHUKIB, 1110 TIpaiooTs Hag 'OHII 3
POKaMU CYTT€EBO 3POCTAE, 1110 CYNPOBOIKYETHCS 3HAUHUM 301TIbIICHHSIM J10-
CSATHEHb y WIH ramy3i. 3a OCTaHHE NECATHITTS OYyJIO JOCATHYTO 3HAYHUX
ycHixiB y GyHAaMEHTaIbHOMY PO3YMiHHI, @ TAKOXK Y MOTEHIIMHOMY 3aCTO-
cysanni 'OHII [1, 5].
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3 MoMeHTy miepiioi gemoHcTpailii B 2009 poiii CBO€T 3AaTHOCTI Tiepe-
TBOPIOBATH CBITJIO Ha CTPYM B apXITEKTypaX COHSYHHX €JIE€MEHTIB, CEHCH-
O11130BaHUX OapBHUKAMM, 1 BUpIIIAIbHOI JeMoHCcTparllii B 2012 porii npu-
TaMaHHHUX IM TPAHCTIOPTHHUX BIACTUBOCTEH, TAJIOTCHHI MIEPOBCKITH TOCATIN
Oe3MpereICHTHOTO YCIiXy, 0COOIMBO B (POTOCIEKTPUYHIN rajiy3i Ta CBIT-
JIOBOMY BHUIIPOMiHIOBaHHI. ¥ ()OTOEIEKTPUYHIN MPOMHUCIOBOCTI Il MaTepi-
aJIi BIJ3HAYMUIIM BPa)Kardy CEpi0 peKOpiB €(hEeKTUBHOCTI MEPETBOPEHHS
CBITJIOBO1 €HEPIii B €NEKTPUUHY, MPUUOMY HalKpalll MOKa3HUKH OJHOTIE-
PEXITHUX 1 TAHJAEMHHUX €JIEMEHTIB Ha OCHOBI MEPOBCKITY MOKa3aJIl CEPTHU-
¢dikoBany edekTuBHICTh y 25.2% 1 29.1% BianosigHo, Ta 16.1% nns Hee-
aukux MoayaiB. 3actocyBanHs MI'TI s BUnpoMiHIOBaHHS CBITJIa TaKOXK
MPOJEMOHCTPYBAJIO 3HAYHUM YCITIX; 3 MOBIJOMJICHHAMU MPO TE, 1110 30BHI-
IIHS KBAaHTOBa ePeKTUBHICTH mepeBulmia 20%, e Kujaae BUKIUK JTaBHO
BCTAHOBJICHUM TOHKOILTIBKOBHUM TE€XHOJIOT1sM [7].

VY 2014 poui Tawu 3 konrecamu BOEPIIE MPOJIEMOHCTPYBAIU CBITJIONI-
OJI BUCOKOI SICKPABOCT1 HAa OCHOB1 METAJIOOPTaHIYHUX TaJIOTEHITHUX TIepPO-
BCKITIB OTPUMaHMX 3 PO3UYMHY IpU KiMHaTHIA Temnepatypi [9]. [Iporpec,
akoro 'OHII gocsarnu 3a ocTaHHE AECATUIITTS, HE Ma€e cOO1 PIBHUX CEpe/l
IHIIUX MaTepiajiB, JOCTYNHUX B JAHUM 4Yac JJIsi KOMEPILIMHUX ONTOEIEKT-
POHHUX NPUCTPOIB, TAKUMHU sIK HamiBrpoBiaHUKH III-V, opraniuHi marepi-
anu Ta 3Bu4aiiHi kBaHToBi Touku (CdSe, CdS tomro) [5, 8]. TOHII cTanu
CaMOCTIHHHUM HAIPSIMOM JOCIIIKEHb.

1.3. 3azanvna inghopmauia npo neposckimui mamepianu.

HasBa «mepoBcKiT» OX0auTh Bif MiHepaiy nepoBckiTy CaTiOs, Bi-
nakputoro y 1839 pori I'ycmasom Poyzom [9, 10, 12]. la minepanoriuna
[[IKaBUHKA Mi3HIIIE MepEeTBOpUIACI Ha, BOYEBUb, HAUOUIBII PI3HOMAHIT-
HUH 1 BAKJIMBUI KJIac CIIOJIYK B X1Mii TBEpJOTO Tija. TepMiH «I1epOBCKITHY
o0’eHy€e Tpymy MarepiaiiB 31 CTPYKTYpOlO, aHAJIOTIYHOK MiHepaly
CaTiO3. OcHOBHaA CTPYKTypa TaJIOreHITHOTO IMEPOBCKITY OIMUCYETHC y3a-
rajbHEeHOI0 opmynoro ABX3, e A — KaTiOH 3 BEJTUKUM HOHHHUM PajilyCoM
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(3a3Buuaii Mmetusamowiit (MA™), dopmamininiii (FA™), Cs"abo ix komOina-
1isi), B — nBoBajeHTHUN KaTiOH METaly 3 HEBEJIMKUM HOHHHUM PaiycoMm
(Pb?, Sn?*, Ge*, ...), a X — ranoreninnuii anion (17, Cl~, Br™), mo Bigirpae
CTPYKTYpHY poib O B oxcumHuX meposckitax. Monu B i X yTBOprOOTH
KOOpIuHaIiiHI okTaeapu [BXe], B skux neHnTpaabHuX KaTioH B oroueHuit
aHioHaMHu X, pO3MIIIICHUMH Y B BEpIIMHAX OKTaeaApa, TOAl K KaTioH A po-
3MINIY€ETHCS Y TOPOKHUHAX MIK OKTaeJpamMu, BPIBHOBAXKYIOUH 3apsii KPH-
CTaJIYHOI CTPYKTYpH. SIK IpaBUII0, CUMETPIs €IEMEHTAPHOI KOMIPKH MEepo-
BCKITHOI CTPYKTYPH MOXK€ 3MIHIOBATHCS B IIMPOKUX MEXKaX B 3aJEKHOCTI
BiJl TEMIIEpaTypH, MPU3BOTYH 10 HU3KH CTPYKTYPHHX (ha30BUX NIEPEXO/IIB;
IIpH [IbOMY 3arajibHa OyJ0Ba NEPOBCKITHUX (pa3 3aJIUIIAETHCS TOMOJIOTIYHO
HE3MIHHOIO, He3BaXkarouu Ha aedopmarii [7, 8, 11, 13-15].

Cinin 0co0IMBO 3ayBaKUTH, IO TEPMIHU "nepoeckim' 1" cmpykmypa
nepoeckimy" 4acTo BUKOPUCTOBYIOTHCS K B3aeMO3aMiHHI. [IepoBCKITHOIO
CTPYKTYPOIO € Oy/Ib-sIKa CTPYKTYpa, 10 BIAMOBIIA€ CTPYKTYp1 MiHEpaTy Te-
poBckiTy CTiO3, abo K AEMOHCTpPYE CHOPIAHEHICTH 31 CTpyKTyporo Ca-
TiOs.

ITepoBckitu ckiany ABX3 € HallO11b11I BUBUCHUM, ajie JaJIeKO HE €11~
HUM KJIACOM IEepOoBCKITIB. Ha cyyacHOMy eTarni MOHATTS «IIEPOBCKIT) pO3-
HIMPUIIOCS 1 IXHS 3arajibHa opMyJia MOCTYOBO PO3BUHYJIACS Bij IEPBUH-
Horo AB(11)X3 mo A2B(1)B(I11)Xe (ramoreHimHi MoOMABiitHI MEPOBCKITH),
A2B(1V)Xe (BakaHciiiHO-BIOpsiakoBaHi mepoBckith), AszB(l11)2Xe (mmoT-
piitai mepoBckitn), AsB(I1)B(I11)2X12 (4oTupuKpaTHI TIEpOBCKiTH) Ta 1HIII
KOH(Irypariii, 1e A — OJJHOBaJICHTHI OpraHiuyHi a00 HEOpraHiuHi KaTiOHH,
taki sk CH3NH3*, NH.CHNH2", Cs", Rb*, K™ (semogasso 10 Hux mnpue-
nHammch MmetwiriapasuHin (MHY) Ta asupuninii (AZR) [14,16]); B(l),
B(I), B(III) i B(IV), BiANOBIIHO, 03HAYalOTh KaTIOHW METAaJIIB 3 PI3HUMHU
BaJIeHTHUMU cTaHaMu, Hanpukiaa Agt, Cu*, Pb?*, Sn?*, Zn#, Sb*, In®,
Zr*, Hf*, Te* ta Sn*; X — ogaoBanentHuii ranorenig-anion (CI-, |-, Br-
) 200 3MillIaH1 TaJ0TeHII-aHIOHH.
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Kpim Toro, mepoBCKiTH Ta MOXIJHI MEPOBCKITIB MOXHA KiIacU(DiKy-
BaTU Ha TPU-, IBO-, OJTHO- Ta HYJIb- BUMIPHI Ha MOJIEKYJISipHOMY piBHI. Haii-
nomupeniii TpuBuMipHi (3D) 'OHII BigHOCATBCS 10 KJIaCy KpUCTATIYHUX
CIIOJIYK 13 3arajbHoI0 XiMiuHOIW (popmyisioro ABX3, ne karionu B maroth
IIICTh HAaMOMMKYUX aHIOHIB X, yTBOpIOIOUU okTaenpu ckiany [BXs], siki
3’€IHYIOThCSI Mk c00010 BepinHamu. KyOookTaenpuyHi mopoKHUHHU (T10-
POKHEYl MK OKTaeJapamu) 3ailHATI KaTiOHOM A, SIKWM TTOBHHEH MOTparl-
JSTA Y BY3bKHMM Jlana3oH 10HHUX PajilyCiB, MO0 MOCATTH MEPOBCKITHOT
da3u (mo3HayaeThbes o-da3oro). Lle KITbKICHO MOKHA OMHUCATH 3a JIOTIOMO-
roro ¢akTopa TOJEPAHTHOCTI [ onbowimioma, SIKUA BU3HAYAETHCS 3T1THO
bopmynu:

(= (rA”x J [9-13,18],
V2 + 1)

1e I'a, I'e Ta 'x — HOHHI pagiycu yacTuHOK A, B Ta X; cymu BiIMOBITHUX
HOHHMX pajiyciB BU3Ha4aroTh Bijctani A—X ta B—-X [13, 17].

Pucynok 1 1110CTpy€e TUIIOBY JIOKAIIF0 KOOPAWMHAILIINHUX OKTAaeaApiB
[BXe] Ta po3minnenns kaTioHiB A y 3D mepoBCKITHIH CTPYKTYPI.

Puc. 1. B3aemne po3minieHHs koopauHaIiiHux okraeapis [BXe] Ta katio-
HIB A y cTpykTypi 3D nepoBCKITIB.
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3a TOMOMOTOI0 LIbOTO PIBHSHHA MOXXHA BU3HAYUTH, Y MPUIATHUN
KOHKpeTHUI Habip HoHiB A, B Ta X BiANOBIAHUX PO3MIpPIB 10 YTBOPECHHS
TPUBUMIPHOI IEPOBCKITHOI CTPYKTYpH (B icanbHOMY BHITKY, t = 1). Ine-
aJbHa CTPYKTYpa MEPOBCKITY 0a3yeThCs Ha KyOluHid rpatii. BigxuiaeHHs
B1JI 1JIeaJIbHOT CTPYKTYypH B Matepianiax ABX3 MoxxHa nependauntu uepes
BHUIIE3rafaHuii paktop TosnepantHocTi [ onvoumioma () [6, 9-11, 13-15].
JI1st cTabiIbHUX TEPOBCKITHUX KPUCTAJIB HOTO BEIMYMHA KOJMBAETHCA B
mexxax 0.8-1.0 [13-15]. Buxoasiun 3 BenMYUHHU (BAKTOPY TOJEPAHTHOCTI,
MOXHa Mepe10auyuTh MOKIIMBICTh YTBOPEHHS CTA017IbHOI KyO14HOT EpOBC-
KIiTHOI ()a3u MEBHOTO KOHKPETHOTO XiMi4HOTO cKiany [18].

Sxmo onHui pamiyc A 3anaaro manuii (t < 0.8), BiH He Moxke edek-
TUBHO PO3JJIUTH (€KpaHyBaTH) 1Bl YACTUHKHU B, 1110 TpU3BOAUTH 10 YTBO-
PEHHS CTPYKTYPH, A€ OKTaCIPH 3’ €IHAHI MK COOO0I0 CIUIbHUMHU pedpamu,
TOJIi sIK HabaraTo Oubimi A (t > 1) mpusBee 10 YTBOPSHHS OKTaCIPHUHUX
CTPYKTYP HMXKUOI PO3MIPHOCTI, SIKI MOXKYTh HE CIPUATH €(DEKTUBHOMY KOH-
IIEHTPYBAHHIO COHAYHMX (HOTOHIB 4epe3 OUIbIIY IIMPUHY 3a00POHEHOT
30HU [19].

Y T'OHII po3mip kaTioHy A BHU3HAa4ya€ BUMIPHICTh Ta CTAOUIBHICTH
CIOJIYKH B LIUIOMY. BUMIpHICTh MEPOBCKITIB MOXHA MOJUIATH HA TPU OK-
peMi KaTteropii — CTPYKTYpHY, €JIEKTPOHHY Ta BUMIPHICTH (hopM-(akTopa
[14]. Enekmpounna eumipnicmb HAIBIPOBITHHUKOBOTO MaTrepiany 3aje-
KUTh B1JI TIPOCTOPOBOI CBOOOJM E€JIECKTPOHHOTO 3apsily B HbOMY. SIKIIO
OJIuH a00 KiJIbKa BUMIPIB IOCTaTHHO MaJll, 1100 OOMEXKUTH XBUIHOBY (yH-
KI[iI0 €JICKTPOHHOI'O CTaHy, aKTUBYIOThCSA €(pEKTH KBAHTOBOTO OOMEKEHHS.
YTpumaHHsa MOXe B110yBaTUCS B OJHOMY HAlPsIMKY, 3MYLIYIOUH 3apsif] py-
xatuch y miomuHi (2D), Hocii 3apsiy MOXYTh OyTH 3MYIIEHI PYyXaTHUCh
auiie B oqfHOMY HanpsiMKy (1D), konu aBa iHin 3a00poHeHi. OOMeKeHHS
TaKOK MOke OYTH Y3JI0BXK yCiX TPhOX MPOCTOPOBUX HAMPSIMKIB, TAKUM YH-
HOM CTBOPIOIOYHM KBaHTOBY Touky (0D), 1€ 103B0JICH1 JIUIIIE JUCKPETHI €HE-
prii. 3MEHIIYI0YM BUMIPHICTh, 3MIHIOIOTHCS TEIJIOB1, ONITUYHI, €JIEKTPOHHI,
XIMI14H1 Ta MexaHi4H1 BjaactTuBocTi. Hanpuknazn, 0D -maTepianu MmaroTh npo-

MDKHI BJACTUBOCTI MK TUIIOBUMH BJIACTUBOCTSIMU OKPEMHUX (JIUCKPETHUX )
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MOJIEKYJT 1 00'€MHUMHM HAIMIBIIPOBITHUKAMU. MOXXIIUBICTD JIETKOTO JOCTYITY
JI0 TPAHUYHUX BUMAJAKIB (P13UKH HAIIBIPOBIIHUKIB 3yMOBIIIOE X BUKOPHUC-
TaHHS y IUPOKOMY Jiana3oHi TEXHOJOTIYHUX 3aCTOCYBaHb [9].

HuszbkoBUMIpHI IEPOBCKITH MOXKHA OTPUMATH a00 HUISIXOM MPOEKTY-
BaHHS T€OMETPil KpUCTaJIB (HAHOIUIACTUHU, HAHOJPOTH Ta HAHOKPUCTAJIN),
a00 IUIAXOM HAJIAIITYBAaHHS CKJIAly Ta CTEX1OMETPil JJ1sl MepeBEACHHS KPU-
CTaJIYHOI CTPYKTYPH B HU3BbKOBUMIPHY.

Cmpykmypna eumipHicmb XapaKTEPHU3YETHCS  OCOOIUBOCTSIMH
KPUCTAIIYHOI CTPpYyKTypu (00’€MHa, MIIOCKa, JiHiliHA abo kiactepHa). He
BC1 MaTepiajiu, Kl € CTPyKTYPHO HU3bKOBUMIPHUMH, TAKOXK € €JIEKTPOHHO
HU3bKOBHUMIPHUMH, XO4Ya YacTO CTPYKTypHa W €JIEKTPOHHA BUMIPHICTH
CHIBNAJAE, SAK, HANPUKIAA, y TaJOr€HIJJHO-CBUHIEBUX IEPOBCKITIB,
OCKITBKM aTOMHI opOiTami Pb Ta aHIOHIB TalloreHy 3 €IHYIOTHCS
TPUBUMIPHO, yTBOprowoun 3D enexkTpoHHy BuMIpHICTh. Bucoka (3D)
€JICKTPOHHA BUMIPHICTh BaXJIMBA JJIsl MOl IIMPUHU 3a00POHEHOT 30HU Ta
130TPOIHOI  BUCOKOi MOOIIBHOCTI HOCIiB 3apsay. DororeHepoBaHi
€KCUTOHHU 3B's13aHi CJA0KO 1 MOXYTh BUJIBHO PYXaTHCh y BCiX HampsiMKax
BCEPEINHI HEOPTAHIYHOI I'PATKHU 3 BEJIUKOIO TOBXUHOI0 AU(Y3ii (~1 MKM).
3aBAsSKM UM BJIACTUBOCTAM, 3D mepoBCKITH € BUCOKOS(HEKTUBHUMU IS
BUKOPHUCTAHHS B POJI1 CBITJIONOTIMHAKYOTO IAPY JIJIsi COHTYHUX €JIEMEHTIB
[9].

Tunosi 3D coHAYHI €IEMEHTH, CTBOPEH1 Ha iX OCHOBI, 3a0€311€UyI0Th
BUCOKY e(ekTuBHICTh nepeTBopeHHs eHeprii (PCE), npore ix mpakTuuHe
BIIPOBA/KEHHS TaJIbMYETHCS ABOMAa OCHOBHUMH IpoOJIeMaMH: TOKCHYHI-
cTI0 aToMiB Pb Ta HecTaOUIBHICTIO MpH Ali BOJIOTH, TeMiieparypu, Y O-Bu-
npominroBansa [20, 21]. II{o6 momonatu mpoOieMy CTaOLIBHOCTI, Oyin
3po0JIeH1 CIpoOU PI3HUX CTPATET1H, TAKUX SIK IHXKEHEP1s 1HTepdeiicy, macu-
BaIlisl 1eeKTiB, JOMIHT, a TAKOXK 1HKAICyJsis. Xo4a Il METOIU YCIHIITHO
MOANGIKYBaIM BIACTUBOCTI MEPOBCKITHUX MaTepiaiiB, BOHU HE MOXYTh
JIOKOPIHHO 3MIHUTHU BJIACTUBY HOMY CTPYKTYpy. SIK HaciigoK, mMOTEHI1al
JUTSL TIOKpAIICHHS CTa0lIbHOCTI 3aIuiaBcs ooMmexxeHum [20, 22].
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OpnnuM 3 Hatle(PEKTUBHIMIMX MUISIXIB MiABUIIEHHS CTA01JIbHOCTI € BBE-
JICHHS BEJIMKUX OPTaHIvYHUX T1ApOo()OOHUX KAaTIOHIB B OKTaeAPUYHUNA HEOP-
raHiuHuil kapkac. [Ipote, BUKOpUCTaHHS KaTiOHIB, pajiyCH sSIKUX HE 3a]0BI-
JNILHAIOTH BUMOTH 00 GakTopy ToaepantHocti [ompamminra (t# 0.8-1.0),
crpuuyuHioe po3naja 3D nepoBCKITHOT CTPYKTYPU HUISIXOM ii pO3IIEIIIICHHS
y3JI0BXK KpUCTATOTpadiyHUX MJIONINH, YTBOPIOIOUN 2D CTpYKTypH, KBa3i-
2D, 1D i 0D ctpykrypu [20]. MosekyisspHi HU3bKOBUMIPHI IEPOBCKITH yT-
BOPIOIOTHCSL B PE3YyJIbTATI MEPIOJUYHOTO PO3MOJLTY METAIOTAIOTEHITHUX
OKTaeApiB, 3’ €JHAHUX 3a JOIOMOIOI0 BepIIMH, pedep ado rpaHeii, oToye-
HUX IHIIUM KaTiIOHHUM (A) koMroHeHTOM. OKTaepyu MOXKYTh pO3TaIlIOBY-
BaTHCS Yy IUIONIMHAX (IIapaMu), y BUTJIAA1 APOTY a00 130JIbOBaHUX KJIacTe-
piB, yTBOprotouu BianoBigHo 2D, 1D a6o 0D crtpykrypu. CroijbHe moea-
HAHHS OKTA€APIB 3a JOTIOMOTOI0 BEPIIMH € HANOUIBII MOMMPEHUM BaplaH-
ToM 1 Mmoxke icHyBatu B 0D, 1D, 2D 1 3D crpykrypax. [loegnanns x ix 3a
JOTIOMOTO10 pedep Bi0yBaeThes nuiiie B cnojiykax 0D, 1D ta 2D, Toai sk
3a JIOTIOMOT010 TpaHeit — Moxke icuyBatu jmiie B 0D ta 1D [9].

3menieHHs: BuMipHocti Big 3D no 0D BmuBae Ha Tpu (akTopw,
KPUTUYHI JJIs TEXHOJIOTIYHMX 3aCTOCYBaHb. 30UIBIIYEThCA IIUPUHA
ONTUYHOT 3a00POHEHOT 30HU 1 €HEPris 3B'SI3KY €KCUTOHIB. Y TOW K€ 4ac
PYXJIMBICTh HOCIIB 3apsly Ta iX JudysiiiHa JOBXKHMHA MarOTh JeHail
CWJIBHIINLY 3aJIEKHICTh BiJ KpuUcTajgorpadgiuHux HanpamkiB. L1 edextu
MOX@Ha KOHTPOJIOBAaTH Ta BUKOPHUCTOBYBATH, aJalTyIOUM iX 0 BUMOT
TEXHOJIOTIYHOTO 3aCTOCYBAHHS, JIJIS IKOT'O BOHU Po3poouieHi [9].

Hu3pKOBUMIpHI NEPOBCKITHI MaTepiaiv MPOAEMOHCTPYBAIM 3HAUYHE
MOKPAILIEHHSI CTa0IILHOCTI TPUCTPOIB MOPIBHSAHO 3 3D mepoBckiTamu
3aBJISIKH iX MiIBUIIEHIH TiapodoOHOCTI Ta MpUTHIYEH N Mirpariii HoHiB [23)].
[IpumiTHO, 1110 BBEACHHS T1JIpo(OOHUX OPraHIYHUX KATIOHIB MOKPAIY€ HE
JUIIE CTIMKICTh MEPOBCKITY A0 il BOJIOTH — OJHOYACHO IMOKPAIIy€EThCS
TePMOCTAaOUIBHICTh, (PoTOCTAOUTIBHICTH 1 (pa3oBa cTaOUTBHICTE. Bemuki
OpraHiyHl KaTiOHM YTBOPIOIOTH JOJAATKOBHM 3axucHuil Oap'ep, 110
NepenKokae mpoHukHeHHI0 MoJiekynl H20 B HeopraHiuHuil map, TUM

CaMHUM TMEPEIIKOKAI0UMd IIBUJIKOMY PO3KJIaJaHHIO MEepOBCKITIB. Kpim
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TOTO, B 2D mepoBcKiTax ICHYIOTh Pi3HI CHUJIM B3a€MOJI1: CUJIbHUM HOHHUH 1
KOBAJICHTHUM 3B'I30K B HEOpraHiyHOMY Imapi, ciabki cuiau Ban-aep-
Baanbca B opraHiuHMX IIapax, a TakKOX 3B'S3KM MDK OpraHIYHUM Ta
HEOPraHIYHUM I1apaMu (KOOpJIUHAIIKHI 3B'I3KM MK aMOHI€BOIO IPYTIOHO 1
Pb, BogHEBHUI 3B'S30K MiX TaJOr€HOM 1 aMOHIEBOIO TPYIO0), IO MOXKE
JOaTKOBO TOMINIUATH (Ja3oBy cTaOuIbHICTL 2D mepoBckity. Takum
yiuHOM, 2D MEepoBCKITM MalTh YYJOBY CTPYKTYpHY Ta €KOJOTIYHY
cTaOUIbHICTh MOpiBHsAHO 3 3D ananoramu. [20, 23].

Kpim Toro, Ha BiaAMIHY Bia Tpaauiliiinux 3D nepoBckiTiB, 2D nepoBc-
KITH XapaKTEPU3YIOThCS CTPYKTYPHHUM PI3HOMAHITTSIM, 3YMOBJICHUM THM,
110 pI3HI METOJY OPTaHIYHOTO CHUHTE3Y MOXKYTh OyTH BUKOPHUCTaHI s
OTPUMAaHHS 1 BUBYEHHS BEJIMKOI KIJIBKOCTI PI3HOMaHITHUX OPTaHIYHUX Ka-
TioHIB. OTKe, BUOIp OpraHiuyHUX KaTiOHIB HA/Ia€ BUCOKUM CTYIIHb THYYKO-
CTl B HaJalTyBaHHI (POTOETEKTPUUYHUX XapaKTEPUCTUK 2D MEepOBCKITIB.
JlogaTkoBO, MaHIMyIIOBAaHHSIM KiJIBKICTIO HEOPTaHIYHUX IIapiB (BUMIpHA
1HXKEHEPis1) MOXKHA JIOCATTH Pi3HUX OaKaHUX ONTOEICKTPOHHUX BIIACTUBO-
creit [17, 23, 24].

BumMipHa inxeHepis nependavae 3minryBadHs 3D nepoBcKiITy mij yac
YU T1CJIS TPOIECY BUTOTOBJICHHS 3 TIOPUIHUMHU METaI0TaIOT€HITHUMU BU-
JaMH, 110 MICTSITh PELIITKA HUXYO0I CTPYyKTypHu (Hampukian, 2D, 1D abo
HaBiTh 0D), 3 yrBopenusim 3D/2D (kBa3zi-2D), 3D/1D uu 3D/0D nepoBcki-
TiB. TakoX KUIbKICTh HEOPTaHIYHUX IIAPiB (N), pO3AUICHUX OJHUM IIapOM
OpraHiYHUX KaTiOHIB, MO’KHA HAJIAIITOBYBAaTH, 3MIHIOIOUN CTEX1OMETPUUHE
CIIBBITHOIIICHHS BUXiTHUX KOMIOHEHTIB [17]. [lepeBaru Takoi cTpyKTyp-
HOT MoyJisIIii moaBiitH1. [lo-niepie, y mopiBHsIHHI 3 iXxHIMU 3D-ananoramu,
MOKPAIIYETHCSI CTA0IILHICTh B PE3YJbTATI BKJIKOYEHHSI BHYTPIITHBO OLIBIIT
rigpogoOHUX, BIAHOCHO T'POMI3JIKUX OpraHiyHUX KarTioHiB. I[lo-gpyre, e
HaJla€ 3HAYHUN MPOCTIp IS 1HXKEHEPil Ta JOCHIKEHHS MaTepiaiiB, OCKi-
JBKHU CTEPUYHI OOMEKEHHS, HAKJIaJeH1 Ha OpraHiuyHI KaTiOHHU, I GopMy-
BaHHS 3D-T1epoBCKiTIB (1110 3a3BUYAM OIIHIOIOTHCS (PAKTOPOM TOJIEPAHTHO-
cti lonpamminTa) Oinbine He akTyanbHi [20, 25].

PerysmoBaHHS KiJTbKOCTI HEOPTaHIYHUX mapiB (N) MiXK IBOMA IIapaMu
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OpraHIYHUX KOMIIOHEHTIB MPUBOJIUTH 10 3MiHU BUMIpHOCTI BiJ 3D yepe3
kBazi-2D 1o 2D crpykrypu. [14], n = 1 gua 2D ¢asu, n = 2—7 mis keasi-2D
da3 in= oo mist 3D dazu [8]. [Ipu oMy, mmprHa 3a00pOHEHOT 30HH, SHE-
pris 3B'13Ky €KCUTOHIB, TEPMIYHA CTIMKICTh 1 CTIMKICTh 10 30BHIIIHIX BILIU-
BIB MOXKYTh OyTH HaJaIlITOBaHI B IIMPOKOMY Jiana3oHi. BoHu MawTh yHi-
KaJIbH1 ONTHUYHI Ta TPAHCIOPTHI BJIACTHUBOCTI 3apsiay, aje TaKOX BUCOKI
BTPATH HAIIPYTH PO3IMKHYTOTO JaHIora (Vo) [3]. [Moemnanns 3D 3 HU3b-
KOBUMIPHUMU NIEPOBCKITAMU YaCTO BUKOPUCTOBYETHCA K MIAX1T TSI TOCS-
THEeHHs OanaHCy MiX e(peKTUBHICTIO Ta CTaOLIbHICTIO [25]. BumMipHa iHxe-
HEepis MEPOBCKITHUX IIIBOK BUMarae ToHkoro 6amancy 2D 1 3D ckiany me-
POBCKITY, 11100 CKOpUCTATUCS CIIEIM(IYHIMHU BIACTUBOCTSIMHU KOXKHOI (ha3u
matepiany [26].

1.4. Huzvkoeumipni nepoeckimu.

JIBoBUMIpHI (2D) nepoBCKITH CKIAJAOTHCA 3 HU3KH IMOMEPEMIHHO PO-
3TAllIOBAaHWX HEOPraHIYHHUX 1 OPraHIYHHUX IIapiB. BOHW MalTh CTPYKTYypy
KBAHTOBOI SIMU: HEOPTaHIYHUM MIAp «KOJOSA3b» CKIIAIAETHCS 3 TAJIOTCHIIIB
METaJliB, a 130JISLIMHUN [Iap OPraHivHOro KaTioHa Ji€ sk «oap'ep» [24]. 2D
raJIOreH1{H1 MEPOBCKITH, CTPYKTYPHO OUIBII PI3HOMaHITHI 1 TOMY CTBOPIO-
I0Th (PYHKIIIOHAJIbHI MOKJIMBOCTI Habarato mwupiii, aHixk 3D-nepoBCKITH.
BoHM MOEIHYIOTh €IEKTPOHHY (PYHKI[IOHATBHICTh OPTraHiYHUX HaIiBIIPO-
BIJIHMKIB 3 M'SIKOIO Ta JMHAMIYHOIO TaJIOr€H1THOIO0 MEePOBCKITHOK PEIIiT-
KO0, TPOMIOHYIOUH MOKJIMBOCTI JJIsI aJIalTallli EeHEPreTUYHOTO JIaHAIA(TY,
JUHAMIKM PENIITKU Ta HOCIIB 3apsiy, a TaKOXK BJIACTUBOCTE TPaHCIOPTY
€JICKTPOH/MOH 1Jid pi13HUX (PYHIAMEHTAIBHUX JOCTIHKEHD Ta JJIsl 3aCTOCY-
BaHHS B ONTOEJIEKTPOHHUX MPUCTPOosiX [21]. ¥V Takux crnoiykax HeopraHi-
YHI [Iapu YTBOPIOIOTh MPUPO/IHI KBAHTOBI CTPYKTYPH, 1 1151 0OCOOJIMBICTD CHU-
JILHO 301IbIIIY€E €HEPTit0 3B'I3yBaHHS €KCUTOHIB 1 TOKpAIly€ KBAHTOBUH BU-
xig doromominecnentii (PLQY) [16]. B 3aranpHOMY BUIIAAKY, 3aBASKH
KBAHTOBOMY 1 JIE€EKTPUYHOMY YTPUMAHHIO, IIapyBaTi MEPOBCKITH MOBO-
JSTHCS, IK MHOKUHHI KBAHTOB1 CTPYKTYPH, 3a00pOHEHA 30Ha 1 eHepris 3B'-

S3YBaHHS €KCUTOHIB 3MEHINYEThCS 31 30UIbIIICHHAM 3HaueHHs (N) [27].
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2D mepoBCKITH MOKHA OMKCATH, K MOXiAH1 Bia 3D cTpyKTypH Hus-
XOM PO3pi3aHHS HEOPraHIYHUX MIapiB y3J0BXK KpUCTATOTpaiyHUX IIIO-
mmH (100), (110) ado (111) [16, 19, 24].

HaitnommupeHimmMu KjiacaMu HU3KOBUMIPHUX MEPOBCKITIB € JIBOBU-
MIpHI IEpOBCKiTH TUIB Paodnecoena-Ilonnepa | Ruddlesden-Popper (2D
RP) ta [liona-/{rcaxobcona | Dion-Jacobson (2D DJ) 3 pospizoM y310Bxk
(100) [14, 17].

JBoBuMipHi (2D) mapyBati mepoBCKITH BIAMOBIAAIOTH CTEXIOMETPil
A'2BX44n A'BX4 B IKMX NTEPOBCKITHI IIApU PO3IUICHI OPraHIYHUMU OJTHO-
BaJICHTHUMHM a00 nBoBajieHTHUMU (A') kaTioHamu. binbin 3aranpHa dop-
myia, mo onucye 2D i kBa3i-2D nepoBcKiTH — (A")m(A)n - 1BnXan+1, a¢ A’
BKa3ye Ha ABOBajeHTHHUU (M = 1) abo ogHOBaneHTHUI (M = 2) KaTIOH, N -
KUIBKICTh mIapiB 3D CTPYKTYypHu MiX CYCITHIMU IIapaMu IPOMI3JAKUX Opra-
HIYHHUX KaTIOHIB, A - OpraHiuyHUi KaTIOH HEBEJIMKOrO po3Mipy, (3a3Buyai
Cs', FA, unu MA), X —rajoreningnmii anion, M — KaTioH IBOBaJECHTHOIO
Metany (3a3Buyaii Pb?" a6o Sn?*) [11, 14)].

OnHuM 3 HaHOLIBIN JocpKeHuX KiaciB 2D 1 kBasi-2D mepoBCKITIB €
BJKE 3rajiaHi mepoBcKitu Paodnecoena-Ilonnepa [(2D, RP) 3 3aransHoI0 (o-
pMyior0 A'2An-1M nXan+1, 1e A" — BETMKW OJTHOBAJICHTHUM OpTraHIYHUM Ka-
TioH. MixmmapoBa o6nacts 2D RP ckmamaerbes 3 rpomisznkux HoHiB (A'),
TaKUX K JOBrOJAHIIOTOBI ajIKii-, apyuil-, alaMaHTUI-, alKiI(peH1I-, aMOHi-
€Bl KaTIOHHU, MOXIIHI TiopeHy, GypaHy 1 reTepOLUKIIUHI HITPOTE€HBMICHI
KaTioHM (HalyacTile BUKOPUCTOBYIOTHh OyTriiamin (BA) 1 deninerunamin
(PEA)) [14, 17, 27].

[Hmmit kracom 2D nepoBCKITIB, SKUM TPUBEPTAE 3HAYHY yBary J0CIi-
IHUKIB, € pOIHMHA NEPOBCKITIB iona-/{ocaxobcona (2D, DJ) (Dion-
Jacobson family). 3aranena popmymna DJ meposckiTiB A'An-1M nXan+1.
Haiinomupenimumu A' — karioHamu € 4-(ammoniomethyl)piperidinum
(AMP un 4AMP); 3AMP, 1,4-phenylendi-methanammonium (PDMA).
OcHoBHa BiaMmiHHICTE MK RP 1 DJ nepoBckiTamu mosisirae B TOMy, 1110 He-
opraniuti mapu B 2D DJ nepoBckiTi po3aiieHi OHUM IapOM JTBOBAJICHT-

HOTO BEJIMKOTa0ApUTHOTO OpPraHIuHOro KaTioHy, a y RP mepoBckiTax —
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JIBOMA IlIapaMU OJTHOBAJICHTHOT'O BEJIUKOra0apuTHOTO OPTaHIuHOI0 KaTiOHY
[14, 21, 24]. Y neposckitax 2D RP opraniyamii i HEOpraHiYHHHA IIapH 3'€]1-
HaH1 M1’k c00010 3a JOITOMOT' 00 HOHHMX Ta BOJHEBHX 3B'SI3KIB, TOJI1 SIK CHUJIH
Ban-nep-Baanbca 3B's13y10Th /iBa 11apy HOHIB aMOHII0 B OpraHIuHOMY IIapi.
VY 3B's13ky 3 HaxmwiIoM okTacApiB [Pble] BinOyBaeThcs pikcoBaHe 3MilICHHS
MDK Heopra"iuHumu mapamu B 2D RP nepoBckitax. OkTaeapudHi mapu B
¢a3i RP maroTh maxoBy KoHpirypaiiro 3i 3cyBoM (1/2, 1/2) B ab-mumormumHi.
[lepeBara AuamMoHi€BUX KATIOHIB MOJISITA€ B TOMY, 110 KOKEH HOH THaMO-
HII0 MOKE€ YTBOPIOBATH BOJIHEBI 3B'SI3KM 3 CYCIIHIMU OKTACAPUUYHUMU II1a-
pamu 3 000X 00kiB 1 edexTy Ban-nep-Baanbca He Mae, TOX BiICTaHb MIXK
HEOPTraHIYHUMHM IIapaMH 3MeHIIyeTbes. KpiM Toro, JiHiMHICTh KaTiOHIB
TMaMOHII0 B nepoBckiTax 2D DJ npu3BoAUTE 0 BIJICYTHOCTI O1YHOTO BiJI-
HOCHOTI'O 3CyBY MK cyciiHiMU Heopraniunumu mapamu ((0.0) 3cys) [20].
3aBASKM JOCSTHEHHIO BHCOKOI €(DEKTHMBHOCTI NMEPETBOPECHHS €HEPTii, 110
CYHPOBOJIKYEThCSI BpakKalouol CTallIbHICTIO, KBa3i-2D DJ mepoBckiTHI
consiuHi enemeHTu (PSCs) ocTaHHIM YacoM NMPUBEPHYJH BEJIUKY yBary B
ik ramysi [21].

TpeTiM BUAOM JIBOBUMIPHUX MEPOBCKITIB € MEPOBCKITH 31 3MIHHUMU
kaTioHamu B MikiapoBomy npoctopi (ACI), Todéto rodposani (110) mepo-
BCKITH ¥ IEPOBCKITH, IO € 4acTKOBO roppoBanumu — (100). Boru MoxyTh
OyTH BUTOTOBJIEHI IIJIIXOM MO€THAHHS JIBOX PI3HUX OPraHiuYHUX KOMIIOHE-
HTiB [17]. ¥ meposckitax ACI € (1/2.0) 3cyB. Bonu He moImmpeHi cepe
rajJioreH1IHUX MepoBcKiTiB [20], BimoMo Julie 011 AecsATKa CIOJIYK rajio-
TeHIJTHOTO THUITY 3 3arajbHuM ckiagom AA'BXa, onHak iHTEpec 10 rodpo-
BaHuX (110) mepoBCKITIB 3pocTa€ 1 iX KUIbKICTh MOCTIMHO 30UIBIIYETHCS,
OCKUIbKHU Yepe3 BEIUKUHN CTYMIHb CTPYKTYPHOT Ieopmallii B IUX CHOJIyKaxX
BOHH YaCTO JEMOHCTPYIOTh IIUPOKOCMYTOBY eMicito 3 BucokuM PLQY, 1o
MOSICHIOETHCS caMo3axoruieHuMu ekcutonamu (STE). HasBHICTE 1150T0 BH-
MPOMIHIOBaHHS MOPOJUIIO HAJIl Ha MOIIYK HOBUX JIOMIHOGOPIB, TPUBAO-
JMBUX JIJIsL TMCTUIETB, CBITJI0/110/11B O170T0 cBiT/ia Ta ocBiTieHHs [12]. T'od-
poBaHi 2D mepoBCKITH JO3BOJISIOTH OTPUMYBATH MaTEplalid IO MPOSIBIIS-
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10Th (DOTOTIOMIHECIICHTHI BJACTUBOCTI y OLIBII MIMPOKHUX Jlana3oHax JOB-
KUH XBUJIb 1 TEMIIEPATYP, OXOIUTIOIYH By3bKE BUIIPOMIHIOBaHHS. TaKi re-
POBCKITH € TPUBAOJUBUMH OINTOCICKTPOHHUMU MaTepiajgaMu. Y MOpiB-
HSHHI 3 TpaguliiiHuMU ABoBUMIpHUMHE niepoBckiTamu RP ta DJ, ACI-da-

3H1 MEPOBCKITHI COHSYH1 €JIEMEHTH JOCSTIIN BITHOCHO BUIIO1 €()EKTUBHOCTI
nepeTBopeHHs1 eHeprii 70 19.3%, 1m0 Mae pi3Hy €JIEKTPOHHY CTPYKTYPY
I0JI0 HAJIAIITYBaHHS 3a00pOHEHO1T 30HU. 3aBASKHU aJbTEPHATHUBHOMY PO3-
TalllyBaHHIO KaTiOHIB, Hanmpukiad, GA (ryanigua) Ta MA, cTpykTypa 1ie-
poBckiTy ACI mae HaliMEeHIITy MIXKIIIAPOBY BiJICTaHb Ta €KBATOPIAJIbHI KyTH
Pb—1-Pb B okTaeapax Hadmmwxkeni 1o 180°. CuiabHe aHTH3B'SI3yI0UE 34YCII-
nenns Pb—I neporckity ACI 306inmbITye BaJIeHTHY 30HY MaKCUMYMY i, Ta-
KUM 9YMHOM, 3MEHIITy€ Horo 3a0opoHeny 30HY [20].

PucyHok 2 cxeMaTH4YHO UITIOCTPYE B3a€EMHE PO3MIIMICHHS KOOpIWHA-
IIHHUX OKTae/ApiB Ta opraHivyHux katioHiB y 2D ta kBa3i-2D (quasi-2D) ri-
opuanux neposckitax tuny DJ, RP ta ACI nipu po3pizaHHi HEOpraHIYHUX

mapiB y3J0Bx kpuctanorpadiudoi miomuau (100).

[Toganbiiie 3MEHILIEHHS] BAMIPHOCTI PUBOJIUTH 110 yTBOpeHHs 1D me-
POBCKITIB, 1110 SBJISIOTH COOO0 JAHIIOTH METAJOrajJoTeHIIHUX OKTaeaApiB,
OTOYEHHMX 3 YCiX CTOPIH OpraHiyHUMHU KaTtioHamu. ¥ 1D nepoBckiTax meTa-
JoraNoreHiAH1 okTaeapuyHi eeMeHTH [ BXe] MOXyTh OyTH 3'€THaHI CIIijTh-
HUMH BepLIMHaMU, peOpaMu abo rpaHsiMH, 0 BeAe 10 yTBopeHHs 1D Ha-
HOJIPOTY, OTOYEHOTO opraHivHuMu karioHamu [11, 19]. Bes kordirypartis
MOK€ MaTH SIK JIIHIAHY, TaK 1 3Uur3aronoiiony 0yaoBy. Bapro 3a3HauuTy,
10 HE ICHY€E YHIBEpCaAJIbHOI XIMI4HOi (hopmysin 1D nepoBCKiTiB, CIiBBIIHO-
IIEHHSI KOMIIOHEHTIB y 1D mepoBcKiTax MOXe 3MIHIOBATHUCS B 3aJIEKHOCTI
B1J1 cIOCOOIB 3'€IHAHHSA Ta 3aJTyYCHUX OPTraHiYHUX KaT1OHIB.
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2D (n=1) _quask2h (r=2)

Puc. 2. BaemHe po3MillleHHsS] KOOPAWHALIMHUX OKTaeApiB Ta OpraHIYHUX
katioHiB y 2D Tta kBa3i-2D (quasi-2D) riopuaHux nepoBckitax Tumy DJ,
RP ta ACI nipu po3pizaHHiI HEOpPTraHIYHUX IIapiB

y3710BK Kpuctainorpadiunoi mionau (100)

3HUKEHHS pO3MIPHOCTI, CIPUYUHEHE PO3MIPOM OPraHIYHOIO JIITAHTY
(2D, 1D, OD), oOMexye eKCUTOH 4epe3 KBAaHTOBE Ta JiCJICKTPUIHE 0OMe-
’KEHHS 3 BUCOKMMU €HEPTiSIMHU 3B'I3yBaHHS €KCUTOHIB. HU3bKOBUMIPHI TIe-
POBCKITH MalOTh HEJIOJIKU y BUTJISA/II IIMPOKOI ONTUYHOT 3200pOHEHO1 30HU
Ta 0OMEXKEHOI0 IEPEHECEHHS 3apAly, 1O € IBOMA HECIPUATINBUMHU YMO-
BaMU JJ1s1 (POTOECIEKTPUYHUX MPUCTPOIB [4]. AJie, y CBOIO Uepry, 1€ € nepe-
Baro JiJIsl 3aCTOCYBAHHSI Y Cy4aCHUX MPHUCTPOSX MaM'sTi, MEMPUCTOPAX
[11]. Benuka mmpuHa 3a00pOHEHOT 30HU HEOpraHiyHUX IpaTtok 1D Ta ene-
KTPOHHA 130JIA11151 HEOpPTaHIYHUX JIAHIIOT1B 3a0€3MeYyI0Th YyJJ0B1 XapaKTe-
PUCTHKHU PE3UCTUBHOTO MIEPEMHUKAHHS TIOPIBHSIHO 3 3D mepoBckiTaMu — HU-
XYl CTPyMU BUMKHEHHS, BUILIC CIIBBIJHOIICHHS BBIMKHEHHS/BUMKHEHHS
M1 CTaHAMH MEMOIIOPY, a TAKOXK OIepallii 3YuTyBaHHS Ta BUBEACHHS HaJl-
HU3BKOI MTOTYKHOCTI [28].
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HuspkoBumipHi 1D nepoBCKiTH 3HAYHO MEHIII TOCTIAXKEH1 MOPIBHSHO
3 2D 1 3D nmepoBckitamu. Ha nymMKy Aesikux BUCHHX, Il TUIIHA TaJIOTEHIIIB,
ocobsuBo 1D 1 0D, MatoTh MaJio CuibHOTO 3 3D-CTPYKTYpOIO NMEPOBCKITY,
1 TOMY iX HE ¢l 11eHTU(IKyBaTH K nepoBckiTu. [lonmpu 1e, Tepmin "me-
POBCKIT" I IIUX HU3bKOBUMIPHUX CTPYKTYP € IMIMPOKOBXKHUBAHUM Y JIITE-
patypi [15].

1D ranoreHHi mepoBCKITH MOXKYTh BUKOPUCTOBYBATHUCS Yy (hOTOTPHIA-
Mayax 1Jiazepax, y COHIYHHUX ejaeMeHTax y Burisiai 1D/3D mepoBckiTis [3,
29], onHak 1X BUKOPUCTAHHS B IHIIUX MPUCTPOSX € CKJIQJHHM Yepe3 ix
rpyOy CTPYKTYpy Ta HEMOBHE TOKPHUTTS IMOBEPXHI, 110 MPU3BOIUTH JI0 T10-
TipIICHHS MPOIYKTUBHOCTI [3].

OD-cTpykTypu TakoX MawTh PIi3HI CTEXIOMETpli, HaMpPUKIA],
A4PbXe, 1 BOHN CKJTalalOThCs 3 TIOBHICTIO 130JIbOBaHHMX OKTaeapiB [BXeg]
a00 KJacTepiB TAJOTEHIIIB CBUHINIO Y 1HIIMX METaTiB. Y OUIBIIIOCTI BHMA-
JIK1B 130JIS11151 JOCSTAETHCS 33 paXYHOK BUKOPUCTAHHS BEJIMKUX OPTaHIYHUX
KaTioHIB [15]. Ls 130111181 JUISTHKY YaCTKOBO MPUTHIYYE YTBOPEHHS €JICK-
TPONMPOBIAHOI 30HM MIXXK METaJOrajloreHiIHUMHU OKTaeapamu, 3a0e3nedy-
toun BiaacTuBOCTI 0D. CTymiHb €J1EKTPOHHOI 130JIA1111 3aJI€XKUTh BiJl ABOX
OCHOBHUX (DaKTOPiB: po3MIpy KaTioHa A, IKHI PEryJII0€ MI>KBY3J10BUHM MPO-
CTIp (HamamTyBaHHS OKTAEAPOBOI 130JIS1111), 1 MOJISIPHOTO CITIBBIHOIIIECHHS
B i X, mo Bu3Hayvae crexiomerpito [9].

Ak npaBuiio, y 0D nepoBckiTax MeTajlorajJoreHijiHa ogquHuIs (KBaj-
paTHa, mipaMijanbHa, OKTaeapuyHa, AU(EeHOoinaIbHA) 130Jb0BaHA Ta OTO-
YyeHa TPOMI3JIKUMH OPTraHIYHUMHU JIiTaHAaMHU, 110 TIATPUMYIOTh CUIILHO 3B'-
s3aH1 €KCUTOHH, K1 MOXKYTh pajialliiHO PO3CIa0IATHCS Yepe3 Kpail 30HH.
3HWKEHAa BUMIPHICTH IIUX MaTepiajiiB J0JAaTKOBO JI03BOJISIE BIIOBJIIOBATH
YTBOPEHI €KCUTOHU B JIUISTHKHU PEIIITKHU 32 paXyHOK NEPEXITHUX CTPYKTYP-
HUX nedopmariiii. Take camM03axOIUIEHHS E€KCUTOHIB MOJIETIIYEThCS 3a-
BJISIKA M'SIKIMl TPUPOJI1 MaTepiay Ta CUIbHOMY €1EKTPOH-(POHOHHOMY 3B'si-
3Ky. PexoMOiHatis mux camo3axoruieHux ekcuToHiB (STE) npuzBoauts 10
HIMPOKOI CMYTH BUIIPOMIHIOBaHHS 3 3arajioM JJOBIIUM YacoM KUTTS [4].
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VYyacTe rpaT4acTux (OHOHHUX MO/ IIe OUIbIIE PO3MUPIOE MPODiIb
BUMPOMIHIOBAHHS 3 CYIIYTHIM PO3CIIOBaHHSIM €Heprii 30y/KeHHs (3CYB
Crtokca) uepe3 3HaUHYy CTPYKTYPHY peopraHizailito 30ypkeHoro crany [4].
0D riOpuHI TEpOBCKITH YAaCTO 3aCHOBAH1 HA HETOKCUYHUX €JIEMEHTaX 1 Io-
Ka3aJid BUILY CTaOUIBHICTh B YMOBAaX HaBKOJIMIIIHBLOTO CEPEIOBUIIA B TTOPi-
BHsIHHI 31 cBoiMu 3D anamoramu. Bci mi 0co6auBoCTI poOISITh X TIpUBa0-
JUBAMM [IJIE BUTOTOBJICHHS HACTYIHOTO TMOKOJIHHA (DOTOEIEKTPUUHUX
npUCTpPOiB [4], oAHAK TX MPOAYKTUBHICTH TOKU BIACTA€E BiJl XapaKTEPUCTUK
3D-rasioreHiiiB 4Yepe3 iX BUMAJKOBY OPIEHTAITIIO Ta HAJJIUIIIOK OpraHIYHUX
JITaHIiB Ha 1X TIOBEPXHI, SKi 3MEHIIYIOTh PYXJIUBICTh HOCIIB [3].

1.5 Cunmemuuna ynigepcaibHiCmb ma ONMUKO-EJ1eKMPOHHE HANAWL-
myeanns 'OHII.

CTpiMKU pO3BUTOK Cy4aCHUX TEXHOJIOT1H BUMarae HOBUX Oaratody-
HKI[IOHAJIBHUX MaTepiamiB. Bucoka ehekTUBHICTh (OTOMEPETBOPEHHS Ta
MOXJIMBAa HU3bKA BAPTICTh MaTepialliB 3pOOUII TOPUIHI TEPOBCKITH TiI-
HUM KOHKYPEHTOM JJIsl KpeMH1€BOi a00 1HII# HaMBIPOBIAHUKOBOI (hoTOE-
nexktpuku [10]. TOHII € yHIKaIbHOIO JUHAMIYHOIO CUCTEMOIO, CTPYKTYPHI
Ta XIMI4H1 MPOLECH SIKOI MAKOTh 3HAYHUM BIUIMB Ha ii ()13WYHI BIACTUBOCTI
Ta MPOIYKTUBHICTh HA PiBHI MPUCTPOIO 3MIHIOIOUM CKJIaJl, KPUCTAIIUYHY
CTPYKTYPY 1 BUMIPHICTh TiIOpHIHUX TMEPOBCKITIB MOXXHA PETyIIOBAaTH 1X
BJIACTUBOCTI 3 ONTUMaJIbHUMU 3HAYEHHSIMHU JIJIs1 KOHKPETHO1 00JIaCTI Mpak-
TUYHOTO 3acTocyBaHHs [14]. Moaynsuist BumipHocTi Bil 3D o 0D ctpyk-
Typ 3YMOBJIIO€ 3HAUHI Bapiallii iXHIX ONTUYHUX Ta €IEKTPUYHUX BIACTHUBO-
CTeH: CTaOlIbHICTh, TPAHCHIOPT HOCIIB 3apsay, ITUPUHY 3a00pOHEHOI 30HH,
MpoIeCH PEeKOMOiHallll, TOJEPAHTHICTh A0 AedekTiB. BiamoBiaHi Xapakre-
PUCTUKH MOXKYTh OYyTH TOYHO HaJaIlITOBaH1 JUIS peai3allii pi3HOMaHITHUX
ONTOEJIEKTPOHHUX 3aCTOCYBaHb, 1[0 MPOMOHYE MOTEHIAN JUIsl 1HIUBITya-
JBHUX BJIACTUBOCTEHN 1 KOHKPETHOTO BUKOPUCTAHHS 3a JIONIOMOTOI0 CTPYK-
TYpHOI0 IU3aiiHy. 3MiHa KOKHOTO KOMIIOHEHTA CTPYKTYpH OyJle BIULIUBATH
Ha BJIACTUBOCTI, & KUIbKICTh HEOPTaHIYHUX IAPIB y KIHIIEBOMY MaTepiai
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PETYJIOEThCSI CTEXIOMETPUYHUM CITIBBIIHOIICHHSIM KOMIIOHEHTIB pPEeaKIlii.
[24]

Oco0nuBo MpUBaOIUBOIO ISl TOCIIAHUKIB € MOXKJIMBICTh BIUIMBATH
Ha ONTOEJICKTPOHHI BIACTUBOCTI HU3bKOBUMIPHUX MEPOBCKITIB HIISXOM Mi-
n00py BIAMOBIIHUX KaTioHIB. CTPYKTYpHUM JW3aliH 3a JIOMOMOIOI0 BBE-
JICHHS OpPTaHIYHUX KaTIOHIB PI3HOMAHITHOI CTPYKTYpH 3YMOBIIIOE OJIEp-
*KaHHSI HOBUX CIIOJIYK 13 BIACTUBOCTSIMH, 1110 33/I0BIILHSIOTH PI3HOMAaHITHI
noTpeOu ONTOENeKTPOHIKU. PO3poOKa My nbTU(HYHKITIOHATIBHUX MaTEePialliB
13 KOMOIHOBAaHMMU BJIACTUBOCTSAMH CHPUSE€ KOMIJIEKCHOMY 1 PI3HOMAaHIT-
HOMY 3aCTOCYBaHHIO TIOpUIHHUX MaTepiaiiB y cydacHil enekrposimi [8, 9].
3aramom OuIblIl €HEeprii 3B'S3yBaHHsS €KCUTOHIB, PEryjibOBaHa JOBXHHA
XBUJII BUIPOMIHIOBAHHSI, BY3bKE€ BHUIIPOMIHIOBAHHS, HU3bKI HEpaalalliiiHi
BTPATH 1 KACKAJIHI EHEPreTUYHI CTPYKTYPH CIPUSIOTH IIBUKIN paaialiiHii
pEeKOMOI1HaIll1, K 1€ BAMAraeTbCsl, HAMPUKIIA, Y CBITI0AI0AaX. MeHIIIl eHe-
prii 3B's13Ky NPUBOIATH A0 €(PEKTUBHOI €KCUTOHHOI AMCOIliallii Ha BUIbHI
HOCII, 5K 11e He00X1HO Y (poToBOJIbTaHIII 1 PoTomeTekTOpax. OKkTacaApUIHI
nedopmariii 1 Haxuau B Mexax 2D mapiB mopoKyIOTh I'€30- 1 CETHETOEIIE-
KTpu4Hi e(hekTh. XipaabHICTh OPraHIYHUX KATIOHIB 103BOJISIE BUITPOMIHIO-
BaTH 200 BUSBJISITU NOJIIPU30BAHE CBITJIO 1 HEJIHIMHI onTUYHI1 peakiii. Cta-
TAYHI Ta AUHAMIYHI CTPYKTYpPHI 1€(EKTHU MaIOTh TJIMOOKUH BILJIMB HA IIU-
puHy JiHiT goTtontoMidecueHilii Ta PLQY (eHepretuune Oe3nannsi, eKCU-
TOH-(OHOHHUH 3B'A30K TOWIO0) [27]. HacTo AJisi CUHTE3y HU3bKOBHUMIPHHUX
MEPOBCKITIB BUKOPUCTOBYIOTh OPraHiyHI AP, KOTP1 MICTATh (PyHKIIIOHA-
JBHI TPYIH, 10 30UIbIIy€e (QYHKIIOHATBHICTh KIHIEBUX MatepiaiiB [24].
KpiM 11p0r0, HENoAaBHO Bi0yI0Cs 3MillleHHsT (DOKYCYy Ha BBEJACHHS Opra-
HIKH, 10 Oepe y4acTh y TPAaHCIOPTYBaHHI Ta pO3MOALII 3apsaay B riOpui-
HOMY Matepiali, a He JIUIIIE BIUIMBAE HA BUMIPHICTD 1 CTaOUIBHICTh EPOBC-
KiTy [4]. 3ameXHo BiJ TOTO, IKi aTOMU UM MOJIEKYJIM BUKOPUCTOBYIOTHCS B
CTPYKTYpi, IEPOBCKITH MOKYTh MaTH BpaKalOUMWil CIIEKTP IIKaBUX BJIACTH-
BOCTEM, BKJIIOUAIOYU HAAMPOBIIHICTh, TITAHTCHKUM MAarHiTOOIIp, CIIH-3a-
JICKHUAU TpaHCTOPT (CHIHTPOHIKA) 1 KATAIITUYHI BJIACTUBOCTI. Y PIZHUX
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cdepax 3actocyBanHs ['OHII npakTuyHO MOXKYTh OYTH BUKOPHCTaHI B pi3-
HUX (hopmax, MOYNHAIYH BiJl 00'€MHUX MOHOKPHUCTAJIB (HaMpUKiIajd, y ra-
MMa- Ta PEHTIE€HIBCHKUX JIETEKTOPax) /0 MOJIKPUCTAIIYHUX ILJIIBOK (Ha-
NpUKIa], V (POTOETEKTPUYHUX CHCTeMaX, (POTOAETEKTOpax Ta CBITJIOMIIO-
J1ax) Ta KOJIOIIHUX HAHOKPUCTATIB (HAMIPUKIA, Y PIAKOKPUCTATIYHUX JTUC-
TIesiX Ta MallOyTHIX KBAaHTOBUX JUKEpeEsax CBiTIa). ToMy MEepoBCKITH MpeI-
CTaBJISIIOTh 3aXOIUTIOYUI MPOCTIp il (D13UKIB, XIMIKIB 1 BUCHUX - MaTEPi-
ano3nasiis [27, 30].

1.6. Poib meopemuunozo MOO€IH08AHHA Y CIMEOPEHHI NEPOBCKIMHUX
Mmamepianie.

Uepe3 BelUUE3HY PI3HOMAHITHICTh OPraHIYHMX aMIHIB, 0 MOXKYTb
PO3MIISAATUCH Y SIKOCTI MOTEHIIIHHUX CIeNCepPIB 711 HU3bKOBUMIPHHUX T10-
PUIHUX MEPOBCKITIB, TA MOKJIUBICTh 1X KOMOIHYBaHHS 3 PI3HUMHU METajlaMu
Ta TaJIOTE€H1IaMU, TOIIYK €(heKTUBHUX (POTOCTEKTPUUHHUX CIOTYK CXOXKHUH
Ha MOIITYK T'OJIKK y KOMHUIIl ciHa. barato qociimkeHb MPOBOIUIOCH HIITXOM
nig00py BUMAIKOBHUX TaK 3BaHUX CIIeMcepiB (KPYIMHUX KaTiOHIB-3alIOBHIO-
BauiB MI>KOKTAE€IPUYHOTO MPOCTOPY B MEPOBCKITHUX CTPYKTYpax ) METO-
JIOM «ITp00 1 TOMHJIOK» 3 0OMEKEHOIO 3JaTHICTIO MEPEI0AUYUTH PE3YIbTY-
04y CTPYKTYpPY IIMX CHHTETUYHMX ekcriepuMeHTiB [14]. 1106 3MeHImmTH
BUTPATH EKCIIEPUMEHTAJILHUX PECYPCIB 1 4acy, JOCTIAHUKAM CJIiJ1 TTonepe-
JTHBO TIPOBOJAUTH TEOPETUUHI KOMIM'TOTEPHI JTOCIIKCHHS ISl MOIIYKY T0-
TEHUIMHO e€(DEKTUBHUX CIONYK. BUKOpPHUCTOBYIOUM BEJIMKUW HAOIp JaHUX
B1J] CITITBHOTH JOCJI1THUKIB ITIEPOBCKITIB SIK OCHOBY, KOMITO3HII1i1HA 1H)KEHE-
pis B IOEJHAHHI 3 CyYaCHUMH CUCTEMaMy MAalllMHHOTO HABUYAHHS MOXKE 3a-
0€3MeUnTH MBU NN epeXi]i IEPOBCKITHOI HAYKH Ta TEXHOJOTI1 10 KOMe-
puianizanii. [pyaTyrouncs Ha 6araThboX iCHYIOUMX €KCIIEPUMEHTANLHHX Ta
OOUYHCITIOBAIbHUX JIAHUX, TEXHOJIOT1sl MAIITMHHOTO HaBYaHHS MOCTYTIORBO Bi-
Jirpalia BaXXJIMBY POJIb Y JOCHIIKEHHI MepOBCKITIB. Takoxk e(heKTUBHOIO €
CTpaTeris BUKOPUCTAHHS MOJIENIl MAIIMHHOTO HAaBYaHHSI, TOOY/I0BaHOI Ha
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OCHOBI1 €KCTIEPUMEHTAIBHUX TIEPOBCKITIB Ta HEMIEPOBCKITIB, JJIsl TPOTHO3Y-
BaHHSI UMOBIPHOCTI YTBOPEHHS BEJIMKUX KUIHBKOCTEH HEBIJOMUX MOTEHITIH-
HUX niepoBcKiTiB [31]. He3paxkarouu Ha Te, 110 BIAKPUTTS BEJIMUYE3HOTO IIPO-
CTOPY HOBUX MaTepiajiB IMPOIOHY€E Oarato MOTEHIIMHUX IepeBar He TUIbKU
JU1s1 BAOCKOHAJICHHSI MOO1ILHOCTI HOCIIB 3apsity, ajie i, HalpuKJIai, AJisl 1Mo-
TOHl 3a O€3CBUHIIEBUMHU MaTepiajiaMu, BOHO TAaKOX MPOMOHYE HOBI BH-
kK. TyT oOuncItoBaIbHUN CKPUHIHT, 3aCHOBaHUM Ha po3paxyHkax (FPC
ta DFT), nonomoske 3By3UTH BEIMUE3HUN MPOCTIP MapameTpiB. 3 TEOPETH-
yHO1 TOYKH 30py, TouHui onuc ['OHII € ny>xe Bumornusum. BupaxxeHi Oa-
raTO4acTUHKOBI €()eKTH, 3HAYHUM CIIH-OPOITAIbHUHN 3B'SI30K 1 CUJIbHA B3a-
€MOJIIsl HOCIiB 3apsily 3 KOJMBAHHSIMU PEIIITKM BUMArarOThb METOJI0JIOT1I,
110 BUXOJUTH 32 paMku ctanaaptHoi DFT, HaBiTh 1711 CyTO CTPYKTYpPHHUX
BJIacTUBOCTEN [32].

besnepepBHUil pO3BUTOK OOUMCITIOBAIBHUX CUCTEM, IIJIECIIPSIMOBAHE
1 CUCTEeMaTUYHE JTOCIIKCHHS! BEJIMYE3HOI TPYIU MEPIIONPUHIIMITHUX Me-
TOJIB 1 3pOCTaroya MOTYKHICTh CYTIEPKOMITIOTEPHUX 1HQPACTPYKTYP TEIep
JI03BOJISIIOTH TIPOBOJIUTH MIBUJIKUH CKPUHIHT MaTepialiB, COPHUSAIOUN [ITBH/I-
KOMY BHSBJICHHI MOTEHLIMHUX MaTtepiainiB-kaHauaaTiB. [lomanbin mosmimn-
HIEHHS B I[1M raiy3i TaKoXX MOXYTh B KIHIIEBOMY IIJICYMKY BUILJIMBAaTH 3
OLIBII IUPOKOTO BUKOPUCTAHHS MAIIMHHOTO HABYAHHS a00 «IITY4YHOTO 1H-
TEJICKTY» B TaKUX CIpo0ax BIAOOPY. Y TOM Hac K Takl MIAXOIU MIBUIKOTO
CKPUHIHTY BK€ JI03BOJISIFOTH OLIIHUTH BITHOCHO MPOCTI apaMeTpH, Taki sIK
XiMIYyHa CTaOUIbHICTh, 30HHA CTPYKTYpa Ta pe3yJibTyloul Macu HOCIiB 3a-
pAy, OLIBII CKIIQJHI PO3PaXyYHKH BCE IIE CTBOPIOIOTH TPYAHOIIL. 30KpeMa,
MOBHA OIIIHKA PYXJIUBOCTI HOCIIB 3apsily CIUPAETHCS HA TOYHUM PO3paxy-
HOK €JIEKTPOH-(POHOHHUX 3B'SI3KIB, K1 1116 HEOOX1THO MPUBECTH B JOCTYII-
HICTh CIIPABXKHIX M1JIXO/IIB IIBUAKOTO CKpUHIHTY [10].

[ligxoau A0 KOMIO3UIIIMHOTO MPOEKTYBAaHHS MOXKYTh OyTH 3p00JIeHI
IUISIXOM BUOOpPY KaTiOHa MeETaily, rajoreHiAHOrO aHiOHa, OPraHIYHOTO
crielicepHoro (abo >k pO3MIPHOr0) KaTioHa Ta TOBIIMHU HEOPTaHIYHOTO
mapy JJis po3poOku e()eKTUBHOTO MaTepiaidy Ha OCHOBI 2D-rajoreHigHux

nepoBCcKiTIB. OJHUM 13 OCHOBHHMX (PAKTOPIB, 110 MOXE CYTTEBO BIUIMHYTH
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Ha €JICKTPOHHI Ta ONTUYHI BJIACTUBOCTI KIHIIEBOTO MaTepiaily € OpraHidyHu
crielicepHuil KaTioH. ['eoMeTpist po3MipHUX KaTIOHIB MAa€ 3HAYHUI BIUIMB Ha
CTPYKTYPHI CIIOTBOPEHHS Ta OKTACAPUYHHUMA HAXWJI METAJIOTajJoTeHITHOTO
HEOPraHIYHOIO 1Iapy, sIKi BU3HAYAIOTh IITUPUHY 3a00pPOHEHOT 30HU Ta CHE-
prito 3B's13yBaHHA €KCUTOHIB. KpiM TOro, oOMexXeHHsI pyXy HOCIIB MOXe
OyTH 3MEHIIECHO IUISIXOM BKIIOUYEHHS PO3MIPHUX KATIOHIB, SKI MAalOTh
Kpallly 3/IaTHICTh TPAHCIIOPTYBAaHHS 3apsy 1 3/1aTHI 3MEHIIIYBaTH BiJICTaHI
MDK HEOpraHIYHUMHU I1apaMu. BBeIeHHS KaTioOHa, SKUW Mae CIIpsKEH1 efe-
KTPOHHI CUCTEMH Ta 3/IaTHICTh yTBOPIOBaTU MillH1 H-3B'd3K1, 301/1b11TyE MO-
JKJTMBICTD ITEPEHECEHHS 3aps Iy MK HEOPTaHIYHUM Ta OpraHIYHUM IIapamMu
3 TIOKPAIIICHUM BUPIBHIOBAHHSIM 3a00pOHEHOi 30HU. KpiM Toro, po3mipHi
KaT10HH, 1110 MalOTh KOMITAKTHY CTPYKTYPY, MOXKYTh 3MEHIIIUTH PO3ILICHHS
HEOPTraHIYHOI'O IIAPY Ta CIOTBOPEHHS Fr€OMETPil KOOPAUHALIINHUX OKTae-
piB. OTxe, KaTiIOHHA 1HXKEHepid MOxe OyTH TOUHUM Ta e€(PEeKTUBHUM CIIOCO-
o6om 3pobutu mpaBwibHUN BuOip 2D-I'OHII, mo npu3BoAUThH 10 MOKpa-
IICHHS MPOAYKTUBHOCTI (POTOCIEKTPUYHHUX MPUCTPOiB. OMHAK HEOOXiTHE
e(heKTUBHE TEOPETUYHE JOCTIHKEHHS IS PO3YMIHHS KepyIounx (pakTopis,
IO CTOSITh 3a BIUIMBOM CIielicepa Ha TEOMETPII0 METajorajoreHiTHOTO
1Iapy Ta BJIACTUBOCTI CUCTEMU NEPOBCKITY. OUIKYETHCS, IO TEOPETUYHI J10-
CJIIIXKEHHS 3p00JIsiTh 3HAYHUI BHECOK Y 3'sICYBaHHS B3a€MO3B'S3KIB MIJK BU-
OOpOM KaTiOHa-crieicepa, 1 BIACTUBOCTSIMUA OTPUMAHOTO MEpOBCKITY [33].

2. [lepeBaru i He10/IIKM BUKOPHUCTAHHS IeTePOUUKIIIB /11 CTBOPCHHS
IEPOBCKITHUX MaTepiaJiB

Hu3bKOBUMIpHI TIEPOBCKITH JIEMOHCTPYIOTh UYAOBY CTaOUIbHICTD,
CTPYKTYpPHY PI3HOMAHITHICTh 1 peryJibOBaHi 3a00pOHEHI 30HH, 110 POOUTH
iX JyXe TEpCHeKTUBHUMM [Jii 3aCTOCYBaHHS B PI3HUX Taiy3sx
ONTOEIEeKTPOHIKK. He3Bakaroum Ha CBOI IepeBaru, 130JiAI1iMHA MpUpoaa
OpraHiYHUX KaTIOHIB 3HWKY€E MOTJWHAKOYl Ta MPOBIIHI BIACTUBOCTI, IO
NPU3BOAUTH 1O HUXY0I €(PEeKTUBHOCTI MHpuctporo. JlieBuM crocobom
001iiTH MOoAIOHOTO poay TpoOJIEeMHU € IHTErparlis MOJEKYJ, IO MICTATh
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(H2M Pz)3Pb2Bri0-2DMAc, (R/S-(H2MPz)PbBr40.5MeCN Tta (RS-
(H2M P2)2Pb2Brg:DCM. TlpumiTHO, 10 BCi BOHU JICMOHCTPYIOTh
yIBTPAITUPOKOCMYTOBE BHUIIPOMIHIOBAHHS Ta XIPOONTHUYHI CHUTHAJIH.
[TepoBckitn 13 DMAC Tta MeCN HaBiTh a0cCATalOTh OLIOTO KPYroBO
MOJIIPU30BAHOTO  BUIPOMIHIOBAHHA 3  BHCOKHM  JIUCCUMETPUYHUM
koediuieaToMm. Lleit HOBUIA TUII T1OPUAHUX MEPOBCKITIB MPUBEPTAE yBary Ta
3HaXOJIUTh 3aCTOCYBAHHSI B XIPONTUYHUX MOJIAX 3aBMSIKU IIIUPOKO Ta JIETKO
HacTporoBaHUM (oTodi3nyHUM BaacTUBOCTIM [ 139)].
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3eJieHi MiAX0AU CHHTETUYHOIO JU3ANHY reTePOUUKIIIYHUX CIOJYK
3 BUKOPMCTAHHSAM L€OJIITIB

MILJIbOBHY Crenan’, CIMBKA Muxaiino!, KPUBOB’SI3 Aunapiiil,
MAPIHYYK Pycaan®
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Haoicnhano: 29.10.2024
IHpuiinamo oo opyky: 29.11.2024, npomoxon Ne 3 Buenoi Paou HHIXE
Po3miweno onnaiin: 05.12.2024

Knwuoei cnosa: 1€0n1T, reTEPOLMKIIIYHI CITIOTYKU, CHHTE3, 3€JIEHI MIIXOIH.

1. BerynHa yacTuHa

Hesanepeunum € Toil akT, 110 TETEPOIMKIIIUHI CTIOJYKH BIAITPaOTh
BUHSITKOBY POJIb B OPTaHIYHINA Ta MEAUYHINA XiMIi 3aBJSKH CBOiM 010JI0T14-
H1id akTUBHOCTI. OCh YoMy, pO3p00OKa yHIBEpPCATbHUX, €(DEKTUBHUX, €HEP-
ro30epirarunx Mmaxo/iB A0 X CHHTE3Y W (QPyHKIIOHATI3alli € MOCTIHUM
MpPEeMETOM JIOCHI/KEHHST XIMIKIB-CHHTETHKIB. HaiOinbIn BaXkauBi, 3ara-
JbH1 ¥ e()eKTUBHI MeTOAN (DOPMYBAHHS T€TEPOLUKITYHUX CIIOJIYK Ta iX BJia-
CTHUBOCTI € HAJIG)KHO ITpoaHajizoBaHi B 6ararbox orjisnaax [1-16]. Cepen Hux
0COOJIMBY yBary NpuBEpPTaIOTh CUHTETUYHI TE€XHOJIOTII, SIKI BUKOPUCTOBY-
I0Th €KOJIOTTYHO crpsAMoBaHi 3eneHi miaxoau [11, 12, 17-19]. i peakii sk
MPABUJIO MPOTIKAIOTH B M IKUX YMOBaX 3 BUKOPUCTAHHSIM HETOKCUYHUX PO-
3UMHHUKIB, a TAKOXK XapaKTePU3yIOThCS BUCOKUMH BUXOJAMH 1 CEIICKTUB-

HICTIO.
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CrneuudiuyHi METOIUKH ¥ MPUMOMH OXOIUICHI B JIITEPATypl B IEPEBAKHIM
OUIBIIIOCTI OTIEPYIOTH KaTATITHYHUMU PEAKIISIMU Ta IIPOIIEcCaMHu, 1110 MOTpe-
OYIOTh CKJIQJIHOTO IHCTPYMEHTAJIBLHOTO CyrnpoBoay. Ciif BiA3HAUUTH, IO
HEOMITH Ta iX MoAu(iKOBaHI POPMHU YACTO BUKOPHUCTOBYIOTH B 3TrajlaHUX
MeToaax. B 1iboMy orisiai Mu X04eMOo 3KOHIIEHTPYBATH yBary caMme Ha poJib
IIEOJIITIB B pO3POOII 3€JICHUX MiAXOAIB 10 CUHTE3Y W PyHKIIIOHA13aIlii re-
TEPOIMKIIIB. 3 OAHOTO OOKY OCTaHHI JOCATHEHHS B CHHTE31 i BUKOPHUCTAaHH1
IIEOJTITIB Ta X MOAM(IKOBaHUX (OPM MOCTIMHO € B LICHTP1 YBaru AOCI1THU-
KiB 1 BWUEPITHO OMVISIHYTI B HeloAaBHiX mpaipix [20-25]. A 3 iH1I0r0o 00Ky,
Ha CKUJIbKH MH 3HAaeMO, 3a octaHHi 10 pokis numre Carolina and co-workers
[19] mpoaHami3yBajii BUKOPHCTaHHS IICOMIITIB K T€TEPOTreHHUX 3EJICHUX
KaTali3aTopiB B MYJbTUKOMIOHEHTHUX PEAKIIAX, TPOAYKTAMH SIKUX MO-
KYTh OyTH TaKOX 1 F€TEPOLMKIN — P [bOMY, 3a3HaY€HAa Mpaiisi 00OMeKy-
€THCSA AHAJII30M BHUKJIIOUHO KATaJTITUYHOI'O 3aCTOCYBaHHS IIE€OJIITIB B Opra-
HIYHOMY cHHTe31. BogHovac 6araTo orisgoBUX CTaTeH 10 CHHTE3Y TOTO YH
THIIIOTO T€TEPOLMKITY MICTATh (hparMEeHTapHI BIIOMOCTI MPO peakilii 3a yu-
acTIO IICOJTITIB 0€3 cucTemMaTu3allii Ta anamuizy [26-29]. MeToro 11i€i nparii €
BHUCBITJICHHSI TIPOTPECY B 3€JIEHOMY CUHTE31 F€TePOLMKIIB 3 BUKOPUCTAH-
HSIM LI€OJIITIB, 1 OCHOBHA yBara Oyje 30cepeeHa Ha po00Tax OCTaHHIX po-
KiB JIJIsl BCTAHOBJICHHS] TIOTOYHOTO CTaHy CHPaB y 111 raysi.

2. IleostiT Ta iX KUCJAOTHI popmMH y KaTaTi3i

[{eomiTH, SIK KaTaIi3aTOPH, OTPUMAJIA 3HAYHY yBary J0CTaTHO JaBHO,
3aBJSKHA CBOIM BJIACTUBOCTSIM TaKUM SIK PETYJISIPHA CTPYKTYPa, MOXKJITUBICTh
Moau(dikailii, KUCIOTHICTb, TEPMIYHY CTaO1JIbHICTh, TOIIO.

OnHUM 3 HanpsSIMKIB BUKOPUCTAHHS LIEOJIITIB Y OPraHIYHOMY CUHTE31
€ CHHTE3 TeTEPOIMKIIIYHUX CTIOJYK.

e y 1997 poui aBropu [30] mociaiauian reTeporeHHy KaTaliTHYHY
METOAOJIMKY CHHTE3Y ACAKUX I'eTePOIUKIIIB 3 BUKOPUCTAHHSM BEIUKOIIO-
puctux 1eouirti, Takux HY Zeolite, HEMT i HZeolite beta, ockinbku ce-
peaavonopucti reoitu (H-mopaenirt i HZSM-5 (SI/A1=4/5)), naBanu Oa-

*aH1 TPOAYKTH 3 HU3bKkUMHU Buxojamu [30].
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VY tumoBomy excrnepuMeHTi cymimn 3-amiHoOen3izoTiazon 1 (0,25 1),
HaJJTAIIOK CBIKOAUCTHIILOBaHOIO aneroHiTpmiy (15 mi) 1 HY Zeolite (2,0
r), SIK KaTtaiizatop HarpiBaau g0 60 °C npoTaromM 2 ToJiUH MPU HNEPEMIIIy-
BaHH1. Yepes 2 roj 11€oiT BiAQUIbTPOBYBaIN, @ PO3YNHHUK BUMAPIOBAIIH,
OTPUMYIOYH NPOAYKT 2, IKUH Tajl OUHILAIM Ha XpoMaTorpadidHii KOJIOHII
3 BUKOPUCTAHHSIM TeKcaHy/eTuialeTaTy, Ipu 1boMy BUXiA ckianaB 85%
(puc. 1).

Rl
N2 NJ\NH
ROﬁN Zeolite, R'CN ROj\Q 2
N
7/ 0 7/
g 60 °C, 2h S
1 R=H,Alk 2
RY= Alk, Ar

Puc. 1. ®ynkmionamizaiis 3-amino6e3o0TiazomiB 1.

[Ipu npoBeaeHHI peakilli 3 pI3HUMH paJuKaiaMy HalKpallll BUXOJU
OTpUMaHI OJIepKaHi Jis KaTali3aTopiB MpeIcTaBeH1 y Tadauii 1.

Tabmuus 1. Ontumizanis ¢pyHkiionamizanii 3-amiHoOe30Tia3omiB 1.

No KaraJisa- R R?Y Buxin
TOP
1 HY Zeolite CH3s CH.CI 92
2 HEMT H CHCI 87
3 HZeolite H CHCI 74
beta

Haiiripmi Buxoam oaepskaHi s karajiizaropa HZeolite beta, ane i
JUIS HBOT'O TIPHM Oy Ib SIKMX pajiKajiax, BUXia He OyB MeHIHM 3a 60%.

i >k xatam3atopu Oyiau JOCTIIKEHI I PEeaKiiil MUKIOKOHAeH Al
PI3HUX MOX1JIHI METUJ 2-0€H301ITIOYypeino0eH30aT 1 METUI 3-apoinTioype-
ino-2-tiohenkapookcumnat. ['erepo- Ta KapOOIMKIIYHI TIOCEUYOBHUHU, 10 Mi-

CTATh CYCIJIHIO KapOOKCH-, alIKOKCU-KapOOHIIbHY a00 KapOOHITPpUIbHY
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IPyIly, € BAKIMBUM KJIACOM BUXIJHUX CIOIYK JUIsl CHHTE3Yy T€TePOIMKIIIY-
Hux cronyk [30].

[Tpu xiMHaTHIM TemriepaTypi Ha karamizatopi HY Zeolite neperBo-
peHHs ceuoBHHH 3 10 2-amiHoGeH3o0Tiasuny 4 (R'= COOCHS3, Ar = Ph)
npoTikae 3 BUxojnoM 94% uepe3 4 roauHU TEPEMINTyBaHHS PEAKIIMHOL

Macu (puc. 2).
o)

R
@i i Zeolite, CHCN &s
N~ “NH 20°C, 4h N/*NH2
H
o=\
Ar

3 4
R =COOH, COOCHg3, CONH,

Puc. 2. Onep>xanHsi 2-aMiHOO€H30Tia3uHy 4.

VY Bumanky TioeH-aHaNOrIB MOJI0OHE TEPETBOPEHHS CEYOBHUHU S B
tieHoTia3uH 6 (puc. 3) Ha xaranizatopi HY Zeolite xapaktupesyerbcs Bu-
xonoM 84% y sumanky Ar = 4-CHsPh B ananoriganx ymoBax.

. O/CH3 o
S Zeolite, CH3CN S S
\ | )k 5 - \ | /)\
N NH 20 C, 4h N NH,
H
5 O%\Ar 6

Puc. 3. Onep>kaHHs TIIHOTIa3UHY O.

VY Bcix BUMajKkax BUXOIM B 3aJIEKHOCTI BiJl KaTali3aTopa MOKHA PO-
sramyBaTt y psg HY Zeolite> HEMT > HZeolite beta.

EdexruBnicts HY Zeolite, moscHOI0TH BeMKUM po3MipoM 1op (0,74
HM), 1 OLTbIII BUCOKOIO KOHIEHTPAIIEI0 KUCIOTHUX LIEHTPIB. fIK mepeBaru
BUKOPHUCTAHHS II€0JIITIB aBTOPaMU HaBEICHO: Mpolie1ypa 00poOKu Ha3BH-
YaifHO MpOCTa, BKIIIOYAE JulIe (IIbTPAIII0 [EOJITy 1 BUJAJICHHS PO3YUH-
HUKa JIJI1 OTPUMaHHS IMPOAYKTY BUCOKOT'O CTYIICHsI YNCTOTH. BigHOBICHUH
IIEOJIIT MOKHA MTOBTOPHO aKTUBYBATH JIsl IOBTOPHOTO BUKOPHUCTAHHSI, Ha-
rpiBuu oro npu 500 °C y npucyTHOCTI NOBITPs. EKOJIOTIUHICTE Tpoiiecy
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Ta B1IMOBA Bl BUKOPUCTaHHS KOPO3IHHUX 13a0PYIHIOIOUNX KUCIOTHHUX Ka-
tanizatopis [30].

B po6ori [30] Takox moka3ano Bukopuctanus HY -zeolite, sk akTus-
HOTO Kartaji3aTopy MpH alWJIIOBaHHI TE€TEPOLMKIIYHUX CIOIYK Y M'SKUX
yMOBax Ha MNPUKIaAl MEepeTBOPEeHHS OceH30(ypaHy 7/ y MPOIYKT allMIIIO-
BaHHs 8 (puc. 4).

Ponb neomniTy, Ha AyMKYy aBTOpIB, MOJISITA€ B aKTUBAIllT allMIIIOI0YOTO
peareHTy Ha MOro MPOTOHHUX IUIAHKaxX. L{g peaxiiss cympoBOIKYEThCA
IUIIXOM TIEPEHECEHHS aluj-10HIB 10 MexaHi3My Pinenns (puc. 4) mus
yYTBOPEHHS KiHIleBOro mpoaykry 8. [Ipu yomMy anuiroBaHHS MOXKE TPOTi-
KaTH K 3 KETOHHOIO TakK 1 3 €HOJBHOK (popMamu BUXITHOTO OeH30(ypaHy
7 (puc. 5).

H. O OH

R Rezon—| 2% o B T Tl

(@)
H

Dod . e
CH
@Q% gt e oz

-CH3COOH /

- A

/ CHs
o« ZOH

8 O

Puc. 4. AumntoBanHs 6eH3zodypany 7.
To0TO, MOKIIMBUMH TPOAYKTAMH PEAKI[li MOKYTb OYTH SIK IPOTYKTH
O-ammmroBanHs 8 , Tak 1 C-anumtoBanus 9, 9° (puc. 5).
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H
@
o CH, o o§ o 0 CH,
/ O.\"/KSJ\'ZO J O«CHB + ZOH + CHCOOH
7 0H 8 o
H
o e, 0 (% © © HZC« ZOH + CH4COOH
+ . o + +
DS AR :

7 0H 9 ]
Hc{
CI4F
O- H
v
Puc. 5. YtBopenns npoaykrtiB O-anumtoBanud 8 ta C-amitoBanss 9, 9°.

[Tomanpma ecrepudikaitis eHobHOI hopmu crionyku 9 (9°) npusso-
muTh 1o aneratiB 10, siki, HMOBIpHO, € cyMminTto npoctopoBux E,Z-i30MmepiB
(puc. 6). B toii yac, sk noganpme C-aruiroBanHs croiayku 9 (9°), npuso-
auTh 10 S-Tpukerony 11 (puc. 6) [30].

o)
CH 0
CHs o ne=( o o He=( J<CH
/ O/ © CHa °
0
. I Z-10

C{ 3C% BC{

H chH-4
/ b Hl C-auu/II0BaHHA % %
g

Puc. 6. Onepxxanns 6eH30(ypaHoBMICHOTO S-TpukeToHy 11.

ABTOpH BIIMIYAIOTh, IO S-TPUKETOH 11 MOYKHA OTpUMATH B OJIHY CTa-
nito (kouBepcis 50%, yuctora 90%) peaxiiero 2-anetnmindoeHzodypany 7 3
HAJIJTUIIIKOM OIITOBOTO aHTiApuay y mpucytHocti HY-meodity. Peaxinis
BKJIFOYA€E TOJIOBHUM YMHOM OJWH MPOMDKHHH f-TUKETOH 9, AKU MUIIXOM
O-anuioBaHHS MPU3BOIUTH 10 T0OTYHUX TTpoaykTiB 10, a nuissxom C-aru-
JIOBAaHHS MPUBOJIUTH 10 OYIKYBAHOTO KIHIIEBOrO MpoaykTy 11 (puc. 5, 6)
[30].

Hitnponinmeran (DIM) (abo 6ic-ingonin-meTaH) cripusie MeTadoIi-
3My €CTPOIeHy Yy JtojicbkkomMy opraHizMmi. Kucnoru JIsroica, siki CIIpUsitOTh
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