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3amura nucceprauuu coctoutcs «24» nronHs 2025 r. B 17:00 Ha 3acenanun CoBera 1o 3a1uTe JOKTOPCKUX U
kanaunarckux auccepranuid 0200.002 «Xumuyeckne Haykw» Npu PoccHiiCKOM yHUBEPCUTETE APYKObI
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BBEJAEHHUE

AKTyaJbHOCTH padoThl. CoBpeMEHHas HayKa XapaKTepU3yeTcsl MPOJODKAIOIIEHC MOIEpHU3aluen
TEXHOJIOTHYECKUX MPOLIECCOB HA OCHOBE Pa3BUTHsI MHHOBALIMOHHOT'O HAIIPaBJIEHUs — HaHOTexHosoruu. OHa
OIIpE/IETAETCS KaK IPOEKTUPOBAHUE, XapaKTEPUCTUKA U IPUMEHEHHUE CTPYKTYP, YCTPOICTB U CUCTEM IIyTEM
ynpaBieHus (GopMOH M pa3MepoM Ha ypoBHE HaHoMeTpoBoro macmrada (or 1 go 100 HM) M HaxomuT
MPAKTUYECKOe TMPUMEHEHHE B Pa3IMYHBIX OOJACTAX MOBCEIHEBHOH >KM3HM, HANpUMEp JJIEKTPOHHUKE H
MaTepUaJOBEACHUN, B XUMHUM, OHOIOIMHM U MeaulMHe. IIpoMbllluleHHOE NPUMEHEHHE HAHOYaCTHIl U
HAaHOMAaTEpUaAJIOB CBSI3aHO C MX MHCIIOJIIb30BAHUEM B KadeCTBE KOMIIOHEHTOB JUIsI MHUKPO3JIEKTPOHHKH,
MarHUTHBIX YIUIOTHUTENEH B JBUraTeNsAX, HOCUTEICH HHPOPMaIIUK, KaTaJIM3aTOpOB PA3JIMYHbIX IPOLIECCOB U
B IPYTHX O0NACTSX.

I'ereporeHHble KaTaJnW3aTopbl HAa OCHOBE HMHIUBUAYAJIbHBIX W MOIU(HUIMPOBAHHBIX OKCHUJOB
MEPEXOAHBIX METAJUIOB HAaXOAAT NPUMEHEHHWE B CaMbIX Pa3HBIX OO0NACTIX HAyKH M TEXHUKU (XUMHKO-
TEXHOJIOTHUECKHUX MTPOLECCaX, B CUCTEMAaX OYMCTKH CTOYHBIX BOJI M 3arPA3HEHHOIO BO3yXa OT TEXHOI'€HHBIX
3arpsi3HeHuil). B omiMuue OT roOMOreHHBIX CUCTEM, OHM JIETKO OTHAEJSIOTCS OT PEaKIMOHHOW CMECH, He
3arpsA3HSAIOT €€ M HMEKT IIMPOKUM Juarna3oH KaTalUuTUYeCKOro JEeMCTBUSA. YMEHBIIEHUE pa3MepoB
KaTajau3aTopoB 0 HaHoMmeTpoBoro Macmrada (ot 1 1o 100 HM) 1M0o3BOJIIET BO MHOTUX CIydasX MOJTY4YHUTb
YHUKAJIbHbIE XapaKTEePUCTUKH ITPU UX JaJIbHEHIIEM TPAKTUYECKOM HUCIIOIb30BaHUM.

[lepcrieKTUBHBIM ~ METOJOM  IIOJYYEHHS  HAHOPAa3MEPHBIX  OKCUAHBIX  YaCTULl  SIBISIETCA
THJIPOTEPMAIIbHBIA METOH, B KOTOPOM MPEKYpCcOpbl (THAPOKCUABI, HUTPAThl, KapOOHATHI, OKCAJaThl)
OC@XJAIOTCS M3 BOJHBIX PAcCTBOPOB C IMOCIEAYIOIIMM IIpoKajguBaHueM. [IpumeHeHHe opraHuYecKuX
KOMIUIEKCOB METaJIJIOB ropazno s¢dexruBHee. [Ipu pa3inokeHUM KOMIUIEKCHBIX COCIMHEHMH METaJUIOB C
OpPTaHUYECKHMH JIMTaHIAMHU BBIACISAETCS OOJIBIIOE KOJMYECTBO ra3000pa3HBIX MPOLYKTOB PA3JIOKEHUS (B
ocHoBHOM COz u H20), KoTOpbIe NPensTCTBYIOT CIAMIAHUIO OKCUIHBIX YAaCTULl B KPYIHbIE arjIOMepaThl, YTO
MPUBOJUT K 3HAYUTEILHOMY YMEHBILIEHUIO Pa3MEPOB 3€PEH OKCUIHOTO KaTajlu3aTopa U yIy4llIEHUIO CBOMCTB
ux noBepXxHOCTU. C SKOHOMHUYECKON TOUKHU 3PEHUS BaXKHBIM SIBJISIETCS YMEHbILIEHHE TEMIIEPATYPbl U BPEMEHH
00pabOTKH MPEKYPCOPOB MPU COXPAHEHUH (PU3UKO-XUMHUECKHUX XapaKTEPUCTHUK IOTy4aeMOro KaTaanu3aTopa,
B CBA3M C Y€M IOHUCK ONTHUMAJbHBIX MPEKYPCOPOB HAa OCHOBE JELICBOIO ChIPbSl U ONTUMH3ALMS ITyTeH
MIOJTy4€HUs1 BBICOKO3(PPEKTUBHBIX HAHOPA3MEPHBIX KaTalIU3aTOPOB SABJISIOTCS aKTyalbHOU 3a/1auei.

Crenenp paspa0oraHHOCTH TeMbl. [IpOBENEHHBIN aHanM3 W3BECTHOM JIMTEPATYpPBHl IO TEME
UCCJIEOBAHMS TI0Ka3bIBAET, YTO JUIsl CHHTE3a HAHOPA3MEPHBIX OKCHAOB METAUIOB T'MIPOTEPMAIBHBIM
METOZIOM OOBIYHO HCHOJIB3YIOT HEOPraHMYECKHE COJIM WM CBEXEOCAaXJACHHbIE TMAPOKCHIBI METauioB. B
IpeIbLAYIINX UCCIIeI0BaHUX, IPOBOAMMBIX Ha Kadeape obmeit xumuu Poccuiickoro yHuBepcUTeTa IpyKObI
HaponoB uMmenu [larpuca JlymymOBbl, n3ydaauch BO3MOKHOCTH HCIIOIb30BAHUS ISl 3THX 11€JI€i KOMILJIEKCHBIX
COECIUHEHUI MPOU3BOAHBIX N-HUTPO3OTHIPOKCHMJIIAMMHA M  HEKOTOPBIX JUTHAPOKCHAPOMATHYECKUX
coequHeHuil.  [loaTomMy  wWcronb30BaHHME — O-THAPOKCHAPOMATHYECKUX  KHCIOT  JUIsl  CHUHTE3a
METAJNIOKOMIUIEKCOB M UX JaJbHEWIIEEe TEPMUYECKOE PA3JIOKEHUE C LIEJBI0 BBIICIECHUS HAaHOPA3MEPHBIX
OKCHJIOB METaJUIOB SIBJISIETCSl aKTyaJlbHBIM HampaBlieHUEM HuccienoBaHuil. braromaps Hamuuuio
KapOOKCHUJIBHOM T'PYNIbl U TUAPOKCUJIbHAS TPYHIBI B COCEIHEM IOJOXKEHUHU, STH COCJUHEHUS CIIOCOOHBI
00pa30BbIBaTh X€JAaTHbIE KOMIUIEKCHI C OOJIBIIMHCTBOM KAaTHOHOB METANIOB, a HHU3KHE TEMIIEPaTyphl
JeKapOOKCUIIMPOBaHUS U AAJIbHEHIIIET0 pa3oKeHUs] METAIJIOKOMIUIEKCOB IPUBOJIAT K 1IEJIEBOMY IOITy4YEHUIO
HaHOPa3MEPHBIX OKCHUIOB 0€3 3arpsiI3HEHUS] OKPY>KaIoIel Cpelibl U BHECEHUS JTOTIOJHUTEIbHBIX IPUMECcel B
KOHEUHBIN MPOAYKT. 3HAUUTEIBHOE CHIKEHHE TEMIIEpaTypbl 00pabOTKH METANTIOKOMITIIEKCHBIX ITPEKYPCOPOB
B TpoIlecce MOJIyYeHUs HAHOPAa3MEPHBIX OKCHAHBIX MaTepHalOB TAaKXKe SBISETCA BaXKHBIM (DaKTOpOM,
00eCreYrBaIONIIM TEXHOJOTHUECKYI0 U SKOHOMUYECKYIO MPUBIIEKATEILHOCTh JaHHOTO MeToaa. Kpowme Toro,
O-THAPOKCHAPOMATUYECKUE M TeTepoapoOMaTUYECKUe KHUCIOThl KOMMEpPYECKH JAOCTYIHBI, 4YTO SIBISETCA
BaXHBIM MOMEHTOM IpU OpraHU3alMy IPOMBIIUIEHHOTO MPOU3BOJCTBA KaTaJIN3aTOPOB C MCIOIb30BAHUEM
paspabarbeiBaeMoii TexHOI0ruu. HecMoTpst Ha 0011y 0 MPUBIEKATENIBHOCTh PACCMAaTPUBAEMOTO MOAX0AA, IS
NPUHATUS OOOCHOBAaHHBIX PEIIEHHH MO €ro BO3MOXHOMY IPAKTHUYECKOMY HCIHOJIb30BAaHUIO TpeOyroTCs
UCCIIEIOBAaHHUS TI0 OTPabOTKE M ONTUMH3ALMM IPOLIECCOB CHUHTE3a U BBIIEICHUS METaJNIOKOMILJIEKCOB
(ompeneneHye ONTUMAIbHBIX COOTHOIIEHUM KOMIIOHEHTOB M YCIIOBUI CHHTE3a, UCCIEA0BAaHNE YCTONYMBOCTH
CHUHTE3UPOBAHHBIX KOMIUIEKCOB U 00JIaCTEN MX TEPMUUYECKON CTAOUILHOCTH).



ITocTanoBKka 3a7a4u M HeJH uccaenoBaHus. Llenbo HacTosmeld paboThl ABUIMCH CUHTE3 HOBBIX
koopauHaimonnbix coequHeHuit Ti(IV), Fe(Ill), Co(Il), Ni(Il), Cu(l) u Zn(II) C psaoM o-
I'MJIPOKCHAPOMATUYECKUX U FeTepOapOMATHIECKUX KUCIIOT Ha OCHOBE O€H30JIbHOTO U MUPUAMHOBOIO LIUKJIOB,
U3yYeHHE HMX (PU3MKO-XMMHUYECKUX CBOHCTB M TEPMHUYECKONW YCTOMYMBOCTH, a TaKXKe BO3MOKHOTO HX
UCIOJIb30BaHMs JJIsl MOJIY4YEHUs HAaHOPa3MEPHBIX OKCUAHBIX MaT€pHaliOB PA3IUYHOrO (PyHKIIMOHAIBHOTO
IIPUMEHEHHUS.

JUis 1OCTHKEHMsI TOCTABICHHOM 1€ He0OX0AUMO PELIUTh CIEAYIOLINE 3aJaun:

a) U3Y4YUTh IPOLECCHl KOMIUIEKCOOOPa30BaHMsI B PACTBOpaX, OMPEICTUTh COCTaB KOMIUIEKCOB H
KOHCTaHTbl MX 00pa30BaHUs, BBIABUTH 3aBUCUMOCTh KOMIUIEKCOOOpA30BaHUS OT (PU3MKO-XUMHUYECKHUX
XapaKTEPUCTUK LIEHTPAJILHOTO MOHA U OPraHUYECKUX JIMTaH/IO0B;

0) OoNTUMU3UPOBAaTh METOJUKU CHUHTE3a M BBIJCIUTh MHAWBUAYaJIbHbIE KOMIIJIEKCHBIE COEIMHEHMS,
OXapaKTepH30BaTh HMX C IOMOIIBIO COBPEMEHHBIX (PU3MKO-XMMHUYECKUX METONOB AaHalN3a, BKIIOYAs
CIIEKTpaJIbHbIE METO/Ibl U PEHTTeHO(A30BbIN aHAIIN3;

B) YCTaHOBUTH yCIOBHs 00pa30BaHUsI HAHOPA3MEPHBIX OKCHJIOB METAIJIOB Pa3InNYHON Mopdoorum;

I') U3yYUTh KaTAINTHYECKYIO U COPOLIMOHHYIO AKTUBHOCTb ITOJyYEHHBIX CO€AMHEHHH.

B pabore ObuM HCIOIB30BAHBI COBPEMEHHBIE XUMHUYECKHE M (PU3MKO-XUMHUYECKHE METOJbI
HCCIICIOBAaHUA: BJIEMEHTHBIN, MOTEHIIMOMETPUUECKUN, TEPMOIPaBUMETPUUYECKUH, PEHTT€HOCTPYKTYpPHBIH
MeToabl aHaiu3a; K- 1 anekTpoHHas CieKTpOCKONUS; 3JIEKTPOHHAS MUKPOCKOIIHS.

Hayunas nHoBu3Ha. [1o MOau(pHUIMPOBaHHBIM METOAMKAM CUHTE3UPOBAHO U WIAEHTU(UIMPOBAHO 31
komrutekcHoe coexaunenue Fe(Il), Co(Il), Ni(Il), Zn(II), Cu(Il) u Ti(IV) c psmom rerepoapoMaTHYECKUX U
apOMaTHYECKUX O-THIAPOKCUKAPOOHOBBIX KHUCIOT, U3 KOTOPbIX 20 MOJIY4YEHO BIEPBBIC, YCTAHOBIEHBI HMX
coctaB U ctpoenue. Merongom PCA neranbHO Hcciae10BaHbl MOJIEKYJIIPHBIE U KPUCTANIMYECKUE CTPYKTYPBI
YeThIpeX HOBBIX KOMIUICKCHBIX COEAMHEHHH W JIByX OPraHMYeCKUX JIMIaHJOB. YCTAHOBJEH COCTaB M
KOHCTaHTbI 00pa30BaHMsI KOMIUIEKCHBIX COEIUHEHHUI B BOJHO-3TaHOJIBHBIX pacTBopax. OnpeneneHsl yCiIoBUs
0o0pa3oBaHMs HAHOYACTUL[ OKCHIOB METAJJIOB Pa3IMYHOM MOPQOIOruM, MoKa3aHa HMX KaTaJluTHYecKas
aKTHBHOCTH B PEAKIUAX (HOTOpa3IOKEeHUsT (PEHOJICOACPKAIINX COCTUHEHNN. MeToaMu MOJICITUPOBAHUS in
silico moka3aHO, YTO BBEJCHHE KAaTUOHOB METAJUIOB B COCTAB KOMIUIEKCOB C THMAPOKCHAPOMATHYECKUMHU
KHCIIOTaMU HE U3MEHSET OHOJOTMYECKOM AaKTUBHOCTM JIMTAHJIOB U HE NPUBOAUT K MOSBIECHUIO
JONOJTHUTEIbHBIX TOKCHUECKUX CBOMCTB.

HayuyHoe n npakTHyeckoe 3Ha4eHue. TeopeTHUECKUE U SKCIIEPUMEHTAIIbHBIE PE3YJIbTAThI U BBIBOIBI
BHOCAT BKJIAJ B KOODAMHALMOHHYIO XHMHIO TIIEPEXOAHBIX METAUIOB U METAIJIOKOMIUIEKCOB €
THIPOKCUAPOMATHUYECKUMH KapOOHOBBIMU KHCIOTaMU. CTpPYKTYpHBIE U CHEKTpaJIbHbIE XapaKTEPUCTUKU
OpPraHUYECKMX JIMTAHJOB U UX METAJIOKOMIUIEKCOB BOWIYT B COOTBETCTBYIOIIME CIPABOYHHMKH, 0030PbI U
MoHorpaduu. [lomydeHHble pe3yapTaThl MO TEPMUYECKOMY Pa3IOKEHUI0 METANIOKOMIUIEKCOB OyayT
MCIOJIb30BaHbI JJIS1 CHHTE3a U MOJU(HKAIIMN HAHOPA3MEPHBIX METANIOOKCHIHBIX KaTaau3aTopoB.

MeTonosiorust 1 MeToabl Mccael0BaHus. MeToo0rusl paboThl ONpEAEseTCsl pelIeHUEM 3a1ad U
BBINOJIHEHUEM LIeJIel UCCIIeI0BaHMSL: INTepaTypHbIi MOUCK 10 IpobieMe U 000CHOBaHME BbIOOpa 00BEKTOB
HCCIIEIOBAHUSI, METOJUK CHHTE3a KOOPAWHALMOHHBIX COCAMHEHUH U METOJ0B MX aHanu3a. [lomyueHHsle B
pe3ynbTare TepMUYecKoil 00pabOTKM HpPeKypcopoB OKCHIHBIE (a3bl M3Y4YE€Hbl COBOKYIMHOCTHIO METO/IOB
UCCIIEIOBAHUS JJI1 ONpPENENIEHUs MX COCTaBa, OJHOPOJHOCTH M NOTEHUUAIbHBIX (POTOKATATIUTHUYECKUX
CBOMCTB.

IToJ10:keHUs1, BLIHOCMMBbIE HA 3AIIUTY.

1. AHanu3 pe3yabTaToB W3yYeHHs MPOLECCOB KOMILIEKCOOOpa3oBaHUs psja 3d-meTamuioB ¢ o-
THIPOKCUAPOMAaTHUYECKUMH M TeTepoapoOMaTHYeCKUMU  KHUCIIOTaMH, OnpesiefieHue  cocTaBa
METAJUIOKOMIUIEKCOB B PAacTBOpax, MX KOHCTAHT 0Opa30BaHUs, BBIBIECHUE 3aBHCUMOCTH YCTOHYHMBOCTH
METAJJIOKOMIUIEKCOB OT (PU3UKO-XMMHUECKHX XapaKTEPUCTUK KOMILIEKCOOOpa30BaTessi U OpPraHU4eCcKuX
JIUTaH/I0B.

2. OnTumu3anusi METOIUK CHHTE3a METaNIOKOMIUIEKCOB, BBIJEIEHHUE KPHUCTAJUIMYECKUX (a3,
CIEKTPAJIbHBIE XapaKTEPUCTUKHN METAJUIOKOMILIEKCOB.

3. YcTaHOBIIEHNE KPUCTAIUIMYECKOW U MOJIEKYJIIPHON CTPYKTYPBI YETBIPEX METAJITIOKOMILIIEKCOB
U TPEX OPTaHUYECKUX JIMTAH]IOB.

4. OneHka BO3MOKHOCTH MCIIOJIB30BAHUS BBIIEICHHBIX COCIUHEHUI B KaueCTBE IPEKYPCOPOB
JUIS CHUHTE3a HAHOpPa3MEPHBIX METaUI-OKCHJIHBIX ()a3 W UX JaJbHEWIIEro NPUMEHEHHs B KauecTBe
3 PEeKTUBHBIX KaTaau3aTopoB U YD-(uiIsTpoB.



5. OneHka COpOIIMOHHON aKTUBHOCTH OKCHAHBIX ()a3, MOJNYyUYEHHBIX W3 HEOPraHWYECKUX
IIPEKYPCOPOB.

CreneHb J0CTOBEPHOCTH pe3yabTaroB. CTENneHb JOCTOBEPHOCTH TOJIYYEHHBIX pe3yJbTaToB
OIIPE/IESAETCS. UCIIOJIb30BAHUEM COBOKYITHOCTH COBPEMEHHBIX HE3aBUCHMBIX METO/OB MCCIIEI0BaHUSA U
aTTeCTOBAaHHBIX H3MEPUTENIbHBIX MPUOOPOB, MPUMEHEHHEM METOJOB MaTeMaTW4YeCKOW CTAaTUCTUKU MJis
00pabOTKH MOTyYEHHBIX Pe3yIbTaTOB, BOCIPOU3BOANMOCTH 3KCIIEPUMEHTA U COTJIACOBAHHOCTBIO CHICIaHHBIX
BBIBOJIOB CYIIIECTBYIOIINM Hay4YHBIM IIPEICTABICHUSM.

JIuYHbIA BKJIaJA aBTOpAa. JIMUHBIN BKJIaJ aBTOPA 3aKJIKOYAECTCS B MOCTAHOBKE 3a/a4 UCCICHOBAHUS,
pa3paboTKe METOAMK IKCIIEPUMEHTA, BBIMOJIHEHUN CUHTETUYECKUX, CIEKTPAIbHBIX, TOTEHIIMOMETPUYECKUX
uccienoanuii, pacmudppoBke pesyiasratoB MK-, POA, PCA u TepMuyeckoro aHaian3a, HAHMCAHUU BCEX
pa3zenoB auccepTanuu, o0CyKIeHUH U (HOPMYTUPOBKE OCHOBHBIX BHIBOJIOB 110 PE3YJIbTaTaM pabOThI.

Anpo6auusi padorbl. OCHOBHBIE pe3ylbTaThl pPaOOThl OBUIM JOJNOXKEHBI M OOCYXJEHBI Ha
Mexnynaponusix U Bceepoccuiickux kondepenuusx: «CoBpeMeHHbIE TEHICHIIMH PAa3BUTHS XHUMHUYECKOM
TEXHOJIOTHH, TIPOMBIIIUICHHOM SKOJIOTUU | dKoJorndeckoit 6ezonacHoctn» (Cankr-IlerepOypr, 07-08 ampens
2022 r.), Bcepoccuiickoit HayuyHOH KOH(EPEHIIMM MOJIOABIX MCCIENIOBATENICH ¢ MEXIYHAPOIHBIM y4acTHEM
«IHHOBallMOHHOE pa3BUTHE TEXHUKU U TexHonorui B npomsinuieHHocT (MHTEKC-2023)» (Mocksa, 17-20
anpens 2023 r), Il International scientific conference «Catalysis for a Sustainable World» (Mocksa, 12-15
nexabps 2023 1.), YerbipHaaunatoii Beepoccuiickolt HaydHOH KOH(EPEHIMH ¢ MEKAYHAPOIHBIM Y4acTHEM
«Xumudeckas TepMoauHaMuKa u kuaetuka» (Tsepsw, 13-17 mas 2024 1.).

IMyonukanun. [lo teme nuccepranuu umeercss 9 onyOIMKOBaHHBIX padOT, U3 HUX 5 B HAayYHBIX
KypHaJax, UHIEKCUPYEMbBIX B MEKIYHAPOAHBIX 0a3ax JAaHHBIX U B u3ganuax u3 [lepeuns BAK.

CooTBeTCcTBHE NACTIOPTY CHENHMAJIBHOCTH.

JuccepTaiinoHHOE MCCIIEOBAaHUE COOTBETCTBYET Macnoptry cnernuanbHocTH 1.4.1 Heopranuueckas
XUMHSI, @ UMeHHO 1. 3 XuMHuecKas CBSI3b M CTPOEHUE HEOpraHMuecKux coeauHeHuid; m. 7 Ilpomeccsl
KOMITJIEKCOOOpa30BaHUS W pEaKLUHMOHHAs CHOCOOHOCTh KOOPAMHAIIMOHHBIX COEIWHEHUH, peakiuu
KOOPJIMHUPOBAaHHBIX JINTAH/I0B.

CrpykTypa u 00beM auccepranuu. Jucceprauus COCTOMT U3 BBEACHUS, TUTEpaTypHOro 063opa,
HKCTIEPUMEHTAIBHOM YacTu, 00CYKICHUS Pe3y/IbTaToOB, BEIBOJAOB M CIUCKA JUTEPATYpPHI, coaepxamero 136
HauMeHoBaHui. OHa u3noxkeHa Ha 128 cTpaHuIax U BKIIOYaeT 58 pucyHkKoB u 15 Tabmui.

OCHOBHOE COAEPXAHUME JUCCEPTAIIUH
1 JIuteparypHblii 0030p

[lepBas maBa quccepTalvyd COACPKUT aHAIU3 JIMTEPATYPHBIX JAHHBIX 10 CTPOEHUIO, CBOMCTBAM U
mporeccaM  KOMIUIEKCOOOpPa30BaHUSI  THAPOKCHAPOMATHYECKUX  KHUCIOT  KapOOIMKIMYECKOTO U
TFeTEePOLUKINYECKOTO pSAJOB, a TakK€ MO MCIHOJb30BAHUIO KOMIUJIEKCHBIX COEIMHEHHH METalJIOB C
OpPraHWYECKUMH JINTAHJIAMU B Ka4€CTBE MPEKYPCOPOB HAHOPA3MEPHBIX OKCHAOB MeTaiuioB. Ha ocHoBanumu
aHaJIM3a UMEIOIIeHcs TIUTEpaTyphl 1Mo MpodiieMe ucciae10BaHus ObLIH CAeTaHbl 3aKITI0UEHUs 00 aKTyalIbHOCTH
TaTbHEHIITNX UCCIE0BAHMM B BEIOpAHHOM 00IacTH.

2 DKcnepuMeHTAJIbHAS YaCTh

HcxoqHpIMu BelIeCTBAMHU Il CUHTE3a KOMIUIEKCHBIX COEIUHEHHM ObLIM Heopranudeckue conu 3d-
metamioB: FeCly-6H,0O, CoCly-6H>0, NiCl,:6H20, CuCl:2H>0, ZnCly-6H,0; TetpabyTtokcua tutana (IV)
Ti(OC4Ho)s, a Takke opraHM4eCcKUe JIUTaHAbl — ApOMATUYECKUE U TeTepOoapOMaTHIECKHe THIPOKCUKUCIOTHI
(Pucynok 1) u moHoruapar xnopuza 9,10-¢penanrpena.

Bce ucnonbszoBaHHbIe B paboTe COEIMHEHHS] KOMMEPUECKH JIOCTYITHBI, UMEIOT YUCTOTY He HIbke 99 %
Mac. ¥ HCIIOJIb30BAJIUCH B UCCIIEAOBAHUIX 0€3 JJOMOTHUTEIbHON OUUCTKH.

CuHTEe3 KOMIUIEKCHBIX COETUHEHHUH MPOBOAMIIH MO CIEAYIOIMIUM METOAUKAM.

1. K 10 wmMn »>raHonbHOro pactBopa, coaepXkamero | MMoOIb TreTepoapoMaTUdecKon
ruapokcukucnorsl (L' — L) MemnenHo nmpukamsiBanu 5 M BOZHOTO pacTBopa, cozepxariero 0,5 MMomb
COOTBETCTBYIOIIEH Heopranuueckoi conu metaiuia win TiO(C4Ho)s. ITomyyeHHble pacTBOpPBI HarpeBaiu Mpu
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WHTCHCUBHOM TepeMeNnBaHny Ha BoasiHOM O0ane (60°C) B Teuenue 1 yaca v BBIIEP)KUBAIH TIPU KOMHATHOM
TeMreparype a0 Hadana Kpuctammusanuu. Ocalkd OTQWIBTPOBHIBAIM, TMPOMBIBATH HEOOIBIINM
KOJIMYECTBOM XOJIOJTHOTO 3TaHOJa M BbicymuBaiu npu temneparype 100°C mo moctosstHHON Macchl. Beixon
70-80%.

2. K 10 mu sTanHosibHOrO pacTBOpa, coiepkamero 1 MMoiabp apoMaTH4eCKOM THIAPOKCUKUCIOTHI
(L* — L®) MenneHHO mpHKambIBaIM 5 MIJI BOJHOTO PacTBOpa, cojep:kamero 0,5 MMOJIb COOTBETCTBYIOLIEH
Heoprannueckor comu metamia wik TiO(C4Ho)s. TlomydeHHBIC pacTBOpPBI HarpeBajid MPU WHTCHCHBHOM
nepeMenmBaHuy Ha BojsHoU OaHe (60°C) B Tedyenue 1 yaca, ¢ moMoOIIbI0 pa30aBICHHOTO BOJHOTO PacTBOpa
rupokcua Harpus gooaunan pH pactBopoB 10 7 (KOHTPOJIb IO YHHUBEPCAIbHOMY HWHIUKATOpy) U
BBICP)KMBAIIA TP KOMHATHOW TemIeparype a0 Hadajna Kpuctammuszanuud. Ocaaku OT(QHIBTPOBBIBAIH,
MIPOMBIBAJIM HEOOJBIIUM KOJIMYECTBOM XOJOAHOIO 3TaHojda M BbIcymmBainu mpu Temmeparype 100°C mo
MOCTOSHHOU Macchl. Beixon 50-65%.

OH OH
N
N/ OH 7 OH
Lt L2
OH HO.
(@] OH
@]
OH

OH

5 L6

L7 L?

PI/IcyHOK 1 OpraHI/I‘leCKI/IC JIUTra”Habl, MCIIOJIb30BAHHBIC B HaCTOSIIEH pa60Te

3. DraHONBHBIA pacTBOp, conepxkaumii 0,5Mmons MoHoruzpara xjgopuaa 1,10-¢peHantponnHa
(0,1173 r) meiitpanu3oBanu BogHbIM pactBopoM NaOH (monbHOe cootHomienue 1:1). K momydeHHOMy
pacTBopy J00aBISIM 5 MIJI 3TaHOJIBHOTO pacTBopa, cojaepkamero 0,5 MMOJIb COOTBETCTBYIOIIEH
runpokcuapoMarudeckoit kucnotsl (L' i L8). [Tomydennsiit pacTBOp MeneHHO J0OABMISIIN K 5 M BOAHOTO
pactBopa, coaepskaiero 0,5 MMoib cooTBeTCTBYIOIIEH Heopranuueckoit conu (CuCly, ZnCly unu FeCls).
[TonydeHHbI pacTBOp HarpeBajii Ha BoOJsSHOM OaHe 10 60°C, MHTEHCHBHO MMEpPEMELIMBAIM IPU 3TOU
TeMmmaraType B TeueHHe 1 yaca M BbIIEp)KUBAIN NTPH KOMHATHOM TemIiepaType 70 Hayajga KpUCTaJIH3alHH.
Ocanxu oT(HUIBTPOBBIBAIIN, TPOMBIBATIN HEOOIBITUM KOJHMYECTBOM XOJIOJHOTO ITAHOJIA M BHICYIIIMBAIIH TIPH
100°C mo mocrosHHOM Macchl. Beixon 80-85%.

Bcero nmo npuBeseHHBIM BbIIIE METOJMKAM BbIJENEHO 31 KOMIUIEKCHOE COEAMHEHHUE, KOTOPhIM Ha
OCHOBAHMM PE3yJbTaTOB 3JIEMEHTHOIO aHalM3a ObULIM NpHOMcaHbl ciemyromue gopmyis:: Cu(L') (I),
Co(L")2-2H,0 (II), Zn(L")2-2H,O (IIT), TiO(L')> (IV), Ni(L?), (V), Cu(L?)2 (VI), Zn(L?)2-2H,0 (VII),
TiO(L?), (VIII), Cu(L?*)2-2H,0 (IX), Ni(L?)2-2H>0 (X), Fe(L*)2C1-6H,0 (XI), Ni(L*), (XII), Cu(L*), (XIII),
Zn(LY), (XIV), TiO(L*:2 (XV), Ni(L%)2 (XVI), Cu(L°)2 (XVII), Ni(L®), (XVIII), TiO(L®%), (XIX), Cu(L")
(XX), Ni(L")2 (XXI), Co(L")2 (XXII), TiO(L")> (XXIII), Cu(Phen)>(L")2 (XXIV), Cu(L®) (XXV), Ni(L%),
(XXVI), Zn(L?*),-2H,0 (XXVII), TiO(L®), (XXVIII), [Cu(Phen):CI|L? (XXIX), [Zn(Phen)>CI]L? (XXX),
[Fe(Phen)>CLJL® (XXXI).

B skcniepuMeHTaIbHON YacTH TUCCEPTAlMU MPUBEACHO TAKXKE ONMHMCAHWUE METOJOB HCCIICAOBAHHS

BBJICICHHBIX  COEMHEHHHl (PEHTTeHOCTPYKTYpHBI!, peHTreHo()a3oBhIit2, CHEeKTPO(OTOMETPUUIECKHIL,

' PEeHTreHOCTPYKTYpHBII aHajJM3 MOHOKPUCTAJUIOB HPOBOMWIM I.X.H. mpod. XpycraieB B.H. (xadenpa oOmer u
Heoprannyeckoit xumun PY/IH) u k.X.H. cT.H.c. YTensieB A.H. (PenepanbHblii Hccaeq0BaTeIbCKUN HEHTP NPOOIeM
XUMUYIEeCKOH (pr3ukn u MeauITmHCKoW xumuu PAH).

2 Pentreno¢a3oBblii aHATW3 MPOBOAWA K.X.H. jo1l. Jlobanos H.H. (kadeapa obmieli u Heopranmdeckorr xumuu PY/IH).



IOTEHIIMOMETPHYECK i, TepMmorpaBumerpudeckuits, SEM n EDX aHamm3), yClOBHil perucTparuu

onekTpoHHBIX M MK* CHekTpoB 1M MeTONMK H3yYeHHs HX CBOMCTB (MarHUTHOI®, COpOLMOHHON U
KaTaJIMTUYECKOM  aKTMBHOCTH, MOJCJIMPOBAHMs IOTEHUHUAIbHOW OMOJIOTMYECKOM aKTUBHOCTH MU
TokcHyHOCTH®).

3 Pe3yabTarhbl U UX 00CYK/IEeHHUE

31 N3yyenue nponeccoB KOMIJIEKCO00PAa30BaHNS APOMATHYECKHUX M TeTepoapoMaTH4YeCcKHuX
THAPOKCUKHCJIOT ¢ KATHOHAMM MeTaJL10B

C  uenpl0  ONTHUMM3ALMM  METOJUK  CHHTE3a  KOMIUIEKCHBIX  COCOUHEHHH  METOIO0M
CIEKTPO(OTOMETPUUYECKOTO ¥ MOTCHIMOMETPUYECKOTO  aHajlW3a MOAPOOHO HU3YYEHBI IMPOLECCHI
KOMITJIEKCOOOpa30BaHUS apOMATUYECKUX U FE€TePOAPOMaTHUECKUX MHIPOKCUKHUCIIOT ¢ KATHOHAMU METAJIJIOB.

DJEeKTPOHHBIE CHEKTPHI MOTJIOMIEHUS 3TAaHOJBHBIX PACTBOPOB THIPOKCHAPOMATHYECKUX KHCIIOT
mupuanHoBoro paxa LY, L2 u L® xapakTepu3yioTcs TpeMs OCHOBHBIMHU TIOJIOCAMH MOTJIOIIEHHH B 001aCTH
326 (Ige1 3,89); 234 (Ige2 3,83); 204 (Iges 4,01) um mma LY; 330 (1ge 4,03); 236 (Ige2 3,86); 203 (Iges 4,08)
oM qaa L2 m 304 (Iger 3,83); 227mn.; 205 (Iges 4,12) um mns L coorBercTBeHHo. IIpu THTpoBaHMM
stanonbHBIX pacTBopoB L-L® pactBopom NaOH, mpoMCXOIUT I'MICOXPOMHBIH CABHT OCHOBHBIX ITIOJIOC
nornomenns (AL 34, 35 u 9 um gaa LY, L? u L® coOTBETCTBEHHO) M 3HAYMTENHHOE YMEHBIICHHE HX
uHTeHCcHBHOCTH (PHCyHOK 2).
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/ \ \
X\ / 8N = & \
\> N 00 - 00 ‘ ~

0,0 S

200 300 400 500 200 250 300 350 400

200 250 300 350 400 450 Wavelength (nm) Wavelength (nm)

Wavelength (nm)
Pucynok 2 V3MeHeHue B 2EKTPOHHEIX CHEKTPax MOTIOIIEH s STaHoNbHBIX pacTBopos L1 (1) L2 (2)
u L® (3) mpu mocrenennom no6aBneHnn BogHoro pactsopa NaOH

[ToBeneHne TUAPOKCHAPOMATHYECKUX KHCIOT KapOOLMKIMYECKOT0 psAa MpU TUTPOBAHUU UX
ATaHOJBHBIX pacTBOpoB pacTBopoM NaOH aHamornyHo, OJHAKO CMELIEHHE JAJIMHHOBOJIHOBOM IOJIOCHI
MOTJIOIIEHUS 3aMeTHO MeHbIle (8-10 HM) ¢ HE0OIBIINM YMEHBILIEHHEM UX HHTEHCUBHOCTH.

XapakTep M3MEHEHHs dJIEKTPOHHBIX CIIEKTPOB TOTTOMEHHs STaHONBHEIX pacTBopoB L1-L® mpu
MOCTENIEHHOM J100aBiIeHun coyiell MeTauioB (PucyHok 3) COOTBETCTBYeT M3MEHEHUIO HUX CIEKTPOB NpHU
JNENPOTOHUPOBAHUU, YTO COTJIACyeTcsi € TEeM, 4YTO MPOLECC KOMIUIEKCOOOpa30BaHUSI COMPOBOXKIAECTCS
noHM3auuel nurangoB. CMelleHHe JUIMHHOBOJHOBBIX IIOJIOC IMOIJIOMIEHUS B Cly4yae HPOM3BOJHBIX
UPUINHIHAPOKCUKApOOHOBHIX KucioT Li-L3 (7-26 HM B 3aBHCHMOCTH OT IPUPOIBI METAIIIA K OPTAHUYECKOH
MOIeKybl) 60JIbIIe, YeM B CiTydae UX KapOoIuKIndeckux ananoros L4-L8 (2-7 um).

[To pesynbpratam CreKTpO(HOTOMETPHIECKOTO THUTPOBAHHS IMOCTPOSHBI KPHBBIE HACBHINICHHUS U
paccuMTaHbl COCTaBbl KOMILJIEKCOB B pacTBopax (MLn) u koHCTaHTBI MX oOpa3oBanus (/gf). PesynbraThl
pacdeToB npuBeneHsl B Taommie 1.

® TepMOrpaBUMETPHUYECKUI aHAIU3 MpoBoAMia K.X.H. Aol. bparumkoBa W.I. (kadeapa dusndeckoil u KOIIOUAHON
xumuu PY/IH).
4 Peructpanusa MK criektpoB momnmomenus: npooamiack K.X.H. Tepemunoi T.A. (kadenpa oOrmieir 1 HeOpraHNIECKOM
xumun PYJIH)
® Marnutasie n3mepenus, SEM n EDX ananuz npoBonmimm B O0benHeHHOM Poccuiicko-BreTHAMCKOM TPOTIHYECKOM
LIEHTPEe HAyYHO-TEXHOJIIOTUIECKUX HcclieoBaHuil (BreTHam).
® MonenupoBaHue OHOJIOTMYECKO aKTMBHOCTH M TOKCUYHOCTH COeMHEHMH npoBeneHsl BacunbeBoit M.U. (kadenpa
HEOPraHMYEeCKOHN U aHanuTHYecKor XxumMun Poccuiickoro rocynapctsenHoro yausepcureta um. A.H. Kockirnna).
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MeTtoaoM NOTEHIIMOMETPUUYECKOTO TUTPOBAHUS YCTAHOBIIEHO, YTO AJISl MUPUIUHKAPOOHOBBIX KHCIOT
nporecc 00pa3oBaHUsl KOMIUIEKCOB HAYMHACTCS B KHCIION cpefie, a Ul apOMaTHYECKUX B HEHTPaIbHOM M
cJ1a0O0IIET0UHOM Cpefie, YTO MOKHO OOBSCHUTH HAJIMYUEM JIOTIOJIHUTENILHOTO LIEHTPA KOOPAUHAILMY Ha aTOMe
a30Ta JIUraHa0B nupuarnHOBOTO psina (Pucynok 4). Ymensimenue pH cpenst npu no6asnennu NaOH k cmecsim
JUTaHJOB C COJSIMH METaUIOB 11O CPaBHEHUIO C WHIWBHIYAJIBHBIMH OPraHUYECKUMH COCAUHECHHUAMH
CBUJETEIBCTBYET O TOM, YTO IPOUCXOIUT 3aME€Ha IOJBMKHBIX (KHCIIBIX) aTOMOB BOIOpPO/a B MOJIEKYJaX
JIMTaHJ OB HAa KaTUOHBI METAJUIOB.
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Pucynox 3 M3MeHeHUs B SIEKTPOHHBIX crektpax nornomenus L (1) u L® (2) npu mocreneHHOM
nobasienun pactopa CuCl

Abs

Taﬁ.lmua 1 CocTaB ¥ KOHCTaHTHI 06p8.30BaHI/I$I KOMILIEKCHBIX COSTMHEHUM KaTHOHOB METAJIJIOB C Ll'L8

Lo e (MnLn) lgB lgf/m| L | M | n(MLy lgB lgB/n
Cu?** 2 10,74 + 0,12 | 5,37 Cu? 2 1428 +0,06 | 7,14
Co** 2 9,71+0,21 | 4,86 Co** 1 6,34+0,12 | 6,34
LY [ zn?* 2 1059 +0,03 | 528 | L° |zn* 2 17,48+ 0,25 | 8,74
Ni?* 1 6,46 + 0,15 6,46 Ni?* 1 8,76 + 0,05 8,76
Fe** 1 7,21 +0,52 7,21
Cu** 2 1429+0,12 | 7,15 Cu? 2 16,59 + 0,06 | 8,28
Co** 2 14,59+0,22 | 7,25 Co*" 1 10,18 + 0,45 | 10,18
L? [ zn>* 2 13,61+0,05 | 6,80 | LS | zn?* 2 15,46+028 | 7,73
Ni%* 2 19,16+ 041 | 9,58 Ni% 2 18,93+ 0,08 | 9,46
Fe 1,5 9,28 +0,14 6,19 Fe’* 1 6,17+0,09 | 6,17
Cu** 2 8,45+ 0,11 4,27 Cu? 2 10,48 +0,20 | 5,24
Co** 2 8,71+0,09 | 4,36 Co** 2 10,64 +0,37 | 5,32
L® [ zn? 2 13.61+0,13 | 6,80 | L7 |zn* 2 12.23+0,03 | 6,11
Ni%* 2 17,57 £0,95 | 8,78 Ni% 1 724+0,09 | 7,24
Fe** 1,5 9,79+ 0,07 | 6,53 Fe** 1 430+0,06 | 4,30
Cu** 2 15,03+0,03 | 7,51 Cu** 1 6,47+0,10 | 6,47
Co** 1 7,30+024 | 7,30 Co** 1 7.81+025 | 7,81
L [ zn? 2 18,730,090 | 9,36 | L8 | zn* 2 17,06 + 0,27 | 8,53
Nit 1 10,61 £ 0,09 | 10,61 Nit 1 8,47+0,15 | 8,47
Fe’* 1 712+034 | 7,12
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Pucynok 4 Kpusble noTeHIIMOMETpHYECKOro THTpoBanus L2 u L* u ux 3KBUMOIAPHBIX cMecei ¢
pacTBopamu cosieli MeTauioB pactBopom NaOH

3.2 XapaKTepI/ICTHRa METAVIOKOMIIJIEKCOB, BBIICJICHHBIX B KPUCTAVIMYECKOM COCTOSIHUU

H3yueHne nporeccoB KOMILIEKCOOOpa30BaHUs B PACTBOPAX MO3BOJIMIO ONTUMH3UPOBATh METOJAUKH
CHHTE3a KOMIUIEKCHBIX COCMHEHUI: COOTHOIIEHHE KOMIIOHEHTOB, pH pactBopa. B mpouecce cunTesa psia
COEIMHEHUI BBIJICJICHBI B BUJI€ MOHOKPUCTAIIJIOB U U3y4eHbl MmetogoM PCA.

W3 HeliTpanbHBIX BOJTHO-3TaHOJIBHBIX PACTBOPOB BBIZENIEHO |1 KOMITJIEKCHBIX COCMHEHU METaJIOB
C O-THAPOKCHTIHpUANHKapOoHoBEIMU KucioTamu L-L3 Coemumenns Cu(L?): u Zn(L?).2H,O onucansl
METOZIOM PEHTI€HOCTPYKTYypHOro aHanu3a (Pucynok 95).

(8]

Pucynok 5 Monexynapaoe crpoenne Cu(L?), (1), Zn(L?)22H,O (2), dopmuposanue
MEKMOJIEKYIAPHBIX KOHTakTOB B kpuctamie Cu(L?), (3)

Kak BuaHO, KOOpAMHAIMSA OPraHUYECKHUX JIMTAHIO0B IPOMCXOAUT C y4acTUEM IUPHUIMHOBOIO aToma
a30Ta M OJHOIO M3 aTOMOB KHCJIOpOAa JEMpPOTOHHPOBAHHON KapOOKCWIIbHON Trpymnmbl. BTtopoil arom
KHCJIOPOJia ATOM IrpymIbl 00pa3yeT MPOYHYI0 BHYTPHUMOJIEKYISIPHYIO BOJOPOJHYIO CBSA3b C aTOMOM BOAOPOJIA
cocellHel TUIAPOKCHIbHOM Trpymmbl. MoieKkynbl BOAbl B KOMIUIEKCHOM COEIMHEHUHU IIMHKA BXOAST BO
BHYTPEHHIOIO cepy, JOCTpauBasi OKpyKE€HHE LIEHTPaIbHOro aroma 10 6. B kpucranie atrom menu oOpasyer
JIBA TOTIOTHUTEIHHBIX MEKMOJICKYIISIPHBIX KOHTakTa ¢ aromamu kuciopoga O(3B) u O(3C) ¢ ob6pazoBanuem
TICEBOOKTAIPUUECKOH cTpyKTyphl. Paccrosaus CuO(3B) u CuO(3C) pasusl 2,707(1) A. B xpucramne
Zn(L*)2.2H20 MekMOJIeKyIApHble B3aMMOJEHCTBHS OTCYTCTBYIOT. ClelyeT OTMETHTh, YTO HOJTyYeHHBIE
pe3yabTaThl HE MPOTUBOPEYAT HMEIOLIMMCS JINTEPATYPHBIM IIPEICTABICHUSIM.
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B cBs13u ¢ TeM, 4TO KOMITJIEKCOOOpa30BaHUE APOMATUUYECKUX O-THAPOKCUKUCIIOT HAYMHAETCSI TOJIBKO B
c/1aboIIETIOUHBIX PacTBOpax, MPHU NMPOBEACHUU CUHTe3a 0e3 m3MeHeHHs pH MaTouHBIX pacTBOPOB BMECTO
KOMIUIEKCHBIX COEIMHEHWH BBIAEISIOTCS MOHOKPHCTAUIbl HEKOOPAMHHUPOBAHHBIX JUraHAoB. B mpouecce
paboThl ynanock BBIICIHTh M OXapakrepu3oBaTh metofoM PCA He ommcanHble panee Momudukanuu 2,3-
nuruapokcudensoitnoit kucaotsl (L7) u 3,5-muanTpocanummnoboii kucnots! (L¥), a Takke cokpucTammmsara
3,5-auTHUTpOCATUIMIOBON KUCTOTH ¢ 1,10-penantponunom (Pucynok 6). JInuHbI cBs3el B OPraHMUECKUX
MOJIEKYJIaX CTaHJApTHbIE U HE OTIMYAIOTCA OT TAaKOBBIX, U3BECTHBIX AJIS JAPYIMX T'HAPOKCHAPOMATHYECKUX
kucinoT. Crabunu3anusi KpPUCTAJUIMYECKOM YIMAaKOBKM HMIET 3a CYeT O00pa3oBaHUs BHYTPH- U
MEXMOJIEKYJISIPHBIX BOJIOPOJHBIX CBSI3EH.

B crpyxrype L8.Phen (Phen — 1,10-genantponus) OIMH U3 MHONBMIKHBIX IIPOTOHOB 3,5-
JUHATPOCATMLMIOBOM KUCIIOTHI JIOKAJIM30BaH OKOJIO aroMa a30oTa (PeHaHTPOJIMHOBOIO (parMeHTa, oopasys
roHHyIo napy coctapa (HPhen)"(L®). Monusamus ruApOKCHIBHOM MPYIIEL B 3,5- IMHUTPOCATUIMIAT-AHHOHE
NPUBOAUT K 3HAYUTETLHOMY YKOpOUeHHIO cooTBeTcTByromeii C-O cBasu ot 1,3289(14) A B
HEMOHM3UPOBAHHOM MoJiekyie 10 1,296(5) A B ec annonnoii gopme.

B cBs3u ¢ TeM, 4TO MOHOKPHMCTaUIbl KOMIUIEKCHBIX COEIMHEHMH C T'MIPOKCHApOMaTH4eCKUMHU
KHUCJIOTaMH BBLACTUTH HE YAAJIOCh, ObLI MPOBEIEH MOAU(PHUIMPOBAHHBIN CHHTE3 C HCIIOJIB30BAHUEM BTOPOTO
nuranaa — 1,10-gpenantponauna (Phen).

Pucynok 6 Monexynspasie crpykrypbl L7 (1), L® (2) u coxpucrammszara L® ¢ 1,10-dpenantponunom (3)

M3 BOIHO-2TaHOJBHBIX PAaCTBOPOB, COIEPKALIMX DKBUMOJIIPHBIE KOJIMYECTBA XJIOPUIOB MEAU WIH
UUHKa, 3,5-muHuTpocamiuunosoii kuciotsl (L¥) u 1,10-genanrponuna (Phen) npu 4acTUYHOM yHapHBaHUK
pacTBOpHTENs YAAI0Ch IOMYy4UTh 3eieHble Huronpdarthie kpuctamibl [Cu(Phen),CIJL® u sxenropatbie
uronbuatbie Kpuctawisl [Zn(Phen)>C1]L?, koTopsie 6butu n3ydens Metonom PCA (PucyHok 7).

KoopaunanmonHas cdepa kaTMoHa MeOu OOpa3oBaHa YETHIPbMS aTOMaMH a30Ta JABYX MOJIEKYI
(eHaHTpOJIMHA M OJTHOTO XJIOpHA-aHWOHA. KoopawHAlMOHHOE YHCIIO MEIUW PaBHO S, KOOPAWHAIIMOHHBINA
NOJM3IP — KBajparHas mnupaMmuaa. Takas KoopAuMHAIMs XapakTepHa s kKomruiekcoB Menu (II) c
OpraHWYECKUMH W HeopranumdeckuMu Jmrangamu. [[muaer cBszeit Cu-N(Phen) paBHBI COOTBETCTBEHHO
2,005(7); 2,019(6); 2,079(7) u 2,079(7) A u mpakTHUECKH COBHANAIOT C JIMHAMY CBA3€H JPYrUX H3BECTHEIX
komruiekcoB Meau (II) ¢ penanTponunom. Jlymuaa akcuansHo# cBsizu Cu-Cl HeCKONMbKO JJIMHHEE, YeM CBSI3H
Cu-N u pasHa 2,352(2) A. MoHoaHHOH 3,5-IMHUTPOCATHIIUIOBON KUCIOTH UTPAET POlb BHEIIHECHEPHOro
JUTaHJa, €ro AJIEKTPOHOJAOHOPHbIE (parMEeHThl HE Y4YacTBYIOT B 0Opa30BaHUU KOOPAWHAIIMOHHBIX WM
BOJIOPOJIHBIX CBSI3€M C KOMIUIEKCHBIM KaTMOHOM. OJHAKO pacCTOSIHUE MEKIY aTOMOM MEAW W OJHHUM W3
aTOMOB KHCJIOPOJa HUTPO-IPYIIbl OPraHMYECKOro aHHOHa B onoxkenuu 3 (3,808 A) moxeT ¢ onpenenenHoit
J0Jeld BEpOSITHOCTH YKa3blBaTh Ha CYIIECTBOBAaHHE OUYEHb CJIAOOT0 AaKCHAJIbHOTO KOHTAKTa, KOTOPBIi
npubmkaeT koopauHauoHHbI nommaap Cu(ll) k cuIbHO MCKaKEHHOMY OKTa3/py C OAHOM YIIMHEHHOMN
AKCUAJIbHOM CBSA3BIO.



Pucynox 7 Crpoenue coenunennii [Cu(Phen),CI]L® (1) u [Zn(Phen)>C1]L? (2)

3,5-JIMHUTPOCATULNIAT-AHUOH JETIPOTOHUPOBAH IO TMIPOKCHIILHON TPYIIIE U 3TO PUBOAUT K TOMY,
uTO cooTBeTcTBYyomas cBsa3bh C-O cuiibHO ykopauupaercs (1,269(3) A) u mo xapakrepy npubnaukaercs K
nBoiiHOW C=O cBsA3M, TO €CTb OJlHA HEMOJeJIEHHas Mapa 3JIEKTPOHOB aTroMa KHUCIOpOAa COINpsKEHA C
OEH30JILHBIM KOJIbLOM. B annoHe L® Takke mpucyTCTByeT CHiIbHAs BOJOPOIHASA CBA3b C YYaCTHEM aroma
BOJIOPOAAa KapOOKCWJIBHOW TpyHIbl M aToOMa KHUCIOpPOAA JEHPOTOHMPOBAHHOW THAPOKCUIIBHOM T'PYIIIbI.
BepositHo, 3TO B3auMoAecTBUE 3aTpyAHIET 00pa3oBaHUE KOOPAUHAIIMOHHBIX CBs3el ¢ katnoHoM menu (II).

OcoOblif MHTepec MpejcTaBlseT KpucTammuueckas crpykrypa [Zn(Phen)>CI]L®, B kortopoit atom
[IUHKA TMPOSBIISIET HE XapaKTEpPHOE IS HETO KOOPAMHALMOHHOE YHCIO 5 M 00pa3yeT KOOPIWHAIMOHHBIHN
HOJM3/Ip KBajpaTHas MUpaMyaa. OJeMEHTapHas s4elKa BKJIIOYAeT OJUH MOHO3apSAHBIM KOMIUIEKC
[Zn(Phen):C1]* u monoanuon 3,5-auHurpocanuuuiaoBoil kuciotel (L¥) B kadecTBe mnpoTuBOMOHA.
KoopauHanusi uiay BOJOPOAHBIE CBSI3U MEXAY OPraHMYECKUM AaHHOHOM M KOMIUIEKCHBIM KaTHOHOM
OTCYTCTBYeT. LleHTpanbHBIF MOH MMEEeT KOOPAMHAIMOHHOE YMCIO 5 W o0pasyeT MOJHM3Ap KBaapaTHas
nupamuia. OCHOBHAs MJIOCKOCTb COJIEPKUT aTOM IIMHKA, TPU aTOMa a30Ta IByX (PEeHaHTPOIMHOBBIX JIMTAH/I0B
v xnopuja-anuoH. Paccrosuus Zn-N pasuel 2,0037(19); 2,0056(19); 2,071(2) A, mmna cesasu Zn-Cl
HecKombKo JuHHee (2,2698(7) A). Asumytansaas Zn-N cBssb (2,188(2) A) mouru na 0,2 A nmunee. Takoe
pacnpeziefieHue CBsA3ei yKa3blBaeT Ha 3HAYUTEIbHOE UCKaKEHUE MOJIMAPA B OTVIMYKE OT OMMCAHHOTO BBIIIE
menHoro komrinekca [Cu(Phen)>CI]L8. B pesynbrare Ba ()eHAHTPOIUHOBBIX (h)parMeHTa HE JeKaT B OIHOM
TUIOCKOCTH, @ TIOYTH TMEePIeHANKYISpPHBI Apyr aApyry. [loABMOKHBIA aToM BOJOPOAA OPraHHYECKOTO
MOHOAHMOHA JIOKAJM30BaH Ha KapOOKCHJIBHOM TIpynme U o0pa3yeT CHIbHYIO BHYTPHUMOJIEKYJSPHYIO
BOJIOPOJIHYIO CBSI3b C COCEMHEN MOHU3MPOBaHHOM ruapokcuibHoi rpymmoi (d(O-H) 0,840; d(H...O) 1,688;
d(0...0) 2,476 A; <OHO 155,17 rpan.). Cesizu C-O B kKapGOKCHILHOM ()parMeHTe HEOKBHBAICHTHbI U PABHBI
1,314(3) A (C-OH) u 1,213(3) A (C=0). iuua C-O cBA3M B MOHU3UPOBAHHON THMAPOKCUILHOM TpyIie
(1,269(3) A) ykasplBaeT Ha CHJIBHOE CONpSKEHHE OIHOW HENMOJENEHHON Maphl HIEKTPOHOB KUCIOPOAA C
OEH30JIbHBIM KOJIBIIOM. B KpucTaiie MeXMONEKYISIPHBIX BOIOPOIHBIX CBSI3€H M KOPOTKHX KOHTAaKTOB HE
HalJIEHO.

Crnemyer OTMETHUTB, YTO B JIUTEpAType MPAKTHUECKH OTCYTCTBYET MH(MOpMANUs MO KOMIUIEKCHBIM
COEIMHEHUSM, BKJIIOYAIOIIUM MATHKOOPIMHUPOBAHHBIE aTOMBI IMHKA. B KauecTBe nmpruMepa MOKHO IPUBECTH
KPUCTAJUIMIECKUE CTPYKTYPHI OMC-0-CEMHUXMHOHOBBIX KOMIUIEKCOB IIMHKA C HEKOTOPHIMHU OWICHTATHRIMHU N-
JOHOPHBIMH JIUTAHAAMHU, TAKUMU Kak (peHa3uH u 4,4’ -Ounupuami.

[Tonydyennass wHpOpMANMA TO KPUCTAUITMYECKUM CTPYKTypaM psifa BBIJCICHHBIX KOMIUIEKCOB
MO3BOJIMJIA MHTEPIpeTupoBarh u3MeHeHHs B MK crekTpax MHOMIOMIEHUS OpPraHUYeCKHUX JIMTaHJOB IPH
KOMIUTEKCOOOpa30BaHUU ¥ TIPEIJIIOKHUTh CTPYKTYphl KOMIUJIEKCHBIX COCIMHEHWH, BBIACICHHBIX B BHIEC
MOPOIIKOB. B ¢Bs3U ¢ Te€M, 4TO OCHOBHOM XapakTepucTUYHOM nosocoii B K criekTpax moromnieHus apistoTcs
MIOJIOCHI BAJICHTHBIX KoJieOaHUH KapOOKCHIIbHBIX TPyl OOJIBIIOE BHUMAHUE OBLIIO YAEIEHO ONPENEICHUIO X
KOHKpeTHOTro nojoxenus (Tabnuuna 2).

UK criekTpbl OpraHUYeCcKUX MOJIEKYI, COIEPKaIMX 2-THApoKcunupuanHoBsie Gpparmentsl (L' u LY)
MMEIOT B CIIEKTPAX IUPOKYI0 HECHMMETPHUHYIO TI0JI0CY ¢ MAKCUMyMoM 1694-1695 evm™! u mnewom 1750/1730
cm!. 3BeCTHO, 4TO 2-TUIPOKCUMTHPUINHBI OOBIYHO CYIIECTBYIOT B O-IUPUIOHHON (OpME, TTOFTOMY MOKHO
MPENONIOKUTh, YTO aTOM BOAOPOJA THAPOKCUIBHOM TI'pYyMITbl MOXET MEepPEeXO[uTh Ha MUPHUAMHOBBIM aToM
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azoTa, a jymHa cBsi3u C-O nenpoTOHUPOBAHHOW THAPOKCUIILHON TPYNIBI OyAeT YKOpauuBaThCs, KaK OBLIO
MOKAa3aHO TMPHU aHaIU3e KPUCTAIUTMYECKUX CTPYKTYP METaJUIOKOMILJIEKCOB, U MPUOOpETaTh 3HAYUTEIHHBIN
nBoiHOM xapaktep. [Ipu 3TOM KapOoKcuiIbHas rpymmna He mpoToHupoBana, C=0 ¢parMeHT HE y4acTBYET B
006pa3oBaHUN BOJIOPOJHON cBs3M U mposiBnsierca B MK cnexrpax B o6mactu 1750 u 1730 em™! gma L' u L3
COOTBETCTBEHHO. BeposiTHO, Mpu KOOpAMHAIMK C MeTaUlaMH O0pa3yeTcsi MeTasllo-XEJNaTHBIA LUK C
y4acTHeM TUAPOKCUIBLHON M KapOokcmibHOM rpymm, u B UK cnekrpax HaOmomaeTcsi cMeIeHue MmojoChl
BAJICHTHBIX KoNeOaHMil KapOOHMILHON IpyMIIbl B HU3KOYACTOTHYIO obnacTh. B ciyuae coenunenus L2, B
KOTOPOM THJPOKCHJIbHASI TPpyNNa HAXOAUTCS B MOJOXKEHUU 3 MO OTHOLIECHUIO K MUPUIUHOBOMY IUKITY,
o0Opa3oBaHMe MUPUAOHHONW CTPYKTYpBI, CKOpEe BCEro, He MpOoUcXoAuT. He uckiroyaeTcs: mepexos MpoToHa
KapOOKCUJIBHOM IpyIITBI HAa aTOM a30Ta IUKJa. B 3ToM citydae kapOOKCHIIbHAS TpyIa JepOTOHUPOBAHA U B
UK cnekrpax NOpUCYTCTBYIOT MOJOCHI BaJEHTHBIX CHUMMETPUYHBIX M AHTHCUMMETPUYHBIX KOJIeOaHHI
kapOokcunar-anuona (1656 u 1700 cm™).

Ta6auna 2 TonoxkeHue Moioc BaleHTHBIX KoebaHnii kapooHmmbHo# rpynmsl (cM™') B MK crekrpax
opraunyeckux nurannos L! — L® u nx merannokommuekcos (taénerku ¢ KBr)

Jlurang | CoenuneHue V=0 JIurang | Coenunenue V=0
L! L! 1695, 1750 L> L 1647
Cu(L'), 1637 Ni(L*), 1647
Co(L')-2H,0 1644 Cu(L®) 1645
Zn(L"22H,0 1653 LS L® 1634
TiO(L), 1625 Ni(L%), 1628
L? L2 1656, 1700 TiO(L%), 1618
Ni(L?), 1653 L’ L’ 1676
Cu(L?), 1645 Co(L") 1575
Zn(L?),-2H,0 1653 Cu(Phen)2(L7)2 1581
TiO(L*) 1675 L} L} 1620
L’ Cu(L?)2-2H,0 1683, 1606 TiO(L®), 1587
Ni(L*),-2H,0 1588 [Cu(Phen),CI]-L? 1615
Fe(L*).Cl-6H,O | 1614 [Fe(Phen)>CI]L® 1608
L* L* 1647
Ni(L*), 1645
Cu(L%, 1645
Zn(L*), 1640
TiO(L%), 1645

PeHTreHOCTPYKTYpHBI aHamu3 KoMIlekcHbIX coeaunennii Cu(L?), u Zn(L?):.2H>O noka3biBaer, 4To
KOOPJIMHALUS OCYLIECTBIISIETCS Yepe3 aToM KUCIOpoAa KapOOKCUIIbHOM IpyTIIbl M MUPUIUHOBBIM aTOM a30Ta.
B UK criekTpax MOIIOMIEHHs METALIOKOMILIEKCOB OCTaeTcs ojHa nojoca nornomesus (1645 u 1653 cm!
mns Cu(L?), u Zn(L?)2.2H20 cooTBEeTCTBEHHO. AHaNOrHuHbIH Xapaktep MK criekTpoB Apyrux KoMiuiekcos L2
YKa3bIBAaeT Ha OJJUHAKOBBIN XapaKTep KOOpIUHAIINH.

a-I'mapokcuapoMaTHyeckue KHUCIOThI  KapOOIMKIMYECKOTO psijia  XapaKTepu3yloTcs HpPOYHOU
BHYTPHUMOJIEKYJIIPHOW BOJOPOJHON CBSI3bIO COCEAHMX KapOOKCHIIBHOM M THIPOKCUIBHOU Tpymil. B cBs3u ¢
3THM MOJIOCH BaJeHTHBIX Koiebanuit C=0O rpynm 3THX MOJEKYJ CMEIIEHbl B HU3KOYAaCTOTHYIO0 oOnacTs. B
rpolecce KOMIJIEKCO0Opa3oBaHus, KOTJla MPOUCXOAUT 3aMEHa aToMa BOJIOpOJa Ha METAJlI C COXpaHEHUEM
obImiero xapakTepa LUK, CMEUICHHUS IIOJOC TMOMIOMIEHUS KapOOHMJIBHOM TIpyMNIbl NpPaKTHYECKH He
HaOmoaercs.

33 XapakTepucTuka OKCHAHBIX (a3, BBIICJICHHBIX C HCIOJb30BAHHEM OPraHUYeCKHX
MeTAJIOKOMILJIEKCHBIX NIPEKYPCOPOB U AJIbTEPHATHBHBIX METO/10B

AHanu3 1uTeparypHOro 0030pa mokas3ai, YT0 KOMIUIEKCHBIE COCTUHEHUS METAJIOB C OPTaHUYECKUMU
JIMraiaaMu SBJIAKOTCA IEPCIIEKTHUBHBIMU ITPEKYPCOPAMU IJIA ITOJYUCHUA MUKPO- 1 HAHOPa3MEPHBIX OKCUI0B,
MPOSBISIONINX KaTAIUTHYECKUE M Jpyrue TMoJe3Hble cBOWCTBA. [IpM HMX TEepMHUECKOM pa3liOKEHUU
BBIJICIISIETCS] OOJTBIIIOE KOJTUYECTBO ra3000pa3HBIX BEMIECTB, YTO CITOCOOCTBYET H3METBICHUIO 00Pa3yIOIINXCSI
OKCUIIHBIX (a3 10 HaHOpa3MepoB. MCXOMHBIE KOMIUIEKCHBIE COEIMHEHHUS MMEIOT MOCTOSHHBIM COCTaB U
YCTOWYUBBI MPH XPAHEHWUH, YTO IO3BOJIIET WCIIOJIB30BaTh MX MO Mepe HEOOXOIMMOCTH MONydeHHs ¢a3



(HaHOpa3MepHbIE YAaCTHUIIBI UMEIOT CBOMCTBO CcIUNaThes B OoJiee KPYMHbIE arioMepaTsl U TpeOyloT BBEACHUS
crabunuzatopoB). [[is moilydeHWss HAHOYACTHUI[ OKCHAOB METAIJIOB W HM3YUYCHHS WX XapaKTePUCTHK U
KaTaJIUTUYECKOW U MHOW aKTUBHOCTH MBI CIIOJIb30BAN CIIEAYIOIINE TOAXOAbI:

. Paznoxxenne nHaMBUTyanbHbIX KOMIUIEKCHBIX coenunenuit (T=700°C, 5 gac).

. Paznoxenne cmeceit kommiekcoB Ti (IV) u M(II) (M = Co, Zn, Ni); (T=700°C, 5 4ac).

. W3 HeopraHndecKux cojieil (TuApOoTepMabHBIA CHHTE3 U MOAUQUITpOoBaHKe okcuaa rpadena, GO):
Fe?* 4+ 2Fe3* + 80H- — Fes0, + 4H,0

. Tepmuueckas obOpaboTka MIPUPOTHOTO MUHEpana BEPMHUKYJIUTA

(Mg,Ca,K,Fe™)3(Si,Al,Fe™)4010(OH),.4H,0.

Hcnonb3oBanue cTaHAapTHON METOAMKHU MOJIYYSHHUS] HAHOYACTHI] OKCH/JIA KeJle3a U3 HEOPraHUYEeCKUX
MIPEKYpPCOPOB OBLIO CBA3aHO C HEOOXOAMMOCTBHIO OLIEHKH 3()()EKTMBHOCTH JABYX IOIXOIOB B CHUHTE3E
HaHOKAaTaJu3aTopoB U3 copOeHTOB. OHAKO MPOIECCEe IKCIIEPUMEHTA HE YAAJIOCH BBIJICTUTh UHIUBUAYyaIbHbIC
KOMILJIEKCHBIE coequHenus xxenesa (I1I) ¢ runpokcnapoMaTuecKuMu U reTepoapoMaTHIeCKUMU KUCIOTaMHU.
B npouecce cuHTe3a noayyaiu TPyAHOPA3AEIMMbIE CMECU IEPEMEHHOTO cocTasa. [Ipu npokanuBaHuu 3TuX
cMecell TNOoJyuyeHHBbIe MPOAYKTHI COAEpKAJIM 3HAYUTEIBbHOE KOJIMYECTBO KapOuaa >kene3a U amopgHOro
yIJIEpO/Ia, YTO HE TO3BOJIMIIO TPOBECTU CPABHUTEIBHBIN aHaIN3. B CBS3M € 3TUM B AMCCepTaLIMU TPUBEACHO
TONIBKO JETalbHOE M3YYEHHE CBOMCTBA MOTEHIUATbHBIX COPOCHTOB, IMOJYYEHHBIX W3 HEOPraHHMYECKHX
IIPEKYPCOPOB.

Jlis onpeneneHuss ONTUMANBHBIX YCIOBUM TEPMUYECKOTO Pa3IOKEeHHUSI KOMIUIEKCHBIX COCTUHEHUHN —
MIPEKYPCOPOB HAHOPA3MEPHBIX OKCHIOB METAJUIOB HEOOXOIMMO OBLIO CHadajia OMpeNeTuTh MHTEPBAIBI MX
TEPMHUUYECKOM YCTOMUMBOCTH. B KauecTBe OOBEKTOB HCCIENOBAHMS HCIOIB30BAINA PSAJ KOMILIEKCHBIX
COCIMHECHHI IIMHKA U TUTaHA. BpUIO TOKa3aHO, YTO TEPMUUYECKOE PA3NIOKEHHE KOMIUJIEKCHBIX COCIMHEHUM
HAYMHAETCA C TMpolecca JeKapOOKCHIMpPOBAaHUS B HHTepBanax TemmepaTyp 125-360°C, koropblii B
HEKOTOPBIX CIIy4asiX HaKJIaJbIBAECTCS HA MPOIIECC BRITOpaHusi opraHnudeckoi macchol (10 775°C). Koneunbimu
POIYKTaMH pa3iokeHus sBisitoTcst okcuabl ZnNO u TiO; (Tabnuna 3).

Ta6auna 3 [Iporecchbl TEPMUYECKOTO aHATTN3a HEKOTOPBIX KOMITJICKCHBIX COSIMHCHUI ITMHKA U THTAHA

JlekapOOKCHITMPOBAHUE Briropanue Ocratok ZnO/TiO2, %
Coenunenue o Amp,eq, | AMyye,, | OpPraHUYECKOH
t, °C pacueT 9KCIIEPUMEHT
% % Maccsl, t°C

Zn(L%: 125 -155 10,55 6,48 175-500 19,42 15,20
Zn(L®), 90-125 7,00 21,49 175 -650 12,89 12,04
TiO(L?)2 160-275 | 23,53 15,17 350 -700 42,78 43,12
TiO(L?):2 125 -350 17,46 13,14 400 - 775 31,75 33,05
TiO(L®)2 110 -250 18,64 12,10 325775 33,90 37,13
TiO(LY):2 190-260 | 23,53 7,78 300 —-750 42,78 35,66

Pentrenoazossiit ananus (POA) npoayKToB TEPMUUECKOTO Pa3IokKEHHU KOMIUIEKCHBIX COeIMHEHUH
IIMHKA [TOKa3aJl, YTO MOJTy4eHHbIC (pa3bl HICHTUYHBI U COOTBETCTBYIOT okcuay 1uHka ZnO (Pucynok 8). Ha
ocHOBaHHU MuKpogoTorpaduii (Pucynok 9) OblI0 onpeAeneHo, 4To YaCTHIIBI OKCHJIA IIMHKA UMEIOT (GopMy
crepkHedt ¢ muamerpoM 3-13 mMkM. Da3o0BBI cOCTaB M pa3Mep MPOAYKTOB TEPMHUYECKOTO PA3IIOKEHHUS
WH/IMBUYalIbHBIX KOMILJIEKCOB HE 3aBHCAT OT BBIOPAHHOTO OPraHUYECKOIo IMPEKypcopa, MOITOMY IpH
nondope npexkypcopa AJis AadbHEHIINX JaO0OpaTOPHBIX UCIIBITAHUN Mbl OPHEHTUPOBAIIUCH TIIaBHBIM 00pa30oM
Ha KOMMEPYECKYIO JJOCTYITHOCTh M 9KOJIOTHYECKYI0 0€30I1aCHOCTb.

Pazmep oOpasyromuxcss YacTHIl IIOCJI€ MPOKAIMBAHUS HE COOTBETCTBYET ONPEACICHUIO
«HaHOMaTepual». B CBSA3M ¢ 3TUM MBI MEPELUId OT pa3ioKEeHUH HHIAUBHUIYaJIbHBIX KOMILJIEKCHBIX
COEIMHEHMH K pasiIoKEHUIO0 CMECe KOMITJIEKCOB THUTAHA U JBYXBAJIEHTHBIX METAJIJIOB B Pa3HbIX MOJIbHBIX
COOTHOILEHUsX. Ha 0CHOBE 3J1€KTPOHHO-30HA0BOIr0 MUKpOaHaiu3a 1 MUKpodoTorpaduii OblIM onpeieneHbl
cocTaBbl, (hopma U pazMepbl OTYyUYEHHBIX YaCTHII.

15




IIpoayKThl TEpMHYECKOT0 pasaoxenns Zn(L?),

)
(101)

o

-/ ZnO A
. s 8
] |
= ~ = oo
e g Z
- s 2 2 &
- = I - = E
f"'“—-—m” | A E"_a’ 1 5]
"1 L W ) | ,J.'\._.-"\,__.
Zno |2 IIpOOYKTEHI TEPMHYECKOI0 PA3JI0KEeHHS Zn(LY),
s o |=
= =
|
= ) -
g S g _a.
i i g =23
' e A . | ~ A
1 QA TiO2 — anata3s TiO2 —pytun  IIpoayKThl TepMHYECKOro pasaoxenus TiO(L%),
J =
- J = z
| g - g . i
lm..ﬂ | =2 = * 88 z -
"\ ) g) E s e g @
0 { W \-J\‘_» T ||I - rll -ll_lj.;ll ) n = ﬂ ot
I IhJL [
i At W Y n i ,l\, ) VA A " ﬂwj"n.. "i_‘

v T ¥ v
0 a0 =0 e

PI/IcyHOK 8 PGHTFCHO(i)aSOBBIﬁ AHAJIU3 TMPOAYKTOB TCPMHUUCCKOTO PA3JIOKCHUA HCEKOTOPBIX

KOMIUIEKCHBIX coeauHenni nuHka (1) u Turana (1V)

L |2
L&

BET 15kV WD11mm SS45 x500 50pm

Pucynok 9 Mukpoororpadus vactun ZnO, MONydeHHBIX TIPH TepMIdecKoM pasnoxkennn Zn(L*),

Oxcup tutana TiO2 oOpazyercst B popMme cTepskHe amuHoN 0koo 30 MKM ¢ cedeHueM npumepHo 0,3
MkM (300 HM). YcraHoBieHO, yTO TUTaHAT IMHKAa ZNTiO3, MONydYeHHBIH MPH MPOKATUBAHHUA CMECH
IPEKYypCOpOB B MOJBHOM COOTHOmIeHHHn 1:1, oOpaszyercs B BHJE MEJNKOJUCIEPCHBIX MIOIbYATHIX
o0OpazoBanwmii ¢ IITUHOM 0K010 200 HM U TUaMETPOM CEeYeHHS MPUOTN3UTETHHO 20 HM, UMEIOIINX TEHACHITHIO
K o0pa3zoBaHMIO cdepuueckux ariomepaToB jpuamerpoM 2-10 mxMm. Oxcua 1mMHKa B oOpa3max ¢
npeo0yiajaHueM KOMILIEKCHBIX COEIUHEHHM LHMHKa oOpasyeTcsi B (opMe pa3BETBICHHBIX CTEPKHEH CO
cpeaneit mmHoO#M 50 MM u cedenueM 0,35 mxMm (350 HM). Okcua THTaHa IPUCYTCTBYET BO BCEX 0Opaslax
HE3aBHCHMO OT MOJIbHOTO COOTHOIIEHUSI HCXOTHBIX CMECEH.

CornacHo nanHbIM POA ocHOBHOM MoauduKauei okcuaa TuTaHa ABiseTcs pyTil. TUTaHAT [IMHKA
UMeeT KPUCTAJUIMIECKYIO CTPYKTYpYy nepoBckuta (Pucynok 10). HanMenbmmit pa3mep 9acTuil HabI0aancs
VIS TIPOAYKTOB TEPMHUECKOTO PasjOKEHHs KOMIUIEKCHBIX coequHeHuii meramtoB ¢ L8, ommako ero
MCIOJIb30BaHUE JJIsl IOJYYEHHUS] OKCHIHBIX HAaHOYACTHUIl B OOJIBIINX KOJIMYECTBAX HEILleeco00pa3Ho, TaK KakK



KOMIUIEKChl TTpu HarpeBaHuu Bbilie 200 °C CKJIOHHBI K JETOHALMHU. TepMHUUYECKOE pa3JIOKEHHE CMecer
KOMILJICKCOB TUTaHA M MEM IPUBOIIIIO K 0Opa3oBanuio cmecu okcuaoB CuO u TiOz.
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Pucynok 10. PerntreHorpaMMbl OKCUIIHBIX (pa3, MOTyYEHHBIX MpH TepMudeckor oopadotke (700 °C,
5 gac.) cMeceii SKBUMOJIAPHBIX KOJIMYECTB clemyromux npekypcopos: 1 - Ni(L7), : TIO(L7)y; 2 - Ni(L?), :
TiO(L?)2; 3 - Ni(L®¥) : TIO(L®)2; 4 - Cu(L?)2 : TiO(L?)2

Ha Pucynok 11 mnpuBeaeHbl H30TEpMBbl aJCOPOLMM-AECOPOIMM HEKOTOPBIX OKCHUIHBIX (a3,
IIOJIyYEHHBIX IIPU TEPMUYECKOM Pa3JI0KEHUH SKBUMOJISIPHBIX CMECEN KOMIUIEKCHBIX COEIUHEHUI HEKOTOPBIX
3d-meTamioB M aHaJIOTMYHBIX KoMILIekcoB TuUTaHA(IV), Ha OCHOBaHMM KOTOPBIX PACCUMTAHBI IJIOLIAAU
MMOBEPXHOCTH OKCHJIHBIX YaCTHUIl, KOTOpPbIE€ COCTaBWIM cOOTBeTcTBeHHO 17,13; 18,63 u 22,69 M2/ ans
obOpasnioB 1, 2 u 3 coorBercTBeHHO. Kak BHIHO, HaMOOJbIIAs TUIONIAb MTOBEPXHOCTH HAOIIOMAETCS IS
TUTAHaTa HUKENA, IIOJIy4EHHOTO DAa3JIOKEHUEM  KOMIUIEKCHOIO IIpeKypcopa Ha oOcHoBe  3,5-
JUHUTPOCATUIIMIIOBON KUCIIOTHI.

B c¢BA3uM ¢ TeéM, 4TO HaM HE YAAJIOCh MOJYYUTh OJHO3HAYHBIX PE3YJIBTATOB IPU IOMBITKE BBIIEIUTH
HaHOpa3MEpHbIE OKCHJBI JKeJie3a C HMCIOJIb30BAHUEM METAJIIOKOMILIEKCHBIX MPEKYypCOpoB, ObUI MPOBEAECH
CHHTe3 OKCHAHBIX yacTull Fe304, MoauduuupoBaHHBIX OKCHAOM TIpadeHa (rpadeHa C OKHCICHHOMN
noBepxHoCThio, (GO), MOMyYEeHHBIX W3 HEOPraHMUYECKHX IMpeKypcopoB (cMecu xiopuaoB xeinesa(ll) u
xene3a(lll)) mpu ux TepMuuecKkoM pasznokeHMH B mnpucytcTBuM KoHI. H2SO4, KMnO4 u H202.
Brinenennyro okcumnyto a3y xapakrepuzoBasim Metomamu WK, POA u BET. Kak BumHo wu3
Mukpogororpaduit (Pucynok 12), cpeqHuii pa3mep OKCUIHBIX YacTHUII, JIOKAJTU30BAHHBIX Ha MOBEPXHOCTH
GO, cocrasisteT 30—-100 HM.

Hannumne napamaruerusma kommnosuta Fe3Os-GO mo3BosnsieT npennoiaokuTh, YTO ero MOXHO OyneT
JIETKO YJIaJsTh U3 pacTBOpA MO OKOHYaHUU COPOIMH MPH IEUCTBUN MAarHUTHOTO MOJIS.

Jns  cpaBHeHust 3((GEKTUBHOCTH BBIIEIEHHBIX HAMHM HAHOYACTUI[ OKCHUJOB METaNIOB M UX
HAaHOKOMIIO3UTOB ObLiIa MPOBEeAeHA MOAU(PHUKALUS PUPOAHOIO OKCHAHOIO MUHEpaJIa — BEpMHUKYJINTA, COCTAB
koToporo orteeuaer (popmyne (Mg, Fe'?, Fe);[(Al, Si)4010].(OH)2.4H20. DT0 MHHepan U3 TIpyHIbl
THIPOCITIO/, UMEIOIUI CIIOMCTYIO TUIACTUHYATYIO CTPYKTYpY. [Ipy HarpeBaHuM U3 IUIACTUHOK OOpa3yroTcs
HEYNOPSI0YHbIE CTOJIOMKU WJIM HUTH 30JIOTUCTOTO WJIM CEpPeOpUCTOro IBETa ¢ MOIMEPEUHbIM JIeJIeHUEM Ha
TOHYAMNIINE YeITYHKHU (TaK Ha3bIBa€MbIN BCITYYEHHBIH BEPMHUKYJIUT C BBICOKOM MOpHUCTOCTHIO). Kpome Toro,
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BEPMHUKYJIUT — ATO JACIIEBOE ChIPhE, OH HKOJIOTMYECKHU YHUCThIA M HETOKCHUYHBIN IS YyelaoBeKa. B HacTosmen
paboTe MBI CpaBHWJIM CBOHCTBa IOBEPXHOCTH HCXOIHOTO MuHepana Bepmukynuta (RV) u  ero
MonuduimpoBanHoro oopasina (EV), koTopslii moyvyaiu 1o cxeme, mpuBeAeHHON Ha PucyHok 14.
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Pucynox 11 WM3ortepmbl aacopbumu-gecopOLuM a3oTa A OKCHUAHBIX (Da3, MOJYyYEHHBIX IpU

tepmuueckoil oopadotke (700°C, 5 yac.) cMecell SKBUMOJISIPHBIX KOJMYECTB CIEIYIOIUX MPEeKypcopoB: 1 -
Cu(L?) : TIO(L?)2; 2 - Ni(L?)2 : TiO(L?)2; 3 - Ni(L¥), : TiO(L?),

IMS-NKL 5.0kV 5.0mm x10.0k SE{M) ' ) DOJm IMS-NKL 5.0kV 5.0mm x100k SE(M

Pucynoxk 12 Muxkpodotorpaduu o6paszua Fe;04-GO
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Pucynok 14 Cxema nosydeHusi MOAUGUIIUPOBAHHOTO BEPMUKYITHTA

Hexotopsle puznueckne xapakTepucTHKH UCXOAHOTO BepMukynuTa (RV) u ero MogudunmupoBanHoro
obpasmna (EV) npuBenens! Ha PucyHnok 15. Pentrenodasossrii ananu3 (Pucynok 15a) mokaspiBaeT COXpaHEHHE
OCHOBHBIX THKOB RV Ha peHrtrenorpamme EV, 4To yka3piBaeT Ha coxpaHeHHe MOpP(HOJIOTHH O00pasIioB.
YMeHbIIeHHe UHTEHCUBHOCTU OTPaKeHUIl B MOAU(UIIMPOBAHHOM OOpa3le MOXKHO OOBSCHUTh YaCTUYHOM
norepell KPUCTAUIMYHOCTH 32 CYET OBICTPOTO YAAJICHHS] MEXKCIOEBBIX MOJIEKYJI BOIBI TMOJ ACHCTBHEM
MHUKPOBOJIHOBOIO U3JIyYEHHS U pa3pyLIEHUEM CI0E€BOM CTPYKTYpbl MUHEpAJIA.
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Pucynok 15 Hexotopbie xapakrepuctuku wucxonHoro (RV) u  wmomuduumupoanHoro
BepMuKkyiuTa: (a) — POA ananus; (b) — TepMorpaBurpaMmsl; (€) — U30TEpMBI aACOPOIMH-IeCOPOIIUH a30Ta;
(d) — EDX ananm3 coctaBa oOpasma
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Ha Pucynox 15b mpuenensr kpusbie TTA ucxomHoro u MmonuduimpoBaHHOTO BepMUKynuTa. Kak
BUJIHO, HEoOpaboTaHHBI BepMUKYAUT npu HarpeBanuu 10 700 °C Tepsier Oomee 15 % macchl 3a cuet
VIOAJICHUS MEXCIIOCBOW BONBI, B TO BpeMs Kak Il MOAM(DHUIIMPOBAHHOTO BEPMHUKYIUTA TOTEPS MACCHI
MPaKTHYECKH HE HaONI0JaeTcs, 4TO MOXKET yKa3blBaThb Ha yJaJIeHHE MEXCIOE€BOM BOIBI B Ipoliecce
MOTU(UKALINY.

CornacHo ananu3sy u3otepM ajacopouuu-necopouuu (Pucynok 15¢), monudunnpoanue BepMUKyIUTa
IIPUBOIUT K 3HAYUTENHHOMY YBEIHUEHMIO Y/EIbHON IIomamy ero nosepxuoctu (73,953 m%/r aia EV mo
cpaBHeHnto ¢ 17,718 m*r mis RV). Cnexrp EDX momudunuposanHoro sepmuxymuta (PucyHok 15d)
noaTBepkaaet ero cocras: SiO2, MgO, Al>O3, Fe;03, Ca0, K20, u TiO2, 9T0 COOTBETCTBYET TUTEPATYPHBIM
naHHbIM. Mukpodortorpaduu obpasnoB RV u EV moka3piBaloT COXpaHEHHE CIOUCTOW CTPYKTYpPBI C
TOJIIIIMHOM YaCTHUI] HA HAHOPAa3MEPHOM YPOBHE.

34 Hexotopble 00JacTM BO3MOKHOIO TPUMEHEHUS BbLIEJEHHBIX OKCHAHBIX (a3 u

HAHOKOMIIO3MTOB

W3BecTHO, 4TO HAaHOPa3MEPHbIE OKCH/IbI METAJUIOB HAXOSAT IPUMEHEHHE JJIs1 COPOLIMY OPTaHUYECKUX
3arpsi3HATENEH 13 pacTBOpoB. HaHOKaTann3aTopsl HA OCHOBE TUTAHATOB METAIUIOB 3()(hEKTUBHBI B PEAKIIUAX
(hOTOKATAIMTUYECKOTO PA3I0KEHUS OPraHUYECKUX BEIEeCTB, a OKCUABI MHKA U TUTaHa (IV) ucnons3yrorces
B KOCMETHYECKOH MPOMBIIIECHHOCTH Kak Heopranudeckne YO GuibTpbl. B CBsI3U ¢ 3TUM OBUIH MTPOBEACHBI
Mpe/BapUTENbHBIE UCTIBITAHUS NIl ONPEICIICHUs BO3MOXKHBIX OONacTel MCIONb30BaHUA OKCUIHBIX (a3 u
KOMIIO3UTOB, TIOJNyYE€HHBIX C HCIOJIB30BAaHMEM KOMIUIEKCHBIX MPEKypCOPOB WM aJIbTepHATUBHBIMU
METOHaMH.

HanopasmepHnvie mumanamol 3d-memannog kak homoxamanuzamopsl pazioiceHus
bpomgpernonosoeo cunezo

Ha npumepe TuTanara HUKeIs, HOXYYEHHOTO MTPH MPOKATHBAHUN YKBUMOJISIPHON CMECH KOMILIEKCHBIX
coequnennii Ni(L%), u TiO(L®), usyuyanu xaTaauTuueckylo aKTHBHOCTb BbIIEIEHHONO 00pa3lia B PEaKiuu
¢doropaznokeHust OpoM(EHOIOBOr0O CHHETO — MOJIEGIBHOTO 3arpsS3HUTENS  OKpPYXKAIOMIEH  Cpebl
OpraHMYeCKUMHU KpacuTensiMu. B crekiisHHOM konbe roroBuin 500 M pactBopa 6poM(pEeHOI0BOTO CUHETO B
Bozie (C = 0,001 momnb/m). Hobasnsim k pactBopy 3,86 T Karanu3aropa v PpU UHTEHCUBHOM ITEPEMEIIMBAHUT
1 0apOOTHPOBAHMHU KHUCIOPOJA BBIAEPKMBAIN B TeMHOM MecTe B TedeHue 30 muH. [Tomemanu konOy mpu
KOMHATHOW TeMIleparype Ioj JIaMITy COJTHEUHOro cBera. [Iporomxkain MHTEHCUBHO MEPEMEIIUBATh PacTBOP
¢ KaranuzatopoM. OO0 HW3MEHEHUH KOHLIEHTpalUMH OpoM(EHOIOBOrO CHHETO CYAMIM IO H3MEHEHHUIO
WHTEHCUBHOCTH TIOJIOCHI TomIomieHus: 432 HM B DJEKTPOHHOM chekTpe mnoniomieHus (PucyHok 16).
DKCHEepUMEHT IPOBOAMIIM B TEUEHHE 2 YacoB.
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Pucynok 16 M3meHeHne B 3JIEKTPOHHOM CTIEKTPE MOTTIOMIEHHSI pacTBOpa OpoM(pEHOIOBOTO CHHETO BO
Bpemend (1) B mpucytctBuu NiTiO3 u pacder kaxymiecst KOHCTAaHTB CKOPOCTH peakiu (2)

Takum  oOpazom  ObUIO  MOKa3aHO, 4YTO  KOMIUIEKCHBIE  COEJUHEHHS  METalloB  C
THIPOKCUAPOMATHYECKUMH  KUCIOTAaMH  MOXKHO  HCIIONIb30BaTh Il modydeHuss A EeKTUBHBIX
(hoToKaTaNIN3aTOPOB B PEAKLMSIX PA3JIOKEHUSI OPIraHUYECKUX 3arps3HUTENEH.

Hcnonvzosanue mumanama UUHKA KAK HeopecaHUu4eCcKoco Yo qbuﬂbmpa 6 KocmemuvecKux moeapax



HecmoTps Ha BHyTpeHHHE MEXaHU3MBbI 3alIUTHl OpraHu3Ma OT BPEIHOTO BIAUSHUS Y D-U3IydyeHus, B
COBPEMEHHBIX YCIIOBUSX HMX OKAa3bIBAETCS HEJOCTAaTOYHO, IMMO3TOMY HaM HEOOXOJWMa JIOTOJIHUTENbHAs
3alUTa, OJJHUM M3 BUJOB KOTOPOU SIBJISETCS HCMHOJb30BAHWE COJHIIC3AIIUTHOM KOCMETHUKHU. Takol BUI
KOCMETHYECKOH NPOAYKIMH COACPKUT AKTUBHBIE WHIPEAUEHTHl — yibTpaduosneroBsie Guiabtpsel (YD-
GUIBTPBI), KOTOPbIE MPEMSITCTBYIOT BO3JEHCTBUIO YD-nmyuell Ha KOXY. TUNMYHBIMU TPEICTABUTEISIMU
Heoprannueckux Y@ GuiabTpoB sBisAroTcs okcuapl nuHKa ZnO u tutaHa TiOz. OHu 007a1aI0T MIUPOKUM
CHEKTPOM JEeHCTBUS, TJIABHBIMH HMX JIOCTOMHCTBAMH SIBIISIOTCA XOpollas (OTOCTaOMIBHOCTh U HH3Kas
BEPOSITHOCTh AJUIEPTUYECKOM pEeaKIMK NpU HCIIOJIb30BAHUM, TOIAXOMIAT ISl YYBCTBUTEIBHOW KOXHU H
00a1al0T MEHBIIMM IMOTEHIIMAIOM pa3apa)KeHUsl, YeM OpraHuyeckue QuiIbTphl. YMEHBIICHHUE Pa3MEpOB
gactull okcuaoB 1uHKa (II) u Turana (IV) 1o HaHopa3smMepoB MO3BOJISET YCTPAHUTh TaKUE HEKEIATEIIbHbBIE
3¢ (deKThl Kak NpuUJaHUe KOXKe «OenecocTh» M OIIYIICHHUE «TSKECTH», a COBMECTHOE NpPUMEHEHUE
OpPraHUYECKUX U HEOPraHWYECKUX (UIbTPOB noBsiIaeT 3dexruBHocTs YD 3amutel. B kauecTBe 00BEKTOB
uccienoBaHus (OTO3AIIUTHBIX CBOMCTB HCHOJIB30BAIM OOpa3el] TUTaHATa HUKENA, MOJYyYeHHBIH IpHU
TEPMHYECKOM Pa3IoKeHNH SKBUMONApHBIX cMeceit ZN(LE), u TIO(L®),. Cnexyer ormernts, uTo B IMTEpaTypE
MMEIOTCS CBEJICHUS 00 MCIOIb30BaHUH OTICIBHO OKCUIOB TUTAHA U ITUHKA UJIM UX CMECEH, HO TUTaHAaT IIMHKA
HE HMCIOJIb30BAJICS.

CpaBHeHHE TOTJIOUIAIONICH CIIOCOOHOCTH TMOPOMIKOB (BBOJA B KpemMoBYl0 ocHOBY 4% mac.),
oTnuaronmxcs MonbHbM cootHomenneM ZN(L8)2-2H,0 u Ti(L8),, mpencrapnens: na Pucysok 17.
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Pucynok 17. CpaBHeHue noriomaromnien Pucynox 18. Cunepruueckuit >ddexkr npu
criocoOHoCTH B Y @D-1ana3oHe MopoIKoB, COBMECTHOM HCIIOJIB30BAaHUU OPraHMYECKOTO U
IIOJIyYEHHBIX ITPOKAIIMBAHUEM CMECEH C Pa3HbIM Heopranuueckoro Y ®-pumstpoB: 1 ~-EHMC; 2 —
MonbHBIM cooTHomenneMm Zn(L8)2-2H,0 u Ti(L8),: EHMC c¢ jpobGaBkoit ZnTiOs (mpekypcopsl —
1-1:1;2-41;3-3:2;4-1:0;5-0:1 Zn(LY)2-2H20 u TiO(LY)2); 3 — EHMC ¢ mobaskoii

ZnTiO3 (mpexypcopst — ZN(L®)2-2H20 u TiO(L8),)

Kak BuHO, HanbobIas CIIOCOOHOCTH K MoriouieHno Y u3nmyueHus xapakTepHa i o0pa3ioB Ha
OCHOBE TOPOIITKAa C MOJBHBIM cooTHOmIeHueM Ti:Zn 1:1, yTo cooTBeTCTBYeT HaHopazmepHoMmy ZnTiOs, a
HauMmenbinas — s 1102, Taxke HaOmOgaeTcsl CHHEPreTHYecKuid 3)(GEeKT MpH CMEMICHHH MOPOIIKOB:
CIOCOOHOCTH K HOTJIOIIEHHIO Y CMECEH BBIIIIE, YEM ITPH MCITIOIb30BAaHUH YHCTHIX OKCUIOB.

B cBs3M ¢ LIMPOKUM COBMECTHBIM MCIOJB30BAHUEM B KOCMETHYECKHX PELENTypax OPraHUYECKUX U
Heopranuyeckux Y@D-QuibTpoB COBMECTHO, HaMH ObUla TpPOBEpEHa CIOCOOHOCTh IOJYYEHHBIX
HEOpraHM4ecKuX (GUIBTPOB YCUINBATh AeHCTBHE HauOoJee pacCIpOCTPAHEHHOTO B KOCMETUYECKOM MTPaKTHKe
opranuyeckoro punstpa — stunrekcunMerokcunaHamara (EHMC). [Topormiku ¢ MOJIBHBIM COOTHOILLIEHHEM
Ti:Zn=1:1, mpexypcopaMu KOTOPHIX ObLTH KomruiekcHbie coenunenus muaka(ll) u turana(lV) ¢ L' u L8,
BBOJIMJTUCH B Komr4decTBe 4% 10 Macce K KpeMOBOW OCHOBe, coaepxariuii nodaBky EHMC B konmuuectse 8%
no macce (Pucynok 18). Kak BugHO, oOpasel, mpeKypcopoM KOTOPOTo ObUIM KOMIUIEKCHBIE COEAMHEHUS
apomaTtudeckoro nuranga L%, oGmamaer Gompmmm cumepretmdeckuM S((PEKTOM IO CPaBHEHHIO C

MOPOILIKAMH, [MOJTYYEHHBIMU IIPU PA3JI0KEHUN KOMILJIEKCHBIX COEJMHEHUN Ha OCHOBE FeTepoapoMaTUYECKOro
suranga L.
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Copoyuonnas akmusrnocmo nanokomnosuma Fe304-GO u mooupuyuposannoco npupoonozo
MUHEPANa 6epMUKYIUMA O OMHOUEHUIO K OP2AHUYECKUM KPACUMENIM

B cBsizu ¢ Tem, 4TO MOJlydeHHbIE HAMH albTEPHATHUBHBIMU METOAaMHU HaHOKOMMO3UT Fe304-GO u
MOIU(DHUIIMPOBAHHBIA TPHUPOMHBIA MHUHEpal BEPMHUKYIUT XapaKTEPU3YIOTCS OOJBIION  IUIOMIAIBLIO
MMOBEPXHOCTH, CONOCTABUMOIN C HM3BECTHBIMU COpPOEHTaMH, ObLJIO MHTEPECHO H3YYUTh MX COPOLIMOHHYIO
AKTUBHOCTH 110 OTHOIICHUIO K OPraHUYECKHM OKpAIlICHHBIM COCIMHECHUSAM — MeTHIeHOBOMY cuHemy (MB),
koHro kpacHomy (CR) u anusapuroBomy kpacHoMy (AR). U3yuenue mporeccoB agcopounun MB u CR Ha
kommno3ute Fe304-GO B untepBane pH 3-8 (Pucynok 19) nmokazanu, uro Makcumym aacopOiuu jaias MB
nexuT npumepro npu pH 5, a st CR — npumepno nipu pH 6.
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Pucynok 19 3aBucumocts aacopOiuu MetuiaeHoBoro cuHero (MB) m konro kpacuoro (CR) na
MOBEPXHOCTU OKHCIEHHOro TpadeHa, MoauduiIupoBaHHOW HaHodacTuniamMu Fe30s oT Benuuuubl pH
pactBopa (1), maccer agcopoenTa (2) u Bpemenu (3)

OnTuManbHOE KOJMYECTBO aJicopOeHTa, 100aBiIeHHOro K 1 J1 pacTBopa, cocrasiser 50 mr, B ciryyae
BEPMHUKYJINTA dTa BEJIMYMHA 3HAYUTEIHHO OOJbIIe U cocTaBisieT 2 1/1. OnruManbHoe BpeMst copormm — 10
MUH. (TTOJTHOTA U3BJICYCHHSI OPraHMUYECKHUX BEIIECTB U3 pacTBOpoB 90 %).

Jlyist oripeienieHusl BO3MOKHOCTH ITOBTOPHOTO MCTIOIB30BaHUs KoMio3uTa Fe304-GO ObutH HCTIbITaHbI
JecOpOMPYIOIIME ar€HThI, COOTBETCTBYIOIIUE CIEIYIONIUM YCIOBUAM: HEOOIbIIAasi CTOUMOCTh, YKOJIOTHUECKH
YUCThIEC, 00ECTIEUNBAIOIIME TTOJIHOTY BBIMBIBAHMSI ajicopOaTa W HE U3MEHSIONME CTPYKTYpy ajacopOenTta. B
pesyabTare OblUla MpeniokeHa Ccleaylomas MeTroauka. lcmonb3oBaHHBI ancopOeHT Momeniaaud B
CI1abOKHUCIIBII pacTBOp, coaepxkamuii 20 M BOABI M HECKOJIBKO Karelb KOHIIEHTPUPOBAHHOW YKCYyCHOM
KHUCJIOTHL. B3Bech BbIIEpKUBAIM B yJIBTPAa3BYKOBOM ammapaTe B T€UEHHUE 5 MUH, 3aTeM OTJIENISIIN aJICOPOEHT
C MOMOIIbI0 MarHWTa W MPOMBIBAIM JUCTHILIMPOBAHHOW BOJOM. [Ipouenypy moBropsinu asa pasza. [locie
3TOro aICOPOEHT MPOMBIBAJIM JIBa pa3a AUCTHIUIMPOBAHHON BOAoH npu Temmneparype 40°C u 3TaHOIOM NpU
3TOH ke Temnepatype. PerenepupoBanusiii afgcopoent cymmu npu 60°C B Teuenue 12 yacoB. PeaynbTaThl
ucnbiTanus perenepupoBanHoro Fe30s-GO  (Pucynok 20) mMOKa3bIBalOT, 4YTO OH COXpaHSET CBOU
COpOIIMOHHBIE CBOMCTBA IO OTHOILIEHHUIO K METUJICHOBOMY CHHEMY M KOHT'O KPaCHOMY KaK MHHUMYM TOCie 5
LUKJIOB UCITIOIb30BaHUSI.
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Pucynok 20 HM3ydeHue BO3MOXXHOCTH IOBTOPHOTO HCHoOJIb30oBaHUs ancopOenta Fe30s-GO mo
OTHOIICHHUIO K METUJICHOBOMY CHHEMY M KOHTO KpacHomy (Bpems cop6mmu 10 muH., pH 6, xommdecTBo
aacopoenTa 50 mr/i)

[IpennoxxenHbIit COPOCHT HE ycTymaeT 1o 3(h(HEKTUBHOCTH OOIBIIMHCTBY U3BECTHBIX JIUTEPATYPHBIX
ananoros (Ta6muma 3).

Ta6auna 3 CpaBHeHHE COPOIMOHHBIX CBOMCTB KoMmo3uTa FesOs-GO ¢ u3BecTHRIMU COpOCHTAMU

MakcumanbHasi COpOIMOHHAs EMKOCTB (MT/T)
Ne CopOeHT MeTuniieHOBBIA CUHUI Konro kpacHsiii
1. Fes04-GO 135,1 285,7
2. [Menyxa TIIICHUIBI 16,56 -
3. HanoTpy6k# ramon3uta’ 84,32 -
4, I'paden’ 153,85 -
S. AKTHBHPOBaHHbIH 610yrop° 161 -
6. Hanocdepst ZnFe,04t - 16,58
7. Hanouacture! marremuta (y-Fe,03)* - 208,33
8. Kceporesib aHHIMHONPOMMI KPEMHHUS ™ - 22,62
0. HemondunuposanHas caxa’? - 22,12

Tomenyuanvras duonocuueckas akmueHOCMb KOMNJIEKCHbIX COeOUHeHUll 3d-nemainnos ¢
apoMamuyecKumu u 2emepoapomamuieckumu 2UOPOKCUKUCTOMAMU.

7 Bulut, Y. A kinetics and thermodynamics study of methylene blue adsorption on wheat shells / Y. Bulut, H. Aydin // Desalination.
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B cBs13u ¢ Tem, 4TO apoMaTuyecKUe U TeTepoapoMaTuyecKue KUCIOThI, UCIOIb3yeMble B HACTOSIIEH
paboTe Kak JMraHAbl, UMEIOT ITUPOKUN CIIEKTP OMONOTUYECKONW aKTHMBHOCTH W HCIONB3YIOTCS B Ka4eCTBE
JIEKapCTBEHHBIX MpEenaparoB, MPEICTaBIIIO UHTEPEC OLICHUTH, KaK OyleT M3MEHSATHCS UX OMOJorHYecKas
AKTUBHOCTH TIPH TIEPEX0Je K KOMIUICKCHBIM COCIMHEHUSM, U OIICHUTHh BO3MOXKHBIE ITyTH TOMAJaHMS ITHX
BEIIECTB B OpPraHu3M 4esioBeka. /s 7TOro ucnob30Baiu MeTos in silico (KOMIIbIOTEpPHOE TPOTHU3UPOBAHUE)
Ha npumepe yuraunos LY L7 L® u ux MeTanmokoMmmiekcoB ¢ MpHMEHEHHEM HMMEIONIUXCS B CBOOOTHOM
JOCTYyTIe IporpamMm: SwissADME (https://www.swissadme.ch/;, AdmetSar
(https://Immd.ecust.edu.cn/admetsar2; ADMETlab 2.; Toxtree v2.5.1 (https://toxtree.sourceforge.net/);
Prediction of Biological Activity Spectra (PASS); PharmMapper u SwissTargetPrediction.

Kak Opuio mokazano monenupoBaHueM B mporpamme PASS, ocHOBHBIE BHBI OHOJIOTMYECKOM
AKTUBHOCTH HEKOOPAMHUPOBAHHBIX JIMTAH/IOB CBSA3aHbl C WX AHTUMHKPOOHOW AaKTHBHOCTBIO, KOTOpas
COXpaHsieTCs IPH Mepexozie K MeTamiokomuiiekcam (Pucynok 21).

Pa3paboTka HOBBIX (hapMaKOJIOTHYECKUX IMPEenapaToB OOBIYHO HAUMHAETCS C U3yYeHHUs UX (PU3UKO-
XMUMUYECKHX CBOMCTB, OMOJIOTMYECKOH COBMECTUMOCTH, JTUIO(UIBHOCTH, aOCOpOIMM U paclpeiecHus B
opranusme, MeTabos13Ma, MyTei BbIBEICHUSI U TOKCUYHOCTH.

Ha Pucynok 22 npenocraBiena uH(popManus 0 BaXHBIX CBOWCTBaX JIMTAHJOB M MX KOMIUIEKCOB,
CBSI3aHHBIX C OHOJIOTMYECKOW COBMECTUMOCTBIO, B COOTBETCTBMU C NIPABWIOM MATH JIMIUHCKU:
Moutekyssipaas Macca < 500; He 6onee 10 aKIENTOPHBIX BOJOPOAHBIX CBsI3eH (00IIee KOJIMYECTBO aTOMOB
a30Ta UM KUCJIOPOJa); He OoJiee 5 JTOHOPHBIX BOJOPOIHBIX CBsI3el (0011Iee KOIMUECTBO a30T-BOOPOIHBIX U
KHCIIOPOJI-BOIOPOIHBIX CBs3el ); K03 PUIMEeHT pacnipenencHus okranon-soaa (Ig P), ne 6omee 5.

qITITE

2 3 4 5
EmPa HPi

Pucynok 21 BeposATHOCTH MHIHOMPOBAHUS MYJILTHIPOTEMHOBOIO KOMILIEKCA JBIXATENLHON LMy

nepenoca smextponoB: 1 — L8; 2 — Co(L®8)2; 3 — Cu(L®)2; 4 — Zn(L®)2; 5 — Fe(L®)s

B Tom cjIy4dae, €Clin BCC WA OOJIBIIIMHCTBO DTUX IMpaBUJI BBIIIOJIHACTCA, MOKHO 'OBOPUTHL O TOM, YTO
M3y4aeMoe COeMHEHHEe MOKHO pacCMaTpUBaTh KaK MOTEHIIUAIBHBIN JIEKapCTBEHHBIN Mpenapar.
O BO3MOXHBIX MyTAX aACOPOLNMN MOTEHIMAIBHBIX (PapMaKOJIOTHYECKUX IperapaTax OpraHu3MoM
yepes KellyT0YHO-KUIIEYHBII TPaKT MOXKHO CYJUTh M0 Juarpammam, npuBeAeHHbIM Ha PucyHok 23. B
TOM CJTy4ae, €CJIM TOYKa, COOTBETCTBYIOIIAS 33JaHHOMY 00pasIly, IMoMmaaeT B OEIIyr0 YacTh JUarpaMMBl,
COoeMHEHUE C OOINBIIONW JOoNell BEPOSTHOCTU CIHOCOOHO MPOHUKATH B OPraHH3M MpPU TMEPOPATLHOM
mpueMme. HOHa)IaHI/IC TOYKH B XCIITYIO o0JacTh YKa3bIBA€T HAa BBICOKYIO BCPOATHOCTH H3Y4aCMOTO
COETMHEHUS IPOHUKATH B MO3T. TOUKa B CEpOil YaCTH AUarpaMMBbl YKa3bIBaeT Ha TO, YTO COSIMHEHUE HE
CrocoOHO abCcopOMPOBATHCSI OPTAHNU3MOM.


https://www.swissadme.ch/
https://lmmd.ecust.edu.cn/admetsar2
https://toxtree.sourceforge.net/
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Pucynok 22 Pagapel OMOZOCTYIMHOCTH OPraHMYECKHX JIMTAHIIOB M WX METAJIOKOMILIEKCOB.
Po3oBast 001acTh MpeACTaBIIsET ONTUMATBHBINA JUAMa30H (PU3UKO-XUMHUICCKUX CBOMCTB: 1— L:2-1L%3
— L8 4—-2Zn(L")2; 5—Fe(L")s; 6 — Zn(L®):,

]
Molecule 4

o
Resiecniie -]
hhecﬂl.l-e 1 Mloigmie X

Pucynoxk 23 MojeaupoBanrue BO3MOXHBIX ITyTeH MPOHUKHOBCHUS OPTaHMYECKHX MOJICKYJ B
opranm3m: 1 — L 2-18%3-L*%4- Fe(Ls

Kak BugHo m3 Pucymka 23, coemunenne L8 (3,5-mmHurpocammiunoBast KMCIOTa) ¢ BBICOKOM
BEPOSATHOCTHIO HE CIIOCOOHO yCBaMBAThCSI OPTaHU3MOM Yepe3 JKETyJOUHO-KUIIEYHBIN TPAKT B OTIIUYHE OT
coenunenuit L* u L', TIpu 5ToM CrmOCOGHOCTh METATIOKOMILIEKCOB K YCBOGHHIO YMEHBIIAETCS IO
CPaBHEHHIO C UCXOIHBIMH OpPraHMYECKHMMH MoOJieKyJlaMu. B HaummeHblel cTeneHu 3Ta CIOCOOHOCTb
NPOSIBIISICTCS. JUI KOMIUIEKCHBIX coeanHeHnid skene3a (I1) m Bcex KOMIUIGKCHBIX CoenmuHEeHui 3,5-
JMHATPOCATHIIIOBOH KucaoTsl (L8).
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BbIBO/IbI

1. CuHTE3UpOBaHO U ONMMCAHO C NMPUMEHEHHEM COBPEMEHHBIX METOAOB aHaiu3a 31 KOMILIEKCHOE
coenunenne Ti(IV), Fe(Ill), Co(Il), Ni(Il), Cu(ll) u Zn(Il) ¢ TpeMs NUPUIAUHTHUAPOKCUKAPOOHOBBIMH
KHUCIOTaMH U TISITBIO THIPOKCHAPOMATHYECKUMH KapOOHOBBIMU KHCJIOTaMHU, U3 KOTOPBIX 20 coequHEeHui
BBIJIEJICHO BIEPBbIE. YCTAHOBJIEHO, YTO B 3aBUCUMOCTH OT YCJIIOBUN CHHTE3a OPraHUYECKUE JIUTaHIbl MOTYT
BXOJUTHh BO BHYTPEHHIOIO c(hepy KOMILJIEKCOB B BHJE OMIEHTaTHO-XEJATHBIX JIUTAHAOB WM UIPaTh POJIb
BHelUIHeC(hEepHBIX AHHOHOB.

2. MeTtonamu CeKTpOPOTOMETPUIECKOTO M IOTEHIIMOMETPUYECKOTO TUTPOBAHUS U3yUEHBI POLIECCHI
KOMITJIEKCOOOpa30BaHUsI B pacTBOpax M IIOKa3aHO, YTO MUPUAMHKAPOOHOBBIE KHCIOTHI CIIOCOOHBI K
KOMIUIEKCOOOpa30BaHUIO KaTHOHAMU MeTaioB B uHTepBaie pH 3 — 11, a rugpokcnapomMarnyeckie KuciaoThl
tosibko ipu pH >7. TIpu 3TOM B pacTBOopax 00pa3yroTcsi KOMIUIEKCHBIE coefnHeHus coctaBa ML, ML, u Mzl
CPEIHEH U BBICOKOW YCTOWUYUBOCTH.

3. OmnpeneneHbl MOJEKYISApPHbIE W KPUCTAIIMUYECKHE CTPYKTYpbl TpeX HE OINHMCAHHBIX paHee
noIUMOP(HBIX (OPM OPraHUYECKUX JIMTAHJOB, OIHOTO COKPUCTAJIM3aTa M YETHIPEX KOMIUIEKCHBIX
coequHeHui. Jloka3zaHo cyliecTBOBaHME HETPAJAULIMOHHOIO THUIA KOOPAMHAIIMYA KOMIUIEKCHOTO COEIMHEHUS
uuHKa ¢ 9,10-¢penanTponuHoM U 3,5-TMHUTPOCATUIMIOBON KMCIOTOM: KOOPAUMHALIMOHHOE YUCIIO S, MO
— TeTparoHaJibHas MUpaMKIa, 3,5-TUHUTPOCATUIIIIIOBAS KUCIOTA BBICTYIIAeT B Kaue€CTBE MPOTUBOMOHA.

4. YCTaHOBIEHO, 4YTO IMPOLECCHl TEPMHUECKOTO PpA3JIOKEHHUS] CHHTE3HMPOBAHHBIX KOMIUIEKCHBIX
coequHeHni HaumHatoTcs npu 125-360 °C, koTophie B HEKOTOPBIX CIydasX HAaKIJIaJbIBAIOTCS Ha IMPOIIECC
NECTPYKIUU OpraHuuecKUX KOMIIOHEHTOB (110 775 °C). KoHeuHbIMU IPOIyKTaMU TEPMUUYECKOTO Pa3I0KEHHS
SIBJIAIOTCST. MUKPOpPa3MepHbIE OKCUABI COOTBETCTBYIOIIMX MeTauioB (3-13 mkwm). B ciydae mpokanuBanus
SKBUMOJISIPHBIX CMe€C€ll KOMIUIEKCHBIX COEAMHEHMHM JIByXBAJIEHTHBIX METAJUIOB U COOTBETCTBYIOLIUX
komiuiekcoB Thtana (1V) mokasaHo, 4To KOHEYHBIMH MIPOILYKTAMH PA3I0KEHHS SABJISIOTCS COOTBETCTBYOIIHE
HaHOPa3MEpHbIC TIEPOBCKUTONOA00HBIC TUTaHAThI (20-200 HM) ¢ HEOOJIBIIION TPUMEChIo okcua TuTana T10;
B (hopme aHartaza. /s psaa HaHOpa3MepHBIX 00Pa3IoB ObLIa OINpeieieHa IJIOMAAb YASTbHON MOBEPXHOCTH.

5. JlokazaHa BO3MOXKHOCTb WCIIOJIB30BAHUSI THTaHaTa HUKENd B KadecTBe O((HEKTUBHOTO
(doTokaTamM3aTOpa Pa3noKEHUsI OPOMPEHOIOBOIO CHHET0. Y CTAHOBJIEHO, YTO TUTAHAT LIMHKA IPU BBEJICHUU
B KOCMETHYECKHE KOMIIO3HMIIMK YCHJIMBAET NeicTBUE opraHudeckoro Y®-¢uibTpa, mpuyeM IMOpPOIIOK,
TIPEKYpPCOPOM KOTOPOTO OBUTH KOMILIEKCHBIE COEMHEH S apoMaTHieckoro nuranzia L8, o6nanaer Gompimm
CUHEepreTHuecKuM 3(hPEeKTOM 10 CPAaBHEHMIO C OPOIIKAMH, MTOJIYYEHHBIMH MPU Pa3I0KEHUN KOMIUIEKCHBIX
coeIMHEHHIl Ha OCHOBE TeTepoapoMaTHdeckoro auranaa LY,

6. Iloka3zaHo, 4TO KOMIIO3UT, TMPEACTABISAIONUNA COO0M OKCcHUIl TpadeHa W MPUPOIHBIN MHUHEpa
BEPMUKYJIUT, MOAM(UIMPOBAHHBIE MO pPa3pabOTaHHON MeToAMKe HaHopa3MepHbIMH uacThLamMu Fe30s,
MPOSIBJISIIOT XOPOIIKE aICOPOLIMOHHBIE CBOMCTBA MO OTHOILIEHHUIO K METHJIEHOBOMY CHHEMY, KOHI'O KPACHOMY
1 QJI3apUHOBOMY KPacHOMY, HE YCTYHAIOIIME U3BECTHBIM JINTEPATYPHBIM aHAJIOTaM.

7. V3y4eHne OMoI0rnueckoi aktuBHOCTH iN SiliCO mokaszainu, 4to 2,3-IurugpoKCHOCH30MHAs KHCIIOTa
U 3-METOKCHUCAIMIIMIIOBAsT KUCJIOTA, a TaKKe HX KOMIUIEKCHI C JBYXBAJEHTHBIMU MeETaJlJIaMH MOTYT
paccMaTpuBaThCs Kak MOTEHIMAJIbHbIE (DapMaKOJIOrMYecKHe MpenapaTsl ¢ Hanbojee BEpOSITHBIM IyTeM
MIPOHUKHOBEHUS B OPraHU3M Yepe3 HKeyI0UHO-KUIIIEUHBIH TPaKT.
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Xan 3yu Jlunb

Kommnuexcnsbie coennuenus Ti(IV), Fe(IlI), Co(IT), Ni(II), Cu(Il) u Zn(II) ¢ HekOTOPBIMHU
apoMaTH4YeCKUMHU U reTepoapoMaTHyeCKUMH T'HAPOKCUKHCI0TAMHU U UX MPUMEHeHHe KaK
NPEeKypCcopoB HAHOPa3MePbIX OKCHIHBIX (a3

CuHTE3 OKCHIHBIX HAHOYACTHI] MOCPEICTBOM TEPMUUYECKOTO DPA3JIOKEHHUS METAJUIOKOMIUIEKCOB C
OpraHUYeCKUMH JIMTaH1aMU IpeAcTaBisieT co00i 3peKTHBHBIN METO MOJTyUeHHs] HOBBIX (PYHKIIMOHAJIBHBIX
MaTepHUaoB.

B xome mpoBeneHHBIX HcchenoBanuil momydeHo 31 koopamnanmonHoe coenunenue Ti(IV), Fe(IID),
Co(Il), Ni(II), Cu(Il) u Zn(Il) ¢ o-rUIAPOKCHAPOMATHYECKHUMH M TETEPOAPOMATUICCKUMHU KHCIOTaMH, U3
KkoTOopbIX 20 coequHEHWH Mony4eHo BHepBble. WX cTpykTypa M cOcTaB IOATBEP)KIEHBI C IIOMOILBIO
COBPEMEHHBIX METOJOB 3JIEMEHTHOIO, CIEKTPAJbHOIO aHajlu3a W PEHTIEHOCTPYKTYPHOIO aHaJu3a.
HccnenoBanue TepMUUYECKON CTAOMIIBHOCTH CUHTE3UPOBAaHHBIX KOMIIEKCOB IIOKA3aJ10, YTO IIPU Pa3IOkKEHUU
3TUX COEJUHEHUH (OPMUPYIOTCS HaHOpa3MepHble OKcUAbl MeramuioB, BkiItoyas ZnTiOs u NiTiOs,
o0naarole KOHTPOJIUPYEMbIMU MOP(OIOrHYeCKMMH M TIOBEPXHOCTHBIMU CBOIcTBaMu. TuUTaHAT HUKENS
MPOSIBIIT BRICOKYTO (DOTOKATATUTUYECKYIO aKTUBHOCTD, 8 THTAHAT IIMHKA — BhIpayKeHHBIE YD-MOTIONIAr0IINe
CBOWCTBA U CHHEPTeTHYeCKUi 3(h(HeKT ¢ OpraHnIecKUMH (PUIBTPAMHU.

CormnacHo NpoBeNEeHHOMY in Silico MOJIEIMPOBAHMIO, KOMILJIEKCHI JEMOHCTPUPYIOT OJaronpusiTHbe
(hapMaKOKWHETHYECKUE XapAKTEPUCTHKH U HU3KYIO TOKCHYHOCTb, YTO MOATBEPIKIACT UX NEPCIEKTHBHOCTH B
CHHTE3€ HaHOMAaTEepUasoB JUIsl KaTalIU3aTOPOB, (POTOZAIIMTHBIX M SKOJIOTUYECKH 3HAYUMBIX IPUMEHEHU.

Han Duy Linh

Complex compound of Ti (IV), Fe (III), Ni (IT), Cu (II) and Zn (II) with several aromatic and
heteroaromatic hydroxy acids and their application as precursors of nanosized oxide phases

The synthesis of oxide nanoparticles via thermal decomposition of metal complexes with organic ligands
represents an efficient method for obtaining novel functional materials.

In this research, 31 coordination compounds of Ti(IV), Fe(III), Co(II), Ni(II), Cu(Il) and Zn(II) with a-
hydroxyaromatic and heteroaromatic acids were obtained, including 20 compounds obtained for the first time.
Their structure and composition were confirmed using modern methods of elemental, spectral analysis and X-
ray diffraction analysis. Investigation of the thermal stability of the synthesized complexes showed that
decomposition of these compounds formed nanoscale metal oxides, including ZnTiOs and NiTiOs, exhibiting
controlled morphological and surface properties. Nickel titanate exhibited high photocatalytic activity, while
zinc titanate showed enhanced UV absorption and a synergistic effect when combined with organic UV filters.

According to in silico simulations, the complexes demonstrate favorable pharmacokinetic parameters
and low predicted toxicity, supporting their potential for the synthesis of nanomaterials used in catalysis,
photoprotection, and environmentally relevant applications.
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INTRODUCTION

Relevance of the work. Modern science is characterized by the ongoing modernization of
technological processes, driven by the development of an innovative field—nanotechnology. It is defined as
the design, characterization, and application of structures, devices, and systems through the control of shape
and size at the nanometer scale (from 1 to 100 nm). Nanotechnology finds practical application in various
areas of everyday life, such as electronics and materials science, as well as in chemistry, biology, and medicine.
The industrial use of nanoparticles and nanomaterials is associated with their role as components in
microelectronics, magnetic seals in engines, data carriers, catalysts for various processes, and in other
domains.

Heterogeneous catalysts based on individual and modified oxides of transition metals are used in a
wide range of scientific and technological fields, including chemical-technological processes and systems for
the treatment of wastewater and polluted air from anthropogenic contaminants. Unlike homogeneous systems,
they can be easily separated from the reaction mixture, do not contaminate it, and exhibit a broad spectrum of
catalytic activity. Reducing the size of catalysts to the nanometer scale (from 1 to 100 nm) often enables the
achievement of unique properties for their further practical application.

A promising method for obtaining nanosized oxide particles is the hydrothermal method, in which
precursors (hydroxides, nitrates, carbonates, oxalates) are precipitated from aqueous solutions with subsequent
calcination. The use of organic metal complexes is much more efficient. During decomposition of complex
compounds of metals with organic ligands, a large amount of gaseous decomposition products (mainly CO2
and H20) is released, which prevent oxide particles from sticking together into large agglomerates, resulting
in a significant reduction in the size of oxide catalyst grains and improvement of their surface properties. From
an economic perspective, it is important to reduce the temperature and processing time of precursors while
maintaining the physicochemical properties of the resulting catalyst. Therefore, the search for optimal
precursors based on low-cost raw materials and the optimization of methods for producing highly efficient
nanoscale catalysts represent a relevant and pressing challenge.

Degree of development of the topic. The analysis of the known literature on the topic of the study
indicates that inorganic salts or freshly precipitated metal hydroxides are usually used for the synthesis of
nanosized metal oxides by the hydrothermal method. In previous studies conducted at the Department of
General Chemistry, Peoples' Friendship University of Russia named after Patrice Lumumba, the potential of
using coordination compounds derived from N-nitrosohydroxylamine and certain dihydroxyaromatic
compounds for this purpose was explored. The use of a-hydroxyaromatic acids for the synthesis of metal
complexes and their further thermal decomposition to isolate nanosized metal oxides is an actual direction of
research. Due to the presence of a carboxyl group and a hydroxyl group in adjacent positions, these compounds
are capable of forming chelate complexes with most metal cations. The low decarboxylation temperatures and
subsequent decomposition of the metal complexes enable the targeted production of nanoscale oxides without
environmental pollution or the introduction of additional impurities into the final product. The significant
reduction in the processing temperature of metal-complex precursors during the synthesis of nanoscale oxide
materials is also a key factor contributing to the technological and economic attractiveness of this method.
Furthermore, a-hydroxyaromatic and heteroaromatic acids are commercially available, which is an important
consideration for the industrial production of catalysts using the developed technology. Despite the overall
appeal of this approach, further research is required to develop and optimize the processes of metal complex
synthesis and isolation in order to make well-founded decisions regarding its potential practical application.
This includes determining the optimal ratios of components and synthesis conditions, as well as studying the
stability of the synthesized complexes and their thermal stability ranges.

Statement of the task and aims of the study. The aim of the present study was to synthesize new
coordination compounds of Ti(IV), Fe(Ill), Co(Il), Ni(Il), Cu(Il), and Zn(Il) with a series of a-
hydroxyaromatic and heteroaromatic acids based on benzene and pyridine rings; to investigate their
physicochemical properties and thermal stability; and to evaluate their potential use in the production of
nanoscale oxide materials for various functional applications.

To achieve this goal, the following tasks must be addressed:



a) Study the processes of complexation in solutions, determine the composition of complexes and their
formation constants, reveal the dependence of complexation on the physicochemical characteristics of the
central ion and organic ligands;

b) Optimize methods of synthesis and isolate individual complex compounds, characterize them using
modern physicochemical methods of analysis, including spectral methods and X-ray phase analysis;

c) Establish the conditions for the formation of nanosized metal oxides of different morphologies;

d) Study the catalytic activity of the synthesized compounds.

The study employed modern chemical and physicochemical research methods, including elemental
analysis, potentiometric titration, thermogravimetric analysis, X-ray diffraction analysis, infrared (IR) and
electronic spectroscopy, as well as electron microscopy.

Scientific novelty. By modified methods 31 complex compounds Fe(IT), Co(II), Ni(II), Zn(II), Cu(II)
and Ti(IV) with a number of heteroaromatic and aromatic a-hydroxycarboxylic acids were synthesized and
identified, 20 of which were obtained for the first time, their composition and structure were established. The
molecular and crystalline structures of four new coordination compounds and two organic ligands were
thoroughly investigated by X-ray diffraction analysis. The composition and stability constants of the
complexes in aqueous-ethanol solutions were determined. Conditions for the formation of metal oxide
nanoparticles with various morphologies were identified, and their catalytic activity in the photodegradation
of phenol-containing compounds was demonstrated. In silico modeling showed that the incorporation of metal
cations into complexes with hydroxyaromatic acids does not alter the biological activity of the ligands and
does not introduce additional toxic properties.

Scientific and practical significance. The theoretical and experimental results and conclusions
contribute to the field of coordination chemistry of transition metals and metal complexes with
hydroxyaromatic carboxylic acids. The structural and spectral characteristics of the organic ligands and their
metal complexes will be included in relevant reference materials, reviews, and monographs. The obtained
results on the thermal decomposition of metal complexes will be applied in the synthesis and modification of
nanoscale metal oxide catalysts.

Methodology and methods of research. The methodology of this study is determined by the solution
of the tasks and fulfillment of the research objectives: literature search on the issue and justification of the
research objects selection, synthesis methods of coordination compounds and their analysis methods. The
oxide phases obtained from thermal treatment of precursors were studied by a combination of research
methods to determine their composition, homogeneity and potential photocatalytic properties.

Provisions for the defense

1. Investigation of complexation processes of certain 3d-metals with a-hydroxyaromatic and
heteroaromatic acids, determination of the metal complexes composition in solutions, their formation
constants, revealing the dependence of metal complexes stability on the physicochemical characteristics of
the complexing agent and organic ligands.

2. Optimization of synthesis methods for metal complexes, isolation of crystalline phases, spectral
characteristics of metal complexes.

3. Determination of the crystal and molecular structures of four metal complexes and three
organic ligands.

4. Evaluation of the potential use of the isolated compounds as precursors for the synthesis of
nanosized metal-oxide phases and their further application as efficient catalysts and UV filters.

5. Evaluation of the sorption activity of oxide phases obtained from inorganic precursors.

Reliability of the results. The validity of the obtained results is established through the application of
a set of modern independent research methods and certified measuring instruments, the use of mathematical
statistics methods for processing the obtained data, the reproducibility of experiments, and the consistency of
the conclusions with existing scientific concepts.

Author's personal contribution. The personal contribution of the author consists in setting up the
experimental procedure, performing synthetic, spectrophotometric, potentiometric studies, assigning bands of
IR absorption spectra, analyzing the results of XRD, X-ray crystallography and thermal analysis, writing all
sections of the thesis, discussing and formulating the main conclusions of the results of the work.



Approbation of the study The key results of the work were reported and discussed at international
and Russian conferences, including “Modern trends in the development of chemical technology, industrial
ecology and environmental safety” (St. Petersburg, April 07-08, 2022), All-Russian scientific conference of
young researchers with international participation “Innovative development of techniques and technologies in
industry (INTEX-2023)” (Moscow, April 17-20, 2023), II International scientific conference “Catalysis for a
Sustainable World” (Moscow, December 12-15, 2023), Fourteenth All-Russian scientific conference with
international participation “Chemical thermodynamics” (Moscow, December 12-15, 2023), Fourteenth All-
Russian scientific conference with international participation “Chemical thermodynamics” (St. Petersburg,
April 12-15, 2023), All-Russian scientific conference with international participation “Chemical
thermodynamics” (Moscow, April 17-20, 2023).

Publications. There are 9 published works on the subject of the thesis, 5 of them in scientific journals
indexed in international databases and in editions from the VAK List recommended by the Academic Council
of PFUR.

Compliance with the passport of specialty. The dissertation research corresponds to the passport of
specialty 1.4.1 Inorganic chemistry, namely item 3 Chemical bonding and structure of inorganic compounds;
item. 7 Complexation processes and reactivity of coordination compounds, reactions of coordinated ligands.

Structure and scope of the dissertation. The dissertation consists of an introduction, literature review,
experimental part, discussion of results, conclusions and a reference list containing 136 titles. It is set out on
128 pages and includes 58 figures and 15 tables.

MAIN CONTENT OF THE THESIS

1 Literature review

The first chapter of the thesis contains the analysis of literature data on the structure, properties and
complexation processes of hydroxyaromatic acids of carbocyclic and heterocyclic series, and also the use of
metal complex compounds with organic ligands as precursors of nanosized metal oxides. Based on the analysis
of the available literature on the research topic, conclusions were made regarding the relevance of further
research in the selected area.

2 Experimental part

The initial substances for the synthesis of complex compounds were inorganic salts of 3d-metals:
FeCl3-6H20, CoCl2:6H20, NiCl2:6H20, CuCl2-2H20, ZnCl2-6H20; titanium (IV) tetrabutoxide Ti(OC4Ho)s4,
and organic ligands - aromatic and heteroaromatic hydroxy acids (Figure 1) and 9,10-phenanthrene chloride
monohydrate.

All compounds used in this study are commercially available, have a purity of at least 99% and were
used without additional purification.

The synthesis of complex compounds was carried out according to the following methods.

1. To 10 mL of ethanol solution containing 1 mmol of heteroaromatic hydroxy acid (L! - L*) was
slowly added 5 mL of aqueous solution containing 0,5 mmol of the corresponding inorganic metal salt or
TiO(C4Ho)a. The resulting solutions were heated with vigorous stirring on a water bath (60°C) for 1 h and kept
at room temperature until crystallization began. The precipitates were filtred, washed with a small amount of
cold ethanol and dried at 100°C to constant weight. The yield was 70-80%.

2. To 10 mL of ethanol solution containing 1 mmol of aromatic hydroxy acid (L* - L?) was slowly
added 5 mL of aqueous solution containing 0,5 mmol of the corresponding inorganic metal salt or TiO(C4Ho)a.
The obtained solutions were heated with vigorous stirring on a water bath (60°C) for 1 hour, with the addition
of dilute aqueous sodium hydroxide solution the pH of the solutions was adjust to 7 (control by universal
indicator) and kept at room temperature until crystallization began. The precipitates were filtered, washed with
a small amount of cold ethanol and dried at 100°C to constant weight. The yield is 50-65%.
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Figure 1 Organic ligands used in this study

3. An ethanol solution containing 0,5 mmol of 1,10-phenanthroline chloride monohydrate (0,1173 g)
was neutralized by an aqueous NaOH solution (molar ratio 1:1). To the resulting solution was added 5 mL of
an ethanolic solution containing 0.5 mmol of the corresponding hydroxyaromatic acid (L7 or L®). The resulting
solution was slowly added to 5 mL of an aqueous solution containing 0.5 mmol of the corresponding inorganic
salt (CuClz, ZnCl2 or FeCls). The resulting solution was heated on a water bath to 60°C, stirred vigorously at
this temperature for 1 h and kept at room temperature until crystallization began. The precipitate was filtered,
washed with a small amount of cold ethanol and dried at 100°C to constant weight. The yield is 80-85%.

A total of 31 complex compounds were isolated by the above methods and assigned the following
formulas based on the results of elemental analysis: Cu(L')2 (I), Co(L')2:2H20 (II), Zn(L")2:2H20 (III),
TiO(LY)2 (IV), Ni(L?)2 (V), Cu(L?2 (VI), Zn(L?*)2:2H20 (VII), TiO(L?)2 (VII), Cu(L*)22H20 (IX),
Ni(L*)2:2H20 (X), Fe(L*)2Cl-6H20 (XI), Ni(L*2 (XII), Cu(L*)2 (XIII), Zn(L*)2 (XIV), TiO(L*):2 (XV),
Ni(L%)2 (XVI), Cu(L)2 (XVII), Ni(L%)2 (XVIII), TiO(L%)2 (XIX), Cu(L7)2 (XX), Ni(L")2 (XXI), Co(L7)2
(XXII), TiO(L7)2 (XXII), Cu(Phen)2(L7)2 (XXIV), Cu(L®):2 (XXV), Ni(L¥2 (XXVI), Zn(L?¥)2-2H20
(XXVII), TiO(L?¥)2 (XXVIII), [Cu(Phen)2CI1]L3 (XXIX), [Zn(Phen)2CI]L? (XXX), [Fe(Phen)2Cl2]L3 (XXXI).

The experimental part of the thesis also contains a description of the methods of investigation of the
isolated compounds (X-ray crystallography!, X-ray diffraction?, spectrophotometric, potentiometric,
thermogravimetric?, SEM and EDX analysis), the conditions of registration of electronic and IR spectra* and

' X-ray structure analysis of single crystals was carried out by Doctor of Chemical Sciences Prof. Khrustalev V.N. (Department of
General and Inorganic Chemistry, PFUR) and Candidate of Chemical Sciences Senior Researcher Utenyshev A.N. (Federal Research
Center for Problems of Chemical Physics and Medical Chemistry, Russian Academy of Sciences).
2 X-ray diffraction analysis was carried out by Candidate of Chemical Sciences, Associate Professor Lobanov N.N. (Department of
General and Inorganic Chemistry, PFUR).
3 Thermogravimetric analysis was carried out by Candidate of Chemical Sciences, Associate Professor Bratchikova I.G. (Department
of Physical and Colloidal Chemistry, PFUR).
4 The IR absorption spectra were recorded by Candidate of Chemical Sciences Tereshina T.A. (Department of General and Inorganic
Chemistry, PFUR).
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methods of studying their properties (magnetic®, sorption and catalytic activity, modeling of potential
biological activity and toxicity®).
3 Results and discussion

3.1 Study of complexation processes of aromatic and heteroaromatic hydroxy acids with
metal cations

In order to optimize the methods of synthesis of complex compounds by spectrophotometric and
potentiometric analysis, the processes of complexation of aromatic and heteroaromatic hydroxy acids with
metal cations have been studied in detail.

The electronic absorption spectra of ethanol solutions of pyridine hydroxyaromatic acids L', L? and L?
are characterized by three main absorption bands in the region of 326 (lge1 3,89); 234 (Ige2 3,83); 204 (Iges3
4,01) nm for L'; 330 (Ige1 4,03); 236 (Ige2 3,86); 203 (Ige3 4,08) nm for L? and 304 (Ige1 3,83); 227 (shoulder);
205 (Iges 4,12) nm for L?, respectively. When ethanol solutions of L!-L? are titrated with NaOH solution, there
is a hypsochromic shift of the main absorption bands (AX 34, 35 and 9 nm for L', L? and L3, respectively) and
a significant decrease in their intensity (Figure 2).
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Figure 2 Change in the electronic absorption spectra of ethanol solutions L' (1) L? (2) and L3 (3)
during gradual addition of aqueous NaOH solution

The behavior of hydroxyaromatic acids of the carbocyclic series when their ethanolic solutions are
titrated with NaOH solution is similar, but the shift of the long-wavelength absorption bands is considerably
smaller (8-10 nm) with a slight decrease in their intensity.

The nature of the change in the electronic absorption spectra of ethanol solutions of L'-L? upon gradual
addition of metal salts (Figure 3) corresponds to the change in their spectra upon deprotonation, which is
consistent with the fact that the process of complexation is accompanied by ionization of ligands. The shift of
long-wavelength absorption bands in the case of pyridine hydroxycarboxycarboxylic acid derivatives L!-L3
(7-26 nm depending on the nature of the metal and organic molecule) is larger than in the case of their
carbocyclic analogs L*-L? (2-7 nm).

According to the results of spectrophotometric titration, saturation curves were plotted and the
compositions of complexes in solutions (MLn) and their formation constants (Igf) were calculated. The results
of calculations are summarized in Table 1.

By the method of potentiometric titration it has been established that for pyridinecarboxylic acids the
process of complex formation begins in acidic medium, and for aromatic acids in neutral or slightly alkaline
medium, which can be explained by the presence of an additional coordination center on the nitrogen atom of
ligands of the pyridine series (Figure 4). The decrease in the pH of the medium when NaOH is added to
mixtures of ligands with metal salts compared to individual organic compounds indicates that mobile (acidic)
hydrogen atoms in the ligand molecules are replaced by metal cations.

5 Magnetic measurements were carried out at the Joint Russian-Vietnamese Tropical Scientific and Technological Research Center
(Vietnam).
& Simulation of biological activity and toxicity of compounds was carried out by Vasilieva M.I. (Department of Inorganic and
Analytical Chemistry, the Russian State University named after A.N. Kosygin).
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Figure 3 Changes in the electronic absorption spectra of L! (1) and L’ (2) on gradual addition of CuClz
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Table 1 Composition and formation constants of complex compounds of metal cations with L!-L?

M (M“Ln) IgB IgB/n M | n (MLa) IgB IgB/n
L! |
Cu*" 2 10,74 £ 0,12 5,37 Cu*" 2 14,28 £ 0,06 7,14
Co?* 2 9,71 +£0,21 4,86 Co?t 1 6,34 +0,12 6,34
7n%* 2 10,59 +£ 0,03 5,28 7n%t 2 17,48 £ 0,25 8,74
Niz* 1 6,46+ 0,15 6,46 Niz" 1 8,76 = 0,05 8,76
Fe3* 1 7,21 £0,52 7,21
1.2 LS
Cu?" 2 14,29 £ 0,12 7,15 Cu?" 2 16,59 = 0,06 8,28
Co?* 2 14,59 + 0,22 7,25 Co?t 1 10,18 £ 0,45 10,18
7n%* 2 13,61 £ 0,05 6,80 7Zn%t 2 15,46 £ 0,28 7,73
Niz* 2 19,16 £ 0,41 9,58 Niz" 2 18,93 + 0,08 9,46
Fe3* 1,5 928 +0,14 6,19 Fe’' 1 6,17 £ 0,09 6,17
| L’
Cu?t 2 8,45+ 0,11 4,27 Cu?t 2 10,48 £ 0,20 5,24
Co?* 2 8,71 £ 0,09 4,36 Co?t 2 10,64 = 0,37 5,32
Zn%" 2 13,61 £0,13 6,80 7Zn%" 2 12,23 £ 0,03 6,11
Niz* 2 17,57 £ 0,95 8,78 Niz* 1 7,24 £ 0,09 7,24
Fe3" 1,5 9,79+ 0,07 6,53 Fe3' 1 4,30 £ 0,06 4,30
L4 L8
Cu?t 2 15,03 £ 0,03 7,51 Cu?t 1 6,47+0,10 6,47
Co*" 1 7,30+ 0,24 7,30 Co*" 1 7,81 £0,25 7,81
Zn%" 2 18,73 £ 0,09 9,36 Zn*" 2 17,06 £ 0,27 8,53
Ni2* 1 10,61 = 0,09 10,61 Ni2* 1 8,47+0,15 8,47
Fe3' 1 7,12+ 0,34 7,12
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Figure 4 Potentiometric titration curves of L2, L* and their equimolar mixtures with metal salt solutions
by NaOH solution

3.2 Characterization of metal complexes isolated in the crystalline state

The study of complexation processes in solutions allowed us to optimize the methods of synthesis of
complex compounds: the ratio of components, pH of the solution. In the process of synthesis, a number of
compounds were isolated in the form of single crystals and studied by XRD method.

From neutral aqueous-ethanol solutions, 11 complex compounds of metals with a-

hydroxypyridinecarboxylic acids L!-L3 were isolated. The compounds Cu(L?)2 and Zn(L?)2-2H20 were
characterized by X-ray diffraction analysis (Figure 5).

(8]

Figure 5 Molecular structure of Cu(L?)2 (1), Zn(L?)2:2H20 (2), formation of intermolecular contacts
in Cu(L?)2 crystal (3)

As can be seen, the coordination of organic ligands takes place with the participation of the pyridine
nitrogen atom and one of the oxygen atoms of the deprotonated carboxyl group. The second oxygen atom of
this group forms a strong intramolecular hydrogen bond with the hydrogen atom of the neighboring hydroxyl
group. The water molecules in the zinc complex enter the inner sphere, completing the coordination of the
central atom to 6. In the crystal, the copper atom forms two additional intermolecular contacts with oxygen
atoms O(3B) and O(3C) to form a pseudo-octahedral structure. The distances of CuO(3B) and CuO(3C) are



2,707(1) A. There are no intermolecular interactions in the Zn(L?)2-2H2O crystal. It should be noted that the
obtained results do not inconsist with the available literature.

Due to the fact that complexation of aromatic a-hydroxy acids starts only in weakly alkaline solutions,
single crystals of uncoordinated ligands are isolated instead of complex compounds when the synthesis is
conducted without changing the pH of the stock solutions. In the process of work, we managed to isolate and
characterize by XRD the previously undescribed modifications of 2,3-dihydroxybenzoic acid (L7) and 3,5-
dinitrosalicylic acid (L?®), as well as the co-crystallizate of 3,5-dinitrosalicylic acid with 1,10-phenanthroline
(Figure 6). The bond lengths in the organic molecules are standard and do not differ from those known for
other hydroxyaromatic acids. Stabilization of crystal packing proceeds with the participation of intra- and
intermolecular hydrogen bonds.

In the structure of L8-Phen (Phen - 1,10-phenanthroline), one of the mobile protons of 3,5-
dinitrosalicylic acid is localized near the nitrogen atom of the phenanthroline fragment, forming an ion pair of
the composition (HPhen)"(L?). Tonization of the hydroxyl group in the 3,5-dinitrosalicylate anion leads to a
significant shortening of the corresponding C-O bond from 1,3289(14) A in the non-ionized molecule to
1,296(5) A in its anionic form.

Since single crystals of complex compounds with hydroxyaromatic acids could not be isolated, a
modified synthesis was performed using a second ligand, 1,10-phenanthroline (Phen).

Figure 6 Molecular structures of L7 (1), L? (2) and the co-crystallized of L® with 1,10-phenanthroline

From aqueous-ethanol solutions containing equimolar amounts of copper or zinc chlorides, 3,5-
dinitrosalicylic acid (L?) and 1,10-phenanthroline (Phen), green needle-shaped crystals of [Cu(Phen)2CI]L3
and yellowish needle-shaped crystals of [Zn(Phen)2CI]L8, which were studied by XRD (Figure 7), were
obtained by partial evaporation of the solvent.
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Figure 7 Structure of the compounds [Cu(Phen)2CI1]L? (1) and [Zn(Phen)2CI]L? (2)

The coordination sphere of copper cation is formed by four nitrogen atoms of two phenanthroline
molecules and one chloride anion. The coordination number of copper is 5, the coordination polyhedron is a
square pyramid. This kind of coordination is characteristic of copper (II) complexes with organic and inorganic
ligands. The Cu-N(Phen) bond lengths are 2,005(7); 2,019(6); 2,079(7) and 2,079(7) A, respectively, and
practically coincide with the bond lengths of other known copper (II) complexes with phenanthroline. The
axial Cu-Cl bond length is slightly longer than the Cu-N bond and is 2,352(2) A. The monoanion of 3,5-
dinitrosalicylic acid plays the role of an outer-sphere ligand, its electron-donor fragments do not participate in
the formation of coordination or hydrogen bonds with the complex cation. However, the distance between the
copper atom and one of the oxygen atoms of the nitro group of the organic anion in position 3 (3,808 A) can
probably indicate the existence of a very weak axial contact, which brings the Cu(II) coordination polyhedron
closer to a strongly distorted octahedron with one elongated axial bond. 3,5-Dinitrosalicylate anion is
deprotonated at the hydroxyl group. This leads to the fact that the corresponding C-O bond is strongly
shortened (1,269(3) A) and in character approaches a double C=0 bond, which means that one unshared pair
of electrons of the oxygen atom is conjugated to the benzene ring. In the L?® anion, there is also a strong
hydrogen bond involving the hydrogen atom of the carboxyl group and the oxygen atom of the deprotonated
hydroxyl group. This interaction probably prevents the formation of coordination bonds with the copper (II)
cation.

A particular interest is the crystal structure of [Zn(Phen)2CI1]L?, in which the zinc atom displays an
uncharacteristic coordination number 5 and forms a square pyramid coordination polyhedron. The unit cell
includes one mono-charged complex [Zn(Phen)2Cl]" and the monoanion of 3,5-dinitrosalicylic acid (L?®) as
counterion. There is no coordination or hydrogen bonding between the organic anion and the complex cation.
The central ion has a coordination number of 5 and forms a polyhedron square pyramid. The basic plane
contains a zinc atom, three nitrogen atoms of two phenanthroline ligands and a chloride anion. The Zn-N
distances are 2,0037(19); 2,0056(19); 2,071(2) A, the Zn-Cl bond length is slightly longer (2,2698(7) A). The
azimuthal Zn-N bond (2,188(2) A) is almost 0,2 A longer. This bond distribution indicates a significant
distortion of the polyhedron in contrast to the copper complex [Cu(Phen)2CI]L® described above. As a
consequence, the two phenanthroline fragments do not lie in the same plane, but are almost perpendicular to
each other. The mobile hydrogen atom of the organic monoanion is localized on the carboxyl group and forms
a strong intramolecular hydrogen bond with the nearby ionized hydroxyl group (d(O-H) 0,840; d(H...O) 1,688;
d(0...0) 2,476 A; <OHO 155,17 deg). The C-O bonds in the carboxyl moiety are nonequivalent and are
1,314(3) A (C-OH) and 1,213(3) A (C=0). The length of the C-O bond in the ionized hydroxyl group (1,269(3)
A) indicates a strong pairing of one unshared pair of oxygen electrons with the benzene ring. No intermolecular
hydrogen bonds and short contacts were found in the crystal.

It should be noted that there is practically no information on complex compounds incorporating
pentacoordinated zinc atoms in the literature. The crystal structures of bis-o-semiquinone complexes of zinc
with certain bidentate N-donor ligands, for instance, phenazine and 4,4'-bipyridyl, can be given as an example.

The information obtained on the crystal structures of a number of isolated complexes made it possible
to explain the changes in the IR absorption spectra of organic ligands during complexation and to propose the
structures of complex compounds isolated in the form of powders. Because the principal characteristic band
in the IR absorption spectra are the valence vibration bands of carboxyl groups, the main attention was paid
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to their attribution. The positions of the valence vibrational bands of the carbonyl group in the IR spectra of
organic ligands L' - L? and their metal complexes are given in Table 2.

The IR spectra of organic molecules containing 2-hydroxypyridine fragments (L! and L?) have a broad
asymmetric band in the spectra with a maximum at 1694-1695 cm! and a shoulder at 1750/1730 cm™!. It is
commonly known that 2-hydroxypyridines usually exist in the a-pyridone form, so it can be assumed that the
hydrogen atom of the hydroxyl group can transfer to the pyridine nitrogen atom, and the C-O bond length of
the deprotonated hydroxyl group shortens, as was demonstrated in the analysis of crystal structures of metal
complexes, and acquire a significant double character. The carboxyl group is not protonated, the C-O fragment
is not involved in hydrogen bond formation and appears in the IR spectra in the region of 1750 and 1730 cm’!
for L! and L3, respectively. When coordinated with metals, a metal-chelate cycle involving hydroxyl and
carboxyl groups is likely to be formed, and a shift of the valence vibration band of the carbonyl group to the
low-frequency region is observed in the IR spectra. In the case of compound L?, in which the hydroxyl group
is in position 3 relative to the pyridine cycle, the formation of a pyridone structure probably does not occur.
The transfer of the proton of the carboxyl group to the nitrogen atom of the cycle is not excluded. In this case,
the carboxyl group is deprotonated and the IR spectra show bands of valence symmetric and antisymmetric
vibrations of the carboxylate anion: 1656 and 1700 cm™!.

Table 2 Position of the valence vibration bands of the carbonyl group (cm-1) in the IR spectra of
organic ligands L' - L® and their metal complexes (KBr tablets)

Ligand Compounds VC=0 Ligand | Compounds V=0
L! L! 1695, 1750 L’ LS 1647
Cu(Lh2 1637 Ni(L%):2 1647
Co(L")2:2H20 1644 Cu(Ld) 1645
Zn(L"2-2H.0 1653 L® LO 1634
TiO(L")2 1625 Ni(L%)2 1628
L? L? 1656, 1700 TiO(L%):2 1618
Ni(L?)2 1653 L’ L’ 1676
Cu(L?) 1645 Co(L7)2 1575
Zn(L?)2-2H20 1653 Cu(Phen)2(L7)2 1581
TiO(L?)2 1675 L8 L8 1620
L3 Cu(L*)2:2H20 1683, 1606 TiO(L?)2 1587
Ni(L?*)2-2H20 1588 [Cu(Phen):CI1]-L® 1615
Fe(L*)2Cl-6H20 1614 [Fe(Phen)2CL2]LE 1608
L4 L 1647
Ni(L*)2 1645
Cu(L*: 1645
Zn(L*» 1640
TiO(L*) 1645

X-ray diffraction analysis of the complex compounds Cu(L?)2 and Zn(L?)2:2H20 reveals that
coordination is through the oxygen atom of the carboxyl group and the pyridine nitrogen atom. One absorption
band remains in the IR absorption spectra of the metal complexes (1645 and 1653 cm! for Cu(L?)2 and
Zn(L?)2-2H20, respectively. The similar character of the IR spectra of other L? complexes indicates the same
nature of coordination.

a-Hydroxyaromatic acids of the carbocyclic series are characterized by strong intramolecular hydrogen
bonding of neighboring carboxyl and hydroxyl groups. In this regard, the valence vibration bands of the C=0
groups of these molecules are shifted to the low-frequency region. In the process of complexation, the
hydrogen atom is replaced by a metal atom while maintaining the general character of the cycle, and the shift
of the absorption bands of the carbonyl group practically does not occur.
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3.3  Characterization of oxide phases produced using organic metal complex precursors and
alternative methods

Analysis of the literature review has shown that complex compounds of metals with organic ligands
are promising precursors for obtaining micro- and nanoscale oxides that exhibit catalytic and other useful
properties. During their thermal decomposition a large amount of gaseous substances is released, which
contributes to the reduction of the formed oxide phases to nanosize. The initial complex compounds have a
constant composition and are stable during storage, which makes it possible to use them if necessary to obtain
phases (nanoscale particles tend to stick together in larger agglomerates and require the addition of stabilizers).

We used the following approaches to prepare metal oxide nanoparticles and study their characteristics,
catalytic and other activities:

. Decomposition of individual complex compounds (T 700°C, 5 h).
. Decomposition of mixtures of Ti (IV) and M(II) complexes (M = Co, Zn, Ni); (T 700°C, 5 hr).
. From inorganic salts (hydrothermal synthesis and modification of graphene oxide, GO):
Fe?* 4+ 2Fe3* + 80H~ - Fe;0, + 4H,0
. Thermal treatment of the natural mineral vermiculite (Mg,Ca,K,Fe*)3(Si,ALLFe™*)s010(OH)2-4H20.

The use of a standard method for obtaining iron oxide nanoparticles from inorganic precursors was
due to the need to evaluate the effectiveness of two approaches in the synthesis of nanocatalysts from sorbents.
However, during the experiment, it was not possible to isolate individual complex compounds of iron (IIT)
with hydroxyaromatic and heteroaromatic acids. The synthesis process yielded poorly separable mixtures of
variable composition. Upon calcination of these mixtures, the resulting products contained a significant
amount of iron carbide and amorphous carbon, which prevented a comparative analysis. Therefore, this
dissertation presents only a detailed study of the properties of potential sorbents obtained from inorganic
precursors.

To determine the optimal conditions of thermal decomposition of complex compounds - precursors of
nanosized metal oxides, it was necessary to first determine the intervals of their thermal stability. A number
of complex compounds of zinc and titanium were used as objects of study. It was shown that the thermal
decomposition of complex compounds begins with the process of decarboxylation in the temperature intervals
125-360°C, which in some cases is overlapped with the process of organic mass burnout (up to 775°C). The
final products of decomposition are oxides ZnO and TiO2 (Table 3).

Table 3 Thermal analysis processes of some complex compounds of zinc and titanium

Decarboxylation Combustion of R651.due
: Zn0/TiO2, %
Compound ] Mionoory] Ailier, orgamco matter, '
t, °C t°C Theory Experiment
% %
Zn(L*): 125 - 155 10,55 6,48 175 -500 19,42 15,20
Zn(L%); 90 —-125 7,00 21,49 175 - 650 12,89 12,04
TiO(L?)2 160 — 275 23,53 15,17 350 -700 42,78 43,12
TiO(L%)2 125 -350 17,46 13,14 400 — 775 31,75 33,05
TiO(L%)2 110 -250 18,64 12,10 325-1775 33,90 37,13
TiO(L')2 190 — 260 23,53 7,78 300 — 750 42,78 35,66

X-ray phase analysis (XRD) of thermal decomposition products of zinc complex compounds showed
that the obtained phases are identical and correspond to zinc oxide ZnO (Figure 8). On the basis of
microphotographs (Figure 9) it was determined that zinc oxide particles have the form of rods with a diameter
of 3-13 um.
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Figure 8 X-ray phase analysis of thermal decomposition products of certain complex compounds of

zinc (II) and titanium (IV)
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Figure 9 Microphotograph of ZnO particles obtained by thermal decomposition of Zn(L*)

It has been demonstrated that the phase composition and size of the products of thermal decomposition
of individual complexes do not depend on the chosen organic precursor. Therefore, in selecting precursors for
further laboratory tests, we primarily focused on commercial availability and environmental safety. The size
of the particles formed after calcination does not meet the definition of "nanomaterial." Consequently, we
shifted from the decomposition of individual complex compounds to the decomposition of mixtures of
titanium and divalent metal complexes in various molar ratios. Based on electron probe microanalysis and
microphotographs, the composition, shape, and size of the resulting particles were determined.
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Titanium dioxide (TiO2) forms as rod-shaped particles approximately 30 um in length with a cross-
section of about 0,3 pm (300 nm). It has been established that zinc titanate (ZnTiO3), obtained by calcining a
1:1 molar ratio mixture of precursors, forms fine needle-like structures with lengths of around 200 nm and
cross-sectional diameters of approximately 20 nm, which tend to aggregate into spherical agglomerates with
diameters of 2—10 um. In samples with a predominance of zinc complex compounds, zinc oxide (ZnO) appears
as branched rods with an average length of 50 um and a cross-section of 0,35 pum (350 nm). Titanium oxide
(TiO2) is present in all samples, regardless of the initial molar ratios of the precursor mixtures.

According to XRD data, the predominant polymorph of titanium oxide is rutile. Zinc titanate
crystallizes in a perovskite-type structure (Figure 10). The smallest particle size was observed in the thermal
decomposition products of metal complexes with L¥. However, using this ligand for large-scale synthesis of
oxide nanoparticles is impractical, as the complexes tend to detonate when heated above 200°C. Thermal
decomposition of titanium-copper complex mixtures yielded a mixture of CuO and TiO: oxides.
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Figure 10 XRD patterns of oxide phases obtained by thermal treatment (700°C, 5 h) of equimolar
mixtures of the following precursors:1 - Ni(L7)2:TiO(L")2; 2 - Ni(L?)2:TiO(L?)2; 3 - Ni(L¥)2: TiO(L?)2; 4 -
Cu(L?)2:TiO(L?)2

Figure 11 presents the adsorption-desorption isotherms of selected oxide phases obtained through
thermal decomposition of equimolar mixtures of complex compounds of certain 3d-metals and analogous
titanium(I'V) complexes. Based on these isotherms, the specific surface areas of the oxide particles were

calculated to be 17,13, 18,63, and 22,69 m?/g for samples 1, 2, and 3, respectively. As evident from the data,
the largest surface area was observed for nickel titanate produced by decomposition of the complex precursor

based on 3,5-dinitrosalicylic acid.
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Since we were unable to obtain unambiguous results in attempts to isolate iron oxide nanoparticles
using metal complex precursors, we performed the synthesis of Fe3O4 oxide particles modified with graphene
oxide (GO, graphene with oxidized surface). These were prepared from inorganic precursors (a mixture of
iron(Il) and iron(Il) chlorides) through thermal decomposition in the presence of concentrated H2SO4,
KMnOs, and H202. The isolated oxide phase was characterized by IR spectroscopy, XRD, and BET analysis.
As evident from the micrographs (Figure 12), the average size of oxide particles localized on the GO surface
ranges from 30 to 100 nm.
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Figure 11 Nitrogen adsorption-desorption isotherms of oxide phases obtained by thermal treatment
(700 °C, 5 h) of equimolar mixtures of the following precursors: 1 - Cu(L?)2:TiO(L?)2; 2 - Ni(L?)2: TiO(L?)2;
3 - Ni(L®)2: TiO(L®)2
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Figure 12 Micrographs of the Fe304-GO composite sample

The specific surface area of the composite, calculated from BET analysis, was determined to be 604,57
m?/g, which exceeds the values reported in previous studies. The magnetic hysteresis curves for both Fe3O4
and the Fe304-GO nanocomposite are presented in Figure 13. The saturation magnetization of Fe304-GO was
measured at 15,91 emu/g (electromagnetic units per gram), significantly lower than that of pure Fe3O4 (73,55
emu/g). This difference can be attributed to the substantially lower concentration of oxide particles on the non-
magnetic graphene oxide (GO) surface.

16



80

co Fe;0,

40

20 GO/Fe,0,

m

-11500 '] 11500
-20

-4

Magnetization (emu/g)

-60

-80

Magnetic Field (Oe)
Figure 13 Magnetic hysteresis loops of (a) pristine Fe3O4 and (b) Fe3O04-GO nanocomposite

The paramagnetic behavior of the Fe3Os-GO composite suggests its potential for facile magnetic
separation from solution after sorption processes.

To evaluate the efficacy of our synthesized metal oxide nanoparticles and nanocomposites, we
modified a natural oxide mineral — vermiculite, with the chemical formula (Mg**, Fe*, Fe*')s[(Al,
S1)4010]-(OH)2-4H20. This phyllosilicate mineral possesses a layered sheet structure. Upon heating, the plates
transform into worm-like columns or threads with golden or silvery hues, exhibiting transverse cleavage into
ultrathin scales (resulting in exfoliated vermiculite with high porosity). Furthermore, vermiculite represents
an economical raw material that is environmentally benign and non-toxic to humans. In this study, we
compared the surface properties of raw vermiculite (RV) with its modified counterpart (EV) prepared
according to the protocol outlined in Figure 14.

c,dp'éoml HZOZ%

30%

= = g = Drying at 60 °C Drying at 120 °C
1graw vermiculite \i“i fOf 90 mins fOI’ 60 mins

60 mins -

Microwaving 5 mins

Figure 14 Schematic of the modified vermiculite preparation process

Figure 15 shows some physical characteristics of the original vermiculite (RV) and its modified sample
(EV). The X-ray diffraction analysis (Figure 15a) demonstrates that the main peaks of RV are preserved in the
XRD pattern of EV, indicating retained sample morphology. The decrease in reflection intensities observed in
the modified sample can be attributed to partial loss of crystallinity caused by rapid removal of interlayer
water molecules under microwave irradiation and disruption of the mineral's layered structure.
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Figure 15 Comparative characteristics of raw (RV) and modified (EV) vermiculite: (a) XRD patterns;
(b) Thermogravimetric curves; (c¢) Nitrogen adsorption-desorption isotherms; (d) EDX elemental composition
analysis

Figure 15b presents the TGA curves of raw and modified vermiculite. As shown, the unprocessed
vermiculite loses over 15% of its mass when heated to 700°C due to the elimination of interlayer water. In
contrast, the modified vermiculite exhibits virtually no mass loss, suggesting that interlayer water was
removed during the modification process.

Analysis of the adsorption-desorption isotherms (Figure 15¢) reveals that vermiculite modification
significantly enhances its specific surface area (73,953 m?/g for EV versus 17,718 m?/g for RV). The EDX
spectrum of modified vermiculite (Figure 15d) confirms its composition, including Si02, MgO, Al20s3, Fe20s3,
Ca0, K20, and TiOz, consistent with literature reports. Electron microscopy images of RV and EV demonstrate
preservation of the layered structure with particle thickness at the nanoscale level.

3.4  Certain possible applications of isolated oxide phases and nanocomposites

It is well established that nanoscale metal oxides are utilized for the sorption of organic pollutants from
aqueous solutions. Metal titanate-based nanocatalysts demonstrate high efficacy in photocatalytic degradation
reactions of organic compounds, while zinc and titanium(I'V) oxides are employed in the cosmetic industry as
inorganic UV filters. In this context, preliminary investigations were conducted to evaluate potential
applications of the oxide phases and composites synthesized using complex precursors or alternative
methodologies.
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Nanoscale 3d-metal titanates as photocatalysts for bromophenol blue decomposition.

Using nickel titanate obtained by calcining an equimolar mixture of the complex compounds Ni(L?)2
and TiO(L?)2, the catalytic activity of the resulting sample was investigated in the photodegradation reaction
of bromophenol blue - a model pollutant representing environmentally hazardous colored organic compounds.
A 500 mL aqueous solution of bromophenol blue (C = 0,001 mol/L) was prepared in a glass flask. To this
solution, 3,86 g of the catalyst was added, and the mixture was stirred vigorously with continuous oxygen
bubbling in the dark for 30 minutes. The flask was then placed at room temperature under a solar light lamp,
and vigorous stirring of the suspension was continued. Changes in the concentration of bromophenol blue
were monitored by measuring the intensity of the absorption band at 432 nm in the electronic absorption
spectrum (Figure 16). The experiment was carried out for a total duration of 2 hours.
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Figure 16 Change in the electronic absorption spectrum of bromophenol blue solution over time (1)
in the presence of NiTiO3 and calculation of the apparent reaction rate constant (2)

Thus, it has been demonstrated that metal complexes with hydroxyaromatic acids can be employed for
synthesizing efficient photocatalysts for organic pollutant degradation reactions.

Use of zinc titanate as an inorganic UV filter in cosmetic products.

Despite the internal mechanisms of protection of the body from the harmful effects of UV radiation,
in modern conditions they are not enough, so we need additional protection, one type of which is the use of
sunscreen cosmetics. This type of cosmetic products contains active ingredients - ultraviolet filters (UV
filters), which prevent the penetration of UV rays into the skin. Typical representatives of inorganic UV filters
are zinc oxides ZnO and titanium oxides TiO2. They have a wide spectrum of action, their main advantages
are good photostability and low probability of allergic reaction during use, they are suitable for sensitive skin
and have less irritation potential than organic filters. Reduction of particle sizes of zinc (II) and titanium (IV)
oxides to nanosize allows to eliminate such undesirable effects as making the skin whitish and feeling of
“heaviness”, and the combined use of organic and inorganic filters increases the effectiveness of UV
protection. A sample of nickel titanate, obtained by thermal decomposition of equimolar mixtures of Zn(L?)2
and TiO(L®)2, was used as objects for studying photoprotective properties. It should be noted that in the
literature there is information about the use of titanium and nickel oxides or their mixtures separately, but
nickel titanate was not used.

A comparison of the absorption capacity of powders (4% wt. input to the cream base) differing in the
molar ratio of Zn(L?#)2-2H20 and Ti(L3)2 is shown in Figure 17.
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Figure 17 Comparison of UV-vis absorption Figure 18 Synergistic effect when organic and
capacity of powders obtained by calcination of inorganic UV filters are used together: 1 -EHMC; 2
mixtures with different molar ratio of Zn(L?)2-2H2O - ENMC with ZnTiOs addition (precursors -
and Ti(L®)2: 1-1:1;2-4:1;3-3:2;4-1:0; 5-0:1  Zn(L'")2:2H20 and TiO(L')2); 3 - ENMC with
ZnTiO3 addition (precursors - Zn(L®)2-2H20 and
TiO(L?)2)

As demonstrated, the powder with a 1:1 Ti:Zn molar ratio (nanoscale ZnTiO3) exhibits the highest UV
absorption capacity, while TiO2 shows the lowest performance. Notably, mixed powders display a synergistic
effect — their absorption capability exceeds that of individual pure oxides.

In connection with the wide joint use of organic and inorganic UV filters together in cosmetic
formulations, we tested the ability of the obtained inorganic filters to enhance the effect of the most common
organic filter in cosmetic practice - ethylhexyl methoxycinnamate (EHMC). Powders with molar ratio
Ti:Zn=1:1, whose precursors were complex compounds of zinc(I) and titanium(IV) with L' and L8, were
introduced in an amount of 4% by weight to a cream base containing EHMC additive in an amount of 8% by
weight (Figure 18). As can be seen, the sample whose precursor was complex compounds of the aromatic

ligand L? exhibited greater synergism compared to the powders obtained from the decomposition of complex
compounds based on the heteroaromatic ligand L'.

Sorption activity of Fe30+-GO nanocomposite and modified natural mineral vermiculite towards
organic dyes.

Due to the fact that Fe304-GO nanocomposite and modified natural mineral vermiculite obtained by
our alternative methods are characterized by a large surface area comparable to known sorbents, it was
interesting to study their sorption activity towards organic colored compounds - methylene blue (MB), congo
red (CR) and alizarin red (AR).

The study of adsorption processes of MB and CR on Fe304-GO composite in the pH range of 3-8 (Figure

19) showed that the adsorption maximum for MB lies approximately at pH 5, and for CR - approximately at
pH 6.
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Figure 19 Dependence of adsorption of methylene blue (MB) and Congo red (CR) on the surface of
oxidized graphene modified with Fe3O4 nanoparticles on the solution pH (1), adsorbent mass (2) and time (3)

The optimum amount of adsorbent added to 1 liter of solution is 50 mg, in case of vermiculite this
value is much higher and is 2 g/l. Optimal time of sorption is 10 min. (completeness of organic substances
extraction from solutions is 90 %).

To determine the possibility of reuse of Fe3O4-GO composite, desorbing agents were tested that meet
the following conditions: low cost, environmentally friendly, ensuring the completeness of adsorbate washout
and not changing the structure of the adsorbent.

As a result, the following methodology was proposed. The adsorbent used was placed in a weakly
acidic solution containing 20 ml of water and a few drops of concentrated acetic acid. The suspension was
kept in an ultrasonic apparatus for 5 min, then the adsorbent was separated using a magnet and washed with
distilled water. The procedure was repeated two times. The adsorbent was then washed twice with distilled
water at 40°C and ethanol at the same temperature. The regenerated adsorbent was dried at 60°C for 12 hours.
The test results of regenerated Fe304-GO (Figure 20) show that it retains its sorption properties towards
methylene blue and congo red after at least 5 cycles of use.
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Figure 20 Reusability study of Fe304-GO adsorbent towards methylene blue and congo red (sorption
time 10 min, pH 6, amount of adsorbent 50 mg/L).

The proposed sorbent is not inferior in efficiency to literature analogs (Table 3).

Table 3 Comparison of sorption properties of Fe304-GO composite with other known sorbents

No Sorbent Maximum absorption capacity (mg/g)
MeTuneHOBbI CHHUI Konro kpachslit

1. Fe304-GO 135,1 285,7
2. Wheat husk’ 16,56 -

3. Halloysite nanotubes (HNTs)® 84,32 -

4. Graphene® 153,85 -

5. Activated biochar (CO2-biochar)!? 161 -

6. Zn-Fe204 Nanospheres !! - 16,58
7. Maghemite nanoparticles (y-Fe203)'? - 208,33
8. Anilinepropylsilica xerogel (SiAn)'3 - 22,62
9. Unmodifide fly ash'# - 22,12

7 Bulut, Y. A kinetics and thermodynamics study of methylene blue adsorption on wheat shells / Y. Bulut, H. Aydin // Desalination.
-2006. - V 194(1). - P. 259.
8 Zhao, M. Adsorption behavior of methylene blue on halloysite nanotubes / M. Zhao, P. Liu // Microporous and Mesoporous
Materials. - 2008. - V 112(1-3). - P. 419.
Liu, T. Adsorption of methylene blue from aqueous solution by graphene / T. Liu, Y. Li, Q. Du, J. Sun, Y. Jiao, Y. Liu // Colloids
and Surfaces B: Biointerfaces. - 2012. - V 90(1). - P. 197.
"0 Franciski, M.A. Development of CO,-activated biochar from solid wastes of a beer industry and its application for methylene
blue adsorption / M.A. Franciski, E.C. Peres, M. Godinho, D. Perondi, E.L. Foletto, M.L.S. Olivera // Waste Management. - 2018.
-V 78. - P. 630.
" Rahimi, R. Synthesis, characterization and adsorbing properties of hollow Zn-Fe;O4 nanospheres on removal of Congo red from
aqueous solution / R. Rahimi, H. Kerdari, M. Rabbani and M. Shafiee // Desalination. - 2011. - V 280. - P. 412.
2 Afkhami, A. Adsorptive removal of Congo red, a carcinogenic textile dye, from aqueous solutions by maghemite nanoparticles
/A. Afkhami and R. Moosavi. Journal of Hazardous Materials. - 2010. - V 174. - P. 398.
3 Pavan, F. A. Removal of Congo red from aqueous solution by nilinepropylsilica xerogel / F. A. Pavan, S. L. P. Dias, E. C. Lima
and E. V. Benvenutti // Dyes and Pigments. - 2008. - V 76. - P. 64.
4 Harja, M. Recent advances in the removal of Congo Red dye by adsorption using industrial waste / M. Harja, G. Buema and D.
Bucur // Scientific Reports. - 2022. -V 12. - P. 1.
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Potential biological activity of complex compounds of 3d-metals with aromatic and heteroaromatic
hydroxy acids.

Due to the fact that aromatic and heteroaromatic acids used in this work as ligands have a wide range
of biological activity and are used as drugs, it was of interest to evaluate how their biological activity will
change when they are transferred to complex compounds, and to assess the possible pathways of entry of these
substances into the human body. For this purpose we used the in silico method (computer prognostics) on the
example of ligands L*, L7, L® and their metal complexes using freely available programs: SwissADME
(https://www.swissadme.ch/;, AdmetSar (https://Immd.ecust.edu.cn/admetsar2; ADMETlab 2.; Toxtree v2.5.1
(https://toxtree.sourceforge.net/); Prediction of Biological Activity Spectra (PASS); PharmMapper and
SwissTargetPrediction.

As it was shown by modeling in the PASS program, the main types of biological activity of
uncoordinated ligands are related to their antimicrobial activity, which is preserved when switching to
metallocomilexes (Figure 21).

The development of new pharmacological drugs usually begins with the study of their physicochemical
properties, biocompatibility, lipophilicity, absorption and distribution in the body, metabolism, excretion
pathways and toxicity.

M
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Figure 21 Probability of inhibition of the multiprotein complex of the respiratory electron transfer
chain: 1 - L% 2 - Co(L?®)2; 3 - Cu(L®)2; 4 - Zn(L?®)2; 5 - Fe(L®)3

Figure 22 provides information on important biocompatibility-related properties of ligands and
their complexes according to the Lipinski rule of five: molecular weight < 500; no more than 10 acceptor
hydrogen bonds (total number of nitrogen or oxygen atoms); no more than 5 donor hydrogen bonds (total
number of nitrogen-hydrogen and oxygen-hydrogen bonds); octanol-water distribution coefficient (Ig P),
no more than 5.

In cases where all or most of these rules are fulfilled, it can be said that the compound under study can
be considered as a potential medicinal product.

The possible pathways of adsorption of potential pharmacological agents by the body through the
gastrointestinal tract can be judged from the diagrams shown in Figure 23. If the point corresponding to a
given sample falls into the white part of the diagram, the compound is very likely to be able to penetrate into
the body when taken orally. A dot in the yellow area indicates a high probability of the compound being able
to penetrate into the brain. A dot in the gray part of the diagram indicates that the compound is not able to be
absorbed by the body.
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Figure 23 Modeling of possible pathways of organic molecules penetration into the body: 1 - L7;

2-L18%3-L%4-Fe(LY3
24



As can be seen from Figure 23, compound L? (3,5-dinitrosalicylic acid) is not likely to be absorbed by
the body through the gastrointestinal tract, unlike compounds L* and L’. In this case, the ability of metal
complexes to be absorbed decreases compared to the original organic molecules. This ability is lowest for iron
(TIT) complex compounds and all complex compounds of 3,5-dinitrosalicylic acid (L?).

CONCLUSIONS

1. 31 complex compounds of Ti(IV), Fe(III), Co(II), Ni(Il), Cu(Il) and Zn(II) with three pyridine
hydroxycarboxycarboxylic acids and five hydroxyaromatic carboxylic acids, of which 20 compounds were
isolated for the first time. It was found that, depending on the synthesis conditions, organic ligands can enter
the inner sphere of the complexes in the form of bidentate-chelate ligands or play the role of outer-sphere
anions.

2. By methods of spectrophotometric and potentiometric titration the processes of complexation
in solutions were studied and it was shown that pyridine carboxylic acids are capable of complexation with
metal cations in the range of pH 3 - 11, and hydroxyaromatic acids only at pH >7. In this case, complex
compounds of the composition ML, ML> and M2L3 of medium and high stability are formed in solutions.

3. The molecular and crystal structures of three polymorphic forms of organic ligands, one co-
crystallizate and four complex compounds not described earlier have been determined. The existence of an
unconventional type of coordination of zinc complex compound with 9,10-phenanthroline and 3,5-
dinitrosalicylic acid was proved: the coordination number is 5, the polyhedron is a tetragonal pyramid, 3,5-
dinitrosalicylic acid acts as a counterion.

4. It was found that the processes of thermal decomposition of synthesized complex compounds
begin at 125-360 °C, which in some cases overlap with the process of degradation of organic components (up
to 775 °C). The final products of thermal decomposition are micro-sized oxides of the corresponding metals
(3-13 pum). In the case of calcination of equimolar mixtures of complex compounds of divalent metals and
corresponding titanium (IV) complexes, it was shown that the final products of decomposition are the
corresponding nanoscale perovskite-like titanates (20-200 nm) with a small admixture of titanium oxide TiO2
in the form of anatase. The specific surface area was determined for a number of nanoscale samples.

S. The possibility of using nickel titanate as an effective photocatalyst for the decomposition of
bromophenol blue has been proved. It was found that zinc titanate, when introduced into cosmetic
compositions, enhances the effect of organic UV filter, and the powder, the precursor of which was complex
compounds of aromatic ligand L3, has a greater synergistic effect compared to the powders obtained by
decomposition of complex compounds based on heteroaromatic ligand L'.

6. It is shown that the composite representing graphene oxide and natural mineral vermiculite
modified by the developed technique with nanosized Fe3Oa4 particles exhibit good adsorption properties
towards methylene blue, congo red and alizarin red, which are not inferior to the known literature analogs.

7. In silico studies of biological activity have shown that 2,3-dihydroxybenzoic acid and 3-
methoxysalicylic acid, as well as their complexes with divalent metals can be considered as potential
pharmacological drugs with the most probable route of penetration into the body through the gastrointestinal
tract.
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Xan 3yn JIunb

Kommuiekcusbie coenmuenus Ti(1V), Fe(IlI), Co(Il), Ni(IT), Cu(Il) u Zn(II) ¢ HekoTOpBIMHU
apoOMaTHYeCKHMMU U IreTepoapoMaTHYeCKMMU THAPOKCHKNCI0TAMHU M UX MPUMEHEHHE KaK
NMPEeKypPCOPOB HAHOPa3MepPbIX OKCHIHBIX (a3

CuHTE3 OKCHJIHBIX HAHOYACTHUL IOCPEACTBOM TEPMUYECKOIO PA3JIOKEHUS METANIOKOMILIEKCOB €
OpraHMYECKUMH JIUTaHJaMH TpeACTaBiseT coOoi A(PPEeKTUBHBIA METON TMONYYeHHUS HOBBIX
(GYHKIIMOHAJIBHBIX MaTEPUAJIOB.

B xone mpoBemeHHBIX wHccnenaoBaHuil momyueHo 31 koopauHanmoHHoe coemawHenue Ti(IV),
Fe(Ill), Co(Il), Ni(Il), Cu(ll) u Zn(Il) ¢ a-ruapokcHapoMaTHUYECKUMH U Te€TepoapoMaThyeCKUMHU
KHUCJIOTaMH, U3 KOTOPbIX 20 COeTMHEHUI MOTYy4YeHO BepBhIe. MIX CTpyKTypa U cOCTaB MOATBEPKACHBI C
IIOMOIIIbI0 COBPEMEHHBIX METO/IOB 3JIEMEHTHOI'O, CIIEKTPAJIbHOIO aHAJIM3a U PEHTIEHOCTPYKTYPHOIO
aHanuza. VccnenoBanue TepMUUECKON CTAaOMIBHOCTH CHHTE3WPOBAHHBIX KOMILIEKCOB MOKa3ajo, YTO
IpU Pa3oKEHUU ITUX COECIUHEHUN (OPMHUPYIOTCS HaHOpa3MEpHBbIE OKCHIbl METaJUIOB, BKIJIIOYAst
ZnTiOs u NiTiOs, obGnanaromue KOHTPOIUPYEMBIMH MOP(OIOTHYECKUMH M TOBEPXHOCTHBIMHU
cBoiicTBaMu. TuTaHaT HUKENS MPOSBUI BBICOKYIO ()OTOKATATUTUUYECKYIO aKTUBHOCTD, @ TUTAHAT LIMHKA
— BbIpakeHHble Y®-NOMIOMIAIOINE CBOWCTBA M CHUHEpreTHueckuii 3¢@deKkT ¢ opraHnvyecKuMu
¢bubTpamu.

CormacHo mpoBeneHHOMY in  silico  MOIEMUPOBAHUIO, KOMILUIEKCHI  JE€MOHCTPHUPYIOT
OnaronpusiTHele papMaKOKMHETUYECKHE XapaKTEPUCTUKUA M HU3KYIO TOKCUYHOCTb, YTO MOATBEPKIAET
UX TIEPCIEKTUBHOCTh B CHHTE3€ HAHOMATEPHAJIOB JJIsl KaTaIU3aTOPOB, (DOTO3AIUTHBIX M SKOJIOTUYECKH
3HAYMMBIX TPUMEHEHHH.

Han Duy Linh

Complex compound of Ti (IV), Fe (I1I), Ni (II), Cu (II) and Zn (II) with several aromatic and
heteroaromatic hydroxy acids and their application as precursors of nanosized oxide phases

The synthesis of oxide nanoparticles via thermal decomposition of metal complexes with organic
ligands represents an efficient method for obtaining novel functional materials.

In this research, 31 coordination compounds of Ti(IV), Fe(IIl), Co(Il), Ni(II), Cu(II) and Zn(II)
with a-hydroxyaromatic and heteroaromatic acids were obtained, including 20 compounds obtained for
the first time. Their structure and composition were confirmed using modern methods of elemental,
spectral analysis and X-ray diffraction analysis. Investigation of the thermal stability of the synthesized
complexes showed that decomposition of these compounds formed nanoscale metal oxides, including
ZnTiOs and NiTiOs, exhibiting controlled morphological and surface properties. Nickel titanate
exhibited high photocatalytic activity, while zinc titanate showed enhanced UV absorption and a
synergistic effect when combined with organic UV filters.

According to in silico simulations, the complexes demonstrate favorable pharmacokinetic
parameters and low predicted toxicity, supporting their potential for the synthesis of nanomaterials used
in catalysis, photoprotection, and environmentally relevant applications.

27



