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KHUPHII (¢pan noxropu (DSc) nucceprauusicu aHHOTALMSACH)

Juccepranus MaB3yCHHUHI 10J13ap0Jjuru Ba 3apyparu. byryHru kyHna
nyHéna SHTM COpPOLMOH Ba OKCHAJIOBYM (DOTOKATATUTHK MaTepUaLIapHU
MaKCaJjii paBUIIA SIPATUII Ba YJIAPHU METAJUTYyprusi, KM€ caHoaTd Ba uIuIad
YUKApPUITHUHT OOIKAa coXajapu TEXHOJOTWK >KapaHiapuja, >KymialaH, Xaso,
OKaBa Ba €p YCTH CYBJApWHU OPraHMK Ba HOOPTaHUK H(DIOCIAHTHPYBUMIIAPIAH
To3ajamia Kyulam MyxuM XucoOsaHaau. AifHukca Oy Oopazna ap30H Ba IOKOpHU
camapalid, 3KOJIOTMK T03a COpOEHT-(POTOKATAIM3aTOPJIAPHU SIPATHIL, YIAPHUHT
¢u3MK-KUMEBUI, COPOIMOH Ba KaTaIUTUK XOCCAJTApUHU AXIIMJIAII aJoXHJa
axaMusT KacO 3Taju.

XKaxonna onub OopunaérraH UMUK M3JaHUNUIAPAA Kepakiu (HU3UK-
KUMEBUN XycycusaTiiapra sra copOeHT-(OTOKaTaIu3aTOpiIapHu HYHAITUPUITaH
X0JIJla CHHTE3 IIAPOUTUHM HUNUIA0 YMKUII Oyinya 3aMOHABHU TaJKUKOTIAp
copOuus Ba HaHOJapaxaaaru (porokaTanuTUK (HAOJUTMKHU Y3 UUUTa OJITaH SIHTUYa
EHJIOIIYB acocujia amaira omupuiMokiaa. Hanozappauanap ydyH cCONMIITHpPMA
1032 Ba PEAKIMOH KOOWJIUSATHUHI OPTHILHU, CUPT peakuusiiapy 30Hacuradya Oyiaran
MacopaHUHT KUCKapuiu cababmu (oToreHepanusiaHTaH 3apsii TallyBUMIApHU
sHala caMmapaiyd axpaluiiyd cogup Oynaau. JlyHEHUMHr eTakud OJuMIapu
TOMOHM/IaH copOeHT-(OTOKaTaIN3aTOPIAPHU OJIMIII Y4YH SIHTU
METAJUIOKOMILIEKCIIM ~KaTaJIu3aTOpJapHU CHHTE3 KWJIMII Ba CTPYKTYpacHHHU
Yyprauuui, KaTaJiu3aTop TAllyBYMWIApY YUYH MaTpULAIapHU TaHJAIl XaMma yJjapra
TypJu METAJOKCUUIM HaHO3appavyaJlapHd MAaKCaJjlud KHUPUTHUIL, COpOIUs Ba
dboTopeaknmsuIap KWHETUKACH XaMmja MEXaHW3MUHU aHHKJAll, IIyYHUHTACK
OJIMHTaH MaTepuautlapHu (OTOCHUHTE3 MapaMeTpiiap acocuja 3KOTOKCHUKOIOTHK
Oaxomamn Oyiinya kyrmiad Hazapuil uluiap amaira OInIMpUIIraH.

MamnakatuMus3ga KUME CaHOATH COXACMHU PHUBOXJIAHTHPUII Makcaauaa
3aMOHaBUi Tanmabnmapra jkaBo0 Oepa ojaauWraH SHTM Typaard copOeHTiIap Ba
doTokaTanuzaTopiap HMOUIA0 YMKApUIIra ajoxXuja 3bTHOOp KapaTWIMOKJA.
Ma3zkyp #yHanumga amaira OIIMPWITaH JacTypuil dopa-TaalOupiap acocuia
MyaiisiH HaTWXKajlapra, alHHWKCa, SHru4Ya EHJANlyBlapra acociaHraH unuiad
YUKApUIIl YUKUHIAWIAPH acocuja COpOEHT Ba (POTOKATAIM3ATOPIAP OJUIIHHHT
WJIMHUI acOCJIapUHU SpaTHUI Ba MYKK OO30pHU UMIIOPT YPHUHU OOCYBUM Maxajuidi
KUMEBUM copOeHTNap OwiaH TabMUHJAII COXAacHJa KEHI Kyinamuu Taadupiap
aMaJIra OIIMPUIMOKIA. Y36EeKHCTOH PecIy6IMKACHHUHT SHANA PUBOMKIAHTHPHUII
Oyiinua Xapakariap CTpaTerusacuaa’ «MYKM Ba TAamIKM 0030piapaa MHJUIMMA
TOBAapJIAPHUHT  PaKoOaTOapAOLUIMIMHA  TabMHUHJIAWIWraH  MaxcyJoT  Ba
TEXHOJIOTUSUIADHUHT  TyOJMaH  SHTM ~ TypJapuHH  WNUIA0  YHMKAPUIIHU
Y3MalTUpHUII»Ta WYHANTUPWITAaH MyXuM Basudamap Oenrmnad Oepunran. by
Oopajsa Maxauivii XoM aménap acocuaa COpOIMOH Ba KaTAIUTUK MaTepUaUlapHU
UNUIad YUKAPUII YYyH HUKTHCOAUN JKUXATAAaH camMapajyd Ba DJKOJIOTHMK TO03a
TEXHOJIOTUSIIAPHU SPATUI, yJapJaH YUKUHIWIAPHU YTWIM3AIUS KWJIUII Ba
AKOJIOTUK XaB(PCU3NUK yuyH (hoHamaHUIIl MyXUM axaMUsT KacO ATaju.

12017- 2021 #nanapaa Y36ekucTon PecryGnuKkacHHE PHBOKIAHTUPHIIHAHT O€IITa YCTYBOpP HyHAIMIIM Oyiinda
xapakatnap ctparerusicn / Y30ekucton Pecriybnukacu [pesuaentununr 2017 it 7 ¢eBpangaru [1D-4947-connu
®apmonura 1-mwioBa, . 3.2.
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V36ekucron Pecny6mukacu Ilpesmpentunmnr 2017 #un 7 despangaru
«V36exucTon PecnyGnuKacHMHM sHaja PUBOXIAHTHPUII Oyiimua Xapakatiap
ctparerusicu Tyrpucusiantu [1dD-4947-con @apmonu, 2018 #un 25 okrsabpaaru
«V36exucTon Pecry6nukacnuaa KMME CAHOATHHM Kajal PHBOXKIAHTHPUII HOPa-
tanoupnapu tyrpucunanru 11K-3983-con, 2018 wun 17 suBapmaru «Mamnakar
UKTUCOIUETH TAPMOKJIAPUHUHT Tajnald IOKOpU OYiIraH MaxcyJoT Ba XOM aié
Typiiapu Omiian 6apkapop TabMUHIAI Yopa-Tanoupiapu tyrpucuganru 11K-3479-
con Kapopmapu xamaa maskyp ¢aonustra TEruiuii OOlIKa MebEPUN-XYKYKUI
XyxoKaTiapaa Oenruianrad BasudaiapHu aMmalira OMpHInIa yily auccepTanus
TaJKUKOTH HATWKaJapyu MyalsiH Japakaia Xu3Matr KHjiaju.

TaankMKOTHUHT pecny0auka ¢GaH Ba TEXHOJOTHMSJIAPH PHUBOKJIAHUIIN
YCTYBOp #yHAJIMILJIApUra MOCJAUIrd. Maskyp TagkukoT pecnyOnuka ¢daH Ba
TeXHOJIOTHsIap puBOKIAaHUIIMHUHT VII. «KuM€ TexHosorusnapu Ba HAaHOTEXHO-
JIOTUSTIAPH» YCTYBOP HyHAIUIIUTa MyBO(DHK paBHUIIa Oakapuirad.

JluccepTanus MaB3ycH OyilMua XOpHKHMH WIMHI-TaIKUKOTIAP IIApXKZ.
Metann okcuanapv, OpPraHMK KHCJIOTanap Ba N-reTepoxaikaid JHUrasjjiap
XOCUJIalapyu METaJUIOKOMIUIEKCIIapy acocujia copOuMoH Ba (HOTOKATAIMTHK
MaTEepUAIUIAPHU OJIUIITA UYHAITUPWITAH WIMHUN M3JaHULLIIAP KAXOHHUHT €TaK4yu
WIMHUH Mapkas3jiapd Ba OJUH TabJIuM Myaccacanapuia, skymiagad: Tokyo
University of Science (Snonus), Stockholm University (LLIBenust), Tokyo Institute
of Technology (Sfmonwms), University of California Irvin (AKILL), University of
Erlangen-Nurnberg (I'epmanus), Technical Institute of Physics and Chemistry
(Xutoit), Canxt-IletepOypr maBmar yuusepcutetn (Poccus), Y36exucron
Mwunii yHuBepcUTEeTH, bHOOprannk KMME MHCTUTYTH, YMYyMHUU Ba HOOPTaHUK
knMé nHCTHTYTHIA (Y36EKUCTOH) 011G GOPHIMOKIA.

MerTanaokoMITIeKcap, copOeHT-(POoTOoKaTaAIN3aTOPIAPHA OJHII Ba YyJIapHU
KyJulalmra OuJ JKaxoHJa oJau0 OopuiraH TaJKUKOTJIAp HATH)Kacuaa Karop,
KymiagaH, KyHujgarda WIMHA HaTWKalap OJIMHTAH: a30TJIH TeTepPOXalKallu
OupuKkMasiap OWJiaH apaJiaill JIMTAHJIM KOMIUIEKCIap CUHTE3 KWIMHTaH (YMyMui
BAa HOOPraHUK KUME HWHCTUTYTH, DHOOpPraHUK KUME HHCTUTYTH, V36exucTon);
OKCHUJJIAHMIIl PEAKIUACKUIA KATATUTUK (AOJTMKKA 3ra OKCOMOJIUOIEH Ba BaHA U
KOMIUIeKcHaapu cuHTe3 KwinHran (Stockholm University, IlIBemus); Kyém
HypJlapy  Tabcupuga  (POTO-IIEKTPOKUMEBUM  Kapa€HJIapHU  KYJUIAIIHUHT
uctuxkoon WyHanunuiapu anukiaanrad (Tokyo University of Science, Anonus);
YUKUHAWIADHA YTWIA3alWsg KWIWII acOCHIa DSKOJIOTHUS COXacH YYyH SIHTU
copb61mon dotokaTanutuk Marepuaiap onuaran (Tokyo Institute of Technology,
Anonwus); cyBHU (OTOKATAIUTUK Mapyaiam yayH KypuiMma sipatuwirad (University
of California Irvin, AKIII); opranuk cuHTe3 y4yH (POTOKATATUTHUK KapaEHIapHUHT
cuaTeTHK acniektpiapu anukiaanrad (University of Erlangen-Nurnberg, ['epmanms);
WICHKaTM  QYHKIMOHAT  (POTOKATATIMTUK  KOIUIAaMaJiap, TeTePOCTPYKTypan
HAHOKOMITO3HMIIMOH (pOTOKATaIM3aTOpiap, CyB Ba XaBOHM TO3alall y4yH COpPOLIMOH
matepuaiap unuiad yukwirad (Technical Institute of Physics and Chemistry,

2Jlucceprands MaB3ycd OyiiMda XOPWKMII MIMHUHA-TaIKUKOTIap Imapxu  http://www.scholar.google.com,
http://www.sciencedirect.com Ba 6o1ka MaHOaamap MaTepraIapy acocua Taiépiaanran
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Xwuroit; Cankt-Ilerep6ypr naBmar yHusepcuretH, Poccus; Y36exkncTon Mummit
VHHBEPCUTETH, YMyMHii BA HOOPraHUK KHME HHCTHTYTH, Y 30€KUCTOH).

JdyHnéna sHru apajam JIMTaHUId  KOMIUIEKCTap OJIMIIHUHT Ba «TapKHO-
CTPYKTYPa-MUKPOCTPYKTYpa-xocca»  OOFIMKIUIA  KOHYHUATIAPUHU  aHMKJIAIIL,
yiapaaH copOIuoH Ba (OTOKATATUTUK MaTepuiuiap cudaruaa amanaa GoiganaHuin
Oyiinya Karop, >KymiyaJiaH, KyWuJaard ycTyBOp WYyHaIMILIApAa TaAKUKOTIAp OO
OOpUIIMOK/IA: IOKOPH caMapaid SIHTM COpOeHT-(POTOKaTanu3aTopiIapHd MaKCa i
OJIUIIL; COPOEHT-(OTOKATATU3ATOPJIAPHUHT COPOIIMOH, KaTAIMTHK Ba (DU3UK-KUMEBUIA
XOCCAJIApUHU  AHMKJIAILL;,  METAUIOKOMIUIEKCHIAp  MINTUPOKUAATM  KaTaJIUTUK
MEXaHM3MJIApHU  aHMKJIAII, OJKOJOTMK  MyaMMoJlapHu  Oaprapad  osrtumira,
(bOoTOCHHTETHK (PAOJUTUK acOCHIa YKOTOKCHKOJIOTHK Ha3opatra épjam OepyBYH SHTU
copO1rOH Ba (OTOKATATIUTUK MaTEepUAIAPHU CHHTE3 KHJIHIIL.

MyaMMOHMHI YPraHWITaHJIUK AapakacH. [yHEHUHT KaTOp €TaK4YM WIMHUN
Mapkasziapuaa copoeHT-(poTokaTanIn3aTopIapHy OJHII, yJIap/AaH OKaBa Ba €p yCTU
CYBIApMHM TO3ajamijaa, (OTOCHHTETHK (DAOIITUK acoCHAa SKOTOKCHUKOIOTHK
Hazoparaa  QoijaaHuIra MyHAITUpWITaH  WIMHA-TaAKUKOTIIAp  aMajra
ommpunmokaa. XKymnagan, A. Fujishima, L. Jiang, H. Kisch, S. Ardo, M.
Miyauchi, A.B. EMenun TtaakukoTiapujaa ymoy HyHanuiira ajoxuga ybTHOOD
KapaTHUJITaH.

Anabuétnapgaru MabJIyMOTIIap TaxJIMJIA IIYHU KypcaTaauku, 2-aMUHO-]-
METWJIOEH3UMU/1a30JI, HUKOTUH- Ba MUPA3ZUHTUAPOKCAM KHCIIOTajap acoCujaru
apajiail JIMTaHJId ~ KOMIUICKCIAPHUHT CHUHTE3U, TY3WJIUIIMHU, KaTAJIUTHUK
daomuruay  ypranvm  OyuYa < TU3UMIIM  TaJIKUKOTIAp  YTKa3uWJIMaras.
A l.T'apuoBckmii, B.}FO. Kykymxkun, F. Kuhn, M. Karkas kabu omummapHUHT
UIUIApU  KATAIMTUK (AOJUIMKKA dra TeTepoXalKald METAJTIOKOMILIEKCIap
TaJKUKOTHUra OaruIlIaHTaH.

V36eKnCTOH1a KOOPMHALIOH GUPUKMAIap KUMECH COXACHA aKaJeMHKIIap
H.A.Ilapnue, A.¥. Fanues, B.T. Mo6parumon, npodeccopmap X.T. Illapurmos,
T.A.A3uz0B, X.X. Typaes, A.A. [llabunanos, b.B. Ymapos, V. XynoitbepreHos,
M.M. Dmonxyxkaea, [1I.A. KogupoBanap unmuii Maktabaapu onumiaapu Gpaoaust
o6 6opmoknaa. [Ipodeccopmap M.IL. FOnycos, T.M. babaes, M.I'.Myxamenues,
3.A.Cmanona, O.H. Py3umypaioB TOMOHUAaH KUMEBHIN TEXHOJIOTHs, THOOUET Ba
XK XYKATUTUHUHT OOIKa coxamapuaa GoigalaHuIaguran Typiid IOJHMED
copOeHTIap Ba (oTOKAaTAIM3aTOpJIAp UILIA0 YUKWIMOKIA. Bupok copbeHTIap Ba
Karanu3zatopyiap Oyinda KEHI MabIyMoTiap Oynummra KapamaciaH, SIHTU
copOeHT-poTOKaTaTU3aTOPIAPHU OJIMII, YJIAPHUHT COPOILIMOH, KOMILJIEKC XOCHII
KWIHIL XOCccalapy TaJAKUK KAJTMHMAaraH.

Juccepranus MaB3yCMHHHI AUCCePTallUA Oa’KapWIraH OJMHA TabJIUM
MYacCACACHHUHT WIMHMH TAAKUKOT MILIApHU OMIaH OoraMKIuru. Juccepramnus
TAAKUKOTH TOIIKEHT KHME-TEXHOJOTHsS HMHCTHTYTH Ba «Y30eKHCTOH-SIIoHus
éuutap mHHOBauMs Mapkazuw» JIK miaIMU-TaAKMKOT HIUIApU peKacUHUHT D7-22
«MeTanIoKOMIUIEKCIIH HAaHOCTPYKTypasid (hoTOoKaTaIu3aTopiaapaaru KUMEBUA OOF
TaOMAaTUHUHT ¥3Ura XOCJIHWIU Ba YJIAPHUHT TabCUP MEXaHU3MJIAPUHU TYpPJIH
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oMuiiapra 0ofnuk xonaa ypranuun» (2012-2016 iiit.), S06-05 «CyB Ba xaBOHH
OpraHuK YUKUHIWJIApAaH (POTOKATATUTUK ToO3ajall Y4YyH MeTalcyiabGuin
MatepuaiapHu unwiad uukuny (2017-2018 iiit.) ma3ynapugaru ¢yHmaaMeHTal
Ba amMaJIuil Jioluxanapu goupacuaa Oakapuiras.

TaaKMKOTHUHI MaKcaaM METaJT OKCHIUIAp, OPraHWUK KHUCioTanzap Ba N-
reTepoXaNKaIi JIMTaHJIap XOCHUJIaIapy acOCHIAru COpOIMOH Ba (OTOKATAIUTUK
MaTepHaJJIapHU OJIUII, YJApHUHT (PU3MK-KUMEBUM Ba KaTaTUTUK XOCCAJIApUHU
aHMKJIamaad noopar.

TaakuKoTHUHT Bazudaapu:

2-amuHO- | -MeTun0eH3UMIAa30/1, TapMaiiH Ba N-cakjiaraH TeTepoxaikaliu
ruapokcam kucioranap owian Zn(Il), Mo(VI), V(IV) napaunr apanam Juranaiu
KOOPJIMHAIIMOH OWPUKMAJIApUHU CHHTE3 KWJIWIN, YJIAPHUHT TY3WIUIIUAATHA
XyCyCUSITJIapHH, KUMEBUNA OOF TaOMaTUHU Ba «TapKUO-CTPYKTYpa-Xxoccar
opacugaru QpyHaaMeHTan KOHyHUSTIApHU aHUKJIAI;

MOHOKpHUCTAJIIAp  OJMII, KOMIUIEKCIAPHUHI KPUCTANI Ba  DIIEKTPOH
TY3WTUIINHA TaJAKUK KWIHI, WOHJIAPHUHT OJJIGKTPOH KOH(UTypamusacu Ba
JUTAHJJIAPHUHT KOOPJMHALUIIAHUII YCyJUIapura OOFJUK XOJJa TY3WIUIIAaru
XYCYCUSITIApUHHA aHUKJIAIIL;

(daoanTaH KyMUp Ba yJap acocujia copoeHT-(OoTOoKaTAIM3aTOPIAPHH OJHIIL,
FOBAKJIM MAaTpHIla, METAIOKCHJIAp Ba KOOPAWHAIIMOH OWpPHKMAajap acoCHaaru
copOeHT-poTOKaTAIU3ATOPIAPHUHT TAPKUOH, CTPYKTYPaCH, MUKPOCTPYKTYpacH Ba
XOccanapu opacuaari OOFIUKINKHU HCOOTIAIT,

HOOPTaHMK Ba  OpraHUK  TMOJUIIOTaHTJIapra  HUcOaTaH  COpOIMOH
XOCCaJlapUHUHT COpOEHT-(POTOKATAIU3ATOPIAPHUHT MHUKPOTY3HIIUIIN, KOMILUIEKC
XOCHJT KUITUIITN Ba COPOITUS YTKA3ZHII TAPOUTUHU aHUKJIAII;

copOIusl CeNEeKTUBIUTUHN, KUHETUKACH, TETEPOreH Xama TOMOTeH KaTaiu3
(OTOKATANHUTHK KapaCHIApUHU aHUKJIAIT,

OJIMHTaH COpPOEHT-(POTOKATAIN3ATOPJIAPHHA CAHOAT MIAPOUTUAA KYJUIall y4yH
nabopaTopusi CHHOBHJIAH VYTKa3WIl, CAaHOAT Ba YWKWHIA OKaBa CYyBJIAPWHU
TO3ajaIl, CyBHHUHT U(MIOCIAHUIIUHN O0axOJIATHUHT AKOTOKCHUKOJOTHK YyCYJUIaph
YUyH OJMHIAaH MaTepHaJIapHU KyJulall MYMKHH OyiraH coxajiapu Oyitnua
TaBCHsUIAp UILIA0 YHKUIIL.

TaagkuKoTHUHT 00bekTH (aowtanran kymup (AC), THUTaH OKCHUIU, TEMHP
OKCHIH, 2-aMuHO-1-meTminOenzumunazon (MAB), rtumpokcam kucnora (HA)
xocunanapu - HukotuHruapokcam (NHA) Ba mupasunrugpokcam kuciora (PHA),
rapmasiid (GLN), monmctupon Ba AUBUHMIOEH30JI acOCHIArd MOJUMEpP MaTpHIla
(Porolas), ™MonuOnmeH, BaHajWii Ba YTyBUM METAJUIAp JHUOKCOKOMILIEKCIApH
XHCOOIaHATH.

TaagKMKOTHUHI mNpeAMeTH OpraHUK KUCIOTAJIap Ba a30T TYyTraH
reTepoXaIKaIi OMpUKMaIap XOCHIAApUHI KOMITICKCIAPUHUHT TAPKUOU, TY3HJIHIIIH,
Xoccamapy, COpOEHT-(OTOKaTaIu3aToOpiap, OKCHIIAHWII Ba  (HOTOAETpagariys
PeaKIMsUIapH KaTaan3y, (PH3UK-KUMEBHI Xoccanap, COpOIis, KHHETHKA Ba yKapagHap
TEPMOJIMHAMUKACH, SKOTOKCUKOJIOTHK 0axoJalll XucoOJaHa M.
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TankukoTHUHT ycyanapu. Tagkukor yceymnapu cudpatuna UK-Oypee (UK)
Ba anekTpoH (YbB) cnexrpockonus, auddys kantapunui crnekrpockonus (IKC),
aneMeHT aHanu3u, peHtren ¢azanu (PDA), penrren crpykrypanu (PCA),
mupdepenunan-repmuk (JTA) ananuznap, ”HAYKTUB-OOFIaHIaH I1a3Majiyd mMacc-
cnexktpometpus (ICP-MS), atom-abcopbuunon cnexrpockonus (AAC), sHepro-
JMCTIEPCUOH aHaJiM3 Ba CKaHEpJoBYM dJeKTpoH Mukpockonus (SEM-EDX),
TPaHCMUCCUOH 23JIeKTpoH Mukpockonusa (TEM), Maccbaysp crnekrockonusicu
(MC), pentren dotoanekTpon crnektpockonusi (XPS), cywk azor OViinua
azcopOuusiad ¢oiganaHuIraH.

TaaKNKOTHUHT MMM SHTHJIMIM KyHuaarmiapaan noopar:

wik 6op Zn(Il), Mo(VI), V(V) napaunr 2-amuHO-1-MeTHIOEH3UMUIA30],
rapMagiH Ba N-TETEPOXaJKAIM TUIAPOKCAM KHUCJIOTa OWIaH SIHTH KOMIUIEKC
OMpUKMaIapy CUHTE3 KWIMHTaH;

SHrY apanaml Juradumm — komiuiekcnapaga PHA, NHA, MAB, GLN
MOJIEKYJIATAPUHUHT TY3WIMIIN Ba KOOPAUHALMSIIAHULI yCYJUIapy, 3 Ta JUraHa Xamaa
4 Tta Zn(Il), Mo(VI), V(IV) KOMIUIEKCIapUHUHT KPUCTAUI Ba MOJEKYJISp
CTpyKTypasiapu  aHukjianrad, wmyHuHraek [GLN+H][ZnClsy]  kxomruiekcuaa
OCH3UMMUIA30J1 HOH Ky TIIAPUHUHT XOCHIT OYJIHUIIN UCOOTIaHTaH;

METaJlJT KOMIUIEKCITAPUHUHT KaTaJIUTUK TabCUpH ateTuiamneTon Ba HA monnapu
Ownan OumeHrar KoopauHanusanran N'O°-koudurypamusma [VO(MAB)(acac):]
xamaa O%-kondurypammsimu [MoO2(HA-H),] Gy3unran oKTadapuK KOMILIEKCIaPHUHT
AIIEKTPOH TY3WJIHWIIM Ba META/UI MOHU TAIIKWA DJIEKTPOH TMOFOHACHHHU Y3TapTHPHIII
Onad HaMOEH OVITaauran TpaHc-TabCUpra OOFIUKIINTHA aHUKJTaHTaH;

WIK OOp TWTaH Ba TEMHUP OKCHIJIAPUHU (haoJIaHTaH KYyMUpP XaMmja HOMOHOTEH
CTUPOJI-IUBUHWIOCH30J MaTpuIlack OwjlaH OupiamTupuO, Xoccalapy OJAMHIAH
OenruaHra sHTU cOpOEHT-(POTOKaTANN3aTOpIap OJIMHTaH,

WIK 0Op ONHMHIaH COpOEHT-(OTOKATATIM3ATOPIAPHUHT Ta3 (a3zana aueTanbIeTHI
XamJia SpuT™Maza HuKend, (pocdar Ba METHIICH KYKATa HUCOATaH COPOIMOH Ba KHHETHK
XyCYCHUSTIapH, IIyHUHIIEK copOLust Ba (OoToErpaJaliMssHUHI ONTHUMall [IapOUTIapH
aHUKJIaHTaH;

SpUTMaJa Ba KaTTUK (azaga Xocus Oyiaaurad KOMIUIEKCIApHUHI TapKUOM Ba
TY3WIMIIMHUHT ~ cOpOIMsl ~ >kapaéHura  Xamjia  OpraHMK  MOJIEKyJiajiap
doronerpagayscura TabCUpU KYpcaTUIITaH, COpPOLMS MEXaHW3MH, JeCOpOLMOH
Xoccanap aHUKJIaHTaH.

TaaKUKOTHHHT aMaJIMii HATHXKAJIApPH KyHuaaruiapaad noopar:

Zn(II), Mo(VI), V(IV) nonnapususr 2-aMuHO- 1 -MeTUI0€H3MMHIa3071, TapMaTuH
Ba N-TyTraH TeTepOoXaIKadl THAPOKCAM KHUCIoTalap OWiaH apajaml JIMraHuim
KOOPJIMHAIIMOH OMPUKMAaTAPHUHN CUHTE3 KUJIHII IIAPOUTH SPATUIITaH;

daommanran KyMup Ba HOMOHOTEH IMOJIMMEP MaTpUlajap acoCHaa XOPUKHIA
aHaJIoOINIapAaH KOJMIIMAWINraH IOKOpU caMapalid copOeHT-(hoToKaTaanu3aTopiiap
OJIMHTaH;

OKaBa CYBJIIAPHU TaxXJWil KWIHAII Ba COPOLMOH TO3aJall Y4YyH YCIyOui
TaBCHsUIap UILIA0 YUKUIITaH;



CYBHHU DKCTIPECC TaXJIIN yIyH (POTOCHMHTETHK (HhaOJUTMKHM AHWKJIAIl acOCHIa
CYBHUHT CU()aTHHU SKOTOKCHUKOJIOTHK OaxoJIalll yCyIH sIpaTHiTaH;

copOeHT-(poToKaTaIM3aTopiap r03acuard 3puTMaa cCoaup Oymaaurad copOouus
JKapa€HUHU  KOMITBIOTEpJa  MOJCIUTAINTUPHUIN  OPKAJIU  YJIAPHUHT  KaTaJIUTHUK
XYCYCUSTIIaApH aHUKJIAHTaH.

TagkMKOT HATHKAJTAPUMHUHI WINOHWIMJINTH TaJIKMKOTHUHT 3aMOHAaBHM,
tokopu uHbopMmaron ¢usuk-kumésuit yeymapu (MK, Vb, IK9C, AAC, ICP-MS,
ATA, POA, PCA, SEM-EDX, TEM, MS, XPS, cytok a3ot 6Vitnua ajicopOriusi, KBaHT-
KAUMEBUM XMCOONAIl yCysulapu) KYJUIAaHWITaHIMTd OwiaH acocnaHaau. CTaTUCTHK
KalTa wunUiam ycyuapuaad ¢Goiganann0, 3aMOHABUM KWUHETUK Ba  COpOIMA
TEPMOJIMHAMUKACH Ha3apusUIapy acocua XyJocasap KIJIHHTaH.

TaaKUKOT HATHXKAJIAPUHUHI WIMHHA Ba aMajJuMi axaMusITH. TagKuKOT
HATWKATAPUHUHT WIMHUN aXxaMUsTH JUTAHIJIAp Ba KOMIUICKCIAPHUHT AJIEKTPOH,
dazoBmit Ty3wnumman, GLN, PHA, NHA Ba MAB Tapkubu Ba J0HOD
aTOMJIQPUHUHT  KOOPAWHAIMSJIAHUIIL  KOOWIMSTHUHU, IIYHUHTJAEK, COpPOEHT-
dboTokaTanuzaTopiiap Xoccajapu, TApKUOHU, CTPYKTypacH, MHUKPOCTPYKTypacu
opacuaaru ¥3apo OOFJIUKJIUKHU TaJIKUK KWIHIIIHH, cOpOeHT-
dboToKaTaNmU3aTOPJAPHUHT  COPOLIMOH Ba  KUHETUK XOCCaJlapuHU  XamJa
OKCHUJJIaHMII Ba (oToaerpajanus peakiusuiapuaard KaTaIuTHK MeXaHU3MIIApHU
aHUKJIa OUJIaH U30XJIaHA]IH.

TaakuKOT HaTWXKaTapUHUHT aMaluid axaMusiTh 7 Ta SHCU OupHUKMa
TY3WTUIIMHUHT xankapo KemOpmx wmabiymoTiap 6a3acura KUPUTHITAHIUTH,
HKOJIOTHK aXaMHsTra 3ra Oyiran ssHru copOIMOH Ba (POTOKATAIMTHK MaTepuasuiap
SApaTWITAHJIUTH, YJapJaH CaHOAaT Ba MAauWIIMN OKaBa CYBJIIAPMHU TO3ajaIlia
KYJUIaHWITaHIUTH, (OTOCUHTETUK (PAOJTMKHM  aHUKJIAIl  acoCHJa CyBHU
HDKOTOKCUKOJOTUK OaXOJAlIHUHI TATEHTJAHTaH SHCU YCYJIUMHUHT UIUIa0
YUKWAJITAHINTH OUJIaH N30XJIaHA !,

TaaKuKOT HATHKAJAPUHMHI KOPUIi KHJIMHUINKA. MeTamn OoKcuiiap,
OpraHuK KucloTajgap Ba N-TeTepoxaikald JUTraHjiap XOCWIalaph acoCHjiaru
cOpOIMOH Ba (POTOKATATUTUK Marepuaiap Oyiuda OJNMHIaH WIMHUN HaTHXallap
acocuja:

PYX KOMIUIGKCHM aCOCHIArM SIHTH IIpEHapaTHH SPATHII y4yH Y30EKUCTOH
PecniyOonukacu WHTemnexTyan MyJK areHTIUTHHUHT UXTUPO TATEHTH OJIMHTaH
(NeIAP 03236, 31.03.2003 i1.). HaTtuokana SKOJIOTHK MyBO3aHATHHU Cakjarad XoJja
II0JIM YPYFUHU IKHUII OJIIA UIIUIOBU CaMapaJOpiIUTMHU OLIMPYBYM SIHTHM Mpernapar
OJIMII UMKOHUHU Oepra;

dboTocuHTEeTUK (HAOJUTUK acoCH]la CYBHUHT YKOTOKCHUKOJIOTHK OaxoJiall yuyyH
V36exncron Pecry6nukacy MHTeIEKTyal MyJIK areHTIMTHHART UXTHPO TATCHTH
onuaran (NelAP 04167, 06.09.2007 i.). Hatmxkana sipaTuirad ssHru OMOTECTIIAIL
yCyJii OuoIpenapariapHu CyB YCUMIMKIAPUHUHT XAETIUIUTUIa TAbCUPU OPKAIIU
CYBHUHT U(]JIOCTAHUII JapakaCUHU T€3KOP TaXJIWJI KWIHII UMKOHUHU OepraH;

eTTUTA SIHTU OMPHUKMAJAPHUHT DPEHTTEH TY3WIHINA TaXJIWJIW HaTIKalapu

KemOpux kpucramiorpaguk mabaymoriap Oazacura kuputwiran (Cambridge
Structural Database, https://www.ccdc.cam, CIF: FUZZAB02, XOCFAW,

10



FUZZABO1, QEQPOR, BOVMAB, IMIXEH, EVAMUK). Harmxana 6a3ara
KUPUTWITAH SIHTU KUMEBUI OMpUKMalap yXiam OMpUKMalTapHd CUHTE3 KWW Ba
TY3WIUIITNHA TaBCU(Ial IMKOHUHU OepraH;

copbiusi Ba Qoronerpanganus OyiiMda OJWMHTaH MabIyMOTIApAaH IOKOPHU
umnakT-pakropau (IF) 117 ta xopuxkuil )xypHaiapaa HaMyHaJapHUHT KPUCTaI
Ba MOJICKYJISIp TY3WJIUIIH, COpPOIMOH Ba (OTOKATAIUTUK XOCCAIM SIHTU
MaTepuaJUIapHu sSpaTUIl Ba (U3UK-KUMEBUN TaxJIMIIA Y4YyH (QoiiiaJaHuiIran
(Chemistry of Materials, 2015, V.27, RG, [F=8.68; Physical Chemistry Chemical
Physics, 2015, V.17, RG, IF=4.20; Chemical Engineering Journal, 2018, V.339, Elsevier,
IF=6.735; Environmental science & technology, 2018, V.52, Science Citation Report,
[F=6.653; Catalysis Today, 2018, Elsevier, [F=4.667; Journal of Cleaner Production,
2019, V.215, Elsevier, [F=5.651). Hatmxkana meramokcuja Ba FOBaK MaTpullanap
acocuaru CopOEHT-(POTOKATAIM3ATOPIAPHA HYHAITHUPWITAH CHUHTE3UMHU amaiira
OLLIMPUII UMKOHUHU Oepras;

CYBHHU TO3aJaIllHU TE3JAIITUPUII Ba TO3AJIUK JAapakaCUHU OLIUpHUII OVinya
ycnyouit  taBcusiHoma CypxoHmap€ BHIIOSTH D3KOJOTHS Ba arpod-MyXWUTHU
Myxohaza KuIui O0mKapMacu aMaauéT Maulliuid YUKWHIU CYBJIAPHU COPOIMOH
To3anaI xapaéHura sxopuil stiiran (Y36ekucron PecryGmukacu DKONOrHs Ba
aTpo-MyxuTHH Myxodasza Kuiauil Oyimda naBnat kKymutacuHuHr 2018 imm 29
saBapjaaru  03-03-752-con  mMabiiyMoTHOMacu). HaTwkama Maumuid YUKUHAA
CYBJIApPHM TO3ajall caMapaopivury Ba Te3JTUTMHU OIIUPUII UMKOHUHU OepraH;

cOpOeHT-(hOTOKATATM3ATOPIIAPHUHT ONUHUII ycyiutapu SAnonusaunr Krommo
YHUBEPCUTETUHUHT MAKCa/IJIM WIMHUHN TankukoTuaa doinananuirad (Anonus Kromo
yHuBepcuTeTuHUHT 2019 i 12 maptaaru MasiymoTHoMacu). Hatmwkana sHepreTuk
Ba SKOJIOTHK SIHTH (POTOKaTanM3aTopiap o1l UMKOHUHU Oeprax;

copbenT-porokaranuzatopiap OT-O7-48 «llonumep Marepuamiap cupTura
UMMOOWIJIAHTaH MeTalap HaHo3appadalapuHUHT  ¢da3zaBuil  y3rapunuiapu
MEXaHU3MHUHH TAJKUK KWJIUIDY MaB3ycuaard GyHIaMeHTal JOWHUXaaa TEXHOIOTHK
Ba SKOJIOTMK MAKCaJJ1ap YUyH SIHTU COPOIIMOH MaTepUaAJIJIapHU SPaTUILl BA YUKUH]IA
CYBIapJaH MeTall HOHIAPMHM To3anama ¢oiinananmiran  (Y36eKHCTOH
PecniyOomukacu Onuit Ba ypra Maxcyc TabiauM BasupauruHuar 2019 iiun 1 maptaaru
89-03-863-con MabJIyMOTHOMACH). Harmxana YUKUHIU CyBJIapHHU
JneTokcuUKanusIanH copOeHTIap épaaMuaa KUMEBHM Tax) I MabIyMOTIapu
OWIaH TaKKOCJIalll UMKOHUHU OepraH;

CUHTE3 KWJIHMHTaH KoopAauHanuoH Oupukmanapaan DA-O7-012 pakamiau
«IlomupyHKIIMOHAT  TabCUPJIM  SHTH  apajiaml JIMTAHUIM  KOOPJIWHAIIMOH
OMpPUKMATApUHUHT CHHTE3H, TY3WJIWIIM, PEAKIHOH KOOWIMATIApU Ba OMOJIOTHMK
XOCCaJJapUHUHT WJIMHUNA  acociapw» MaB3ycugaru ¢QyHAaMeHTan Jiohuxaaa
Ovonoruk (aosl XyCyCHUATIAPHUHI MOJEKyJda TY3WIMILIWra, MapKa3uil arom
KypIIIOBUIa Ba JIUTaHjIap Tabuatura OOFJIMKIUTHMHU aHUKJaaa QoiiranaHuiran
(Y36exucron Pecny6rmmkacn ®anmap axagemuscuauar 2019 fiun 14 mapraaru
4/1255-704-con  mabaymoTHomacHu). Hatwxkaga sHrM apanam — JIMTaHIId
KOMIUJICKCIIADHUHT TapKUOM, TY3WJIUIIH, JIUTAHJIAPHUHT METaJlJl UOHJIapu OuiaH
KOOPIMHALMSJIAHUIITUHYU TaBCcU]IIai IMKOHUHU OepraH.
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TagKuKOT  HATHKAJAPUHUHT anpooanuscu. Ma3kyp  TaaKHKOT
HaTwxkanapu 46 Ta, )xymnagad, 35 Ta xankapo Ba 11 Ta pecnyOnuka HIMHNA-
aManaui aHKyMaHJlapuJa Mabpy3a KWIMHTaH Ba MyXOKaMaaH YTKa3UJIraH.

TagKuKoOT HATHKAJAPUHUHT JBJOH KWJIMHraHauru. Jluccepramus
MaB3ycu Oyiinua >xamu 67 Ta WIMHUHN HIII YOI ATWITaH, IIyJapAaH, UKKUTa MaTeHT,
V36exncron PecryGmukacu Onmii arrectanysi KOMUCCHACHHHHT (aH JOKTOPH
JUCCepTalMsIapy aCOCU WIMHUN HATWXKAJapUHU YOI JTUII TaBCUS JTWITAH
WIMUN Hampiaapaa 19 ta makona, )xymiajaH, 2 Ta pecrnyoymka Ba 17 Ta Xopuxui
KypHaJJ1apAa Haup 3THJITaH.

JluccepTauMSIHUHT TY3WJIHMINIM Ba Xa:KMH. [[ucceprarusi TapkuOW KUPHIIL,
oemra 000, Xxyrnoca, doiganmaHnuiaraH amabuériap pyixath Ba WJIOBaJapJaH
noopar. {uccepranussauar Xaxmu 200 OSTHH TalTKIIT STaIH.

JIACCEPTAIIMSIHUHT ACOCUN MASMYHHA

Kupum kucmuma nuccepraiiys MaB3yCHHUHT J0J13apOJIUTH Ba 3apypHILIUTA
acocllaHraH, MakcajJ Ba Basudanap, TAAKUKOT OOBEKTIIapu Ba MpeaAMETIIapu
GepHIITaH, TaIKUKOTHHHT Y36eKucToH Pecry6iukacyia (paH Ba TEXHOIOTUANAPHH
PUBOXJIAHTUPHUIIIHUHT YCTYBOP WyHaIMUUIapUra MOCJIWIM KypCaTWITaH, YHUHT
WIMHUH SHTWIMTA Ba aMaldid  HaTwkaimapu Oa€H KWIMHTaH, OJIMHTaH
HATWKAJIAPHUHT UIIOHWIWJIMIYA acOCJIaHTaH, Ha3apuil Ba aMaliuii axamMusThU o4ud
OepunraH, TaIKUKOT HATH)KAIAPUHUHT aMalauETra >KOpUM 3TUII HCTUKOOIIapu
Oyiinya XyJioca KWJIMHTAH XaMJia 4Ol OJTWIraH HIIap Ba IUCCEPTALUSHUHT
TY3WIUIIM OViuYa MablyMOTIIap KEATHUPUIITAH.

JuccepraiMsiHUHT  «JKOJOTUsiAa  Ky/Jlalml  y4yH  cOpOIHOH  Ba
(oTokaTaTMTHK Xoccajapra 3ra MaTepHALUIAPDHM TAaJAKHK KHJIHID J1e0
HOMJIAHTaH OupuHYM 00042 amabuérnap Tax) WM KeITupuiaraH Oynmub, yHIa
9KOJIOTHUSA Y4YyH COpOLMOH Ba (OTOKATAIMTUK XOccajapra sra marepuaiiap,
daonnmanraH KyMHp OJWII Ba YHHMHT XOCCAJIAPUHU YPraHWINra, CaHOAaT
YUKAHIWIAPUHA COPOEHTIAp OJUIAA KyJulamra, CyBHH (OTOKAIUTUK YCYIiaa
To3anam xamjaa (Goto-PeHTOH cucTemanapra JOUp aJaOUETIApPHUHT XO3UPrU
XOJIaTH TaxXJIWJ KUJIUHTaH.

Anabuérnapaaru ManOanapaa MaBxKyJ OyiIran TeHACHIUAIAP TaX MU IIyHU
KypcaTaJuKy, COPOLUMOH Ba KATAJIUTUK XOCCalapu SXIIWIAHTaH KaTaJlUuTHK
MaTepHaJJIapHU OJMII J0J3apOnuruya KOJIMOKJa, aHbaHaBUM MaTepuaiapra
KaparaHja OJIMHULIMHUHT COAJAIUTH, MYJbTUCOPOLHMS KOOWJIMATHUra STraJlury,
UKTHCOJUN CaMapaZopiurd Ba HKOJOTHMK XaBPCHUBIUTH KUXATHIAH a(3auiuru
YJIAPHUHT PUBOKJIAHUIII UCTUKOOJUIApUTa 3Ta SKAHIUTUHU KYypcaTaiu.

Hucceprauusinuar «KaraauTtuk Xxycycusitiaapra 3ra N-rerepouuk/JInK
OMpUKMAaJIaPHUHT KOOPAMHALMOH OMpHKMAaJIaPDUHHU Ba copOeHT-
doToxkaTanuszaTopJapHu OJIMIIL. CopOuuon Ba dpoTokaTaIUTHK
IKCIEPUMEHTJIAp YTKa3MIl MeTOAUKACH» 1e0 HOMJIAHTaH MKKMHYM OoOuja
TAAKUKOT OOBEKTH Ba yCyJUIapH KENTHUPWITaH, NAacTIa0Ku OpPraHuK JHUraHijiap,
Zn(I), Mo(VI), V(V) aunr 2-amuHO-1-MeTHIOECH3UMHIA30J, TapMaliuH Ba N-
cakjiaraH reTepoxXajkaliy TMApPOKCcaM KucioTajgap OuilaH KOMIUIEKC OUpUKMallapu
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cuHTe3U, (paoyuranran Kymup, GOTOKATAIMTUK MaTEepHAILIAPHU OJUIN YCYJUIApH,
IIYHUHTJEK COpPOIMOH Ba KATAJMTUK JKCIEPUMEHTIAPHU YTKA3UII METOAMKACU
0acn kuiunrad. [llynunraek, snement ananus, UK, ¥b, JIKOC, POA, PCA, [ITA,
AAC, ICP-MS, SEM-EDX, TEM, MS, XPS, conumrtupmMa CUPTHH YiIyall,
MUKPOTY3WIHII TAJKUKOTH Ba OOIIKA TY3WJMIIHU aHUKJAII ycyJulapu TaBcuu
KEJITUPUIITaH.

HuccepranussHuHr  «@aoJuIaHraH KyMHpP Ba HILIA0  YMKapuil
YUKMHAWIAPH AaCOCHIATH COPOEHTJIADHMHI TAAKMKOTH» Je0 HOMIIaHTaH
YYMHYM O000MJa KOFO3 CaHOATH YMKHHAWJIAPUAAH OJIMHraH (haoJUlaHraH KYyMHUp
acocuard COpOEHTIApPHUHI CTPYKTYpacMHU Ba (U3MK-KUMEBUN XOCCAlApUHU
yprauuuira, IyHUHTICK YIApHUHT OFUpP METaJT HOHIapu, GocdaTiiap Ba OpraHuK
Oyéxiiapra HucOaTan copOIMOH XOccanapura JoUp HaTHXKaJlap KeATUPUIITaH.

@daosmnanran kymup Ba amopd CaO — ALOs; — SiO> gan ubopar Oyiran
FOBAKJIM MaTpuuaigap - Koros-iactuk E¢HwiruHM (RPF) ¢usuk Ba xuméBuit
daomnamtupud (K,CO3) onuugu. @usuk daommamtupu® OJIMHTaH HaMyHalap
TapKUOUJaru 30JHUHT MHUKIOpHU (<45 mac.%) xuMEBHil (aosamTupuiraniapra
(<28 mac.%) nucbaran anya okopu. Ukku 00CKUUIM KUMEBUH (haosTalITHPUITAH
HaMyHaJIApHUHT MaKCMMaJl HUCOuit Maion ro3acu (1300 M?/r ra skuH) oca GU3nK
¢aomnamrupu6 onuuran HamyHanapra (500 m?/r ra skuH) HucOartan Karra (la-
pacwm). FoBaxmapHuHT TakcuMiIaHUIIK QU3UK (PaoIalITHPUITaH HaMyHalap y4yH
MUKpPOFOBAKIM  CTPYKTypaHH, KUMEBUN (aoyutaliTUpuwiIranigap ydyyH 3ca
ME30FOBaKJIM CTPYKTypaHu kypcarau (10-pacm).

1.6 4

1200 /9 (a) a ] Ph_‘,'sli?rm‘ (b)

800 -

Clleugo/
o

Chem 2(900)

0.8 4

dV/d(logr)

400 -

Specific surface area [m?/g|

7 0.4 4
"Chem 1
- /

-
L ) -
L o L. T
0 " 1 t -t | . L 0 l-.-n--pfnlllllpl-

0.1 1 10 100

600 800 1000
Heating temperature|"C]

Pore radius [nm]

1-pacm. Xapopart tabcupuaa (pao/uialiraH HAaMyHaJapHUHT SBeT (a) Ba pu3uk
(Phys1(700)) xamaa kuméBuii (Chem2(900)) ¢paoasamTupuiiran HAaMyHAJIAPHUAHT
yruamuiapu 0yin4ya FOBaAaKJIApPHUHT TaKcuMianumu (b)

Hamynanap orup Meramn uonnapu (Ni"), DKONOrMK 3axapim OKCHAaHMOH
(PO4*) Ba opranuk Oyékmap (metwien kyku (MB)) Oyiimya roxopu
MyJIbTHCOPOLMOH Xoccanu Kypcatau. Ousuk (aomamrupuirad HamyHanap Ni2'
Ba (ocat nonnapura, KUMEBHM (paosmamTupwiran HamyHa 3ca MB ra nuc6aran
IOKOPH COPOIMOH CUFUMHM HaMOEH 3TaM (1-xkaaBai).
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Karra ymuamparu MB mosekynacu OW/IaH KMUMK XaXMIArd FOBaKJIApHUHT
Oup-Ompura MoOC KenMaciurd cababmm wWKKkWTa HamyHaga MB — HuHT
copOumsutanuin Te3nuru aespau oup xun (k2(Phys1)=0,13 Ba k2(Chem2)=0,15
I/MMOJIb"MUH) Xamja HucOaTaH KUYHK.

byHnan Tamkapw OpraHMK ToJjajap Ba HOOPTAHWK TYJIIUPYBUWJIApIaH
(xaomuHUT (AlSi205(OH)s4), kampnut (CaCOs3) Ba Ttambk (Mg3SisO10(OH)2))
TalIKWJ TOMNraH KOF03 NUIaMJIapuHU Maijanaim, KyWaupuil Ba/€ku  (HU3UK
daomnamTupuin Wyau OWIaH CyBIard 3apapiv HOOPraHWK Ba OPraHMK KaTHOH Ba
aHUOHJIAPHU MYKOTHII yUyH ap30H, FOKOPH caMmapajiy COpOEHTIIap OJIMH/IH.

1-skaaBaJa
®@usuk (Phys1 (700)) Ba kumépuii (Chem2 (900)) paostamrupuiran
HAMYHAJIAPHUHT X0CcaJapu

Copbar | Hamynasap JIaHrMIOp IIapaMeTpiIapu DpeifHAIMX IapaveTpiapn
Oo(Mmonb/r) | b(w/mmons) | R2 AG(K/mom) | Kr(Mmons/r) [ 7 R
Ni?* Phys1(700) | 3.45 2900 0.9986 | —-36.9 2.93 10.9 | 0.6403
Chem2(900) | 1.40 1.23 0.9943 | —-17.6 0.81 4.28 | 0.8789
PO4* | Phys1(700) | 0.95 27.8 0.9591 | -254 0.87 38.3 | 0.1469
Chem2(900) | 0.24 2.00 0.9539 | —18.8 0.13 2.53 1 0.961
MB Phys1(700) | 0.30 11160 0.9976 | —40.2 0.32 62.9 | 0.8839
Chem2(900) | 0.96 5230 0.9970 | —38.3 2.07 6.20 | 0.9964

Koro3 muam 800 °C ra kamap Ku3aupuiranaa gactiabku HOOpranuk Qasanap
napuananu6, amopd CaO — Al,Os — SiO, (CAS) xocun 6Yiaau Ba 'y 900 °C na
rexseHuT (Ca;Al2Si107) Ba anoptutra (CaAl>Si20s) kpucrammananu. Kyiinupunran
HamyHa (C) Ba MaiimanaHraH rpanyyia HamyHanapu (G) KYypuUHHIIUJAru KO¥O3
INUIAMHUHT OpPraHUK KHCMHU XaBoJa KHU3IUpWIraHaa TYIuK EHuUO kercama, No
atMocdepacuna Gu3uK GaoJTIATHPUIIT WYIM OWilaH ONWHTaH HamyHa (A)
(daosnanran kymupra ainanau. @usuk ¢aommamrupwirad 4 HamyHa C HamyHara
(20 mM*/r) aucOaran karTapok Seer (70 M?/r 600°C na) vu mamoén kuigu. 800°C
JIaH I0KOpH Xapopatia KU3AUPHUIL HATHKACKAA 3appadalapHUHT y3apo Oup-Oupura
énumumy SpeT HUHI KECKMH Kamaiuiura oiau0 keicaga, G HaMyHaHUHT SBET
kuiivat (37 M%*/r) MexaHuk (aoJUIAlITHPUIN HATHKACUIA KHYUK 3appadanap
HIAKJUTAHUIIINATA OJTMO KEIUIIM OKMOaTH1a Ce3UIapau OPT/IH.

Copbuus Oyiinua Taxkpubamap mynu kypcarmuku, 700 °C ra xkamap
xkusgupuiaran C Ba G mamyHnamapga xamzaa 800 °C pmam roxkopu xapoparaa
Ku3aupuirad A HamyHanapja ¢ochar HOHM MaKCHMall Japaxazaa copOorusaanau
(2a-pacm). @ocdar Ba MB napaunr copOuus nzorepmacu OpelHummx Moaenura
HucOatan Jlearmiop moaenu Ounan sxmupok taBcuduanau. C700, A800 Ba G700
HaMyHaJIApUHUHT COPOIMOH cuFuMu Moc paBumiga 2,04, 1,70 Ba 1,38 MMomas/T HA
tamkui 3TaAd. A800 HamyHacuna MB copOuusicuauHr Qo Ba k2 KUWMAaTiIapu MOC
paBumaa 0,11 mmons/r Ba 107 r/MMOAB'MUH HU TalUKWI 3TOU. A HaAMyHaHUHT
MYyJIbTUCOPOLIMOH XycycusiTu HamyHaaa amopd xonaaru CAS Ba AC napHUHT
14




MaBXy Ty Oanan u3oxjpanagu. @ocdar Ba MB nmapHuHT copOIHs KMHETUKACH
MICEB/I0 HMKKWUHYMA-TAPTHOMM Momen OwmaH sxmu  TaBcubianau. Docdar
HOHJapUHUHT copOuust Te3nuru koHcrantacu G700(k2=6,57)<A800(k>=0,004) <
C700 kaTopaa opraau.

Xap XWJa HaMmyHajap y4YyH OJMHTAaH MabJIyMOTJIApHH TaKKOCIHAIl IIyHH
Kypcatauku, Tapkuouna 50-60 mac. % yriepon cakjiaraH HaMyHaJIap OFUp METall
nonnapu (Ni*"), sapapmu okcuanmonnap (docdariap) Ba OpraHuk OYEKIapHU
(MB) Gup BakTHUHT ¥3u/a IOTHIIH YU4yH oniTUMal XxucobaaHnaau (2b-pacm).

T

T T —r—7———T— 77777
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2-pacm. ®ochaT HOHIAPUHUHT HCCHKJINK XapopaTura (a) Ba Ni**, dpocdar
xamaa MB HMHT cOpOIUACH Y3rapuIIMHUHT HAMYHA TAPKUOUIATH YIJIEPO/
Mukaopura ooraukauru (b)

JuccepranustHUHT «FoBakau MaTpHUIla Ba MeTaJ0KCHJIap,
METAJIOKOMILUIEKCJIAP  ACOCHJATHM  MaTepHAJUIAPDHMHI  COPOIMOH  Ba
KATAJIMTHK Xoccajdapuw» /10 HOMJIaHTaH TYPTUHYHM O000uIa FOBAKIM TY3WJIUINTA
ara Yriaepojyi, TOJUMEpP MAaTpulla, METAI OKCHUJJIap, IIYHUHTJACK TOMOTEH Ba
reTepOTeH MIAPOUTIa METAUT KOMILIEKCIAPH acOCH/a OJMHTaH MaTepuaUIapHUHT
bU3UK-KUMEBUH, COPOITMOH X0ccallapy Ba KaTaJUTUK XOCCallapu YpraHWITaH.

SApuMyTKa3rud XyCycusTUra 3ra Oyiaran HaHo3appavajiap MaKJIugard MeTaul
okcujmapuan AC CcTpyKkTypacura KHUPHUTHUII OpPKaJIW COPOLMOH XyCyCHUATIApU
axmy  OynraH (poToKaTaTUTUK MaTepuauilapHU OJMIT MyMKHUH. KyKyHCHMOH
daommamran  kymup Ba FeO3 (Fe-AC) map acocugaru Matepuaiap
mukporoBakin AC ra Fe(Ill) autpat sputmacunu mumaupuo, cyarpa yau 250 °C
Jla TEPMUK UILIOB Oepuin Wynu Ownan Tanépnanau. Xap xun mukgopaa Fe (~17
mac. %) 6ynran Fe-AC mamynanapu mukporosakiu (Sger ~1000 m2/r) (3a-pacm)
Ba amop( (36-pacm) Ty3uamIra ara OyIiu.

®daomnamrad kymMupHuHar Fe;Os; 6unan komOuHanmscu okcanar kuciora (OA)
WIITAPOKHUIA Y b-Hypianuin ocTuaa MB HUHT azcopOnusICu Ba
doTonerpananuacu yuyH xxyaa myxumaup. MB ancopOuusicu kopourmimkaa (24
coar) yprauwiau, Fe-AC HamyHanapuHuHT aacopOIMoH uorepManapu Jienrmrop
mozaenura Moc kenau. Oxcupn OwinaH HaMyHAJIapHU WMIIPErHUpPIANT ST
KUIIMaTUHU 2 Maprara kamaiuimura oiu® kenau. bup BaKTHUHT Y3uja OKCHUJL
MUKIOpH omwuimm Owrtan ancopOrmon curuM (%) (4a-pacM) Ba ¢oToaerpaganus
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te3nmuru (40-pacm) kamasiau, JiekuH MB HuaT (oTomerpamamms mukmopu (%)
omatna opraau (4a-pacm). bupok rokopu Tesnukmaru (ortomerpamamnus cadbadmu
VYb-nypnanum octuna ¢Qorojerpananus Taxpubanapu gaBomuga MB  Hu
spUTMara cesuiapiiu Japaxkana jaecopoOuuscura oiaub kenau (4b-pacm). Yoy
canbuii tabcup Fe HuHr macca muknopu ~10% Oynran Ba roBakiap 25% ra
TYJIraH HAMyHaJIap y4yH KYIIPOK aHUKJIaH/IH.

l mARL T T T
. i (o)
@ f :
H 17%Fe-AC 250°C) [ | AC ]
> 02 [ j
= ) . ]
Z 17%Fe-AC (155°C) 5 [ o 17%Fe-AC ]
2 = [ A ]
o 1K . -
AC [ :
I \ I \ 1 . J 0'....| ]

20 40 60 80 1 10

CuKa26 [deg] Pore radius [nm]

3-pacm. 155 Ba 250 °C ga kuzaupuiaran AC Ba 17% Fe-AC HamyHaJIJapUHUHT
PeHTreHorpamMmma’jiapu (a) xamaa foBaK yJI4aMJIAPUHUHT TakcuMJIaHuim (b)

,_
<
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[ as)
20F = 0.2 UL/ _
I RPN EFRFETIN EFEFErT D AR [ Loy [ I T o a S R B
0 5 10 15 20 0 60 120 180 240 0 60 120180240300 360 420 480
Fe,0; [mass%] UV illumination time [min] UV illimination time [min]

4-pacMm. Fe Tapkuoura 6orauk xos11a Fe-AC namynanapu yuyn MB Hunr
ancopoumst Ba gporonerpagaumusicu yzrapumu (Co (MB)=0,13-0,15 mmoub/J,
Co(0OA)=0,43 mmoan/n1 Ba pH=3,4) (a); 250°C 1a nccukInK OMJIaH MIILJIOB OepuJIran
Fe-AC namyHnanapuaa ¢poroaerpaganms xapaéanga MB KOHIEHTPAUMACHUHUHT
yarapummu: < -2,8%; A-3,9%; O-17% (b); uukiauk 3an:kupaaMB
KOHUEHTPAUMSCUHUHT y3rapuuu (c)

OkcnepuMeHT y4dyH nactinabku koHreHTpamus Co(MB)=0.08 wmmonb/i,
HamyHa Mukaopu 100 mr/n Gynran crangapt mapouT TaniaHrad. byana OA HuHT
ontuMmanb KoHueHTpamusicu Co(OA)=0,43-0,98 mMmonw/n opanuruga Ba pH~3 na
o6ymu6, 6ynna Yb-HypraHumHUHT OoMIMIa METaT OKCUIN Ba FIOKOPH (haos TeMup
OKCaJlaT KOMIUICKCIAPUHUHT XOCWJ Oynuimura oiaub kenagu. Xocwi OynraH
oprukya *OH panukamiap pH HHMHT omMIIM Ba 3pUTMajgard TEMUP HOHIIApU
KOHIIEHTPAIMSICHHUHT KaMaluimm xucobura (oTomerpajalvisiHUHT TYXTalllura
onud kenau. I'ereporeH Ba romMoreH (oToKaTanM3HUHT KomOuHanuscu FexOs
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3appadanapu ro3acuga (orokaranuTuk xapaéuimap Ba OA spuTMacuga TEMHP
OKCHJIMHUHT JpHUIIN Xucooura (OTOAKTUB KOMIUIEKC XOCHJ OYyiaumu OuiaH
oornuk. MB Ba OA HUHT OMp BakT/a MUHEpAJIAIIYBH YMYMHI OpraHUK yriaepos
(TOC) taxnunam HaTwKamapu OwiaaH UCOOTIaHAM. 4 Ta HMKJIAArd Takpubanap
acocusa Fe-AC xaTaan3aTOpUHUHI UMKIMK UILIATWINIINA UCOOTIIaHau (4c-pacm).

I'panyna xonuga mezoroBakin AC ra (BAU mapkanu) mosekyna yiayamu
Owtan oup-oupunan papkiaanagurad Temup okcanat (OA), remup xiopun (CL) Ba
temup mpuc-oenzoruapokcamar (HA) nap nmrupokuma remup okcuau (BAU-OA,
BAU-CL, BAU-HA) mmmaupunnu. OA spurmacuga MB ancopOrusicu Ba
dotonerpanauusacu Yb- Ba Ky€ml HypH TabCUpHJIa HYPJIAHTHPHUII IMIAPOUTH[A
Vprauwnau. Marpuuand MHUMAMPUIT IIAPOUTHAA METalXenariap KYMUPHUHT
MUKPOFOBAKJIapy XaMJia CUPTKU l03acMHHU camapanu tyngupaau. 250 °C na
UCCUKJIMK OwmiaH unuioB Oepwiranjnan keiimH onunran BAU-OA, BAU-HA Ba
BAU-CL namyHanmapHuUHT HUCOMI MaiiioH t03acu (Ser) Ba FoBakiap Xaxmu (Vp)
ternnu pasumga 111; 4 Ba 50 m%/r xamma 0,07; 0,01 Ba 0,01 mu/r Tamkun
kwign. XRD watmkamapu BAU-OA Ba BAU-HA (FeOOH Ba Fe;03)
HaMyHanapujga KucMman kKpuctaiuimkad, BAU-CL Hymanacupma sca OyTyHiai
amopdiukan kypcarau. SEM Hatmwxkanmapu Ba Maccbaysp cnexktpu BAU-OA,
BAU-HA Ba BAU-CL HamyHallapy Yy4yH KyMUp MaTpHIlacuJa OKCHU]L
HaHO3appayajJapuHUHT TekUuC Takcumianumuman Ba BAU-HA wHamynacupa
FOBAKJIADHUHT TYCWITaHJIUTUHU ucboTnaiau (5-pacm). BAU-OA Ba BAU-CL
HaMyHaJIapuja aacopOIMOH KOOWIMSITHUHT KarTta Oynuinu Sger Ba Vp JapHUHT
tokopu OYymumm Ounan Oornuk. lllyamarnek BAU-HA MB ra mmcOGartan sximmm
abcopOuon KoOWnusATHU HamMo€H 3tau. CopOumst wuzorepmacu DpelHIHX
Mozenura Hucbatan Jlenrmiop Mojenura kympok Moc kemau. Kyémr Ba VYb-
Hypiaaunary MB munar doroaerpanammsnanum te3ura BAU-CL Ba BAU-HA
ra nucbatan BAU-OA (Co(MB)=0.015-0.025 MMOIB/I, Muawyua=10 M1/,
Co(OA)=0.43 MmMOIB/1) HAMYHACH YYYH FOKOPH.

OA »putmacuaa TeMUp OKCHJIApUHU IpUTHO, TeTepored (1-9 tenrnama) Ba
romored (10-17 TeHrmama) KaTadW3HUHT KOMOWHANMSICUTA  DPUITUIIH.
®dotoaerpaaanus Bakruaa pH~3 na nonnap KOHUECHTpAUACU [Fe3+] ~1 ppm -OH-
pamukayiapad  Kopu  doroaktuB  3appadaiapHuHr  [Fe(IIT)(C204)2]° Ba
Fe(IIT)(C204)3]* nnwiab ynkapumy Ounan OOFIIHK.

MB + hv — MBe (1)
MBe + a-Fe203 — MB+" + a-FexOs () ()
a-Fe,03 + v — a-FexOs (B~ + hVBH) (3)
H.O — H"+ OH" 4)
eB+ 0, — Oy (5)
O + H" ag. — HO»e (6)
HOz* + HOz* <> H202 + O2 (7)
hVB*+ OH aq. — OH-" (8)
MBe¢/MB*" + (O2¢", HOz*, H2O,, OH*") — nerpanarust Maxcynotaapu (9)
[Fe(II1)(C204),]®2" — [Fe(II1)(C204)(n-1)]® 2 + C204>~ (10)
[Fe(II1)(C204),]%2" + hv — [Fe(II)(C204)(u-1y] 42" + o(C204) (11)
*(C204) — CO2 + +(CO2)” (12)
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*(CO2) + 02 = COz2 + <Oy (13)

Oy +H"— «0:H (14)
*O; + Fe** — Fe** + O (15)
*O;/*OH + nH" + Fe*" — Fe** + H20» (16)

Fe?" + H,O, — Fe’™+ OH + «OH

95

Relative transmittance [%]

Velocity [mn/s]
5-pacm. BAU-CL-Fe (a), BAU-OA-Fe (b), BAU-HA (c), GAC1-Fe (d), GAC2-Fe (e),
GAC3-Fe (f), ACFT(PS-A20)-Fe (g), Fe-ACFT(PS-A20)-Fe(h) namyHanapHuHT
SEM Ba Maccbayep cnekrpu (i)

Amopd yraepox OwiaH KoOIUIaHTaH TJIOOynaIM TpaduTiv yriepoaiu
HaHO3appauyajap/laH TalIKWI TONTaH MNUPOJUTUK YIJIEpoA Ba  yIIEepo.
arperatiapuauar (GAC) cdepuk rpaHynanu ¢aoiamran yriepoa-yriiepoain
koMmmosutiap temup okcunu (mac. % Fe = 0,6-10) Ounan mmmaupunan. XRD
Hatmxanapu GAC-Fe xommno3uTinapuHuHr rpadut, amopd Xojaard yriepoja Ba
amop( TemMup OKCHUAWTAH MOOpaT IKAHIUTHHH Tacaukiaaun. MB Oyitmda Sger
KuiiMaTu Ba copOuMoH curumu karrta 6ynran GAC-Fe koMno3utiapu y4yH IOKOpU
dboTonerpananys Te3NUIMHA HAaMOEH KuIau (6-pacm). Dputmaaad MB Hu ymymuit
axparum H>O» HM KymmMacaan ajgcopOius Ba ¢oTojaerpaganus xapaéHaapuHu
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Oupra Kyiuiain opkaiu amaira omad. ¥YMmymuit opranuk yriaepoaau (TOC) Taxyiumn
KWINII HATWKAJIAPH IIyHW KYpCaTIWKH, OKCAJaT KHUCJIOTAHW CaKJaraH CyBIIU
sputMana MB HuHr panrcuznanuiiu opraHuk oupuxkmanapuuar CO; Ba H2O ra
KaJap TYJIUK MMapyajaHUIINra TYFPU KEJJIH.

(a) @E_]j_ggt‘o_n_ (b) L'V light on (c) UV light on

<<

L}
1
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n dark ]
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! GAC] 1
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I

I
[ I
| ]
I 1
| ]
| I
1 ]
| |

om0 0G0 TS0 T20 kom0 3060 8020 Bdhems 0 3060 90120
UV illumination time [min] UV illumination time [min] UV illumination time [min]
6-pacm. a) GAC1, (b) GAC2 Ba (¢) GAC3 namyHnanapu umrupoxusa MB
KOHUEHTPALUMSCUHUHT KOPOHFUJIMK/IA aJcopOuusianuinm Ba Yb-Hyp tabcupuaa
dporonapuananmmuna yrapummu; Co(MB) =0,025 mmouas/ia Ba Co(OA)=0,43MMo01b/51

®aomnamran kymup tona ACF (A20 mapkanu) Ba monaudgupiu ToJaaaH
TaIIKUJ Tonrad HaMo0 kommno3unnoH matepuain (PS-A20), mynaunraek ACF (W15
MapKajiu) Ba MOJUATWICH mynbnagaan ubopar kommozutiapuu (PE-W15) Fe(IlI)
HUTpaT Ounan mumaupuO, cyarpa 250°C xapoparna Kyaupuwiau. TapkuOuja xap
xun mukgop Fe 0, 5,3 Ba 31,5 mac. % Oynran ommaran Fe-ACFT (PS-A20)
HaMyHaJlap MUKpOFroBakiu Oynu0, Seer kuiiMaTu Moc pasumaa 1000, 750 Ba 150
Mm%/t ta Tenr. Fe auc6aru 0,2 u 35 mac. % 6ynran Fe-ACFT (PE-W15) namynanap
sca Me30FoBakKiM OYynuO, ynapHUHr Sper KuiiMatu Moc pasuiiaa 830, 790 u 320
M%/T Ta TEHT. Cysnu sputMmagadn MB ancopOuuscu OpeitHinx MoAeauaad Kypa
kynpok Jlearmrop momenura wMoc kenau. 35% Fe-ACFT me3oroBakiu HaMyHa
(PE-W15) wmukporoBaknu 31% Fe-ACFT wnamynara (PS-A20) uHucGatan
sputMagad MB copOuusicu 6yinda roKopr COpOIIMOH CHFUMHU HAMOEH KUJIJIH.

I'panyna xkunuaran Ba kykyH xohuaaru AC 6ynranu cunrapu ACF, FeOs,
OA Ba Y®-nyp xoMmOuHanusicu xaM MB HuHHT ajcopOrus Ba (HoToaerpaanusicu
yuyH Kyna myxuMm. Fe;Os Hu umnpernupiail Sper HH, IIYHHUHTICK aCOPOIMOH
KOOMWIHAT Ba (HOTOJETPAIAIUSTHIHT TE3JIMK KOHCTAHTACUHU (kapp) KamalTHpcana,
MB Hunr ¢oroaerpagaunod MukaopuHu (%) owmmumpau. HOxopu Tesnukaaru
dotonerpananus Yb-nypnaaumga MB HUHT spuTMara aecopOnusuaHummra oamo
kenau. Yoy tabcup me3oroBakiiv Fe-ACFT (PE-W15) namyHnanap y4yH Kynpok
auukIanau. Oputmagan MB  wuar iykomu® ketmmm  Fe-ACFT  auar
doTokaTanuTUK (HAaoJUTUTH, dpUTMaza ancopouus 3p@PexTr Ba rOMOreH KaTaliu3
Om1aH U30XJIAaHAIH.

OkcnepumedT pH~3 (Co(OA)=0,98 mmoms/n, Co(MB)=0,02-0,05 MMoms/m),
HamyHanap Mukgopu 100 mr/n mapoutna onud 6opunau. pH~3 kuitmatna Yb-
Hypnanum Oommga Fe (22-26 ppm) HOHIAPUHUHT DJpUINIKM  Ba IOKOpHU
dorodaommukka sra Fe(lll)-OA koMIUIeKCIapuHUHT XOCKI OYIUIINHN HaTHKacHIa
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reTepOreH Ba TOMOTEH KaTaiu3 KOMOWHaiusicura H>pumiian. Y b-Hypmanwim
BakTuga Kynpok °*OH pamukammapuHuar naigo Oymumm pH KuiiMaTHHHHT
kyTapunuim Ba Fe** nonnapununr 2 ppm ra Kagap nacaiinmmra onu6 xeagu. MB
Ba OA HuHr Oup Bakrna Aespiud TYnuk muHepautamyBu (91%) TOC rtaxmiun
KU OPKAJIA XaM UCOOTIaH IH.

AC wHuHr rereporeH (orokaramuszra TabCUPUHU TaCOUKIAIl YYYH
HaHocTpykrypyianran TiO; (P25) HUHT CyBiIM CyCHEH3HsICUTa TOJATU KOMIIO3UT
Marepuanau 6otupuin wynu OunaH ACFT ra TiO; xuputunau (TiO-ACFT).
Omunran marepuan 250° C xapopataa 1 coat naBomuaa ku3aupuian. SEM (7a,b-
pacm) Ba XRD mabnymotiapu ACFT na Tutan okcuau HaHo3appadajapy aHaras
makauaa (7c-pacM) TEKHC TAKCUMIIAHTAHIMTUHU KYPCAT/IU.
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7-pacm. Typau mukaopaa TiO; caknaran ACFT namynanapunuar SEM
Hatwxkagapu: (a) 35% TiO:-ACFT (PE-W15); (b) 29% TiO:-ACFT (PS-A20); (¢)
HAMYHAQJAPHUHT PeHTreHOorpaMMajiapi; HaMyHAaJIapJAaru FOBaKJIapHUHT
Takcumiianu (d) 38% TiO:-ACFT (PE-W15); (e) 29% TiO:-ACFT (PS-A20)

OnuHraH HaMyHaJapHUHT aJcopOIMOH Ba (OTAKATATUTHK (DAOUIUTH Ta3-
dazamm aneranpaerun (AcH) wuar Ba Metmwien kyku (MB) spurmMacuHHMHT
Koponruaa xamjaa Yb-Hyp octuaa aacopOuuoH Ba (OTOAErpaJalMsCUHUA YITdalll
opkanu Oaxonanau. 7d,e-pacMuan kypuHuO TypuOauku, Tapkubumga 29 mac.%
TiO> 6yaran TiO,-ACFT (PS-A20) mamynacu Sper=738 M?/r KuiimMatu Ouiman
MuKkporoBakiau Oyica, 35 mac.% TiO; 6yaran TiO-ACFT (PE-W15) namynacu
aca Ser=586 KuiiMaTH Oyiin4ya Me30FOBaKIIM OVIIIH.

Cysmu sputmagaru MB ancopOrwist m3orepmacu JIeHrMiop Mojienu OuiiaH sIXIm
taBcurmaamu. MesoroBakmu 35% TiO>-ACFT (PE-W15) HamMmyHacu MHKpOFOBaKIIH
29% TiO.-ACFT (PS-A20) namynara HucOaTan cyBiu 3puTMmana MB ra nucOatan
IOKOpU COpPOIMOH KOOWIMATHH HamoEH 3Tau. Ti0; 3appavaiapuHu KUPUTHUIN SBET
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KAAMaTH KaMauTUP/IM, HATHXKa1a aJIcOPOIMOH KOOMIHMAT Xamia (hoToaerpadallissHAHT
Te3MMK KOHCTaHTacH (kapp) XaM macaiian, MB HUHT (oToaerpaanysuiaHuI MAKIOPH
(%) sca optmu. FOxopu tesnmuknaru ¢oroaerpanaius Yb-nypnanunina MB HuHT
spuTMara jecopOrpsuianuimra oauo keinu. lynra yxmam Yb-ayp tabcupuna AcH
HUHT MUHEpaTu3aysg MaxCyJloTiaapu (OTOKaTaam3aTop F03acHAaH OCOHJIMKYA
JIECOPOLMSUTAHUIIM  Ky3aTWinO, Oy Tabcup MeszoroBakian HamyHa TiO>-ACFT (PE-
W15) na xympok HaMoE€H OYu.

bynnan tamkapu (oToKaTanMTUK CHCTEMAJIApHU OCOH aXKPATHUII Ba OWp Heda
6op unmarum yayH ukku xwi Fe(Ill) Tysmapu (Temup HUTpaT Ba TEMHUpP OKcajar)
umtupokuga amopd FerOs Hanozappavanmapu KyHjajiaHr Oofiap OuiiaH y3apo
TUKWITAH CTUPOJI-IMBUHWIOEH30/UIM FOBaKiM mnonuMep Matpunara (Porolas)
KymmmMya pauniga kuputwinu. Fe,Os-Porolas xommosutnap Porolas ra Fe(Ill)
Ty3napuHu mmmanpu6, cyurpa 250°C xapopataa 1 coar naBomuaa Kywuaupuo
OJIMH]IM.

Intensity (arb. units)

730 720 710 700
Binding energy / eV

O1s

<
ip

Intensity (arb. units)

540 535 530 525
Binding energy / eV

C1s

Intensity (arb. units)

280

N

90 285
Binding energy / eV

8-pacm. Hamynanapuuur TEM Ba HRTEM mabaymotiapu: (a) Porolas, (b)
1% Fe20s-Porolas; (c) 7% Fe;Os-Porolas; (d) 1% Fe,Osz-Porolas HamyHacHHUHT
XPS cnexkTpu

Tapxkubuna 0, 1 Ba 7 mac. % Fe>O3; nanozappauanap 6ynaran Fe;Os-Porolas
HaMyHaJIapyd Makpo Ba ME30FOBakiIu OYynuO, Sper KMMaTiapu mMoc paBumiga 655,
313 u 49 mM*/r ra tenr. Tapkubuna 7% Fe,Os 6ynran Fe,Os-Porolas komnosutu 1%
Fe;O; 6ynran Fe;Os-Porolas kommnosutura HucOatan cyBiu s3putMagaH MB ra
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HUcOaTaH  IOKOPH  aACOpPOLIMOH  KOOWIMATHHM  HamMo€H  Kuiagu. MB
KOHIICHTpAUsICHHUHT macainmu Fe:O3 HaHo3appadasapuHUHT (DOTOKATATUTHK
daomnuru (rereporen ¢gotokaTtaini), aacopouus 3¢p(exTu Ba CyBIM IpUTMAIATU
roMoreH QoTtokaTtaau3 OuiaH u30XJj1aHaau. Porolas HUHT TYPCUMOH TY3WJIHILIU Ba
1okopu aucnepcan FeoOs; naHo3zappadanmapu kymumua paBuimga FexOs-Porolas
KOMIMO3UTUHUHT  (POTOKATANUTUK  (PAOJTUTUHU  ommMpuinra &Epaam  Oep.u.
Taakukotnap Hatmwxkacuna MB wunr tynuk panrcuznanumu (96-98%) sa TOC
HUHT 97% naH 1oKopu Oynummra >pumuian, Oy 3ca cyBiau sputMa MB Ba OA
HUHT OUp BaKT/1a MUHEPAJUIATNYBUHHU TaCAUKIANIH.

OkaBa cyByiapHU POTOKATATUTUK KaiTa To3a1all TU3UMHUA KYJulall Ba €HI Ul
axpaymimu yuyH Fe;Os3-Porolas KOMImO3uTHHU OCOH Ba ap30H Talépiiail MyMKHH.

Fe2Os-Porolas xommo3utuHMHr ontvk  xycycusatiaapu CJIO-crekTpnapu
épnamuaa Yypramwigu. 9a-pacmpa 1% FexOs-Porolas Ba 7% FexOs—Porolas
HaMYHQJIApUHUHT FOTHIMIN crekTpaapu kenrtupwirad. Fe,Os-Porolas xommo3utn
YUYyH FOTHIUII cnekTpiapuauar oonutanuimy 800 HM naH rokopH, FexOs aca nespim
Oapua KypuHagurad HypHH otamu MyMkuH. 7% FexOs-Porolas Owunan
commmtupmwiragga 1% Fe;Os-Porolas xommosutuna Fe,Os Ba Porolas dazanapu
opacuaa SKMHPOK ajoKa Oyiramimru Tydaiau yinap KypHHAAuUTraH HYPHM KEHT
coxaga rotamn. FeoO3 MHKOOPMHUHT OpPTHINN OWaH IOTHIIMII CIICKTPJIApUHUHT
JKaIalIUTH XaM opTagd, Oy 3ca Tal€p KOMITO3WTIIAPHMHT paHTHAaru (apkKka MocC
kemagn  (9a-pacm). Hypam rotum  koOmmmstd  FexOs; HUHT  yasTpaguciiepc
HaHO3appayvajapy OWIaH SKUH aJIOKAHM XOCHJI KWJIHII OPKAJIM CEe3WIapiiu Jdapa)kana
SIXIITUIAHUIIN MyMKHH JIeTaH XyJiocara KeJIMHau, Oy 3ca ¢a3ajiap opacHaard TabCUp
OapbepUHUHI KaMaWWIIMra Ba SIPUM YTKa3TH4YJa DJICKTPOH OOFIaHUIITUHHUHT
Kydaiuimmra om0 kenaau. by kynm Mukmopmaru (GOTOMHAYIUPIIAHTaH 3JIEKTPOHIIAp
Ba TEIIMKJIApPHH XOCWJ Kwiumjga ¢oigand  Oyiaub,  KOMITO3HTIIAPHHHT
(DOTOKATAIMTUK XYCYCHATIIApMHU SXIIWIaiInA. SIpuMyTKasrudjapra acocJianraH
(dhoToKaTaTM3aTOPIAPHUHT SHEPT U JIapaykacy Ba TAaKUKJIaHTaH coxacH KeHrauru (9b-
pacM) yJIapHUHT (POTOKATAIUTHUK XYCYCHSATIAPUHN aHUKJIAIIIAa XaJl KWIYBYH POJIb
YUHAUIH.

(a) b)

(ahv)"2

—— 1%Fe,0;-Porolas

— 7%Fe,0;-Porolas

— 1%Fe,0;-Porolas

— 7%Fe,0;-Porolas

Absorbance (arb. units)

400 600 800 1000 1200 1400 0 1 2 3 4 5 6
Wavelength / nm Photon energyt / eV

9-pacm. 1% Fe203-Porolas Ba 7% Fe2O3-Porolas napaunr IKC (a) Ba Tayka
oorsnukauru (b)

Xap ukkana FexOs-Porolas xommnosutnapuaunr MK-cnextprnapuna nespiu
xed KaHjnad TadoBYT KypuHMaiau, @akar Porolas cnekrpura HucOaraH
YYKKWIAPHUHT KeHraiumu OyHJIaH MycTacHo OynuO, Oy 3ca yJibTpagucnepc
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TEMUpP OKCUAM HaHo3appaudajgapu Porolas HHMHr KUMEBUI CTPYKTypacuHU
y3raprupmacaurugal €xku FeoOs MuKaopm wmarpuuara TabCHUp OTMAWAWIaH
Japaxaja kamumrujaan nanosar oepanau (10-pacm).

['ereporen Ba roMoreH ¢oToKaTaliu3 >kKapaéHIapyuHU XHCOOra OJraH XoJijaa
dboToKaTaNMM3aTOP-COPOSHTIIADHUHAT Tabcup MexaHusmu 11-pacmaa  Taxmmd
strirad. KoMmproTepsa MOJEIAIITHPUIIT IIYHH KYpPCAaTAWKH, OPTHUKYA OKcayat
mounekynanapu Fe;O; Ba FeOOH wnanozappaudanapu ro3ajiapujaru ajacopOiroH
KoWapHu srayuiaiau Ba MB monekynanapu 6mian pakodarnamanan. FeOs3(10-2)
CUpTHZA OpraHMK MOJIEKyJajJap Ba CYBHHHI OHp BakTHUHT  y3uJIa
aacopouusutanui FeOOH(120) cuptuaa aacopOuusuianuinura HucOaTal Ky4djau
(9x30TepMHK) [Eads (Fe203) - Eadas (FEOOH) = - 3,77 kkan/mois].

-
=
o)

1723 612 904
Intermedlates —> CO, +H,0
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202
H202 Fe3 )
H* 0,
o
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(c)

(b) /\/\/‘[/ ™
f\: COz <::|Fe(c204)2 N Fedt i) e 8
Fe(C,0), R /@ \CB
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s

% Hha e 00 0 Ae
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Wavenumber / cm-1 /I L‘]’[’T\’]'\
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10-pacm. UK-cnexrpaap: Porolas (a), 11-pacm. Kypunaauran nyp omjian

1%PFe;0s-Porolas(b); 7%Fe203-Porolas (¢) HypJanTupwiranaa Fe,Osz-Porolas
KoMmno3utuaa MB HUHT

(doToaerpasanusIAHUIIN CXEMACH

3455
=
R L el

(a)

Transmittance (arb. units)

2932
\
\
\
te]
5]

byHnman Ttamkapu SHTM TOMOTE€H OKCHIJIAaHUIN KaTaIM3aTOPJIAPWHH OJIHIII
yuyH V(IV) Ba Mo (VI) napHuHT Xap XuUJl KpUCTAUT CTPYKTypajapra sra Oyiran
OKCOKOMIUIEKCIapU CUHTE3 KUIUH/IH.

Kommexe Ko[MoO,(NHA-2H),]-8H>O kommeke annon [MoOx(NHA-2H),]*,
KpucTtaum3aniod cyB Ba K karmonmmad tamkuia TomraH. K HOHIapHHUHT
KOMILJIEKC aHWOH OWjiaH y3apo TabCUPU TUIpOKcamMaT (pparMEeHTHUIIard a30TIaH
sMac, OaJIKM TUPa3WH TETEPOLMKINAATH a30T aTOMJIapHU HINTUPOKWIA KETHIIU
aaukimanau. PHA su Mo (VI) OunaH KOMITIEKC XOCHJI KWIUIIHAA Ol ab30JIu
XenaT LMK XOCWUJ OVIMINM y4YyH JIMTaHJ Xap HKKajda KUCIOpPOJ aToMJiapu
épnamMuga Merayul atoMud Owinad OornaHamu. Mypakka® aHUOHHUHT TY3HIWIIN
12a-pacmpna Oepwiran, reomerpuk napamerpaapu 3ca CIF (IMIXEH) apxuBuna
MaBxyll. Meranuukigaru 6of y3yHiaukiap Ba Oypuakiap Mo (VI) kommekciapu
yuyH Vyxmam Kuiimatiaapra sra Ba PHA wmonoruapatu (CIF: FUZZABO2,
XOCFAW) ctpyktypacu MabiyMoTiapu OuiaH moc kenaau. PHA monexynacu
KeTo maknaa, Z-konpurypamusicuna maxya (C=0 1,249(4), C-N 1,330(4), N-H
0,69 (3) A, O-C-N 120,5(3)°). Cys Mmonexynanapu PHA MonekynagapuHu
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numepnapra oupnamtupand. by mumepnap NH...N wmonekynamapapo Boaopon
Oormapu €paamMuaa WKKU YIYOBIM TApPMOKJIAPHU IIAK/UTAHTHPHUIN  yIyH
oupnamrupunrad. Jiurangnapaunar (PHA-2H)? eHoN INAKIMHUHT MaByKyUIUTH
PHA Ounan conMIITUpPWITaHa T€OMETPUK XapaKTEPUCTUKAIAPHUHT Y3rapHIld
ownan tacaukiananu, seHU C — O 6orHuHT y3akumm (A = 0,02-0,05 A), C-N(A
= 0,03 A) Ba N — O (A = 0,04 A) Gornapuunr xuckapuiy, myHuaraek OCN
120(1)°, 122(2)° Ba CNO 111(1)°, 113(1)° (sp? ruOpuananum) Oypyakaapu
KUMMATJIAQPUHUHT Y3TapUILIH.

Mo monwdapu  TEOMETPHSICH  OKCOOMpHWKMamap y4yyH Oynran  Oapua
XyCYyCUSATIIapHU CaKJanau: MoO> TYPYXUHUHT Yuc-KOHPUTypaLusCH,
okcomurangHuAr (Om) MyXUM CTPYKTYPaBUil mpanc-TabcUpuHd Ba O° OKTasIpHUHT
TUNHK Oypyak Oy3uiunuiapuay Hamoiui 3taau. bupoxk Mo(VI) HUHT KoopaAuHAIIMOH
nomapu Ko[MoOx(NHA-2H),]* nan karra Oysmmnuiapy 6unan Gapk kunaau. Mo —
Om, Mo — Ocis, MO — Ogans Macoa Ba OnMoOn Oypuak MoneOeHIM KOMITIeKcaapra
xoc. CyB Mosekynaigapu Ba K™ kaTHOHIapW KOMIUIEKC aHHOHJIapHU 41 YK OVitiad
CTIMPAJICUMOH 3amkupaa 6ornaiinu. HoO Monexymnanapu runpokcamaTt (pparMeHTHAaru
O Ba N arommapu xamaa MoQO; rypyxuaaru O aromiiapu opacuga BOJIOPOL
OOFJIAHUIIIHM BYXKyJra KEJITUPHUIIIA JTOHOPIMK BasudacuHu Oaxkapamu. Mypakkal
aHUOHJIAp CYB MOJIEKyJajapy OWJIaH x xamja y VK OVilnya sKOWNIaIran 3aHxupiap
OpKau, KeiinH 3ca Kariaamiapra 6oraanrad. Bomopoa 6ormanuminiap Ba K katromIap
cuctemacu H,O monexyrnanapu OwiaH TYInupwiraH OVIUIMKIAp OWiIaH Kywid y4
Viyamii KapkaciaapHu xocui Kuiaau (12 ¢ -pacm).

12-pacm. (a)[MoO2(NHA-2H);]* Ba (b) [MoO2(PHA-2H),|* Ty3uaumu; (c)
K2[M0oO2(PHA-2H);] 4H,O Ba (d) [K2Mo0O2(NHA-2H),] 4nH>0 Taxaamu

[K2MoO2(NHA-2H),] 4nH>O kpucramuiapuHUHT CTPYKTypa OUpIMKIApUHU
KOMIUICKC aHWOHJIap (MKKM Japakanu VK OVilmda >KOMalraH), KaTHOHJIAp Ba
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KPUCTAJUIM3ALMOH CyB MoOJieKynanapu xocwin Kwiamu (12d-pacm). JluranamapHuHr
(PHA-2H)* eHON INAKJIMHHMHT Mapxkynnuru PHA Owian conumTupuirania
TeOMETPUK XapaKTEePUCTHKAJIAPHUHT y3rapuiim OwinaH Tacaukianaau, seHu C — O
6oruHUHT y3aiumm (A = 0,02-0,05 A), C—N (A=0,03 A)BaN - O (A =0,04 A
6ormapaunr, mynuaraek OCN 120(1)°, 122(2)° Ba CNO 111(1)°, 113(1)° (sp?
ruOpuau3anusi) Oypyak KMHMaTIApUHUHT KUCKapuiu OwnaH TaBcudianamu (12b-
pacm). AxcuHua, NHA MosieKylnacHHUHT aoXyja CTPYKTypaBuUH OUpIIUTH
RCONHOH HuHT 5HT KEHT TapKaJIraH KETO-IIaKIN/Ia MaBKy 1 Ba Z-KOH(UTypaIusra
sra:. C=0 1,284(14), C-N 1,343(14), N-H 0,92(4) A, CNO 117,0(1)°. NHA
CTpYKTypacua MoJIeKyJajiapapo sroHa BOAOPOJ OoriaHuin aHuKIaHuO, y NHA
MoJieKyasiapuau oup 3amkupaa 6ormnaiinu (CIF: FUZZABO1).

Mo nomudapu d’-meTaulapHEHT OKCOOMpHUKManapura xoc 0yau6, MoO,*
Jard MOJUOJEH aTroMura HKKWwiamMud Oofnap OunaH Oofnanran oxupru O-
aTOMJIADUHUHT 1UC-KOH(UTYypalUsICHIa Ba OKCOJMTAHAHUHT CE3UJIApIId MPAHC-
TabCUPUHUHT HAMOEH OYNUIIM Y3ura xocaup. MonaubaeH Ba KUCIOPO aToMiIapu
opacumar OoOfjap HOIKBHBAJIEHT OynuO, Oy »5ca Mo KOOpIWHAIIMOH
OKTa’IpPUHUHT YU3UKJW Ba OypUakiu Oy3WIMIIUTra OJu0 Kelaiu.

K>[MoO2(NHA-2H),]-8H.O KPUCTAITAPHHUHT XOCHIT Oymuiua
KPUCTAUTM3ALMOH CYB MOJIEKyJaiapu OOFJIOBYM Basu(acuHU yTad, MOHIap OuilaH
Oupra Mypakkad aHMOHJIApHM KaTjlamjlapra mapajuiesl paBuilia Oornaiiau
(CIF:QEQPOR). (12d-pacm). Opamuk KaTjiamjiap JHWTaHJIHAHT —TeTePOIUKIIUK
xankainapu Ba HoO monekynanapunu y3 wudra onaau. Katmammap opacupars CyB
MoJIeKyanapu ynapHu Oup-Ompura O6ormaiian. NHA crpykrypacuaa O6ynrann kadbu
KOMILJIEKC/Iary TeTepOXaJIKaard a30T aTOMH MOJIEKyJIanapapo y3apo OOFIaHUIILIapHUA
xocw Kuma uimtupok drManm. C(O)NHOH snexkTpoH akientop rypyx, mupyIuH
XaJIKa/1a AJIEKTPOH 3UWIMKHU KalTa TAaKCUMIIAHUIIIUTA OJTMO KeJlai Ba KBAHTKUMEBHIA
xpcoOmanuiap Oyimda TaxmuH KwimHranuaek, C aromu N (2) atomura HucOatan
KYTIpOK MaH(Hii 3apsiara sra 6ymam.

KOxopu 3apsiananran Mypakka0d aHWOHJIAP OpacUAard WUTAPWIMII Kydiapu
eTapiauya Ky4iau OynuO, cyB MoJeKkynajgapu Oyiamarania OapKapop KpUCTail
NMawxkapaHu Xxocwi KuiaMmaiau. [apum Oapya Moliekynanap KaTHOH OujiaH
Oofnanmaran Oyica-nia, yJapHUHT Oapyacd BOJIOPOJ OOFJIaHUIINAA HIITUPOK
staan. MOH-AUNON TOPTUIIUIN Ba KyWIM BOJOPOJ OOFIaHMIIIapu Ty(dailau cyB
MOJIEKYJIaJapy KpUCTAUT MaHXKapaja YLIUIaHUO .Typwiaaud, Oy 3ca KOMIUIEKC
CTPYKTYypacuHu siHaza 0apKapop KHUiau.

Buc(auerunaneronaro-k’0,0’)  (2-amuno-1-metui-1H-6ensumunaszon-kN°)
okcunmoBanaauit  (IV), [VO(CsH702)2(CsHoN3)] (CIF:BOVMAB) apainam
murananu komrieke oupukmacunaa V(IV) aromu Oy3uirad oKTasApuK Ty3UIUIIIA
KOOpJMHanusianrad. Banunun rypyxu Ba N-retepoxankanu aurana oup-ompura
HUcOaTaH yuc-xonarma okoimamraH. KoopauwHamumon OoF  OeH3WMMUIA30IT
auragagaru N aromuzaa skownamrad. exo-NH: rypyxmaru H aromutapu Ba
anerwnanerongaru O aromjapu opacujard HWYKA BOJAOPOJ OOFJIaHUIILIAP
KpUCTaJUI CTPYKTypaHu 6apkapopramrupanu (13-pacm).

(7-meTokcn-1-metnin-4,9-nuruapo-3HpB-kapOonHus) TETPaXJIOPUALIMHKAT,
(Ci3HisN20)2[ZnCls]  (CIF  (IMIXEH) kommiekc Oupukmacu —au(rapMadHUi)
TeTpaxJIOpuAIMHKAT 1e0 xam HomuanuO, yHaa Zn(Il) xmopummm nuranamap Ownan
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Oy3wJIraH TETpadApPHK XoJarja KoopauHanusuianraH. KatnoHmga METOKCH- Ba METHII
TypyxJiapu Xajka OunaH Oup TEeKHCIMKIA €Taayu (MaKCHUMall YETIaHUIIl MOC PaBHUILAA
0,232(4) Ba 0,259(4) A°). Kpucraiga kaTHOH Ba METa/UT KOMIUIeKC aHuonnaapu N — H
...Cl Bomopoa 6ofnapu opkaliu y3apo Tabcupiamaay. Yoy Tabcupaa xap Oup Xjop
aTOMH MIITUPOK TUIIN HATIKAcKAa TYPCUMOH TY3HIIHII XOCH 0ymaau (14-pacm).
FGRN, Ci4H14F3NO4 (CIF:EVAMUK) 6upukmacuna 3,3,3-tpudropnupysar
bparMeHTH CUH-KOH(UTypanusara sra Ba HHJOJ TEKUCIUTW OWUJIaH KOMILIaHAp
smac (topcuon Oypuak = 84.87 (5) °). Kpucranma Monexynanap MoJeKyiaiapapo
O—H...O Bomopon OOffaHMIIl OpPKAJW HHBEPCUOH OOFJIAHTaH JUMEpP XOCHII
Kwiaan. Yoy auMepiap moliekynanapapo Bojgopo 6oriaapu N—H... O=C(CF3)
Ouan y3apo 0OFNIaHMO, UKKH YI4aMIId TYPCUMOH CTPYKTYPaHU XOCHJ KUJITaH.

13-pacm. [VO(C5H702)2(CsHoN3)| Ty3miinimm Ba TaxJaMmu

Cs
&

L

14-pacm. (C13H15N20)2|ZnCly] TyL3n.1mmn Ba TaxJjamMu

Cyrwk cucrtemanapaa ruJIpoKkcaM KHUCIOTAHUHT JENPOTOHUPJIAHTaH IIAKINHU
cakyiaran Mo(VI) u V(IV) kommiekcnapu 120°C na aneToHUTpUT €KU 3TAHOJ Ba
CyB KaOW TIPOTOHJIAHTAaH JPUTYBUWIApAA OUpPJIaM4Yd Ba WKKWAJIAMYH OCH3UI
CHOUPTIAPUHU aJbAETU]l Ba KeTOHIapra Kaaap 97% yHyMm OWilaH OKCHAJAIl y4yH
KATAIUTUK XyCYCUSATHA HAMOEH 3TA/IH.

Kpucramn crpykrypanu aHuUKIam OyiWYa MabIyMOTIapra Kypa XamKMHMA
OYIUIMKJIap acocuaa MoJIMMEp KaBaTiu CcTpykrypara sra komiuieke [KoMoO2(NHA-
2H).] 4nH>0 yu ymuammu ctpykrypara sra komiuieke Ko[MoO»(PHA- 2H),]-4H,O ra
HUCOATaH IOKOPH KaTAIUTUK (DAOJUTMKKA STalld aHUKJIaH/IH.
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Karanutuk mexaHnu3m MmepoKcoBaHAAAT Ba MEPOKCOMOIUOMATIAPHUHT XOCHII
OynuImm acocuaa WUKM cdepana COUPTHUHT OKCHJIaHUIH OniaH ketamau. by sca
KylIuM4a KHUCJIOPOJ aTOMM METaul aToOMU OWJlaH KOOpAMHAUMSJIAHUIIN YYYH
METaJIJI-JINTaH OOFHUHT 3au(IalluInIuHu Tanad 3taau. Tpauc-Tabcup Tydanau Oy
*Kapa€H OCOHJIAIIAJM Ba NEPOKCOKOMIUIEKCIAPHUHI XOCWI Oynumura €paam
oepanu. YOy »apa€H MEeXaHU3MU OPAJIMK MOJJIaJIapHU Y3 UUKra OJIraH pajgukall
MEXaHU3M Oyiinda KeTaiu.

JluccepranustHuHT «CopOentiap Ba (poroxkaTasmzaTopIapHu
IKOTOKCUKOJIOTUK 0axosiaml Xamja CyBHH TO3aJAla KyUIAHWIMIIN) Je0
HOMJIaHTaH OeMHYM 000K1a OJIMHIaH COPOECHTIIAPHU CYBHU TO3ajalll Ba HKOJIOTUK
MOHUTOPHUHT/IA KYJUIAIl HATHKajlapu KelTupuirad. DoTOCUHTETHK (aosIK acocua
CYBHUHT HUQIIOCIAHUIIMHN Oaxoyamn Oyinda MabayMOTiap KEeNTUpWiITraH Oymuo,
TacauK cudaruaa cyBHU (OTOKATAIMTHK TO3aJalll YYyH OJMHIaH MaTepUaUIapHU
cuHOBAaH yTkasuil yuyH Cypxonnapé Bunosty Tepmu3 maxpu «CyB okaBay YK,
Cypxongap€ BuiosTH JKojiorus Ba arpod Myxut myxodaszacu OOIIKapMacuaaH
OJIMHTaH CHMHOB aKTJIapWHU KEITUPUII MyMKUH. ['apManuH Ba yJapHUHT KOMILIEKC
OupukManapu 0ab3d CyB  YCUMJIUKIAQPUHUHT  (POTOCUHTETHK  (haOJIUTUHU
KaMaluImra xamjaa YCUIIMHU macaiuimra cabad OYIMIM HaTHKacuAa yJapHUHT
pUBOXUTaHUIIIMTA TYCKMHIMK Kuianu. Iy Ounman Oupra QoTokaraquTuk KaiTa
WIIUIAaHTaH/IaH KeHUH oJIMHTaH cyB Lemna minor HUHT (POTOCUHTETUK (DAOJUTUTHHU
nesipau kamadtupMaiau  (15-pacm). OnuHran marepuauiap 3axapid SMaclurd

cababmu ylapHU OKaBa CYBJIApHHU TO3ajall Y4yH
Jeomoivaer ] KYJDIaIl MyMKHH.

CyBHH TO3ayam Ba aTpo(-MyXUT MOHUTOPUHTHU
80 Aerphoodeamaaion 4 YIYH OJIUHTaH copOeHTIIapHU KYJu1ant
g HaTWXKalapu  TakKIuM TUIIIN. OnuHraxn

60 ; 1 mawnymornap I'OCT HuHr Tanab KWIMHAJUIaH
cTaHaapTiapura MyBoQUK MYyJIbTHAACOPOLIMOH Ba
boTOKATAIUTUK KOOWIUAT Tyaliaum SPUTMAHUHT
TO3AJIAaHUIIK Ba JETOKCU(PUKAIUSA KWIMHUIIHNHU
KypcaTau. JlaGoparopus TaAKUKOTJIApU
HaTWKAJAPUHA TYKUMAYWINK OYEKIapy YUKUHIU
CyBJapyHU TO3aJall Y4YyH caHOoaT MUKECUAAru
TO3ajall  MHIIOOTJIapuAa  JaBOM  OTTUPHUII

15-pacm. CyB HaMyHAJJapUMHH  JIO3UMJIMTH KypcaTtu® yTwiau. Taknud sTunrax
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Lemna minor ra cuHau TO3a1all Ba Oaxosar ycyJjiapu KaTop
HaTHKaJ1apu ad3ayMKIapra ora:
- Ky€im DHEPrusiCuad dboinanaHun

HaTHXKacuaa JHEprusi capPuHU KHUCKAPTUPUIL Ba OOCUM OCTHIAa KHUCJIOPOJHU
eTKa3ub OepwuInra XTUEK HYKIHUTH;

- paonnanran kymupra (oToKaTaNTM3aTOPHU KUPHUTUII OpPKAJIA SPUTMAHU
TO3aJIaIll TE3JIUTH Ba TO3aJalll JapaKaCHHUHT OIIHUIIIN;

- OKcajaT KHCJIOTa HWIITHPOKUAA (Aol TUAPOKCUPATUKAIUIAPHU XOCHII
Oynuim Xxucodbura copOLKOH Ba (POTOKATAIUTUK TO3ATAMTHUHT OMPIIAIINIIN;

-oputMaaa opraHuk OupukmanapauHr CO> Ba H>O ra kamap TYIuK
MUHEpaITU3aHUSCH.
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XVYJIOCAJIAP

1. ®aonnmanran kymup Ba amopdp CaO-AlOs—Si0. (CAS) nan ubopar Oynran
MYJIBTUCOPOLIMOH XOccara 3ra sIHMM FOBAaK/IM MaTephayiap KOFO3 YMKUHIWIApU Ba
rwiactuk Earuau (RPF) dusuk Ba kuméBnit paosmanrmupui iy OuiaH oMHaIu.

2. Tapkubuna 50-60 mac.% mukaopaa yraepoa 6yirad Gpu3uk GaosuamTHPUITaH
marepuasuiapaa CAS MUKIOPHUHUHI FOKOpH OYniuIM XucoOura Oup BaKTHUHI Y3uza
orup Mmetawnap (Ni2'), 3apapmu oxcuannonnap (docdar) Ba OpraHuk OYEKIAPHUHT
(MB) copOrwisiari TaBcus STAIAIM.

3. KykyH, rpaHyna xaMaa Tojda KypUHUIIMAAA (DAoUTAIITUPWITaH KyMHD,
HOMOHOTEH CTUPOJI-IMBUHIIOEeH3011 conosiumepu Ba Fe,Os (Fe-AC) acocuaa mukpo- Ba
ME30FOBAKIIM aJICOPOLIMOH Xam/ia (POTOAErPaJallMoH Xoccalapra 3ra siHrd Marepuasuiap
omuau. YOy matepuaiap Y b-Hypranuin Tabcupuia OKcanaTr KUCIOTa UIITHPOKUA
MB HuHr QoTomerpasaoH MUHEPALIAIITUPUIN Y9yH (OTOAKTUB TEMHUpP OKCcaliar
METAIKOMIUIEKCHHUHT XOCHJI OYJIMIIIM XMCOOWTa reTeporeH Ba TOMOTeH (POTOKATaIN3
KOMOWHAIUSCUHHUHT COUP OYIUIIM OMTaH H30XTIaHaIH.

4. Kopouruga MB wunar amcopOrwsuianumm Fe-AC HuHr HUCOMI 103acH Ba
FOBAKJIAp XAKMUIa OOFIMKIIMIY Ky3aTWJIAM, ME30FOBAKIM HaMyHalapAaH (apKiu
YyIapoK MHUKPOFOBaKiIM HamyHanap MB HHM XM JecopOuusuiail XycycusiThura sra
O0yim0, ymapman copOums, aecopOims Ba (GoToaerpafanys opachaard MyBO3aHATHH
VpHatui yuyH 4 nad 10 mukira kagap $oiaananuin MyMKUHIMTHHE KypcaTajiy.

5. QaomiaHran KyMUp TOJACMHM TEMHP OKCHUAM Ba TUTAH JTUOKCUIM OWIaH
UMIIPETHUPIIAI WY OpKIM MOMMA(Up TONaId MHKporoBakiu matepuaiap (PS-
A20), mommaTrnen mynbnam (PE-W15) xaMaa HOMOHOTEH CTUPOI-IMBUHIIIOSH30
conommmep (Porolas) acocupary Me30fOBaKiiM Marepuajulap[aH TalUKWJI TOITraH,
HIYHUHTJEK SIXIIM aJICOPOIIMOH, TOMOI€H Ba rereporeH (OTOKATAIMTUK (DAOJUTMKHU
KYpCaTyBYH SIHTH TUTIATY (POTOKaTam3aTop-copOeHTIap crdaTuia TaBCUsl STUIAIN.

6 SIHru cuHTE3 KWJIMHIAH apanami jJuradui komiviekcnapaa PHA, NHA, MAB,
rapMaiiH MOJIEKYJIUIAPUHUHT TY3WIUIIM Ba KOOPAMHALMSUIAHUII YCYJUIApu WIK OOp
anukjianay. 3 ta jurasg Ba 4 ta Zn(Il), Mo(VI), V(V) koMILIeKCIapuHUHT KPUCTALI,
MOJIEKYJISIp Ba DJIEKTpOH Ty3wmnuiapu anukiaaHgy  xamaa [GLN+H][ZnCl4]
KOMIUIEKCHIa Oapkapop OEH3MMUIA30Juil MOH >KY(THHUHT XOCWUJI OYiMIIM OuiiaH
W30XJIaHA/IH.

7.  Couprmiapau  CyroK  dasamd  OKCHIJIAll  peakIpsUlapuaa  MeTall
KOMIUIEKCIIAPUHUHT KaTAIMTHK TabCcUpU auerwianetoH Ba HA wonnapu Owitan
ounenTar koopmuHanysianran N'O°-kondurypamusumm ([VO(MAB)(acac)), xamma O°-
koHpuryparmsiit (MoO2(HA)z]) Oy3uiran OKTadIpuK KOMIUIEKCIAPHUHT 3JIEKTPOH
TY3WIHIIHA Ba METAUT HOHU TaIlIKW JICKTPOH TOFOHACHHU Y3rapTUPHIN OWIaH HAaMOEH
Oynaauran TpaHc-TabCUpra OOFUKIUTY OWJIaH W30X/1aHa/IH.

8. OnuHran mnareHTiap, MaxkojalapJard XaBojiajap Ba OHOTECTJIall acocuia
copOeHT-(hoTOKaTaTM3aTOPJIapHA OJIMIII Ba ynap &paaMuaa TOKCHK MOJIAJapHUHT
CYBJIM 3pUTMAIAPUHU 3apapCU3/IaHTUpUII Oyiinya niuiad yukwirad ycysap Kromro
yHuBepcUTeTUHUHT (MuHepan xowm-aménap TexHonorusicu Kadenpacu; SAnoHus)
«KOHUMITMK COXacH Y4yH SIHTY KOJIOTMK CUCTEMATIApPHU SPATUIIDY MaB3yCHIATH HIIMHUNA
JoirXana KyJUTaHWITaH, IIYHUHIZIEK COpOEHT-(OTOKATaIM3aTopiap OKaBa CYBIAPHH
Cu(Il), dpocdat Ba aMMOHMI HOHIAPUAAH TO3AJIAIT YUYH TABCHSI ATUIIA]TH.
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INTRODUCTION (abstract of doctoral (DSc) dissertation)

The urgency and relevance of the theme of dissertation. Nowadays,
targeted design of new sorption and oxidative photocatalytic materials and their
application in various technological processes in industry, metallurgy, chemical
industry, including purification of air, waste and surface waters from organic and
inorganic pollutants, are important in the world. Development of low-cost and
highly efficient, environmentally friendly sorbents-photocatalysts, improvement of
their physical-chemical, sorption and catalytic properties are especially important
in this regards.

Worldwide practice of modern research concerned development of the
targeted synthesis conditions for the sorbents-photocatalysts with defined physical-
chemical properties are carried out on the new principle basis of the of sorption
and photocatalytic activity combination at the nano-level. Due to nanoparticles
specific surface area and reactivity increase, the distance to the surface reaction
zone 1s reduced, and more efficient separation of photogenerated charge carriers
occurs. Many theotetical research studies related to synthesis and study of the
structure of new potential metal complex catalysts, and selection of catalyst
support matrixes with targeted incorporation into it various metal oxides
nanoparticles, and study of the kinetics, and sorption mechanism, and
photoreactions, as well as, ecotoxicological evaluation of the materials based on
the photosynthesis parameters are conducting by the world's leading scientists to
obtain sorbents-photocatalysts.

With the aim to development of chemical industry in our country, special
attention is paid to design of new types of sorbents and catalysts which are meet
modern requirements. Certain results were achieved on the basis of the regulatory
measures taken in this direction, especially, development a scientific basis of the
sorbents and catalysts production based on waste products, large-scale measures
were implemented in the field of supplying the local market with the import-
substituting chemical sorbents. The Strategy of Actions for the Development of the
Republic Uzbekistan! outlines important tasks aimed to «development the
production of the innovative types of products and technologies, ensuring on this
basis the competitiveness of domestic goods in foreign and domestic marketsy.
Development of highly efficient and environmentally friendly technologies of the
sorption and catalytic materials preparation based on local raw materials, waste
management and environmental safety become important in this regard.

This dissertation research serves to a certain extent to fulfill the tasks
stipulated by the Decree of the President of the Republic Uzbekistan UP-49-47
dated February 7, 2017 «On the Strategy of Actions for the Development of the
Republic Uzbekistan», Decrees of the President of the Republic Uzbekistan No.
3983 «On Measures on the Accelerated Development of the Chemical Industry of
the Republic Uzbekistany» dated October 25, 2018, No. 3479 «On Measures for the

! Strategy of Actions for the Development on five priority directions of the Republic Uzbekistan in 2017-2021 years,
Annex Ne 1 to Decree of the President of the Republic Uzbekistan dated February 7, 2017, Ne VI1-4947, p. 3.2.
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Stable Provision of the National Economy Sectors with Demanded Types of
Products and Raw Materials» dated January 17, 2018, as well as, other Legislative
documents adopted in this field.

Relevant research priority areas of science and developing technology of
the Republic. This study has been carried out in accordance with the priority
direction of development of science and technology of the Republic: VII. Chemical
technology and nanotechnology.

Review of foreign scientific research on the dissertation theme’. Scientific
studies aimed to determination of regularities of preparation the sorption and
photocatalytic materials based on metal oxides and metal complexes of organic
acid derivatives and N-heterocyclic ligands are carried out at leading research
centers of the world higher educational institutions, including: Tokyo University of
Science (Japan), Stockholm University (Sweden), Tokyo Institute of Technology
(Japan), University of California Irvin (USA), University of Erlangen-Nurnberg
(Germany), Technical Institute of Physics and Chemistry (China), St. Petersburg
State University (Russia), National University of Uzbekistan, Institute of
Bioorganic Chemistry, Institute of General and Inorganic Chemistry (Uzbekistan).

A number of the following scientific results have been obtained as a result of
research on the production of metal complexes, sorbents-photocatalysts and their
application, including: mixed ligand complexes with nitrogen heterocycles have
been prepared (Institute of General and Inorganic Chemistry, Institute of
Bioorganic Chemistry, Uzbekistan), oxomolybdenum and vanadium complexes
with catalytic activity in oxidation reactions have been synthesized (Stockholm
University, Sweden), promising application areas of photo-electrochemical
processes under the solar light action have been identified (Tokyo University of
Science, Japan), new environmental sorption photocatalytic materials have been
prepared on the basis of waste disposal (Tokyo Institute of Technology, Japan),
installations for photocatalytic decomposition of water have been designed
(University of California Irvin, USA), and synthetic aspects of photocatalytic
processes for organic synthesis have been revealed (University of Erlangen-
Nurnberg, Germany), functional photocatalytic film coatings (Technical Institute
of Physics and Chemistry (China), heterostructured nanocomposite photocatalysts
(St. Petersburg State University, Russia), sorption materials for water and air
purification (National University of Uzbekistan, Institute of General and Inorganic
Chemistry, Uzbekistan) have been fabricated.

Due to identification the regularities of preparation and determination the
«composition-structure-microstructure-properties» relationship of new mixed-
ligand complexes and their practical use in the sorption and photocatalytic
materials production, researches are being conducted in the world on a number of
priority areas, including: targeted production of new highly effective sorbents-
photocatalysts, and determination sorption, catalytic, physicochemical properties

2 Review of international research on theme of dissertation prepared on materials http://www.scholar.google.com,
http://www.sciencedirect.com and etc.
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of sorbents-photocatalysts, and definition of a catalytic mechanism with
participation of metal complexes, and synthesis of new sorption and photocatalytic
materials for the environmental problems solution, and ecotoxicological control
based on photosynthetic activity.

Problem development status. Scientific research aimed to the sorbents-
photocatalysts preparation and their use in the purification of waste and surface
waters, and ecotoxicological control based on photosynthetic activity carried out in
the leading scientific centers of the world. Special attention is attracted by the
researches of A.Fujishima, L.Jiang, H. Kisch, S.Ardo, M. Miyauchi, A.V. Emelin.

Analysis of the literature data showed that systematic studies on the synthesis,
structure study and catalytic activity of the mixed-ligand complexes based on 2-
amino-1-methylbenzimidazole, nicotine and pyrazinehydroxamic acids were not
conducted. Studies of heterocyclic metal complexes with catalytic activity are
devoted to the work of such scientists as A.D. Garnovsky, V.Yu. Kukushkin, F.
Kuhn, M. Karkas, and et al.

Study of coordination compounds is carried out in Uzbekistan by scientists of
the schools of academicians - N.A. Parpiev, B.T. Ibragimov, professors -
Kh.T.Sharipov, T.A. Azizov, Kh.H. Turaev, A.A. Shabilalov, B.V. Umarov,
U.Khudoybergenov, M.M. Ishanhodzhaeva, Sh.A. Kadirova. Various polymeric
sorbents and photocatalysts used in chemical technology, medicine and other
national economy sectors are prepared by professors M.P. Yunusov, T.M. Babaev,
M.G. Mukhamediev, Z.A. Smanova, O.N. Ruzimuradov. However, despite the
extensive material data on sorbents and catalysts, the production of new sorbents-
photocatalysts, their sorption, complexing properties have not been studied.

Relevance of the dissertation research plans of the scientific-research
works of higher educational institutions. The dissertation research was carried
out within the framework of the research plan of the Fundamental Project of the
Tashkent Chemical-Technological Institute F7-22 «Study of the nature of chemical
bonding in the molecular organized heterophase nanometallic complex materials
for the targeted formation of the photocatalysts action mechanismy» (2012-2016),
the Applied Project of SE "Uzbekistan-Japan Innovation Center of Youth " NeYA-
06-05 "Design of the metal sulphide materials for photocatalytic purification of
water and air pollutants from organic pollutants"(2017-2018 y.).

The aim of the research work is preparation of the sorption and
photocatalytic materials based on metal oxides, organic acids and N-heterocyclic
ligands, study of their physical-chemical and catalytic properties.

The tasks of the research work:

determination the synthesis conditions for the mixed ligand Zn (II), Mo(V]),
V(V) coordination compounds with 2-amino-1-methylbenzimidazole, harmaline
and N-containing heterocyclic hydroxamic acids, the structural features, the nature
of chemical bonds and fundamental regularity "composition-structure-property";

single crystals growth and study the crystal and electronic structures of the
complexes, determination the dependence of catalytic activity on the structural
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features of the electron ion configurations and the ligand coordination mode;

preparation of activated carbons and sorbents-photocatalysts based on them,
determination the relationship between the composition, structure, microstructure
and properties of sorbents-photocatalysts based on porous matrixes, metal oxides
and coordination compounds;

study of relationship the sorption properties related to inorganic and organic
pollutants from the sorbents-photocatalysts microstructure, complexation and
sorption conditions;

determination of selectivity, sorption kinetics and photocatalytic processes of
heterogeneous and homogeneous catalysis;

laboratory tests implementation of the prepared sorbents-photocatalysts for
industrial objects, development of recommendations on the materials possible
application areas for ecotoxicological method of the water pollution assessment,
and the industrial and domestic wastewater purification.

The objects of the research work are activated carbon (AC), titanium oxide,
iron oxide, 2-amino-1-methylbenzimidazole (MAB), hydroxamic acids (HA)-
nicotinhydroxamic acid (NHA) and pyrazinhydroxamic acid (PHA), harmaline
(GLN), polymer matrix based on polystyrene and divinylbenzene (Porolas),
oxocomplexes of molybdenum, vanadium and transition metals.

The subject of the research work is the composition, structure, properties of
complexes of organic acids and nitrogen-containing heterocycles derivatives,
sorbents-photocatalysts, catalysis of oxidation and photodegradation reactions,
physical-chemical properties, sorption, kinetics and thermodynamics of processes,
ecotoxicological assessment.

Methods of the research. The research methods used are Fourier transform
infrared (IR) and electron (UV) spectroscopy, diffuse reflectance spectroscopy
(DRS), elemental, X-ray diffraction (XRD), differential thermal analysis (DTA),
mass spectrometry with inductively connected plasma (ICP-MS), atomic
absorption spectroscopy (AAC), scanning electron microscopy with energy-
dispersive analysis (SEM-EDX), transmission electron microscopy (TEM),
Massbauer spectroscopy (MS), X-ray photoelectron spectroscopy (XPS),
adsorption of liquid nitrogen.

Scientific novelty of the research work is as follows:

new complex compounds of Zn(II), Mo(VI), V(V) with 2-amino-1-
methylbenzimidazole, harmaline and N-heterocyclic hydroxamic acids have been
synthesized for the first time;

structure and coordination modes of the PHA, NHA, MAB, GLN molecules
in new complexes were identified, the crystal and molecular structures of 3 ligands
and 4 complexes with Zn(Il), Mo(VI), V(IV) were determined, the benzimidazole
ionic pairs formation was proved in the [GLN+H]>[ZnCls] complex.

dependence of the metal complexes catalytic action from the trans-effect
structural manifestation at the changes of the complex electronic structure and the
metal ion outer electron shell in the distorted octahedral N'O° configuration of
[VO(MAB)(acac),] and O° configuration of [MoO>(HA-H),] with the bidentate
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coordinated acetylacetonate and HA ions;

for the first time, new sorbents-photocatalysts with specified properties were
obtained by combination of titanium oxide and iron oxide with activated carbon
and a non-ionic styrene-divinylbenzene matrix;

sorption and kinetic characteristics of new obtained sorbents-photocatalysts
related to acetaldehyde in the gas phase, and nickel, phosphate and methylene blue
ions in solutions were determined, the sorption and photodegradation optimal
conditions were found;

influence of the composition and structure of complexes formed in the
solution and solid on the sorption and photodegradation of organic molecules was
revealed, the mechanism of sorption, desorption properties were determined;

Practical results of the research work are as follows:

synthesis conditions for the mixed ligand Zn(II), Mo(VI), V(IV) coordination
compounds with 2-amino-1-methylbenzimidazole, harmaline and N-containing
heterocyclic hydroxamic acids have been developed;

a number of highly effective sorbents-photocatalysts based on activated
carbon and non-ionic polymer matrix, which are not differ with foreign analogues,
were obtained;

methodical recommendations for the analysis and sorption treatment of
wastewater have been developed;

method of the ecotoxicological water quality assessment based on the
photosynthetic activity study has been proposed;

the results of computer simulation of sorption processes in solution on the
sorbents-photocatalysts surface made it possible to predict catalytic properties.

Authenticity of the research results were justified by using of modern
highly informative methods of physical-chemical research (IR, UV, DRS, AAC,
ICP-MS, DTA, XRF, XRD, SEM-EDX, TEM, MS, XPS, liquid nitrogen
adsorption, quantum-chemical calculation methods). The conclusions were made
on the basis of modern theories of the sorption kinetics and thermodynamics by
using statistical data treatment.

Scientific and practical value of the research results. The scientific
significance of the research results consists in study of the electronic structure of
ligands and complexes, and identification the composition and coordination modes
of the PHA, NHA, MAB, GLN donor atoms, and determination the relationship
between the composition, structure, microstructure and properties of sorbents-
photocatalysts, and finding of the sorbents-photocatalysts kinetic characteristics
and the catalytic mechanism in oxidation and photodegradation reactions.

The practical significance of the research results consists in addition of 7 new
structures to the Cambridge Structural International Database, fabrication of new
sorption and photocatalytic materials for environmental purposes and organic
synthesis, it’s application in the processes of purification of industrial and domestic
wastewater, development a new patented method of ecotoxicological assessment of
water quality based on the photosynthetic activity study.

35



Implementation of research results based on the results of scientific
research in field of determination of regularities for the production of materials
with sorption and photocatalytic properties, which are based on metal oxides and
metal complexes of the organic acids and N-heterocyclic ligands derivatives:

patent of invention of the Agency for Intellectual Property of the Republic
Uzbekistan (No. IAP 03236, 31.03.2003) to preparation of new composition based
on zinc complex. As a result, it was possible to obtain a new sowing efficiency
effect with the preservation of the ecological balance;

patent of invention of the Agency for Intellectual Property of the Republic
Uzbekistan (No. IAP 04167, 06.09.2007) to ecotoxicological assessment of water
quality based on photosynthetic activity. As a result, new biotesting method allows
to conduct an express analysis of the water pollution level by the effect of
biologically active compounds on the aquatic plants vitality;

X-ray analysis of seven new compounds was included in the Cambridge
Crystallographic Data Center (The Cambridge Structural Database,
https://www.ccdc.cam, https://www.ccdc.cam, CIF: FUZZABO02, XOCFAW,
FUZZABO1, QEQPOR, BOVMAB, IMIXEH, EVAMUK). As a result, new
compounds introduced into the database are used in the synthesis and description
of the similar compounds structures;

materials on sorption and photodegradation onto impregnated solid
extractants were used in 117 foreign journals with high impact factor (IF) to
analyze the crystal and molecular structures of substances, to fabrication and
physical-chemical analysis of new materials with sorption and photocatalytic
properties (Chemistry of Materials, 2015, V.27, RG, IF=8.68; Physical Chemistry
Chemical Physics, 2015, V.17, RG, 1F=4.20; Chemical Engineering Journal, 2018,
V.339, Elsevier, IF=6.735; Environmental science & technology, 2018, V.52, Science
Citation Report, IF=6.653; Catalysis Today, 2018, Elsevier, IF=4.667; Journal of Cleaner
Production, 2019, V.215, Elsevier, [F=5.651). The results give possiblity to undertake
targeted synthesis of sorbents-photocatalysts based on metal oxides and porous
matrixes;

methodical recommendations on sorption purification of domestic wastewater
were introduced in the practice of the Department of Ecology and Environmental
Protection of the Surkhandarya Region to speed up and improve the degree of
water purification (Certificate of the State Committee of Ecology and
Environmental Protection of the Republic of Uzbekistan No. 03-03-752 dated on
January 29, 2018). As a result, efficiency and rate of the domestic wastewater
purification increases;

methods of the sorbents-photocatalysts preparation used as case studies at the
University of Kyushu, Japan (reference letter of University Kyushu, Japan from
March 12, 2019). As a result, it was possible to obtain ecological energy-saving
new photocatalysts;

sorbent-photocatalysts were used for the design of new sorbent materials with
technological and ecological purposes and wastewater cleaning from metal ions in
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the framework of the Fundamental Project OT-F7-48 «Study of the mechanism of
phase changes of the immobilized metal nanoparticles on the surface of polymeric
materials» (Certificate of the Ministry of Higher and Secondary Special Education
of the Republic Uzbekistan dated March 1, 2019, No. 89-03-863). As a result, it
was possible to compare wastewater detoxification with sorbents using chemical
analysis data;

synthesized coordination compounds were used to determine relationship of
molecular structure and biologically active properties from the central atom
environment and ligands nature in the framework of the Fundamental Project ®A-
®7-012 «Scientific basis of synthesis, structure, reaction ability and biological
properties of the new mixed ligand coordination compounds with polyfunctional
effects» (Certificate of the Academy of Sciences of the Republic Uzbekistan dated
March 14, 2019, No. 4/1255-704). As a result, it was allowed to describe the
composition, structure, and coordination of ligands with metal ions in new mixed
ligand complexes;

Approbation of research results. The results of the study were reported and
discussed at 46 scientific and practical conferences, including 35 international and
11 domestic conferences.

Publication of research results. There are 67 scientific works were
published on the topic of the thesis, including 2 patents and 19 scientific journal
papers, which are published in 2 Republican and 17 foreign journals recommended
by the Higher Attestation Commission of the Republic of Uzbekistan for
publication of the main scientific results of doctoral thesis.

The structure and volume of the dissertation. The structure of the thesis
consists of an introduction, five chapters, conclusion, list of references, annex. The
volume of the thesis is 200 pages.

MAIN CONTENT OF THE DISSERTATION

The introduction justifies actuality and relevance, aim and objectives of the
study, and the object and subject matter are characterized, and the compliance of
the study to the priority areas of the Republic development of science and
technology are shown, the scientific novelty and practical research results are
outlined, the scientific and practical significance of the research results are
revealed, information on published works and dissertation structure are provided.

The first chapter of the thesis, entitled «Study of materials with sorption
and photocatalytic properties for environmental use», provides a literature
review, which is considered the current state of research in field of materials with
sorption and photocatalytic properties for ecology, and activated carbon's
production and properties, and industrial waste application for sorbents
preparation, and photocatalytic water purification methods, and photo-Fenton
system.

Analysis of current trends from literature sources showed preparation of the
catalytic materials with advanced sorption and catalytic properties is relevant and
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possesses development prospects due to obvious advantages over traditional
materials, easy production, multi-adsorption, economic efficiency and
environmental safety.

The second chapter of the thesis «Preparation of coordination compounds
of N-heterocyclic compounds with catalytic properties and sorbents-
photocatalysts. Methodology of sorption and catalytic experiments» shows the
objects and methods of research, describes the synthesis of initial organic ligands,
Zn(I11), Mo(VI), V(V) complex compounds with 2-amino-1-methylbenzimidazole,
harmaline and N-containing heterocyclic hydroxamic acids, preparation methods
of the activated carbon and photocatalytic materials, as well as, methods of
sorption and catalytic experiments. Methods of structure determination, such as,
elemental analysis, IR, UV, EDRS, AAS, ICP-MS, DTA, XRD, PCA, SEM-EDX,
TEM, MS, XPS, specific surface area measurement, microstructure research, etc.,
are described.

The third chapter, «Study of sorbents based on activated carbons and
wastes», presents the results of study the structure and physicochemical properties
of the prepared sorbents based on activated carbons from paper waste and their
physico-chemical properties, sorption properties with respect to heavy metal ions,
phosphates and organic dyes.

Porous materials consisting of activated carbon and amorphous CaO-AlO3—
Si0, were prepared by physical (steam) and chemical activation (K2CO3) of refuse
paper and plastic fuel (RPF). The ash content in the samples was higher in the
physically activated sample (<45 mass%) than in the chemically activated sample
(<28 mass%), in which it was decreased by the washing treatment. The maximum
specific surface area obtained was higher in the sample chemically activated by a
two-step process (about 1300 m?/g) than in the physically activated samples (about
500 m?/g) (Fig.1 a). The pore size distribution indicates the microporous structure
of physically activated samples and mesoporous - for physically activated (Fig.
1.b).

The samples showed multisorption properties for representative of a heavy
metal (Ni?"), representative of a harmful oxyanion (PO4) and methylene blue
organic dye (MB). The physically activated sample showed higher sorption
capacity for Ni*" and phosphate while the chemically activated sample showed a
higher sorption capacity for MB (Table 1).

The MB sorption rates of the two samples are almost identical
(k2(Phys1)=0.13 and k2(Chem2)=0.15 g/mmol min) and relatively low due to the
small pore size compared with the large MB molecule.

In addition, low cost, highly effective sorbents for removing harmful
inorganic and organic cations and anions from water were prepared from paper
sludge, which consists of organic fibers and inorganic fillers (kaolinite
(Al2S1,05(0OH)s), calcite (CaCOs3) and talc (MgzSisO10(OH)2)), by grinding,
calcining and/or physical activation of the paper sludge. Heating the paper sludge
up to 800°C decomposes the original inorganic phases and forms amorphous CaO—
AlbO3—Si0, (CAS), which crystallizes to gehlenite (Ca;Al>Si0O7) and anorthite
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(CaAlLSi205) at 900°C. The organic part in the paper sludge burn out upon heating
in air, as in the calcined sample C and the ground pellet sample G, but is converted
to activated carbon in the activated powder sample A which was prepared by
physical activation of paper sludge in wet No.
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Fig. 1 Change of Sger of the prepared activated samples as function of temperature
(a) and pore size distributions of the physical (Phys1(700)) and chemical
(Chem2(900)) activated samples as a function of activating temperature (b)

Table 1

Sorption properties of physically and chemically activated carbons

Adsorbate Sample Langmuir parameter Freundlich parameter
Oo(mmol/g) | b(/mmol) | R? AG(kJ/mol) | Ke(mmol/g) | n R
Ni Phys1(700) 3.45 2900 0.9986 -36.9 293 10.9 | 0.6403
Chem2(900) 1.40 1.23 0.9943 -17.6 0.81 4.28 | 0.8789
PO4* Phys1(700) 0.95 27.8 0.9591 —25.4 0.87 38.3 | 0.1469
Chem2(900) 0.24 2.00 0.9539 —-18.8 0.13 2.53 | 0.961
MB Phys1(700) 0.30 11160 0.9976 —40.2 0.32 62.9 | 0.8839
Chem2(900) 0.96 5230 0.9970 -38.3 2.07 6.20 | 0.9964

The physically activated sample A shows relatively higher Sger values (70
m?/g at 600°C) than samples C (20 m*/g). The Sger value of sample G (37 m%/g) is
increased significantly by the mechanical activation which forms fine particles, but
this parameter decreases steeply above 800 °C due to sintering.

Qualitative sorption experiments indicate that maximum sorption of
phosphate occurs in samples C and G heated at 700 °C, but in sample A heated at
800 °C (Fig. 2). The sorption isotherms for phosphate and MB are fitted better by
the Langmuir model than the Freundlich model. The saturation sorption capacities
(Qo) for phosphate were 2.04, 1.70 and 1.38 mmol/g in samples C700, A800 and
G700, respectively. The Qo and k> value for MB sorption by sample A800 was 0.11
mmol/g and 107 g/mmol min, respectively. The multi-sorption properties of
sample A are attributed to the presence of amorphous CAS and AC in the sample.
The sorption kinetics of phosphate and MB are fitted best by the pseudo-second
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order model. The rate constants for phosphate sorption increase in the order G700
(k2=6.57)< A800 (k2=0.004) < C700 (k2=0.053 g/mmol min).
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Fig. 2. Change of phosphate sorption of the three samples as a function of
heating temperature (a) and change of Ni?*, phosphate and MB sorption as a
function of carbon content (b)

The sample with a carbon content of 50—-60 mass% are suggested to be
optimum for simultaneous uptake of heavy metals (Ni?*), harmful oxyanions
(phosphate) and organic dyes (MB) (Fig.2 b).

In the fourth chapter of the thesis «Sorption and catalytic properties of
materials based on porous matrices and metal oxides, metal complexes», the
physicochemical characteristics, sorption and catalytic properties of materials
based on porous carbon, polymer matrixes and metal oxides, metal complexes in
homogeneous and heterogeneous conditions are studied.

The materials on base of activated carbons and Fe,Os (Fe-ACs) were prepared
by pore volume impregnation of microporous AC by the Fe(IIl) nitrate solution
followed by heat treatment at 250°C. The Fe-AC samples with different Fe
contents (<17 mass%) were amorphous (Fig. 3a) and microporous (Fig. 3b)
(Seer>1000 m?/g).

The combination of activated carbon with Fe;Os was an essential for
methylene blue (MB) adsorption and photodegradation under UV illumination in
presence of oxalic acid (OA). The adsorption of MB was investigated in the dark
and adsorption isotherms of Fe-AC samples were fitted to the Langmuir model.
The impregnation of samples caused lowering of Sger values in 2 times. With an
increase in the amount of oxide in this case, the adsorption capacity (%) (Fig. 4a)
and the rate of photodegradation (Fig. 4 b) decrease, but the amount of
photodegradable MV (%) generally increases (Fig. 4a). However, the high rate of
photodegradation led to a rapid significant desorption of MB into the solution
during photodegradation experiments under UV illumination (Fig. 4 b). The high
photodegradation rate led to the fast desorption of MB into solution during
photodegradation experiments under UV illumination. This negative effect was
more pronounced for samples with the Fe content <10 mass% prepared with 25%
of pore fillings.
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Fig. 3. XRD patterns of AC and 17% Fe-AC heated at 155 and 250°C (a) and
porous size distributions (b)
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Fig. 4 Changes of MB adsorption and photodegradation in removing of MB by Fe-
AC samples as a function of Fe content (Co(MB)=0.13-0.15 mM, Cy(OA)=0.43 mM
and pH=3.4) (a); changes of MB concentration during photodegradation process
with Fe-AC samples heat treated at 250°C: < -2.8%; A-3,9%; O-17% (b); change
in relative MB concentration during cyclic operation (c)

The standard experimental conditions are based on initial MB concentration
of Co(MB)=0.08 mM, the sample content of 100 mg/L; meanwhile, the optimal
OA concentrations are in range of Co(OA)=0.43-0.98 mM and pH = 3, which is
resulted in metal oxide dissolution and formation of high photoactive iron OA
complexes in the beginning of UV-illumination. The generated excess of *OH
radicals lead to termination of photodegradation due to increase of pH and
decrease of concentration of iron ions in bulk solution. The combination of
heterogeneous and homogeneous catalysis was achieved by dissolution of iron
oxide in an OA solution. Simultaneous mineralization of MB and OA was
observed by TOC measurements. The cyclic usage is possible for the present Fe-
AC samples as confirmed by 4-10 cycle run experiment (Fig. 4c).

The granular ACs impregnated by iron oxide (BAU-OA, BAU-CL, BAU-
HA) were prepared using iron oxalate, iron chloride and iron tris-
benzohydroxamate which are differed by molecular sizes. The MB adsorption and
photodegradation in OA solution were investigated under UV and solar
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illumination. The metal chelates effectively filled the micropores and external
surfaces of the AC.

95

GAC-Fe 3

Relative trangmittance [%]

Velocity [mm/s]
Fig. 5. SEM of the BAU-CL-Fe (a), BAU-OA-Fe (b), BAU-HA (c), GAC1-Fe
(d), GAC2-Fe (e), GAC3-Fe (f), ACFT(PS-A20)-Fe (g), Fe-ACFT(PS-A20)-Fe(h)
samples and Massbauer spectra (i)

The maximum specific surface areas (Sger) and pore volumes (Vp) of the
resulting BAU-OA, BAU-HA and BAU-CL samples were 111, 4 and 50 m%/g, and
0.07, 0.01 and 0.01 mL/g, respectively. The XRD results showed low crystallinity
in the BAU-OA and BAU-HA samples (FEOOH and Fe;O3) while the BAU-CL
sample was completely amorphous. The SEM data and typical Massbauer spectra
confirm the uniform distribution of the oxide nanoparticles over the carbon matrix
for samples BAU-OA, BAU-HA and BAU-CL and the blocking of pores in the
sample BAU-HA (Fig. 5). The MB adsorption capacities of BAU-OA and BAU-
CL samples are higher due mainly to the higher Sger and Vp; values, but BAU-HA
also exhibit good MB adsorption ability. The sorption isotherms are better fitted to
the Langmuir model than Freundlich model. The MB photodegradation rate by
both solar and UV lights was higher in the BAU-OA sample than in the BAU-CL
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and BAU-HA samples (Co(MB)=0,015-0,025 mM, mopasa=10 mg/lm,
Co(OA)=0,43 mM).

The combination of heterogeneous (equations 1-9) and homogeneous
(equations 10-17) catalysis was achieved by dissolution of iron oxides in an OA
solution, the concentration of Fe** ions was about 1 ppm and pH~ 3, suggesting the
dominant highly photoactive species of [Fe(III)(C204)2]" and Fe(III)(C204)3]* for
generation of *OH radicals.

MB + hv — MBe (1)
MBe + a-Fe203 — MB¢" + a-FexOs () ()
a-Fex03 + hv — a-FexO3 (e + hVBY) (3)
H,O — H"+ OH~ (4)
eB+ 0, — Oy (5)
Oz + H" ag. — HO»e (6)
HOz¢ + HOz* <> H202 + O2 (7)
hVB*+ OH aq. — OH~" (8)
MBe¢/MB*" + (02", HO*, H>O,, OH*") — Degradation Products 9)
[Fe(II1)(C204),]® 2" — [Fe(II)(C204)(n-1)] 2" + C204* (10)
[Fe(II1)(C204),]®2" + hyv — [Fe(I1)(C204) (-] 27 + (C204) (11)
*(C204)” — CO2 + ¢(CO2)” (12)
*(CO2) + 02 > COz + 02 (13)
O + H" — «OH (14)
*O; +Fe’"— Fe?' + 02 (15)
*0,/*0,H + nH" + Fe** — Fe** + H,0; (16)
Fe?" + H,0, — Fe*" + OH + «OH (17)

The spherical granular activated carbon-carbon composites from pyrolytic
carbon and carbon aggregates (GAC), which are composed of globular graphitized
carbon nanoparticles covered with amorphous carbon, were impregnated with iron
oxide (Fe mass% = 0.6-10). The XRD results confirmed that the GAC-Fe
composites are composed of graphitic and amorphous carbon and amorphous iron
oxide. The photodecomposition rate was higher in the composites with higher Sger
values and the MB sorption capacity (Fig. 6). The total MB removal included the
combination of adsorption and photodegradation without the addition of H>O». The
results of total organic carbon (TOC) analysis revealed that the decolorization of
MB in aqueous solution containing oxalic acid corresponded to the decomposition
of organic compounds to CO, and H>O.

Felt (PS-A20) material consisting of ACFs (A20) and polyester fibres, as well
as felt (PE-W15) consisting of ACFs (W15) and polyethylene pulp were
impregnated by Fe(III) nitrate and calcined at 250°C. The resulting Fe-ACFT (PS-
A20) samples with different Fe contents of 0, 5.3 and 31.5 mass% were
microporous, with Sger values of 1000, 750 and 150 m?/g, respectively. The Fe-
ACFT (PE-W15) samples with 0, 2 and 35 mass% Fe were partly mesoporous with
Seer values of 830, 790 and 320 m?/g, respectively. MB adsorption from the water
solution was better fitted to the Langmuir model than the Freundlich model. The
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mesoporous 35%Fe-ACFT (PE-W15) sample had higher saturation sorption
capacity of MB in solution than the microporous 31%Fe-ACFT(PS-A20) sample.
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Fig. 6. Changes of MB concentration during adsorption in the dark and
photodecomposition under UV light in the presence of (a) GAC1, (b) GAC2, and (¢)
GAC3 samples; Co(MB) = 0.025 mM and Cy(OA) = 0.43 mM

The combination of ACF, Fe;O3, OA and UV illumination was essential for
adsorption and photodegradation of MB as in the case of granular and powder AC.
The deposition of Fe»Os decreased the Sser and consequently MB saturated
adsorption capacity and the apparent photodegradation rate constant (kapp) While
the photodegraded amount of MB increased. The high rate of photodegradation led
to desorption of MB into the solution during UV illumination; this effect was more
pronounced for the mesoporous Fe-ACFT(PE-W15) samples. Enhancement of MB
removal can be attributed to photocatalytic activity of ACF, iron oxide, adsorption
effect and homogeneous catalysis in solution.

The pH was around 3 under the experimental conditions (Co(OA)=0,98 mM,
Co(MB)=0,02-0,05 mM) at sample content of 100 mg/L. At pH 3 values, a
combination of heterogeneous and homogeneous catalysis was achieved owing to
the dissolved Fe ions (22-26 ppm) and the formation of highly photoactive Fe(III)—-
OA complexes at pH 3 at the beginning of UV illumination. The generation of
more *OH radicals during the UV illumination led to an increase in pH and a
decrease in Fe** to 2 ppm. Almost complete simultaneous mineralization (91%) of
MB and OA were confirmed in this system by TOC analysis.

Due to confirmation the effect of AC on heterogeneous photocatalysis, the
TiOs-supported ACFTs (TiO>-ACFTs) were obtained by dip coating of felts
composed of ACFs with either polyester fibers (PS-A20) and/or a polyethylene
pulp (PE-W15) in aqueous suspension of nanostructured TiO» (P25). Prepared
material calcined at 250 °C for 1 h, and SEM (Fig. 7 a,b) and XRD data indicate an
uniform distribution on the ACF of the titanium oxide nanoparticles,
predominantly in the anatase form (Fig. 7c).

Adsorption and photocatalytic activity of prepared samples were evaluated by
measuring adsorption and photodegradation of gas-phase acetaldehyde (AcH) and
liquid-phase methylene blue (MB) in the dark and under UV light illumination,
respectively. As can be seen from Fig. 7d, e, the TiO>-ACFT (PS-A20) sample

44



with 29 mass% TiO, was microporous with the Sger value of 738 m?*/g, and the
TiO-ACFT (PE-W15) sample with 35 mass% TiO, was mesoporous with the Sger
value of 586 m?/g.
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Fig. 7. SEM of the ACFT samples loaded with different TiO2 contents: (a) 35%
TiO2-ACFT(PE-W15), (b) 29% TiO:-ACFT(PS-A20), and XRD patterns of the
ACFT samples (c), and pore size distribution of (d) 35% TiO:-ACFT(PE-W15),

(e) 29% TiO02-ACFT(PS-A20)

The MB adsorption in aqueous solution was better fitted with Langmuir
isotherm model than Freundlich. The mesoporous 35% TiO>-ACFT (PE-W15)
sample showed higher saturation sorption capacity for MB in aqueous solution
than the microporous 29% TiO,-ACFT(PS-A20). The loading of TiO: particles
decreased the Sger values and consequently MB saturated adsorption capacity and
the apparent photodegradation rate constant (kapp) along with the increase in the
photodegradated amount of MB. The high photodegradation rate led to the
desorption of MB into the solution during UV light illumination, and this effect
was more pronounced for mesoporous TiO>-ACFT(PE-W15) sample.

In addition, amorphous Fe2O; nanoparticles were embedded into
hypercrosslinked porous polymeric matrix (Porolas) using two different Fe(III)
salts (iron nitrate and iron oxalate) for designing an easily separable and recyclable
photocatalytic system. The Fe>Osz-Porolas composites were simply prepared by
impregnating the Porolas by Fe(IIl) salts and calcination at 250°C for 1 h. The
sorption capacity and photocatalytic performance of the Fe,Os-Porolas composites
were evaluated by the methylene blue (MB) removal from model-contaminated
water under UV light irradiation in presence of oxalic acid.
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Fig. 8. TEM and HRTEM SAED of samples: (a) Porolas, (b) 1%Fe;0s-Porolas,
(c) 7%Fe20s-Porolas, (d) XPS spectra of the 1%Fe,03-Porolas sample.

The FexOs-Porolas samples with 0, 1, and 7 wt% Fe>Os nanoparticles were
macro- and mesoporous with the Sger values of 655, 313, and 49 m?-g ™!, respectively.
The 7%Fe>Os3-Porolas composite showed higher MB saturated adsorption capacity in
aqueous solution than the 1%Fe;Os-Porolas composite. The enhancement in MB
removal can be attributed to the photocatalytic activities of the Porolas and Fe>O;
nanoparticles (heterogeneous photocatalysis), adsorption effect, and homogeneous
photocatalysis in aqueous solution. The scaffold network of the Porolas and highly
dispersed Fe>Os nanoparticles additionally contributed to the enhancement of
photocatalytic activity of the FexOs-Porolas composite. Almost complete
decolorization of MB (96-98%) and more than 97% TOC were achieved in this study,
confirming the simultaneous mineralization of both MB and OA in aqueous solution.

The Fe»Os-Porolas composite can be simply prepared and inexpensive to
design an easily separable and recyclable photocatalytic system for wastewater
treatment.
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The optical properties of the FeoOs-Porolas composites were studied by UV-
vis diffuse reflectance spectroscopy. As Fig. 9a shows the UV-vis diffuse
reflectance spectra of 1%Fe>Os-Porolas and 7%Fe;Os-Porolas samples. As shown,
the onset of the absorption edge of the Fe>Os3-Porolas composites is beyond 800 nm
because the Fe>Os3 can absorb nearly all visible light. Compared with 7%Fe;Os-
Porolas, the 1%Fe>O3-Porolas composite exhibits a broader visible light absorption
owing to an intimate interfacial contact between the Fe>Os and the Porolas. The
intensity of the absorption bands increases with an increase in the Fe.Os3 content,
corresponding to the color difference in the prepared composites (Fig. 9a). It is
deduced that the light absorption ability of the Porolas could be drastically
enhanced by creating an intimate contact with Fe,Os; ultrafine nanoparticles,
resulting in a decrease in the interface contact barrier and an enhancement of the
electron coupling of the semiconductor. This is beneficial for the generation of
more photoinduced electrons and holes, improving the photocatalytic performance
of the composites. The energy levels and band gap (Fig. 9b) of semiconductor-
based photocatalysts play a crucial role in determining their photocatalytic
performance.

(a) (b)

(ahv)"2

— 1%Fe,0;-Porolas

— 7%Fe,0;-Porolas

— 1%Fe,0;-Porolas
7%Fe,05-Porolas

Absorbance (arb. units)

" 400 600 800 1000 1200 1400 0 1 2 3 4 5 6
Wavelength / nm Photon energyt / eV

Fig. 9 (a) ESDR spectra and (b) Tauc plots of 1%Fe;03-Porolas and 7%Fe;0s-
Porolas

In the FTIR spectra (Fig. 10) of both Fe.Os3-Porolas composites, no obvious
difference except peak broadening is observed in comparison with that of the
Porolas, manifesting that embedding the iron oxide ultrafine nanoparticles did not
alter the chemical structure of the Porolas or the FeoOs3 content was comparatively
low to affect.

Taking into account the processes of heterogeneous and homogeneous
photocatalysis, possible mechanism of the photocatalyst sorbents action has been
proposed in Fig. 11.

Computer simulations demonstrates that excess oxalate molecules occupy the
adsorption sites on the surfaces of FeoO3z and FeOOH nanoparticles and compete
with MB molecules. Simultaneous adsorption of the organic molecule and water
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molecules on the (10-2) surface of Fe»Os; is stronger (more exothermic)
[Eads(Fe203) - Eags (FEOOH) = - 3.77 kcal-mol '] compared with the simultaneous
adsorption on the (120) surface of FeOOH.
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Fig. 10. FTIR spectra of (a) Porolas, (b) Fig. 11. Schematic mechanisms of MB
1%PFe,03-Porolas, and (¢) 7%Fe;0s- photodegradation over Fe;Os-Porolas
Porolas composite under visible light irradiation

In order to produce novel homogeneous catalysts for oxidation, the oxo
complexes of V(IV) and Mo(VI) with different crystal structure were synthesized.

The K2[MoO2(PHA-2H),]-4H,0 complex consists of the [MoO2(PHA-2H),]*
complex anions, molecules of water of crystallization, and K" cations. The
involvement of the nitrogen atoms of the pyrazine heterocycle rather than
hydroxamate fragment in the interaction of the K" ions with the complex anion was
observed. In the complexation of PHA with Mo(VI), the ligand uses both oxygen
atoms in bonds with the metal to form a five-membered chelate cycle. The
structure of the complex anion is presented in Fig. 12a and geometrical parameters
are available from archived CIF (IMIXEH). The distances and angles in the metal
cycles agree with analogous values for the Mo(VI) complexes with the PHA acid
monohydrate structure PHA (CIF: FUZZABO02, XOCFAW). The PHA molecule
exists keto-form, Z-configuration (C=0 1,249(4), C-N 1,330(4), N-H 0,69 (3) A,
O-C-N 120,5(3)°). The water molecules unite the PHA molecules into dimers
arranged along the diagonals of the cell. These dimers are combined to form two-
dimensional networks by the NH::-N intermolecular hydrogen bonds. The
presence of the enole form of the (PHA-2H)* ligands is confirmed by a change in
their geometric characteristics compared to PHA, namely, elongation of the C-O
bonds (A = 0.02-0.05 A), shortening of the C—N (A = 0.03 A) and N-O (A = 0.04
A) bonds, and values of the angles OCN 120(1)°, 122(2)° and CNO 111(1)°,
113(1)° (sp* hybridization).

48



c2

(Comy Y
“ )
F 7 L cowh

Fig. 12. Structure of [MoO2(PHA-2H),]> (a) and K2[MoO2(NHA-2H):|>(b) and
packing of Kz[MoO2(PHA-2H),]-4H;O (c) , [K2M0oO2(NHA-2H),] 4nH0 (d)

The geometry of the Mo polyhedron retains all features specific for oxo
compounds: the cis configuration of the MoO; group, the substantial structural
manifestation of the trans effect of the multiply bonded oxo ligand (Om), and the
typical angular distortions of the O° octahedron. However, the coordination
Mo(VI) polyhedron differs from that in the K>[MoO,(NHA-2H),]* in greater
distortions. The Mo—Om, M0o—Ocis, and Mo— Orans distances and the OmMoOm angle
are typical of the molybdenyl complexes. The water molecules and K" cations bind
the complex anions into helixlike chains stretched along axis 4 of the crystal. The
H>O molecules can be donors in the formation of hydrogen bonds between the O
and N atoms of the hydroximate fragment and O atoms of the MoO» groups. The
complex anions are linked through water molecules into chains stretched along
axes x and y and then into layers. The system of the hydrogen bonds and K" cations
forms a strong three-dimensional framework with cavities filled with H>O
molecules (Fig.12 c¢).

The structural units of the [KaMoO2(NHA-2H),] 4nH>O crystals are the
complex anions (located on a twofold axis), cations, and crystallization water
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molecules (Fig. 12d). The presence of the enole form of the (PHA-2H)* ligands is
confirmed by a change in their geometric characteristics compared to PHA,
namely, elongation of the C—O bonds (A = 0.02-0.05 A), shortening of the C-N (A
= 0.03 A) and N-O (A = 0.04 A) bonds, and values of the angles OCN 120(1)°,
122(2)° and CNO 111(1)°, 113(1)° (sp? hybridization) (Fig. 12b). In contrast, the
discrete structural unit of the NHA molecule is present in the most common ketone
form RCONHOH and has the Z-configuration: C6-O1 1,284 (14), C6-N2 1,343
(14), N2-H 0,92 (4) A, C6N202 117,0 (1)°. A single intermolecular hydrogen
bond was found in the structure of NHA that links the NHA molecules into chains
(CIF:FUZZABO1).

Mo polyhedron is typical for the d°-metal oxocompounds in a cis-
configuration of the terminal O atoms bonded by double bonds to the molybdenum
atom in MoO»* and a notable structural manifestation of a trans-effect of the oxo
ligand. The bonds between the molybdenum and oxygen atoms are not equivalent,
which results in linear and angle distortions of the Mo coordination octahedron.

The crystallization water molecules play a binding role in the formation of the
K>2[MoO2(NHA-2H)2]-8H>0O crystals; along with the ions, they link the complex
anions into layers parallel to the yz plane (CIF:QEQPOR). (Fig.12d). The
interlayers contain the ligand heterocyclic rings and H,O molecules. The water
molecules, located between the layers, bind them together. The nitrogen of the
heterocycle in complex, as in the NHA structure, is not involved in the
intermolecular interactions. The electron-accepting C(O)NHOH group causes the
redistribution of the electron density in the pyridine ring and C(7) atom has a
higher partial negative charge than N(2) atom as predicted by quantum-chemical
calculation.

The repulsion forces between the highly charged complex anions are strong,
and no stable crystal lattice can be formed in the absence of the water molecules.
Even though not all of the molecules are coordinated with the cation, nevertheless,
they are all involved in hydrogen bonding. The water molecules are retained in the
crystal lattice due to ion-dipole attraction and strong hydrogen bonds, making the
structure of the complex is stable.

The bis(acetylacetonato-x*0,0’)(2-amino-1-methyl-1H-benzimidazole-kN?)
oxidovanadium(IV) mixed-ligand compound, [VO(CsH702)2(CsHoN3)]
(CIF:BOVMAB), contains a V(IV) atom in a distorted octahedral coordination,
which 1is typical for such complexes (Fig. 13). The vanadyl group and the N-
heterocyclic ligand are cis to each other. The coordination bond is located at the
endocyclic N atom of the benzimidazole ligand. Intramolecular hydrogen bonds
between the exo-NH: group H atoms and acetylacetonate O atoms stabilize the
crystal structure.
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Fig. 13. Structure and packing of [VO(CsH702)2(CsHoN3)]

In the bis(7-methoxy-1-methyl-4,9-dihydro-3Hb-carbolinium)
tetrachloridozincate compound, (Ci3H15sN20)2[ZnCls] (CIF (IMIXEH), also known
as di(harmalinium) tetrachloridozincate, the Zn(Il) ion is in a distorted tetrahedral
coordination of the chlorido ligands. In the cation, the methoxy and methyl groups
are both coplanar with with rings to which they are attached [maximum deviations
0f 0.232 (4) and 0.259 (4) A°, respectively]. In the crystal, the alkaloid cations and
metal complex anions interact by way of N—H...Cl hydrogen bonds involving
each CI atom, resulting in a network structure (Fig.14).

The FGRN compound, CisHi4sFsNOs (CIF:EEVAMUK), the 3,3,3-
trifluoropyruvate fragment has a syn-configuration and is noncoplanar with the
indole plane [dihedral angle = 84.87 (5)°. In the crystal, molecules form inversion-
related dimers via pairs of intermolecular O—H...O hydrogen bonds. These
dimers are connected by intermolecular N—H...O C(CF3) hydrogen bonds to form
a two-dimensional network structure.

Fig. 14 Structure and packing of (C13H15N20)2[ZnCl4]

51



In liquid systems Mo(VI) and V(IV) complexes bearing the deprotonated
forms of hydroxamic acid exhibit catalytic ability for the oxidation, by O, at
120°C of a variety of primary and secondary benzyl alcohols in acetonitrile or
protic solvents, such as, ethanol and water, affording the corresponding aldehydes
and ketones, with yields up to 97%.

According crystal structure determination the highest catalytical activity was
found for polymeric layered structure of [KoMoO2(NHA-2H),]-4nH,O in
comparison with 3-D dimentional cavity based structure of K>[MoO2(PHA-
2H)>]-4H20. The catalytic mechanism is based on the formation of peroxovanadate
and peroxomolybdate, reaction proceeds through the oxidation of alcohol in the
inner-sphere, which requires the weakening of metal-ligand bonds to coordinate
the additional oxygen atom at the metal. The trans-effect allows to facilitate this
process and contributes to the formation of peroxocomplexes.

The fifth chapter of the thesis, «Application of sorbents and photocatalysts
for ecotoxicological assessment and water purification», the results of the
prepared sorbents application in water treatment and environmental monitoring are
presented. The data on water pollution assessment based on photosynthetic activity
are presented, testing of the prepared materials for photocatalytic water purification
were confirmed by the test reports and implementations which are received from the
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Jcomolwaer ' 1 Surkhandarya region, Department of ecology
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and environmental protection of the
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purification and detoxification of the solution due to the multi-absorption and
photocatalytical capacity according required standards (GOST). Laboratory results
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of dyeing textile effluents.
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- increased speed and degree of cleaning solution by loading the photocatalyst
on the activated carbon,

- combination of sorptive and photocatalytic purification in presence of oxalic
acid, which promotes the generation of active hydroxy-radicals,

- complete mineralization of organic compounds to CO> and H>O in the
solution.

CONCLUSION

1. New porous materials with multisorption properties, consisting of activated
carbon and amorphous CaO - AlLOs - SiO2 (CAS), were obtained by physical and
chemical activation of the paper waste and plastic fuel (RPF).

2. It was proved that physically activated materials with a carbon content of
50-60 wt.% are optimal for the simultaneous absorption of heavy metals (Ni*"),
harmful oxyanions (phosphate), and organic dyes (MB).

3. New microporous and mesoporous materials with adsorption and
photocatalytic activity were obtained on the basis of the powder, granules and
fibers of activated carbon, the non-ionogenic styrene-dinylbenzene copolymer and
Fe;O; (Fe-AC), and combination of heterogeneous and homogeneous
photocatalysis for mineralization of the photodegradable MB under UV light in the
presence of oxalic acid due to formation of the photoactive iron oxalate complex
was observed.

4. It was found that the MB adsorption in the dark correlated with the specific
surface and pore volume of Fe-AC but microporous samples tend to desorb MB in
contrast with mesoporous samples, which are can be used cycled from 4 to 10
cycles up to establishment of the equilibrium between sorption, desorption and
photodegradation.

5. For the first time, a new sorbent-photocatalyst type of the activated carbon
fibers felt materials impregnated with iron oxide and titanium dioxide were
prepared as the microporous material with polyester fibers (PS-A20) and the
mesoporous material with polyethylene pulp (PE-WI15), which have best
adsorption, homogeneous and heterogeneous photocatalytic activity.

6. For the first time, the structure and coordination modes of the pyrazine HA,
nicotine HA, MAB, GLN molecules in new mixed ligand complexes were
established. The crystal, molecular and electronic structures of 3 ligands and 4
complexes of Zn(II), Mo(VI), V(V) were determined. Formation of stable ionic
pairs of benzimidazolium in the [GLN H]z[ZnCls] complex has been proven.

7. It is established the dependence of the metal complexes catalytic action in
reaction of the liquid phase oxidation of alcohol from the trans-effect structural
manifestation under changes in the complex electronic structure and the metal ion
outer electron shell of the distorted octahedral N'O° configuration [VO(MAB)
(acac),] and O° configuration [(MoO>(HA-H),]) with bidentately coordinated
acetylacetonate ions and HA;

8. Developed methods of the sorbents-photocatalysts preparation and their use
for the disposal of toxic substances were used in scientific projects of Kyushu
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University, Japan (Department of Mineral Resources Technology) on the theme
«Development of a new ecological system for mining» by patents, citations and
bio-testing. Testing of the sorbents-photocatalysts for wastewater treatment shown
the 95% cleaning efficiency for Cu(II) ions, phosphate and ammonium.
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BBEJIEHHUE (anHoTanus gokropckoii (DSc) nuccepramumn)

Heabo  uccienoBaHMsl  SBIACTCS  MOJYyYCHHE  COPOIMOHHBIX |
(hOTOKATAIUTUUECKUX MaTEpPUaJIOB HAa OCHOBE METAJUIOKCHIOB, OPraHUYECKHUX
KUCJIOT U N-TeTepOIUKINYECKUX JTUTAHO0B, U3YUYEHUE UX (PUBHKO-XUMUYECKUX U
KaTaJIUTUYECKUX CBOMCTB.

O0bekTamMu MCCIeIOBAHUSL SBIISIIOTCS AKTUBUPOBAHHBIM YTrOJib, OKCH]L
TUTaHa, OKCUJ *kene3a, 2-aMUHO- | -meTunoensumuaazon (MAB), rugpokcamoBbie
kucinotel (HA) - wukorunrugpokcamoBas (NHA) u mnupasuHruapoxcamoBas
(PHA), rapmanun (GLN), monumepHas MaTpulla Ha OCHOBE MOJUCTUpOIA U
nuBuHWIOeH300a  (Porolas), JIMOKCOKOMIUIEKCHI MOJHMOJCHA, BaHaaud M
MEPEXO0IHBIX METAJIIOB.

Hay4ynasi HOBU3HA MCCJIeIOBAHUSA 3aKII0YAETCS B CIICIYIOIIEM:

BIIEPBBIE CUHTE3UPOBaHbI HOBbIE KOMIUIEKCHbIE coeauHenust Zn(Il), Mo(VI),
V(V) v 2-aMHUHO- | -METHIIOEH3UMHAA30JI0M, rapMajuHOM u N-
reTEPOLMKINYECKUMU THAPOKCAMOBBIMU KUCIIOTaAMU;

OTpeNIeNIeHbl CTPOCHHE U crnocoObl koopauHanuu Mosiekyn PHA, NHA,
MAB, GLN B HOBBIX KOMIUIEKCAX, KPUCTAJUIMYECKUE U MOJIEKYJIIPHBIE CTPYKTYPBI
3 nurangoB u 4 xommuiekcoB ¢ Zn(Il), Mo(VI), V(V), nokazano oOpa3oBaHue
YCTOMYMBBIX HOHHBIX Tap OeH3umuaazoaus B komriekce [GLN+H]o[ZnCls].

OIpeJieieHa 3aBUCUMOCTh KaTaJTUTUYECKOTO JEHCTBUS METAILIOKOMIIIEKCOB
OT CTPYKTYPHOI'O TPOSIBICHUS MPAHC-BIAUSHUS TPU H3MEHEHUU DIIEKTPOHHOTO
CTpOEHHUs KOMILJIEKCA W BHEIIHEH OJIJIEKTPOHHON OO0OJIOYKM HOHA MeTauia B
MCKaXEHHBIX OKTadapuueckux N!'O°’-xondurypauun ([VO(MAB)(acac), u O°-
koH(purypammu (MoO2(HA-H):]) ¢ OuaeHTaTHO KOOPAMHUPOBAHHBIMH HOHAMU
anermnaneronara u HA;

BIICPBBIC TOJIYYEHBI HOBBIE COPOCHTHI-POTOKATAIN3ATOPHI C 3aJaHHBIMU
CBOMCTBaMHU IyT€M COUYETAHUS OKCHIOB TUTaHA M Kejle3a C aKTUBUPOBAHHBIM
yIJIEM U HEMOHOTE€HHOM CTHPOJI-IMBUHUIOEH30IbHOM MAaTpULIEH;

BIIEPBBIC OMPENACICHbBl COPOIIMOHHBIE W KUHETUYECKUE XapaKTePUCTUKU
MOJTYYE€HHBIX COPOCHTOB-(OTOKATAIN3AaTOPOB MO OTHOIICHHUIO K alleTalIbJICTUy B
razoBoi (haze u MoHaMm HuKens, ¢pochara U METUIIEHOBOIO CHHETO B pacTBOpax,
YCTaHOBJICHBI ONITUMAJIbHBIE YCIOBUS cOpOLMU U (HOTOAETpaIaAlINH;

BBISIBJICHO BJIMSIHUE COCTaBa M CTPOCHHS KOMIUIEKCOB, OOpa3ylolUXCs B
pacTBOpe U B TBepaod (aze, Ha copOuuio U QoToAerpagaluilo OpPraHUYECKUX
MOJIEKYJI, YCTAaHOBJIEH MEXaHU3M COpOILIUHU, JECOPOITMOHHBIC CBONCTBA.

BHeapenue pe3yabTaroB ucciienoBannsi. Ha ocHOBe pe3ynbTaTOB HAyYHOTO
UCCIIEIOBAHUS TI0 YCTAHOBJICHUIO 3aKOHOMEPHOCTEW MOJIyYEHUsS MaTEepUajIoB Ha
OCHOBE OKCHJIOB METAJUIOB U METAJNIOKOMILUIEKCOB MPOU3BOJHBIX OPraHHUYECKUX
KUCIOT U N-TeTepOIUKINYECKUX  JIMTAHAOB C  COPOIMOHHBIMU U
(hOTOKATAIUTUUECKUMH CBOMCTBAMU BHEJIPEHBI:

MOJIy4YeHHE HOBOTO IMpernapara Ha OCHOBE KOMIUJIEKCAa I[MHKA MAaTeHT Ha
n3o0peTreHre AreHTCTBA MHTEJUICKTyallbHOM  coOcTBeHHOCTH PecmyOnuku
V30ekuctan (NelAP 03236, 31.03.2003 r.). B pesynbrare mnosydyeH s¢ddext
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MOBBIIMICHUST TIOCEBHBIX KA4YeCTB CEMSH TIPH COXPAaHEHUU DKOJOTUYECKOTO
paBHOBECHS,

CIOoCO0 DKOJIOTMYECKOW OIEGHKHM BOJBI HAa OCHOBE (POTOCHHTETUYCCKOMN
aKTUBHOCTH  TIATEHT HAa  HW300peTeHWe  ATEHTCTBA  WHTEIUICKTYaJbHOMN
cooctBenHoctn PecryOnuku V30ekuctan (NeIAP 04167, 06.09.2007 r.). B
pesyibTare pa3pab0TaH HOBBIM METOJ OMOTECTHPOBAHUS, KOTOPBINA IO3BOJIAET
MPOU3BOUTH JIKCHPECC-aHAJIU3 CTENEHU 3arpsi3HEHUS BOJbl IO  BIUSHHUIO
OuorpenapaToB Ha BUTAJIbHOCTh BOJAHBIX PACTEHMUIA;

pe3ynbTaThl PEHTICHOCTPYKTYPHOI'O aHajiu3a CEMH HOBBIX COCIMHEHHM
BKJIFOYECHBI B IICHTPaJbHYIO 0a3zy Kpucramiorpaduueckux naHHbix KemOpumka
(The Cambridge Structural Database, https://www.ccdc.cam, CCDC: 1847610,
1847963, 1847965, 1847609, 1846854, 1847608). B pe3ynbrate BHeCEHHBIC B Oa3y
HOBBIC COCJMHEHUS WCIIOJB3YIOTCS TIPH CHHTE3€ M OINHCAHUH CTPYKTYP
AHAJIOTUYHBIX COCTUHEHU;

MaTepuaibl 1Mo copommu W Qoroaerpagani ObUTM HWCTOIB30BaHBl B 117
3apyOeXHBIX JKypHajgaX ¢ BbICOKMUM wumnakt-pakropom (IF) nans ananusza
KPUCTAUTMYECKOW M MOJICKYJIAPHON CTPYKTYpPHI BEIIECTB, NMPHU pa3pabOTKe H
(GU3UKO-XMMUYECKOM aHAJIM3€ HOBBIX MATEpUAJOB C COPOIMOHHBIMH U
dbotokaranmutnueckumu cBoiictBamu (Chemistry of Materials, 2015, V.27, RG,
IF=8.68; Physical Chemistry Chemical Physics, 2015, V.17, RG, 1F=4.20;
Chemical Engineering Journal, 2018, V.339, Elsevier, IF=6.735; Environmental
science & technology, 2018, V.52, Science Citation Report, IF=6.653; Catalysis
Today, 2018, Elsevier, IF=4.667; Journal of Cleaner Production, 2019, V.215,
Elsevier, IF=5.651). PesynpTaThl  1alOT  BO3MOXHOCTh  OCYIIECTBUTH
HaIpaBJICHHBIA CUHTE3 COPOEHTOB-(OTOKATAIN3ATOPOB HA OCHOBE METAJIOKCHU/IOB
Y TIOPUCTHIX MaTPHII;

METOAMYECKasT PEKOMEHIAIUS 10 COPOIMOHHOW OYMCTKE OBITOBBIX CTOYHBIX
BOJI BHEJpPEHA B MPAKTUKE YTPABICHUS IO JKOJOTHH U OXpPaHE OKPYKaIoIeh
cpeabpl CypxaHIapbUHCKOM 007acTH JJisi YCKOPEHHS W TIOBBIIICHHUS CTENEHU
OYHCTKH BOJBI (cripaBka ['ocymapcTBeHHOTO KOMuUTeTa PecnyOnukm Y30ekucran
[0 AKOJIOTUM U oxpaHe okpyxaromied cpeabl Ne 03-03-752 ot 29 suBaps 2018
rojga). B pesynbrare moBsimaerca 3¢G(OEKTUBHOCTh M HKCIPECCHOCTh OYUCTKU
OBITOBBIX CTOYHBIX BOJI;

pe3ynbTaThl MCCIAEAOBAHUS MO TMOJIYYEHHIO COPOEHTOB-(POTOKATAIU3ATOPOB
WCIOJIb30BAaHbl B IICJIEBBIX HAYYHBIX HCCIEIOBAHUAX B yHuUBepcuteTe Kromio,
Snonusa (cnpaBka yHuBepcureta Kromto fAnonum ot 12 mapra 2019 roma). B
pe3ynbTaTe yAaloCh TMOJMYYUTh SKOJOTHYECKHE JHEprocOeperaromue HOBBIC
(b oTOKaTANM3ATOPHI;

pe3ynbTaThl MO TOJYYEHUIO HOBBIX COpPOCHTOB-(POTOKATAIU3ATOPOB M
OYHCTKE BOJBI OT HMOHOB META/UIOB JJIi TEXHOJOTUYECKHX U OIKOJIOTHICCKUX
IIPUMEHEHUN MCIIONB30BaHbl B paMkax mnpoekra OT-D7-48 «MccnenoBanue
MexaHu3Ma (a30BbIX MPEBpANICHUH HAHOYACTHI] UMMOOMIIN30BAHHBIX METAJIOB
Ha TIOBEPXHOCTH IMOJMMEPHBIX MaTeprajaoBy (crpaBka MUHHUCTEPCTBA BBICIIIETO U
CpeaHero crneruaibHoro oopazoanus Pecryonuku Y30ekuctan Ne89-03-863 ot 1
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mapta 2019 roma). B pesynpTare ynaiaoch NOATBEPAUTH JETOKCH(PHUKAIIUIO
CTOYHBIX BOJ IYTEM CpPAaBHEHHS C JAaHHBIMU XMMHUYECKOTO aHaJIM3a IOMOILBIO
COpOCHTOB;

pe3ynbTaThl O CUHTE3Y KOOPAMHALMOHHBIX COEIMHEHUW HCIOJIb30BaHBI B
pamkax mnpoekta DA-D7-012 «Hayuynble OCHOBBI CHHTE3a, OCOOEHHOCTHU
CTPOEHUS, PEAKIMOHHBIX CHOCOOHOCTEM M OHOJOTMYECKHX CBOWCTB HOBBIX
CMEIIAaHHOJUTAHJAHBIX  KOOPJMHALIMOHHBIX  COEIMHEHUNU  psjla  METaJIOB
noJinyHKIIMOHAIBHOTO AeicTBus» (cripaBka Akagemun Hayk PecmyOmnuku
V36ekucran Ne4/1255-704 or 14 mapra 2019 roma). B pesynpraTe ypanoch
XapaKTEpHU30BaTh COCTaB, CTPYKTYpPY M KOOPAHMHALMIO JIMIAaHAOB C HOHAaMU
METaJUIOB.

Crpykrypa u 00bem auccepranuu. CTpyKTypa IHUCCEPTALIMUM COCTOUT W3
BBEJICHMS, ISITM TIJ1aB, 3aKIIOYEHUS, CIHCKA HCIIOJIb30BAHHON JMUTEPATypBHI,
npunoxxenusi. O0bveM aucceptanuu coctasiseT 200 cTpaHMiL.
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