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PE®EPAT

Marucrepckast nuccepraius B oobeMe 60 cTpaHull couepuT 23 pUCYHKaA, 3
TaOIUIBI U /6 UCTOYHUKOB.

KiroueBrie CJIOBA: MATI'HUTHBIE KOMIIO3UTHI,
METAJUIOPTAHUYECKHUE KOOPAMHAIMOHHBIE ITOJIMMEPBI, METO/I
MOCJIOVMHOM CBOPKU.

OOBEKTOM HCCIIEIOBAHUS SIBIISAIOTCS KOMIIO3UIIMOHHBIE MAaTepUajbl HA OCHOBE
METaJUIOPTraHUYECKUX KApKACHBIX CTPYKTYP U MATHUTHBIX HAHOYACTHII.

[IpeameT uccnenoBanus — METOJIbI MOMYUYECHUS] KOMIIO3UTHBIX MAaTepUaioB Ha
ocHoBe MOKII u ux pu3nko-xuMu4ecKrue XapakTepUCTUKH.

Meroabl  HWccleNoBaHUA:  PEHTreHO(}a30BBIM  aHamu3, CKaHUpYHOIIas
AJIIEKTPOHHAs MUKPOCKONUS, JUHAMUYECKOe JazepHoe cBeropaccesHue, WK-
CIEKTPOCKOTIHSI.

Lens wuccnegoBaHusi —  pa3paboTKa  METOJOB  TOJYYEHHUS  HOBBIX
KOMITO3UIIMOHHBIX MaTepHaiOB, COCTOSLIUX W3 METaUIOPTaHMYECKOrO0 KapKacHOTO
coenuaenus (MOKII) u MarHUTHBIX HAHOYACTHI[ M HMCCIEIOBAHUE UX CTPYKTYPBHI,

MAarduMTHBIX U COp6I_[I/IOHHBIX CBOMCTB (1)I/I3I/IKO-XI/IMHLIGCKI/IMI/I MCTOOdaMU.
B X0A€ BBIITOJIHCHUA pa6OTBI paBpa60TaHa na6opaTopHa51 MCTOJUKaAa CHUHTC3a

onHodazHOro  ¢gymapaTa  @IIOMHHMS C  KPUCTAJUIMYECKOH  CTPYKTYpOH,
COOTBETCTBYIOILLIEH JIMTEPATYPHBIM JaHHBIM. Pa3zpaboTaHa MeTonuKa CTaOMIU3alUuU
MarHeTuTa LUTPaT-MOHAMU, MO3BOJISIIONIAs MOJYYUTh MOHOAMCIEPCHBIA 00Opasel ¢
pasmMepoM yactul, okoiao 30 HM. I[IpemnokeHbl NMyTH ONTUMHU3ALMUA METOIUKH
dbopmupoBaHUs 000JOUYKH (MOJUAIEKTPOJIMT/MATHETUT)s Ha (ymapare aatOMUHHUS,
MO3BOJISIIOIIME  COKpPaTUTh BpeMsl MOJy4dyeHus Kommoszuta. Ha  mpumepe
MOJIMCTUPOJICYIb(OHATA ITOKA3aHO, YTO aacopOIus mojudaekrponauToB Ha MOKII He
CBA3aHAa C UX IPOHHKHOBEHUEM B MHKPOIIOPHI, a IPOUCXOAHUT Ha IMOBEPXHOCTH
gactulr; 1 nepesapsaku yactuin MOKII B cycniensusix tpedyercs He 6omee 2,5 %
Macc. nosuaiekTpoauta. Ha ocHoBe pymapara antOMUHUSA MOTYYEHBI KOMIIO3UTHI:
MOKII ¢ o6onoukoili U3 6 OHUCIOEB MOJUAIEKTPOIUT/MArHETUT U KOMIIO3HT, B
KOTOPOM YacTHUIbl MarHeTuTa BKIIOYEHBI B 00beM Mukpouyactulr MOKIIL.
VYCTaHOBIEHO  COAEp)KaHWE MarHeTuTa B  KOMIIO3UTaX, OXapaKTepU30BaHA
KpUCTAJUIMYECKass ~ CTPYKTypa  KOMIIO3UTOB, copOmMst  BOAbl.  Pe3ynbraThl
VCCJIEIOBAHNUSI MAarHUTHBIX CBOWCTB CBUJETENBCTBYIOT, YTO YAaCTHIIBI MAarHETUTAa B
COCTAaBE KOMITO3UTA COXPAHSIOT CBOKO NEPBOHAYAIBHYIO TUCIIEPCHOCTD U MPOSIBISIOT
cylnepriapaMarHiTHbIE CBOMCTBA.

[Tonmy4yeHHbIE KOMITO3UTHI MOTYT HAWTH NpPUMEHEHUE B OOJIACTH KaTalu3a,
JIOCTABKHU JIEKAPCTB, B MUIIEBON MPOMBIIIEHHOCTH, pa3/IeI€HUN CMECEH.



PODEPAT

Maricrapckas gpiceprainpis ¥ a6’éme 60 craponak 3msmmuae 23 MamroHKI, 3
TAOJIIIEI | 76 KPBIHIIL.

Kirouaseist cnoBel: MATHITHBISAA KAMIIA3ITBI, METAJIAPT AHIYHbBIA
KAAPIBIHAIIBIMHBISA [TAJIIMEPHI, HAHAYACUILBI, METAJL
[TACJIOMHAN 350PKI.

Ab'exTam facienaBaHHS 3'SYJSIONNA KaMIa31bIMHBIL MAaTIPBISJIBl HA aCHOBE
MeTaJlapraHIYHbIX KapKaCHBIX CTPYKTYP 1 MarHITHBIX HAHAYaCIIiIl.

[Ipanmer macnemaBaHHsS - METabl aTPHIMAHHS KaMMa3ilBIMHBIX MaTIPhIAIAY
Ha acHoBe MAKII 1 ix (pi3ika-XiMIYHBIS XapaKTapbICTHIKI.

Mertanp! nacnenaBaHHs: poHTreHadas3aBblil aHa13, CKaHABaJIbHAs AJIEKTPOHHAS
MIKpacKarisi, JblHaMI4YHae Ja3epHae cBaTiopacceriBanHe, |Y-crnekTpackanis.

Mbra pmacnenaBaHHsA - pacmpanoyka — MeTauay — aTphIMaHHS — HOBBIX
KaMMa3iUbIMHBIX MAaT3phisUIay, SKiS CKIAJarolla 3 MeTajlapraHiyHara KapkKacHara
3myusHHs (MAKII) 1 MarHiTHBIX HaHayaciil 1 JacielaBaHHE I1X CTPYKTYpHI,
MAarHITHBIX 1 CapOLBIMHBIX yiacuiBacuel (i31ka-XIMIYHBIMI METaIaMi.

VY xon3e BbIKaHaHHs paOOThI paciipaliaBaHa jJadapaTopHas METOJbIKA CIHTI3Y
anHada3zHara (gymapaTy allOMIHIIO 3 KpBIITAIIYHAl CTPYKTypaH, sikas aJnaBsjae
JiTapaTypHbIM JaJ3eHbIM. PacmpaniaBaHa MeTO/bIKa CTaOUTi3albll MarHeThITY
IbITpaT-lOHaM1, siKas Ja3Bajsie aTpbIMallb MOHAJIBICIIEPCHYIO TpoOy 3 mamepam
yacuin kayig 30 vHm. IlpamaHaBaHbl HUISIX anThIMI3albll METOIBIKI (hapMipaBaHHS
abasloHK1 (MOJIIRJIEKTPAIT/MarHeThiT)s Ha (¢ymapaie alloMiHil0, Kl Ja3Bajise
CKapalillb 4Yac aTpbIMaHHsA KammasiTy. Ha mnpeiknanze mnomicTeiposicyibdaHaTy
nakaszaHa, IITo ajacopOubls mnomidnekrpanitay Ha MAKII He 3BsizaHas 3 1x
MPaHIKHEHHEM y MIKpamnophbl, a aj0bIBacllla Ha MaBepXHI1 YaclUill, Uil repa3zapaiKi
yacuinm MAKII ¥ 3aBici marpaOyenna He Oonbin 2,5% wMac. mosmidnekTpatity. Ha
acHoBe (pymapara anromiHis atpbiManbl kammasiTel: MAKII 3 abaonkaii 3 6 Gicios ¥
MOJTIBJEKTPATIT/MArHETHIT 1 KAMMA3IT, y SIKIM YacUilbl MArHETHITY VKIIIOUaHbI ¥ a0'éM
Mmikpauvacuinn, MAKII. Beisynena MacaBas [0Js MarbHeTbiTy §  KammasiTax,
axapakTapbl3aBaHasl KpbIIITAIYHAs CTPYKTypa Kammaszitay, copOubls Bajbl. BeIHIKI
JacieaBaHHsl MarHITHBIX YyJaclliBacliedl cBeqyallb, IITO YacCUIUbl MAarHeThITy ¥
CKJaJ3€ KaMIasiTy 3axOyBalllb CBal0 MEPIIANAYaTKOBYIO JABICIIEPCHACHb 1
npasyJisolnb CyneprnapaMarHuTHbBIS YIaciiBacLl.

ATpbIMaHbId KaMmma3iThl Marolb NATAHIBIUT IS NPBIMSHEHHS Y BoOJacii
KaTani3y, AacTayki Jiekay, y XapuoBail MpaMbICIIOBACIIi, Maa3elie CyMecsy.



ABSTRACT

Master’s thesis consists of 60 pages and contains 23 figures, 3 tables and 76
sources.

Key  words: MAGNETIC COMPOSITES, METAL-ORGANIC
FRAMEWORK, NANOPARTICLES, LAYER-BY-LAYER ASSEMBLY
METHOD.

The object of research is composite materials based on metal-organic
frameworks and magnetic nanoparticles.

The subject of the research is methods of obtaining composite materials based
on MOFs and their physical and chemical characteristics.

Research methods: X-ray phase analysis, scanning electron microscopy,
dynamic laser light scattering, IR spectroscopy.

The purpose of the study is to develop methods for obtaining new composite
materials consisting of an metal-organic frameworks (MOFs) and magnetic
nanoparticles and to study their structure, magnetic and sorption properties by
physico-chemical methods.

In the course of the work, a laboratory technique for the synthesis of single-
phase aluminum fumarate with a crystal structure corresponding to the literature data
was developed. A method for the stabilization of magnetite by citrate ions has been
developed, which makes it possible to obtain a monodisperse sample with a particle
size of about 30 nm. Ways to optimize the method of shell formation
(polyelectrolyte/magnetite)s on aluminum fumarate are proposed, allowing to reduce
the time of composite production. Using the example of polystyrene sulfonate, it is
shown that the adsorption of polyelectrolytes on the MOF is not associated with their
penetration into micropores, but occurs on the surface of the particles; no more than
2.5% of the mass of the polyelectrolyte is required to recharge the MOF particles in
suspensions. On the basis of aluminum fumarate, composites were obtained: MOF
with a shell of 6 polyelectrolyte/magnetite bilayers and a composite in which
magnetite particles are included in the volume of MOF microparticles. The content of
magnetite in the composites was determined, the crystal structure of the composites,
and the sorption of water were characterized. The results of the study of magnetic
properties indicate that the magnetite particles in the composite retain their original
dispersion and exhibit superparamagnetic properties.

The resulting composites can be used in the field of catalysis, drug delivery, in
the food industry and in the separation of mixtures.



