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Kypc nocBsleH mMeTodaM aHanm3a CUHTETMYECKUX HeopraHU4yeckux HaHoMaTepuasioB, a TakKXe HaHoMaTepuasnoB MPUPOLHOro
npoucxoxxaeHus. Beilbop noaxoasilero aHaMTUYECKOr0 MeToAa MMeeT peLlatolliee 3HayeHne )15 BbiiBSIEHNSI B3aUMOCBSA3en Mexay
CTPYKTYpPOW, COCTaBOM 1 CBOMCTBaMM MaTepuanoB. byayT obcyxaaTbcs obuwme TeHaeHUnn B obnactu in situ MeTon0B AMAarHOCTUKM,
a Tak>XXe BO3MO)>XHOCTUW Mo KOMOVMHMPOBAHMIO aHaJIMTUYECKNX MeToAo0B. B pesynbTaTe Kypca CTyLeHTbl MosiyyaT npenacTaBieHns ob
OCHOBHbIX MeTOo[ax WCCefOoBaHWS B HEOPraHW4Yeckon XuMMUM W XUMWUU TBEPAOro Tena, O MpuHuMniax ux paboTbl, Tunax
aHaNNTUYEeCKON NHDOPMALIUN N OFPaHNYEHUAX TOFO UM MHOF0 MeToa.

Psn npepnaraembix nabopaTopHbix paboT Mpu3BaH MO3HAKOMUTH YYalUMXCS Ha MpaKTUKe C 3KCMepUMEeHTasbHbIMKM MeTohaMu
BbISIB/IEHNSA CBOWCTB W B3aMMOCBS3el MexXAy CTPYKTYpOM M COCTaBOM MaTepuasoB. B pamkax nabopaTopHbix paboT y4awmincs
03HAaKOMUTCSA W MOJIYYUT MPaKTUYECKUE HaBblKM ONA JanbHenlwen paboTbl METOAAMM aTOMHO-CUIOBOM MUKpockonuu (C3M, ACM),
CKaHMpYOLWeENn 31eKTPOHHON Mukpockonum (COM), peHTreHocnekTpasibHOro MukpoaHanmsa (PCMA), a TakXe CNeKTpockonuu
KOMOMHALMOHHOrO paccesHus (PamMaHOBCKasi CMeKTPOCKOMMs). YyallmMmcs, pacrnpeneseHHblM Ha rpynnbl, OyayT BblgaHbl
3KCrepuMeHTallbHble 06pasubl, KoTopble 6yaeT HeobXxoAMMO MpoaHanM3MpoBaTb, WCMOJIb3ysl TMOJIYYEHHbIE aHaMTUYeCKUe W
rnpakTUYecKre HaBbIKu.

The course focuses on the analysis methods of synthetic or mineral nanomaterials. Choice of an appropriate analytical method has
crucial importance in revealing the correlations between structure, composition, and properties of the materials. General trend on in-
situ and combined analytical techniques will be also discussed. Students will gain knowledge on essential methods of analysis in
inorganic and solid-state chemistry, on their working principles, types of analytical information, and on certain restriction of each
method.

Several proposed laboratory works is designed to familiarize with different experimental methods for identifying the properties and
relationships between the structure and composition of materials. As part of the laboratory work, the student will get acquainted and
gain practical skills for further work using the methods of atomic force microscopy (SPM, AFM), scanning electron microscopy (SEM),
energy dispersive X-ray spectroscopy (EDX), and Raman spectroscopy (Raman spectroscopy). The students, divided into groups, will
be given experimental samples, which will need to be analyzed using the acquired analytical and practical skills.
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Course content

2 cemMecTp

CneumanbHble pa3nensl HeopraHuquKoﬁ XUMUM

CTpyKTypa Kypca

Jlekuum
Paspensl T}
(ak.4.)
1. BBegeHue: aHanTMHeCKe MeToAbl B HEOPraHNYeCKoN XMMUN N XMMUn TBEPAOro Tena 2
2. CKaHvpyioLLas 3/1eKTPOHHAsA MUKPOCKONUS AN NCCAef0BaHMs MOPGOJIOrim, CTPYKTYPbl M 3JIEMEHTHOMO aHaaus3a 2
3. MpocBeyunBatoLas 31eKTPOHHaA MUKPOCKONUA ANA UCCnefoBaHns Mopoaorum, CTPYKTYpPbl U 9/1IEMEHTHOIO aHanum3a 2
4. TepMu4ecknin aHanms 2
5. MopoluKoBas peHTreHoBCKas Andpakunsa oNs NCcnefoBaHUA HaHOMaTepuanos 2
6. CKaHupytoLwas 30HA0Bas MUKPOCKONMNS 2
7. HMpakpacHas 1 PaMaHOBCKas CeKTpoCcKonms 2
8. CneumanbHble CayyYan pocTa KpMCTasIoB: CaMOMNMpPON3BOJIbHOE CBOPayinBaHMe 1 ynpyras sHeprus Kak orpaHu4mnTenb 2
pa3sMepos
Topics Lections
p (ac.h.)
1. Introduction: analytical methods in inorganic and solid-state chemistry
2. Scanning electron microscope for morphology, structure, and element composition analysis
3. Transmission electron microscope for morphology, structure, and element composition analysis
4. Thermal analysis methods
5. Powder X-ray diffraction for nanomaterials study
6. Scanning Probe Microscopy
7. Infrared and Raman spectroscopies
8. Special case of crystal growth: spontaneous scrolling and strain-related size limitations
MNepeyeHb nabopaTopHbix paboT/List of laboratory works:

dopma
MepevyeHb nabopaTopHbix padoT/ P
list of laboratory works oTyera/

Control

. OTyeT /

C3M: 6a30Bble NMPUHLMMLI, XapaKTepusauns MoaesibHbIX (TecToBbix) 06bekToB / SPM basics Report
C3M: xapakTepusaLus sKcrnepnMmeHTanbHoro obpasua, obpaboTka nonyyeHHoro pesynbTtaTa (Gwyddion, AIST OTyeT /
software) / SPM characterization and data treatment Report
C3M: 6a3oBble NPUHLMMbI, XapakTepmn3auunsa TECTOBbIX 1 3KCNepnMeHTanbHbIX 06pa3uoB, 06paboTKa NoNyHeHHbIX OT4yeT /
pe3ynbTaTtoB / SEM basics and measurements Report
PCMA: 6a30Bble NPUHLMMbI, XapakTepu3saumnsa sKkcnepnMeHTaabHbix 06pa3uos, 06paboTka NosyyYeHHbIX OTyver/
pe3synbTaToB / EDX basics and measurements Report
PaMaH cnekTpockonus: 6a3oBble NPUHLMMbBI U XapaKTepusaumsa 3KkcnepumMmeHTanbHblix obpa3uos / Raman OTyeT /
spectroscopy basics and measurements Report
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Grading Policy

OueHKa CTyAeHTa CKNafblBaeTCs U3: BU3yasbHasa U lornyeckas coctasnsawowas oteeta (30%), opaTopckme cnocobHOCTN AOHECEeHUS
nHpopmaumnm (25%), cteneHb 1 rnybrHa NOHMMaHUA HOBOrO Hay4yHoOro Matepuana (25%), Hay4yHas AUCKYCCUMS MO BbIBpaHHOW Teme
(20%).

The student's assessment consists of: visual and logical component of the answer (30%), oratorical ability to convey the information
(25%), the degree and depth of understanding of new scientific material (25%), scientific discussion on the chosen topic (20%).



