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1. The goal of the discipline is to learn the main theoretical principles of the set of methods
for determining the structure of chemical compounds and materials, namely: fluorescence
spectroscopy, scanning electron and transmission microscopy, X-ray spectroscopy of crystalline
materials, methods of studying structural and sorption parameters, and ionization of compounds.
Formation of a theoretical basis for understanding the principles of application, advantages,
disadvantages, and limitations of the mentioned methods. Formation of practical skills that allow
you to combine theoretical knowledge with the study of the structure of chemical compounds and
matérials, and make a choice of optimal research methods depending on the object and purpose.

- 2. Prerequisites for mastering or choosing an academic discipline
This course is based on knowledge of courses in the chemistry of high molecular
compounds, inorganic chemistry, analytical chemistry, organic chemistry, and physical chemistry.
Successful completion of the specified discipline requires knowledge from courses in higher
mathematics, physics, stereochemistry, and quantum chemistry.

3. Abstract of the academic discipline

The presented educational discipline "Methods for determining the structure of chemical
compounds and materials" gives students the theoretical foundations, and examples of the
application of several experimental methods: fluorescence spectroscopy, scanning electron and
transmission microscopy, X-ray spectroscopy of ctystalline materials, methods of studying
structural and sorption parameters, and ionization of compounds. Approaches to analyzing and
interpreting experimental information obtained using the specified research methods are studied.
The advantages and limitations of modern methods for studying the structure of compounds and
materials are explained.

4. Tasks (learning objectives):
- to form the conception of the physical content and nature of the phenomena that underlie the
considered methods of studying the structure of chemical compounds and materials - fluorescence
spectroscopy, scanning electron and transmission microscopy, X-ray spectroscopy of crystalline
materials, methods of studying structural-sorption parameters and ionization of compounds;
- to acquaint students with examples of the application of these methods for the study of various
compounds and materials;
- to provide the necessary theoretical basis for the application of the methods, as well as an
understanding of the advantages, disadvantages, and limitations of the considered methods.

The course «Methods of determining the structure of chemical compounds and materials» is
aimed at achieving the following general and professional competencies: 3K1, 3K4, 3K7, 3K10,
3K14, ®K4, ®K6, PK9

5. Learning outcomes by discipline:

Evaluation
methods:
current control | Percentage
Forms of (activity during |in the final
Code Learning outcome teaching and |practical work IITK-| grade in
learning 1, and control of the

individual work | discipline
IMrK-2), final control

IcK
To know the mechanisms of occurrence and
quenching of fluorescence of chemical lectures, .
1.1 |compounds, understand the formation of practical work, [IITK-1, TITK-2, TIcK 10

electromotive forces and the nature of the individual work
electrode potential




To know and understand the basics of
luminescence spectroscopy, factors that

ik 2 . lectures,
1.2 ot the' sphttmg, fensry and_ ‘.Mdth o practical work, [ITTK-1, ITTK-2, TIcK 10
spectral lines, principles of sensitized e
: : individual work
luminescence and mechanisms of non-
radiative intramolecular energy transfer.
To understand the theoretical foundations of
X-ray phase and X-ray structural methods eGlures,
1.3 Pt y structural methods. 1. actical work, |TITK-1, [ITK-2, TIcK| 10
To know their advantages and limitations e
: : : individual work
when studying crystalline materials. '
To know the physical methods used to
measure the structural sorption parameters of | lectures,
1.4 |materials and the sizes of nanoparticles, and | practical work, |ITTK-1, ITTK-2, ITcK 10
| which calculation models are used for the individual work
interpretation of their results
Students should know the theoretical
foundations of methods of ionization of
chemical compounds - FD, FAB, SIMS, lectures,
1.5 |[MALDI. They should also understand the practical work, [IITK-1, ITTK-2, TIcK 10
advantages and disadvantages of these individual work
methods in the case of high molecular weight
compounds.
To use an acquired knowledge and skills to |lectures,
21 interpret exper_lmental information obtained _pragt{cal work, TIrK-2, THK-3 10
using the considered research methods. individual
work
Students should be oriented in modern Lectures
methods of studying the structure of ractical,work
2.2 |compounds and materials, and be able to PERCLICALS > | TITK-1, TITK-2, TIcK 10
‘ ; . and individual
choose the optimal method for performing a
: : work
specific practical task.
They should be able to use acquired lectures,
23 knowledge for calculzlatlons and modeling of pragt&cal work, [TK-1, [TtK-2, TIcK 10
the structure of chemical compounds and individual
materials. work
The ability to use modern information and
o 2 Lectures,
communication technologies in raibioal Wt
3.1 |communication, as well as to collect, analyze, PHEHES | I TITK-1, TITK-2, TTcK 5
. : : and individual
process, and interpret information related to work .
the study of the structure of substances.
Ability to perform the tasks provided by the [\ oros
3.2 |education program in cooperation with other PREs > [ TITK-1, ITTK-2, TIcK 5
individual
performers
work
. | Be able to independently interpret the results | practical work,
4.1 |of the experimental methods considered in  |individual [TITK-2, TTcK 5
the course work
Comply with safety regulations and carry out | practical work,
4.2 |professional activities with the least risk to  |individual ITTK-2, ITcK 5
the environment work




6. Correlation of discipline learning outcomes (DLU) with program learning outcomes (PLO):

DLU (code)
PLO

1.1

1.2

1.3

1.4

1.5

2.1

2.2

2.3

3.1

3.2

4.1

4.2

2. 31aTHICTh BUUTHCA 1 OBOJIOIIBATH
Cy4aCHMMH 3HAHHAMH

3K3.  3parmicte g0  abCTpakTHOrO
MUCIIEHHS, aHAJTI3Y Ta CUHTE3Y.

3K 6. 3pmarHicTh reHepyBaTH HOBI 1€l
(KpeaTHUBHICTS).

3K.10. 31aTHICTD CIIIKYBATHCS
aHMIMCHKOIO Ta (32 MOXKJIMBOCTI) 1HILOKO
IHO3EMHOI0O MOBOIO, SK YCHO, TaK I
ITMCHMOBO

3K 14. 3naTHICTb 10 NOLUIYKY, KPUTUYHOTO
aHaJtizy Ta 00poOku 1HpopMarii 3 pi3HUX
JUKEPEIL.

OK1. 31aTHICTH BUKOPUCTOBYBAaTH
3aKOHM, TeOpii Ta KOHUeNmii Ximil y
MO€IHAHHI 13 BIAMOBITHUMH
MaTeMaTUYHUMH  1HCTPYMEHTAMH  JUIs
ONUCY MPUPOTHUX SBUILL.

®K 2. 3parnicte OymyBaTh ajeKBaTHI
MOZEN XIMIYHHUX SBHII, AOCIIKYBATH 1X
JUIA. OTPUMAHHS HOBHX BHCHOBKIB Ta
NOTJIMOJIEHHST PO3YMIHHSA TPUPOJH, B TOMY
Yyuciali 3~ BUKOPHUCTAHHSIM  METOZIIB
MOJIEKYJIIPHOTO, MaTeMaTHIHOTO 1
KOMIT FOTEPHOTO MOZIEIOBAHHS .

7. Scheme of formation of assessment
7.1. Assessment forms.

Semester assessment:

The maximum/minimum number of points that can be obtained by a student: 100 points /60

points, namely:

1. Modular control work 1: PH 1.1, PH 1.2, PH 1.3, PH 1.4, PH 1.5 — 15/9 points.
2. Modular control work 2: PH 1.1, PH 1.2, PH 1.3, PH 1.4, PH 1.5 — 15/9 points.
3. Practical work: PH 2.1, PH 2.2, PH 2.3 — 40/9 points.

~ 4. Search of literary sources: PH 2.1, PH2.2, PH 2.3, PH 3.2, PH4.1 —30/9 points




7.2. Evaluation organization:
- Assessment deadlines:

Modular control work 1: no earlier than the 8th week of the semester;
Modular control work 2: no earlier than the 11th week of the semester;
Practical work: performed during the whole semester. '
Students receive personal tasks for writing a literary search no later than 8 weeks before the end
of the semester;
Evaluation of independent work: throughout the semester.

A literature search requires that students conduct an analysis of the literature on the
uniqueness of the method of investigation, determine the advantages and disadvantages of the
given method, propose methods for confirming the structure of the selected compound or
material, and defend the generalized material.

7.3. Rating correspondence scale

Pass 60-100

Fail 0-59




8. The structure of the academic discipline.
Thematic plan of lectures and practical classes

Ne of lecture

Title of lecture

Number of

hours

Lectures

Individual
work

CONTENT MODULE 1" Electron Microscopy basics"

Lecture. Electron Microscopy -Definition, Principle, Types and
Application/ EnekTpoHHa MiKpOCKOIIisi: BUSHAYEHHs, NPUHLMI poboTH,
knacugikanis Ta BAKOPUCTAHHS

The core contribution of transmission electron microscopy to functional
materials engineering: cryoEM/ BusHavanbHHMI BHECOK TPAHCMICIHHOT
eNIEKTPOHHOI MIKPOCKOMIi B 1HMXKEHepito (PyHKIIOHATbHUX
MaTepiaiB:KpioeleKTPOHHAMIKPOCKOTTisA

30

Scanning Transmission Electron Microscopy for Materials Science:
Imaging, Diffraction, Spectroscopy, and Tomography(STEM)/
CkaHyBaJbHa MPOCBIYYIOYA €IEKTPOHHA MIKPOCKOIIisA JUIst HOTped
MaTepiano3HaBCTBa: MPUHLKI PobOTH, AH(ppaKilis, CIIEKTPOCKOTIis Ta
Tomorpadist

30

Lecture. Solid-State Fluorescent Inorganic Solids for Visual Detection and
LED application. TsepaoTinbHi (iyopecueHTHI HeopraHiuxi TBepai
PEYOBHMHM ISl Bi3yaJbHOTO BUSIBJIEHHS Ta 3aCTOCYBaHHA 31 CBITJIOAIOAAMH.

20

Modular control work 1

CONTENT MODULE I1 " X-ray diffraction analysis of crystalline materials"

Generation of X-ray radiation: X-ray tubes, microfocus X-ray tubes,
synchrotron radiation generation. Monochromatization and detection of X-
rays. Basic components of an X-ray diffraction equipment.

2

20

The Bragg’s equation. Family of lattice planes (Miller indices). Using the
concept of a reciprocal lattice for the study of crystals. Ewald sphere
construction Crystal structure determination: relationship between
dCspacing and lattice constants for various crystal lattices.

20

X-ray powder diffraction method in materials research: qualitative and
quantative phase analysis. Fundamentals of the single-crystal X-ray
diffraction technique. X-ray diffraction analysis of macromolecular
structures.

20

CONTENT MODULE 1V "Jlocnioscenns HanocmpyKkmyposanux mamepiaiie"

[TapamMeTpu HAHOCTPYKTYPOBAHUX MaTepiaiiB Ta Gi3UKOXIMIYHI ABHIIA, IO
BinOyBaioTbess mnpu  azacopbuii mapis. o Take HAHOCTPYKTYpPOBaHi
martepianu i HaBimo ix pocnimkysaru? ITuroma.nosepxHs, 06’em mop Ta
posnonin nop 3a posmipamu. ®PpakransHa posmipHicTe. Cnenudiyna Ta
necnieuuiuna ancopbuis. AncopOuist mapis: piBusiHHsA Jlenrmiopa Ta BET.
Ssuiue kaninsipHOi KoHaeHcauii: piBHsHHs Kenbsina. Knacudikauis nop
3a pO3MipaMu: MIKpO-, M€30, TA MaKpOTIOPH.

20

Meroau HOCHIDKEHHST  CTPYKTYypHO-copOLiiHuX mapamerpiB. Kpurepii
Bubopy axcopbary st CTpyKTypHO-cOpOUIfHUX aocHimkeHb. [30Tepmu
ancopbuii aszory. Knacmpikauiss izorepm 3a IFOITAK. Mesonopucri

20




azcopbenTu Ta Meron BJH. Kpurepii HasBHOCTI Mikporop B ancopOeHTax:
meTox t-plot. MeTomm po3paxyHKy PO3MOALIIB MIKPOTOp 3a PO3MipaMH.
PTyTHa MOPOMETPIsi — METOM AOCIIKEHHSI MAKPOIIOP.

Ormrriysi MEeTOH IOCIIIKEHHS HAHOYACTHHOK, SBuie
CBITJIOPO3CIFOBAHHSI. PiBHSHHS Penesi. Meron JUHAMITHOTO

10 | ceiTnoposciropanms:  isudHi  OCHOBHM, MaTemaruuHe Habmwkewns, | 4 | 4 | 64

MOKJIMBOCTI Ta oOMexeHHs. BumiproBanHs 3era-norteHuiany. Meroa
nazepHOi udpakiii.

Total | 18 8 244

Totally - 270 hours, including
Lectures — 18 hours.

Practical work — 8 hours
Individual work -244 hours.
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