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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, ionization and molecular weight
estimation of nonvolatile, unstable, with high molecular weight organic 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 materials, 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 weight
organic 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 many experimental methods: fluorescence spectroscopy, scanning electron and
transmission microscopy, X-ray spectroscopy of crystalline materials, methods of studying
structural and sorption parameters, ionization and molecular weight estimation of compounds
including nonvolatile, unstable, with high molecular weight. Approaches to the analysis and
interpretation of experimental information obtained using the specified research methods are
studied. Advantages and limitations of modern methods of 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, ionization and molecular weight
estimation of organic compounds, including nonvolatile, unstable, with high molecular weight;
- 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, DK9

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 IITK- discipline
2), final control IIcK
To know the mechanisms of occurrence and
quenching of fluorescence of chemical lectures,
1.1 |compounds, understand the formation of practical work, |IITK-1, [1TK-2, I[IcK 10
electromotive forces and the nature of the individual work
electrode potential




To know and understand the basics of
luminescence spectroscopy, factors that
affect the splitting, intensity, and width of

lectures,

= spectral lines, principles of sensitized pras:tl.cal work, |TITK-1, IITK-2, TlcK 10
luminescence, and mechanisms of non- individual work
radiative intramolecular energy transfer.
To undeﬁ'stand gle theoretical foundations of T
X-ray phase and X-ray structural methods. . 2
1.3 | 1o know their advantages and limitations practical work, Rkt TIC:2, Tlek i
. : : individual work
when studying crystalline materials.
To know the physical methods used to
measure the structural sorption parameters |lectures,
1.4 | of materials and the sizes of nanoparticles, |practical work, |IItK-1, ITTK-2, ITIcK 10
and which calculation models are used for |individual work
the 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, |ITtK-1, ITTK-2, ITcK 10
advantages and disadvantages of these individual work
methods in the case of high molecular
weight compounds.
To use acquired knowledge and skills to lectures,
interpret experimental information obtained practical work,
2l using the considered research methods. individual b, Hek-3 i
work
Students should be oriented in modern o
methods of studying the structure of i al’ K
2.2 |compounds and materials, and be able to PIRCAGHL WO [ITK-1, ITTK-2, I1cK 10
: i and individual
choose the optimal method for performing a
. . work
specific practical task.
They should be able to use acquired lectures,
knowledge for calculations and modeling of practical work,
2.3 | e structure of chemical compounds and | individual TiK-1, IITK-2, TIeK i
materials. work
The ability to use modern information and
communication technologies in Lectures,
31 communication, as we.ll as to cgllect, . Praf:ti.cal work, [T1K-1, [TTK-2, TIcK 5
analyze, process, and interpret information individual
related to the study of the structure of work
substances.
Ability to perform the tasks provided by the lectul.re:,l K
3.2 | education program in cooperation with other p raf:tl.c i IITK-1, ITTK-2, I1cK 5
individual
performers
work
Be able to independently interpret the results practical work,
4.1 | of the experimental methods considered in individual ITTK-2, IIcK 5
the course work
Comply with safety regulations and carry practical work,
4.2 |out professional activities with the least risks.J individual ITrK-2, ITcK 5
for 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

23

3.1

3.2/4.1

4.2

P1. To know and understand the scientific
concepts and modern theories of chemistry, as well
as the fundamental foundations of related sciences.

P2. Deeply understand the basic facts, concepts,
principles, and theories related to the subject area
mastered during the master's program, use them to
solve complex tasks and problems, as well as
realize research in the relevant field of chemistry.

P3. Apply the acquired knowledge and
understanding to solve new qualitative and
quantitative problems of chemistry.

P4. Be able to synthesize chemical compounds
with specified properties, analyze them and
evaluate compliance with specified requirements.

P5. To know the methods of computer modeling of
the structure, parameters, and dynamics of
chemical systems.

P7. Communicate freely in English and (if
possible) another foreign language on professional
matters, orally and in writing, present the results of
research in chemistry in a foreign language, and
participate in discussions of chemistry problems.

P9. Collect, evaluate, and analyze the data needed
to solve complex chemistry problems using
appropriate methods and data tools.

P10. Plan, organize, and carry out experimental
research in chemistry using modern equipment,
competently process their results, and draw
reasonable conclusions.

P14. Interpret experimentally obtained data and
correlate them with relevant theories in chemistry.

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, PH 2.2, PH 2.3, PH 3.2, PH 4.1 —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 13th 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

Excellent 90-100
Good 75-89
Satisfactory 60-74
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
Practical

classes
Individual
work

CONTENT MODULE 1" ®@nyopecyenmHa CheKmpoCKORia y 00CNiOHCEHHI XIMIYHUX CROMYK

ma ix po3uunis"

dayopecueHTHa CIEKTPOCKOMIS y CTaliOHapHHX yMoBax. MexaHi3mMu
racinus QyopecueHii. Arperaiis Criojyk y 30y>keHOMY CTaHi.

12

YacoBo-po3aisieHa (IIyopecleHTHa CIeKTpockomis. MixmonekyisipHe Ta
BHYTPILIHHO MOJIEKYJISIpHE (POTO MEpEeHECEHHs €NIEKTPOHY Ta BHYTPIIIHBO
MOJIEKYJIsIpHE (hOTONIEpeHECEHHS 3apsay .

12

Pe3onaHCHe mepeHeceHHs eHeprii 30y/pkeHHS. BHyTpilTHbOMONEKyIsIpHE
¢boTonepeHeCceHHs IPOTOHY.

12

CONTENT MODULE II " Electron Microscopy basics"

Electron Microscopy -Definition, Principle, Types and Application/
EsnexTpoHHA MiKPOCKOIIisl: BU3HAYEHHSI, IPUHIHUI po6oTH, KiacHdikamis
Ta BAKOPUCTAHHS

12

The core contribution of transmission electron microscopy to functional
materials engineering: cryoEM/ Bu3Ha4aipHH# BHECOK TPaHCMICIHHOT
€JIEKTPOHHOT MiKPOCKOTIii B iH)KeHepio (yHKI[IOHATBHAX
MarepiaiB:KpioeIeKTPOHHAMiIKPOCKOIIis

12

Scanning Transmission Electron Microscopy for Materials Science:
Imaging, Diffraction, Spectroscopy, and Tomography(STEM)/
CxaHyBaJibHa IIPOCBivyI0Ya eIEKTPOHHA MiKpOCKOIIis Ay oTped
MaTepialo3HaBCTBA: IPUHIHUI poOOTH, U paKIlis, CIEKTPOCKOIis Ta
toMorpadist

12

Modular control work 1

2

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

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

2

4

12

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
d-spacing and lattice constants for various crystal lattices.

12

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

12

CONTENT MODULE 1V "JJocnidscenHA HAHOCMPYKMYpPOGaHux mamepianie"

10

ITapaMeTpy HAHOCTPYKTYpOBAaHHX MaTepiaiiB Ta QisMKOXiMi4Hi IBUINA, IO
BinOyBaloThcss mpu  ancopOuii mapiB. IIfo Take HaHOCTPYKTypOBaHi
Marepiany i HaBimo ix gocmimkyBaru? ITuTomMa moBepxHs, 06’e€M mop Ta
po3mozii mop 3a posmipamu. ®pakranbHa po3MipHicTs. Cnemudidna Ta

12




necrenudiuna ancop6uist. Ancopbuis mapis: piBHsHHA Jlenrmiopa Ta BET.
SlBume KaminapHoi koHAeHcauii: piBHsHHsA Kenppina. Knacudikauis mop
3a po3MipaMH: MiKpo-, M€30, T2 MAKPOIIOPH.

11

MeTonM IOCTIIKEHHS CTPYKTypHO-copOuiiinux mapamerpiB. Kpurepii
BuGOpy ancopbary Ui CTPYKTypHO-cOpOUiMHMX mociiukeHs. I3o0Tepmu
ancopbuii asory. Kracudikanis isorepm 3a IIOITAK. Mesonopucri
ancopGentu Ta Metox BJH. Kpurepii HasBHOCTi MiKpomop B aficopOeHTax:
metoj t-plot. MeTonu po3paxyHKy PO3NOZLNB MiKpOIOp 3a pO3MipamH.
PTyTHa IOpOMETpis — METOJ JOCHiKEHHS MAKPOIIOP.

12

OnTHyHi METOIH JIOCTIiDKEHHS HAaHOYACTHHOK. SIBuie
CBITJIOPO3CiIOBaHHS. PiBusaHHA Penes. MeTton JIMHAMIYHOTO
cBiTIOpO3CifoBaHHs:  (i3WYHI OCHOBH, MaTeMaTHYHE HAOMIMKCHHS, 2 4 12
MOXUIMBOCTI Ta OOMeXeHHs. BumipioBanHs 3eTa-moTeHuiary. Merox
na3epHol audpakiii.

CONTENT MODULE V " MemoOu ioni3ayii 6ucoKoMONEKYAAPHUX ChoayK "

13

Tonization methods of organic molecules - FD, FAB, SIMS and MALDL
Advantages and disadvantages of the ionization methods in a case of 2| 4 12
polymer ionization. The matrix as a key point in MS spectrometry of high
molecular weight compounds.

14

The time-of-flight (TOF) analyzer: linear, with reflection. MALDI spectra,
a basic equation to convert the TOF spectrum into a mass spectrum.

15

Cationization agents. Experimental conditions (laser power, cationization 2 | 2 12
agent, and sample polydispersity) and quality of polymer MS spectrum.

Modular control work 2

Total | 30 | 60 | 180

Totally - 270 hours, including :
Lectures — 30 hours.

Practical work — 60 hours
Individual work - 180 hours.

Literature

Basic:
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2,

3.

K.

Now

Ophus, C. (2023). Quantitative Scanning Transmission Electron Microscopy for Materials
Science: Imaging, Diffraction, Spectroscopy, and Tomography.Annual Review of Materials
Research,53.

+S. Pennycook, “Seeing the atoms more clearly: STEM imaging from the Crewe era to today,”
Microscopy and Microanalysis, vol. 17, no. S2, pp. 1252-1253,2011.

+0. Krivanek, T. Lovejoy and N. Delby, “Aberration-corrected STEM for atomic-resolution
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Kimoto, K. Nakamura, S. Aizawa, S. Isakozawaand Y. Matsui, “Development of dedicated
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2007.

JR. Lakowicz. Principles of fluorescence spectroscopy. Second edition. Kluwer
Academic/Plenum Publishers NY, Boston, Dordrecht, London, Moscow, 1999, 698 P.

B. Valeur. Molecular Fluorescence. New-York, Wiley-VCH., 2002.

Demchenko A.P. Introduction to Fluorescence Sensing// 2009.- Springer.- 586 P.
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«KwuiBcokuit yriBepcute. 2016. — 287 c.




8. Yoshio Waseda, Eiichiro Matsubara, Kozo Shinoda X-Ray Diffraction Crystallography.

Introduction, Examples and Solved Problems. Springer-Verlag Berlin and Heidelberg GmbH &
Co. KG, Germany, Berlin, 2014

9. 6. Pash H., Schrepp W., MALDI-TOF Mass Spectrometry of Synthetic Polymers. Springer,

2003, ISBN 3-540-44259-6.

10. 7. J.L. Koenig Spectroscopy of Polymers, 2nd Edition . Elsevier, 1999, ISBN 0-444-10031-8.
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10.

11.
12.

Mohammed, A., & Abdullah, A. (2018, November). Scanning electron microscopy (SEM): A
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HERVEX, BdgileGovora, Romania(Vol. 2018, pp. 7-9).

«Vernon-Parry, K. D. (2000). Scanning electron microscopy: an introduction.//I-Vs
review,13(4), 40-44.

R. P. Haugland. "Handbook of Fluorescent Probes and Research Products. Ninth Edition".
Molecular Probes, 2002 Eugen, OR, USA.

Loew, L. M. Spectroscopic Membrane Probes. Boca Raton, CRC Press. 1988. 297 P.

J. S. Kim, D. T. Quang. Calixarene-Derived Fluorescent Probes. Chem. Rev. 2007, 107, 3780-
3799.

L. Fabbrizzi, A. Poggi. Sensors and switches from supramolecular chemistry/ Chem. Soc. Rev.

1995, 24, 197-202.

D. Altschuh, S. Oncul and A. P. Demchenko. Fluorescence sensing of intermolecular
interactions and development of direct molecular biosensors. Review. J. Mol. Recognit. 2006;
19: 459-477.

A.P. Demchenko, The future of fluorescence sensor arrays. TRENDS in Biotechnol, 23, 2005,

456-460.

B.I'. [luBoBapenKo. "Cunres, Gy/10Ba i BIaCTHBOCTI OaraToKaHATbHAX (ITyOpeCcLieHTHHX
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