KHUIiBCHKUI HALIIOHAJIbHUM YHIBEPCUTET
IMEHI TAPACA NIEBUEHKA

XIMIYHUN ®AKYJILTET

Kadeapa anamitaunoi XimMii

3ATBEP/JKYHO»

-3 *
\_y?.'\l_.__ = ,:J‘
W :

* 'f N
Nmodes

POBOYA ITPOI'PAMA HABYAJIBHOI JIMCLUIIITHA
METO/U BCTAHOBJIEHHSI CTPYKTYPU XIMIYMHHUX
CITOJIYK TA MATEPIAJIIB

181 3100yBa4iB OCBITH

rajiy3b 3HaHb E "Ipupoanndi HAYKH, MATEMATHKA T4 CTATHCTHKA"

CreLiabHICTh E3 Ximis

OCBITHIii piBEHb maricTp

OCBITH# IporpaMa Ximis

BUJl AUCLIUILIIHHA 000B's13K0BA
®opma HaB4YaHHS 3204HA
HasuanbHuil pix 2025/2026
Cemectp 1
Kinekicts kpeauris ECTS 9
MoBa BUKJIa[laHHsl, HABYAHHSI
Ta OLIHIOBAHHS yKpaiHCcbKa

dopma 3aKITHOYHOTO KOHTPOTIO  3AJIK

Buknagaui: 1.x.H. npod. Poik O.C., 1.x.H., nou. Anekcees C.O., .a.xH., nou. Tepebinenko K.B.

Iponourosano: Ha 20 /20 H. p ( ) «» 20__p.
Ha 20 /20 H. P. ( ) «» 20__p.

KHIB - 2025



Po3pobHuKu:

==

Anexcees Cepriii OnekcanapoBuy, 1. H., npoqf‘%f/'

Poik Onexcaunp CepriiioBuu, 1X.H., jon ,/( 7/ ~ =

Tepebinenko Karepuna Bonogumupina, 1.X.H, J0LL.

Tpotokon Ne 1 sin« 3 » K[ 2025p

3ATBEP/DKEHO

B.0. 3aBiayBaua kaenpu Qizu4Hoi Ximii

(9 / Z,Bnexcaﬂnp POIK

ITporokon Ne |Osin « LY » KE‘J'T H.2025p

3aBimyBau kadenpu HeoprauivHOI Ximii
ocrucnas JIAMITEKA
Tporokon Ne Y min « 1 » lce‘ir}ud/zOZSp

CxBajieHO HayKOBO-METOIMYHOK KOMICI€I0 XiMiUHOTO (akyabTeTy

Ilporoxon Bin «7» __tpaBus___ 2025 poky Ne 9

I"o10Ba HayKOBO-METOAUYHOI KOMicCil Lfé’//

« I » Yl"uﬂ{—%bgkl 2025 poky

Onekcaunp POIK




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
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
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 a number of experimental methods: fluorescence spectroscopy, scanning electron and
transmission microscopy, X-ray spectroscopy of crystalline materials, methods of studying
structural and sorption parameters and ionization of compounds. 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 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, 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 | discipline
IITK-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, IITK-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,

1.2 . = .o practical work, |IITK-1, IITK-2, I[IcK 10
spectral lines, principles of sensitized .
. ) 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 lectures,
1.3 . . " |practical work, |IITK-1, I[ITK-2, [TcK 10
To know their advantages and limitations S
. : . 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, |IITK-1, I[ITK-2, [TcK 10
which calculation models are used for 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 also should understand the practical work, |IITK-1, TITK-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,
interpret experimental information obtained |practical work, i i
21 using the considered research methods. individual TITK-2, ITTK-3 10
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 practi > |TITK-1, IITK-2, TIcK 10
. ! 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 | he structure of chemical compounds and individual TITK-1, ITTK-2, TeK 10
materials. work
The ability to use modern information and
. .. Lectures,
communication technologies in ractical work
3.1 |communication, as well as to collect, analyze, practi > I TITK-1, IITK-2, IIcK 5
. : . individual
process, and interpret information related to work
the study of the structure of substances.
Ability to perform the tasks provided by the ler(;t;ﬁ:l work
3.2 | education program in cooperation with other practi > |TITK-1, IITK-2, TIcK 5
individual
performers
work
Be able to independently interpret the results |practical work,
4.1 |of the experimental methods considered in  |individual IITK-2, I[IcK 5
the course work
Comply with safety regulations and carry out | practical work,
4.2 |professional activities with the least risks for |individual [TTK-2, T1cK 5
the environment work




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

gyh2347910

DLU (code)
PLO

1.1

1.3

1.4

1.5

2.1

2.2

2.3

31

3.2

4.1

4.2

2. 31aTHICTh BUUTHCS 1 OBOJIOIBATH
CyYaCHUMHM 3HAHHSIMU

3K3. 3patHicTh 10  aOCTPaKTHOTO
MUCJICHHS, aHali3y Ta CUHTE3Y.

3K 6. 3patHicTh reHepyBaTd HOBI 17el
(KpeaTUBHICTB).

3K.10. 31aTHICTD CHLIKYBaTUCS
aHTJIHACHKOI0 Ta (32 MOJMKJIMBOCTI) 1HIIIOO
1HO3€MHOI0 MOBOIO, SIK YCHO, TaK 1
HCbMOBO

3K 14. 3gatHicTh A0 MOIIYKY, KPUTUYHOTO
a”asizy Ta 00poOKu iHpopMaIlii 3 pi3HUX
IDKeped.

dK1. 31aTHICTD BUKOPUCTOBYBATH

3aKOHM, Teopli Ta KOHUENmi Ximii y
[MO€IHAHHI 13 BIIIIOBITHUMH
MaTeMaTUYHUMU  IHCTpyMEHTaMH IS
ONHUCY MPUPOJIHUX SIBUIII.

®K 2. 3parHicTh OyJIyBaTH aJIeKBaTHI
MOJIel XIMIYHMX SIBHIN, JOCIIDKYBaTH iX
JUISL OTPUMAaHHS HOBHX BHCHOBKIB Ta
MOTJIMOJICHHST PO3YMIHHS MPUPOJIHA, B TOMY
YUCl 3 BUKOPUCTAHHSIM METO/IIB
MOJICKYJIIPHOTO, MaTEMaTUYHOTO 1
KOMIT FOTEPHOI'0 MOJIEIFOBAHHS .

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 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

Noe of lecture

Title of lecture

Number of
hours

Lectures
Practical
classes
Individual
work

CONTENT MODULE 1 " Electron Microscopy basics"

—

Lecture. Electron Microscopy -Definition, Principle, Types and
Application/ EnektpoHHa MIKpOCKOITisl: BU3BHAYCHHS, PUHIIUATI pOOOTH,
Kkacuikalisi Ta BAKOPUCTAHHS

The core contribution of transmission electron microscopy to functional
materials engineering: cryoEM/ Bu3HauyanbHUII BHECOK TpaHCMICIHHOT
€JIEKTPOHHOI MIKPOCKOMII B 1H)KEHEPit0 QYHKIIOHATBHUX
MaTepialliB:KpioeIeKTPOHHAMIKPOCKOIIis

30

Scanning Transmission Electron Microscopy for Materials Science:
Imaging, Diffraction, Spectroscopy, and Tomography(STEM)/
CkaHyBajbHa MTPOCBIUYIOYa €JIEKTPOHHA MIKPOCKOIIIS JIJIs TOTped
MaTepialio3HaBCTBA: MPUHIUI POOOTH, TU(PaAKIis, CIIEKTPOCKOIis Ta
Tomorpadist

2 30

Lecture. Solid-State Fluorescent Inorganic Solids for Visual Detection and
LED application. TsepmoTinbeHi (uryopeclieHTHI HeOopraHidHI TBEPII
PEUOBHMHH IS Bi3yaJIbHOT'O BUSIBJICHHS Ta 3aCTOCYBAaHHS 31 CBITJIONI0AaMHU.

Modular control work 1

CONTENT MODULE 11 " 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
d-spacing and lattice constants for various crystal lattices.

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 "/locnioscennsa nanocmpykmyposanux mamepianis'’

[TapameTpu HAHOCTPYKTYPOBaHMUX MaTepiaiiB Ta (Gi3UKOXIMIYHI SIBHUIIA, 10
BiOyBatoThcsl mpu  ancopOmii mapiB. Illo Take HaHOCTPYKTypoOBaHi
Mmatepianu 1 HaBimlo ix gociipkyBatu? Iluroma moBepxHs, 00’eM mop Ta
posnozin mop 3a posmipamu. ®pakranpHa po3mipHicTh. Crenudiuna Ta
HecrienudiyHa afacopOiis. AncopOuis mapis: piBHsAHHS Jlenrmiopa Ta BET.
SBuime kanursipHoi KoHaeHcanii: piBHsSHHSA Kenbpina. Knacudikarmis mop
3a po3MipaMHu: MiKpo-, M€30, Ta MaKpOIIOPH.

2 20

MeTtoau IOCTIKEHHST  CTPYKTYpPHO-cOpOmiitHuX mapametpiB. Kpurepii
BUOOpYy ancopbary ansi CTPYKTYpHO-COPOLIMHUX MOCHiKEeHb. [30TepMu
ancop6Omii  azory. Kmacudikaris 13otrepm 3a [FOITAK. Mesonopucri




ancopbentu ta meroa BJH. Kpurepii HasiBHOCTI Mikpomop B ajcopOeHTax:
Metona t-plot. MeToau po3paxyHKy pO3MOIUIIB MIKPOIOpP 3a PO3MipaMH.
PryTHa mopomeTpisi — MeTo1 AOCHIPKEHHSI MaKpOIIop.

OnrtnuHi METOIU OCIIIKEHHS HAHOYACTHHOK. SIBure
CBITJIOPO3CIFOBaHHS. PiBHsHHSA Penes. MeTton UHAMIYHOI'O

10 | cBiTmopo3citoBanHs:  (I3MYHI  OCHOBH, MaTeMaTHYHE HaOMWKEHHs, | 4 4 64

MOJJIMBOCTI Ta oOOMexeHHs. BumipioBanHs 3eTa-noteHmiamy. Meton
Ja3zepHOi Audpaxitii.

Total | 18 | 8 | 244

Totally - 270 hours., including :
Lectures — 18 hours.

Practical work — 8 hours
Individual work -244 hours.
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