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EXPLANATORY NOTE
KAnalytical Chemistry) is an academic discipline of the KChemical Module>,

containing systematized scientific knowledge about the principles and methods оf
determining the chemical composition and structure of substances.

The goal оf the discipline KAnalytical Chemistry) is the fогmаtiоп of basic
professional competencies to obtain а high level of knowledge, skills, and abilities
fоr the identification and quantification of medicines and other.

The objectives оf the academic discipline <Analytical Chemistry> аrе to
develop students' scientific knowledge about the theoretical foundations of
chemical and instrumental methods of analysis to determine the qualitative and
quantitative composition of objects, sampling and sample рrераrаtiоп, methods of
concentration and separation; methodology fоr conducting qualitative and
quantitative analysis; statistical processing of chemical analysis results; skills and
abilities necessary fоr identification and quantification of various objects,
including when monitoring the quality of medicines.

The knowledge, abilities and skills acquired in the study of the academic
discipline <Analytical Chemistry)) аrе necessary fоr the successfu| study оf the
following academic disciplines: <Pharmaceutical Chemistry>, <Рhаrmасоgпоsу),
<Toxicological Chemistry>, <Standardization of Drugs>>, <Biological chemistry>,
<Pharmaceutical Ecology>.

А student who has mastered the content of the educational material оf the
academic discipline <Analytical Chemistry> should have the following basic
professional competencies: apply knowledge of basic physical, chemical and
biological laws to control the quality of medicines and medicinal plant materials.

As а result of studying the discipline <Analytical Chemistry> the student
shouId

know:
basic concepts of analytical chemistry, the rоlе and imроrtапсе of analytical

chemistry in рhаrmасу;
foundation of sampling, sample рrераrаtiоп and chemical analysis of

samples;
basic methods of separation and concentration;
methods of рrераrаtiоп, standardization and storage of solutions, including

titrated solutions;
theoretical foundations of methods for qualitative and quantitative analysis

оf the composition of substances;
construction оf the main types of analytical equipment used in instrumental

methods of analysis;
methods of statistical processing and presentation of chemical analysis

results;
Ье able to:
choose the method, methodic and process of identification and quantification

chemical substances, саrry out all the necessary calculations
use the techniques and methods of wоrkiпg with chemical rеаgепts and

laboratory glassware necessary for qualitative and quantitative analysis;
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work with the main types of analytical instruments used in the analysis;
use the main types of analytical equipment used in chemical analysis;
саrry out identification and quantitative determination of substances Ьу

chemical and instrumental methods of analysis;
make statistical processing of chemical analysis results;
master:
methods оf sampling and sample рrераrаtiоп, separation and concentration

of substances;
skills in working with chemical glassware, chemical reagents, analytical

equipment and other instruments used in the qualitative and quantitative analysis
of чаriоus substances;

methods for реrfогmiпg qualitative and quantitative analysis of чаriоus
objects;

skills in the preparation and standardization of chemical reagents, incl.
titrated solutions;

technique fоr реrfоrmiпg the analysis оf substances using chemical and
instrumental methods

Total пчmЬеr оf hочrs for the study of the discipline is 408 academic
hours. Classroom hours according to the types оf studies: lectures - 40 hours
(including 13 hours of supervised student independent work), laboratory studies -
180 hours, student independent work (selЁstudy) - l83 hоurs.

Intermediate assessment is саrriеd out according to the syllabus оf the
specialty in the fоrm of а credit (3 semester) and examination (4 semester).

Fоrm of higher education - full-time.

ALLOCATION ОF ACADEMIC ТIIИЕ
ACCORDING ТО SBMESTERS ОF STUDY

Code, паmе of the
specialty

lr
Ф
еh
Ф

Ф
.r)

Numьеr of academic hочrs

Fоrm оfсчrrепt
assessment

cl
о1
U)

9
l

including
Ф

q)

с)
Е .jl

G)
о)

Ф

U,

q,
Ф

о
q!.
q)о
U,
ah
G,
()

q!.

l

q2
ФL

9q)

ah
q)

с)

L

сЁ

1_79 01 08
<<Рhаrmасу>>

3 2|0 1l5 20 95 6,5 95 credit

4 198 110 20 90 6,5 88 examlnatlon

408 225 40 185 lз 183



5

THBMATIC PLAN

Section (topic) name
Numьеr of class hours

lecture laboratory
1. Subject and task of analytical chemistry 1

52. Chemical
detection

methods of iпоrgапiс substances
1

3. chemical methods of separation апd сопсепtrаtiоп l 5
4. Sampling and sample рrераrаtiоп l l0
5. Analytical chemistry and chemical statistics 2 5
б. Chemical equilibrium in analytical chemistry.
Protolytic equilibrium 2 20

6.1. Chemical equilibrium in analytical chemistry 5

6.2.The main properties of solvent influencing on the
acidic and basic properties of substance. Тье most
important theories of acids and bases

5

6.3.calculation рн water solutions in which оссur
protolytic equilibrium. Acidic and basic Ьuffеr solutions l 5

6.4. Analysis of unknown substances 5

7. Titrimetric methods of analysis. Main concepts
and principles. Acid-base titration 2 15

7.1. General characteristic of acid-base titration
methods. Acid-base indicators. The main types of acid-
base titration curves. uncertainty of acid-babe titration

5

7.2. Titation ofmixtures of acids оr bases. Kl.taut t *Ыу* 1 5

7.3. Determination of ammonium salts. Titration in
non-aqueous solutions l 5

8. Precipitation equilibria. Precipitation titration ,,
5

9. Argentometric determination of bromides and
iodides l 5

10. Grачimеtriс method analysis l 5

11. Equilibria of а complex formation. Complex
formation titration 2 5

12. Complex fоrmаtiоп titration 2 5

13. Oxidation-reduction equilibria ", 10

14. Oxidation-reduction titration methods ,,
20

1 4. 1 . General characteristic оf oxidation-reduction titration
methods. Iodometry titration. Chl ori odometric titrati on

l 5
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Section (topic) name
Numьеr of class hоurs

lесturе laboratory
l4.2. lodatometry titration. Nitritometric titration l 5
l 4.3. Permanganatometric
titration

titration. chromatometric
5

l4.4. Cerymetric titration. Bromatometric titration 5
15. Main characteristics
analysis

of instrumental methods
1 5

1q. ýpectroscopic methods of the analysis.
Absorption spectroscopic methods of analysis 1 l0
16.1. Atomic аЬsоrрtiоп
IR - spectrometry

|6.2. Mol..ulu. ubrorpti*
UV - vis spectrometry

methods

methods

analysis.

analysis.

оf

of

l 5

5

|7..Emission spectroscopic analysis methods.
Atomic emission spectroscopic analysis methods.
Luminescent analysis

) l0

1 7. 1. Atomic emission spectroscopic analysis -.tboa, 1 5
1 7.2. Molecular emission spectroscopy l 5
lE. Optical methods поt related to the absorption оr
emission of епеrgу ) 5

l9. Chromatographic methods of analysis 6 20
l9.1.General characteristic and theoretical bases of
chromatographic methods of the analysis 2 5

1 9.2. Gas chromatography

1 9.3. Liquid chromatography

analysis
mass-spectrometric hybrid

l 5

2 5

l 5

20.1.Main characteristic
electrochemical methods of
сочlоmеtriс method оf

and classification of
analysis. Conductometry
analysis. Potentiometric

ZO. Electrochemical methods of analysis

methods оf analysis

20.2. Роlаrоgrарhу.
analysis

Voltamperometric methods of

Total hours

4 15

2 l0

2 5

2 5

40 l85
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CONTENT ОF ТНВ EDUCATIONAL MATERIAL
1. Subject апd task of analytical chemistry
Analytical service. Main concepts of analyticat chemistry: principle, methodand analysis' technique. The kinds of analysis: the qualiiative, quantitative,

isotopic, molecular, functional phase. Analysis chemical, physical and
instrumental.

А brief historical review оf analytical chemistry development. Дpplication
of analytical chemistry methods in рhаrmасу.2. chemical methods of inorganic substances detection

The most important characteristics of analytical reaction (selectivity,
detection limit). systematic method of the analysis. Fractional method ог the
analysis. Elimination false positive test.

3. chemical methods of separation and concentration
Gепеrаl characteristics and classification of methods of selection andconcentration. Quantitative characteristics of measurement efficiency and

concentration (mеаsurеmепt factor, concentration factor). Basic concepts used inthe method of liquid extraction (extractant, extract, re-extraction, rе-ехtrасt, rе-extractant' extraction reagent, raffinate). Quantitative characteristics of theextraction content (extraction constant, distribution constant, distribution
coefficient, single extraction degree, multiple extraction degree).Extraction
systems, extractants and extractable compounds. Influence of various fасtоrs on
the extraction process. Extraction methods. Application of extraction in analyticalchemistry J -'---'

4, Sampling and sample рrераrаtiоп
Sample. Types of samples (general, ачеrаgе representative, laboratory,

analyzed). Sampling of gases, liquids and solidr, ,urpi. averaging. Causes оf
ешоrs in sampling. Sample decomposition. uDryu and <<wetu ;n.ihods оf sample
decomposition. Decomposition of the sample Ьу dissotution (without а chemical
reaction and with а chemical reaction), fusion and thermal decomposition.
Undesirable processes occulTing during the decomposition of the sample.

5. Analytical chemistry and chemical statistic
Approximate calculation and significant figures, the concept оf the analytic

signal. Methods for calculating the concentration of the substance in magnitude оf
the analytical signal. The uпсеrtаiпtу and measurement еrrоr

Definition of the analytical signal. Rеfеrепсе and поп-rеfеrепсе methods of
the quantitative analysis. Standard substances and standard samples. Calculating
methods of substance concentration Ьу magnitude of the analytical signail
KMeasurement uncertaintp and (measurement elTor). Types оf еrrоrs: systematic,
random, outlier: rough, constant determinant еrтоr, indeterminate еrrоr. The
sources determinant еrrоr.

Basic concepts of mathematical statistics used in analytical chemistry:
Main definitions of mathematical statistics methods used in analytical

chemistry: rапdоm variable, distribution function of the rапdоm variable, the
probability density of continuous rапdоm variable, поrmаl distribution, sampling,
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sample mеап, sample variance, dispersion, the sample standard deviation, Student'st-test, the confidence interval. statistical processing and presentation оf the
analysis results. Methods of rounding digits. The concept of significant figures.
Detection of outlier. Basic characteristics оf апаlуtiЪаl rn.rhodi.: limit оf
identification, limit Оf quantitation, reproducibility, ассurасу. Comparison огreproducibility mеап values of analysis results, согrесtпеss check. calculation ог
substance concentration Ьу means of magnitude оf the analytical signai: the
calibration сurче method, standard method, йditiu. method.

6, Chemical equilibrium in analytical chemistry. Protolyticequilibrium
б.1. Chemical equilibrium in analytical chemistry
Constant of chemical equilibrium. Types of thb chemical equilibrium

constants, used in analytical chemistry (thейоdупаmiс, real and соъditiопаl,
сumulаtivе, stepwise). Deviations frоm ideality in solutions оf strong electrolytes.Activity and activity coefficient. Ionic strength of solution. Dependence оf the
{rоlg electrolyte activity on the ionic strепфh оf solution. Debye- Htickel andDavies equations. General principles of йlсчlаtiоп of equilibrium systems
composition.

Overall and the equilibrium concentration, fraction of dissociating species inpolyligand complexes. Equations of material balance and electroneutrality. 'Гhе
concept of equilibria graphic description.

б,2, The mаiп properties of solvent influencing on the acidic and basicproperties of substance. The most important theories of acids and bases
The main theories of acids and bases: Arrenius's theory, protolytic theory оfBrensted_Lowri, Lewis theory. Quantitative description ог uсiаЪ and base strength

(acid dissociation constant and base dissociation constant, dissociation constant оf
conjugate acid). p-function of acidity constant. classification of solvents Ьу theirphysical and _chemical properties. solvent autoprotolysis. constant of
autoprotolysis. The рН scale.

Influence of solvent on the acid-base properties of the solute. protic and
aprotic solvents. Classification of solvents on й. acid-base рrореПiеs and polarlty.
Autoprotolysis of solvent. constant of autoprotolysis, selЁionization constant.
I eveling and differential action of solvent. sirong and weak acids and bases. Р-
function of acidity.

б.3. calculation рн water solutions iп which
equilibrium. Acidic and basic Ьuffеr solutions

оссur protolytic

сhаrасtеristiс. The Непdеrsоп-
action, рН calculation of buffer

Ph calculation of aqueous solutions of strong and weak acids and bases,
sеvеrаl mixtures of strong and weak bases оr its lапdl mixtures, ampholytes,
several bases. calculation of equilibrium mixture of protolytes composition ui tb.
given рН.

Acidic and basic Ьuffеr solutions. Main
Hasselbalch equation. Action principle. Вuffеr
solution. Buffer capacity.
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6.4. Analysis of unknown substances
Gепеrаl characteristic and principles of systematic analysis Ьу the acid-base

method. Analytical reactions of cations detection. General characteristic and
analytical classification on anions on solubility оf Ьаrium and silver salts, on
oxidation-reduction рrореrtiеs. Analytical reactions оf anions detection.
Рrеlimiпаry tests in the analysis of anions.

7. Titrimetric methods of analysis. Main concepts and principles. Acid-
base titration

7.1. Gепеrаl characteristic of acid-base titration
indicators. The main types of acid-base titration сurчеs.
base titration

methods. Acid-base
Uncertainý of acid-

Main definitions of the titrimetric method оf analysis: titration, titrant,
titrand, equivalence point, final point of titration, indicator, titration сurче, jump of
titration, degree оf titration. Requirements fоr reactions in titrimetry. classification
оf the titrimetric analysis methods. Direct titration, rечеrsе titration, back titration,
displacement titration (indirect, titration, substitution titration).

characteristics of vоlumеtriс glassware and рrераrе it fоr operation. Rules for
working with volumetric glassware. Check а volume of glassware.

Titrants and standard substance in the titration methods of analysis.
Quantitative composition of solutions. calculations in titrimetric methods оf
analysis fоr preparation of solutions and titrants fоr titration.

Primary standard solution. Secondary standard solution.
7.2.Titration of mixtures of acids оr bases. Kjeldahl analysis
Acid-base titration. Acidimetry and alcalimetry. Рrераrаtiоп and

standardization of titrant solutions fоr acid-base titration. Main characteristics and
classification оf indicators. Acid-base indicators, рН transition rапgе. Examples of
acid-base indicators. The concept of titration сurvеs. Degree of titration. Titration
curyes of а strong acid with а strong base and а strong base with а strong acid.
Titration curyes of а weak acid with а strong base and а weak base with strong
acid. systematic indicator еIтоr of acid-base titration. Random еrтоr ог acid-base
titration.

Titration of polyprotic acids and polyhydgoxylic bases. Analysis of alkali
metal hydroxide and carbonate mixture оr alkali metal саrьопаtе and bicarbonate
mixtures. Methods fоr the titrimetric determination оf ammonium saIts.
Determination of nitrogen in organic compounds Ьу the method оГ Kjeldahl.
Determination of boric acid.

7.3. Determination of аmmопium salts. Titration in поп-аquеоus
solutions

.Titration in non-aqueous solutions. Criteria оf solvent selection fоr the acid-
base titration. Titration constant. Practical application оf the non-aqueous acid-base
titration analysis fоr determining of pharmaceutical weak acids and bases.
Solvents, titrants, standard substance and indicators.

8. Precipitation equilibria. Precipitation titration
Constant of solubility (thеrmоdупаmiс, rеаl and conditional). tJsing the

constant of solubility to determine the precipitation possibility. Solubility.
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Relationship between ionic and mоlесчlаr solubility of substance and the solubilityconstant.
9. Argentometric determination of bromides and iodides
The influence of various factors (the nature of the solute and solvent,tеmреrаturе, ionic strength, presence of the same ion, side reactions) on thedissolution of weakly ЪоtuЬtе 

_ 
electrolytes. йчiп principles оf precipitatesdissolution of weak slightly soluble electrjytes.

characteristics of precipitated titiation methods, their classification,requirements to the rеасtiопЪ. 
"^Y9rrvЧg' lllvll

меrсurоmеtry, The principle of method, titration conditions. Titrants.Detection of the titration enJ poini. practicar up|ri.ution of mеrсurоmеtriс titrationin рhаrmасу.
Argentometry. Argentometric titration сuгчеs. Factors influecing the valueof the titration ju-p. The methods.of determination оf the titration end point: theМоhr method, the Volgard method, tt. Гч;uп, method. Titrants fоr theargentometric titration. practical application oi the argentometric titration inрhаrmасу.
10. Gravimetric method of analysis
Classification of gravimetric method

gravimetric fоrms. Main technique stages
sedimentation method.

of analysis. Precipitation and
оf gravimetric definition Ьу

The concept of the precipitation mechanism. The fоrmаtiоп of рrimаrуnuclei, Relative supersaturation._Relative supersaturation and its influence on thetype of рrimаrу precipitate. colloidal state of substances, coagulation andpeptization, The main processes leading to impurity of the precipitate, their causesand prevention.
Applicati9_n 

9f Bravimetry in the pharmaceutical analysis.
11, Equilibria of а complex formation. complex fоrmаtiоп titrationDefinition complexes. classification of complex соmроuпd. Equilibrium incomplexes compound solution.
Complex compounds. Main definitions. Classification of complexcompounds, Equilibrium constants used fоr characterization of complexcompounds: fоrmаtiоп constant, dissociation constant, (очеrаll оr cumulativeformation constant, stepwise formation constant.. Kinetic stability оГ complexcompounds.
Influence of various factors (type оf central atom and ligands, temperature,ionic strength, side reactions) on the piocess of .ornpl.>< formaion and stability оfcomplex compounds. Effect of ieactants concentrations on complexation.Calculation оf еvеry frасtiоп оf dissociating species in polyligand complexes.fraction оf frее - non complexes - metal ions and раrtiаl complexes in anequilibrium mixture. Average пumьеr of ligand реr metal atom.

Application of organic reagents in anatytich chemistry. Functional analyticalgrоuр, classification of organic reagent according to th; type of donor atoms.Main organic reagents used in сhеmiйl analysis.
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12. Complex formation titration
Main characterization and classification of complexonometric titration

methods. Mercurimetric titration (Mercurimetry)
Complex formation titration.
меrсurimеtriс titration. The principle of method, titration conditions.

Titrant, End point of detection. practich apjtication of mеrсurimеtriс titration.
complexonometric titration. Method fоr detection of the titration end point.

способы обнаруж ения конечной точки титрования. Metallochromic indicatorsIntracomplex (chelate) .ornpoundr. Main characteristics of
complexonometric titration. Titrants fоr the complexometric titration. Disodium
edetate (trilon В). Equilibrium in aqueous solutions of ЕDТД. Composition and
stability of metal complexonates. complexometric ЕDтд titration сurvеs. Fасtоrsinfluing the value оf the titration jump. Methods Гоr detection оf the
complexonometric titration end point. йetallochromic indicators.. Gепеrаl
characteristics, classification, interaction with metal ions, transition соlоr intervalof metallochromic indicators. complexonometric titration methods and its
application in pharmaceutical analysis.

13. Oxidation-reduction eq uilibria
oxidation-reduction reactions. Electrode potentials. standard potential ofhalf-reaction. Nernst equation. Fоrmаl potential of halЁreaction. Equilibrium

constant of oxidation-reduction reactions. The influence оf various factors
(temperature, type of ions in solutioп, Рн, side reactions) оп rеdох reactions.

14. Oxidation-reduction titration methods
14.1.Gепеrаl characteristic of oxidation-reduction

Iodometry titration. cloriodometric titration
titration methods.

Method of oxidation-reduction titration. Requirements for reactions.
calculation of rеdох titration сurчеs. Fасtоrs affecting tйе value of the jump of thetitration. Detection of final-point rеdох titration. The oxidation-reduction
indicators. Transition color interval of redox indicators. Examples оf rеdох
indicators. systematic indicator еrrоr. Iodometric titration. cloriodometric titration
Iodometry titration. Titration conditions. Titrants. Detection of the titration endpoint. practical use of iodometric titration. wаtеr detection Ьу Саrl Fisher's
method. Detection of active chlorine. Determination of water cjntamination Ьу theКаrl Fischer method. Cloriodometric titration. Titration condition. Titrants.
Detection of the titration end point. practical use of iodometric titration.
Determination of the iodine index value.

l 4.2. Iodatometry titration. Nitritometric titra tion
Iodatometric titration. Titration conditions. Titrants. Detection of the titration

end point. practical use оf iodatometric titration.
Nitritometric titration conditions. Titrants. Detection of the

point.practical use оf nitritometric titration.
titration end

chromatometric titration. Titration conditions. Titrants. Detection of the
titration end point.practical use of сhrоmаtоmеtriс titration.
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l4,3. Permanganatometric titration. Chromatometric titration.
Сеrуmеtriс titration

. permanganatometric titration. Titration condition. Titrants. Detection оf thetitration end point. practical use of pennanganatometric titration.
l4.4. Сеrуmеtriс titration. Bromatometric titration
вrоmаtоmеtriс titration. Titration conditions. Titrants. Detection ог thetitration end point. practical use оf bromatometric titration.
cerymetric titration. Titration conditions. Titrants. Detection of the titration

end point. practical use of cerymetric titration
15, Main characteristics of instrumentaI methods analysis.Spectroscopic methods of the analysis. The basic law of electromagnetic

radiation аЬsоrрtiоп - the Beer-Lambert law
Gепеrаl characteristics of physical and physicochemical methods ofanalysis, Classification of physical and physicochemical methods of analysis

The basic law of electromagnetic radiat^ion absorption - the Вееr-LаmЬеrt law. Thetransmittance and absorbance. Molar and sресifiъ аьsогрtiоп coefficients and their
9se in analytical chemistry. The main piopeпies of electromagnetic radiation.classification of spectral methods of analysir. Li-itution to Beer's law.

1б, Spectroscopic methods of the analysis. Absorption spectroscopic
methods of analysis

1б.1. Atomic absorption methods of analysis. IR - spectrometry
Absorption spectroscopic methods of the Ъпаlуsis. йаiп concepts оf atoicabsorption spectroscopy. The processes leading to analytical signal. Detection of

the analytical signal. practical application of аtйiс аьsогрtiоп sfrectroscopy.
|6,2, Molecular absorption methods of analysis. UV - vis sресtrоmеtrу
Molecular adsorption spectroscopy in the ultraviolet and ulribl. ,.gibn.Analytical capabilities of the method. ТБе ргосеSSеs leading to the арреаrапсе оГthe analytical signal. Detection of the analyiical signal and it practical application.The main techniques used in spectroscopic analysis: direct, difference, andderivative spectrophotometry, muitiwavelength photometric reaction, extractionphotometry, photometric titration. IR-sресtЙsсфу. The process leading to theanalytical signal. Practical application оf IR-spectroscopy.
l7, Emission spectroscopic analysis methods. дtоmiс emission

spectroscopic analysis methods. Luminescent analysis
17.1. Atomic emission spectroscopic analysis methods.
Atomic emission spectroscopy. Piocesses leading to the analytical signal.

Detection of the analytical signal. practical application оf the atomic emission
spectroscopic analysis.

l7 .2.Моlесulаr emission spectroscopy.
Fluorescence and phosphorescence. Luminescent methods of the analysis,their classification and characteristics. processes leading to арреаrапсе of theanalYtical signal. Influence оf various factors оп the iЙпsitу'Ьг tb. solutions

lumiпеsсепсе. working principle and construction of instruments used to mеаsurе
the fluоrеsсепсе. The main techniques used in fluorescent analysis methods.
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18, optical methods not related to the absorption оr emission of епеrgуunpolarized and light. optical activity of chemical substances. polarimetric

method of concentration determination of optically 
- 

u.tiu. substances.Pharmaceutically application of Polarimetry.
Refraction and reflection еlесtrоmаgпъtiс radiation. Refraction indexes. дььеrefractometr .Application of rеfrасtоmеtй measurements in analysis.
19. Chromatographic methods of analysis 

---J

19,1, General characteristic and thebretical bases of chromatographic
methods of the analysis

The principle of the method. classification of chromatographic methods.Chromatographic parameters of retention and separation. Metbods of quantiýchromatography (internal standard method, extemal standard, internalnormalization, Theory of column efficiency in chromatography: theoretical platesand kinetic theory (van Deemter equation).
19.2. Gas сhrоmаtоgrарhу
Gas chromatography. General characteristics and classification of the gaschromatography methods. Main characteristic and principle of the gaschromatography operations. Gas-solid (adsoгption) chromatography and gas-liquidchromatography. characteristic of stationary'and mobile phaies and саrriеr gases.Practical application оf сhrоmаtоgrарhу.

19.3. Liquid chromatography
General characteristic and claisification оf liquid chromatography methods.Basic components and work principles of liquid сhrоmаtоgrарhу. High

реrfоrmапсе liquid 
_chromatog.uphy. 

piactical application of high реrfоrтпапсеliquid сhrоmаtоgrарhу in рhаrЙасеutiсаl analysis.
|9.4. Ch romatographic and mass-.p..t.o- еtriс hy brid а nalysissize exclusion chromatography. The йесhапism оf sфаrаtiоп, churacteristicsof used solvents and solid.uoi.rr.
рареr and thin-layer chromatography. characteristic of stationary andmobile phases. Preparation procedu.. Ъf- tЫп-lауеr сhrоmаtоgrаm. Дnalysis оfthin-layer chromatographic plates. Practical application' оf thin-layerchromatography.
Ion exchange chromatography. characteristic of stationary and mobilephases, Ion exchange equilЙrium. Practical application оf ion exchangechromatography.
Combined methods оf analysis: mass-spectrometric hybrid analysis

20. Electrochemical methods оr analysis
20,1,lvlain characteristic and classification of electrochemical methods ofanalysis. Conductometry
General characteristic and classification оf electrochemical methods огanalysis, Electrode characteristics and working principle ог electrochem ical cel l,
сопduсtоrmеtry.. Theoretical bases unJ hurrification. Measurement оf ananalytical signal. practical application оf direct conductometry. conductormetric

titration, The principle of the method. Practical applications. Th. .on.ept оf high
frequency conductoгmetry.
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Main characteristic and classification of electrochemical methods оf analysis .

Potentiometric and coulometric methods of analysis.
potentiometric method of analysis. potentiometric analysis. principIe оf

operation, classification and main characteristics of the ion-selective electrodes.
Methods fоr determining оf substance concentration Ьу direct potentiometry.
Potentiometric titration. The principle of the method. DеtеЪtiоп of end point using
the titration сurvе, there derivatives оr Ьу Gran's method. Practical application.

Coulometry. Main characteristics and classification. Direct coulometry.
Measurement of the analytical signal. practical use. coulometric titration. Theprinciple of the method. Measurement of the analytical signal. practical
application.

20.2. Роlаrоgrарhу. Vоltаmреrоmеtriс methods of analysis
General characteristic and classification. Voltammetric analysis. Polarographyand actually аmреrоmеtry. conditions fоr voltammetric mеаsurеmепt.polarographic curves. polarographic wаче. Half-wave potential. Residual сurrепt.Ilkovic's equation. practical application оf voltammetry. Моdеrп voltammetric

mеаsurеmепts. Amperometric titration. The principle of the method. Titration
conditions. practical use. Amperometric titration with two indicator electrodes.

21. Radiochemical methods of analysis
Main characteristic of radiometry. Gbneral characteristics of the method. The

requirements in the radioactive trасеr. Radiochemical titration. The use of
radiochemical methods in pharmaceutical analysis.
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INFORMATION AND INSTRUCTIONAL UNIT

LITERATURE
Basic:
l, Kharitonov, Y.Yа. Analytical chemistry. Analytics 1. Gепаrаl theoretical

foundation. Quanlitative analysis : textbooДhysical-chemical (instrumental) methods
of analysis - Geotar-Media, 2O2l - б02 р.2, Kharitonov, Y.Ya. Analytical chemistry. Analytics 2. Quantativeanalysis/Physical-chemical (instrumental) methods оfЪпаlуsis 1 Geotar-Media, 2O2l
- 537 р.

3, AnalYical chemistry : textbook [textbook fоr students оf high school] /LS,Grytsenko [Т ор.]' ed.by I.S.GrуtsепkЪ. Kharkiv : National University ЪгРhаrmасу : Golden Pages, 20lg.- 60б р.

METHODOLOGICAL RECOMMENDATIONS FOR ТНЕ ORGANIZATION ANDPERFORMANCE ОF STUDENT INDEPENDENT WORK IN ТНЕ ACADEMIC
DISCIPLINE

The time allotted fоr independent wоrk can Ье used Ьу students to:
рrераrаtiоп fоr lectures, laboratory classes;
preparation fоr tests and exams in the academic discipline;
task solving;
performing rеsеаrсh and creative tasks;
preparation of thematic reports, abstracts, presentati ons ;
compiling а rечiеw of scientific literatur. Ьr, а given topic;
design of information and demonstration mаtейls (stands, posters, graphs,

tables, newspapers, etc.);
compiling а thematic selection of literary sources and [пtегпеt sоurсеs;
compiling tests for students to organize mutual control

METHODOLOGICAL RECOMMENDATIONS FOR ТНЕ ORGANIZATION ANDPERFORMANCE ОF SUPERVISED STUDENT INDEPENDENT WORK IN ТНЕ

В а s i с fo r m s о f о r g а п i r',i:fi :х[ i''ж'Ji,Ж. n t w о r k :

writing and presentation of an abstract;
giving а rероrt;
taking notes frоm primary sources (sections of anthologies, collections of

documents, monographs, textbooks);
computer testing.
control of supervised independent wоrk is carried out in the fоrm of:
final lesson in the fоrm of an oral interview, written work, testing;
discussions of abstracts;
checking abstracts, written rероrts, repofts, recipes;
checking abstracts of рrimаry Sources, mопоgrарhs and arlicles;
individual consultation
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LIST ОF AVAILABLE DIAGNOSTIC TOOLS

The following fоrms аrе used fоr competences assessment:
оrаl form:
discussion.
written fоrm:
accounts of laboratory work;
credits.
Technical fоrm:
electronic tests;
electronic workshops (practicals).
Oral-written form:
ехаm.

LIST ОF AVAILABLE TEACHING METHODS
Traditional method (lecture, laboratory practicals);
Active (interactive) methods:

training based on simulation technologies;
Problem-Based Learning (PBL);
Team-Based Learning (TBL);
Case-Based Learning (CBL);
Research-Based Learning (RBL).

LIST ОF LECTURES
Semester 3

] Subject and tasks оf analytical chemistry. Chemical methods оfidentifi cation inorganic substances.
2, Chemical methods detection of the I-III cation and miхturе ofthis cations.з, Chemical methods of separation and concentration. Application of liquid-liquid extraction fоr the separation of substances reaction оf cations of the Ivanalytical сrоuр.

. 4' Analytical chemistry and chemical statistics. Reaction оf detection аmixture of the anions of the r_ iш analytical croup.
5, sampling and sample рrераrаtiоп. Analyical chemistry and chemicalstatistics.
6. Reaction of cations оf the V-vI analytical сrоuр.7. Reaction of anions of the I analyticui ..oup.8, General characteristic of acid-base titration methods. Acid-base indicators.The main types of acid-base titration сurчеs. uncertainty of acid-base titration.Titration of mixtures of acids оr bases. Kjeldahl analysis.
9, Determination of ammonium sblts. Titration in non-aqueous solutions.
1 0. Precipitation equilibria. Precipitation titration.
1l. Аrgепtоmеtriс determination of bromides and iodides.
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12, Gravimetric method оf the analysis. Detection оf mass fraction оf diгfеrепtcrystallohydrates MgSOa.xHzO in sample.
13. Equilibria of а complex formation. Complex fоrmаtiоп titration.
14. Complex formation titration.
1 5. Oxidation-reduction equilibria.

Semester 4
l . Gепеrаl characteristic of oxidation-reduction titration methods.
2, Iodatometry titration. cloriodometric titration permanganatometric titration.
3, Main characteristics оf instrumental methods anilysis. Spectroscopic

methods of the analysis.
4. Atomic

IR - spectrometry.
absorption methods оf analysis.

5. Atomic emission spectroscopic analysis methods.
6. Molecular emission spectroscopy.
7, optical methods not relate_d to the absorption or emission of епеrgу.
8, Gепеrаl characteristic and theoretical bases of chromatographic methods of

the analysis.
9. Gas chromatography.
1 0. Liquid сhrоmаtоgrарhу.
1 1. Chromatographic and mass-spectrometric hybrid analysis.
12, Main characteristic and classification of еlесtrосйеmiсаl methods ofanalysis. Conductometry.
1З. Роlаrоgrафу. Voltamperometric methods of analysis.
l4. Radiometric methods of analysis.

LIST ОF LABORATORY STUDIES
Semester 3

anions of the II- III

l, Subject and tasks of analytical chemistry. Chemical methods оfidentifi cation inorganic substances.
2, Chemical methods оf separation and сопсепtrаtiоп. Application of liquid-liquid extraction for the separatibn of substances reaction of cations ог the Iv

analytical сrоuр.
3' Analytical chemistry and chemical statistics. Reaction of detection аmixture of the anions of the I- III analYical сrоuр.
4, Control work #l. Identification of ап unknown inorganic substance.5, sampling and sample preparation. Analytical сйеmistry and chemical

statistics.
6. Reaction of cations of the V_И analytical сrоuр.
7. Acidic and basic buffer solutions. Reaction of

analytical сrоuр.
8, General characteristic оf acid-base titration methods. Acid-base indicators.

The main types of acid-base titration curves. uncertainty of acid-base titration.
Titration of mixtures of acids оr bases. kjeldahl analysis.

9. Determination of аmmопium salts. Titration in non-aqueous solutions.



26
10. Precipitation equilibria. Precipitation titration.
l 1. Argentometric determination оf bromides and iodides.
12, Gravimetric method of the analysis. Detection of mass fraction of different

crystallohydrates MgSOa.xbO in sample.
13. Equilibria of а complex formation. Complex formation titration.
14. Complex formation titration.
1 5. Oxidation-reduction equilibria.

Semester 4
1. Iodometry titration.
2. Iodatometry

titration.
3. Nitritometric

Cerymetric titration.
4, Bromatometric titration. Cerymetric titration.Control test N 4 <Titrimetric

methods of analysis>.
5, Main characteristics of iпstrumепtаl methods analysis. Spectroscopicmethods of the analysis.
6. Atomic absorption methods of analysis.IR - spectrometry.

methods of ana|ysis.

titration. cloriodometric titration Реrmапgапаtоmеtriс

titration. Bromatometric titration. chromatometric titration.

7. Molecular absorption
UV - vis spectrometry.

8. Atomic emission spectroscopic analysis methods.
9. Моlесulаr emission spectroscopy.
l0, optical methods not related to ihe absorption оr emission of епеrgу.
1l, Gепеrаl characteristic and theoretical bases оf chromatographic methods ог

the analysis.
12. Gas chromatography.
1 3. Liquid сhrоmаtоgrарhу.
1 4. Chromatographic and mass-Spectrometric hybrid analysis.
15,Main characteristic and classification оf еlесtrосъеmiсаl methods оfanalysis. Conductometry.
16. Роlаrоgrафу. Voltamperometric methods of analysis.
17. Radiometric methods of analysis.
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