


INTRODUCTION 

The working program of the discipline "Medical Chemistry" is made in accordance 

with the Standard of higher education of Ukraine of the second (master's) level of 

higher education in the field of knowledge 22 "Health" specialty 222 "Medicine", 

educational qualification "Master", professional qualification "Doctor". 

Description of the discipline (abstract): "Medical Chemistry" as a discipline is one 

of the important disciplines in the system of higher medical education. Medical 

chemistry is a complex discipline that considers the basic concepts, positions and laws 

of inorganic, analytical, physical and colloidal chemistry and their application in 

theoretical and practical medicine. The study of "Medical Chemistry" provides 

students with a foundation for mastering such disciplines as physiology, medical 

biochemistry, microbiology, general and molecular pharmacology and toxicology, 

general hygiene and ecology. Systematic study of the most important theoretical 

issues of chemistry will allow students to use them to reveal the essence of 

physicochemical processes occurring in a living organism. This will contribute to 

better mastering by students of other theoretical and clinical disciplines, the formation 

of their scientific thinking. The training of specialists who need knowledge of medical 

chemistry requires not only theoretical training, but also diverse practical skills and 

abilities in conducting a chemical experiment. 

The study of the discipline "Medical Chemistry" is carried out by students in the 1st 

year in the 1st semester. 

The educational process is organized according to the credit system in accordance 

with the requirements of the European Credit Transfer and Accumulation System. 
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The subject of study of the discipline is equipping a medical student with the 

knowledge necessary to understand the functions of individual body systems, the 



body's interaction with the environment, as well as the ability to use a variety of 

quantitative calculations to analyze certain processes. 

Interdisciplinary links: Medical chemistry as a discipline: a) is based on the study of 

bioorganic chemistry, biophysics, medical biology by students and integrates with 

these disciplines; b) lays the foundations for students to study such medical and 

biological disciplines as: physiology, pathophysiology, biological chemistry, 

pharmacology, as well as some clinical, hygienic disciplines and ecology. 

1. The purpose and objectives of the discipline 

1.1. The purpose of teaching the discipline "Medical Chemistry" is to form in students 

a holistic view of the general patterns of development of wildlife; lays the foundations 

for thorough mastering of biomedical disciplines - first of all biological chemistry, 

normal physiology, pharmacology, toxicology, etc., initiates a thorough study of 

chemical transformations of substances at the molecular level in the human body; 

provides fundamental biological training and acquisition of practical skills for the 

subsequent professional activity of a general practitioner. 

The knowledge that students receive from the discipline is basic for the block of 

disciplines that provide scientific and professional training. The ultimate goal is set on 

the basis of the OPP of training a doctor in the specialty in accordance with the block 

of its content section (scientific training) and is the basis for building the content of 

the discipline. 

1.2. The main objectives of the study of the discipline "Medical Chemistry" is to 

create a fundamental scientific basis for future physicians in their understanding of the 

general physicochemical patterns that underlie the processes of human life. 

1.3 Competences and learning outcomes, the formation of which is facilitated by 

the discipline (relationship with the normative content of training of higher education, 

formulated in terms of learning outcomes in the Standard of Higher Education). 

According to the requirements of the Standard of Higher Education, the discipline 

"Medical Chemistry" provides students with the acquisition of competencies: 

integral: 

Ability to solve typical and complex specialized problems and practical problems in 

the learning process, which involves research, innovation and is characterized by the 

complexity and uncertainty of conditions and requirements. 

general: 



KZ 1. Ability to abstract thinking, analysis and synthesis, the ability to learn and be 

modernly trained. 

KZ 2. Ability to apply knowledge in practical situations. 

KZ 3. Knowledge and understanding of the subject area and understanding of 

professional activity. 

KZ 7. Skills of using information and communication technologies. 

KZ 8. Definiteness and persistence in relation to the set tasks and responsibilities. 

special (professional, subject): 

CF 2. Ability to determine the required list of laboratory and instrumental studies and 

evaluate their results. 

CF 3. Ability to establish a preliminary and clinical diagnosis of the disease. 

CF 6. Ability to determine the principles and nature of treatment of diseases. CF 7. 

Ability to diagnose emergencies. 

Detailing of competencies according to NQF descriptors in the form of 

"Competence Matrix" 

  



Competence matrix 

Competence Knowledge Skills Communication Autonomy and 

responsibility 

Integral competence 

Ability to solve typical and complex specialized problems and practical problems in a professional health care activity, or in a learning process 

that involves research and / or innovation and is characterized by the complexity and uncertainty of conditions and requirements. 

General competencies 

KZ 1. Ability to abstract 

thinking, analysis and 

synthesis, the ability to 

learn and be modernly 

trained. 

Know the methods of analysis, 

synthesis and further modern 

learning. 
Be able to analyze information, 

make informed decisions, be 

able to acquire modern 

knowledge. 

Establish appropriate 

connections to achieve 

goals. 

Carry 

responsibility for the 

timely acquisition of 

modern knowledge. 

KZ 2. Ability 

apply knowledge in 

practical situations. 

Have specialized conceptual 

knowledge acquired in the 

learning process. 

Be able to solve complex 

problems and problems that arise 

in professional activities. 

Clear and unambiguous 

communication of own 

conclusions, knowledge 

and explanations that 

substantiate them to 

specialists and non-

specialists. 

Responsible for making 

decisions in difficult 

conditions. 

KZ 3. Knowledge and 

understanding of the subject 

area and understanding of 

professional activity. 

Have deep knowledge of the 

structure of professional 

activity. 

Be able to carry out professional 

activities that require updating 

and integration of knowledge. 

Ability to effectively form a 

communication strategy in 

professional activities. 

Carry 

responsibility for 

professional 

development, ability to 

further professional 

training with a high 

level of autonomy. 



KZ 7. Skills in the use of 

information and 

communication 

technologies. 

Have deep knowledge in the 

field of information and 

communication technologies 

used in professional activities. 

Be able to use information and 

communication technologies in 

the professional field, which 

requires updating and integration 

of knowledge. 

Use information and 

communication 

technologies in 

professional activities.. 

Be responsible for the 

development of 

professional knowledge 

and skills. 

KZ 8. Definiteness and 

persistence in relation to 

the set tasks and 

responsibilities. 

Know the responsibilities and 

ways to accomplish the tasks. 
Be able to set goals and 

objectives to be persistent and 

conscientious in the performance 

of duties. 

Establish interpersonal 

relationships to effectively 

perform tasks and 

responsibilities. 

Responsible for the 

quality of the tasks. 

Special (professional) competencies 

CF 2. Ability to determine 

the required list of 

laboratory and instrumental 

studies and evaluate their 

results. 

Have specialized knowledge 

about the person, his organs 

and systems, standard methods 

of laboratory and instrumental 

research (according to list 4). 

Be able to analyze the results of 

laboratory and instrumental 

studies and on their basis to 

assess information about the 

patient's diagnosis (according to 

list 4). 

It is reasonable to assign 

and evaluate the results of 

laboratory and instrumental 

research (according to list 

4). 

Be responsible for 

deciding on the 

evaluation of laboratory 

and instrumental 

research results. 

CF 3. Ability to establish a 
preliminary and clinical 
diagnosis of the disease. 

Have specialized knowledge 
about man, his organs and 
systems; standard examination 
methods; disease diagnosis 
algorithms; algorithms for 
isolating leading symptoms or 
syndromes (according to list 
1); previous and clinical 
diagnoses (according to list 2); 
methods of laboratory and 
instrumental examination 
(according to list 3); 
knowledge of human 
condition assessment.людини. 

Be able to conduct a physical 
examination of the patient; be 
able to make an informed 
decision about the selection of 
the leading clinical symptom or 
syndrome; be able to make a 
preliminary and clinical 
diagnosis of the disease 
(according to list 2); to appoint 
laboratory and instrumental 
examination of the patient 
(according to list 3) by applying 
standard methods. 

On the basis of regulatory 
documents to keep medical 
records of the patient 
(outpatient / inpatient card, 
etc.). 

Adhering to ethical and 
legal norms, be 
responsible for making 
informed decisions and 
actions regarding the 
correctness of the 
established preliminary 
and clinical diagnosis of 
the disease. 



КФ 6. Здатність до CF 6. 
Ability to determine the 
principles and nature of 
treatment of diseases. 

Have specialized knowledge 
of algorithms and standard 
schemes of treatment of 
diseases (according to list 2). 

Be able to determine the 
principles and nature of 
treatment of the disease 
(according to list 2). 

Form and communicate to 
the patient and specialists 
their own conclusions 
about the principles and 
nature of treatment 
(according to list 2). 

Be responsible for 
deciding on the 
principles and nature of 
treatment of the disease 
(for 

CF 7. Ability to diagnose 
emergencies. 

Have specialized knowledge 
about the person, his organs 
and systems, standard methods 
of human examination (at 
home, on the street, in a health 
care facility) in the absence of 
information. 

Be able, in the absence of 
information, using standard 
techniques, by making an 
informed decision to assess the 
human condition and make a 
diagnosis (according to list 3). 

Under any circumstances, 
in compliance with the 
relevant ethical and legal 
norms to make an informed 
decision to assess the 
human condition, diagnosis 
and organization of the 
necessary medical 
measures depending on the 
human condition; fill in the 
appropriate medical 

Be responsible for the 
timeliness and 
effectiveness of medical 
measures to diagnose 
emergencies. 

 

  



Learning outcomes: 

Integrative final program learning outcomes, the formation of which is facilitated by 

the discipline: 

Ability to solve typical and complex specialized problems and practical problems in 

professional activities in the field of health care, or in the learning process, which 

involves research and / or innovation and is characterized by the complexity and 

uncertainty of conditions and requirements. 

Learning outcomes for the discipline. 

As a result of studying the discipline the student must 

know: 

Have specialized knowledge about the person, his organs and systems, standard 

methods of laboratory and instrumental research (according to list 4). 

Have specialized knowledge about man, his organs and systems; algorithms and 

standard schemes of nutrition in the treatment of diseases (according to list 2). 

Have specialized knowledge of algorithms and standard schemes of treatment of 

diseases (according to list 2). 

Know the methods of assessing the health of the population; environmental factors 

that adversely affect the health of the population; methods of statistical analysis and 

laboratory research (according to list 4), assessment of the health of certain 

contingents, environmental factors and methods of determining the relationship 

between them; measures to prevent the negative impact of environmental factors on 

public health. 

Know the socio-economic and biological determinants that affect public health; types 

and methods of prevention to prevent the negative impact of socio-economic factors 

on the health of the population and its individual groups. 

Know the principles of formation of risk groups, risk areas, time and risk factors. 

be able: 

- to analyze the results of laboratory and instrumental studies and on their basis to 

evaluate the information on the diagnosis of the patient (according to the list4). 

- to interpret the main types of chemical equilibrium for the formation of a holistic 

physicochemical approach to the study of the processes of the organism in normal and 

pathology; 



- apply chemical and physico-chemical methods of quantitative and qualitative 

analysis and draw conclusions about the possibility of their use in medical and 

biological research; 

- to classify chemical properties and transformation of bioinorganic substances in the 

course of vital activity of an organism; 

- to interpret the general physico-chemical laws that underlie the processes of human 

life; 

- prepare solutions with a given quantitative composition. 

 

2. Information volume of the discipline 

5 ECTS credits, 150 hours (20 hours of lectures, 54 practical classes, 76 hours of 

VTS) are allocated for the study of the discipline. 

The discipline program is structured in two sections. 

SECTION 1. STRUCTURE OF SUBSTANCE. ACID-BASIC EQUILIBRIUM 

AND COMPLEX FORMATION IN BIOLOGICAL LIQUIDS. 

Specific goals: 

Interpret the main types of chemical bonds in compounds: ionic, covalent, donor-

acceptor, coordination, hydrogen. 

Interpret the relationship between the biological role of biogenic s–, p–, d– elements 

and the form of their presence in the body. 

Analyze the principles of structure of complex compounds. 

Interpret the features of the structure of complex compounds as a basis for their use in 

chelation therapy 

Be able to characterize the quantitative composition of solutions. 

Be able to prepare solutions with a given concentration. 

Analyze the principles of titrimetric research methods. 

Analyze the quantitative content in the solution of acids and bases using acid-base 

titration methods. 

To draw conclusions about the acidity of biological fluids on the basis of hydrogen. 



Explain the mechanism of action of buffer systems and their role in maintaining the 

acid-base balance of biosystems. 

Analyze the relationship between the colligative properties and the concentration of 

solutions. 

Semantic section 1. The structure of matter. Chemistry of biogenic elements. 

Complexation in biological systems 

Topic 1. The structure of matter 

Electronic structure of the atom. Atomic orbitals. s-, p-, d-, f-atomic orbitals. Nodal 

structures of atomic orbitals. Energy diagrams of atoms. Filling atomic orbitals with 

electrons. Pauli principle. Hund's rule. Klechkovsky's rule. The size of atoms and 

ions. Orbital and covalent radii of the atom. Ionization potential. Electron affinity. 

Electronegativity. Periodic law DI Mendeleev, his physical justification. Chemical 

bond. Characteristics of chemical bonding: energy, length, polarity, valence angle. 

Overlap of atomic orbitals as a condition for bond formation. Multiple connections. 

The method of molecular orbitals in the form of LKAO-MO. Energy diagrams of 

diatomic homo- and heteronuclear molecules formed by elements of the 1st and 2nd 

periods. Electron deficiency and electron surplus connections. Molecular substances. 

Van der Waals forces. Features of intermolecular interaction in macromolecular 

compounds. The role of hydrogen bonds in the structuring of matter. Dipole moment 

of a molecule. Polar and nonpolar molecules. 

Topic 2. Biogenic elements; biological role, application in medicine 

General information about nutrients. Qualitative and quantitative content of nutrients 

in the human body. Macronutrients, micronutrients and impurities. Organogens. The 

concept of the teachings of VI Vernadsky on the biosphere and the role of living 

matter (living organisms). The relationship between the content of nutrients in the 

human body and their content in the environment. Endemic diseases, their connection 

with the features of biogeochemical provinces (areas with natural deficiency or excess 

of certain chemical elements in the lithosphere). Problems of pollution and 

purification of the biosphere from toxic chemical compounds of man-made origin. 

Electronic structure and electronegativity of s– and p– elements. Typical chemical 

properties of s– and p– elements and their compounds (reactions without changing the 

oxidation state). The relationship between the location of s– and p– elements in the 

periodic table and their content in the body. Application in medicine. Toxic effect of 

compounds. 

Qualitative reactions on CO32-, SO42-, NO2-, S2O32- ions 



Metals of life. Electronic structure and electronegativity of d-elements. Typical 

chemical properties of d-elements and their compounds (reactions with changing the 

degree of oxidation, complexation). Biological role. Application in medicine. Toxic 

effect of d-elements and their compounds 

Qualitative reactions on ions MnO4-, Fe3 +, Cu2 +, Ag +. 

Topic 3. Complexation in biological systems 

Complexation reactions. A. Werner's coordination theory and modern ideas about the 

structure of complex compounds. The concept of complexing agent (central ion). 

Nature, coordination number, hybridization of complexing orbitals. The concept of 

ligands. Coordination capacity (dentance) of ligands. Internal and external spheres of 

complexes. Geometry of a complex ion. The nature of the chemical bond in complex 

compounds. Classification of complex compounds by the charge of the internal 

sphere and by the nature of ligands. Intracomplex compounds. Polynuclear 

complexes. 

Iron-, cobalt-, copper- and zinc-containing biocomplex compounds. The concept of 

metalligand homeostasis. Violation of homeostasis. Complexones and their use in 

medicine as antidotes for heavy metal poisoning (chelation therapy) and as 

antioxidants in the storage of drugs. 

Semantic section 2. Solutions. Acid-base equilibria in biological fluids 

Topic 4. Solutions. 

The role of solutions in the life of organisms. Classification of solutions. The 

mechanism of dissolution processes. Thermodynamic approach to the dissolution 

process. Solubility of substances. Influence of conditions on mutual solubility of 

substances. The role of solvation. Features of solutions of macromolecular substances. 

Solubility of gases in liquids. Dependence of gas solubility on pressure (Henry 

Dalton's law), nature of gas and solvent, temperature. Influence of electrolytes on gas 

solubility (Sechenov's law). Solubility of gases in the blood. Bends. Solubility of 

liquids and solids in liquids. Dependence of solubility on temperature, nature of solute 

and solvent. Distribution of the substance between two immiscible liquids. Nernst 

distribution law and its significance in the phenomenon of permeability of biological 

membranes. Values that characterize the quantitative composition of solutions. 

Preparation of solutions with a given quantitative composition. 

Topic 5. Equilibria in solutions of non-electrolytes. Colligative properties of 

solutions. 



Colligative properties of dilute solutions of non-electrolytes. The relative decrease in 

the pressure of saturated solvent vapor over the solution. Raoul's law. Ideal solutions. 

Decrease in freezing point and increase in boiling point of solutions in comparison 

with solvents. Osmosis and osmotic pressure. Vant-Goff's law. Colligative properties 

of dilute electrolyte solutions. Isotonic coefficient. Hypo-, hyper- and isotonic 

solutions. Cryoscopy, ebulioscopy, osmometry, their application in medical and 

biological research. The role of osmosis in biological systems. Osmotic pressure of 

blood plasma. Haller's equation. Oncotic pressure. Plasmolysis and hemolysis. 

Topic 6. Fundamentals of titrimetric analysis 

Fundamentals of titrimetric analysis. Methods of titrimetric analysis. Acid-base 

titration method. Acid-base indicators 

Topic 7. Deposition methods. Determination of halide content by the Mora`s 

method. Chemical equilibrium. Chemical equilibrium constant. Solubility of salts. 

The product of solubility. Conditions of precipitation. Influence of ions of the same 

and different names on the solubility of sparingly soluble salts. The essence of the 

deposition method. The Mora method. Indication of the equivalence point in the Mora 

method. Application of argentometry in clinical and biological research. 

Topic 8. Methods of oxidimetry. 

The concept of oxidimetry (redoxmetry). Redox reactions. The influence of the 

environment on the direction of redox reactions (for example, KMnO4). The essence 

of the method of permanganatometry and its application in medicine. Indication of the 

equivalence point in the method of permanganatometry. Preparation of a working 

solution of potassium permanganate and establishing its normality. 

Topic 9. Equilibrium in electrolyte solutions. Acid-base balance in the body. 

Hydrogen index of biological fluids. 

The process of electrolytic dissociation. The law of active masses in electrolyte 

solutions. Thermodynamic activity of ions. Strong and weak electrolytes. Degree of 

dissociation. Weak electrolyte dissociation constant. Protolytic equilibria. Acids, 

bases, ampholytes according to Arrhenius, Bransted and Lewis. Water as a solvent. 

Differentiating and leveling solvents. Autoprotolysis. Water dissociation. Ionic 

product of water. Hydrogen pH. PH values for various fluids of the human body in 

normal and pathology. Hydrolysis of salts. Degree of hydrolysis, its dependence on 

concentration and temperature. Hydrolysis constant. The role of hydrolysis in 

biochemical processes. 

Topic 10. Buffer systems, their biological role 



Buffer solutions, their classification. Henderson-Hasselbach equation. The 

mechanism of buffer action. 

Buffer capacity. Blood buffer systems. Bicarbonate buffer, phosphate buffer. Protein 

buffer systems. The concept of acid-base state of the blood. 

Topic 11. Determination of buffer capacity. The role of buffers in biosystems. 

Buffer capacity. Blood buffer systems. Bicarbonate buffer, phosphate buffer. Protein 

buffer systems. The concept of acid-base state of blood. Determination of the change 

in pH of buffer solutions by adding to them small amounts of solutions of strong acids 

or alkalis. Determination of serum buffer capacity by acid and alkali. 

SECTION 2. CHEMICAL PROCESSES. EQUILIBRIUM IN BIOLOGICAL 

SYSTEMS ON THE BOUNDARY OF PHASE DIVISION. 

Specific goals: 

Interpret chemical and biochemical processes from the standpoint of their thermal 

effects. 

Be able to use thermodynamic functions to assess the direction of processes, to 

explain the energy conjugation in living systems. 

Analyze the dependence of the reaction rate on concentration and temperature. 

Interpret the dependence of the reaction rate on the activation energy. 

Analyze the features of catalysts and explain the mechanism of homogeneous and 

heterogeneous catalysis. 

Explain the mechanism of action of enzymes and analyze the dependence of the rate 

of enzymatic processes on the concentration of enzyme and substrate. 

Analyze the chemical equilibrium of the system and explain it from the standpoint of 

thermodynamics and kinetics. 

Interpret the influence of external factors on chemical equilibrium. 

Analyze the conditions of precipitation and dissolution of sediments, explain the role 

of heterogeneous equilibria with the participation of salts in the general homeostasis 

of the organism. 

Explain the mechanism of formation of electrode potentials. 

Analyze the principles of the method of potentiometry and draw conclusions about its 

use in medical and biological research. 



Be able to determine redox potentials and predict the direction of redox reactions. 

To draw conclusions about the surface activity of substances on the basis of their 

structure. 

To analyze the peculiarities of the structure of the surface layer of adsorbed molecules 

of surfactants, to explain the principles of the structure of biological membranes. 

Analyze the Freudlich, Langmuir adsorption equations and the limits of their use, 

distinguish between monomolecular and polymolecular adsorption. 

Interpret the laws of adsorption of substances from solutions on a solid surface. 

Explain the physicochemical basis of methods of adsorption therapy. 

Distinguish selective and ion exchange adsorption of electrolytes. 

Interpret methods of chromatographic analysis and their role in biomedical research. 

Analyze the principles of methods for obtaining and purifying colloidal dispersed 

solutions. 

Explain the physicochemical basis of hemodialysis. 

Semantic section 3. Thermodynamic and kinetic laws of processes and 

electrochemical phenomena in biological systems 

Topic 12. Thermal effects of chemical reactions. Direction of processes.  

The subject of chemical thermodynamics. Basic concepts of chemical 

thermodynamics: thermodynamic system (isolated, closed, open, homogeneous, 

heterogeneous), state parameters (extensive, intensive), thermodynamic process 

(reversible, irreversible). Living organisms are open thermodynamic systems. 

Irreversibility of processes in biological systems. The first law of thermodynamics. 

Enthalpy. Thermochemical equations. Standard heat of formation and combustion. 

Hess's law. Calorimetry method. Energy characteristics of biochemical processes. 

Thermochemical calculations to assess the caloric content of food and the preparation 

of rational and therapeutic diets. Arbitrary and involuntary processes. The second law 

of thermodynamics. Entropy. Thermodynamic potentials: Gibbs energy, Helmholtz 

energy. Thermodynamic equilibrium conditions. Criteria for the direction of 

unauthorized processes. Application of the basic provisions of thermodynamics to 

living organisms. ATP as an energy source for biochemical reactions. Macroergic 

compounds. Energy conjugations in living systems: exergonic and endergonic 

processes in the body 



Topic 13. Electrode processes. Determination of potentials of redox systems 

Electrochemical processes and their medical and biological significance. Electrolyte 

solutions. Electrolytes in the human body. Electrical conductivity of solutions: 

specific, molar, limiting. Electrode potentials and the mechanism of their occurrence. 

Nernst's equation. Normal (standard) electrode potential. Normal hydrogen electrode. 

Measurement of electrode potentials. Determination electrodes and comparison 

electrodes. Silver chloride electrode. Ion-selective electrodes. Glass electrode. 

Galvanic cells. 

Diffusion potential. Membrane potential. Biological role of diffusion and membrane 

potentials. Damage potential. The potential for peace. Action potential. The role of 

redox reactions in life processes. Redox potential as a measure of oxidative and 

reducing capacity of systems. Peters equation. Normal redox potential. Prediction of 

the direction of redox reactions by the values of redox potentials. The equivalent of 

oxidant and reducing agent. The value of redox potentials in the mechanism of 

biological oxidation processes. 

Topic 14. Determination of pH of solutions by potentiometric method 

Potentiometry. Potentiometric determination of pH, ion activity. Potentiometric 

titration. 

Topic 15. Kinetics of biochemical reactions. 

Chemical kinetics as a basis for studying the rate and mechanism of biochemical 

reactions. Reaction rate. Dependence of reaction rate on concentration. The law of 

active masses for the reaction rate. Speed constant. The order of the reaction. Kinetic 

equations of first, second and zero order reactions. The half-life is a quantitative 

characteristic of the change in the concentration of radionuclides, pesticides, etc. in 

the environment. The concept of the reaction mechanism. Molecularity of the 

reaction. Dependence of reaction rate on temperature. Vant-Goff's rule. Features of 

the temperature coefficient of the reaction rate for biochemical processes. Activation 

energy. Theory of active collisions. Arrhenius equation. The concept of transient 

theory. Complex reactions. Representation of the kinetics of complex reactions: 

parallel, sequential, conjugate, reversible, competing, chain. Approximate methods of 

chemical kinetics. The main approximate methods of chemical kinetics: quasi-

equilibrium and quasi-stationary concentrations. Conditions of applicability, energy 

curves. Experimental determination of reaction orders and rate constants. 

Thermodynamic and kinetic control. Chain reactions. The main elementary stages. 

Branched and unbranched chain reactions. Phenomena of self-organization and chaos. 

Nonlinear dynamical systems in chemistry and biology. Predator-victim model. 

Oscillatory reactions. Kinetic models of the Belousov-Jabotinsky reaction. 



Topic 16. Catalysis and catalysts. 

Features of catalysts. Homogeneous, heterogeneous and microheterogeneous 

catalysis. Acid-base catalysis. Autocatalysis. Mechanism of action of catalysts. 

Promoters and catalytic poisons. Representation of the kinetics of enzymatic 

reactions. Enzymes as biological catalysts. Features of enzyme action: selectivity, 

efficiency, dependence of enzymatic action on temperature and reaction of 

environment. Dependence of the rate of enzymatic processes on the concentration of 

enzyme and substrate. Activation and inhibition of enzymes. Influence of ecological 

factors on the kinetics of enzymatic reactions. Michaelis-Menten equation. 

Linearization of the Michaelis-Menten equation. Methods of presenting experimental 

data to obtain kinetic parameters. Inhibition of enzymatic reactions: competitive, non-

competitive, non-competitive. Substrate inhibition. Medical aspects of enzymatic 

catalysis on the example of inhibition of cell growth. 

Semantic section 4. Physico-chemistry of surface phenomena. Lyophobic and 

lyophilic dispersed systems. 

Topic 17. Adsorption on the surface of liquids. Determination of the effect of 

surfactants on the value of surface tension 

Surface phenomena and their significance in biology and medicine. Surface tension of 

liquids and solutions. Surface tension isotherm. Surfactants and surfactants. Surface 

activity. Duclos-Traube rule. Adsorption at the liquid-gas and liquid-liquid interface. 

Gibbs equation. Orientation of surfactant molecules in the surface layer. 

Representation of the structure of biological membranes. 

Topic 18. Adsorption on the surface of solid adsorbents 

Adsorption at the solid-gas interface. Langmuir's equation. Adsorption from solution 

on the surface of a solid. Physical and chemical adsorption. Regularities of adsorption 

of solutes, vapors and gases. Freundlich equation. Physico-chemical bases of 

adsorption therapy (hemosorption, plasma sorption, lymphosorption, enterosorption, 

application therapy). Immunosorbents. 

Topic 19. Ion exchange adsorption. 

Adsorption of electrolytes: specific (selective) and ion exchange. Panet Faience rule. 

Natural and synthetic ion exchangers. The role of adsorption and ion exchange in the 

vital processes of plants and organisms 

Topic 20. Extraction, purification and properties of colloidal solutions 



The body as a complex set of dispersed systems. Classification of dispersed systems 

by degree of dispersion. Colloidal state. Lyophilic and lyophobic colloidal systems. 

The structure of colloidal particles. Double electric layer. Electrokinetic potential of a 

colloidal particle. Methods of obtaining and purifying colloidal solutions. Dialysis, 

electrodialysis, ultrafiltration, compensatory dialysis, vividialysis. Hemodialysis and 

the device "artificial kidney". Molecular kinetic properties of colloidal systems. 

Brownian motion, diffusion, osmotic pressure. Optical properties of colloidal systems. 

Methods of separation of colloidal systems: gel filtration, ion exchange 

chromatography, paper chromatography, high performance liquid and gas 

chromatography. 

Topic 21. Electrophoresis. Electroosmosis. 

Electrokinetic phenomena. Electrophoresis. Helmholtz-Smoluchowski equation. 

Application of electrophoresis in research and clinical-laboratory practice. 

Electrophoregrams. 

Topic 22. Coagulation of colloidal solutions. Colloidal protection. 

Kinetic (sedimentation) and aggregation stability of dispersed systems. Stability 

factors. Coagulation. The mechanism of coagulating action of electrolytes. 

Coagulation threshold. Schultze-Hardy rule. Mutual coagulation. Coagulation 

processes in the treatment of drinking water and wastewater. Colloidal protection 

Topic 23. Properties of solutions of biopolymers. 

Macromolecular compounds are the basis of living organisms. Globular and fibrillar 

structure of proteins. Comparative characteristics of solutions of macromolecular 

compounds, true and colloidal solutions. 

Topic 24. Swelling and dissolution of polymers. 

The mechanism of swelling. Influence of medium pH, temperature and electrolytes on 

swelling. The role of swelling in the physiology of the body. Jeweling of solutions of 

macromolecular compounds. The mechanism of dragging. Influence of pH, 

temperature and electrolytes on the rate of dredging. Thixotropy. Syneresis. Diffusion 

in gems. Salting of biopolymers from solutions. Coacervation and its role in 

biological systems. 



The structure of the discipline "Medical Chemistry" 

Topic 
Number of hours 

Total Including 

  lect

io 

pra

ctic

al 

IW 

SECTION 1. STRUCTURE OF SUBSTANCE. ACID-BASIC EQUILIBRIUM AND 

COMPLEX FORMATION IN BIOLOGICAL LIQUIDS. 

Semantic section 1. The structure of matter. Chemistry of biogenic elements. 

Complexation in biological systems 

1. The structure of matter 6 2 2 2 

2. Biogenic elements; biological role, application in medicine 6 2 4 

3. Complexation in biological systems 4 2 2 

Semantic section 2. Solutions. Acid-base equilibria in biological fluids 

4. Solutions. 8 2 2 4 

5. Equilibria in solutions of non-electrolytes. Colligative 

properties of solutions. 

6 2 4 

5.1. Fundamentals of titrimetric analysis 4 2 2 

6. Fundamentals of titrimetric analysis 6 2 2 2 

7. Deposition methods. Determination of halide content by the 

Mora`s method. 

8 2 2 4 

8. Methods of oxidimetry. 4 2 2 

9. Equilibrium in electrolyte solutions. Acid-base balance in 

the body. Hydrogen index of biological fluids. 

8 4 4 

10. Buffer systems, their biological role 8 2 2 4 

11. Determination of buffer capacity. The role of buffers in 

biosystems. 

4 2 2 

Totral (section І): 72 10 26 36 

SECTION 2. CHEMICAL PROCESSES. EQUILIBRIUM IN BIOLOGICAL 

SYSTEMS ON THE BOUNDARY OF PHASE DIVISION. 

Semantic section 3. Thermodynamic and kinetic laws of processes and 

electrochemical phenomena in biological systems 

12. Thermal effects of chemical reactions. Direction of 

processes. 

6 2 2 2 

13. Electrode processes. Determination of potentials of redox 

systems 

4 2 2 

14. Determination of pH of solutions by potentiometric method 6 2 4 

15. Kinetics of biochemical reactions. 8 2 2 4 

16. Catalysis and catalysts. 4 2 2 

Semantic section 4. Physico-chemistry of surface phenomena. Lyophobic and 

lyophilic dispersed systems. 



17. Adsorption on the surface of liquids. Determination of the 

effect of surfactants on the value of surface tension 

8 2 2 4 

18. Adsorption on the surface of solid adsorbents 4 2 2 

19. Ion exchange adsorption. 6 2 4 

20. Extraction, purification and properties of colloidal 

solutions 

8 2 2 4 

21. Electrophoresis. Electroosmosis. 4 2 2 

22. Coagulation of colloidal solutions. Colloidal protection. 4 2 2 

23. Properties of solutions of biopolymers. 8 2 2 4 

24. Swelling and dissolution of polymers. 4 2 2 

Final lesson. TEST 4  2 2 

Total (section ІІ): 78 10 28 40 

Total 150 20 54 76 

 
 

4. Thematic plan of lectures 

 

№ 

 s/n 

Topic Number 

hours 

1 Biogenic elements; biological role, application in medicine 2 

2 Complexation in biological systems 2 

3 Solutions. Equilibria in solutions of non-electrolytes. 

Colligative properties of solutions. 

2 

4 Equilibrium in electrolyte solutions. Acid-base balance in 

the body. Hydrogen index of biological fluids. 

2 

5 Thermal effects of chemical reactions. Direction of 

processes. 

2 

6 Electrode processes. Determination of potentials of redox 

systems 

2 

7 Kinetics of biochemical reactions. 2 

8 Adsorption on the surface of liquids. Determination of the 

effect of surfactants on the value of surface tension 

2 

9 Coagulation of colloidal solutions. Colloidal protection. 2 

10 Properties of solutions of biopolymers. 2 

Total: 20 

 

  



 

5. Seminars are not provided for the work program. 

   6. Thematic plan of practical classes  

 

№ 

 

s/

n 

Topic Number 

hours 

1.  Biogenic elements; biological role, application in medicine 2 

2.  Complexation in biological systems 2 

3.  Solutions. 2 

4.  Equilibria in solutions of non-electrolytes 2 

5.  Colligative properties of solutions. 2 

6.  Fundamentals of titrimetric analysis 2 

7.  Deposition methods. Determination of halide content by the Mora`s 

method. 

2 

8.  Methods of oxidimetry. 2 

9.  Equilibrium in electrolyte solutions. Acid-base balance in the 

body. Hydrogen index of biological fluids. 

4 

10.  Buffer systems, their biological role 2 

11.  Determination of buffer capacity. The role of buffers in 

biosystems. 

2 

12.  Thermal effects of chemical reactions. Direction of processes. 2 

13.  Electrode processes. Determination of potentials of redox systems 2 

14.  Determination of pH of solutions by potentiometric method 2 

15.  Kinetics of biochemical reactions. 2 

16.  Catalysis and catalysts. 2 

17.  Adsorption on the surface of liquids. Determination of the effect of 

surfactants on the value of surface tension 

2 



18.  Adsorption on the surface of solid adsorbents 2 

19.  Ion exchange adsorption. 2 

20.  Extraction, purification and properties of colloidal solutions 2 

21.  Electrophoresis. Electroosmosis. 2 

22.  Coagulation of colloidal solutions. Colloidal protection. 2 

23.  Properties of solutions of biopolymers. 2 

24.  Swelling and dissolution of polymers. 2 

25.  Test 2 

Total 54 

 

 

7. Laboratory classes are not provided for the work program 

8. Сам Thematic plan of independent work of students 

 

 

№ 

s

/

n 

Topic Number 

hours 

1 The structure of matter 2 

2 Biogenic elements; biological role, application in medicine 4 

3 Complexation in biological systems 2 

4 Solutions. 4 

5 Equilibria in solutions of non-electrolytes. Colligative properties of 

solutions. 

4 

6 Fundamentals of titrimetric analysis 2 

7 Determination of halide content by the Mora`s method. 2 

8 Methods of oxidimetry. 4 



9 Equilibrium in electrolyte solutions. Acid-base balance in the body. 

Hydrogen index of biological fluids. 

2 

10 Buffer systems, their biological role 4 

11 Determination of buffer capacity. The role of buffers in biosystems. 4 

12 Thermal effects of chemical reactions. Direction of processes. 4 

13 Electrode processes. Determination of potentials of redox systems 2 

14 Determination of pH of solutions by potentiometric method 2 

15 Kinetics of biochemical reactions. 4 

16 Catalysis and catalysts. 4 

17 Adsorption on the surface of liquids. Determination of the effect of 

surfactants on the value of surface tension 

2 

18 Adsorption on the surface of solid adsorbents 4 

19 Іонообмінна адсорбція 2 

20 Extraction, purification and properties of colloidal solutions 4 

21 Electrophoresis. Electroosmosis. 4 

22 Coagulation of colloidal solutions. Colloidal protection. 4 

23 Properties of solutions of biopolymers. 2 

24 Swelling and dissolution of polymers. 4 

 Total: 76 

 

 

9. Individual tasks are not provided by the work program 

10. Tasks for independent work 

1. Mechanisms of toxic action of copper in biological systems 

2. Physiological role of zinc and potential targets of its toxic action 

3. Thermodynamic and kinetic laws of biochemical reactions 

4. Free radical processes in the body 



5. Nanochemistry and nanomedicine. Prospects for the use of nanomaterials in 

medicine 

6. Modern physico-chemical research methods in medical practice. 

7. Basic set of physicochemical methods of research of biological liquids in daily 

practice of the family doctor 

8. Chromato - mass - spectrometry and its use in the identification of environmental 

pollutants 

9. Endemic microelementosis. Potential ways to correct them 

List of practical skills 

1. Calculation of the required number of components and preparation of a solution 

with a given mass fraction. 

2. Calculation of the required number of components and preparation of a solution 

with a given molar concentration. 

 

11. Teaching methods 

According to the sources of knowledge, teaching methods are used: verbal - story, 

explanation, lecture, instruction; visual - demonstration, illustration; practical - 

practical work, problem solving. By the nature of the logic of cognition, the following 

methods are used: analytical, synthetic, analytical-synthetic, inductive, deductive. 

According to the level of independent mental activity, the following methods are 

used: problem-based, partial-search, research. 

1. Verbal methods: lecture, conversation; 

2. Visual methods: illustration, demonstration 

3. Practical methods: performing practical work and solving situational problems to 

develop skills and abilities; 

4. Independent work of students on comprehension and mastering of new material 

5. Use of computer control and training programs 

6. Innovative teaching methods: business game, case method. 

Types of classes according to the curriculum are: lectures; practical training; 

independent work of students. 

Lectures cover the main theoretical material of a particular or more topics of the 

discipline, reveal the main problematic issues of the relevant sections of the 

discipline. 

Practical classes provide detailed consideration by students of some theoretical 

provisions of the discipline with the teacher and the formation of skills and abilities of 

their practical application through individual performance of student-formulated tasks 

and solving situational problems. 

Independent work of students involves the mastering of educational material by the 

student, namely the independent study of certain topics of the discipline in the time 



free from compulsory education, as well as preparation for all types of control. The 

educational material of the discipline, provided by the working curriculum for 

mastering by the student in the process of independent work, is submitted for the final 

control along with the educational material, which was worked out during the 

classroom classes. 

Integrated use of various methods of organization and implementation of educational 

and cognitive activities of students and methods of stimulating and motivating their 

learning, promoting the development of creative principles of the future specialist, 

taking into account the individual characteristics of participants in the learning 

process and communication. 

 

12. Methods of control 

Current control is based on the control of theoretical knowledge, practical skills and 

abilities. Forms of current control are: oral interview (frontal, individual, 

combined), interview; practical check of the formed professional skills (it is carried 

out by results of performance of practical work at the end of employment); test 

control ("open" and "closed" test tasks) 

The final (final) control of the sections is carried out at the end of the section. 

Pedagogical control is carried out in compliance with the requirements of objectivity, 

individual approach, systematic and systematic, comprehensive and professional 

orientation of control. 

Control methods such as oral, written and test are used, which should help increase 

the motivation of students-future professionals to educational and cognitive activities. 

According to the specifics of professional training, preference is given to test and 

written control. In the final control, preference is given to written or test control. 

13. Form of final control of learning success 

Final control of the discipline - credit is based on the control of theoretical 

knowledge, practical skills and abilities. 

Forms of final control: practical check of the formed professional skills; standardized 

test control ("open" and "closed" test tasks); oral examination of students. 

Final control - a test with scoring on a 200 scale. 

14. Scheme of accrual and distribution of points received by students 

The maximum number of points for the discipline is 200 points. The ratio between the 

results of the assessment of current educational activities and the final control of 

knowledge - 60% and 40%. 

Current control is mandatory. During the assessment of mastering each topic from all 

disciplines of the curriculum for the current educational activity of the student grades 

are set on a 4-point (traditional scale), taking into account the approved evaluation 

criteria for the discipline. All types of work provided by the curriculum are taken into 



account. The student must receive a grade for each topic. The teacher conducts a 

survey of each student in the group at each lesson and grade in the journal of 

attendance and student performance on the traditional scale ("5", "4", "3", "2"). 

The student receives a credit in the last lesson of the discipline based on the results of 

the current assessment. This type of final control does not involve any additional 

written work or testing in the last lesson (the arithmetic mean of the grades for each 

lesson is calculated). 

Only those students who do not have academic debts and their average score for the 

current academic activity in the discipline is not less than 3.00 are admitted to the test. 

Learning outcomes are assessed on a two-point scale (credited / not credited) and a 

multi-point scale. The maximum number of points that an applicant can receive in the 

discipline is 200. The minimum number of points that an applicant must score is 120. 

The average score for current activity is converted into points on a 200-point scale, 

according to the recalculation table (Table 1 and Table 2). 

  



Table 1. 

Recalculation of the average grade for current activities in a multi-point scale 

(for disciplines ending with credit) 

4-point 

scale 

200-

point 

scale 

4-point 

scale 

200-

point 

scale 

4-point 

scale 

200-

point 

scale 

4-point 

scale 

200-point 

scale 

5 200 4.47 179 3.94 158 3.42 137 

4.97 199 4.44 178 3.92 157 3.39 136 

4.94 198 4.42 177 3.89 156 3.37 135 

4.92 197 4.39 176 3.87 155 3.34 134 

4.89 196 4.37 175 3.84 154 3.32 133 

4.87 195 4.34 174 3.82 153 3.29 132 

4.84 194 4.32 173 3.79 152 3.27 131 

4.82 193 4.29 172 3.77 151 3.24 130 

4.79 192 4.27 171 3.74 150 3.22 129 

4.77 191 4.24 170 3.72 149 3.19 128 

4.74 190 4.22 169 3.69 148 3.17 127 

4.72 189 4.19 168 3.67 147 3.14 126 

4.69 188 4.17 167 3.64 146 3.12 125 

4.67 187 4.14 166 3.62 145 3.09 124 

4.64 186 4.12 165 3.59 144 3.07 123 

4.62 185 4.09 164 3.57 143 3.04 122 

4.59 184 4.07 163 3.54 142 3.02 121 

4.57 183 4.04 162 3.52 141 3 120 

4.54 182 4.02 161 3.49 140 

< 3 

70-119 (re-

assembly) 4.52 181 4.00 160 3.47 139 

4.49 180 3.97 159 3.44 138 

 

Table 2 

Scale for transferring points to the national system 

According to the national system On a 200-point scale 

credited from 120 to 200 points 

not credited less than 119 points 

 

From the allocated 120 points for the current educational activity for the assessment 

of individual independent work of students, according to the working curriculum, an 

additional 4 to 12 points are allocated. Incentive points are added to the final grade for 

the discipline at the end of its study. 

15. Methodical support 

1. Working curriculum of the discipline; 

2. Plans of lectures, practical classes and independent work of students; 

3. Abstracts of lectures on the discipline; 



4. Methodical recommendations and developments for the teacher; 

5. Methodical instructions for practical classes for students; 

6. Methodical materials that provide independent work of students; 

7. Test and control tasks for practical classes; 

8. Questions to control the assimilation of the section; 

9. List of questions for the exam, tasks to test practical skills during the exam. 
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