
2017

Approved
by the Ministry of Education and Science
of Ukraine as a textbook for students
of higher education establishments —
medical universities, institutes, and
academies

Published in accordance with the Order
of the Ministry of Health of Ukraine
No. 502 of 22.06.2010 as a national
textbook for students of higher education
establishments — medical universities,
institutes, and academies

Fifth edition,
corrected



UDC 61:54(075.8)
LBC  24ya73+5ya73

Ì42

M42

UDC 61:54(075.8)
LBC 24ya73+5ya73

© V.Î. Kalibabchuk, V.I. Halynska, L.I. Hry-
shchenko, S.M. Hozhdzynskyi, T.O. Ovsian-
nikova, V.A. Samarskyi, 2010, 2017

© AUS Medicine Publishing, design, 2017ISBN 978-617-505-571-7

Approved by the Ministry of Education and Science of Ukraine as a textbook
for students of higher education establishments — medical universities, institutes,

and academies (letter No. 1/11-1152 of 05.02.2013)

Published in accordance with the Order of the Ministry of Health of Ukraine
No. 502 of 22.06.2010 as a national textbook for students of higher education

establishments — medical universities, institutes, and academies

Authors:
V.O. Kalibabchuk, V.I. Halynska, L.I. Hryshchenko, S.M. Hozhdzynskyi, T.O. Ovsian-

nikova, V.A. Samarskyi

Reviewers:
V.V. Ohurtsov, Candidate of Pharmaceutical Sciences, Associate Professor, Head of 

the Chair of General, Bioinorganic, Physical and Colloidal Chemistry of Danylo Halytsky 
Lviv National Medical University;

V.K. Yaktsymyrskyi, winner of the State Prize of Ukraine in Science and Engineer-
ing, Academician of the Higher Education Academy of Sciences of Ukraine, Doctor of 
Chemistry, Professor of the Chair of Physical Chemistry of Taras Shevchenko National 
University of Kyiv;

N.M. Atraptseva, Doctor of Chemistry, Professor, Head of the Chair of General 
Chemistry of National University of Biological Resources and Environmental Manage-
ment of Ukraine

Medical chemistry : textbook / V.O. Kalibabchuk, V.I. Halynska, L.I. Hry-
shchenko et al. ; edited by V.O. Kalibabchuk. — 5th edition, corrected. — Kyiv : 
AUS Medicine Publishing, 2017. — 224 p.

ISBN 978-617-505-571-7

The textbook outlines the fundamentals of bioenergetics and cybernetics of bioche-
mical reactions; describes the properties of solutions and their role in biochemical pro-
cesses; presents modern concepts of electrode processes; explains peculiarities of surface 
phenomena and their value for the vital activity of the body; dwells on the properties of 
dispersion systems and biopolymer solutions. Special emphasis is placed on biogenic ele-
ments and their properties viewed through the spectacle of modern concepts of atomic 
and molecular structure, and chemical bonds.

The authors touch upon topical problems of ecology.
The textbook is intended for English-speaking students of higher education estab-

lishments — medical universities, institutes, and academies, pharmaceutical, biological, 
and eco logical specialties.



3

Contents

Preface ........................................................................................................................ 5

Chapter 1. Chemical bonding and complexing ..................................................................... 7
1.1. Chemical bond and its experimental characteristics ................................................... 7
1.2. Covalent bond ..................................................................................................... 8
1.3. Ionic bond .........................................................................................................14
1.4. Metallic bond .....................................................................................................15
1.5. Hydrogen bond ..................................................................................................15
1.6. Complexing .......................................................................................................16
Self-test questions and tasks .......................................................................................23

Chapter 2. Theoretical principles of bioenergetics ...............................................................24
2.1. Subject of thermodynamics ..................................................................................24
2.2. Thermodynamic systems. Thermodynamic functions .................................................25
2.3. First law of thermodynamics ................................................................................26
2.4. Heat of chemical reactions. Thermochemical equations ..............................................28
2.5. Thermochemistry laws ........................................................................................29
2.6. Application of thermochemical calculations for describing the energy 
of biochemical processes ............................................................................................31
2.7. Second law of thermodynamics .............................................................................33
2.8. Gibbs equation ...................................................................................................34
Self-test questions and tasks .......................................................................................36

Chapter 3. Physical and chemical fundamentals of biochemical reaction kinetics .....................37
3.1. Dependence of reaction rate on reactant concentration. Mass action law ........................39
3.2. Molecularity and order of reaction .........................................................................40
3.3. Simple and complex reactions ...............................................................................42
3.4. Effect of temperature on reaction rate ....................................................................44
3.5. Catalysis ..........................................................................................................46
3.6. Chemical equilibrium. Equilibrium constant............................................................49
Self-test questions and tasks .......................................................................................53

Chapter 4. Solutions and their role in biochemical processes .................................................55
4.1. Modern ideas about solutions ................................................................................56
4.2. Solution concentration ........................................................................................58
4.3. Solubility of gases in liquids .................................................................................60
4.4. Solubility of liquids and solid substances in liquids ...................................................61
4.5. Colligative properties of diluted solutions ...............................................................62
4.6. Solutions of electrolytes ......................................................................................70
4.7. Dissociation of water ..........................................................................................73
4.8. Acid-base theories ..............................................................................................76
4.9. Buffer solutions .................................................................................................80
4.10. Formation and dissolution of precipitates ..............................................................86
Self-test questions and tasks .......................................................................................89

Chapter 5. Electrode processes and their significance for physiology and medicine....................92
5.1. Electrode potentials ............................................................................................92
5.2. Classification of electrodes ...................................................................................95
5.3. Diffusion and membrane potentials .......................................................................99
5.4. Potentials in biological systems ........................................................................... 100
5.5. Oxidation-reduction reactions ............................................................................ 103
Self-test questions and tasks ..................................................................................... 107



4

Chapter 6. Physical chemistry of surface phenomena and their role 
in the processes taking place in the human body ............................................................... 108

6.1. Surface tension of liquids. Surface activity ........................................................... 109
6.2. Adsorption at the liquid-gas and liquid-liquid interfaces .......................................... 111
6.3. Orientation of molecules of surface-active substances in the surface layer ................... 112
6.4. Langmuir isotherm equation .............................................................................. 114
6.5. Structure of biological membranes ....................................................................... 115
6.6. Solute adsorption at solid interface ...................................................................... 116
6.7. Laws of solute adsorption at solid interface ........................................................... 117
6.8. Adsorption therapy fundamentals ....................................................................... 120
6.9. Adsorption of electrolytes .................................................................................. 124

6.9.1. Selective adsorption ................................................................................. 124
6.9.2. Ion exchange adsorption ............................................................................ 125

6.10. Chromatographic methods of analysis................................................................. 128
6.10.1. Principles of chromatographic methods classification ................................... 129
6.10.2. Application of chromatography in biology and medicine ................................ 131

Self-test questions and tasks ..................................................................................... 132

Chapter 7 . Physical chemistry of disperse systems ............................................................ 134
7.1. Classification of disperse systems ........................................................................ 135
7.2. Methods of colloid system preparation .................................................................. 137

7.2.1. Methods of dispergation ............................................................................ 138
7.2.1. Methods of condensation ........................................................................... 138

7.3. Methods of colloid system purification ................................................................. 139
7.4. Molecular-kinetic properties of disperse systems  ................................................... 140
7.5. Optical properties of colloid systems .................................................................... 141
7.6. Double electrical layer. Structure of colloid particles. Electrokinetic phenomena .......... 143

7.6.1. Electrokinetic phenomena ......................................................................... 146
7.7. Stability and coagulation of disperse systems ......................................................... 151

7.7.1. Stability factors of disperse systems  ........................................................... 151
7.7.2. Theory of coagulation and stability of disperse systems ................................... 152
7.7.3. Kinetics of coagulation ............................................................................. 154
7.7.4. Special cases of coagulation ....................................................................... 155
7.7.5. Peptization as inverse process of coagulation ................................................ 158
7.7.6. Coagulation in biological systems ................................................................ 159

7.8. Aerosols. Powders. Suspensions. Pastes. Foams ..................................................... 160
7.9. Emulsions ....................................................................................................... 162
7.10. Colloid surface-active substances ....................................................................... 163
Self-test questions and tasks ..................................................................................... 165

Chapter 8. Physical chemistry of biopolymers and their solutions ........................................ 168
8.1. Biological macromolecules ................................................................................. 169
8.2. Biopolymer structure ........................................................................................ 170
8.3. Isoelectric state of proteins ................................................................................ 171
8.4. HMC solutions and their properties ..................................................................... 173
8.5. Thermodynamic stability of HMC solutions. Methods of protein precipitation  ............. 175
8.6. Osmosis. Osmotic pressure in HMC solutions ......................................................... 177
8.7. Viscosity of HMC solutions ................................................................................ 180
8.8. Jellies: formation and properties  ........................................................................ 180
Self-test questions and tasks ..................................................................................... 183

Chapter 9. Chemistry of biogenic elements ...................................................................... 184
9.1 General information about biogenic elements .......................................................... 184
9.2. s-Elements: biological role, application in medicine ................................................. 192
9.3. p-Elements: biological role, application in medicine ................................................ 196
9.4. General characteristic of d-elements .................................................................... 209
Self-test questions and tasks ..................................................................................... 215

Index ........................................................................................................................ 217



5

PREFACE

In their deep sense chemistry and medicine are inseparable.
M. Lomonosov

The 20th century is marked by considerable changes in the field of techniques of 
chemical and physicochemical investigations, practical application of new chemi-
cal disciplines including medical chemistry.

Medical chemistry studies the chemical basis of the vital activity processes of 
the organism, which are explained on the ground of theoretical foundation of inor-
ganic, physical and colloid chemistry. For example, changes of the structure and 
functions of blood cells in blood substitute solutions are explained by osmotic pres-
sure laws, electrolyte ion distribution between cells and external medium – by laws 
of Donnan membrane equilibrium, the mechanism of nervous impulse transmis-
sion – by the electrolytic dissociation theory, the constancy of H+ ions in biological 
liquids to a considerable extend depends on the presence of buffer systems in their 
composition. The theory of oxidation-reduction potentials allows understanding 
the proceeding of many reactions in the human body conditioned by energy intake 
and expenditure. Features of the physical chemistry of surface phenomena help to 
interpret drug action mechanism, explain the phenomena of phagocytosis and im-
munity. 

The kinetics and catalysis theory gives a possibility to understand the laws of 
enzymatic and pharmacokinetic processes proceeding. Theoretical tenets of colloi-
dal chemistry help to understand the role of the factors of human body disperse 
systems stability in the process of vital activity.

Medical chemistry studies the structure and reactivity of the most important 
biologically active molecules, the theory of chemical bond in complex compounds 
formed by biological metals and biological ligands, and the importance of biogenic 
elements in the vital activity of the organism. It studies the processes on molecular 
and submolecular levels, since that is where one should look for causes of different 
diseases and hereditary characters. The knowledge of chemistry laws gives a pos-
sibility to influence purposively the metabolism of a sick organism.

No science has opened and done for man so much as chemistry. Recently chemis-
try has provided the humanity with numerous basic commodities and luxury items, 
which have improved the quality of life, gave a possibility to live in cleanness and 
receive high quality treatment.
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Preface

The progress of modern medicine has been caused by achievements in chemist-
ry to a large extent. The positive effect of medical activity is by 70 % conditioned 
by availability of drugs, the majority of which has been synthesized by chemists.

Successful introduction of computers has given a possibility to develop pro-
grams foreseeing which of new chemical structures may be especially effective in 
pharmacological application.

At present in practical medicine the techniques based on the theoretical evi-
dence of physical and colloid chemistry are widely used (for diagnostics and treat-
ment). These include hemodialysis, hemosorption, hemofiltration, preparative 
electrophoresis of cells, etc.

Medical chemistry provides with versatile information such disciplines as bio-
chemistry, physiology, bioorganic chemistry, pharmacology, medical and biologi-
cal physics, hygiene, toxicology, therapy, anesthesiology, physiotherapy, etc.

In their turn these disciplines as a primary information source have to influ-
ence the development of medical chemistry.

Wide application of chemistry in medicine emphasizes the wisdom of the 
thought of the Kyiv-Mohyla academy graduate, great Russian scientist M. Lo-
monosov: «… a medical man is not perfect without sufficient cognition of chemis-
try.»
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Science has its own temples, each built througn the efforts of 
several architects and numerous workers.

G. Lewis 

When basses, which are absolutery ruling the world, suddenly fall silent in music, 
it makes an impression that the evil spirit has disappeared. 
What seemed uncontrollable is now ordered as if by magic.

L. Boltzmann

After studying this chapter you will be able to:
• classify chemical bonds;
• use experimental characteristics of chemical bonds;
• explain the ways of covalent bond formation; 
• estimate the valency, coordination number, oxidation number of atoms 
in molecules; distinguish polar and nonpolar covalent bonds;
• explain the influence of hydrogen bonding on physical and chemical 
properties of substances;
• differentiate coordination compounds from other compounds;
• analyze the composition and structure of complexes; classify them;
• give examples of complexon application in medicine and explain the 
mechanism of complexons acting as antidotes.

1.1. Chemical bond and its experimental characteristics

The basic condition of chemical bond formation is diminution of the total en-
ergy of the polyatomic system in comparison with the energy of isolated atoms.

Chapter 1
CHEMICAL BONDING 
AND COMPLEXING
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Medical chemistry

The chemical bond nature according to modern ideas is explained by the inter-
action of electric fields formed by electrons and atomic nucleuses that take part in 
chemical compound formation.

Depending on the character of electronic density distribution between inter-
acting atoms covalent, ionic, and metallic bonds are distinguished.

Bond length, strength and valency angles are the basic parameters of chemical 
bonds defined by physical methods.

 
Bond length is a distance between the nucleuses of the atoms 
forming a chemical bond.

  
The unit of bond length measurement is the nanometer (1 nm = 10–9 m) or ang-

strom (1Å = 10–10 m).
Energy should be spent to rupture a bond.
 

Bond strength is determined by the minimum energy required 
for rupturing chemical bonds in 1 mol of a substance to obtain 
isolated atoms.

 
The unit of bond strength measurement is kJ/mol.
 

The angle between conditional straight lines passing through 
the nucleuses of chemically combined atoms is called the va-
lency angle.

 
  The unit of valency angle measurement is the degree. For example, for a mole-

cule of water the bond length of H—O is 0.096 nm, bond energy is 464 kJ/mol, and 
the angle between the H—O—H bond is 104.5°.

 

1.2. Covalent bond

A covalent bond is a chemical bond between two atoms arising 
due to a shared electron pair.

 
 Formation of a hydrogen molecule H2 from separate atoms may be one of the 

simplest examples of covalent bond formation. When isolated atoms having elec-
trons with opposite spins approach each other, they are attracted to each other. As 
a result their electronic clouds (atomic orbitals) are overlapped, and the highest 
electron density is located in the space between the nucleuses. 
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Chapter 1. Chemical bonding and complexing

 Schematically formation of a H2 molecule can be represented as: 
.: ΗΗ→Η⋅+⋅Η

  Valence electrons are marked on the scheme by points near the symbol of the 
chemical element. A shared pair of electrons may be indicated with a hyphen: 
H–H.

 This method of molecule description is called the valence bond method. More 
detailed fundamental tenets may be formulated in the following way:

1) a covalent bond is formed by two atoms at the expense of two electrons with 
antiparallel spins, which means a chemical bond is localized between two atoms;

2) a covalent bond is situated in the direction where the strongest bonds are 
formed, i.e. where the approachment of atoms occurs by means of maximum over-
lapping between the atomic orbitals;

3) the strength of a covalent bond is larger if overlapping of electronic clouds 
is fuller. 

 Ways of covalent bond formation. Location of two electrons in the action field 
of two nucleuses is energetically more advantageous than staying of such electrons 
in the field of their own nucleuses, therefore all one-electron orbitals of the exter-
nal energy level take part in the formation of a covalent bond. For example, the 
nitrogen atom has three unpaired electrons in the outer shell:

  And the fluorine atom has one electron in the outer shell:

 
Thus these atoms can form respectively three bonds and one bond at the ex-

pense of unpaired electrons: N≡N; F—F.
 The number of unpaired electrons can increase if an atom transits from a nor-

mal to an excited state at the expense of electron «steaming»:
 

 In this case the atom is capable to form a greater number of bonds. «Steaming» 
of electrons requires energy expenses that are reduced in bond formation, but, as 
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