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Subject «Electrode potentials, mechanisms of formation of electrode potentials. Role of electrochemical phenomena in biological processes»
1. Number of hours 4

2. Material and methodological support.
Posters:

1. Nernst’s equation for electrode potential determination.
2. The scheme of galvanic cell (Daniell cell)

3. The standard electrode potentials
4. The standard redox potentials
5. The electrochemical circuits

6. The schemes of the indicating and reference electrodes

7. рН-meters
Мultimedia support: presentations, scientific films.
Education literature
1. Medical Chemistry: manual for medical students / I.V. Zavgorodniy,                          A.O. Syrovaya, E.R. Grabovetskaya et al. – Kharkiv, Ekograf,2011. – 240 p. 
2. Medical Chemistry. Self-study guide for the 1st year students (English medium) /  A.O. Syrovaya,  E.R. Grabovetskaya,  L.G. Shapoval et al. – Kharkiv: KhNMU,  2014. – 70 p. 

3. Syrovaya A.O. Medical chemistry. Adapted concise course / A.O. Syrovaya,  E.R. Grabovetskaya,  L.G. Shapoval. - Kharkiv:  KhNMU,  2013. –  160p. 
4. "Properties of biopolymers solutions" - Methodical instructions for I year students' self-work in "Medical Chemistry"

5. Individual tasks for students’ self-control of knowledge in Medical  Chemistry / A.O. Syrovaya, L.G. Shapoval, V.N. Petiunina, et al. – Kharkiv: KhNMU, 2014. –50 p. 
6. Lecture notes
3. Substantiation for the subject. Electrochemical processes are widely used in scientific research. Potentiometric determination of pH is widely used in medical practice and medico-biological investigations. Diffuse and membrane potentials play a great role in biological objects. Biopotentials are very sensitive to the physiological changes in cells and organs and it is used in electrocardiography and encephalography.

4. Objectives:
- general: to determine the values of electrodes potentials, to make up the patterns of electrodes and galvanic elements;

- specific: to know the nature of formation of electrode potentials, to analyze the principles of potentiometry and to make the conclusions about its use in medico-biological investigations, to measure redox potentials and predict the direction of redox reactions; 
а) to know: the role of redox potentials;

b) to be able to: determine the values of electrode potentials, to make up the patterns of electrodes and galvanic elements;
c) practical skills 
- to determine the values of electrodes potentials and electromotive force, 

- to make up the patterns of electrodes and galvanic elements;

- to determine pH of biological liquids by potentiometry.

5. Graph structure of the subject.

6. Plan of students’ work 

Class 1.
	No


	Stage


	Time, min


	Training and visual aids


	Location



	1.


	Motivational characteristics and plan of the subject. Answers to the students' questions
	35


	Text book

(work book)


	Class room

	2.


	Students' self-work with methodical literature, the solution of educational problems

	35


	Methodical instruction for students, lecture notes, text book for students’ self-work, reference data, posters.
	

	3.
	Control of knowledge
	15
	
	

	4.


	Analysis and conclusions
	4


	
	

	5.
	Home work
	1
	
	


Class 2.
	No


	Stage


	Time, min


	Training and visual aids


	Location



	1.


	Motivational characteristics and plan of the subject. Answers to the students' questions
	30


	Text book

(work book)
	Class room

	2.


	Students' self-work with methodical literature, the solution of educational problems

	25


	Methodical instruction for students, lecture notes, text book for students’ self-work, reference data, posters. 
	

	3.
	Laboratory work
	15
	Text book, work book, electrodes, рН meter
	

	3.
	Control of knowledge
	15
	
	

	4.


	Analysis and conclusions
	4


	
	

	5.
	Home work
	1
	
	


7. Tasks for self-work:
- list of questions to be studied:
1. Electrode potentials and mechanism of their origin.
2. Measurement of electrode potentials. Standard hydrogen electrode. Nernst equation.

3. Classification of electrodes:

a) electrodes of I type;

b) electrodes of II type;

c) electrodes of III type;

d) membrane electrodes.

4. Galvanic cells.

5. Potentiometry. Determination of pH and active concentration by means of potentiometry.

6. Diffuse and membrane potentials. Biopotentials. 
Class 1.
1. Electrode potentials and mechanism of their origin.
When a strip of metal is placed in a solution of the same metal, according to Pysargevsky-Izgaryshev solvation theory of electrode potentials there are two processes in the solution of its salt:

The first one (for active metals such as, Zn): 

metal ions as a result of the effect of polar water molecules (solvation), break away from the metal, moving into the solution, if Нsolv. > Hcryst. lat.
Me0 – nē → Men+,
Zn0 – 2e → Zn2+
The second one (for inactive metals such as, Cu):
 metal ions coat the strip
Нsolv. < Hcryst. lat.
Men+ + nē → Me0, 
Cu2+ + 2e → Cu0
It is also known that the dissolution process is characterized by the equation:
Нsolution = Hcryst. lat. + Нsolv. 


If the energy of the crystal lattice is less than solvation energy, then the first process is possible; if the energy of the crystal lattice is more than solvation energy, the second process occurs. Charged strip of metal attracts oppositely charged ions from the solution. Chemically active metals (e.g., zinc, aluminium) when immersed in a solution of its salt at any concentration partially pass into the solution, and strips become negatively charge.

The opposite phenomenon is observed for the less active metals (like copper, silver, gold): at any concentration of the solution metal ions precipitate on the strip. Then this strip becomes positively charged. Thus, double electrical layer forms on the metal-solution interface. Absolute electrode potential arises on the metal-solution interface near a surface of metal.  

A system in which the metal is in contact with the electrolyte solution, characterized by the occurrence of the electrical double layer with some potential e is called electrode.
2. Measurement of electrode potentials.  Standard hydrogen electrode. Nernst equation.
The absolute value of electrode potential cannot be measured, that's why the potential difference between given electrode and a reference electrode is measured. A hydrogen electrode is used as a reference electrode. Its potential equals zero. Electrode potential (relative potential) is the value of E.M.F. of galvanic cell, consisting of the indicating electrode and reference electrode (standard hydrogen electrode):
Pt(H2)|H+ ||Me+|Me.
H+ = 1    Me+ = 1 

E.M.F. of this chain E = e0Me+|Me–e0H+|1/2 H2 .
If  e0H+/1/2H2 = 0, than Е = e0Me+|Me0 .

The values of standard electrode potentials (e0) are tabular values, which give the opportunity to determine which of the element in galvanic cell is cathode and anode. Cathode has higher potential but anode has lower potential.
For example, in the scheme consisting of gold and iron electrodes, from the left must be iron electrode because its e0 Fe2+|Fe = -0,44 V, and from the right must be gold electrode because e0 Au+|Au =+1,498 V.
–  Fe|Fe2+||Au+|Au +

Current appears in this circuit. This example shows that metals and alloys of different electrochemical activity can not be applied together for restoration in stomatology.
The value of the electrode potential (e) depends on the standard electrode potential (e0) and the concentration of the ions. This is illustrated by the Nernst equations (at 298K):
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where Т = 298 К; n – is the number of electrons; е0 – is the standard electrode potential; C – is the molar concentration of the ions in the solution (mol/L).
3. Classification of electrodes
The electrodes used in the electrochemistry have been classified depending on their composition and electrode reaction.
1.
І type, potential of which depends on the active concentration of metal ions;

2.
ІІ type, potential of which depends on the concentration of anions and cations;

3.
III type or oxidation-reduction electrodes. 

4.
Membrane electrodes.
а) The electrodes of the first type are electrodes consisting of metal, which is in the solution of its salt. 

The scheme of the electrode of the first type: MeMen+; 

the electrode reaction is Me – ne– 
[image: image5.wmf]¬
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 Men+.
 The electrode potential value depends on the active concentration of metal ions, and, therefore such an electrode can be used for their determination.
Hydrogen electrode belongs to the electrodes of І type. It is made by adding platinum black to platinum wire or a platinum plate. Such plate is able to absorb high volumes of molecular hydrogen, which after decomposition convert to the solution in the form of ions:

Н2(gas) ↔ 2Н+ + 2е

The scheme of the hydrogen electrode is: 

Pt(Н2) | Н+ 

at РН2  = 101,3 kPa; CН+ = 1 moll; еН+12Н2 = - 0,059рН 
e0 =0, then the Nernst equation is as follows:

e=e0 + 0.059nlg[H+], eH2H+=-0.059pH

b) The electrodes of the second type are the electrodes consisting of metal covered with a hardly soluble compound of this metal (salt, oxide, hydroxide) and plunged into a solution of the readily soluble compound with the same anion. Particularly calomel or silver-chloride ones are used as reference electrodes:


calomel: Hg, Hg2Cl2 |KCl (sat)


silver-chloride: Ag, AgCl|KCl (sat)


antimony: Sb, Sb2O3 |H+
The reaction takes place on the electrodes (respectively):

Hg2Cl2 + 2e → 2Hg0 +2Cl-
AgCl + e → Ag0 + Cl-
Sb2O3 + 6H+  → 2Sb + 3H2O

Therefore, they can be written:

ecal=е0cal – 0.059nlg[Cl-]

es.c.=е0s.c. – 0.059nlg[Cl-]

Given that electrodes are immersed in a saturated solution of KCl, that is [Cl–] = const, than еcal. = const = 0,248 V, еs.c.=0,222 V. 

The antimony electrode’s potential depends on the concentration of H+ ions in a solution (Sb2O3, Sb is in a crystal state).

c) The electrodes of the third type (Oxidation-reduction electrodes) are the half-element consisting of metal (platinum or gold) in a solution containing oxidized and reduced forms of the same substance. 

Here is the scheme of the oxidation-reduction electrode: 
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Platinum doesn’t take part in the electrode reaction in the oxidation-reduction electrodes but it acts as carrier of electrons. These electrodes’ potential depends on the value of the standard oxidation-reduction potential as well as of the activities ratio of the oxidized and reduced forms of a substance: 

[image: image10.wmf][Red]

[Ox]

lg

n

0,059

+

e

=

e

o


Quinhydrone electrode, which constitutes the platinum wire soldered in the glass tube and immersed into the investigated solution to which some quinhydrone crystals have been added, is referred to the oxidation-reduction electrodes. Here is the scheme of such an electrode:
[image: image11.jpg]



The scheme of quinhydrone electrode: Pt | H+, Quinhydrone.
The potential of a quinhydrone electrode depends on the H+ ions concentration:

equinhydrone = eo + 0,059lgCH+ = eo – 0,059pH; eo=0,7V, 

so equinhydrone=0,7 – 0,059pH
It should be noted that quinone and hydroquinone structures are often found in the living cells (vitamin E, K, coenzyme Q).
The electrode reactions in some oxidation-reduction electrodes take place in the presence of H+ ions. 

The oxidation-reduction electrode potential for such systems depends not only on the activity ratio of the oxidized and reduced forms of a substance but on the concentration of H+ ions as well:

MnO4– + 8H+ +5e ↔ Mn2+ + 4H2O

eMnO-4/Mn2+=e0MnO-4/Mn2+ + (0.059/5)lg([MnO-4][H+]8)/[Mn2+]

d) Membrane electrodes  
When a semipermeable membrane is placed between two solutions of different concentrations, then from the one side of the membrane excess of negative ions appears and from the other - positive. In this case appeared electrochemical potential difference is called membrane potential.
The ion-selective electrodes belong to the electrodes with membrane potential. Depending on the type of the electrode material the ion-selective electrodes can be divided into three groups: solid, liquid and membrane. 
Nowadays 30 types of ionoselective electrodes are produced, using which more than 50 cations and anions and molecular compounds can be identified. The base of the ionoselective electrodes is a semi-permeable membrane that has selective ion conductivity. Na+, K+, Mg2+, Cl-, Cu2+ and other ions can be determined using ion selective electrodes . Ionometry has advantages over the other methods:

1)
Specific feature of ionometry is that this method allows to determine the active ions concentration on the background of its total concentration.

2)
To carry out measurements in opaque, colored and turbid environments, even in viscous pastes. This method excludes long, time-consuming operation of filtration, distillation and extraction.

3)
Have a wide range of measurements. Limit of qualification (LOQ) for ions in various natural and industrial objects can range from a few mol/L to 10-6 mol/l. The volume needed for analysis is from 0.05 ml to 0.1 ml.

The above-mentioned advantages of this method allow using its widely in medico-biological investigations.

The electrodes selective to the surface - active substances (determination of impurities by the detergents) and to acetylcholine (determination of impurities by the organophosphate pesticides) are the most important for solving of ecological problems.

The most common type of electrodes of this type is the glass electrode. The potential of this electrode is dependent on the concentration (activity) of H+ ions in the solution.

The membrane is made of sodium (Si2 - Na2O - Ca) or lithium (Si2 - Li2O - Ca) glass, it has a cation exchange properties because in an aqueous solution ions of alkali metal (Na or Li) during the hydrogenation can exchange only with hydrogen ions of internal and external solution:

Н+(solution) + Na+(glass) ↔ Н+(glass) + Na+(solution)

The most widespread membrane electrode is a glass electrode, which consists of a glass tube with a ball made of a special electrode glass on its end. A buffer solution is inserted inside of the system and a silver-chloride electrode is placed there to provide it with a current-conductor. The potential that occurs on the silver-chloride electrode remains constant and doesn’t influence the potential occurring between the glass surface and the investigated solution. When we place the glass electrode into a solution, the hydrogen ions from the solution penetrate into the surface layer, forcing out the alkali metals ions (sodium or lithium) contained in the glass. It results in such H+ ions distribution between the glass and the solution that these phases’ surfaces obtain the opposite charges and the potential which value depends on pH occurs between the glass and the surface.

eglass= e0glass + 0,059 lg Н+ = е0 –0,059 pН.
Glass electrodes have several advantages by changing the pH of biological liquids:
 - are not sensitive to the ORR.
 - not adsorb proteins.
 - indifferent to SAS.

The membrane of solid electrodes is created from a mono or polycrystalline salts poorly soluble in water. Therefore electrodes with a solid membrane are used for identification of those ions, which are part of the membrane.

Electrodes with a liquid membrane are the diaphragm, which pores are filled with the solution of electrode-active material in an organic solvent. The ion exchangers (cationites or anionites) or neutral molecules – membrane-active complexes capable of chelate formation – are used as the electrode-active agents.
Class 2.
4. Galvanic cells
Galvanic cell is a system consisting of two electrodes, in which the energy of a chemical reaction is converted into electrical energy. At the heart of any electrochemical element the ORR are taking place separately at the anode - oxidation at the cathode - the reduction.

An example of a galvanic cell is Jacobi – Daniel cell.
 Electricity produced in chemical reactions:

Zn + CuSO4 → ZnSO4 + Cu

The reaction consists of oxidation and reduction process. The electrode at which oxidation takes place is called the anode; reduction takes place at the cathode: 

(–) anode: Zn0 – 2e → Zn2+ – oxidation;

(+) cathode: Сu2+ + 2e → Cu0 – reduction.

The scheme of the galvanic cell is written as per the rule “right plus”. It means that from the right must be always written positive electrode (Fig. 1).

(–)  Zn | ZnSO4 || CuSO4 | Cu  (+)   or    (–)   Zn | Zn2+ || Cu2+ | Cu  (+).

| –  the borderline between the metal and the solution in the electrode.

|| – interface between the electrodes.

[image: image12.jpg]



Fig. 1. The scheme of the galvanic cell (Jacobi – Daniel cell).

The electromotive force (E.M.F.) appears in the galvanic cell between two electrodes because of the difference in the electrode potentials.

E.M.F.= е+ – е–
The concentrating galvanic cells are the cells where the chemical reaction energy turns into the electric energy. The similar electrodes in such chains are plunged into the solutions of the same electrolytes having different concentrations:
 (–) Ag | AgNO3 || AgNO3 | Ag (+)
The electrode in the solution with a higher concentration (C2) will serve as a cathode, the electrode in the solution with a lower concentration (C1) will serve as an anode.
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The oxidation-reduction chains consist of two oxidation-reduction electrodes:

Pt(Cu2+)│Cu+║Fe3+│(Fe2+)Pt

5. Potentiometry. Determination of pH and active concentration by means of potentiometry.
Potentiometry is a method of analysis based on the measurement of electrode potential and electromotive force of galvanic cells. Potentiometric methods have several advantages: in comparison with the calorimetry. This method is more precise: up to 0,02-0,05 mol/L, which is important for biological researches. As the equilibrium potential value establishes quickly then potentiometric measurements are time-effective. This method can be used for analysis of multicomponent systems, turbid and colored solutions, viscous media, etc.
To measure pH by potentiometric method it is necessary to compose a galvanic cell consisting of two electrodes. One of them is the electrode potential of which depends on pH. Such electrode is called indicating electrode. 
Hydrogen, quinhydrone, antimony and glass electrode are used as indicating electrodes:

1)
Pt(H2)|H+,

e = – 0,059pH;


2)
Pt|H+quin.,


e =0,7 – 0,059pH;


3)
Sb,Sb2O3|H+,
e = e0 – 0,059pH;


4)
glass|H+,


e = e0glass – 0,059pН.

Second electrode is called reference electrode, potential of it is constant.

Calomel and silver-chloride electrodes are as follows:


 Hg,Hg2Cl2|KCl 

е0cal =0,248 V at 298 К, ecal=е0cal–0,059lgCl-
sat.


Аg,АgCl|KCl 

е0s.c. =0,222 V at 298 К, es.c.=е0s.c.–0,059lgCl-
sat.

Silver-chloride electrode is more often used as reference electrode (it is more comfortable in design).

For the pH measuring can be used the following galvanic cells: 

1)
A chain consisting of hydrogen and reference electrodes.

Pt(H2)|H+||KCl|AgCl,Ag

Е.M.F. = е+–е– = еs.c. –(–0,059рН) = еs.c..  + 0,059рН

рН=(Е.M.F. – е s.c.)0,059

2) A chain consisting of quinhydrone and reference electrodes.

Аg,АgCl|KClsat.||H+|Pt quin.
Е.M.F. = е+–е– = еquin. –0,059рН–е s.c.
рН=(е0 quin. – еs.c. – Е.M.F.)0,059

3) A cell composed of an antimony electrode and a reference electrode. This kind of cell is used for pH measuring of a stomach (Linar probe): 

Sb,Sb2O3|H+||KCl|Hg2Cl2,Hg





                                        



sat.
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Last chain is used in medicine for intragastric pH determination using two-channel Linar probe. Using this probe pH in the stomach can be determined, where the acidic medium, and in the astral section where glands secrete basic secretion.

Potentiometric titration is carried out in cases where chemical indicators can not be use or do not have a specific indicator.

In potentiometric titration the potentiometer electrodes immersed in titrated solution are used as indicator. During titration changing the concentration of ions occurs. After recording potentiometer readings in units of pH or mV, plot volume of titrant as a function of рН (titration curve), determine the equivalence point and the volume of titrant consumed on titration.

6. Diffuse membrane potential. Biopotentials.
Diffuse potential is the potential difference on the borderline of two electrolyte solutions with different concentration or different composition due to different ion mobility.

The value of diffuse potential can be calculated using Henderson equation:
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where U – cation mobility; V – anion mobility.

Diffuse potentials can appear in biological objects in the result of impairment, e.g. cellular membranes.

The electrolytes travel from the place of impairment to the intact areas.

The damaged tissue is charged negatively when compared with the intact one, it means that diffuse potential of the impairment occurs. It equals about 30–40 mV.

Membrane potential is formed on the borderline of two solutions if there is a semi-permeable membrane, which passes cations and captures anions. Therefore, one side of the membrane is charged positively, the other – negatively.
 KCl

KCl

+│



│–

+│



│–

+│



│–
  K+



Cl-
C1  C2
where C1 and C2 — are cation concentration on the both sides of the membrane, and C2> C1, that is membrane potential is calculated using Nernst equation for concentration chain electromotive force.

Semi-permeable membrane transmits cations K+, and Cl- anions are delayed because the outer surface of the membrane positively charged, and the inner surface of the membrane negatively charged, which results in membrane potential.

Value of K+ concentration in the cell and outside the cell is 20: 1, so you can calculate the membrane potential:

еmemb = 0,059lg 20 = 0,0591,3=0,077 V

The changes in membrane potential, which accompany transmission of nerve impulses or muscular contraction, are due to the flow of potassium cations from the cell and sodium cations to it. This results in potential reduction, which can be registered using macroelecrodes placed inside and outside the cell.
BIOPOTENTIALS
Potential difference measured in the state of physiological rest of the cell is called rest potential.

Rest potential in different cells equals 50–100 mV.

The cause of biopotential appearance is uneven distribution of K+ and Na+ ions. The number of K+ ions in the intracellular fluid is 20–40 times higher than in the extracellular fluid, while Na+ is 10–20 times higher in the extracellular one.

The ions of organic acids pass the membrane with difficulty. At rest K+ ions pass from the intracellular fluid to extracellular.

Thus, inner surface of the cell is charged negatively, while external is charged positively.

The value for rest potential can be determined using the Nerst equation:

er=(RT/nF)ln([K+]in/[K+]ex),

where «in» is inner, «ex» external.

Action potential is explained by increase of cellular membrane permeability for Na+ at the moment of excitation while K+ ions rate remains the same.

In the initial moment of action potential appearance, termed depolarization, resting potential decreases, that is Na+ ion flow into the cell results in reduction of the membrane negative charge on the internal surface and later in recharge.

The value of action potential is calculated using the formula:
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The period of membrane depolarization lasts less than a second, then the flow of K+ ions from the cell increases and the contrary flow of Na+ ions decreases. This goes on until the potential restoration to the value of resting potential. After that K+ ion diffusion decreases up to the initial value. This phase is called repolarization.

Biocurrent registration is used in medical diagnosis, electrocardiography in particular. Electrocardiography is the study of the heart physiology by means of registration of the electrical potentials, which develop during the work of the heart muscle.

Electroencephalography is the method of investigation of the bran activity based on registration of the potentials produced by the nerve cells of the brain.

- list of practical skills to be mastered.

After studying the subject you must be able to make the equation of the ORR by ion-electron method, to calculate the equivalent, the equivalence factor, molar mass of equivalent of oxidizing and reducing agent in the ORR, to determine the direction the ORR using the values of the standard redox potentials; to be able to determine the value of electrode potentials, to make the scheme of the electrodes and galvanic cells, to determine the pH of biological liquids by potentiometric method.
Laboratory work 
“The study of the properties of buffer solutions using potentiometry”
1.
Calculate the volume of equimolar solutions of acids and their salts for preparation of acetate and phosphate buffer with known pH value.

2.
Make buffer solutions using the calculated volumes of acids and salts.

3.
Measure pH of the buffer solutions using pH-meter. Glass electrode (indicating electrode) and chlorine-silver electrode (reference electrode) are used to measure pH of the solution.

4.
Measure pH of the buffer solutions after addition of electrolyte solutions (HCl and NaOH) as well as after dilution.

5.
Fill in the table with the obtained findings.

6.
Record the data into the table and make conclusions.

Table 1.
	Solution
	рH value

	
	Calculated
	Measured

	Initial buffer solution
	
	

	Diluted solution
	
	

	After addition of HCl
	
	

	After addition of NaOH
	
	


Conclusion:

8. Tasks for knowledge control.
Class 1.

1. Calculate electrode potential of magnesium electrode if active concentration of magnesium ions is 1 mol/l, T=298 K.
А. е = – 2,67 V

B. е = + 2,67 V

C. е = 0 V

2. Calculate pH of formic acid solution, if quinhydrone electrode potential immersed into this solution at T=298 K is 0,48 V. 

А. рН = 7,15

B. рН = 3,73

C. рН = 10,35

3. Calculate electromotive force of an electrochemical circuit consisting of calomel and quinhydrone electrodes immersed in the solution of hydrochloric acid with:

pH = 2,15, T = 298 K, ecal. = +0,248 V, eoquin. = +0,7 V

А. E.M.F. = 0,33 V

B. E.M.F. = 0,63 V

C. E.M.F. = 0,93 V

Answers: 1 – А; 2 – Б; 3 – А.

Class 2.

1. Calculate electrode potential of a zinc electrode if active concentration of zinc ions is 1 mol/l, T=298 K.

А.
0,45 V



В.
0,76 V


С.
0,85 V.

2. Calculate electromotive force of a galvanic element consisting of two silver electrodes immersed in a solution of silver nitrate with active concentration of silver ions 0.1 mol/l and 0.01 mol/l, T=298 K.

А.
E.M.F. = 0,049 V



В.
E.M.F. = 0,059 V


C.
E.M.F. = 0,069 V

3. What is the direction of redox reaction: Cu+ + Fe3+ → Cu2+ + Fe2+ ?

А.
left



В.
right


С.
the reaction does not proceed
Answers: 1 – В; 2 – В; 3 – В.

9. Recommendations for the work results design
Algorithms for solving educational problems of class work and self-work, and conclusions of laboratory work should be recorded in the workbook. 
10. Suggested readings
 V. Kalibabchuk, V. Halinska, L. Hryschenko, S. Hodzynski, T. Ovsyanikova,  V. Samarski. Medical chemistry. –Kyiv AUS Medicine Publishing, 2010, −224p.
Навчальне видання

Електродні потенціали і механізм їх виникнення. Роль електрохімічних явищ в біологічних процесах.
Методичні вказівки для самостійної роботи студентів 1-го курсу
 з медичної хімії

Укладачі:

Сирова Ганна Олегівна, 

Макаров Володимир Олександрович,

Козуб Світлана Миколаївна,
Петюніна Валентина Миколаївна, 

Андрєєва Світлана Вікторівна,

Габовецька Євгенія Романівна

Шаповал Людмила Григорівна,

Тішакова Тетяна Станіславівна,
Левашова Ольга Леонідівна,
Наконечна Світлана Анатолівна,
Савельєва Олена Валеріївна,
Лук’янова Лариса Володимирівна, 

Копотєва Наталія Василівна, 

Чаленко Наталія Миколаївна
Відповідальний за випуск Козуб С.М.

Комп’ютерний набір та верстка Козуб С.М.
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