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Dear first-year students!
Staff of the medical and bioorganic chemistry department congratulates You with successful matriculation to the Kharkiv National Medical University.
In the conditions of the development of independent country which aims at the integration in European and global community, difficult and demanding challenges are set for system of high education. Education reform, especially Bologna process, makes provision for search, development and realization of new forms and methods of professional education for practicing physicians.
Chemical sciences in the training system of medical students are those natural sciences which help future doctors to get knowledge and practical skills necessary for studying other subjects either biomedical or clinical.

In the medical and bioorganic chemistry department work highly qualified teachers who helps You to master medical chemistry.
We wish you success!
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Basic safety instructions
1. Students in the classrooms must work in lab coats with long sleeves. Long hair must be gathered up nattily.
2. During the work the students should keep silence, be neat, accurate, they shouldn’t be hasty. Every student should read carefully procedure of laboratory work before its performing; all actions must be done accurately and in accordance with description.

3. Thousands of chemicals have been used in lab rooms, and traces of them are on every table. Although invisible, these chemicals can still be potent. So to avoid inadvertently ingesting a harmful chemical, don't even put your pen in your mouth to hold it. Never pipette a solution by mouth to prevent accidental burning of the nasal passages and prevent mucus membranes. Always use a pipette filler.

4. Never open flammable liquids near an open flame. Pressurized vapors often escape, creating the potential for a flash fire. Keep all flammable liquids (ethanol, ether, benzene) away from open flames.
5. It is necessary to watch out for gas valves, they must be sealed up. Burner devices can not be left unattended.
6. Use extreme caution when heating any liquid in a closed or constricted container. For example, when heating a liquid in a test tube, always apply heat at the interface of the solution and the air. Heating below this point can cause bumping which is the rapid evaporation and evolution of steam below a liquid layer, which causes hot dangerous fluids to be ejected from the test tube. Also, be aware of where your tube is pointed, so if bumping does occur the projectile does not hit your face or your neighbor's face

7. Never smell a chemical directly. Use your hand to waft the odor to your nose. This dilutes the odor and can prevent accidental burning of the nasal passages, and prevent mucus membranes from some of the more potent vapors like ammonia

8. If you are called upon to dilute or use concentrated reagent, please remember to add the reagent to water. NEVER ADD WATER TO A CONCENTRATED REAGENT!!! Do not pour concentrated acids and bases in the sink!
9. After finishing the work in the laboratory, clean up your working place, wash chemical utensils, and turn off the water and gas. Reagents and utensils must be handed over the duty student or laboratory assistant.
10. In the case of any injuries or burnings inform teacher. All emergent questions must be decided with teacher or laboratory assistant.
I have read and understood safety instructions_________________________
                  student's signature
LIST OF ABBREVIATIONS
ATP – adenosine triphosphate
HMWC – high-molecular-weight compound

g. – gas

DLFO – Derjaguin-Landau-Verwey-Overbeek 

E.M.F. – electromotive force

comb. – combustion

IEP – isoelectric point

in. – intracellular

Redox reactions – oxidation-reduction reactions

SAS – surface-active substance

SIS – surface-inactive substance

DEL – double electric layer

Kinst – constant of instability

Ksp – solubility product

ext. – extracellular

l – liquid

av. – average

t.u. – titrimetric units

f – formation

ESR – erythrocyte sedimentation rate 
g.j. – gastric juice

C0 – initial concentration

Ceq – equilibrium concentration
Subject 1: General information about biogenic elements. Complex formation in biological systems.
Number of hours – 4.
Motivational characteristics
All living organisms, their tissues and organs contain practically all chemical elements of D.I. Mendeleyev's Periodic table. Abnormalities result in the development of pathological states. D-block metals play their biological function in the form of biocomplex compounds.
Studying the chemistry of biogenic elements and complex formation is necessary for a future physician for better understanding of normal and pathological processes.

Questions for out-of-class self-work for estimation of students' initial level of knowledge 
1. Vernadsky and Vinogradov’s theory.

2. Classification of chemical elements according to different criteria.

3. General information about the chemical properties of biogenic elements in conjunction with biogenic role.

4. Fundamentals of the A. Werner’s coordination theory.

5. Classification and nomenclature of complex compounds.

6. Theory of the chemical bond in complex compounds.

7. Geometry of the complex ion.

8. Equilibriums in water solutions of complex compounds. Constant of instability. Biocomplex compounds.

9. Complex compounds in nature and their application in medicine. Chelation therapy.
Practical skills
1. To be able to characterize elements from the point of view of their electronic structure, chemical and biogenic properties and in accordance with their position in Mendeleyev’s Periodic table and form of existence in human body.

2. To be able to determine the type of the complex compound and name it.

3. To be able to determine the oxidation state and coordination number of the complexing agent (central ion).

4. To be able to make an interpretation of stability of complex ions according to the values of instability constants.
Questions for class-work and self-work:
1. Write electronic and graphic formula of the following chemical elements: K, Ca, C, N, Cl, Fe. Determine valence and oxidation state of these elements.
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
2. Compare Redox and acid-base properties of chemical elements from different groups.
_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
3. Indicate internal and external complex sphere, complexing agent and ligands in the following complex compound: [Pt(NH3)4Cl2]Cl2.

____________________________________________________________________________________________________________________________________
4.Which of the following particles can serve as complexing agents: Ni+, Fe3+, Na+, Cl–, Fe2+, NO2–, F–?
5. Which of the following particles can serve as ligands? Classify them:

SO42–, Co3+, F–, CO32– , Ni2+, Cl–, H2O, Br–, NH3.
__________________________________________________________________________________________________________________________________________________________________________________________________________
6. Name the following complex compounds:
а) Na[Co(NO2)4(NH3)2]____________________________________________
b) [Cr(H2O)(NH3)4Cl]Cl2_____________________________________________________________________
c) [Pt(NH3)2Cl4]__________________________________________________
7. Write the expression of the Kinst for complex ion of the following complex: [Co(H2O)4Cl2]+ ______________________________________________________
____________________________________________________________________
8. Determine in which solution of the underwritten complex compounds the concentration of mercury ions is the greatest?


a) K2[HgCl4]; Kinst=10–23

b) K2[HgBr4]; Kinst=10–11

c) K2[HgI4]; Kinst=10–8
9. Application of instability constants values for the selection of antidote.
_______________________________________________________________________________________________________________________________________
__________________________________________________________________
10. Give stereoisomers (cis- and trans-isomers) for [Pt(NH3)2Cl2].
______________________________________________________________________________________________________________________________________
Laboratory works.
Experiment 1. Test for carbonate ions (CO32–)

Place 2—3 drops of 1% calcium chloride in a test tube and add 2—3 drops of 1% sodium carbonate solution. White precipitate forms. This precipitate is soluble in acetic and hydrochloric acids. Write the formation reaction equations and dissolution of this precipitate.
______________________________________________________________________________________________________________________________________
Experiment 2. Test for thiosulfate ions (S2O32–)

Place 2—3 drops of 1% sodium thiosulfate in a test tube, add 2—3 drops of diluted nitric acid. Turbidity of solution can be observed. Write the reaction equation.
____________________________________________________________________________________________________________________________________________________________________________________________________________
Experiment 3. Test for iron (III) cations (Fe3+)

Place 2−3 drops of 1% iron(III) sulfate solution in a test tube. Add 2−3 drops of 1% potassium hexacyanoferrate (II). Observe the formation of dark-blue precipitate of Prussian blue (iron hexacyanoferrate(II)). Write the reaction equations.
______________________________________________________________________________________________________________________________________
Experiment 4.

Study of instability constant's influence on the direction of complex formation.


Chromogen black and Trilon B form chelate complexes with calcium ions in accordance with the equations (see p.32). Chromogen black forms a less stable red complex with Ca2+-ions (Kinst is high), which breaks after addition of Trilon B because Ca2+-ions pass into more stable complex with Trilon B (Kinst is low). Solution turns blue due to the presence of free molecules of chromogen black.


Thus, complex formation reactions in the solution and in the human body proceed in the direction of stable complex formation with less instability constant.
Experimental technique
Place 20 drops of 0,1% calcium chloride in a test tube, add 10 drops of ammoniacal buffer solution and 1 drop of chromogen black. Observe appearance of colour in the solution. Add Trilon B drop by drop from the dropping bottle into the same tube until colour changes.
Observations:__________________________________________________________________________________________________________________________
Conclusions: __________________________________________________________________________________________________________________________________________________________________________________________________________
_________________________________________________________________

Date______________

Teacher's signature_________________________
Subject 2. Values characterizing quantitative composition of solutions. Preparation of solutions. Colligative properties of solutions.
Number of hours – 4.
Motivational characteristics.

Solutions play an important role in vital activities. Solutions concentration is the main quantitative characteristic which we will use at the studying of subsequent subjects of medical chemistry and also in the learning of other biomedical and clinical disciplines.

Colligative properties are properties of a solution that depend only on the relative numbers of particles of solvent and solute molecules. One of the main colligative properties is osmotic pressure which occurs as a result of process called osmosis. Living organism is characterized by consistent value of osmotic pressure, oncotic pressure and depression of biological liquids. Studying of this subject allows to form professional approach in application of hypo-, iso- and hypertonic solutions as medicinal products.
Questions for out-of-class self-work for estimation of students' initial level of knowledge 
1. Values characterizing quantitative composition of solutions: mass percent (percentage), molar concentration, molal concentration, molar concentration of equivalent, titer, mole fraction.

2. Role of water and aqueous solutions in human life and activities.

3. Colligative properties of solutions:
a) Raoult’s law and what follows from the above law;

b) diffusion and osmosis;

c) osmotic pressure;

d) causes of the deviations from Van't Hoff's and Raoult’s laws in the electrolyte solutions;

e) theoretical basis of osmometry, cryometry, ebulliometry;
f) the peculiarities of osmosis in the living organism.
Practical skills:
1. To be able to calculate solution concentrations and prepare solutions of given concentration.

2. To be able to calculate osmotic pressure, depression for nonelectrolyte and electrolyte solutions.

3. To be able to use osmometry and cryometry in order to calculate molar mass of compounds

4. To classify solutions according to the values of their osmotic pressure and make a prognosis of the processes taking place in a cell when placing it to the hypotonic, isotonic or hypertonic solution.
Questions for class-work and self-work:
1. Calculate mass of sodium chloride for preparation of a 500 mL of 0.9% physiological solution (d = 1 g/mL).
___________________________________________________________________________________________________________________________________
_________________________________________________________________

2. Calculate mass of sodium hydroxide for preparation of 200 mL solution with molar concentration 0.05 mol/L.
_____________________________________________________________________________________________________________________________________
__________________________________________________________________
3. Calculate the molar concentration of 5% glucose solution isotonic with blood (d = 1 g/mL).
___________________________________________________________________________________________________________________________________
4. Determine the equivalence factor of sulfuric acid, calcium hydroxide, iron (III) sulfate.
_________________________________________________________________________________________________________________________________________________________________________________________________________
5. 500 mL of a solution contain 4.9 g of sulfuric acid. Calculate the molar concentration of the sulfuric acid equivalent (normality) and titer for this solution.
______________________________________________________________________________________________________________________________________
6. Calculate the mole fraction of 20% glucose solution.
_________________________________________________________________________________________________________________________________________________________________________________________________________
7. Depression in freezing point of non-electrolyte solution containing 29.5 g of a substance in 100 g of water is 1.6 °K. Determine the molar weight of the substance. (Cryometry).
______________________________________________________________________________________________________________________________________
___________________________________________________________________

8. Calculate the osmotic pressure of 5 % glucose solution and the osmotic pressure of 0.2 %, 0.9 % and 10 % sodium chloride solutions on the base of Van't Hoff's law (d = 1.1 g/mL for 10 % NaCl).
__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
9. Compare the values obtained in task 8 with posm. of the blood. Describe and name processes that take place after placing the red blood cell into isotonic, hypotonic and hypertonic solutions.
______________________________________________________________________________________________________________________________________
___________________________________________________________________

10. Calculate the molar weight of hemoglobin, if the osmotic pressure of hemoglobin in water containing 124 g/L of a substance equals 4.40 kPa at t = 17 °C. (Osmometry).
______________________________________________________________________________________________________________________________________
___________________________________________________________________

Write and remember:
The osmotic pressure (posm.) of blood in norm: ___________________________
Osmolality (Cosm.) of blood in norm:_________________________________
Oncotic pressure of blood:_________________________________________
Depression of blood:______________________________________________

Isotonic solutions: _______________________________________________
Laboratory works:
Experiment 1. Preparation of sodium hydroxide solution with given molar concentration of equivalent (normality).


Every student receives a task to prepare a definite volume of NaOH with given molar concentration of equivalent. Every student calculates mass of NaOH, which is necessary to prepare solution and weight it using the technical balance. Then every student quantitatively transfers this sample weight into the beaker, add required volume of distilled water, measured by chemical cylinder, and mix.
Obtained solution will be used for laboratory work on titrimetric analysis.
Experiment 2. The rise of Traube's “artificial cell”


Pour 5 mL of 5% CuSO4 solution into the flask and carefully place there a small crystal of potassium ferrocyanide (don't shake). Describe external effect in 20 minutes. 
______________________________________________________________________________________________________________________________________
Write chemical equation.
___________________________________________________________________
__________________________________________________________________

Explain the phenomenon.
_______________________________________________________________________________________________________________________________________
_________________________________________________________________
Date________________

Teacher's signature___________________
Subject 3. Acid-base equilibrium in the organism. pH of biological liquids
Number of hours – 4.
Motivational characteristics.

All biological liquids are water solution with a given rate of pH. Studying of pH of biological liquids enables to determine pathological phenomena taking place in an organism and to prevent diseases.
Questions for out-of-class self-work for estimation of students' initial level of knowledge 
1. Ion product of water.

2. pH is a measure of the medium active acidity.

3. Calculation of pH in solutions of strong and weak acids and bases.

4. Hydrolysis of salts. Calculation of pH in solutions of salts undergoing hydrolysis.
Practical skills:
1. To make the pH calculation in the solutions of acids, bases and salts.

2. To determine the concentration of hydrogen ions according to the pH and pOH values.

3. To use knowledge of this subject for the estimation of medium acidity of biological fluids.
4. To determine pH in solutions using indicators.
Questions for class-work and self-work:
1. Write the dissociation equations of the following substances: H2O, H2CO3, NaOH, H2SO4, CH3COOH, NH4OH, Na2SO4. What is the strength of these electrolytes?
_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
______________________________________________________________
2. Active and total acidity in the solutions of strong and weak acids.
______________________________________________________________________________________________________________________________________

3. Calculate the pH of a 0.05M HCl solution.
______________________________________________________________________________________________________________________________________

4. Calculate the pH of a 0.03 M NaOH solution.
______________________________________________________________________________________________________________________________________

5. Calculate the pH of a 1M solution of CH3COOH if Ka(CH3COOH)=1.8∙10–5.
____________________________________________________________________________________________________________________________________
6. Calculate the pH of a 0.01M solution of NH4OH if α=0.042.
_____________________________________________________________________________________________________________________________________

7. Determine the concentration of hydrogen ions in the blood if pH = 7.35.
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
8. Determine the concentration of hydroxyl groups in the solution of potassium hydroxide if pH = 12.0.
_________________________________________________________________

9. There are two samples of gastric juice. The content of hydrochloric acid in one of the samples is 0.1 %, in the other — 0.2 %. Where will the pH value be higher?
__________________________________________________________________
__________________________________________________________________
_________________________________________________________________

10. Write the hydrolysis reactions for salts which undergo hydrolysis in the ionic and molecular forms: NH4Cl, KCl, Na2SO4, CH3COONa. Predict whether aqueous solutions of these salts are acidic, neutral, or basic?
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
11. Calculate the pH value in the solution of sodium acetate, if the concentration of salt C(CH3COONa) = 0.05 mol/L, and K (CH3COOH) = 1.8·10-5.
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Write and remember:
1. pH value of blood in norm=_____________________________________
2. pH value at acidosis=___________________________________________
3. pH value at alkalosis=___________________________________________
4. Normal pH value of gastric juice=__________________________________
5. pH value for «hyperacidity»______________________________________
6. pH value for «hypoacidity»=_____________________________________
7. pH value for «zero acidity»=______________________________________
8. Normal pH value of saliva=______________________________________
9. Normal pH value of cerebrospinal fluid=___________________________
Laboratory works:
Experiment 1. pH determination in electrolyte solutions using indicators methyl orange and phenolphthalein.

Place 20 drops of each of the following solutions into the test tubes: acetic acid, sodium hydroxide, ammonium hydroxide and water. Add 2 drops of every indicator: methyl orange and phenolphthalein to each of these tubes. Observe colour changing in the solution.
Observations:

________________________________________________________________________________________________________________________________________
Conclusions:

______________________________________________________________________________________________________________________________________
Experiment 2. Apply 1 drop of every solution, mentioned in experiment 1, on the strip of universal indicator paper. Record changing of coloration and pH value according to the scale of universal indicator.

Observations:

______________________________________________________________________________________________________________________________________

Conclusions:

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Date ____________________
Teacher's signature____________________
Subject 4. Buffer solutions, their composition and properties. Buffer systems of the organism.
Number of hours – 4.
Motivational characteristics.

Stability of the organism’s pH systems is a pledge of its normal vital activity. This stability is maintained not only by physiological (work of liver, kidney, lungs, intestine) but also by the physical-and-chemical mechanisms (buffer systems) of compensation. Understanding of mechanism of action of buffer systems makes possible to predict biochemical processes' behavior in response to pH changes.
Questions for out-of-class self-work for estimation of students' initial level of knowledge 
1. Buffer systems and their classification according to the composition.
2. The mechanism of action of acidic, basic and ampholytic buffer systems.
3. The Henderson-Hasselbalch equation for estimating the pH of a buffer solution.
4. Buffer capacity and what factors it depends.

5. Body buffer systems, their localization and mechanism of action.
Practical skills:
1. To be able to characterize the mechanism of action of buffer systems including body buffer system.

2. To be able to calculate the pH value of a buffer solution by its composition and the buffer solution composition using the given pH value.
3. To be able to calculate the buffer pH change after addition of strong acid or base.
4. To be able to calculate the buffer capacity.

5. To be able to prepare buffer solutions and determine its pH by means of potentiometry.
Questions for class-work and self-work:
1. Which of the following mixtures possesses buffer action: a) HNO3; NH4NO3; b) H2CO3; KHCO3; c) H2CO3; (NH4)2CO3; d) NH4OH; NH4HSO4.
2. Illustrate the buffer action of hydrocarbonate, phosphate and ammoniacal 
buffer systems.
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
3. Illustrate the buffer action of protein buffer system. Isoelectric point of proteins.
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
4. Calculate the pH value of a buffer solution prepared by mixing 300 mL of 0.1M NH4Cl solution with 150 mL of 0.2M NH3·H2O, Kb(NH3·H2O) = 1.8∙10-5.

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

5. Calculate the pH value of acetate buffer solution prepared by mixing 150 mL of 0.1M CH3COOH solution with 250 mL of 0.2M CH3COONa solution. Ka (CH3COOH) = 1.8∙10-5. What will be the change in pH value of this solution after addition of 6 mL of 0.1M NaOH solution?
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

6. Calculate the volumes of acetic acid solution and sodium acetate solution with the same molar concentration which ought to be mixed to obtain 400 mL of a buffer solution with рН = 5.24, if Ka(СН3СООН)=1.8∙10-5.
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
_________________________________________________________________

7. To change the pH value from 7.36 to 7.00 it is necessary to add 36 mL of 0.05M HCl solution to 100 mL of blood. Calculate the buffer capacity of blood.
________________________________________________________________________________________________________________________________________8. Phosphate buffer systems contain 0.02 M solutions of Na2HPO4 and NaH2PO4 taken in the following proportions:


1) 10 mL of Na2HPO4 and 20 mL of NaH2PO4

2) 20 mL of Na2HPO4 and 30 mL of NaH2PO4

3) 40 mL of Na2HPO4 and 40 mL of NaH2PO4
Which of these solutions has the highest value of buffer capacity?
Write and remember
Composition of body buffer systems:

hydrocarbonate

phosphate
hemoglobin buffer system

oxyhemoglobin buffer system

amino acid buffer system
protein buffer system
Laboratory works
Studying the properties of buffer solutions using potentiometry.
Main property of buffer solution is the ability to maintain constant concentration of hydrogen-ions after addition of a small amount of strong acid or base, after dilution and concentration.

The following reactions take place if HCl or NaOH solutions are added to the acetate or phosphate buffer solutions:

	CH3COO- + H+ ↔ CH3COOH
СH3COOH + OH- ↔ CH3COO- + H2O
	HPO42- + Н+ ↔ H2PO4-
H2PO4- OH- ↔ HPO42- + H2O


Buffer solutions are prepared using equimolar solutions of corresponding acid(base) and its salt, taken in the given volume ratio.
The operation process
1. Calculate the volume of ______________ and volume of _______________ in order to prepare 20 mL of _________________ buffer solution with pH = ____________.

Concentrations of acid and salt are 0.02 mol/L, рК (CH3COOH) = 4.75; рК (H2PO4-) = 6.8.
2. Measure proper volumes of solutions by means of burette, add to a beaker and mix up carefully.

3. Measure pH of the prepared buffer solution by means of pH-meter following the pH-meter operation manual. Don’t pour out the solution.

4. Pour 5 mL of the buffer solution to the measuring flask and add distilled water up to 50 mL. Divide the remaining solution into two equal portions. Pipette 1 mL of HNO3 solution (the molar concentration of the equivalent is 0.01 mol/L) to the first portion and 1 mL of NaOH solution of the same concentration to the other one.
5. Measure pH of the obtained solutions with the pH-meter and note down the data to the table:
	Solution
	pH values

	
	Calculated data
	Measured data

	Initial buffer solution
	
	

	The solution after the HNO3 addition
	
	

	The solution after the NaOH addition
	
	

	Diluted solution
	
	


The experimental data processing
Calculation the pH value of buffer solution after the addition of HNO3:

_____________________________________________________________________________________________________________________________________

Calculation the pH value of buffer solution after the addition of NaOH:

______________________________________________________________________________________________________________________________________
Calculation the pH value of buffer solution after the dilution:

______________________________________________________________________________________________________________________________________

Conclusions:

_________________________________________________________________________________________________________________________________________________________________________________________________________

Date
_____________    

Teacher's signature ___________________
Subject 5. Fundamentals of titrimetric analysis. Preparation and standardization of the operating solution of NaOH.
Number of hours – 4
Motivational characteristics.
Titrimetric analysis is a method of quantitative analysis based on the measurement of the volume (mass) of a solution with a precisely known concentration of a reagent (the titrant) required for reaction with a given amount of a substance being determined (the analyte). This method is widely used in clinical, biochemical, sanitary-and-hygienic and other laboratories for experimental researches and for clinical analysis during determination acid-alkali balance, acidity of gastric juice etc.
Questions for out-of-class self-work for estimation of students' initial level of knowledge:
1. The main concepts of titrimetric analysis: titration, titrant, equivalence point, end point, indicator, titration curve, standard solution, standardized solution, titration jump.

2. Law of equivalents.
3. The requirements for the reactions and reagents used in the process of titrimetric analysis.

4. Classification of the methods of titrimetric analysis.

5. Methods of acid-base titration.
6. Operating solutions: concepts, requirements, and methods of preparation of standard and standardized solutions.
7. Titration technique and method for the determination of the equivalence point.
8. Titration curves.
9. Indicators: definition, principles for choosing indicators for titration.
Practical skills:
1. To be able to determine the equivalent molar weight.
2.  To be able to calculate sample weight necessary to prepare a definite volume of operating solution with the given molar concentration of the equivalent.

3. To be able to calculate the molar concentration of equivalent if mass of sample weight is known in the given volume.

4. To be able to perform titration;
5. To be able to calculate molar concentration of equivalent and titer for solution to be analyzed according the titration results.

Questions for class-work and self-work:
1. Calculate the mass of sodium carbonate needed to prepare 500 mL of the solution with molar concentration of equivalent 0.1 mol/L. __________________________________________________________________

__________________________________________________________________

2. 250 mL of a solution was prepared from 1.51 g of phosphoric acid. Calculate molar concentration of equivalent and titer of this solution ______________________________________________________________________________________________________________________________________

__________________________________________________________________

3. Calculate the mass of potassium hydroxide needed to prepare 500 mL of 0.05M KOH solution. Name preparation method of this operating solution.

__________________________________________________________________
__________________________________________________________________

4. 8 mL of NaOH solution were used to titrate 10 mL of Н2С2О4·2Н2О, С(1/2 Н2С2О4·2Н2О) = 0.05 mol/L. Calculate C(NaOH) and T(NaOH). Name method of preparation of operating solution of Н2С2О4·2Н2О.

________________________________________________________________________________________________________________________________________

___________________________________________________________________
__________________________________________________________________

5. Calculate mass of Na2B4O7∙10H2O needed to prepare 500 mL of 0.05N solution. Name method of preparation of this operating solution.

________________________________________________________________________________________________________________________________________
__________________________________________________________________

6. Which indicator should be taken during the titration of Н2С2О4·2Н2О with NaOH and why? Justify the answer.

____________________________________________________________________________________________________________________________________

7. Underline indicator, taken for titration of ammonium hydroxide with hydrochloric acid solution:

а) methyl orange; 

b) phenolphthalein; 

с) chromogen black
8. Underline indicators, taken for titration of hydrochloric acid solution with sodium hydroxide:

а) methyl orange; 

b) phenolphthalein; 

с) chromogen black
9. 6.3 g of sample of technical acetic acid was dissolved by water in 200 mL volumetric flask. 16 mL of 0.06N KOH solution were used to titrate 10 mL of obtained acetic acid solution. Calculate mass percent of acetic acid in test sample. __________________________________________________________________
___________________________________________________________________

10. Write and remember formulas for calculations in titrimetric analysis:

а) sample weight____________________________________________________;
b) equivalent molar concentration of investigated solution
_________________________________________________________________;
c) titer of solution___________________________________________________;
d) law of equivalents_________________________________________________.
Laboratory work.
Preparation and standardization of NaOH solution.
Summary of the method: neutralization method is based on the acid-base reactions. In the course of such titration pH value of the solution changes. Standardization of the solutions is performed when substance does not meet the requirements applied to the standard substances in order to determine exact equivalent molar concentration and titer. 
Experimental procedure:
1. Pipette 5 mL of the standard solution of the oxalic acid to the titration flask;

2. Add 2 – 3 drops of the indicator (phenolphtalein);
3. Fill a burette with sodium hydroxide solution (standardized solution) and perform titration dropwise until the appearance of light-pink coloration.

4. Titration should be performed triple to obtain similar results.

5. Measure volume of the investigated NaOH solution which was consumed for titration and calculate molar concentration of equivalent and titer of NaOH. The data of the titration should be noted down to the table:

	№
	V(H2C2O4), mL
	V(NaOH), mL


	The results of the calculation

	1
	V1 = 5.0
	V1 =
	

	2
	V2 = 5.0
	V2 =
	

	3
	V3 = 5.0
	V3 =
	С NaOH=

	                                                            Vav. =
	Т NaOH=


The experimental data processing:

1) Standard solution of oxalic acid dihydrate:
m (sample weight) = ____________  g;   V of the solution =  _______________ L.
Calculate molar concentration of equivalent of the oxalic acid dihydrate:__________________________________________________________

__________________________________________________________________

2) Calculate molar concentration of equivalent of NaOH (using law of equivalents)_________________________________________________________
___________________________________________________________________________________________________________________________________________________________________________________________________________

3) Calculate the titer of NaOH__________________________________________
__________________________________________________________________
Conclusions______________________________________________________________________________________________________________________________

Date_______________


Teacher's signature________________
Subject 6. Gastric juice acidity determination and tap water hardness determination.
Number of hours – 4.
Laboratory work «Gastric juice acidity determination» - 2 hours.

Summary of the method.
Acid content in physiological liquids influences the cell activity, organs and entire organism. Determination of acidity of gastric juice, blood, urine belongs to the series of analysis which are performed to diagnosis of diseases and monitor the treatment.
Pure gastric juice is a colorless liquid with pieces of mucus. It contains hydrochloric acid, enzymes, mineral substances, gastric secretin, mucus, residues of organic compounds.
In clinical practice the acidity of gastric juice is expressed in titrimetric (clinical) units: the quantity of 0.1M NaOH solution in mL which is required for neutralization of 100 mL of gastric juice.
The content of free hydrochloric acid and the total acidity of gastric juice are determined during the clinical analysis.
The range of a standard total acidity of gastric juice is 40—60 mmol/L (t.u.) and for the content of free hydrochloric acid (actual acidity) is 20—40 mmol/L (t.u.). If the result exceeds the normal value it is called a hyper acidity. Such phenomena is observed at the peptic ulcer, hyperpeptic gastritis and at a number of nervous disorders.

If the result is less than a normal value it is called a hypo acidity. Hypoacidity is observed at the acute infectious diseases, hyperpeptic gastritis, gastric cancer etc.
Experimental procedure.
1) Pipette exact volume (5 mL) of the investigated solution of gastric juice (aliquot);

2) Transfer this aliquot into the titration flask and add 2 – 3 drops of phenolphthalein and methyl orange. Then add two drops of the indicators: methyl orange and phenolphthalein;

3) Fill the burette with NaOH solution and perform titration. Titrate against NaOH until colour changes from red to orange coloration. Stop the titration and reading of the burette which represents the end point (V1). Write down result in the table below. The volume of NaOH solution used for the titration (V1) should be noted down then. Continue the titration of this sample up to the color change through yellow to crimson and then note down the volume of NaOH solution volume used for the titration (V2). Fill the table.
	4) The titration process should be carried out till three coincided results will be obtained. 
№
	Results of titration V (g.j.) = 5 mL
	The results of the calculation

	
	V1 (NaOH), mL
	V2 (NaOH), mL
	

	1
	
	
	

	2
	
	
	

	3
	
	
	

	V1av. =
	V2av. =


The experimental data processing:
1) Calculation of the correction factor:
K = 
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2) Calculation of active acidity of gastric juice:
HClfree = 
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3) Calculation of total acidity of gastric juice:
The total acidity =
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Conclusions__________________________________________________________________________________________________________________________________________________________________________________________________
___________________________________________________________________
Date_______________


Teacher's signature________________
Laboratory work «Hardness water determination» - 2 hours.
Summary of the method.
Hardness is one of the technological parameter taken to characterize content and quality of natural waters. Water is called hard if it has high concentration of Са2+ and Mg2+ ions. There are two types of hardness: temporary – caused by the presence of hydrocarbonates Ca(HCO3)2 and Mg(HCO3)2; noncarbonate – caused by the presence of sulphates and chlorides of Са2+ and Mg2+ in water.

The complexometric method of analysis is used to determine hardness of water. It is based on the titration of water at the presence of ammonium buffer and indicator with trilon B till the colour change from red to blue. The complex of metal ion with the trilon B solution forms during the titration:

[image: image4.emf]
The complex of metal ion with the indicator is broken down in the process of titration, a new complex with trilon B is formed and the indicator is segregated in a free state. The indicator in the free state and the indicator combined with the metal ion are colored differently:

Ме2++H2Ind ↔ MeInd+2H+ ; 

MeInd+Trilon B ↔ Ме-B Trilon+H2Ind
               blue           red                                     red                                                         blue
	The value of total hardness
	Type of water

	till 2
from 2 till 6
from 6 till 10
more than 10
	soft

moderate hardness

hard

very hard


Experimental procedure.
1) Pipette exact volume (5 mL) of tap water and transfer into the titration flask;
2) Add 2.5 mL of ammonium buffer and 2 drops of indicator (chromogen black);
3) Fill the burette with trilon B and start titration. Titrate the water against trilon B solution until the coloration changes from red to blue;
4) The titration process should last until tree coincided results (values) are obtained;
5) Measure the volume of trilon B required for titration, and note down the data into the table:

	№
	V(H2O), mL
	V(trilon B), mL
	The results of the calculation

	1.

2.

3.
	V = 5.0
V = 5.0
V = 5.0
	V1 =
V2 =
V3 =
	

	Vav. =


The experimental data processing:
1) Calculate the molar concentration of equivalent of standard solution of trilon B, if

M(Na2H2Y) = ______ and there are m = _____ g in V =_ ____ mL of solution:
[image: image21.png]mNa ,H,Y)
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2) Calculate total hardness of water:
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Conclusions_________________________________________________________
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Date_______________


Teacher's signature________________
Subject 7. Chemical thermodynamics.
Number of hours – 4
Motivational characteristics: chemical thermodynamics is a theoretical base for studying the metabolism and energy in living organisms. Also this science helps to set specific features of transformation of different kinds of energy, predicts possibility of reactions and direction of chemical processes.
Questions for out-of-class self-work for estimation of students' initial level of knowledge:
1. Basic concepts of chemical thermodynamics: system, thermodynamics parameters, thermodynamic state function.

2. First law of thermodynamics.

3. Enthalpy change. Standard heat effects.

4. Thermochemical equation. Heat of formation and combustion for compounds.

5. Laws of thermochemistry: Lavoisier and Laplace's law and Hess's law.  Consequences of Hess's law.
6. Second law of thermodynamics. Entropy.

7. Criteria of spontaneous processes. Gibbs equation. Types of biochemical reactions according to the ∆ Gº values.

8. Application of laws of chemical thermodynamics to the living systems (stationary state, homeostasis, mechanism of energetical conjugation).
Practical skills:
1. To be able to calculate the heat effect of chemical reaction using the enthalpies of formation or combustion of reactants and products;
2. To be able to use thermochemical calculations for energetic characteristics of biochemical processes;
3. To be able to calculate caloricity of food products;
4. To be able to use thermodynamic functions for estimation of the processes direction.
Questions for class-work and self-work:
1. Choose thermodynamic functions:

а) heat effect; b) mass; c) Gibbs energy; d) entropy; e) concentration; f) volume;

g) enthalpy; h) pressure; і) internal energy; j) temperature; k) Helmholtz energy.

2. Choose thermodynamic state functions:

а) heat effect; b) mass; c) Gibbs energy; d) entropy; e) concentration; f) volume;
g) enthalpy; h) pressure; і) internal energy; j) temperature; k) Helmholtz energy.

3. Which parameter does not change during the
а) isothermic process_____________________________
b) isobaric process_______________________________
c) isochoric process______________________________

4. During an isobaric expansion a steady pressure of 200 kPa causes the change of gas volume from 4 L to 6 L. How much heat must be supplied to increase the internal energy by 600 J.

5. Calculate the heat effect of ethanol formation reaction from ethylene and water, if: ∆Нºf (С2Н5ОН) = -235,31 kJ/mol; ∆Нºf (С2Н4) = 52,28 kJ/mol;

∆ Нºf (Н2О) = -241,83 kJ/mol. Write the thermochemical equation.

_________________________________________________________________________________________________________________________________________________________________________________________________________
6. Aerobic and anaerobic processes occur in the human body during glucose oxidation:

С6Н12О6 (s) = 2С2Н5ОН (l) + 2СО2 (g)

С6Н12О6 (s) + 6О2 (g) = 6СО2 (g) + 6Н2О (l)
Determine in which of the above-mentioned reactions more energy is released if ∆Нºf(С6Н12О6(s))= -1274 kJ/mol; ∆Нºf(С2Н5ОН(l)) =-277 kJ/mol;  ∆Нºf(СО2(g)) =

-393.5 kJ/mol; ∆Нºf (Н2О (l)) = -286 kJ/mol.

____________________________________________________________________________________________________________________________________
___________________________________________________________________
7. Calculate the heat of formation of N2O (g) in the following thermochemical equation 

С (graphite) + 2N2O (g) = СО2 (g) + 2N2 (g), ∆ Н = -557.5 kJ,
if ∆Нºf (СО2(g))= - 393.5 kJ/mol.

_______________________________________________________________________________________________________________________________________
___________________________________________________________________
8. Calculate the heat effect of the glucose fermentation reaction:

С6Н12О6 (s) = 2С2Н5ОН (l) + 2СО2 (g),
if ∆ Нºcomb. (С6Н12О6) = -2815 kJ/mol;

∆ Нºcomb. (С2Н5ОН) = -1367 kJ/mol.

_____________________________________________________________________________________________________________________________________
_________________________________________________________________

9. Heat formation of fat in the human body is 9.3 kkal/g. A student’s average daily requirement in fat is 90 g. Calculate daily energy requirements based on fat intake.

____________________________________________________________________________________________________________________________________
_________________________________________________________________
10. Main metabolism of person is 105 kJ per kg of body mass. Calculate mass of glucose required to meet energy requirement of man with body mass of 72 kg.

____________________________________________________________________________________________________________________________________
11. Calculate caloricity of 200 g of milk containing 3.2% of fats, 5.5% of carbohydrates, 26.6% of proteins, if ∆Нcomb.(fat)=39.9 kJ/g; ∆Нcomb.(proteins) =        17 kJ/g; ∆ Нcomb. (carbohydrates) = 17 kJ/g.

______________________________________________________________________________________________________________________________________

____________________________________________________________________
12. Predict whether the following reaction is spontaneous at the 95ºС
Na2O (s) + Н2О (l) ↔ 2NaOH (s), if:
	Compound
	∆ Н,f kJ/mol
	∆Sº, J/mol

	Na2O (s)

Н2О (l)
NaOH (s)
	- 416

- 286

- 427.8
	75.5

70

64.16


_______________________________________________________________________________________________________________________________________
Laboratory work “Food Ration Assessment”
Physiological food standards include a quantitative characteristic (food caloric value) and a qualitative characteristic (proteins, fats, mineral salts and vitamins, as contained in food). Caloric or energy value is estimated in kilocalories (kcal) or in kilojoules (kJ). 

1 kcal (4,18 kJ) is the quantity of heat required to warm 1 l of water by 1ºC. The need of a human being in energy must correspond with his/her daily energy expenditure, as excessive energy consumption is sure to result in lipopexia, i.e. in obesity. 

Daily energy expenditure covers unregulated and regulated expenses in common conditions. Unregulated expenses consist in the energy, consumed for the basal metabolism of energy expenses during digestion. The basal metabolism value (BMV) depends on body weight, age, gender, physiological state and other external and internal factors. 
Regulated expenses manifest themselves in the energy consumed to do various kinds of tasks. Approximate energy expenses in different activities can be seen in table 1. 
Table 1
Approximate energy consumption in various activities 
(including basal metabolism)
	Activity
	Energy expenses,
kcal/min.×kg
	Activity
	Energy expenses,
kcal/min.×kg

	180-m/min. running 
	0.1780 
	Dishwashing
	0.0343 

	8-km/hr. running
	0.1357 
	Floor washing
	0.0548 

	Conversation in the sitting position
	0.0252 
	Floor sweeping
	0.0402 

	Conversation in the standing position 
	0.0267 
	Linen washing
	0.0530 

	Relaxation in the standing position
	0.0264 
	Linen pressing
	0.0323 

	Relaxation in the sitting position
	0.0229 
	Writing
	0.0240 

	Food intake in the sitting position
	0.0236 
	Dressing, undressing
	0.0281 

	Speech, report
	0.0369 
	Gymnastics 
	0.0845 

	Computer work
	0.0247 
	Ski-running
	0.0546 


Physical activity coefficient (PAC) is the correlation of energy expenses for doing a certain kind of tasks with the basal metabolism value per time unit. PAC shows to what extent body energy expenses for a given type of work surpass the basal metabolism value. The correlation of overall energy expenses for all activities with the basal metabolism value reflects the level of a man’s physical activity in general in twenty-four hours. It is used to estimate human daily energy expenses. 
Table 2
Energy expenses in adults doing different physical activities, as related to the basal metabolism value (BMV)
	Activity
	PAC 
	Activity
	PAC
	

	Dream
	1,.0 
	Transport driving
	1.7 
	

	Relaxation in the sitting position
	1.2 
	Meal cooking, child care
	2.2 
	

	Walking: 
	Household chores
	2.7 
	

	at home
	2.5 
	Reading, studying at home
	1.6 
	

	strolling at a slow pace
	2.8 
	Lessons 
	1.9 
	

	at an ordinary pace 
	3.2 
	reviewing literary sources
	2.0 
	

	with a 10-kg load 
	3.5 
	doing a laboratory work
	2.6
	

	Food intake 
	1.5 
	Sports:
moderate activity (dancing, swimming, tennis) 
	4.2-6.6 

	

	Sports:
Light activity (billiards, skittles, golf) 
	2.1-4.4 

	Sports: hard exercises (football, athletics, rowing)
	6.6 and more
	


This indicator can be estimated more precisely, if take average values of basal metabolism for a person of a certain gender, age and body weight. For this purpose you should find a respective basal metabolism value in table 3 to calculate the basal metabolism value per hour (BMV = BM:24). Next, there should be made up the timing of various kinds of cognitive and physical activities in twenty-four hours. Finally, BMV should be multiplied by PAC from table 2 for a given group of population. 
Table 3
Basal metabolism values (kcal) for an adult depending on 
his/her gender, body weight, age
	Men
	Women

	Body weight, kg
	Aged 18-29
	Body weight, kg
	Aged 18-29

	50
	1450
	40
	1080

	55
	1520
	45
	1150

	60
	1590
	50
	1230

	65
	1670
	55
	1300

	70
	1750
	60
	1380

	75
	1830
	65
	1450

	80
	1920
	70
	1530

	85
	2010
	75
	1600

	90
	2110
	80
	1680


Task 1. Calculate your own energy expenses.
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Task 2. Make an approximate food ration (per day) and estimate its balance taking basic food substances. 
Table 4
Content of basic nutrients in portion nutrition
	The name of a product
	Portion, g

	
	Proteins
	Fats
	Carbohydrates
(digested)

	Yogurt natural 1,5% fat
	5
	1.5
	3.5

	Cheese Russian
	23.4
	30
	0

	Dutch cheese
	26.0
	26.8
	0

	Milk
	2.8
	3.2
	4.7

	Mayonnaise
	3.1
	67
	2.6

	Butter
	0.6
	82.5
	0.9

	Bacon
	1.4
	92.8
	0

	20% sour cream
	2.8
	20
	3.2

	Sausages
	11.6
	19.8
	2.0

	Chicken
	18.2
	18.4
	0.7

	Veal
	19.7
	1.2
	0

	Pork
	11.4
	49.3
	0

	Perch
	17.6
	5.2
	0

	Tuna
	22.7
	0.7
	0

	Humpback salmon 
	21.0
	7.0
	0

	Hake
	16.6
	2.2
	0

	Egg (chicken)
	12.7
	11.5
	0.7

	White bread
	7.6
	0.9
	45.6

	Apples
	0.4
	0.4
	0.8

	Tomatoes
	1.1
	0.2
	0.3

	Dark chocolate
	5.4
	35.3
	52.6

	Marmalade
	0
	0.1
	77.7

	Peanut
	26.3
	45.2
	9.7

	Hazelnut
	16.1
	66.9
	9.9


You should take into consideration that the table shows the content of substances in 100 g of a product, not in a portion. It is necessary to make a recalculation in the preparation of the ration. For example, 130 g of potatoes contains: 2×130/100 = 2,6 g of protein, 0,4×130/100 = 0,52 g of fat, 15×130/100 = 19,5 g of carbohydrates. The data should be put in the table (the number of rows can be varied in correspondence with the food ration). 

Table 5
The content of basic nutrients in food ration
	Food ration
	Portion, g
	Contained in the food ration, g

(recalculated for a portion)

	
	
	Proteins
	Fats
	Carbohydrates

	Breakfast:
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	Dinner:
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	Supper:
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	Total:
	
	
	
	


Table 6
The estimate of basic nutrients (%) contribution to the general ration caloricity
	Caloricity:
contribution to the general caloricity
	proteins
	fats
	carbohydrates

	Optimum relationship
	12%
	30%
	58%


Date_______________


Teacher's signature________________
Subject 8. Kinetics of biochemical reactions and catalysis. Chemical equilibrium.
Number of hours – 4
Motivational characteristics:
Chemical kinetics is the study of rates and mechanisms of chemical processes. Chemical kinetics includes investigations of how different experimental conditions can influence the chemical and biochemical processes. Most reactions in the body are enzyme-catalyzed reactions. That's why knowledge of this subject helps future doctor to choose those medicinal product efficiency of which is determined by the rate of chemical reaction occurring in the human body under its influence.
Questions for out-of-class self-work for estimation of students' initial level of knowledge:
1. Basic concepts of chemical kinetics: reaction rate, reaction rate constant, homogeneous and heterogeneous system.

2. Definition of reaction rate for homogeneous and heterogeneous system. 

3. Dependence of reaction rate on the concentration (law of mass action), temperature (Van`t Hoff`s rule), nature of reactants and catalysts. 

4. Order and molecularity of a reaction. Kinetic equations and half-life period for first, second and zero order reactions.

5. Activation energy. Arrhenius equation.

6. Kinetics of complex reactions: consecutive, parallel, coupled, chain mechanisms.

7. Catalysis and catalysts. Kinetics of enzymatic catalysis. Michaelis-Menten theory.

8. Chemical equilibrium. Shifting of chemical equilibrium, Le Chatelier’s principle. Berthelot rule.

9. Heterogeneous equilibria. Solubility product (Ksp). Formation and dissolution of precipitates. 

10.  Heterogeneous equilibria in the human body.
Practical skills:
1. To be able to analyze dependence of reaction rate on the temperature and concentration.
2. To be able to explain dependence of reaction rate on the activation energy and peculiarities of catalysts’ action.
3. To be able to describe action of enzymes and peculiarities of enzymatic reactions.
4. To be able to predict the directions of chemical reactions.
5. To be able to calculate the equilibrium constant and solubility product.
6. To be able to predict possibility of formation and dissolution of precipitates.

Questions for class-work and self-work:
1. Choose factors that influence the reaction rate:
а) Q; b) С; c) Т; d) ∆ Н; e) catalyst; f) ∆ S; g) nature of reactants.

2. Write kinetic equation for forward and reverse reactions :
а) СО (g) + Cl2 (g) ↔ СОCl2 (g)______________________________________
b) С (s) + СО2 (g) ↔ 2СО (g)________________________________________

3. What will be the change in rate of the reaction:

N2 (g) + 3Н2 (g) ↔ 2NH3 (g), if pressure in the system is doubled?

__________________________________________________________________
4. What will be the change in rate of the reaction: N2 (g) + О2 (g) ↔ 2NО (g) if concentration of nitrogen is three times decreased?

__________________________________________________________________

__________________________________________________________________
5. What will be the change in rate of the reaction if temperature is increased by 30ºС (γ=3)?

__________________________________________________________________

____________________________________________________________________

6. Calculate temperature coefficient of a chemical reaction if after the temperature reduction to 30ºC reaction rate is eight times decreased.

___________________________________________________________________

___________________________________________________________________
7. Choose the value of temperature coefficient for rate of biochemical reaction: 

a) 2-4; 

b) 3-5; 

c) 7-10.

8. Complete the following sentences correctly:

а) order of enzymatic reaction depending on the enzyme concentration_______________________________________________________
b) order of enzymatic reaction at the low concentration of substrate 

__________________________________________________________________

c) order of enzymatic reaction at the high concentration of substrate 

__________________________________________________________________
9. Equilibrium of the reaction 2Н2 (g) + О2 (g) ↔ 2Н2О (g); ∆ Н < 0 will shift to the right if:

а) temperature is increased;
b) pressure is decreased;
c) pressure is increased;
d) oxygen concentration is decreased.

10. Write the expression for Keq for the following reaction:

СО2 (g) + С (s) ↔ 2СО (g)  ________________________________________

and calculate Кeq, if [СО]=0.05 mol/L; [СО2(g)]=0.044 mol/L.

__________________________________________________________________
11. Determine the direction in which the equilibrium will be shifted 
СО2 (g) + С (s) ↔ 2СО (g), if
а) concentration of СО is increased__________________________________

b) concentration of СО2 is increased_________________________________

c) pressure is increased ___________________________________________

d) pressure is decreased ___________________________________________
12. Ksp(PbCl2)=2.4·10-4.Will the precipitate of PbCl2 form, if equal volumes of Pb(NO3)2 (C = 0.1mol/L) and NaCl (C=0.1 mol/L) are mixed?
________________________________________________________________________________________________________________________________________________________________________________________________________

13. Calculate solubility of AgCl using the solubility product constant Ksp(AgCl)=1.7·10-10.
______________________________________________________________________________________________________________________________________
__________________________________________________________________

Laboratory work. Study of the kinetics of chemical reaction.
Experiment 1. Influence of sodium thiosulfate concentration on the rate of thiosulfuric acid decomposition. 


Summary of the method: Nitric acid reacts with sodium thiosulfate with formation of thiosulfuric acid according to the following steps:
Na2S2O3 + 2HNO3 → H2S2O3 + 2NaNO3 (fast)

H2S2O3 → S↓ + SO2↑ + H2O (relatively slow)
According to the chemical kinetics: the rate-limiting step is the slowest step of multi-step reactions. 

Nitric acid concentration remains constant in all experiments, so estimation of conditional reaction rate should be done according to the change in sodium thiosulfate concentration. 
Experimental procedure:
1. Fill three burettes with solutions of sodium thiosulfate, nitric acid, and water.

2. Take two test tubes; pour sodium thiosulfate and water from burettes into one test tube, and nitric acid into another one. Then pour together the contents of the test tubes and note the time when the turbidity arises (formation of opalescent ppt of sulfur) by means of the stopwatch.  This procedure should be done 5 times varying the volumes of reagents according to the table.
3. Calculate concentration of sodium thiosulfate and complete the table: 
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4. Calculate values of conditional reaction rate and complete the table:
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, where t- time of turbidity (measured by stop watch).
	№
	Volume, mL
	Obtained conc. of Na2S2O3 (C), mol/L
	Time of turbidity  (
[image: image7.emf]), sec
	Conditional reaction rate, 1/s

	
	НNO3
	H2O
	Na2S2O3
	
	
	

	1
	2.5
	2.0
	0.5
	
	
	

	2
	2.5
	1.5
	1.0
	
	
	

	3
	2.5
	1.0
	1.5
	
	
	

	4
	2.5
	0.5
	2.0
	
	
	

	5
	2.5
	0
	2.5
	
	
	


5. Plot the graph in the coordinates ʋ – Сsalt and make conclusions.
Conclusions________________________________________________________________________________________________________________________________________________________________________________________________
___________________________________________________________________

Date_______________


Teacher's signature________________
Experiment 2. Determination of the temperature coefficient for reaction of thiosulfuric acid decomposition.

Experimental procedure:
Pour from burettes 2 mL of sodium thiosulfate into one test tube and 2 mL of nitric acid into another one. Place the test tubes in the beaker filled with tap water and measure the temperature by the thermometer in 2-3 min. Then pour reagents together in the one test tube keeping it in the beaker and note by the stopwatch the time when the turbidity arises. 
The experiment should be carried out 4 times using the same volumes of reagents but the temperature should be increased by 10 degrees each time. In order to increase the temperature, pour hot water into the beaker and note the temperature by the thermometer. Calculate temperature coefficient according to the formula: 
[image: image8.emf]
	Test number
	Temperature, К
	Time, sec
	Conditional reaction rate, sec
	Temperature coefficient, γ

	1.
	
	
	
	

	2.
	
	
	
	

	3.
	
	
	
	

	4.
	
	
	
	


Calculate the average value of temperature coefficient: __________________________________________________________________
Conclusions____________________________________________________________________________________________________________________________

__________________________________________________________________
__________________________________________________________________

__________________________________________________________________
_________________________________________________________________

Date_______________


Teacher's signature________________
Subject 9. Oxidation-reduction reactions. Electrode potentials and mechanism of their origin. Role of electrochemical phenomena in biological processes. Potentiometry.
Number of hours – 4

Motivational characteristics.
Biological liquids and tissues contain certain amount of electrolytes that’s why they have high electroconductivity. Electrolytes play a vital role in maintaining acid-base balance, in normalization of water-salt metabolism and osmotic pressure. Studying of electrolyte imbalance and its in time correction is the main factor of effective treatment of diseases. Electrochemical processes are widely used in medical practice and biomedical researches. Potentiometric method of pH measurement is used in medicine, biology, biochemistry for pH determination of biological liquids and tissues without changing their composition and properties. Data about biopotential change depend on the physiological state of cells and organs that's why they are used in the methods of electrography and encephalography.
Questions for out-of-class self-work for estimation of students' initial level of knowledge:
1. Oxidation-reduction reactions: definition, concepts: oxidizing agent, reducing agent, oxidation, reduction.
2. Dependence of the oxidation-reduction properties of the compound on the valence of atom in its.
3. Types of oxidation-reduction reactions.

4. Electrode potentials and mechanisms of their origin. Double electric layer (DEL).

5. Nernst’s equation for electrode potential determination.

6. Measurement of electrode potentials. Normal (standard) electrode potential, its physical meaning. Standard hydrogen electrode.

7. Classification of electrodes. Electrodes of first, second, third kind, membrane electrodes.

8. Galvanic elements (chemical and concentrating).
9. Electrodes and circuit for pH measurement.

10. Diffusion and membrane potentials.

11. Biopotentials: rest and action potentials.

12. Potentiometry.
Practical skills:
1. To be able to make up ORR equations using ion-electron method (the half-reaction method).
2. To be able to measure electrode potentials.
3. To be able to interpret Nernst’s equation and use it for calculations.
4. To be able to make up the patterns of electrodes and galvanic elements for pH measurement in biological liquids.

Questions for class-work and self-work:
1. Balance the following oxidation-reduction reactions using half-reaction method:

а) Na2SO3 + KMnO4 + H2SO4 → Na2SO4 + MnSO4 + K2SO4 + H2O
__________________________________________________________________________________________________________________________________________________________________________________________________________
____________________________________________________________________
b) CrCl3 + H2O2 + NaOH → Na2CrO4 + NaCl + H2O
___________________________________________________________________________________________________________________________________________________________________________________________________________

__________________________________________________________________
c) KMnO4 + KNO2 + H2O → MnO2 + KNO3 + KOH
________________________________________________________________________________________________________________________________________________________________________________________________________
2. Calculate the electrode potential of zinc electrode, if the active concentration of zinc ions is 5 mol/L and Т = 298 К.
__________________________________________________________________
_________________________________________________________________
3. Calculate the pH value of formic acid solution, if the potential of the quinhydrone electrode placed into this solution is 0.48 V at Т = 298 K, e0quin=0.7V.
______________________________________________________________________________________________________________________________________
__________________________________________________________________

4. Calculate the potential of oxidation-reduction electrode in which the following reaction takes place: Cr3+ + e = Cr2+, if Т = 298 K, α Cr2+ = 0.01 mol/L; α Cr3+  = 0.001 mol/L, e0 = – 0.41 V.
__________________________________________________________________________________________________________________________________________________________________________________________________________
5. Calculate the electromotive force and make up a pattern of the galvanic element consisting of iron and silver electrodes.
e0 Ag+Ag=+0.799 V; e0 Fe 2+Fe=−0.441 V. 
______________________________________________________________________________________________________________________________________
6. The E.M.F. of the galvanic element composed of calomel and hydrogen electrodes is 0.35 V. Calculate the pH value if ecal = +0.248 V.
____________________________________________________________________________________________________________________________________________________________________________________________________________

7. Write down the scheme of galvanic cell composed of the following electrodes
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[image: image10.emf] e0 Co3+/Co2+=+1.81 V; e0 MnO4-/Mn2+=+1.52 V. 

What processes take place in each electrode and in the galvanic element itself? Calculate the E.M.F. of the element under the standard conditions.

________________________________________________________________________________________________________________________________________________________________________________________________________
8. What is the value of E.M.F. of the concentrating cell composed of two hydrogen electrodes placed into the solution with hydrogen ions concentration 0.01 mol/L and 0.001 mol/L correspondingly at Т = 298 K?
________________________________________________________________________________________________________________________________________________________________________________________________________
Write and remember
1. Ratio 
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3. Under resting conditions (resting membrane potential) external surface of cellular membrane is charged________________________________________________________

4. Forming stages of action potential: a)_______________________________

b)_____________________________________________________________

Laboratory work. Determination of nitric acid concentration by potentiometry.
Experimental procedure.
	Measure 10 mL of nitric acid solution into a beaker. Set up the burette, filled with the 0.1M NaOH, over the beaker. Potentiometric titration is performed using the electrode system consisting in two electrodes: indicating (glass) electrode and reference (silver chloride) electrode. Place system of electrodes in the beaker with investigated solution, turn on the pH-meter and measure pH value before the addition of titrant. Add 0.5 mL of NaOH standard solution to every 10 mL of HNO3 solution. Note down results in the table.
№
	Volume of NaOH, mL
	рН

	1
	0.5
	

	2
	1.0
	

	3
	1.5
	

	4
	2.0
	

	5
	2.5
	

	6
	3.0
	

	7
	3.5
	


Plot a titration curve according to the measurement results. Place the volume of titrant (NaOH) added to the investigated solution on the x-axis, and place the pH of the investigated solution on the y-axis. After determination the equivalence point calculate volume of NaOH consumed on the titration of 10 mL of nitric acid. The end of the titration can be defined by the changing of potential of indicator electrode near equivalence point.
Using the data about the number of moles of acid (CaVa) and base (CbVb) it is possible to calculate concentration of acid and make conclusion.
Conclusions__________________________________________________________________________________________________________________________________________________________________________________________________
_________________________________________________________________
____________________________________________________________________

___________________________________________________________________
Date_______________


Teacher's signature________________
Subject 10. Sorption of biologically active compounds on the phase interface. Ion exchange. Chromatography.
Number of hours – 4.
Motivational characteristics.
Biological systems are heterogeneous. There are a lot of processes which occur at the phase interface. These phenomena are the base for the mechanisms of the nutrients exchange and metabolism of medicinal products. Chromatography is used in biomedical researches as method of quantitative and qualitative determination of biologically active compounds and for clinical purposes. Hemosorption, plasma sorption, enterosorption are based on the phenomena of adsorption.
Questions for out-of-class self-work for estimation of students' initial level of knowledge:
1. Free surface energy and surface tension.

2. Surface-active and surface inactive agents. Surface activity. Traube’s rule. 

3. Orientation of surfactants molecules in the surface layer. 

4. Adsorption at the liquid-gas and liquid-liquid interface. Gibbs’ equation. Surface tension and adsorption isotherms. 

5. Adsorption on solids. Langmuir’s equation. 

6. Structure of biological membranes. 

7. Physico-chemical fundamentals of adsorption therapy.

8. Ion adsorption. Peskov-Fajans rule of selective adsorption. Types of ion exchangers.

9. Biological significance of selective adsorption.

10. Chromatography. Classification of chromatographic methods according to mobile phase, stationary phases and separation mechanism. The essence of chromatography.

11. Chromatography in biology and medicine.
Practical skills:
1. To be able to analyze behavior of adsorption phenomena, apply Gibbs’ and Langmuir equation for adsorption phenomena.
2. To be able to explain factors of selective adsorption, peculiarities of ion exchange in biological structures, separation of mixtures using the chromatographic methods.
Questions for class-work and self-work:
1. Drop of liquid has spherical form. Why?

__________________________________________________________________
__________________________________________________________________

2. Which of the following substances are surface-active and which are surface-inactive agents? C17H35COONa, K2SO4, C3H7OH, HCl, NaOH, C5H11NH2, C4H9SO3H, HSO3Cl. 
________________________________________________________________
3. Point hydrophilic and hydrophobic groups in the molecules of propionic acid (C2H5COOH) and butan-1-ol (CH3CH2CH2CH2-OH). How are these molecules oriented on the surface of a liquid?

____________________________________________________________________________________________________________________________________

4. According to the Gibbs’ equation determine surface activity value at which adsorption is possible.

__________________________________________________________________
5. How many times surface activity of valeric acid (CH3CH2CH2CH2COOH) is greater than that of acetic acid (CH3COOH)?

__________________________________________________________________

6. Calculate the amount of acetic acid (adsorbate) adsorbed per gram of charcoal (adsorbent) if mass of adsorbent is 0.5 g, V (CH3COOH) = 25 mL, С0(CH3COOH) = 0.450 mol/L, Сeq(CH3COOH) = 0.312 mol/L. Use the formula from the laboratory work.

______________________________________________________________________________________________________________________________________

7. Using the Langmuir’s equation calculate the value of maximal adsorption, if concentration of propionic acid solution is 0.05 mol/L, adsorption coefficient  is 0.75, the amount of adsorption is 0.016 mol/L.

__________________________________________________________________
__________________________________________________________________

8. There is acetic acid in a solution. Which adsorbent must be taken for adsorption?________________________________________________________

_________________________________________________________________

9. Patient has liver failure. Which method of adsorption therapy must be applied?

а) hemosorption   

b) enterosorption   
c) application therapy
10. Patient has a foodborne disease. Which method of adsorption therapy must be applied?

а) hemosorption   

b) enterosorption   
c) application therapy
11. Which of the following methods heal infectious wounds and burnings?

а) hemosorption   

b) enterosorption   
c) application therapy
12. Which of the following ions will be preferentially adsorbed on AgCl particles: Na+, Ca2+, SO42-, Cl-, NO3-, Ag+?________________________________________

13. Place following ions in the order of increasing of adsorption ability: Fe3+, Ca2+, K+, Th4+, and I-, Br-, Cl-, CNS-.
________________________________________________________________
14. Explain the process of ion-exchange adsorption using the example of permutite – [Permutite Na2], which is applied for water softening, blood decalcination.  
__________________________________________________________________

__________________________________________________________________

15. After separation the solvent mixture, containing n-butanol/acetic acid, level of solvent rises to 15 cm. Calculate Rf for separated compounds if distance from spotting line till coloured spots is 4 and 9.5 cm, respectively.

_______________________________________________________________________________________________________________________________________
___________________________________________________________________

Laboratory work.

Adsorption of acetic acid on charcoal.
The purpose of the work

To study dependence of acetic acid adsorption from solution on concentration.
Experimental procedure:
Place 0.5 g of charcoal in each flask and add 25 mL of acetic acid solutions of the different molar concentrations using the burette. Adsorption takes 30 min. Shake up the content of flasks periodically. In 30 min filter solutions through filter paper. Pour away first 2-3 mL of filtrate. Determine the concentration of acetic acid after adsorption by titration against NaOH (CNaOH = 0.1 mol/L), VCH3COOH = 5mL. Titrate each solution 3 times in order to obtain the average value. Note down the data to the table:
	№
	С (CH3COOH)
	V (CH3COOH)
	C (NaOH)
	V (NaOH)

	1.
	0.2
	5 mL
	0.1
	

	2.
	0.1
	5 mL
	0.1
	

	3.
	0.05
	5 mL
	0.1
	

	4.
	0.025
	5 mL
	0.1
	


Calculate equilibrium concentrations of acetic acid according to the equation:
Ceq(CH3COOH) = 
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Calculate the value of absorption according to the equation:
Г = 
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Plot the graph of adsorption isotherm
To make conclusions about the dependence of acetic acid adsorption from solution on concentration.
Conclusions____________________________________________________________________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

__________________________________________________________________

Date_______________


Teacher’s signature_______________
Subject 11. Preparation and properties of colloidal solutions. Coagulation of colloidal solutions. Colloidal protection.


Number of hours – 4.

Motivational characteristics.
Biological liquids of the human body are colloidal solutions which contain slightly soluble cholesterol, carbonates, phosphates, urates and salts of other acids.  Break of their stability causes their precipitation resulting in arteriosclerosis, holelithiasis, urolithiasis, etc. Coagulation phenomena form the basis of determination of erythrocyte sedimentation rate (ESR), blood clotting. Knowledge of these phenomena is necessary for future doctors to understand processes taking place in the human organism.
Questions for out-of-class self-work for estimation of students' initial level of knowledge:
1. Dispersed system (definition and components).
2. Classification of dispersed systems according to the degree of dispersion; according to the aggregative state of dispersed phase and dispersing medium; according to the degree of interaction between dispersed phase and dispersing medium.
3. The conditions and methods of obtaining colloidal solutions.

4. Structure of colloidal particles.

5. Methods of purification of colloidal solutions.

6. The properties of colloidal solutions: molecular-kinetic, optical, electro-kinetic.

7. Types and factors of stability of colloidal solutions.

8. Coagulation under the electrolyte influence. Hardy-Schulze rule.

9. Phenomena which accompany coagulation.

10. Coagulation kinetics. Derjaguin-Landau-Verwey-Overbeek theory.

11. Coagulation in biological systems.

12.  Colloidal protection.

Practical skills:
1. To be able to obtain a colloidal solution, determine charge of granule and write formula of micelle.
2. To be able to distinguish colloidal and true solutions basing on the differences in their molecular-kinetic and optical properties.
3. To determine in practice the coagulation threshold.
4. To calculate the protective value.
Questions for class-work and self-work:
1. Which group of the dispersed systems a substance with the following size of the particles of the dispersed phase belongs to: a) 5∙10–7 m; b) 5∙10–8 m; c) 5∙10–9 m;

d) 5∙10–10 m?
_____________________________________________________________________________________________________________________________________

2. Which of the following reactions can be used for obtaining of colloidal solutions:

а) H2SO4 + Fe → FeSO4 + H2
b) H2SO4 + BaCl2 → BaSO4 + 2HCl

c) H2SO4 + Na2SiO3 → Na2SO4 + H2SiO3

3. 3 mL of Fe(NO3)3 (C(Fe(NO3)3 = 0.007 mol/L) solution were mixed with 5 mL of Na3PO4 (C(Na3PO4) = 0.01 mol/L solution. Write the structure of the obtained micelle.
_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

4. Compare the value of osmotic pressure in H2SO4 solution and in the colloidal solution of H2SiO3 if their molar concentrations are identical.
_____________________________________________________________________________________________________________________________________

5. Using the knowledge about optical properties of colloidal solutions compare true solution of H2SO4 with colloidal solution of H2SiO3.

___________________________________________________________________

___________________________________________________________________

6. Determine the direction of movement of colloidal particles obtained in q.3 during electrophoresis.
____________________________________________________________________7. Patient has kidney failure. Artificial kidney apparatus is used for renal compensation. Name method which is the basis for the design of this apparatus?
а) dialysis   


b) sorption   

c) compensation dialysis

8. Write the formulae of sols micelles: Al(OH)3, stabilized by AlCl3 and SiO2, stabilized by H2SiO3. Which ions cause coagulation of these sols (Hardy-Schulze rule): Na2SO4, KCl, FeBr3, CaI2, Na3PO4? What series are called lyotropic and what do they show?

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

____________________________________________________________________

____________________________________________________________________

9. The value of electrokinetic potential decreased to 30 mV after addition of electrolyte. Will coagulation start at this potential?
__________________________________________________________________

__________________________________________________________________

10. To cause the coagulation of 10 mL of ferric hydroxide (III) sol 1.05 mL of 0.01 M solution of KCl; 6.25 mL of 0.001 M solution of Na2SO4 and 3.7 mL of 0.001 M solution of Na3PO4 were added in each case. What is the charge of sol particles? What is the value of coagulation threshold of each electrolyte? Determine the ratio of ions coagulating power.

____________________________________________________________________________________________________________________________________________________________________________________________________________

___________________________________________________________________

___________________________________________________________________

11. 3 mL of 4 % starch solution protect 50 mL of Fe(OH)3 sol from coagulation at the addition of 1 mL of 10 % NaCl solution. Calculate the protective value (gold number) of starch.
____________________________________________________________________________________________________________________________________
Laboratory works.
Experiment 1. Determination of colloidal particles charge by capillary method
Capillary method is based on the following phenomenon: cellulosic cells of the capillaries of filter paper are charged negatively while water soaking the paper is charged positively.
Experimental procedure:
A drop of Berlin blue solutions obtained earlier from ferric chloride (III) solution with C(FeCl3) = 0.005 mol/L and potassium ferrocyanide (II) solution with C(K4[Fe(CN)6]) = 0.005 mol/L taken in the following proportions is placed on the filter paper: a) 3 mL of FeCl3 solution and 1 mL of K4[Fe(CN)6]; b) 3 mL of K4[Fe(CN)6] solution and 1 mL of FeCl3 solution.

After the absorption of the drop a positive sol is adsorbed by the paper and produces a spot colored in the center and having colorless edges; negative sol isn’t adsorbed by the paper and produces evenly colored spot. Describe the results of the observation. Write the formulae of micelles of sols used in this experiment.
_________________________________________________________________________________________________________________________________________________________________________________________________________
Experiment 2. Determination of coagulation threshold of iron(III) hydroxide sol.

According to the Hardy – Schulze rule, coagulation threshold decreases with increasing of the charge of ion causing coagulation. The least molar concentration of equivalent of the coagulating electrolyte can be determined by the arising of turbidity in the sol. 
Experimental procedure: 
1. Fill in burettes: 1 – with solution of potassium chloride, C(KCl)=1mol/L; 2 – with solution of potassium chromate C(
[image: image15.emf] K2CrO4) = 0.1 mol/L; 3 – With solution of potassium hexacyanoferrate(III) C(
[image: image16.emf]K3[Fe(CN)6])=0.01mol/l.

2. Take three test tubes and place 5 mL of iron(III) hydroxide sol in each one. 
3. Add potassium chloride dropwise to the first sol, potassium chromate – to the second, and potassium hexacyanoferrate(III) – to the third one until turbidity arises (coagulation). Note down the data into the table.
	№ 
	Electrolyte
	C(E) of electrolyte, mol/L
	Volume of electrolyte, V(x), mL
	Coagulating ion
	Coagulating power, P(x), L/mmol
	Coagulation

threshold, C(x)
mmol/L

	1
	KCl
	1 mol/L
	
	
	
	

	2
	K2CrO4
	0.1 mol/L
	
	
	
	

	3
	K3[Fe(CN)6]
	0.01 mol/L
	
	
	
	


The experimental data processing
1. Calculation of coagulation threshold:   

C(x)=
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2. Calculation of coagulating power of electrolytes:
P(x)=
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Conclusions_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

_________________________________________________________________-

_________________________________________________________________

Date_______________


Teacher's signature________________
Subject 12. Properties of biopolymers solutions. Isoelectric point of protein. Defence of the course paper «Chemistry of biogenic elements».

 Number of hours – 4.
Properties of biopolymers solutions. Isoelectric point of protein. – 2 hours.
Motivational characteristics.
High-molecular-weight compounds have a great influence on the life activity of the organism. These are natural polymers – proteins, nucleic acids, polysaccharides. Cells of all tissues in the organisms consist of natural polymers. Good knowledge of peculiarities of biopolymers solutions enables to understand better processes taking place in the organism (inflammations, edemas, etc.), and to apply different polymers in medical practice (prostheses, component parts of apparatuses “artificial kidney”, “heart-lungs”, etc.).
Questions for out-of-class self-work for estimation of students' initial level of knowledge:
1. Definition of HMWC and their classification according the basis of origin, spatial structure, chemical composition and mode of synthesis.
2. Swelling and dissolution of polymers. Influence of HMWC nature, tº, рН and presence of electrolytes on the swelling. Degree of swelling.
3. Properties of HMWC solution: molecular-kinetic, optical and electro-kinetic properties in comparison with true and colloidal solutions.
4. Stability of polymers solutions. Salting out, coacervation, denaturation.

5. Methods of determination of protein isoelectric point.
6. Properties of gels and jellies. Phenomena of syneresis and thixotropy.

7. Influence of HMWC nature, concentration, pH, temperature, electrolytes on the gel formation (jellification).
Practical skills:
1. To be able to determine isoelectric point of proteins, degree of swelling.

2.  To be able to determine protective action of polymers. 
Questions for class-work and self-work:
1. Choose the HMWC according to the value of molar mass: 

а) 16000 а.m.u.  

 b) 1600 а.m.u.  
   
c) 500 а.m.u.  


2. Choose synthetic HMWC: 

а) DNA   


b) polyethylene   

c) acetyl cellulose

3. Choose natural HMWC: 

а) protein   

b) teflon  


c) trinitrocellulose

4. Choose synthetic HMWC: 

а) polysacharide   
b) polystyrene   

c) acetyl cellulose

5. Choose the mode of synthesis of HMWC: 

а) polymerization  
b) polycondensation.

6. 10 g of protein has been placed in water. In some time the mass of protein became 16 g. What is the degree of swelling? 
__________________________________________________________________

__________________________________________________________________

7. At which pH value degree of swelling is the highest: 

а) рН>рI 




b) рН= рI

8. Which anionic lyotropic series is true according to the influence on the swelling: 

а) SO42->F->CH3COO->Cl->Br->I-   b) F-> SO42-->I->Br-> Cl-> CH3COO-
9. Which cationic lyotropic series is true according to the influence on the swelling: 

а) Mg2+>Ca2+>Cs+>Na+>K+  

 b) Na+>K+>Cs+> Mg2+>Ca2+.

10. Choose correct statement: а) isomolar true solutions have less osmotic pressure than HMW solutions, but greater than colloidal solutions; b) isomolar true solutions have less osmotic pressure than HMW solutions and colloidal solutions.

11. Choose correct statement: according to the Donnan equilibrium osmotic pressure is greater a) in cytoplasm  b) in extracellular fluid.
12. How to differ protein solution from sodium hydroxide solution according the optical property?

_________________________________________________________________
__________________________________________________________________

13. Choose method of protein fractionation: 

а) dialysis   


b) viscosimetry 

с) electrophoresis
14. Choose electrode to which collagen particles (pI = 4) will move under electrophoresis if pH  = 5? а) to cathode  b) to anode.

15. Choose electrolyte with the highest salting-out effect: 

а) 10% MgCl2   

b) 10% Na2SO4
16. Choose more advantageous conditions for gel formation (gelatination): 

а) increasing of tº; 
b) decreasing of tº; 
c) increasing of biopolymer concentration; 

d) decreasing of biopolymer concentration ; 
e) рН = рI;


 f) рН ≠ рI.
17. Which of the following property is the base for treatment of cerebral concussion:  а) coaservation  

b) syneresis  

c) thixotropy?

Laboratory work.
Protective action of biopolymers
Experimental procedure
Fill in 6 test tubes with 5 mL of iron (III) hydroxide or Berlin blue positively charged sol. Add 0.2 mL of 0.1% gelatin solution or 0.5% starch solution to the sol in the first test tube, 0.4 mL – in the second test tube, 0.6 mL– in the third test tube,     0.8 mL– in the fourth test tube, 1.0 mL –in the fifth one. Don’t add polymer solution to the sixth test tube which serves as a control. In 2-3 min add 0.05 M sodium sulfate solution dropwise from burette to each test sol until coagulation occurs.  

	Note down the data to the table. 
№ of test tube
	Volume of polymer, mL
	Volume of Na2SO4, mL
	Coagulation threshold (C), mmol/L

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Calculate coagulation threshold (C), mmol/L, using the formula: 
C(Na2SO4)=
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Compare data obtained and make conclusions about the influence of polymers on a sol stability. Write the formula of sol micelle. 
__________________________________________________________________

___________________________________________________________________

_________________________________________________________________
Conclusions_______________________________________________________________________________________________________________________________________________________________________________________________

___________________________________________________________________

Date_______________


Teacher's signature________________
Defence of the course paper «Chemistry of biogenic elements» - 2 hours.

Students should compile a files about biogenic role of the following chemical  elements: lithium, sodium, potassium, calcium, magnesium, iron, zink, manganese, phosphorus, sulfur, selenium, chlorine, bromine, iodine, fluorine, copper, chromium, cobalt, aurum, silver, barium, strontium.

Every file must contain the following information about biogenic element:

1. Type of element (micro- or macroelement).

2. Body-element need.

3. Topography of the element in the human body.

4. Biological role of the element in the human body. Influence of lack and excess of the element on the vital processes.

5. Element-based medicinal products.

6. Food products that can be used to supplement the content of the element in the body.

Subject 13. Graded test.
Number of hours – 2.
List of questions for first conclusive test on Medical chemistry:
1. Electronic structure of biogenic elements. Typical chemical properties of the elements and their compounds. Relation between location of s-, p-, and d-block elements in the periodic table and their content in the organism. 

2. Modern ideas about the structure of complex compounds. Classification of complex compounds.

3. Instability and stability constants of complex ions. Fundamentals of complexometry. 

4. Intracomplex compounds. Polynuclear complexes. Complex compounds in biological systems. Structure of hemoglobin. 

5. Role of solutions in life activity. Enthalpy and entropic factors of dissolution and their connection with dissolution mechanism. 

6. Solubility of gases in liquids. Henry’s and Dalton’s laws. Influence of electrolytes on gases solubility. Solubility of gases in blood. 

7. Solubility of solid substances and liquids. Distribution of substances between to immiscible liquids. Nernst’s distribution law, its significance for biological membranes permeability. 

8. Equilibrium in electrolytes solutions. Ostwald’s dilution law. 

9. Water dissociation. Ionic product of water. pH of biological liquids. 

10. Solubility product. Conditions of formation and dissolving of precipitates.  

11. Types of proteolytic reactions. Neutralization, hydrolysis and ionization reactions. 

12. Hydrolysis of salts. Degree of hydrolysis. Dependence of hydrolysis on the concentration and temperature. Hydrolysis constant. 

13. Fundamentals of titrimetric analysis. Methods of acid-base titration. Acid-base indicators and principles of their selection.

14. Buffer systems and their classification. pH of buffer solutions. 

15. Mechanism of buffer systems action.

16. Buffer capacity and factors which it depends on. Buffer systems of blood. 

17. Colligative properties of diluted solutions. Raoult’s law. Cryometry and ebulliometry.

18. Osmosis. Osmotic pressure. Van’t-Hoff’s law. Plasmolysis and hemolysis. 

19. Isotonic coefficient. Hypo-, hyper- and isotonic solutions in medical practice. Role of osmosis in biological systems. 

20. High-energy compounds. ATP as universal source of energy for biochemical reactions. Characteristic of macroergic bonds. 

21. First law of thermodynamics. Internal energy. Enthalpy. Heat of isobaric and isochoric processes. Standard heat of formation and standard heat of combustion of the compound. 

22. Thermochemistry. Hess’s law. Thermochemical transformations. 

23. Thermochemical calculations and their application for energetic characteristic of biochemical processes. 

24. Second law of thermodynamics. Entropy. Gibbs energy. 

25. Chemical equilibrium. Thermodynamic conditions of equilibrium. Prognosis of direction of spontaneous processes. Exergonic and endergonic processes in the organism. 

26. Law of mass action. Chemical equilibrium constant. The ways of expression of chemical equilibrium constant. Le Chatelier’s principle. Shifting of chemical equilibrium. 

27. Rate of a chemical reaction. Law of mass. Rate constant. 

28. Classification of chemical reactions. Photochemical reactions. 

29. Order of reaction. Half-reaction period. 

30. Dependence of rate of a chemical reaction on the temperature. Temperature coefficient. Van’t-Hoff’s rule. Peculiarities of biochemical processes. 

31. Arrhenius equation. Activation energy. Theory of effective collisions and activated state theory. 

32. Homogeneous and heterogeneous catalysis. Peculiarities of catalysts action. Mechanism of catalysis. Role of catalysis in metabolism. 

33. Enzymes as catalysts for biochemical reactions. Dependence of enzymes action on the concentration of enzyme and substrate, temperature and pH. 

34. Electrode potentials. Nernst’s equation. Standard electrode potential. Standard hydrogen electrode. 

35. Measurement of electrode potentials. Indicating electrodes. Reference electrodes. 

36. Oxidation – reduction electrode potentials. Mechanism of their origin. Biological significance. Nernst-Peters’s equation. 

37. Oxidation – reduction reactions in the organism. Prognosis of red-ox reactions direction according to standard values of Gibbs energy and values of oxidation – reduction potentials.

38. Oxidation – reduction titration (oxidimetry). Permanganatometry, iodimetry. 

39. Potentiometry and its application in biomedical investigations.
40.  Diffusive and membrane potentials. Biopotentials. Ion-selective electrodes, their application for measurement of H+ ions concentration (glass electrode), K+, Na+, Ca2+ ions concentrations in biological liquids.

41. Peculiarities of high-molecular weigh compounds solutions. Mechanism of swelling and dissolving of high-molecular compounds (HMWC). Dependence of HMWC swelling and dissolving on different factors. Role of swelling in physiology.

42. Isoelectric point of proteins. Methods of IEP determination. 

43. Jellification of HMWC solutions. Properties of jellies. 

44. Abnormal viscosity of HMWC solutions. Viscosity of blood and other biological liquids. Osmotic pressure of biopolymers solutions. Galler equation. Oncotic pressure of blood plasma and serum.   

45. Donnan’s membrane equilibrium. 

46. Surface activity. Duclo-Traube rule. Gibbs equation. Orientation of molecules in surface layer and structure of biological membranes.  

47. Langmuire equation.

48. Adsorption from solutions on the surface of solids. Freundlich equation.

49. Physico-chemical fundamentals of adsorption therapy. 

50. Electrolytes adsorption (selective and ion-exchange). Panet-Faience rule.

51. Ionites and their application in medicine.

52. Classification of chromatographic methods. Application of chromatography in biomedical researches. 

53. Dispersed systems and their classification. Methods of obtaining and purification of colloidal solutions. Dialysis, electrodialysis, ultra-filtration.

54. Molecular-kinetic properties of colloidal solutions. Optical properties of colloidal solutions. Ultramicroscopy.

55. Structure of colloidal particles.
56. Electrokinetic potential. Electrophoresis. Helmholtz-Smoluchowski equation. 

57. Kinetic and aggregative stability of lyosols. Factors of stability. Mechanism of coagulating action of electrolytes. 

58. Coagulation threshold, its determination. Hardy Schulze rule. Purification of drinking water and sewage water by coagulation. Colloidal protection, its biological role.

59. Coarsely dispersed systems. Preparation and properties. 
List of first level questions for graded test you can find on the department's site, in methodological room and in the room for students' self-work.
Good luck!
Навчальне видання
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