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Subject  "Colligative properties of solutions"
1. Number of hours  2

2. Material and methodological support.
 Tables:
1. Scheme of structure of the subject.
2. Van't Hoff’s law.
3. Raoult’s law.
4. Isotonic coefficient.
5. Colligative properties in biomedical researches.
6. Hemolysis and plasmolysis of cells.
7. Scheme of osmometer.
1. Medical Chemistry: manual for medical students / I.V. Zavgorodniy,                          A.O. Syrovaya, E.R. Grabovetskaya et al. – Kharkiv, Ekograf,2011. – 240 p. 
2. Medical Chemistry. Self-study guide for the 1st year students (English medium) /  A.O. Syrovaya,  E.R. Grabovetskaya,  L.G. Shapoval et al. – Kharkiv:  KhNMU,  2014. –   70 p. 
3. Syrovaya A.O. Medical chemistry. Adapted concise course / A.O. Syrovaya,  E.R. Grabovetskaya,  L.G. Shapoval. - Kharkiv:  KhNMU,  2013. –  160p. 
4. "Colligative properties of solutions" - Methodical instructions for I year students' self-work in "Medical Chemistry"
5. Individual tasks for students’ self-control of knowledge in Medical  Chemistry / A.O. Syrovaya, L.G. Shapoval, V.N. Petiunina, et al. – Kharkiv: KhNMU, 2014. –50 p. 
6. Text of Lecture 


Laboratory utensils and reagents for laboratory work "Growth of Traube(s artificial cell" (support with test tubes, 5 ml pipettes, crystalline potassium hexacyanoferrate(II), 5% copper sulfate).   
3. Substantiation for the subject. Colligative properties are important in study of life activity of the organism, for example, osmotic pressure is an important factor in determining the distribution of water and nutrients between the various organs and tissues. Isotonic and hypertonic solutions are widely used in medical practice. Determination of colligative properties of biological fluids is used in biomedical researches (osmometry, cryometry, ebulliometry).
4. The purpose of the subject:
- general: to explain the common physical and chemical laws underlying the processes of life.
- specific: to be able to analyze the relationship between concentration and colligative properties of solutions; to study the methods of osmometry, cryometry, ebulliometry and their use in biomedical researches.
a) to know: the role of water and aqueous solutions in the metabolism of the organism, colligative properties of solutions, Raoult's law and its corollary, the laws of osmosis and diffusion, osmotic pressure, van't Hoff's law, characteristic features of colligative properties in electrolyte solutions, theoretical fundamentals of osmometry, cryometry, and ebulliometry, peculiarities of osmosis in the living organism, processes of hemolysis and plasmolysis.
b) to be able to: use solutions with different concentrations, calculate osmotic pressure in solutions of varying concentration, depression in solutions, molar mass of physiologically active substances on the basis of the values ​​of the osmotic pressure or depression; classify solutions based on values ​​of osmotic pressure; predict what happens to a cell placed in a hypotonic, isotonic, hypertonic solution.
c) practical skills:
- to calculate the osmotic pressure, depression in solutions, molar masses of physiologically active substances on the basis of the values ​​of  osmotic pressure or depression;
- to classify solutions based on values ​​of osmotic pressure and concentration;
- to predict what will happen with the cell placed in a hypotonic, isotonic, and hypertonic solution.
5. Scheme of structure of the subject. 
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6. Plan of students' work.

	№ 

	Stage

	Time, min

	Training and visual aids
	Location


	1.


	Questions and answers

	10


	Manual

	Class room


	2.


	Self-work of students with methodological literature, the solution of educational problems, filling of self-study guide
	39


	Methodical instructions for students, text of lecture, manual for students' self-work, self-study guide, reference data, tables
	

	3.


	Laboratory work, filling in the blank 
	20


	Reagents, chemical utensils 
	

	4.
	Control of knowledge
	15
	
	

	5.


	Analysis and conclusions 
	5


	
	

	6.
	Home work
	1
	
	


7. Tasks for self-work:
- List of questions to be studied:
1. Colligative properties of dilute solutions of non-electrolytes:
1) Osmosis and osmotic pressure. Van't Hoff’s law.
2) Lowering of vapor pressure of the solvent above the solution. Raoult's law.
3) Depression in freezing point and elevation of boiling point of solutions.
2. Colligative properties of electrolytes. Isotonic coefficient.
3. Role of osmosis in biological systems. Properties of semi-permeable membranes. Oncotic pressure. Hemolysis and plasmolysis.
4. Osmometry, cryometry, and ebulliometry; their use in biomedical researches.
1. Colligative properties of dilute solutions of non-electrolytes
Properties of solutions that do not depend on the nature of the components, and depend only on the amount of kinetic units in the system are called colligative. These include osmotic pressure, lowering of vapor pressure of solvent above solution, elevation of boiling point and lowering of freezing point of solutions as compared with pure solvent. 
If solutions of different concentrations are separated by a semipermeable membrane, the one-sided diffusion process can be observed. Membranes are numerous in the organism. These are membranes of cell and organelles (nucleus, Golgi apparatus, etc.), walls of blood vessels, envelopes of organs, etc. Membranes are different in composition, structure, pore size, and, consequently, in permeability. Some of them are permeable only for water molecules, and others are permeable also for ions and small molecules. Different permeability for ions may depend on interactions between the charged groups of membrane and these ions. 
If the membrane permeable only for the solvent is placed between pure solvent and solution or between solutions of different concentrations, the process called osmosis begins.
1) Osmosis and osmotic pressure. Van't Hoff’s law.
Osmosis is a one-sided diffusion of the solvent through a semipermeable membrane from pure solvent into the solution or from solution with a lower concentration into the solution with a higher concentration. 
As the overpressure in the solution increases, the osmosis rate decreases and  equilibrium is established when the same amount of the solvent molecules passes through the membrane in both directions. Excessive hydrostatic pressure in the solution in comparison with the pure solvent when osmotic equilibrium is established is called osmotic pressure. 
Osmotic pressure obeys law of ideal gas pressure. Osmotic pressure is directly proportional to the molar concentration and temperature:
P = CRT                 van't Hoff’s law.
This formula does not include values ​​which depend on the nature of the solute. Thus, the magnitude of the osmotic pressure will be the same for any substance (nonelectrolyte) at the same temperature and molar concentration. 
Osmotic pressure of biological fluids is maintained at a constant level by activity of the kidneys, perspiration, water vapor content in the exhaled air, etc. Osmotic pressure of human blood is 700-800 kPa. This corresponds to the osmotic concentration in the blood plasma from 0.287 mol / L to 0.303 mol / L at               37°C.
Solutions having the same osmotic pressure are called isotonic. 0.9% NaCl solution and 5% glucose solution are isotonic regarding blood. Solutions with greater osmotic pressure are called hypertonic, those with less osmotic pressure are called hypotonic. 

Oncotic pressure is part of the osmotic pressure of the blood caused by high-molecular compounds. It is 3.5 - 3.9 kPa.
2) Lowering of vapor pressure of the solvent above the solution. Raoult's law.
At a definite temperature the vapor pressure of each liquid is constant. The vapor pressure at a given temperature at which the dynamic equilibrium occurs, characterized by equal rates of evaporation and condensation of the liquid is called saturated vapor pressure. Saturated vapor pressure of the solvent above solution is always lower than that above pure solvent at the same temperature. This can be explained on the basis of the Le Chatelier’s principle. Equilibrium is established between liquid and vapor:
(H2O) liquid ↔ (H2O) vapor
 When any substance is dissolved in water, the amount of liquid water decreases due to hydration, and condensation process begins. The new equilibrium is established at a lower vapor pressure. The higher is the concentration of solution, the lower is the saturated vapor pressure. 
French chemist F. Raoul (1886) found that the relative lowering of solvent vapor pressure above the solution is equal to the mole fraction of solute (Raoult's law): 
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Raoult's law shows that the solutions will boil at a higher temperature and freeze at a lower temperature than pure solvent.
3) Depression in freezing point and elevation of boiling point of solutions.
Liquid begins to boil at a temperature at which its vapor pressure is equal to external pressure. Since the vapor pressure above the solution is lower than that above the pure solvent, it will be equal to the atmospheric pressure at higher temperature. 
Elevation of boiling point and lowering of freezing point is in accordance with Le Chatelier’s principle:
(H2O) liquid ↔ (H2O) solid
When substance is dissolved in water, the concentration of water molecules drops, and the process of ice melting begins. The new equilibrium is established at a lower temperature. Elevation of boiling point and lowering of freezing point depend on solution concentration.
 Raoul found that for dilute solutions of non-electrolytes elevation of boiling point and lowering of freezing point are proportional to the molal concentration.
ΔTfreeze = Kkb(x)

ΔTboil = Kеb(x)

Kе and Кk are ebullioscopic and cryoscopic constants which depend only on nature of solvent and do not depend on nature of solute. They show how the boiling point rises or freezing point of the solution decreases if there is 1 mole of solute per1 kg of solvent. For water: Kе = 0,52 К • kg/mol; Kk = 1,86 К • kg/mol.
2. Colligative properties of electrolytes. Isotonic coefficient
Electrolyte solutions show more pronounced colligative properties than do non-electrolytes (van't Hoff's law). 
The following ratio is called isotonic coefficient:
i = N / N0
where N is the number of particles in the electrolyte solution, N0 is the amount of dissolved molecules.
Isotonic coefficient depends on the value of the degree of dissociation of the electrolyte and is calculated by the formula:
i = 1 + ( (( - 1)
where ν is the number of ions in the compound, ( is the degree of dissociation. 
Therefore, for electrolytes:
P = iСRT
ΔTfreeze = iKкb(x)

ΔTboil = iKеb(x)
3. Role of osmosis in biological systems. Properties of semi-permeable membranes. Oncotic pressure. Hemolysis and plasmolysis
Osmosis plays an important role in physiological processes in the organism. Digestion and other metabolic processes are closely related to different permeability of the cell membrane for water and solutes. A membrane possesses semipermeable properties. Osmotic pressure acts as a mechanism supplying the cells with nutrients and water. The normal osmotic pressure of the blood is                  700-800 kPa. This corresponds to the osmotic concentration in the blood plasma from 0.287 mol / L to 0.303 mol / L at 37 °C. Oncotic pressure is fraction of the osmotic pressure of the blood caused by high-molecular weight compounds, in particular proteins, and comprises 3.5 - 3.9 kPa.
Solutions with the same osmotic pressure are called isotonic.  For example, 0.9% NaCl and 5% glucose are isotonic regarding blood.  Solutions with greater osmotic pressure are called hypertonic, and those with a lower osmotic pressure are called hypotonic. Therefore, according to the law of osmosis, cell immersed in a hypertonic solution undergoes plasmolysis (shrinkage) and in a hypotonic solution hemolysis (swelling and burst) is observed. Isotonic sterile solutions should be used for organism supplying with large amounts of fluids or dilution of drugs for intravenous infusions in order to avoid plasmolysis of erythrocytes. In medical practice hypertonic solutions, e.g., 10% NaCl  are used for washing of wounds.
4. Osmometry, cryometry, and ebulliometry; their use in biomedical researches
Measurement of osmotic pressure (osmometry), boiling point elevation (ebulliometry), and lowering of the freezing point (cryometry) are used to determine certain physical and chemical values. In particular, measuring of ΔTfreeze allows to determine the molecular weight of nonelectrolyte, and degree of dissociation of electrolyte. 
 Measuring of depression of biological fluids (blood, lymph, urine) allows  to calculate osmolarity, i.e. total concentration of all particles. Normally, the depression of blood is 0.56 K.
- List of works to be studied:


Laboratory work "Growth of Traube(s artificial cell".



The purpose of the work. To study the role of osmotic phenomena in biological systems. 


Laboratory utensils and reagents. Support with test tubes, 5 ml pipettes, crystalline potassium hexacyanoferrate(II), 5% copper sulfate.   

Partitions permeable for water but impermeable for the solute can be of vegetable and animal origin. One can prepare such partition artificially, using for this purpose a copper sulfate solution (II) and crystalline potassium hexacyanoferrate (II) K4[Fe(CN)6]. Reaction proceeds as follows: 
K4[Fe(CN)6] + 2CuSO4 = Cu2[Fe(CN)6] + 2K2SO4
Complex compound Cu2[Fe(CN)6] possesses semipermeable properties. 
 Method of the experiment. Pour 5 ml of copper sulfate solution(II) in a test tube and add a small crystal of K4[Fe(CN)6]  (do not shake!). In one hour sketch formations which resemble algae. 

- List of practical skills.
After studying the subject student should be able to calculate osmotic pressure, depression in solutions, the molar masses of physiologically active substances based on the values ​​of osmotic pressure and depression; to classify solutions based on values ​​of osmotic pressure and concentration; predict what will happen to the cells placed in hypotonic, isotonic, hypertonic solution.
8. Tasks for knowledge control
1. Which of the following is a colligative property of solution?
A. Concentration
B. Lowering of vapor pressure of solvent above solution
C. Melting point

D. Boiling point
2. Which solutions are isotonic regarding blood?
A. 9% NaOH  
B. 10% NaCl 
C. 5%  С6H12O6
D. 0.5% protein solution.
3. Which formula is used to calculate osmotic pressure in 0.9% NaCl solution?
A. P = bRT
B. P = CRT
C. P = RT.
D. P = iCRT
Answers: 1 - B; 2 - C; 3 - D.
9. Recommendations for the work results design 
Algorithms for solving educational problems of class work and self-work  should be recorded in the workbook. Make a protocol of laboratory work,  conclusions about properties of artificial semi-permeable membrane and osmotic processes.

10. Suggested readings
1.  V. Kalibabchuk, V. Halinska, L. Hryschenko, S. Hodzynski, T. Ovsyanikova,  V. Samarski. Medical chemistry. –Kyiv AUS Medicine Publishing, 2010, −224p.
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