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С.А. Наконечна
Subject. Structure of chemical substances
1. Describe electronic structure of s-elements. 

2. Describe typical chemical properties of s-elements and their compounds. 
3. Describe electronic structure of p-elements. 

4. Describe typical chemical properties of p-elements and their compounds. 

5. Describe electronic structure of d-elements. 

6. Describe typical chemical properties of d-elements and their compounds. 

7. Determine all possible valences for elements Si and As basing on electronic structure.

8. Describe the relation between position of elements in periodic table and content in the organism. 
9. Define biogenic role of sodium and potassium.

10. What are the valences for Fe and Al in the ground and excited state?
11. Define biogenic role of iron and zinc.

12. Write electronic formulae of 37 and 39 elements of the fifth period. What families of elements do they belong to? Why? 
13. Which ions are needed for calcium ions absorption in intestine?

14. Define biogenic role of carbon and sulfur.
15. Write electronic structures of Be and B atoms in the ground and excited states.  What are the valences of these elements?
16. Name elements – organogens.

17. Define biogenic role of calcium and magnesium. 

18. Write electronic structures of Cu and Ag atoms. What families of elements do they belong to? Why? 
19. Which elements in the organism are characterized as macrominerals and which as microminerals?
20. Define biogenic role of nitrogen and phosphorus.
21. Nitrogen forms several oxides. Which oxide is produced by cells of vessels for dilation? Which one is used for narcosis?
22. Which halogens are present in a living organism in the form of simple hydrated ions? 

Subject. Complex formation in biological systems
1. What is the power to which concentration of ligand is raised in the instability constant expression for the compound [Cu(NH3)4]Cl2?
2. Determine the oxidation state and coordination number of the complexing agent in the compound [Pt (NH3) 4](NO3)2?
3. Name the complex compound  Na3[Cr (C2O4)3]. 
4. Write the coordination formula of the following compound CdSO4*4NH3.
5. Determine the oxidation state and coordination number of the complexing agent in the following compounds: K3[Cr(CN)6], [Zn(NH3)4](NO3)2.
6. Name the complex compound [Cr(H2O)(NH3)4Cl]Cl2.
7. Write the coordination formula of the following compound PtCl4*2NH3.
8. Determine the oxidation state and coordination number of the complexing agent in the following compounds: [Co(OH)(NH3)5]SO4,  Na[Cu(H2O)Br3].
9. Name the complex compound [Co(NH3)4Cl2] NO3.
10. Write the coordination formulae of the following complex compounds: Co(NO2)3*6NH3,  Co(NO2)3*KNO2*2NH3   if coordination number of cobalt (III) is six.
11. Name the complex compound [Cu (NH3) 4] SO4.
12. What is the oxidation state and coordination number of the complexing agent in the compound [Fe(CO)5]?
13. Which of the following particles can serve as ligands in the complex compounds: Co3+, H2O,  NH3,  B3+,  Na+,  Fe2+, CNS–, SO42–?
14. Write the instability constant expression for the complex compound [Cu(NH3)4] SO4.
15. Name the complex compound [Cr(H2O)6]Cl3.
16. Name the complexing agent in the complex compound K3[Cr(OH)6].
17. Define the internal sphere in the complex compound Na2[Zn(OH)4(.

18. What is the hybridization state of atomic orbitals of complexing agent in the complex compound [Pt(NH3)Сl2].

19. Indicate the most probable external sphere of the complex ion [Cu(NH3)2]+.
Subject. Values characterizing quantitative composition of solutions
1. Calculate mass of oxalic acid dihydrate which should be taken to prepare 400 ml of solution with molar concentration of the equivalent 0,02 mol/L. This solution is used in neutralization method. 
2. Calculate molar concentration of sodium chloride  hypertonic solution if mass percent is 10 %. Density of a solution is 1,1 g/ml. 
3. What mass of water is needed to dissolve 200 g potassium nitrate for 40 % solution obtaining?
4. Calculate molar concentration of 0.9% sodium chloride solution (d = 1 g/ml). This solution is used in case of blood losses.    
5. Determine mass of acetic acid needed to prepare 400 ml of  solution with molar concentration of the equivalent 0,1 mol/L.  
6. Find mass of water which should be added to 300 g of 30 %  sulfuric acid solution  to make 10 % sulfuric acid solution. 
7. Calculate mass of sodium chloride needed to prepare 500 ml of 0,9 % solution (d = 1 g/ml). 
8. There is 23 g of formic acid in 200 ml of solution. Calculate molar concentration of solution. 

9. Find mole fraction of glucose in 5% solution which is used as normal saline. 
10. Calculate mass of sodium bromide which patient intakes with 1 tablespoon of  3% solution (1 tablespoon contains 15 g of solution). 
11. Determine molar concentration of the equivalent of acetic acid in 6% solution (d = 1 g/ml). 
12. What mass of 30% NaOH is needed to be mixed with 600g of water for 10% NaOH solution preparation? 

13. 6 g of NaOH is dissolved in 54 g of water. What is the mass percent of solution obtained? 
14. Molar concentration of glucose solution is 0,01 mol/L. What mass of glucose is needed for preparation of 300 ml of solution? 

15. Calculate mass percent of calcium carbonate in solution if molar concentration of the equivalent is 0,05 mol/L. 

16. Calculate masses of water and iodine needed to prepare 500 g of 10% solution. 
17. Determine mass of sodium tetraborate needed to prepare 500 ml of solution with molar concentration of the equivalent 0,1 mol/L.  

18. Calculate molar concentration of 4% glucose solution (d = 1 g/ml).
19. Calculate molar concentration of 9,8% sulfuric acid solution (d = 1 g/ml).
20. Calculate masses of water and salt needed to prepare 400 ml of 25% magnesium sulfate solution (d = 1,2 g/ml).
 21. Calculate mass percent of sugar in glass of tea if there are 3 teaspoons of sugar in 200 g of water (1 teaspoon contains 10 g of sugar). 
22. Calculate molar concentration of 5 % glucose solution (d = 1,2 g/ml). This solution is used in case of blood losses.    
23. Calculate mass of calcium chloride which patient intakes with 1 tablespoon of  10 % solution (1 tablespoon contains 15 g of solution). 
24. Calculate mole fraction of 10% glucose solution (d = 1 g/ml).
25. Determine mass of oxalic acid dihydrate needed to prepare 250 ml of solution with molar concentration of the equivalent 0,02 mol/L.  

26. Find mass of water which should be added to 200 g of 3 % sodium chloride solution to make 1 % solution. 
27. Calculate molar concentration of 25 % magnesium sulfate solution                         (d = 1,2 g/ml).
28. Determine molar concentration of the equivalent of phosphoric acid in 0.03 M solution. 

29. 150 ml of water is added to 250 g of 10% salt solution. Calculate mass percent in solution obtained. 
30. Calculate molar concentration of the equivalent of 5 % glucose solution                 (d = 1,2 g/ml).
31. Calculate mass of sodium bromide which patient intakes with 1 tablespoon of  3 % solution (1 tablespoon contains 15 g of solution). 
32. 3,6 g of glucose is dissolved in 50 g of water. Calculate mass percent of glucose. 
33. Calculate masses of water and 20% magnesium chloride solution needed to prepare 300 g of 4% solution. 
34. What mass of glucose should be dissolved in 50 g of water to prepare                     solution with molal concentration 0,2 mol/kg? 
35. Determine mass of potassium hydroxide needed to prepare 200 ml of solution with molar concentration of the equivalent 0,05 mol/L.  
36. 60 g of water is added to 400 ml of 15% sulfuric acid (d = 1,1 g/ml). Determine mass percent of sulfuric acid in the solution. 

37. Determine molar concentration of the equivalent of 36,5% hydrochloric acid  solution (d = 1 g/ml). 
38. What volume of 56% sulfuric acid solution (d=1,4 g/ml) should be taken to prepare 2L of 0,8 % sulfuric acid solution  (d = 1 g/ml)?
39. Calculate mass of sodium chloride needed to prepare 500 ml of 0,9 % saline solution   (d = 1 g/ml).  
40. There is 1,8 g of oxalic acid in 2 L of  solution. Calculate molar concentration of the equivalent of oxalic acid. 
41. There is 20 g of sulfuric acid in 200 ml of solution. Calculate molality of sulfuric acid (d = 1 g/ml).  
42. The salt portion had been dissolved in 400 ml of water with formation of 20% solution. 300 ml of water was added to the solution then.  Determine mass percent of salt in the solution obtained (d = 1 g/ml).  
43. Calculate mass of glucose needed to prepare 400 ml of 5 % glucose solution   (d = 1,1 g/ml).  
44. Calculate mass percent of sodium bicarbonate in 0,05 M solution                            (d = 1,2 g/ml).

45. What mass of 40% sodium carbonate solution should be added to 400 g of water to prepare 20% sodium carbonate solution?

Subject. Colligative properties of solutions

For biological liquids С = b,

R= 8.31·103 L·Pa/mol·K, Kc(H2O) = 1.86 kg·K/mol

1. Compare osmotic pressures of sodium nitrate and propanol solutions of equal molarities. 
2. What happens to erythrocyte which is placed in 10% glucose solution? Prove with calculations. 

3. There is 12,8 g of  non-electrolyte in 200 g of water. The depression in freezing point of this solution is 0,93K. Calculate molar mass of solute. 

4. Compare depressions of ethanol and glucose solutions of equal molarities.

5. What happens to erythrocyte which is placed in 7% sodium chloride solution? Prove with calculations.

6. Osmotic pressure of blood is 7.7·105 Pa at 310 K. What is the molar concentration of glucose isotonic solution?
7. Compare osmotic pressures of MgCl2 and AgCl solutions of equal molarities. 

8. What happens to erythrocyte placed in solution which depression is 0.56 K?
9. Osmotic pressure of hemoglobin solution containing 125 g of hemoglobin per 1L  is 4.4 kPa at 17 °C. What is the molar mass of hemoglobin?

10. Compare osmotic pressures of sucrose and sodium phosphate solutions of equal molarities. 

11. What happens to erythrocyte which is placed in distilled water?  Explain. 

12. What is the depression in freezing point of blood if osmotic pressure is          7.7·105 Pa at 310 K?

13. Compare depressions of barium chloride and ethanol solutions of equal molarities. 

14. What happens to erythrocyte which is placed in 0,5% sodium chloride solution? Prove with calculations.

15. What is the osmotic pressure of solution at 300 K if depression in freezing point is 0,372 K?

16. Compare osmotic pressures of NaBr and NaCl solutions of equal molarities. 

17. What happens to erythrocyte which is placed in 3% glucose solution? Prove with calculations. 

18. Depression in freezing point of blood serum is 0,56 K. Find the molar concentration of salts in blood if all salts are binary electrolytes and completely dissociated. 

19. Compare osmotic pressures of СаСl2 and Na3PО4 solutions of equal molarities. 

20. What happens to erythrocyte placed in 2% calcium chloride solution? Prove with calculations. 

21. Solution of sodium chloride freezes at 272,59 K. Calculate its molarity if            d = 1 g/ml.
22. There are two solutions of one substance. Osmotic pressure of the first one is less than that of the other one. Which solution freezes at lower temperature? 
23. What happens to erythrocyte placed in 0,5% calcium chloride solution? Prove with calculations. 

24. Depression in freezing point of one biological fluid is 0,31K, and osmotic pressure of the other fluid is 432 kPa. Are these two fluids isotonic at 298 K? 

25. There are two solutions of one substance. First solution freezes at higher temperature than the second one. Which solution has higher osmotic pressure? 

26. What happens to erythrocyte placed in 1% calcium chloride solution? Prove with calculations. 

27. Depression in freezing point of one biological fluid is 0,35K, and osmotic pressure of the other fluid is 436 kPa. Are these two fluids isotonic at 298 K? 

28. Compare osmotic pressures of acetic acid and Na3PО4 solutions of equal molarities. 

29. What happens to erythrocyte which is placed in solution with depression 0,75K? Prove with calculations. 

30. How many moles of non-electrolytes are there in 1 L of solution if osmotic pressure is 101,3 kPa at 273 K? 

31. Is there any difference between osmotic pressures of 0.1 % glucose and 0.1% protein solutions? Prove the answer with calculations.  
32. What happens to erythrocyte placed in 2% glucose solution if d = 1,25 g/ml? Prove with calculations. 
33. There is 1 g of nitrobenzene in 10 g of benzene. What is the temperature of freezing of this solution if pure benzene freezes at 278,5 K? Kk(benzene)=5,1. 
34. What is the reason for application of sodium and magnesium sulfates as laxatives? 
35. What happens to erythrocyte placed in 1% potassium chloride solution? Prove with calculations. 

36.  What is the depression in freezing point of 1% albumin solution? Molar mass of albumin is 68000 g/mol. 

37. Is there any difference between depressions of 1 % potassium chloride and 1% sodium chloride solutions? Prove the answer with calculations.  

38. What happens to erythrocyte placed in 0,25% calcium chloride solution? Prove with calculations. 

39. Depression in freezing point of 1% albumin solution is 0,00028K. Calculate molar mass of albumin.
40. Is there any difference between osmotic pressures of 1 % calcium chloride and 1% sodium sulphate solutions? Prove the answer with calculations.  

41. What happens to erythrocyte which is placed in solution with depression 0,32K? Prove with calculations. 

42. Calculate depression of 10% sucrose solution. What is its osmotic pressure in comparison with blood plasma osmotic pressure? 

43. Is there any difference between elevation of boiling points of 2 % glucose and 2% fructose solutions? Prove the answer with calculations.  

44. What happens to erythrocyte placed in 0,9% sodium chloride solution? Prove with calculations. 

45. Osmotic pressure in sucrose solution is 354,55 kPa at 273 K. How many grams of sucrose are there in 1 l of solution? 
Subject. Acid-base equilibrium in the organism. 
pH of biological liquids
1. Find рН of 0,005 M hydrochloric acid solution.

2. What state develops in the organism if pH of blood plasma is 7,2? 

3. Find the concentration of sodium formate solution if [H+]=0,0002 mol/L, K(HCOOH)=2·10-4. 
4. Find рН of 0,004 M KOH solution.

5. There are two samples of gastric juice. The content of hydrochloric acid in one of the samples is 0.1 %, in the other is 0.2 %. In which solution the pH value is higher?
6. How many grams of Na2CO3 should be dissolved in 1 L of water (d = 1 g/ml) in order to prepare solution with pH=9,8 (K (H2CO3)= 4,5·10-7)?
7. Find hydrogen ions concentration in saliva if pH=6,4. 
8. Calculate рН of acetic acid solution with mass percent ω = 10 %, if                   K(СН3СООН) =  1,8·10–5.
9. Which formula can be used for pH calculation in dilute solution of NaOH?
10. Find рН of 0,02 M phosphoric acid solution.
11. What is the medium pH in CH3COONa solution? 

12. How many grams of KOH and water should be taken for preparation of 1 L of solution with pH=13,2 (d = 1,1 g/ml)?
13. Find рН of 0,04 M NH4OH solution, (K (NH4OH)= 1,8·10-5).
14. Which formula can be used for pH calculation in dilute solution of HCl?
15. Calculate molar concentration of formic acid solution if degree of dissociation is 4%, K(HCOOH)=2·10-4. 

16. Find hydrogen ions concentration in gastric juice if pH=1,2. 

17. How many grams of K2CO3 and water should be taken for preparation of 1 L of solution with [H+]=0,005 mol/L (K (H2CO3)= 4,5·10-7)?

18. Which solution HCl or H2SO4 has greater value of pH if molar concentrations (Cx) are equal and electrolytes are completely dissociated?
19. Calculate pH in sulfuric acid solution if [H+]=0,07 mol/L.


 20.  How will concentration of hydrogen ions in carbonic acid solution change if sodium hydroxide is added? 
21. How many grams of КОН and water should be taken for preparation of 200 ml of solution with рН =11,9 (d = 1 g/ml)?
22. Find concentration of OH- ions in sea water if рН = 8,1.
23. There are solutions of hydrochloric and acetic acids with equal molarities. In which solution pH is greater?
24. Calculate molar concentration of sodium acetate solution if pH=6,4, K(CH3COOH)=1,8·10-5. 

25. Find hydrogen ions concentration in urine if pH=5,8. 

26. What is the molarity in NH4OH solution if α=5%, K(NH4OH)=1,8·10-5?
27. There are solutions of hydrochloric and nitric acids with equal mass percents. In which solution рН value is greater if acids are completely dissociated?
28. Calculate pH in HCl solution if [H+]=0,008/ mol/L.

29.  There are solutions of sodium hydroxide and ammonium hydroxide with equal molarities. In which solution рН value is greater? 

30. Calculate molar concentration of acetic acid if  рН = 2,8, and degree of dissociation is 0,135. 
31. Find рН of 0,001 M NH4OH solution, (K (NH4OH)= 1,8·10-5).

32.  How many grams of boric acid should be dissolved in 1 L of water                   (d=1 g/ml) in order to obtain solution with рН = 3,5. 

33. In which solution pH is greater: HCl or СН3СООН if molarities are equal?
34. Find hydrogen ions concentration in lachrymal fluid if pH=7,4. 

35. 0,3 g of sodium lactate is dissolved in 300 ml of water. Find pH of this solution if K (CH3-CHOH-COOH)= 1,44·10-4.

36. Which formula can be used for pH calculation in acetic acid solution?

37. Find рН of 0,09 M nitric acid solution.
38. Find рOН of 0,05 M sodium hydroxide solution. 
39. What is the medium pH in Na2CO3 solution? 

40. Find рOН of 0,2 M NH4OH solution if degree of dissociation is 0,042. 
41. Determine рН in 0,009 M lactic acid solution, К(CH3–CHOH–COOH)= 1,44·10–4.
42. In which solution pH is greater – KOH or HCl? Explain. 
43. Find hydrogen ions concentration in milk if pH=6,6. 

44. Find рН of formic acid solution with mass percent ω=5%                                                if  K(НСООН)=1.8·10-4.
45. What state develops in the organism if pH of blood plasma is 7,55? 

Subject. Buffer solutions of the organism. Buffer capacity.  Mechanism of buffering action
1. 
 Сalculate volumes of 0,1 M CH3COOH and 0,1 M CH3COONa which should be mixed in order to prepare 30 ml of buffer solution with рН = 4,0                 (pK(CH3COOH) = 4,75). 
2. 
 One liter of  buffer solution with рН = 6,8 contains 0,2 mol/L Na2HPO4 and         0,2 mol/L NaH2PO4. What will be the change in pH if 20 ml of 0.02M KOH is added (pK(H2PO​4) = 6,8)?
3. 
 There are two buffer solutions:


a)
one is prepared from 100 ml of 0,5 M Na2HPO4 solution and 100 ml of           0,5 M NaH2PO4 solution;

b)
 second one is prepared from 80 ml of 0,5 M Na2HPO4 solution and 100 ml of 0,5 M NaH2PO4 solution.
Which solution has greater value of buffer capacity? 
4. Сalculate volumes of 0,1 M NaH2PO4 and 0,1 M Na2HPO4 solutions which should be mixed in order to prepare 100 ml of buffer solution with рН = 6,6                 (pK(H2PO4) = 6,8). 
5. Buffer solution is prepared from 100 ml of 0,1 M K2HPO4 and  100 ml of 0,3M KH2PO4. What will be the change in pH if 20 ml of 0.02M KOH is added  (pK(H2PO​4) = 6,8)?
6. There are two buffer solutions:


a)
one is prepared from 40 ml of 0,03 M NH4OH solution and 20 ml of           0,06 M NH4Cl solution;

b)
 second one is prepared from 50 ml of 0,03 M NH4OH solution and 30 ml of 0,06 M NH4Cl solution.
Which solution has greater value of buffer capacity? 
7.  Calculate  volumes of  0,2 M NaH2PO4 and 0,2 M Na2HPO4 solutions which should be mixed in order to prepare 50 ml of phosphate buffer with рН = 6,2, (pK(H2PO​4) = 6,8).

8. Buffer solution is prepared from 200 ml of 0,3 M СН3СООН and  100 ml of                  0,3 M CH3COONa. What will be the change in pH if 30 ml of 0.05M HCl is added  рК(СН3СООН) = 4,75?
9. 
There are two acetate buffers prepared from solutions of identical concentrations. рН of one of them is 4,0, and that of the other is 5,0. Which solution is more resistant for addition of HCl? 

10. 
 Determine volumes of 0,1 M NH4OH solution and 0,1 M NH4Cl solution which should be mixed in order to prepare 90 ml of  buffer solution with                  рН = 9,25 (K(NH4OH) = 1,8 ·10-5). 
11. 
 50 ml of 0,1 M NaOH solution was added to 100 ml of 0,5 M acetic acid solution. Calculate рН of the obtained solution, if рК(СН3СООН) = 4,75. 
12. There are two buffer solutions:


a)
one is prepared from 40 ml of 0,3 M СН3СООН solution and 40 ml of           0,3 M СН3СООK solution;

b)
 second one is prepared from 40 ml of 0,5 M СН3СООН solution and 40 ml of 0,5 M СН3СООK solution.
Which solution is more resistant in respect with strong acid addition? 

13. 
Сalculate volumes of 0,02 M CH3COOH and 0,02 M CH3COONa solutions which should be mixed in order to prepare 20 ml of buffer solution with рН = 4,4                 (K(CH3COOH) = 1,8 ·10-5).  
14. Calculate рН of  ammonium buffer solution containing 50 ml of 0,025 M NH4Cl and 25 ml of 0,01 M NH4OH solution, if K(NH4OH)=1,8·10-5.
15. There are two buffer solutions:


a)
one is prepared from 10 ml of 0,2 M СН3СООН solution and 10 ml of           0,3 M СН3СООNa solution;

b)
 second one is prepared from 15 ml of 0,2 M СН3СООН solution and 15 ml of 0,2 M СН3СООNa solution.

Which solution has greater value of buffer capacity? 
16. Calculate  volumes of 0,3 M NaH2PO4 and 0,3 M Na2HPO4 solutions which should be mixed in order to prepare 300 ml of phosphate buffer with рН = 7,4, (pK(H2PO​4) = 6,8).

17. Calculate рН of  acetate buffer solution containing 50 ml of 0,03 M СН3СООН and 20 ml of 0,1 M СН3СООNa solution, if рК(СН3СООН) = 4,75. 

18. There are two buffer solutions:


a)
one is prepared from 20 ml of 0,5 M Н2СО3 solution and 20 ml of 0,5 M NaHCO3  solution;

b)
 second one is prepared from 20 ml of 0,8 M Н2СО3 solution and 20 ml of 0,8 M NaHCO3 solution.

Which solution has greater value of buffer capacity? 
19. Determine volumes of 0,7 M NH4OH solution and 0,7 M NH4Cl solution which should be mixed in order to prepare 350 ml of  buffer solution with                  рН = 10,05 (pK(NH4OH) = 4,75). 

20. Calculate рН of  the buffer solution containing 100 ml of NH4OH solution (C = 0,1 mol/L)  and 40 ml of NH4Cl solution (C = 0,1 mol/L), if K(NH4OH)=1,8·10-5.
21. 
 There are two buffer solutions:


a)
 prepared from 60 ml of KH2PO4 solution (C = 0,02 mol/L) and 60 ml of K2HPO4 solution (C = 0,02 mol/L);

b)
 prepared from  60 ml of KH2​PO4 solution (C= 0,2 mol/L) and 60 ml of K2HPO​4 solution (C = 0,2 mol/L).

Which solution has lesser value of buffer capacity? 
22. Find volumes of 0,5 M NH4OH solution and 0,5 M NH4Cl solution which should be mixed in order to prepare 50 ml of  buffer solution with  рН = 9,25,  (pK(NH4OH) = 4,75). 

23. Calculate рН of buffer solution containing 150 ml of 0,1 M NaH2​PO4and 80 ml of 0,2 M Na2HPO​4 solution, if (pK(H2PO​4) = 6,8).

24. There are two buffer solutions:


a)
one is prepared from 25 ml of 0,1 M СН3СООН solution and 25 ml of           0,2 M СН3СООNa solution;

b)
 second one is prepared from 25 ml of 0,2 M СН3СООН solution and 25 ml of 0,1 M СН3СООNa solution.

Which solution is more resistant in respect with HCl addition? 
25. 
Сalculate volumes of 0,1 M CH3COOH and 0,1 M CH3COONa solutions which should be mixed in order to prepare 2 L of buffer solution with рН = 5,2,                 рК(СН3СООН) = 4,75. 

26. Calculate рН of buffer solution containing 100 ml of 0,1 M NaH2​PO4  and            200 ml of 0,2 M Na2HPO​4 solution, if K(H2PO​4) = 1,6·10-7.
27. There are two buffer solutions:


a)
one is prepared from 50 ml of 0,03 M NH4OH solution and 50 ml of           0,01 M NH4Cl solution;

b)
 second one is prepared from 50 ml of 0,01 M NH4OH solution and 50 ml of 0,03 M NH4Cl solution.
Which solution is more resistant in respect with NaOH addition? 
28. Find volumes of solutions which should be mixed in order to prepare 100 ml of ammonium buffer solution with  рН = 9,4 if it is known that ratio                                    C base : C salt = 1: 1,  (pK(NH4OH) = 4,75). 

29. Calculate рН of buffer solution containing 50 ml of 0,2 M NaH2​PO4and 150 ml of 0,1 M Na2HPO​4 solution,  K(H2PO​4) = 1,6·10-7. What will be the change in pH in this buffer after addition of 10 ml of 0,05M KOH?
30. There are two buffer solutions:


a)
one is prepared from 200 ml of 0,2 M СН3СООН solution and 400 ml of           0,1 M СН3СООNa solution;

b)
 second one is prepared from 200 ml of 0,6 M СН3СООН solution and            400 ml of 0,3 M СН3СООNa solution.


Which solution has lesser value of buffer capacity? 
31. Calculate  volumes of 0,5 M Na2HPO4 and 0,5 M NaH2PO4 solutions which should be mixed in order to prepare 80 ml of buffer with рН = 6,2,                    (pK(H2PO​4) = 6,8).

32. Calculate рН of  acetate buffer solution prepared from 50 ml of 0,03 M СН3СООН and 50 ml of 0,1 M СН3СООNa solution, if рК(СН3СООН) = 4,75. What will be the change in pH in this buffer after addition of 1 ml of 0,1M NaOH?
33. There are two ammonium buffers, prepared from identical solutions. pH of the one buffer is 9,25, that of the other is 10,05. Which solution is more resistant in respect with NaOH addition? 
34. 
Find volumes of  CH3COOH and  CH3COONa solutions of identical concentrations which should be mixed in order to prepare 1 L of buffer solution with рН = 4,8, K(CH3COOH) = 1,8 ·10-5. 

 35. 7 ml of 0,1 M NaOH solution was added to 50 ml of blood which resulted in  рН change from 7,36 to 9,36. Calculate buffer capacity of blood. 
 36. There are two phosphate buffers prepared from solutions of identical concentrations. рН of one is 5,0, and  that of the other is 6,0. Which solution is more resistant in respect with addition of equal quantity of strong acid solution? 

37. Сalculate volumes of 0,6 M CH3COOH and 0,6 M CH3COONa solutions which should be mixed in order to prepare 500 ml of buffer solution with рН = 5,0,                 рК(СН3СООН) = 4,75. 

38. Calculate рН of buffer solution containing 3,6 ml of 0,2 M NH4Cl and 2,3 ml of 0,1 M NH4OH solution, if K(NH4OH)=1,8·10-5.
39. There are two buffer solutions:


a)
one is prepared from 20 ml of 0,5 M Н2СО3 solution and 20 ml of 0,2 M NaHCO3  solution;

b)
 second one is prepared from 20 ml of 0,2 M Н2СО3 solution and 20 ml of 0,5 M NaHCO3 solution.

Which solution is more resistant in respect with HNO3 addition? 
40. Find volumes of  NH4OH solution and  NH4Cl solution which should be mixed in order to prepare 20 ml of  buffer solution with  рН = 9,25, if it is known that           C base = C salt,  K(NH4OH)=1,8·10-5.
41. Calculate рН of ammonium buffer solution containing 20 ml of 0,2 M NH4OH and 20 ml of 0,1 M NH4Cl solution, pK(NH4OH) = 4,75. 
 42. There are two buffer solutions:



 a) one is prepared from 50 ml of NH4OH solution (C = 0,1 mol/L) and          50 ml of NH4Cl solution (C = 0,1 mol/L).


 b) second one is prepared from a 50 ml of NH4OH solution                             (C =0,05 mol/L) and 50 ml of NH4Cl solution (C = 0,05 mol/L).

Which solution is more resistant in respect with strong base addition? 
43. How many milliliters of Na2HPO4 (C = 1 mol/L) and NaH2PO4 (C = 1 mol/L) should be taken to prepare 450 ml of  buffer with рН = 6,4. pK (H2PO4) = 6,8? 

 44. Buffer solution contains 100 ml of 0,1 M Na2HPO4 and 100 ml of 0,3 M NaH2PO4. What will be the change in pH if 10 ml of 0,2 M NaOH solution is added? (pKH2PO4 = 6,8).
45. There are two buffer solutions:


a)
 one is prepared from 50 ml of 1M H2CO3 solution and 50 ml of 1M NaHCO3;

b)
second one is prepared from 50 ml of  0,1 M H2CO3 solution  and 50 ml of 0,1 NaHCO3 solution.

Which solution has lesser value of buffer capacity?


Subject. Fundamentals of titrimetric analysis. Neutralization method. Gastric juice acidity determination
1. What mass of sodium carbonate is in 500 ml of a solution with a molar concentration of equivalent 0,1 mol/L?

2. Which indicator should be taken in case of titration of C2H2О4 ( 2Н2О against NaOH? 

3. How to calculate equivalent mass for C2H2О4 ( 2Н2О in acid-base titration method? 

4. A 250-ml sample of solution contains 1,51g of phosphoric acid. What is its molar concentration of equivalent and titer? 
5. Which indicator should be taken in case of titration of СН3СООН against KOH? 
6. Explain the term “equivalence factor”.

7. A 6.3-g sample of technical acetic acid was dissolved in 200 ml volumetric flask. 16 ml of 0.05 M solution of КОН was used for titration of 10 ml of the obtained solution. Determine mass percent of acetic acid in the investigated solution.

8. Which indicator should be taken in case of titration of HCl against NaOH? 
9. How to calculate equivalence factor for acids and bases?
10. There is 10 g of sodium carbonate  in 2L of  solution. Find molar concentration of the equivalent of sodium carbonate.
11. Which indicator should be taken in case of titration of NH4OH against HCl?

12. What is the equivalence factor for MgSО4?
13. What mass of potassium hydroxide is needed for preparation of 500 ml of            0.05 M КОН solution?

14. What are indicators?
15. What mass of sodium hydroxide is present in 100 ml of the solution if 12,36 ml of 0,01 M HCl solution was used for the titration of 10 ml of this solution. 
16. What is the equivalence factor and molar mass of equivalent for H2SО4?
17. Calculate mass of potassium hydroxide in solution if 10,63 ml of sulfuric acid solution (C(E) = 0,02 mol/L) was used for titration of 10 ml of this solution.
18. What is the equivalence factor and molar mass of equivalent for H3PО4?
19. What mass of sulfuric acid is present in 25 ml of the solution if 15,49 ml of barium hydroxide solution (C(E) = 0,01 mol/L) was used for the titration. 
20. What is the equivalence factor and molar mass of equivalent for Ca(OH)2?
21. What is the molar concentration of  equivalent of sulfuric acid solution if           13,89 ml of Ca(OH)2 with C(E) = 0,01 mol/L was used for titration of 10 ml of this solution?
22. Calculate molar concentration of equivalent of ammonia solution if  9,79 ml of sulfuric acid solution (C(E) = 0,1 mol/L) was used for titration of 10 ml of this solution.
23. pH of pancreatic gland secret is 8,5. What is the molar concentration of hydroxyl groups?
24. Molar concentration of sodium hydroxide solution is 0,01 mol/L and degree of dissociation is 100%. What will be the change in pH if solution is 100 times diluted? 

25. Molar concentration of hydrochloric aid solution is 0,05 mol/L and degree of dissociation is 100%. What is the pOH if solution is 2 times diluted? 

26. pH of gastric juice is 2. Calculate С(Н+) and  С(ОН-).  What will be the change in pH if gastric juice is 10 times and then 100 times diluted? 

27. How to calculate equivalence factor for salts?
28. Which indicator should be taken in case of titration of sulfuric acid against NaOH? 
29. What is the equivalence factor and molar mass of equivalent for AlCl3?
30. There is 10 g of sodium carbonate in 2L of the solution. Find the molar concentration of the equivalent of sodium carbonate. 
31. Which indicator should be taken in case of titration of acetic acid against sodium hydroxide?

32. What is the equivalence factor and molar mass of equivalent for oxalic acid?
33. Calculate C(1/2 H2C2О4 ( 2Н2О) if there is 0,063 g of oxalic acid in 200 ml of solution. 
34. Why indicator should be taken in a very small quantity (2-3 drops)?
35. Define the term “standard solution”.
36. How many grams of NaOH is needed for 500 ml of 0,05 M solution? 
37. Define the term “interval of color change of indicator”.

38. Define the term “standardized solution”.

39. Calculate molar concentration of the equivalent and titer of sodium hydroxide solution if 4,76 ml of HCl solution (CE=0,106 mol/L) is used for titration of 5 ml of this solution.
40. Define the term “titration jump”.
41. What is difference between total acidity and active acidity?

42. Calculate the equivalence factor for H3PO4 solution in the reaction: 
2NaOH + H3PO​4 = Na2HPO4 + 2H2O.
43. How to define the equivalence point using titration curve? 

44. What substance can be used for standard solution preparation?
45. Calculate mass of Na2B4O7·10H2O for preparation of 500 ml of the solution with CE = 0,05 mol/L.

46. What is the difference between standard and standardized substances? 

47. How many grams of oxalic acid are in 300 ml of the solution if molar concentration of the equivalent of this solution is 0,04 mol/L?

48. Why titration jump can be shifted in acidic, basic or can cover both pH areas in different cases of titration? 
49. Why titration process should always be started from zero mark?
Subject. Chemical thermodynamics. Direction of chemical processes. 
Heat effects of chemical reactions.
 1. Glucose can be oxidized in aerobic and anaerobic processes as follows:

C6H12O6(s)= 2C2H5OH(l)+ 2СO2(g)

C6H12O6(s)+ 6O2(g)= 6СO2(g)+ 6Н2O(l)

Which reaction gives more heat?

	
	C6H12O6(s)
	C2H5OH(l)


	СO2(g)


	Н2O(l)


	O2(g)



	ΔНf(kJ/mol)


	– 1274,0


	– 277,0


	– 393,5


	– 286,0


	


2. Define the terms “exergonic reaction” and “endergonic reaction”. 

3. Urotropin (hexamethylenetetramine) can be obtained according to the reaction:

6CH2O(g) + 4NH3(g) = (CH2)6N4(s) + 6H2O(l)

Write the equilibrium constant expression for the reaction. How to increase the efficiency of reaction? 

4. Calculate caloricity of  200g of milk  containing 3,2% of fat, 5,5% of carbohydrates, and  26,6% of proteins, if ΔНcomb(fat) = –39,9 кJ/g,  ΔНcomb.(prot) = –17 кJ/g, ΔНcomb(carbohydr.) = –17 кJ/g .

5. Calculate spontaneity of a process at Т=298К, if ΔH0 =300 kJ,  ΔS0 = 26 J/К.

6. What mass of fat in the organism of a sportsman is equivalent to loss with perspiration of 360g of water if H0(water evaporation) = 41кJ/mol, аnd ΔH0comb.(fat) = 39,9 кJ/g?
7. A woman lost 410 kJ of energy with perspiration. What mass of salad containing proteins and carbohydrates  – caloricity is 17 kJ/g is needed to compensate the loss if ΔH(evaporation) = 41кJ/mol?

8. Calculate caloricity of 100g of biscuit containing 23% of carbohydrates, 15% of fat, and 36% of proteins, if caloricity of each is 17 kJ/g, 39,9 кJ/g and 17 кJ/g correspondingly.

9. Calculate ΔH  for the reaction 2H2 + O2 = 2H2O. Is it spontaneous under normal conditions (use reference values)? 
10. The basal metabolism of human is 105 kJ per kg of body weight. What mass of glucose is needed to supply energy for person with 72 kg of body weight?  

11. It is needed about 15000 kJ of energy for normal life activity of a student. Calculate amount of bread, sugar and butter which supplies this energy. 

12. Describe methods of direct and indirect calorimetry. 
13. Calculate ∆H for the reaction  4NH3 + 3O2 = 2N2 + 6H2O.  Is it spontaneous under normal conditions (use reference values)? 

14. 100 g of fish contains 11,6 g of proteins, and 0,3 g of fats. Calculate caloricity of 220 g portion of fish.  

15. Evaporation of 1 mol of water takes 40,7 kJ of energy. How much heat will be used by the organism for perspiration of 800 g of water? What mass of carbohydrates is needed to be oxidized for this process? 
16. State Hess’s law and give example of thermochemical equation. 
17. Calculate ∆H for the reaction  2CO + O2 = 2CO2.  Is it spontaneous under normal conditions (use reference values)? 

18. How much heat will be evolved at combustion of 89,6 g of ethanol? 
19. Knowing heat of formation of CO2(g) (ΔH0 = –393,5 кJ/mol) and thermochemical equation C(graphite) + 2 N2O(g) = CO2(g) + 2N2 (g),                         ΔH = –557,5 кJ calculate heat of formation of N2O(g). 
20. Why does living organism belong to non-equilibrium stationary systems? Explain. 
21.  Write down the thermochemical equitation of methane combustion to CO2 (gas) and water, knowing that the heats of formation of CO2 (gas), H2O(gas) and CH4(gas) are: –393,5 kJ/mol, –241,8 kJ/mol and –74,9 kJ/mol correspondingly. 
22. Describe the mechanism of energy transformation which evolves at oxidation of nutrients in a living organism.
23. Thermochemical equation of limestone decomposition is as follows:          CaCO3(s) = CaO(s) + CO2(g)    ΔH = –157 кJ. What amount of heat is needed for decomposition of 1 kg of limestone?
24. Describe briefly the mechanism of transfer of energy which evolves at oxidation of nutrients to endergonic reactions in a living organism.

25. Reaction of 4,2 g of iron with sulfur gives 7,15 kJ of heat. Write down the thermochemical equation for this reaction. 

26. Find the accordance: 

	1. For support of equilibrium in the system outside efforts are not needed
	 a) Stationary state



	2. For support of equilibrium in the system outside efforts are needed 
	b) Equilibrium state




27. Mixture of aluminum and oxide Fe3O4 is used for welding. Write down the thermochemical equation knowing that 6340 kJ of energy evolves for formation of 1 kg of iron.  
28. Find the accordance:

	1. System can not perform work
	a) Equilibrium state 


	2. Reactivity of a system is constant
	b) Stationary state



29. Reaction of ferric oxide reduction proceeds according to equation:         Fe2О3(s) + 3Н2(g) = 2Fe(s) + 3Н2О(g); (Н = + 96,61 kJ. Does this reaction proceed under normal conditions if S = 0,1387 kJ/mol(К? At what temperature reduction of  Fe2О3  begins?
30. Find the accordance:

	1. Entropy is constant and maximal
	a) Stationary state 



	2. Entropy is constant but not maximal
	b) Equilibrium state




31. How to prove that exothermic reaction Н2(g)+ СО2(g) = СО(g) + Н2О(l);                (Н = –2,85 kJ  is not possible under standard conditions? Absolute values of standard entropies of substances equal 130,59; 213,65; 197,91 and 69,94 J/mol ( К correspondingly. 

32. At which of the following states of metabolism energy stored in nutrients is converted into chemical energy most effectively:

- enzymatic hydrolysis of nutrients;

- anaerobic decomposition of nutrients;

- aerobic biological oxidation? 
33.  At which temperature equilibrium is established in the system:                    СО(g) + 2Н2(g) = СН3ОН(l); (Н = –128,05 kJ if absolute values of standard entropies of substances equal 197,91; 130,59 and 126,8 J/mol ( К correspondingly? 

34. At which of the following states of metabolism the scattering of heat for isothermic condition maintaining is maximal:

- enzymatic hydrolysis of nutrients;

- anaerobic decomposition of nutrients;

- aerobic biological oxidation? 

35. Calculate heat effect of reaction of acrylic acid synthesis:                               С2Н2 (g) + СО (g) + Н2О(l) = С3Н4О2(l), if standard heats of combustion of acetylene, carbon monoxide and acrylic acid equal –1299,63, –282,5 and                      –1370,0 kJ/mol correspondingly.
36. Name universal transmitter of chemical energy in the organism and describe the mechanism of its action. 

37. Determine the spontaneity of following reaction at a constant temperature: 2С(s) + 3Н2(g) = С2Н6(g) if absolute values of standard entropies of substances equal 5,74; 130,59 and 229,5 J/mol ( К correspondingly.

38. Give example of energetic coupling in the organism. Which substances participate? Describe the mechanism. 
Standard values of thermodynamic functions
	Substance
	Enthalpy, 

kJ/mol
	Entropy, 

kJ/mol (К
	Gibbs free energy, kJ/mol

	Glucose
Sucrose
СО2(g)

Н2О(g)

Н2О(l)

С2Н5ОН(l)

СН3СООН(l)

С6Н6(l)

NH3(g)

С2Н2(g)

СО(g)
СаСО3(s)

Н3РО4(l)

Са3(РО4)2(s )

СН3СООС2Н5
	– 1273,0

– 2220,9

– 393,5

– 241,8

– 285,8

– 277,6

– 484,8

+ 49,04

– 46,2

+ 226,8

– 110,5

– 1207,0

– 121,9

– 4125,0

– 628,7
	213,6

188,7

69,96

160,7

159,8

173,2

192,5

200,8

197,4

92,9

200,8

240,9
	– 394,4

– 228,8

– 237,5

– 174,8

– 392,5

124,5

– 16,64

209,2

– 137,3

– 1128,8

– 1147,25

– 3899,5


 Subject. Kinetics of biochemical reactions and catalysis. 
Chemical equilibrium
1. Write rate reaction expressions for forward and backward reactions:                           2Н2 + О2 ( 2Н2О. What will be the change in reactions rate if hydrogen concentration is doubled?

2. Temperature coefficient for the reaction is 2,8. What will be the change in reaction rate if temperature is elevated from 20° to 75°C?

3. How to find graphically order of reaction and reaction rate constant for zero order reactions? 

4. How to find graphically order of reaction and reaction rate constant for first order reactions? 

5. Write rate reaction expressions for forward and backward reactions:                           4NH3 + 3О2 ( 2N2 + 6Н2О. What will be the change in reactions rate if ammonium concentration is tripled?

6. Reaction of aceto-acetic ester hydrolysis proceeds as follows: СН3СООНС2Н5 + Н2О = СН3СООН + С2Н5ОН. At a definite moment the concentrations of substances became С = 0,1 mol/L, С = 0,05 mol/L and С = 0,1 mol/L. What were the initial concentrations?
7. What is the mechanism for photochemical reactions?

8. Write rate reaction expressions for forward and backward reactions:                           2СО  + О2 ( 2СО2. What will be the change in reactions rate if oxygen concentration is two times reduced?

9. Reversible reaction proceeds according to the scheme: А + 2В = С. At the moment of equilibrium the concentrations of substances are: [А] = 0,5 mol/L;                  [В] = 1,1 mol/L; [С] = 2,15 mol/L. Calculate the equilibrium constant. 
10. 1L of saturated solution contains 1,6 ( 10 -3g AgCl. Find Ksp(AgCl). 

11. During decomposition of calcium carbonate in a closed beaker the following equilibrium is established: СаСО3 ( СаО + СО2. How to change the conditions of reaction in order to bring it to the end at the same temperature? 

12. Molar concentration of saturated PbCl2 solution equals 3,9 ( 10-2 mol/L. Find Ksp(PbCl2).
13. In the course of ammonium synthesis reaction at a constant volume the concentrations of nitrogen, hydrogen and ammonium became 2 mol/L, 5 mol/L and 3 mol/L at a definite moment. Find the initial concentrations of nitrogen and hydrogen. 
14. 1L of saturated solution contains 2 g CaSО4. Find Ksp(CaSО4). 

15. Reversible reaction proceeds as follows: СО + Н2О ( СО2 + Н2. At the moment of equilibrium the concentrations of substances are: [СО] = 0,16 mol/L; [Н2] = 0,32 mol/L; [СО2] = 0,32 mol/L and [Н2О] = 0,32  mol/L. Calculate the equilibrium constant. 

16. Molar concentration of saturated  Fe(OH)2  solution equals 4,9 (10-6 mol/L. Find Ksp(Fe(OH)2).

17. At a definite temperature equilibrium concentrations in a system:                              СО + Сl2 ( СОСl2 were [СО] = 0,1 mol/L; [Сl2] = 0,4 mol/L and                         [СОСl2] = 4 mol/L. Calculate the equilibrium constant and initial concentrations of CO(II) and Сl2.

18. 1L of saturated solution contains 6,9 ( 10-3 g СаСО3. Find Ksp(CaCО3). 

19. Two chemical reactions of the same order have temperature coefficients (=2 and (=4. For which reaction the activation energy is higher? Explain. 

20. Calculate activation energy for the reaction if rate increases 5 times when temperature is elevated from 240 to 260K. 

21. How many times the rate of chemical reaction increases if temperature is elevated from 298 to 338K? Temperature coefficient is 2.

22. Find the average rate of reaction if concentration of one of the reagents became 0,05 mol/L in 15 sec after beginning of reaction and 0,001 mol/l in 25 sec. 
23. Reaction rate expression is as follows: ( = k [А]2 ( [В]. How many times the reaction rate will be decreased if concentrations of reagents are two times reduced?

24. Reaction proceeds as follows: A+2B(C. Initial concentrations of A and B are 0,04 mol/L. In some time concentration of B decreased by 0,02 mol/L. What will be the change in substance A concentration for the same time? 
25. How many times the rate of chemical reaction increases if temperature is elevated for 40K? Temperature coefficient is 3.

26. Calculate reaction rate value for the reaction Н2(g) + І2(g) ( 2НІ(g), if initial concentration of hydrogen is 0,5 mol/L and initial concentration of iodine is                    0,2 mol/L. Reaction rate constant is 0,18 L/mol(sec.
27. Write the reaction rate expression for the following reaction 2A+B(C+D.

28. Write the reaction rate expression for the following reaction                                2NO + О2 ( 2NО2.

29. Calculate reaction rate value for the reaction A+B(C+D, if initial concentration of A is 0,03 mol/L and initial concentration of B is 0,02 mol/L. Reaction rate constant is 0,16 L/mol(sec.

30. The equilibrium is established in a system 2SО2(г) + О2(г) ( 2SО3(г) (Н < 0. How to shift the equilibrium to the left? 

31. Ksp(CaSO4) = 9(10-6 mol2/L2. Find mass percent of CaSO4 in saturated solution. M(CaSО4) = 136 g/mol. 
32. Bond tissue begins to form in blood plasma. If С(НРО4)2- =  2,9(10-4 mol/L,                  Ksp (СаНРО4) = 2,7(l0-7 mol2/L2, and С(Са2+) = 1,010-3mol/L, is this enough concentration of Ca for bond formation process?  
33. The equilibrium is established in a system СаСО3(s) ( СаО(s) + СО2(g)               (Н > 0. How to shift the equilibrium to the right? 

34. Bond tissue begins to form in blood plasma. If С(НРО4)2- =  2,9(10-4 mol/L,                  Ksp (СаНРО4) = 2,7(l0-7 mol2/L2, and С(Са2+) = 1,010-3mol/L, is this enough concentration of Ca ions for bond formation process?  
35. Ksp(BaSO4) = 1(10-10 mol2/L2. Find mass percent of BaSO4 in saturated solution. M(BaSО4) = 233 g/mol. 

36. Reaction takes 20 sec at 353 K. How much time does it take at 293 K if temperature coefficient is 2?
37. Reaction proceeds as follows: N2 + 3Н2 = 2NH3. Initial concentrations are (mol/L): N2 =1,5; Н2= = 2,5; NH3 = 0. What will be the concentrations at the moment when ammonium concentration is 0,5 mol/L?
38. At which temperature reaction finishes in 45 min if it takes 3 hours at 393K? Temperature coefficient is 3. 
39. Initial concentrations in reaction: СО + H2О  = СО2  + H2 , equal (mol/L):                   СО = 0,5;  H2О = 0,6;  СО2 = 0,4; H2  = 0,2. Calculate all concentrations at the moment when 50% H2О reacted. 

40. How the temperature should be elevated in order to increase reaction rate 240 times? Temperature coefficient is 3. 

41. How many times the rate of forward and reverse reactions will be changed in a system:  2SO2(g)+ O2(g) ( 2SО3(g),   if the volume of gas mixture is tripled. 

42. Reaction rate constant at 273K equals 1,17 L/mol(min, and at 298K it equals 6,56 L/mol(min. Calculate  temperature coefficient of the reaction. 
43. Reaction proceeds as follows: 2A+B(C. Initial concentration of A=1,6 mol/L and B= 0,8 mol/L. Reaction rate constant is 0,9 L/mol(sec. Calculate initial rate of reaction and rate at the moment when concentration of substance A is  decreased by 0,2 mol/L. 

44. How many times the rate of chemical reaction is reduced if temperature is decreased from 120 to 80 оС. Temperature coefficient is 3.

45. Reaction of ethane formation:

          2С(s)+3Н2(g) ( С2Н6(g)

What is the change in forward and reverse reactions rates if pressure is quadrupled? 
46. Calculate activation energy of nitrogen dioxide decomposition if reaction rate constant at 600 and 640 K equal 83,9 and 407 L/mol(sec correspondingly. 

47. Average reaction rate for the reaction A+B=C equals 0,004 mol/L(sec. What will be the concentrations of A and B in 20 sec if initial concentrations are 2 and                     3 mol/L correspondingly. 

48. If temperature is 300 elevated the rate of reaction is 64 times increased.   Find the temperature coefficient of reaction. 
49. How many times pressure should be increased in a system: H2  + I2 ( 2HI, in order to increase the rate of HI formation 100-fold? 

50. How long does the reaction take at 2500C if it takes 22 min at 2000C? Temperature coefficient is 4. 

51. Average reaction rate for the reaction A+B(C equals 0,001 mol/L(sec. Temperature coefficient is 3. What will be the concentration of C in 10 sec if temperature is 500C elevated?
52. In 10 sec after beginning of reaction: 2А + В = С, the concentration of a substance A became 0,2 mol/L. Concentration of a substance B decreased by                   0.02 mol/L for the same time. What was the initial concentration of a substance A?
53. How many times the rate of forward and reverse reactions will be changed in a system  2С(graphite) + 3Н2(gas) ( С2Н6(gas) if pressure is tripled? 
54. When temperature is 100C elevated the rate of a given reaction increases 4 times. How the temperature of a reaction running at 1000C has to be changed in order to decrease the reaction rate 16 times? 
55. Mixture of gaseous substances consists of 40% of substance A and 60% of substance B. What will be the change in a reaction rate: A+B(C if pressure is doubled? 
56. Temperature coefficient of hydrogen iodide decomposition is 2. Calculate reaction rate constant at 679K if it is 8,9(10-5 L/mol(sec at 629K. 
Subject. Oxidation-reduction reactions
1. 
Balance the following oxidation-reduction reactions by half-reaction method:


КВг + КВгОЗ + H2SО4 ( Br2 + K2SО4 + Н2О;

Zn + Н2SO4(conc.) ( ZnSO4 + H2S + H2O

2. Does oxidation-reduction reaction proceed between the following substances:   H2S and HJ; H2S and H2SO3?

3.
 Balance the following oxidation-reduction reactions by half-reaction method:

КClO3 ( КСl + O2
PbS + HNO3 ( S + Pb(NO3)2 + NO + H2O
4.
Basing on oxidation state of phosphorus in compounds: РН3, Н3РO4 and Н3РO3, determine which one is oxidizing agent, which is reducing agent and which one can act as both. Explain. 
5. Balance the following oxidation-reduction reactions by half-reaction method:


Сl2 + Са(ОН)2 ( Са(OСl)2 + СаСl2 + Н2O
Cu2O + HNO3 ( Cu(NO3)2 + NO + Н2O

6. Basing on oxidation state of phosphorus in compounds: К2Сг2O7, КJ and H2SO3, determine which one is oxidizing agent, which is reducing agent and which one can act as both. Explain. 

7. Balance the following oxidation-reduction reactions by half-reaction method:

КМnO4 + KNO2 + H2SO4 ( MnSO4 + KNO3 + H2O + K2SO4
P + HNO3 + H2O ( H3PO4 + NO
8. Does oxidation-reduction reaction proceed between the following substances:   H2SO3 and НСlO4; NH3 and КМnO4?

9. Balance the following oxidation-reduction reactions by half-reaction method:

NaCrO2 + PbO2 + NaOH ( Na2CrO4 + Na2PbO2 + H2O

H2S + Cl2 + H2O (  H2SO4 + HC1
10. Does oxidation-reduction reaction proceed between the following substances:   HNO2 and HJ; HJ and H2S?
11. Balance the following oxidation-reduction reactions by half-reaction method:
HNO3 + Са ( NH4NO3 + Ca(NO3)2 + Н2O

K2S + KMnO4 + H2SO4 ( S + K2SO4 + MnSO4 + H2O
12. Does oxidation-reduction reaction proceed between the following substances:   РН3 and НВr; К2Сr2O7 and Н2РO3?
13. Balance the following oxidation-reduction reactions by half-reaction method:
К2Сr2O7 + Н3РO3 + H2SO4 ( Cr2(SO4)3 + Н3РO4 + +K2SO4 + Н2O
AsH3 + HNO3 ( H3AsO4 + NO2 + H2O
14. Which of the following is oxidation and which is reduction process:                            Мn6+ ( Мn2+; Сl5+ ( Сl; N3-( N5+.
15. Balance the following oxidation-reduction reactions by half-reaction method:
I2 + Сl2 + Н2O ( HIO3 + НСl
FeSO4 + K2Cr2O7 + H2SO4 ( Fe2(SO4)3 + Cr2(SO4)3 + K2SO4 + H2O
16. Does oxidation-reduction reaction proceed between the following substances:   HNO2 and К2Сr2O7; РН3 and H2Se?
17. Balance the following oxidation-reduction reactions by half-reaction method:
H2SO3 + НСlO3 ( H2SO4 + НСl
MnSO4 + PbO2 + HNO3 ( HMnO4 + Pb(NO3)2 + PbSO4 + H2O
18. Does oxidation-reduction reaction proceed between the following substances:   HNO2 and H2S; HIO3 and S?

19. Balance the following oxidation-reduction reactions by half-reaction method:
Сr2O3 + КСlO3 + КОН ( К2СrO4 + КСl + Н2O
Cd + KMnO4 + H2SO4 ( CdSO4 + MnSO4 + K2SO4 + Н2O

20. Basing on oxidation state of chlorine in compounds: НСl, НСlO3, НСlO4, determine which one is oxidizing agent, which is reducing agent and which one can act as both. Explain. 

21. Balance the following oxidation-reduction reactions by half-reaction method:
HCl + CrO3 ( Cl2 + CrCl3 + H2O
H3AsO3 + KMnO4 + H2SO4 ( H3AsO4 + MnSO4 + K2SO4 + H2O
22. Does oxidation-reduction reaction proceed between the following substances:   NH3 and K2Cr2O7; NH3 and HI?
23. Balance the following oxidation-reduction reactions by half-reaction method:
К2Сг2O7 + НСl ( Сl2 + СrСl3 + КСl + Н2O
HNO3 + Zn ( N2O + Zn(NO3)2 + Н2O

24.  Does oxidation-reduction reaction proceed between the following substances:   H2Se and KMnO4; KI and Р?
25. Balance the following oxidation-reduction reactions by half-reaction method:
NaCrO2 + Br2 + NaOH ( Na2CrO4 + NaBr + Н2O
FeS +HNO3 ( Fe(NO3)2 + S + NO + H2O
26. Basing on oxidation state of chlorine in compounds: РН3, Н3РO4 and Н3РО3 determine which one is oxidizing agent, which is reducing agent and which one can act as both. Explain. 

27. Balance the following oxidation-reduction reactions by half-reaction method:
КСlO3 + Na2SO3 ( КСl + Na2SO4
KMnO4 + HBr ( Br2 + KBr + MnBr2 + H2O

28. Does oxidation-reduction reaction proceed between the following substances:   Сг2O3 and НСl; Аu and Cd?
29. Balance the following oxidation-reduction reactions by half-reaction method:
С6H12O6 + КМnO4 + H2SO4 ( СO2 + MnSO4 + K2 SO4 + H2O

Bi2O3 + Cl2 + КОН ( КСl + KBiO3 + H2O
30. Does oxidation-reduction reaction proceed between the following substances:   FeSO4 and КМnO4; Са(ОСl)2 and KI?
Subject. Electrode potentials and mechanisms of their origin.

Role of electrochemical phenomena in biological processes

1. Calculate E.M.F. for electrochemical cell consisting of antimony and calomel electrodes dipped in solution with pH=6,5 at T=298 K, e°(ant. el.)=0,403V.
2. Which electrodes are used as indicating ones in galvanic cells for pH measuring?

3. What is the sign of copper electrode in galvanic cell with: a) nickel electrode;                b) magnesium electrode? (use table values). 

4. Sketch a scheme of galvanic cell consisting of aluminium and silver electrodes. 

5. Which electrodes are used as reference ones in galvanic cells for pH measuring?

6. E.M.F. of galvanic cell consisting of silver-chloride and hydrogen electrodes equals 0.65V. Calculate pH of solution.

7. Write a scheme of galvanic cell consisting of calomel electrode and oxidation-reduction electrode Сг3+׀ Сг2О72-, еcal = 0,248 V; e°(chrom. el.)== -0,236 V. Calculate concentration of reduced form if С(Сг3+) = 0,1mol/L,                          С(Н+) = 0,01 mol/L, E.M.F.  = 1,22 V, Т = 298 К. 
8. Write the scheme of galvanic cell which is used in the Linar probe. 
9. What is the value of hydrogen electrode potential if [H+]=0.025 mol/L?

10. Sketch a scheme of galvanic cell consisting of iron and copper electrodes. 

11. Explain the nature of diffuse potential. 
12. Calculate degree of dissociation of acetic acid if potential of quinhydrone electrode dipped in the acid solution equals 0,35 V at 298 K,                             е°quin = 0,70 V, Кd(сн3соон) = 1,8 ( 10-5.

13. Characterize principles of potentiometric titration. 
14. Which electrode serves as indicating one in a Linar probe?

15. Calculate E.M.F. of concentrating cell consisting of two hydrogen electrodes immersed in solutions with hydrogen ions concentrations 0,02 mol/L and                    0,002 mol/L at 298 K if degree of dissociation is 1.

16. Oxidation-reduction cell consists of the electrodes Pt׀ Fe3+/Fe2+ and  Pt׀Cr3+/Cr2+. Write the scheme of the cell, electrode processes and ORR equation proceeding in the cell. Calculate E.M.F. if e°(Pt׀ Fe3+/Fe2+) = 0,78 V,                      e°(Pt׀Cr3+/Cr2+) = -0,41 В, С(Fe3+) = 0,02 mol/L, С(Fe2+) = 0,01 mol/L,                   С(Сг3+) = 0,05 mol/L, С(Сг2+) = 0,02 mol/L, Т = 298 К.
17. Explain the nature of rest potential arising. 

18. Which electrode serves as reference one in a Linar probe?
19. Sketch a scheme of galvanic cell consisting of zinc and silver electrodes. 

20. Explain the nature of action potential arising. 

21. E.M.F. of galvanic cell consisting of calomel and hydrogen electrodes equals 0.45V. Calculate pH of solution.

22. Calculate E.M.F. for electrochemical cell consisting of hydrogen and calomel electrodes dipped in solution with pH=4,5 at T=298 K, e°(cal. el.)=0,248V.
23. Which electrodes belong to the I type?

24. Calculate electrode potential of aluminium electrode if active concentration of aluminium ions is 0,01 mol/L, T=298K.
25. Write the scheme of galvanic element in which following reaction proceeds: 

Mg + 2Fe3+ ( Mg2+ + 2Fe2+
26. Describe the structure of galvanic cell. 
27. Calculate E.M.F. of concentrating cell consisting of two hydrogen electrodes immersed in solutions with hydrogen ions concentrations 0,03 mol/L and                    0,006 mol/L at 298 K.

28. The following reaction takes place in the galvanic cell: SnCl2 + 2FeCl3 ( SnCl4 + 2FeCl2. Write the structure of the galvanic cell and explain the processes taking pace at each electrode.  
29. Give example of galvanic cell consisting of electrodes of the first type. 
30. Calculate E.M.F. of galvanic cell consisting of calomel electrode and hydrogen electrode  immersed in solutions with pH=1,36. Make up the scheme of the cell. 

31.  Galvanic cell consists of silver-chloride and Red/Ox electrode                           Pt|MnO4-/Mn2+, Н+. Write the scheme of the element and determine E.M.F.
32. Write the scheme of concentrating cell used for pH determination in  biological liquids - blood and gastric juice. 

33.  E.M.F. of galvanic cell consisting of silver-chloride and antimony electrodes equals 0.85V. Calculate pH of solution if e°(ant. el.)=0,15 V.
34. Calculate degree of dissociation for formic acid if potential of quinhydrone electrode dipped in the acid solution equals 0,48 V at 298K,                    Kd(HCOOH)=1,8 ( 10-5.

35. Explain construction of electrode of third type.
36. Potential of copper electrode equals 0,29 V. Calculate standard electrode potential of copper electrode if active concentration of copper ions is 0,02 mol/L, T=298K.

37. Galvanic cell consists of calomel and Red/Ox electrode                           Pt|Cr3+/Cr2+. Write the scheme of the element and determine E.M.F. if                                 е0 (Pt|Cr3+/Cr2+) = -0,41V.
38. Characterize action potential and its significance for medico-biological researches. 
39. Determine pH of solution if E.M.F. of the cell composed of quinhydrone and silver-chloride electrodes equals 0,06 V at 298K. 
40. Potential of zinc electrode equals 0,76 V. Calculate standard electrode potential of zinc electrode if active concentration of zinc ions in the solution is 0,001 mol/L, T=298K.

41. What is the indicating electrode in the Linar probe? Describe its construction. 

42. Galvanic cell consists of silver-chloride electrode and Red/Ox electrode                           Pt|Fe3+/Fe2+. Write the scheme of the element and determine E.M.F. if                                 е0 (Pt|Fe3+/Fe2+) = 0,78V.
43. Potential of quinhydrone electrode immersed in the solution equals 0,45 V. Determine pH of this solution.
44. Write Nernst equation for Red-Ox electrode potential determination.  

45. Galvanic cell consists of iron and gold electrodes. Sketch the scheme of the cell and determine E.M.F. under standard conditions. 
46. Calculate E.M.F. for electrochemical cell consisting of quinhydrone and silver-chloride electrodes dipped in solution with pH=8,5 at T=298 K.

47. Explain the principle of work of a Daniell cell. 

48. Potential of hydrogen electrode immersed in HCl solution equals -0,295 V. Determine pH of this solution.

49. What will be the alteration of electrode potential value of Cu|CuSO4 and Pt|FeSO4, Fe2(SO4)3 electrodes if water is added to electrolytes?
50. Calculate E.M.F. of concentrating cell consisting of two hydrogen electrodes immersed in solutions with hydrogen ions concentrations 0,02 mol/L and                    0,004 mol/L at 298 K.

51. Standard electrode potential of zinc equals -0,76 V at 298 K. At which molar concentration of Zn2+ ions potential of zinc electrode equals zero?
52. Calculate potential of zinc electrode dipped in 200 ml of solution containing 0,2g of ZnSO4, T=298 K. 

53.  Calculate E.M.F. of galvanic cell consisting of two hydrogen electrodes immersed in solutions with pH1=2 and pH2=10.

54. What is the molar concentration of zinc cations in solution if potential of zinc electrode is 59 mV less than its standard value at 298K?

55. Calculate E.M.F. of galvanic cell consisting of two copper electrodes immersed in solutions with concentrations С1(Сu2+)=10-2mol/L and С2(Сu2+)=10-4 mol/L.
56. W
rite Nernst equation for the electrode: Pt|Cr3+/Cr2+.
57. Potential of hydrogen electrode dipped in electrolyte solution equals  -118mV. Determine concentration of hydrogen protons in the given solution. 

58. W
rite Nernst equation for copper electrode: Cu/Cu2+.
59. Calculate E.M.F. of galvanic cell consisting of zinc electrode with        С(Zn2+)=10-2mol/L and copper electrode with concentration                         С(Сu2+)=10-2 mol/L, е°Сu/Cu2+ = 0,340 V; e°Zn/Zn2+ = -0,763 V, T=298K.

60. Calculate E.M.F. of galvanic cell consisting of zinc electrode with        С(Zn2+)=10-2mol/L and silver electrode with concentration С(Ag+)=10-2 mol/L, е°Zn/Zn2+ = -0,763 V; e°Ag/Ag+ = 0,800 V, T=298K.

61. Calculate E.M.F. of galvanic cell consisting of hydrogen electrode with pH=1 and zinc electrode with С(Zn2+)=10-2mol/L, е°Zn/Zn2+ = -0,763 V,  T=298K.
Subject.  Sorption of biologically active substances 
at a phase interface.

Ion exchange and chromatography 

1. Which groups are hydrophilic and which are hydrophobic in the following molecules:

CH3 – CH2 – NH2;  CH3COOH;  C2H5OH ?

2. How are surface interfaces classified according to aggregative state of contacting phases?
3. Give examples of surface-active substances. How are SAS oriented in the upper layer of water?

4. How many times surface activity of С4Н9СООН is greater than that of С2Н5СООН?
5. How are surfactants adsorbed at interface water-benzene if they are well soluble in both substances?

6. Define the term “adsorption”.

7. Choose SIS among the given substances: C2H5SО3H, С15Н31СООН, NaCl, С2Н5ОН, H2SО4, КОН.
8. What is the difference between physical and chemical adsorption?
9. Specify hydrophilic and hydrophobic parts in the following molecules:                  СН3 — СН2 —SО3H; С15Н31СООН; C3H7NH2.

10. What is the surface activity if adsorption is negative?
11. Place ions in order of increasing of adsorption ability:  Na+, K+, Cs+,  Rb+. 
12. How are ion-exchange resins used in medical practice? 
13. Which ions will be adsorbed on the particles of BaSO4 formed in the reaction:

H2SO4 + BaCl2 ? 
14. Choose SAS among the given substances: C2H5SО3H, С15Н31СООН, NaCl, С2Н5ОН, H2SО4, NaОН.
15. Place ions in order of decreasing of adsorption ability: Аg+, Al3+, Ва2+, Mg2+, Са2+.

16. What is the principle of partition chromatography?
17. What ions will be adsorbed on the ZnS particles: Na+, NО3-, Cu2+, Zn2+,                       ОН-, S2-? Explain.
18. Roots of plants are capable for ions absorption from soil. What is the fundamental of this process? 

19. Place ions in order of increasing of adsorption ability: S2-, РО43-, Сl-, I-, Вr-.
20. Which carrier gases are used in gas-liquid chromatography?

21. Place ions of alkaline metals in order of increasing of adsorption ability.
22. Explain the process of water softening. 

23. Place ions of alkaline earth metals in order of increasing of adsorption ability.

24. Calcium gluconate solution was flown through cation resin (in H+ form) with formation of filtrate. Find the mass of calcium gluconate (Mr=430 g/mol) which is contained in initial aqueous solution if 15 ml of 0,1 M alkaline solution is used for titration of filtrate. 
25. Sodium salicylate solution was flown through cation resin with formation of filtrate. Find the mass of sodium salicylate (Mr=160 g/mol) which is contained in initial aqueous solution if 10 ml of 0,2 M NaOH solution is used for titration of filtrate. 

26. Write the scheme of purification of water from Ca(NO3)2 by means of cation resins. 
27. What is the difference between terms “adsorption” and “absorption”?
28. Barium nitrate solution was flown through cation resin with formation of filtrate. Find the mass of barium nitrate which is contained in initial aqueous solution if 5 ml of 0,1 M KOH solution is used for titration of filtrate. 

29. What ions will be adsorbed on the AgCl particles: Na+,Ag+, NО3-, Cu2+, Cl- Zn2+, ОН-, S2-? Explain.

30. Arrange halogens in lyotropic series according to their adsorption ability. 

31. Sodium chloride solution was flown through anion resin (in OH- form) with formation of filtrate. Find the mass of Cl-  which is contained in initial aqueous solution if 7 ml of 0,1 M H2SO4 solution is used for titration of filtrate. 

Subject. Obtaining and properties of colloidal solutions.

Coagulation of colloidal solutions. Colloidal protection

1. Write the structure of magnesium silicate micelle which is stabilized by potassium silicate. 

2. 50 ml of CaCl2 solution (C(CaCl2)=0.02 mol/L and 20 ml of Na2SO4 solution (C(Na2SO4)=0,03 mol/L were mixed. Write the structure of obtained micelle. 

3. How many grams of lead sulphate are contained in 1 L of saturated solution if Ksp(PbSO4) =2,2 (10-8?
4. Write the structure of calcium sulfide micelle which is stabilized by calcium chloride. 
5. 30 ml of MgCl2 solution (C(MgCl2)=0,01 mol/L and 10 ml of Na2SiO3 solution (C(Na2SiO3)=0,02 mol/L were mixed. Write the structure of obtained micelle. 

6. Molar concentration of saturated solution of СаС2О4 is 5,07 ( 10-5 mol/L. Calculate Ksp(СаС2О4).

7. Write the structure of calcium phosphate micelle which is stabilized by sodium phosphate. 

8. 10 ml of Ca(NО3)2  solution (C(Ca(NО3)2 )=0.03 mol/L and 2 ml of Na2CO3 solution (C(Na2CO3)=0,05 mol/L were mixed. Write the structure of obtained micelle. 

9. There is 2,8 ( 10-6 g of AgI in 1 L of saturated solution. Calculate Ksp(AgI).
10. Write the structure of aluminium acetate micelle which is stabilized by aluminium chloride.
11. 20 ml of NaCl solution (C(NaCl)=0.03 mol/L and 5 ml of Pb(NO3)2 solution (C(Pb(NO3)2)=0.05 mol/L were mixed. Write the structure of obtained micelle. 
12. Molar concentration of saturated solution of Mn(OH)2 is 2,14(10-5 mol/L. Calculate Ksp(Mn(OH)2). 

13. Write the structure of ferric phosphate micelle which is stabilized by ferric nitrate.
14.  30 ml of KI solution (C(KI)=0,01 mol/L and 10 ml of AgNO3 solution (C(AgNO3)=0.02 mol/L were mixed. Write the structure of obtained micelle. 
15. How many grams of silver bromide are contained in 1 L of saturated solution if Ksp(AgBr) =7,7 (10-13?
16. Write the structure of  lead(II) chloride micelle which is stabilized by potassium chloride. 

17. 20 ml of barium chloride  solution (С(ВаСl2))=0,02 mol/L and 40 ml of sodium sulfate solution (C(Na2SO4)=0,015 mol/L were mixed. Write the structure of obtained micelle. 
18. There is 1,76 ( 10-2 g of  ВаСO3 in 1 L of saturated solution. Calculate Ksp(ВаСO3).
19. Write the structure of barium sulphate micelle which is stabilized by potassium sulphate. 

20. 5 ml of FeSO4  solution (C(FeSO4)=0,03 mol/L and 1 ml of Na2S solution (C(Na2S)=0,05 mol/L were mixed. Write the structure of obtained micelle. 

21. Molar concentration of saturated solution of Zn(OH)2 is 1.4(10-6 mol/L. Calculate Ksp(Zn(OH)2). 

22. Write the structure of zinc sulfide micelle which is stabilized by sodium sulfide. 

23. 3 ml of KI solution (C(KI)=0,05 mol/L and 10 ml of AgNO3 solution (C(AgNO3)=0,01 mol/L were mixed. Write the structure of obtained micelle. 
24. Molar concentration of saturated solution of Fe(OH)3 is 2(10-8 mol/L. Calculate Ksp(Fe(OH)3). 

25. Write the structure of chromium(III) phosphate micelle which is stabilized by chromium(III) chloride.
26. 10 ml of KCl solution (C(KCl)=0.02 mol/L and 30 ml of AgNO3 solution (C(AgNO3)=0,005 mol/L were mixed. Write the structure of obtained micelle. 
27. There is 6,9 ( 10-3 g of  CаСO3 in 1 L of saturated solution. Calculate Ksp(CаСO3).
28. Write the structure of mercury(II) bromide micelle which is stabilized by mercury(II) nitrate.

29. 30 ml of barium chloride  solution (С(ВаСl2))=0,005 mol/L and 10 ml of potassium sulfate solution (C(K2SO4)=0,05 mol/L were mixed. Write the structure of obtained micelle. 

30. How many grams of PbSO4 are contained in 100 ml of saturated solution if Ksp(PbSO4) =2 (10-8?
31. Write the structure of silver sulphate micelle which is stabilized by potassium sulphate. 

32. 15 ml of Na2CО3solution (С(Na2CО3))=0,01 mol/L and 10 ml of СаСl2 solution (C(СаСl2)=0,03 mol/L were mixed. Write the structure of obtained micelle. 

33. Find molarity of ferrous sulphide saturated solution if Ksp(FeS) =3,7 (10-19?
34. Write the structure of barium carbonate  micelle which is stabilized by sodium carbonate.
35. 3 ml of Ca(NО3)2 solution (C(Ca(NО3)2 )=0,03 mol/L and 5 ml of Na2S solution (C(Na2S)=0,01 mol/L were mixed. Write the structure of obtained micelle. 
36. Molar concentration of saturated solution of Fe(OH)2 is 4,9(10-6 mol/L. Calculate Ksp(Fe(OH)2). 

37. Write the structure of calcium carbonate  micelle which is stabilized by sodium carbonate.

38. 3 ml of Fe(NO3)3  solution (C(Fe(NO3)3)=0,007 mol/L and 5 ml of Na3PO4 solution (C(Na3PO4)=0,01 mol/L were mixed. Write the structure of obtained micelle. 

39. There is 2,0  g of  CаСO3 in 1 L of saturated solution. Calculate Ksp(CаSO4).
40. Write the structure of silver sulfide micelle which is stabilized by silver nitrate. 
41. 10 ml of Na2CО3 solution (С(Na2CО3))=0,02 mol/L and 15 ml of СаСl2 solution (C(СаСl2)=0,01 mol/L were mixed. Write the structure of obtained micelle. 

42. Molar concentration of saturated solution of  PbCl2 is 3,9(10-2 mol/L. Calculate Ksp(PbCl2).
43. Write the structure of ferrous sulfide  micelle which is stabilized by hydrogen sulfide.

44. 25 ml of K2CО3 solution (С(K2CО3))=0,007 mol/L and 30 ml of BаСl2 solution (C(BаСl2)=0,003 mol/L were mixed. Write the structure of obtained micelle. 

45. There is 1,6 (10- 3 g of  AgCl in 1 L of saturated solution. Calculate Ksp(AgCl).
46. Write the structure of chromium(III) phosphate  micelle which is stabilized by chromium(III) chloride. 
47. 1 ml of CuSО4 solution (С(CuSО4))=0,05 mol/L and 3 ml of K2S solution (C(K2S)=0,01 mol/L were mixed. Write the structure of obtained micelle. 

48. How many grams of BaSO4 are contained in 1 L of saturated solution if Ksp(BaSO4) =1,1 (10-10?
49. Coagulation of 3 ml of AgI negatively charged sol  is caused by addition of             0,9 ml of aluminium nitrate (C(Al(NO3)3)=0,01 mol/L. Write the structure of sol micelle and calculate coagulation threshold.  
50. Which of the following ions coagulate negatively charged sole: Fe3+,H+, Cl-, Mg2+, SO4 2-, Na+, PO43- ? Place them in order of increasing of coagulating power. 51. Write the structure of sol micelle Cu2[Fe(CN)6] in excess of CuSO4. 
Which of the following ions coagulate this sole: Mg2+, NO3-, Na+, РO43-, Al3+,                      НРО2-? Place them in order of decreasing of coagulating power.
52. Find coagulation threshold if turbidity arises in 5 ml of positively charged Fe(OH)3 sol after addition of 2,1 ml of 0,01 M MgSО4.
53. Write the structure of FeS sol micelle in the isoelectric state. Sol is obtained in the reaction: FeSO4 + K2S = FeS + K2SO4. FeSO4  is the stabilizer. 
54. Which of the following electrolytes has the least coagulating power in respect with positively charged sol: AgCl; ВаСl2 or MgSO4?  Explain. 
55. Find coagulation threshold if visible turbidity arises in 10 ml of positive  AgI sol after addition of 1,5 ml of 0,1 M NaCl.
56. Write the structure of sol micelle from previous task and name the ion which causes coagulation. 

57. Write the structure of СаС2О4 sol micelle in excess of Na2C2О4. 
58. Which of the following ions coagulate sol from previous task: Сl-, К+, SO2-, Mg2+, Fe3+, РO43-? Place them in order of increasing of coagulating power.

59.  Write the structure of СuS  sol micelle if stabilizer is CuSО4. Which of the following ions coagulate this sole: Na+, Сl-, SO42-, А13+,I-? Place them in order of decreasing of coagulating power.

60. Portion of 2,5 ml of 5% starch solution protects 50 ml of Fe(OH)3  sol from coagulation by 1 ml of 10% NaCl.  Calculate gold number of starch. 
61. Find coagulation threshold if turbidity arises in 5 ml of negatively charged Fe(OH)3 sol after addition of 0,3 ml of 0,01 M K3PО4.
62. Write the structure of sol micelle from previous task and name the ion which causes coagulation. 

63. Write the structure of AgI sol micelle in excess of KI. Which of the following ions coagulate this sole: Fe3+, Сl-, SO42-, А13+,Mg2+? Which ions have higher coagulation threshold?
64. Portion of 2 ml of 3% gelatin solution protects 100 ml of colloidal AgCl from coagulation by 1 ml of 10% NaCl.  Calculate gold number of gelatin. 

65. Find coagulation threshold if turbidity arises in 10 ml of positively charged Fe(OH)3 sol after addition of 0,5 ml of 0,001 M K3[Fe(CN)6]. 
66. Which ion from K3[Fe(CN)6] coagulate sol from previous task? Write the structure of given sol in isoelectric state.  
67. Write the structure of AgBr positive sol. Which of the following ions coagulate this sol: Сl-, К+, Ca2+, SO2-, Ba2+, Fe3+, РO43-? Place them in order of increasing of coagulating power.

68. Portion of 2 ml of 2% gelatin solution protects 100 ml of colloidal AgI from coagulation by 1 ml of 10% NaCl.  Calculate gold number of gelatin. 

69. Find coagulation threshold if turbidity arises in 10 ml of CaSO4 sol after addition of 1,5 ml of 0,05 M MgCl2.
70. Write the structure of СuSO4  sol micelle if stabilizer is CaCl2. Which ion from MgCl2 causes coagulation?
71. Write the structure of Fe4[Fe(CN)6]3  sol micelle if stabilizer is FeCl3.
72. Which of the following ions coagulate sole from the previous task: Сl-, К+,  Na+, SO42-,  Br-, Fe2+, PO43-, Ca2+ ? Which ions have higher coagulation threshold?
73. Write the structure of BaHPO4  sol micelle in excess of BaCl2. Which of the following ions coagulate this sol: К+,  I-,  Аl3+,  Сl-, С2O42-, Са2+, РO43-. Place them in order of decreasing of coagulating power.

74. Portion of 1,5 ml of 1% gelatin solution protects 25 ml of colloidal Fe(OH)3  from coagulation by 1 ml of 10% NaCl.  Calculate gold number of gelatin. 

75. Determine the charge of AgI sol stabilized by NaI and find coagulation threshold  if coagulation begins after addition of 0,7 ml of 0,15M AlCl3 to 5 ml of the given sol. 
76. Write the structure of PbCrO4 sol micelle stabilized by K2CrO4. Determine which electrolyte: AlCl3 or K2SO4 has lesser coagulation power in respect with the given sol. Explain. 
77. Write the structure of Cu2[Fe(CN)6]  sol micelle if stabilizer is CuSO4.
78. Which of the following ions coagulate sol from previous task: К+,  Н+,  Na+, РО43-, Са2+, SO42-, Mg2+, Br- ? Place them in order of increasing of coagulating power.

Subject. Properties of biopolymers solutions.

Isoelectric state of proteins

1. What is the relation between swelling of proteins and pH of the medium?
2. Are anions F-, Cl-, Br-, I- identical in respect with swelling process? Write the lyotropic series. 
3. Determine the degree of swelling of protein in water if mass of the dry protein is 5 g and the mass after swelling is 8 g.  
4. Are anions Cl-, SO42-, PO43- identical in respect with salting out process? Write the lyotropic series. 

5. What is degree of swelling? How to determine it?
6. Are cations  Li+, Na+, K+ identical in respect with swelling process? Write the lyotropic series. 

7.  What is the degree of swelling of rubber in benzene if mass of the rubber before swelling was 5 g and the mass after swelling becomes 8 g.  
8. Explain the process of thixotropy. 
9. What is isoelectric point of protein? If isoelectric point of protein is 6,2, at which pH the protein is positively charged? 
10. Which buffer solution – ammonium or acetic one, should be taken for protein salting out if pI=4.8? Explain.  

11. Pharmaceutical drug Protargolum is a colloidal solution of silver(I) oxide. Proteins are added to it in order to increase aggregative stability. Which HMW compound has the greatest protective action if protective numbers are as follows:  gelatin – 0,035;  dextrin – 100,0; saponin – 35,0; egg albumin – 2,5. 
12.  In which buffer solution - ammonium or acetic one, jellification of gelatin solution is more effective  (pI=4.7)? Explain.  

13. Histones are basic proteins associated with nucleic acids in chromosomes.  In which buffer solution – ammonium or phosphate one, histones can be salted out? Explain. 
14. In which solvent – water or benzene, does rubber swell better? Explain. 
15. Which buffer solution – ammonium or acetic one, should be taken for protein salting out if pI=9.8? Explain.  

16. What is the degree of swelling of protein in water if mass of protein before swelling was 7 g and the mass after swelling becomes 10 g.  
17. Protective numbers of some HMW compounds are as follows:  gelatin – 0,035;  dextrin – 20,0; saponin – 115,0; starch – 35; sodium caseinate – 0,5. Which of the given HMW compounds has greatest protective action? 
18. Electrolytes have the following values of coagulation thresholds (mmol/L)                   in respect with given sol: С(NaCl) =300; С(1/2MgCl2) =320;                          C(1/3Na3PO4) = 0,6; С(1/2Na2SO4) = 20.What is the charge of particles of given sol? 
19. ZnS sol is obtained in excess of zinc chloride. Which electrolyte has the least coagulation threshold: potassium chloride, ferrous sulfate, aluminum nitrate, potassium hexacianoferrate(III)?
20. Portion of 0,4 ml of 0,5% gelatin solution (d=1g/cm3) should be added to              10 ml of As2S3 sol in order to protect it from coagulation. Calculate gold number of gelatin. 
21. pI of protein is 6,8. It is placed in buffer solution with [Н+( = 1 ( 10-9 mol/L. To which pole will this protein move during electrophoresis? Explain. 

22. What is the ionic form of protein if it is placed in buffer solution where pH=pI?

23. To which pole will protein move during electrophoresis at pH=3,40 if pI=6,00?
24. pI of myosin equals 5. At which pH values: 2,4,5,7 – its electrophoretic mobility is the greatest? Explain. 
25. pI of one enzyme is 5 and that of the other is 8. At which pH they can be separated by means of electrophoresis? Determine charges of given enzymes at pH values: 4,5,6,7,8,9. 
26. To which pole will protein move during electrophoresis at pH=7,40 if pI=6,00? Explain. 
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