"GENERAL CHEMISTRY" Thermodynamics and equilibrium
1. Internal energy U of the system. I-st law of thermodynamics. Standard enthalpy and 






       combustion heat of a compound (pages 5,6, partly 8,9).

2. Using enthalpy diagrams, explain the calculation of reaction heat from standard enthalpies and 






from combustion enthalpies of compounds.(pages 6-11).

3. Criteria for spontaneously of reaction. Burteleau-Thomsen's principle Examples of spontaneous and 

non spontaneous processes. Entropy of the system S, it's connection to thermodynamical 









probability of system (pages 11-14).

4. Internal energy of the system as a sum of free (Helmholtz's) and bound energies. Gibbs's energy G

         of the system. ∆G as the final criterion for favorable of a chemical reaction .(pages 15-16)

5. Gibbs's energy change in chemical reactions. Explain the four most common cases of chemical 






reactions from thermodynamic point of view.(pages 16-18)

6. Realization of thermodynamically forbidden processes in living cells. 

            (pages 18-19)

7. II law of thermodynamics in living organisms. Change of entropy in living organisms. 







Stationary state of living organisms.(pages 19-21)

8. Chemical equilibrium state. Equilibrium constant, it’s connection to rate constants of direct and 










reverse reactions.(pages 22-23)

9. Le Chatelier’s theorem. Influence of temperature, pressure and concentrations of reactants 









on the equilibrium state.(pages 24-27) 

10. ∆G as criterion of chemical equilibrium: connection between ∆G and equilibrium constant, the 
ratio between the concentrations of initial compounds and products at different signs of ∆G.(pages 27-29)

11. Equilibrium in heterogeneous systems. Solubility product of weakly soluble salts, it’s use 







for determination of ionic concentrations, when  

a)weakly soluble salt is in contact with water, 

  b)weakly soluble salt is in contact with a solution, in which one of it’s ions is already present. (p. 29-30)

 Reaction Kinetics

12. Reaction rate, factors, affecting it. Law of mass action. Reaction rate constant..(pages 133-135) 

13. Influence of temperature on reaction rate. Vant Hoff's temperature coefficient. Activation theory. 

Activation energy. Energetic profiles for exothermic and endothermic reactions.(pages 135-140)

14. Energy distribution in to molecules. Finding of the number of active molecules. 







      Maxwell-Boltsman's equation. (pages 141-142)

15. Arrhenius’s equation for reaction rate constant, meaning of it’s pre-exponential and Boltsman's 







factors, their graphic determination.(pages 143-145)

16. Reaction order. Explain why the real reaction order has a limited value and what are the 
          suggestions about the mechanism of reaction if the real reaction order differs from the formal one. 





      Give examples of reactions of different order.(pages 146-150).

17. Complex reactions. Discuss kinetics of parallel, gradual, joint, chain and competitive reactions 











(pages 152-157).

18. General rules of catalysis. Influence of catalyst on the activation energy. 








Types of catalytic processes.(pages 158-160)

19. Homogeneous catalysis, its specific features. Examples of homogeneously catalyzed reactions.











(pages 161-162)

20. Heterogeneous catalysis, its specific features. Stages of reaction at heterogeneous catalysis. 

Give an explanation to catalytic activity of solid catalysts and to reasons of lowering 









of activation energy. (pages 163-165)

21. Enzyme catalysis, its similar features to the ones of homogeneous and heterogeneous catalysis and 






it’s specific properties. Key-lock principle.(pages 165-169)

22. Kinetic curve of enzyme-governed reaction. Michaelis-Menten's equation, it’s ability to fit 




all three areas of the kinetic curve. Michaelis's constant (pages 169-173).

23. The two constants of Michaelis-Menten's equation and their graphic determination (pages 173-174)

24. Inhibition of enzyme-catalyzed reactions - irreversible inhibition, inhibition by products, competitive 
end non-competitive inhibition. Changes of maximal rate and Michaelis’s constant at competitive and 








noncompetitive inhibition.(pages 175-178)

Colligative properties of solutions

25. Colligative properties of solutions. Relation between the concentration of particles and total 

concentration of solute. Derive equation, connecting isotonic coefficient i to dissociation degree .












(pages 31-33)

26. Reasons for depression of solvents' vapor pressure above solution in comparison to pure solvent. 









          Raoult’s I-st law.(pages 33-34)

27. Phase diagram of water. Changes of freezing and boiling points of solution compared to pure solvent 







(explain, using vapor pressure diagram).(pages 35-38)

28. Raoult’s 2nd law. Applications of cryoscopy and ebulioscopy for determination of solute 

concentration, it’s molar mass, dissociation degree and osmotic pressure . 
(pages 37,39-40,44)

29. Phenomenon of osmosis. Formation of osmosis and osmotic pressure . Measuring 
of osmotic pressure  by means of osmometer. Vant Hoff’s law and it’s relation to gas laws.(pages 41-43)

30. Isotonic, hyper- and hypotonic solutions, their medical application. 






       Behavior of a living cell in these solutions.(pages 45-46)

dissociation

31. Dissociation of weak electrolytes Dissociation degree and dissociation constant. Derive Ostwald’s 

dilution law. Dependence of dissociation degree on concentration of solute. Calculation of ion 







      concentrations using Ostwald's law.(pages 47-50) 

32. Dissociation of strong electrolytes. Ionic atmosphere around ions, ionic strength of solution, 








activity and activity coefficient.(pages 50-51)

33. Dissociation equilibrium of water. Hydrogen exponent pH and its' connection to pOH. pH scale. 




Values of pH and [H+] in neutral, acidic and basic solutions.(pages 52-53)

34. Derive equations for calculation of pH: 

a) solutions of strong  acids , 

b) solutions of weak acids, 

c).solutions of strong bases, 

d) solutions of weak bases, 







   (pages 54-55)

35. Hydrolysis of salts. The reasons of hydrolysis, stages of hydrolysis, equations of hydrolysis in ionic 






and molecular forms for the salts, originated from a: 

a) weak acid and strong base, 

b) weak base and strong acid,

c) weak base and weak acid (including the cases, when the salt is decomposed completely by water).












(pages 60-63)

36. Theory of pH indicators, their color change point and color change interval. Choice of indicator for 
titration of strong and weak acids by strong bases and strong or weak bases by strong acids.(pages 58-60)

buffer solutions

37. Buffer solutions, their principal components and possible practical compositions. Derive equation for 






pH calculation in buffer solution.(pages 64-65,68-69)

38. Mechanism of buffer action. Explain, why pH is practically not changed, when a strong acid or a strong base is added to a buffer solution. Show this both for a buffer solution, composed of weak acid and its' salt and a buffer solution, composed from a weak base and its' salt (pages 66-68).

39. Buffer capacity and the factors, affecting it. Show, how acid and base  depend on the amounts of components in the buffer system.(pages 74-79)

40. Buffer systems of human organism. Mention all the buffer systems, acting in the organism and explain the “usual” buffer action for hemoglobin and protein buffer systems (pages 80-82).

41. Explain the joint physiological action of hemoglobin , oxyhemoglobin and bicarbonate buffer systems in exchange of gases between lungs and tissues.(pages 82-84)

42. pH of blood and the equation that relates pH of blood to concentrations of the forms of hydrocarbonate buffer system. Explain, why hydrocarbonate buffer system only is present in the final equation of blood pH and how is pH regulation carried out through equilibrium between the forms of this buffer system. What is acidosis and alkalosis and it what cases they are observed? (pages 84-86) 

Electrode potentials
43. What is indicator electrode and what is a standard electrode? Explain formation of potential and derive 

potential equation E for I type (metal/soluble salt) electrode, give examples of I-st type electrodes.












        (pages 87-91).

44. Hydrogen electrode: it’s construction, potential equation and possible applications.         (pages 91-93)

45. II type (metal/insoluble salt/counter ion) electrode. Explain formation of potential E and derive 

potential equation for Ag/AgCl electrode, give examples of other possible IInd type electrodes.








   Use of II type electrodes.              (pages 93-96)

46. A Red-Ox system, it’s oxidized and reduced forms. Red-Ox electrode, formation of its' potential, 

equation of potential. What is standard Red-Ox potential and how is it used for comparing of the 

oxidizing strength of Red-Ox systems. 



          (pages 112-115 and 96-97)

47. Formation of membrane potential and calculation of its' value. 


         (pages 98-99)

48. Explain pH-sensitivity of glass electrode, its' construction and possible application. Give an idea 

about ion-selective electrodes. 






(pages 100-102)

49. Formation and elimination of junction potential at practical measurements of potentials. 












(pages 102-104)

50. Potenciometric titration: in what cases is it used and what are the requirements for choice of indicator 

electrode. Explain potenciometric titration curve for titration of a reducing agent by an oxidant.












(pages 104-108)

51. Explain the curves of potenciometric titration of a) strong or b)weak acid by a strong base 










(or vice versa).(pages 108-111)

Electric conductivity

52. Motion of ions in electric field. Ion mobility, factors affecting it. Mobilities of H+ and OH- 











ions. (pages 120-124)

53. Conductometric titration. Explain the curves of conductometric titration of 


a) strong acid, 


b) weak acid, 


c) a mixture of weak and strong acid by a strong base. 



(pages 126-129)

structure of atoms and bonds

54. Four quantum numbers and their use for determination of electron configuration of the atom.












(pages 179-184)

55. Ionization energy, electron affinity and electronegativity of atom. Determination of bond type, 








 using electronegativities. 
(pages 185-188)

56. Valence bond method for explanation of covalent bond.  Usual (exchange mechanism) valence and 


expanded (donor-acceptor) valence. Determination of possible covalent valences of an atom. 












(pages 189-195)

57. Spatial orientation of the covalent bond.   and  bonds. Valence angle. 
(pages 199-203)

58. Formation of identical bonds at use of different orbitals. Hybridization of atomic orbitals. Discuss 

sp, sp2 and sp3 types hybridization and give examples of compounds for each of them . 












(pages 203-206)

59. Polarity of bonds and polarity of molecules. Polarization of molecules in electrical field. 



Polarization by solvent and intermolecular polarization. 

(pages 207-210)

60. Hydrogen bond, its' formation. Discuss the donor-acceptor nature of hydrogen bond and the reasons 

why hydrogen is the only element that is able to form this kind of intermolecular bond. 






Role of hydrogen bond in chemistry.  
(pages 210-211)

61 Intermolecular interactions (discuss orientation, induction and 






dispersion type Van der Waals’s forces). 
(pages 212-213)

CALCULATION EXERCISES 

Types of calculation exercises are the same, than for colloquiums I and II.                 They include:

1) Calculation from mass fraction to molarity or normality and back             (see examples for colloq. I),

2) calculations of colligative properties (freezing point depression, boiling point raise, osmotic pressure) 







from given concentration or vice versa         (colloq. I)

3) calculation of molar mass, osmotic pressure or dissociation degree from results of cryoscopy 












            (colloq. I)

4) calculations of pH in solutions of strong and weak acids and bases from given concentration or 








vice versa             (see examples from colloq. II)

5) Calculations of pH in buffer solutions, when composition is given or volumes of initial solutions 










if pH is given              (colloq. II)

6) Calculation of buffer capacity  that is observed, when strong acid or strong base is added 






to a buffer solution of known composition                 (colloq. II).

EQUATIONS OF RED-OX REACTIONS

In some cases a calculation exercise will be replaced by an equation of ox-red reaction. Be ready to write and balance following Red-Ox reactions :

1) reactions of KMnO4 in acidic environment with reducing agents: Na2SO3, KI, H2O2, FeSO4, etc.

2)reactions of KMnO4 with Na2SO3 in neutral and basic environments,

3)reactions of K2Cr2O7 in acidic environment with reductants Na2SO3, KI, FeSO4, H2S, etc..

II. COMPLEX COMPOUNDS Test Questions 4.

1. What is the character of bond in complex compounds? 

What particles can serve as central ions, what - as ligands? 

(Assume properties, necessary for central ions and for ligands and give examples).

3. How can the coordination number of central ion be determined from the electron structure of atom 




and how - by using the empirical rule (give examples for both)?

4. Be ready to write reactions of complex formation, for  example: 
Pb(NO3)2 
+ KI (excess) 
——> ?
NiCl2 
+ NH4OH 
——>  ?
KCN 
+ Fe(CN)3  
——>?
AgNO3 
+ Na2S2O3 
——-> ?
AgNO3 
+ NH3 
——> ?
CrCl3  
+ NaOH (excess) 
——> ?
FeCl3  
+ KSCN 
——> ?
Al(OH)3 
+ KOH (excess) 
——> ?
Cu(NO3)2 
+ H2N-CH2-CH2-NH2 
——> ?
NiCl2 
+ H2N-CH2-COOH 
——> ?

5. Describe the primary and secondary dissociation of complexes  and show, 




what is instability constant of a complex compound.

6. How can a complex ion be destroyed 



`(consider possibilities of ligand binding and central ion binding)?

7. Write reaction equations of complex destruction: 
[Co(NH3)6]Cl3 
+ HCl 
——> ?
[Ag(NH3)2]NO3 
+ KI 
——> ?
Na3[Cr(OH)6] 
+ HCl 
——> ?
[Cu(NH3)4]SO4 
+ K2S 
——> ?
[Ni(NH3)4]Cl2 
+ K2S 
——> ?
[Ag(NH3)2]Cl 
+ K2S 
——> ?
Na3[Co(OH)6] 
+ HNO3 
——> ?
Good luck in preparing for the examination        Na2[PbI4] 
+ Na2S 
——> ?
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