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(a) Chemical Equilibrium 

1. Consider the equilibrium below: 

 

The equilibrium concentrations of the reagents involved, under certain conditions, are: 

 

Calculate the equilibrium constant, Kc, under the above conditions. 

2. In the equilibrium: 

 

the concentrations of the gases present are: 

 

Calculate the equilibrium constant, Kc, for the reaction under the above conditions. 

3. The esterification of methanol and ethanoic acid to form methyl ethanoate and water is represented 

by the equation below. 

 

At equilibrium, the concentrations of the substances present are: 

 

Calculate the equilibrium constant, Kc, for the reaction under the above conditions. 

4. The decomposition of sulphur trioxide is represented by the following equation: 

 

At equilibrium, under certain conditions, the concentrations of the gases are: 
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Calculate the equilibrium constant, Kc, for the reaction under the above conditions. 

5. The reaction of carbon dioxide with hydrogen to form methanol is given by the following equation: 

 

At equilibrium, the concentrations of the gases under certain conditions are: 

 

Calculate the equilibrium constant, Kc, for the reaction under the above conditions. 

6. The partial oxidation of methane is shown by the equation below. 

 

At equilibrium, under certain conditions, the concentrations of the gases are: 

 

Calculate the equilibrium constant, Kc, for the reaction under the above conditions. 

7. 0.2 moll-1 of ethanol and 0.2 moll-1 of methanoic acid are mixed with a few drops of concentrated 

sulphuric acid catalyst in an empty reaction vessel. After equilibrium is established, it is found that 

0.15 moll-1 of the ester, ethyl methanoate, has been formed. 

The equation for the reaction taking place is: 

 

Calculate the equilibrium constant, Kc, for the reaction under these conditions. 
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8. 1 mol of H2(g) and 1 mol of l2(g) are introduced into an empty 1 l reaction chamber in which the 

following reaction takes place. 

 

After some time, equilibrium is established and it is found that there is 0.6 mol of  HI(g) present in 

the gas mixture. Calculate the equilibrium constant, K, for the reaction under the above conditions. 

9. 0.5 mol of CH4(g) and 0.5 mol of H2O(g) are introduced into an empty, 1 litre, reaction chamber in 

which the reaction below takes place. 

 

When equilibrium is established, it is found that there is 0.15 mol of CO(g) present. Calculate the 

equilibrium constant, K, for the reaction under these conditions. 

10. The industrial production of 'freon', CCl2F2(g), is represented by the following equation. 

 

1 mol of CCl4(g) and 2 mol of HF(g) are introduced into an empty 1 l reaction chamber. When 

equilibrium is established, it is found that 0.75 mol of 'freon' has been formed. Calculate the 

equilibrium constant, K, for the reaction under these conditions. 

11.   
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18.  

 

 

19. 100 cm3 of a 10% (10g in 100cm3) solution of X in 100 cm3 water is to be extracted using chloroform. 

The partition coefficient between water and chloroform is 0.125: 

 
  125.0

3

2

CHCl

OH 
X

X
K

 

 

Calculate how much more of the solute X can be extracted using 2 x 50 cm3 extractions rather than a 

1 x 100 cm3 extraction. 

20. Calculate the mass of an organic acid X which can be extracted from 200cm3 of aqueous solution 

containing 5.0g of X by shaking it with  

(a) 200cm3 of a solvent in one portion. 

(b) two 100cm3 portions of the solvent. 

21. The partition coefficient between the solvent and water 

K = 
[X]org

[X]aq
  = 3.0 

Calculate the pH of a solution of a 0.20 mol l-1 solution of hydrochloric acid, HCI. 
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22. The concentration of hydrogen ions in a solution is 6.24 x 108 mol l-1.  Calculate the pH of the 

solution. 

23. A weak acid solution has a hydrogen ion concentration of 3.82 x 10-5 mol l-1.  Calculate the pH of the 

solution. 

24. Calculate the pH of a 0.182 mol l-1 solution of sulphuric acid, H2SO4. 

25. A solution of sulphuric acid, H2SO4, has a concentration of 1.25 mol l-1. Calculate the pH of the 

solution. 

26. A solution of nitric acid, HNO3 has a pH of 1.57. Calculate the concentration of hydrogen ions 

present. 

27. A lactic acid solution has a pH of 4.87. Calculate the concentration of hydrogen ions in the solution. 

28. Calculate the concentration of hydrogen ions in a solution with a pH of 9.8. 

29. What is the concentration of hydrogen ions in an alkali solution with a pH of 12.97? 

30. A hydrochloric acid solution has a pH of -0.152. Calculate the concentration of the solution. 

31. A sodium hydroxide solution, NaOH, has a pH of 12.3.  Calculate: 

(a) the concentration of hydrogen ions; 

(b) the concentration of hydroxide ions. 

32. An acid solution has a hydroxide ion concentration of 2.87 x 10-13 mol l-1. Calculate: 

(a) the concentration of hydrogen ions; 

(b) the pH of the solution 

33. A solution of sodium hydroxide, NaOH, has a concentration of 0.638 mol l-1. Calculate: 

(a) the hydrogen ion concentration; 

(b) the pH of the solution. 

34. The pH of a hydrochloric acid solution is -0.253. Calculate: 

(a) the hydrogen ion concentration; 

(b) the hydroxide ion concentration. 

35. The pH of an ethanoic acid solution is 3.48. Calculate: 

(a) the hydrogen ion concentration; 

(b) the hydroxide ion concentration. 

36. Methanoic acid is a weak acid.  Calculate the concentration of hydrogen ions in a 0.01 mol l-1 solution 

of methanoic acid. 

37. Calculate the concentration of butanoic acid solution which would have a hydrogen ion concentration 

of 1.73 x 10-3 mol l-1. 
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38. Calculate the concentration of hydrogen ions in a 0.040 mol l-1 solution of propanoic acid. 

39. Calculate the concentration of hydrofluoric acid solution which would have a hydrogen ion 

concentration of 0.0184 mol l-1. 

40. Calculate the concentration of hydrogen ions in a 0.35 mol l-1 solution of hydrocyanic acid. 

41. Calculate the pH of a 0.100 mol l-1 solution of ethanoic acid. 

42. Calculate the pH of a 0.200 mol l-1 solution of methanoic acid. 

43. Calculate the pH of a 0.500 mol l-1 solution of hydrofluoric acid. 

44. Calculate the pH of a 0.1500 mol l-1 solution of benzoic acid. 

45. Calculate the pH of a 0.240 mol l-1 solution of butanoic acid. 

46. A solution of methanoic acid has a pH of 2.52.  Calculate the concentration of the acid. 

47. A solution of benzoic acid has a pH of 2.63.  Calculate the concentration of the acid. 

48. A solution of butanoic acid has a pH of 3.05.  Calculate the concentration of the acid. 

49. A solution of propanoic acid has a pH of 4.23.  Calculate the concentration of the acid. 

50. A solution of ethanoic acid has a pH of 3.48.  Calculate the concentration of the acid. 

51. A 0.1 mol l-1 solution of a monoprotic acid has a pH of 2.35.  Calculate the pKa of the acid. 

52. A 0.05 mol l-1 solution of a monoprotic acid has a pH of 1.58.  Calculate the pKa of the acid. 

53. A 0.2 mol l-1 solution of a monoprotic acid has a pH of 2.4.  Calculate the pKa of the acid. 

54. A 0.15 mol l-1 solution of a monoprotic acid has a pH of 1.93.  Calculate the pKa of the acid. 

55. A 0.5 mol l-1 solution of a monoprotic acid has a pH of 2.57.  Calculate the pKa of the acid. 

56. Calculate the pH of a buffer comprising 0.20 mol l-1 ethanoic acid and 0.50 mol l-1 sodium ethanoate 

solution. 

57. Calculate the pH of a buffer made from a mixture of 0.5 mol of butanoic acid and 0.2 mol of 

potassium butanoate dissolved to make 1 l of aqueous solution. 

58. A buffer contains a mixture of benzoic acid and sodium benzoate at concentrations 0.10 and 0.4 mol 

l-1 respectively.  Calculate the pH of the buffer. 

59. A buffer is made from a mixture of propanoic acid and sodium propanoate solutions, both at 

concentrations of 0.1 mol-1.  Calculate the pH of the buffer. 

60. Calculate the pH of a buffer made from a mixture of 0.2 mol of methanoic acid and 0.5 mol of 

sodium methanoate in 1 l aqueous solution. 

61. Calculate the pH of a buffer made by dissolving 6.00g of ethanoic acid, CH3COOH and 4.10 g of 

sodium ethanoate CH3COONa in  1 l aqueous solution. 

62. A buffer solution is made by dissolving 2.76 g of methanoic acid HCOOH and 5.44 g of sodium 

methanoate HCOONa , in  1 l water.  Calculate the pH of the buffer. 

63. Calculate the pH of the buffer solution made by dissolving 24.4 g of benzoic acid, C6H5COOH, and 

7.20 g of sodium benzoate C6H5COONa, in  1 l water. 

64. A buffer solution is made by dissolving 2.96 g of propanoic acid C2H5COOH and 7.68 g of sodium 

propanoate C2H5COONa in 1 l water.  Calculate the pH of the buffer. 
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65. Calculate the pH of the buffer solution made by dissolving 2.40 g of ethanoic acid CH3COOH and 

1.64 g of sodium ethanoate, CH3COONa, in 1 l water. 

66. A buffer containing a solution of methanoic acid and sodium methanoate is made up to pH 3.42.  

Calculate the molar proportion of acid to salt which would be needed to obtain this pH. 

67. A buffer containing ethanoic acid and the sodium salt of ethanoic acid, has a pH of 5.16.  Calculate 

the molar proportion of acid to salt in this buffer. 

68. A buffer solution with a pH of 4.76 contains a mixture of benzoic acid and sodium benzoate.  

Calculate the molar proportion of the acid to the salt present. 

69. A solution containing a mixture of propanoic acid and potassium propanoate is a buffer with a pH of 

4.32.  What molar proportion of acid to salt would be needed to prepare this buffer? 

70. A buffer is made from a solution containing a mixture of butanoic acid and odium butanoate.  What 

molar proportion of acid to salt required to produce a buffer solution with a pH of 4.47. 
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(b)  Reaction Feasibility 

1. 1,2-dichloroethane has been used as a solvent for lacquers and oils.  One proposed     method of 

production is the addition of hydrogen chloride to ethyne: 

C2H2  +  2HCl  →  CH2ClCH2Cl 

Compound Sθ/J K–1 mol–1 ΔHθf /kJ mol–1 

C2H2 201 227 

HCl 187 –92.3 

CH2ClCH2Cl 208 –166 

(a) Using the data given in the table above,  

(i) calculate the standard entropy change, in J K mol–1, for the reaction. 

(ii) calculate the standard enthalpy change, in kJ mol–1, for the reaction. 

(b) The reaction is thermodynamically feasible at room temperature. Above which temperature 

will this reaction no longer be feasible? 

2. Consider the following reactions and their values for ΔGθ and ΔHθ at 298K: 

 Reaction ΔGθ /kJmol-1 ΔHθ /kJmol-1 

(i) 
1
2H2(g) + 

1
2Cl2(g) → HCl(g) -95 -92 

(ii) 2Al(s) + 
11
2  O2 → Al2O3(s) -1576 -1669 

(iii) NH4Cl(s) → NH4
+(aq) + Cl-(aq) -7 +16 

(a) Reaction ii) has the greatest difference in the values of ΔGθ and ΔHθ. Suggest a reason for this 

difference. 

(b) From the values given for reaction iii), it can be concluded that ammonium chloride dissolves 

spontaneously in water under standard conditions with a drop in temperature. Why can we 

come to these two conclusions? 

(c) Calculate the entropy change for reaction (i) at 298K. 
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3. In a catalytic reformer, straight-chain alkanes are converted to branched chains, cycloalkanes and 

aromatic hydrocarbons.  Consider the sequence shown below. 

 

(a) Use the data in the table below to calculate ΔSθ for the conversion of octane  to o-xylene and 

hydrogen at 298K. 

Compound Sθ /JK-1mol-1 

Octane 463 

o-xylene 352 

Hydrogen 131 

(b) Calculate the minimum temperature at which the conversion in (a) becomes 

thermodynamically feasible, given that 

ΔΗθ = 227 kJ mol–1. 

(c) Explain why the conversion in (a) can be achieved at or above the temperature calculated in 

(b), despite the fact that the equilibrium constant for reaction A is very much less than 1 at 

this temperature. 
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4. The apparatus shown in the diagram below can be used to find the decomposition      temperature of 

sodium hydrogencarbonate. 

 

The equation for the decomposition is: 

2NaHCO3(s) → Na2CO3(s) + H2O(g) + CO2(g)    ΔHθ = +129 kJ mol–1 

Substance Sθ/J K–1 mol–1 

NaHCO3(s) 102.1 

Na2CO3(s) 136.0 

H2O(g) 188.7 

CO2(g) 213.6 

(a) Calculate ΔSθ for the reaction. 

(b) Calculate the temperature at which the decomposition becomes feasible. 

(c) As the temperature of the oil bath is increased, the volume of gas in the syringe increases. 

Sketch the shape of the graph you would expect to obtain   if the volume of gas is plotted 

against temperature.  Graph paper is not required.     Start at room temperature and mark 

clearly the decomposition temperature on your graph. 
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5.  

 

(a) Use the information in the table to calculate the free energy change in the following  

reactions  

(i) 2Mg     +    CO2 → 2MgO    +    C  

(ii) 2CuO   +    C → CO2   +   2Cu  

(b) Explain whether these reactions are feasible at 298 K 

6. The equation for the decomposition of magnesium carbonate is shown below 

MgCO3(s) → MgO(s) + CO2(g) 

 

(a) Use the thermodynamic data to calculate the free energy change, in kJ mol-1 at 400 K. 

(b) Is the reaction feasible at this temperature? 

7. Consider the thermodynamic data shown for the Haber process. 

 

Use the data given above, along with data book values to calculate the temperature at which the 

Haber process becomes feasible. 
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8. Chloroform was one of the first anaesthetics used in surgery.   Use the thermodynamic data to 

calculate a boiling point for chloroform.  

CHCl3(l) ⇌   CHCl3(g) 

S  = 94.2  J K-1 mol-1 

H  = 31.3  kJ  mol-1 

 

9.  

 

10.  

 

 

 

11. 

 

12.  
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13. This table contains some thermodynamic data for hydrogen, oxygen and water.  

 

(a) Calculate the temperature above which the reaction between hydrogen and oxygen to form 

gaseous water is not feasible. 

(b) State what would happen to a sample of gaseous water that was heated to a temperature 

higher than that of your answer to part a. Give a reason for your answer.  

14. The oxides nitrogen monoxide (NO) and nitrogen dioxide (NO2) both contribute to atmospheric 

pollution. 

The table gives some data for these oxides and for oxygen.  

 

Nitrogen monoxide is formed in internal combustion engines. When nitrogen monoxide comes into 

contact with air, it reacts with oxygen to form nitrogen dioxide.  

 

(a) Calculate the enthalpy change for this reaction.  

(b) Calculate the entropy change for this reaction.  

(c) Calculate the temperature that this reaction becomes thermodynamically feasible. 
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(c) Kinetics

1.  

 

2.  

 

 

 

3. 

 

4.  

 

5.  
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6. 
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26 
 

11.  

 


