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Part A: [10 marks] There is only one correct answer for each of the following questions. Please circle it. 
 
1. [1 mark] An isothermal process is one in which   

1) No heat is transferred. 

2) No work is done.   

3) The system is isolated. 

4) Temperature is constant. 

5) The system is closed. 
 
2. [1 mark] If an ideal gas undergoes an isothermal irreversible process adiabatically. Which of the following 

is not always true? 

1) ΔU  =  0 2) Δ(VP)  =  0 3) ΔH  =  0 4) ΔS  >  0 5) ΔG  >  0 
 
3. [1 mark] During a reversible phase transition at constant T and P, which of the following is true? 

1) ΔSsys = 0 2) ΔSuniv > 0 3) ΔGsys = 0 4) ΔHsys = 0 5) ΔGsys < 0 
 
4. [1 mark] For a system going from state A to state B through two alternative processes, one reversible and 

the other irreversible, which of the following is true? 

1) ΔSirrev ≠ ΔSrev 

2) wirrev = wrev 

3) qirrev = qrev 

4) ΔSirrev = ΔSrev 

5) None of the above. 
 
5. [1 mark] Which of the following statements about the Second Law is true?  

1) If ∆G  <  0, the process is certainly irreversible. 

2) If ∆G  =  0, the process is certainly reversible.   

3) If ∆Suniv
  <  0, the reversibility of the process is uncertain. 

4) If ∆Suniv
  <  0, the process in the reverse direction is irreversible. 

5) None of the above. 
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6. [1 mark] The equilibrium constant, K, involves activities of products and reactants at: 

1) standard state conditions. 

2) equilibrium conditions. 

3) initial conditions before reaching equilibrium. 

4) 1 atm and 25 C. 

5) None of the above. 
 
7. [1 mark] An ideal gas is undergoing an isothermal expansion against a constant external pressure. Which of 

the following statements is true? 

1) This process is reversible. 

2) This process is irreversible. 

3) This process is exothermic. 

4) The system pressure is always in equilibrium with the external pressure. 

5) The information given is insufficient to describe this process. 
 
8. [1 mark] Which of the following equations holds for any spontaneous process? 

1) ΔS > 0 2) ΔG < 0 3) ΔSsurr > 0 4) ΔG > 0 5) ΔSuniv  > 0 
 
9. [1 mark] According to the Gibbs phase rule, what is the maximal number of phases that can co-exist in 

equilibrium for a pure substance? 

1) 0 2) 1 3) 2 4) 3 5) unlimited 
 
10. [1 mark] Which of the following statements is true for chemical equilibrium? 

1) At equilibrium, Q = 0  and  ∆G = RT lnK 

2) At equilibrium, ∆G = RT lnQ  and  ∆G0 = 0 

3) At equilibrium, ∆G0 = −RT lnK  and  Q = K 

4) At equilibrium, ∆G = −RT lnQ 

5) At equilibrium, ∆G = 0  and  K = 1 
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Part B:  [15 marks] Consider ethane to be an ideal gas with CV,m = 39 J mol−1 K−1. Three moles of ethane gas 
at 300 K are compressed isothermally against a constant external pressure of 2 atm until the pressure 
of the gas equals the external pressure. During this compression, 3000 J of work are done on the 
ethane, and the temperature of the surroundings is kept at 300 K. 

 
(a) [4 marks] Calculate the initial and final volumes (Vi

  and  Vf ). 
 
 
 
 
 
 
 
 
 
 
 
 

(b) [9 marks] Calculate  q, ∆U, ∆H, ∆S, ∆G, and ∆Ssurr for this process.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(c) [2 marks] This process is: (circle on below)   

1) spontaneous 2) reversible 3) spontaneous in the opposite direction 
  Explain your answer here: 
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Part C: [10 marks] The following chemical reaction, taking place at 298 K, 

2 NO(g)  +  N2O3(g)  ­  N2(g)  +  N2O5(s) 

 has a standard entropy of reaction of  −366.45 J/K and a standard enthalpy of reaction of −314.88 kJ. 
Some standard entropies are provided below:  

at 298 K N2O3(g) N2(g) N2O5(s) 

S0
  [J K−1 mol−1] 314.63 191.50 178.20 

 
(a) [3 marks] Calculate the standard entropy of NO(g) at 298 K. 

 
  
 
 
 
 
 
 
 
 
 

(b) [5 marks] Calculate the standard Gibbs free energy of reaction and the equilibrium constant K at 298 K. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(c) [2 marks] At what temperature can the reverse reaction begin to become spontaneous under standard 
state conditions? State clearly any approximations you have made.  
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Part D: [5 marks] Please circle the only correct answer for each of the following questions regarding the 
phase diagram for water (H2O) shown below.  
 

 
 

(a) [1 mark] At point F, which of the following actions is sufficient to melt ice to liquid water? 
1) Increasing only T 2) Decreasing  only T 
3) Increasing only P 4) Decreasing only P 
5) Just wait because the melting of ice at point F is spontaneous 

 
(b) [1 mark] The broken line connecting points C and D represents an isothermal process between liquid 

water and water vapour. The change in volume  ∆V  for C  D should be:  
1) Positive 2) Negative 3) Zero   

 
(c) [1 mark] On the phase diagram, where is the triple point? 

1) At point A 2) At point G 3) At point D 4) At point E 5) At point F 
 

(d) [1 mark] A beaker is filled with boiling water under standard conditions. Which point on the water 
phase diagram is the best representation of the water in this beaker?  
1) A 2) B 3) D 4) E 5) F 
 

(e) [1 mark] On the phase diagram, the broken line connecting points C and D represents an isothermal 
process at 500 K. At the intersection of the broken line C−D with the curve E−B, the enthalpy change of 
the phase transition is equal to −500 J. Which of the following describes the actual process? 

1) D  C and ∆S = −1 J/K 2) D  C and ∆S = 1 J/K 

3) C  D and ∆S = 1 J/K 4) C  D and ∆S = −1 J/K 
5) ∆S = −1 J/K and it is impossible to tell the direction. 
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SOME FAMILIAR EQUATIONS and CONSTANTS:    
NOTE:  conditions to which they apply are NOT specified 

here. 
 
 
 

R  = 8.314 J K-1 mol-1 = 0.08206 L atm K-1 mol-1 
k = 1.3807 × 10-23 JK-1    
e = 1.602x10-19 C    
NA = 6.0221x1023 mol-1 
F = eNA =96485 C mol-1 

c = 2.998×108 m/s 
h = 6.626×10-34 J s 
1 atm = 101325 Pa 
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Part A: [10 marks] There is only one correct answer for each of the following questions. Please circle it. 
 
1. [1 mark] An isothermal process is one in which   

1) No heat is transferred. 

2) No work is done.   

3) The system is isolated. 

4) Temperature is constant. 

5) The system is closed. 
 
2. [1 mark] If an ideal gas undergoes an isothermal irreversible process adiabatically. Which of the following 

is not always true? 

1) �U  =  0 2) �(VP)  =  0 3) �H  =  0 4) �S  >  0 5) �G  >  0 
 
3. [1 mark] During a reversible phase transition at constant T and P, which of the following is true? 

1) �Ssys = 0 2) �Suniv > 0 3) �Gsys = 0 4) �Hsys = 0 5) �Gsys < 0 
 
4. [1 mark] For a system going from state A to state B through two alternative processes, one reversible and 

the other irreversible, which of the following is true? 

1) �Sirrev � �Srev 

2) wirrev = wrev 

3) qirrev = qrev 

4) �Sirrev = �Srev 

5) None of the above. 
 
5. [1 mark] Which of the following statements about the Second Law is true?  

1) If �G  <  0, the process is certainly irreversible. 

2) If �G  =  0, the process is certainly reversible.   

3) If �Suniv  <  0, the reversibility of the process is uncertain. 

4) If �Suniv  <  0, the process in the reverse direction is irreversible. 

5) None of the above. 
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6. [1 mark] The equilibrium constant, K, involves activities of products and reactants at: 

1) standard state conditions. 

2) equilibrium conditions. 

3) initial conditions before reaching equilibrium. 

4) 1 atm and 25 �C. 

5) None of the above. 
 
7. [1 mark] An ideal gas is undergoing an isothermal expansion against a constant external pressure. Which of 

the following statements is true? 

1) This process is reversible. 

2) This process is irreversible. 

3) This process is exothermic. 

4) The system pressure is always in equilibrium with the external pressure. 

5) The information given is insufficient to describe this process. 
 
8. [1 mark] Which of the following equations holds for any spontaneous process? 

1) �S > 0 2) �G < 0 3) �Ssurr > 0 4) �G > 0 5) �Suniv  > 0 
 
9. [1 mark] According to the Gibbs phase rule, what is the maximal number of phases that can co-exist in 

equilibrium for a pure substance? 

1) 0 2) 1 3) 2 4) 3 5) unlimited 
 
10. [1 mark] Which of the following statements is true for chemical equilibrium? 

1) At equilibrium, Q = 0  and  �G = RT lnK 

2) At equilibrium, �G = RT lnQ  and  �G0 = 0 

3) At equilibrium, �G0 = �RT lnK  and  Q = K 

4) At equilibrium, �G = �RT lnQ 

5) At equilibrium, �G = 0  and  K = 1 
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Part B:  [15 marks] Consider ethane to be an ideal gas with CV,m = 39 J mol�1 K�1. Three moles of ethane gas 
at 300 K are compressed isothermally against a constant external pressure of 2 atm until the pressure 
of the gas equals the external pressure. During this compression, 3000 J of work are done on the 
ethane, and the temperature of the surroundings is kept at 300 K. 

 
(a) [4 marks] Calculate the initial and final volumes (Vi  and  Vf ). 

 
 
 
 
 
 
 
 
 
 
 
 

(b) [9 marks] Calculate  q, �U, �H, �S, �G, and �Ssurr for this process.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(c) [2 marks] This process is: (circle on below)   
1) spontaneous 2) reversible 3) spontaneous in the opposite direction 

  Explain your answer here: 
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Part C: [10 marks] The following chemical reaction, taking place at 298 K, 

2 NO(g)  +  N2O3(g)  �  N2(g)  +  N2O5(s) 

 has a standard entropy of reaction of  �366.45 J/K and a standard enthalpy of reaction of �314.88 kJ. 
Some standard entropies are provided below:  

at 298 K N2O3(g) N2(g) N2O5(s) 

S0
  [J K�1 mol�1] 314.63 191.50 178.20 

 
(a) [3 marks] Calculate the standard entropy of NO(g) at 298 K. 

 
  
 
 
 
 
 
 
 
 
 

(b) [5 marks] Calculate the standard Gibbs free energy of reaction and the equilibrium constant K at 298 K. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(c) [2 marks] At what temperature can the reverse reaction begin to become spontaneous under standard 
state conditions? State clearly any approximations you have made.  
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Part D: [5 marks] Please circle the only correct answer for each of the following questions regarding the 
phase diagram for water (H2O) shown below.  
 

 
 

(a) [1 mark] At point F, which of the following actions is sufficient to melt ice to liquid water? 
1) Increasing only T 2) Decreasing  only T 
3) Increasing only P 4) Decreasing only P 
5) Just wait because the melting of ice at point F is spontaneous 

 
(b) [1 mark] The broken line connecting points C and D represents an isothermal process between liquid 

water and water vapour. The change in volume  �V  for C � D should be:  
1) Positive 2) Negative 3) Zero   

 
(c) [1 mark] On the phase diagram, where is the triple point? 

1) At point A 2) At point G 3) At point D 4) At point E 5) At point F 
 

(d) [1 mark] A beaker is filled with boiling water under standard conditions. Which point on the water 
phase diagram is the best representation of the water in this beaker?  
1) A 2) B 3) D 4) E 5) F 
 

(e) [1 mark] On the phase diagram, the broken line connecting points C and D represents an isothermal 
process at 500 K. At the intersection of the broken line C�D with the curve E�B, the enthalpy change of 
the phase transition is equal to �500 J. Which of the following describes the actual process? 
1) D � C and �S = �1 J/K 2) D � C and �S = 1 J/K 
3) C � D and �S = 1 J/K 4) C � D and �S = �1 J/K 
5) �S = �1 J/K and it is impossible to tell the direction. 
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