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Part A: [15 marks] Circle the only one correct answer for each of the following questions.  
 
1. [1 mark] If a system completed a reversible cyclic process, which one of the following statements is true 

(assuming that the surroundings is much, much larger than the system)? 

1) q = w = 0 2) q > 0 3) q < 0 4) ΔSsurr > 0 5) ΔS > 0 
 
2. [1 mark] Which one of the following quantities is equal to the exact amount of all energy of an isolated 

system, nothing more nothing less?  

1) S 2) G 3) U 4) H 5) PV 
 

3. [1 mark] Under arbitrary conditions, in order to determine if a chemical reaction has achieved equilibrium 
we need only consider 

1) ΔGreaction 2) ΔSuniverse 3) ΔSreaction 4) ΔHreaction 5) ΔGuniverse 
 
4. [1 mark] For a certain process, if w = −3 Joules, which one of the following statements must be true for this 

process? 

1) q = +3 Joules. 

2) ∆U = −3 Joules. 

3) ∆H = +3 Joules. 

4) There is +3 Joules of work being done on the surroundings. 

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

1) For pure Sulphur, the two-phase boundary line between the orthorhombic solid (stable at lower T) and 
monoclinic solid (stable at higher T) has positive slope in a graph of P versus T. Therefore, for a given T, 
the orthorhombic phase is found at lower P. 

2) In a closed system, the entropy change of the system associated with an irreversible process is greater than 
the entropy change of the system associated with any reversible process performed between the same 
initial and final states in the same system. 

3) The amount of the work w can be evaluated if we know the initial and final states. 

4) During a spontaneous process, the entropy change in the surroundings must be greater than zero. 

5) Nonspontaneous process can happen. 
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6. [1 mark] A closed system transitions from state A(T, P) to state B(T, P) – both states have the same
temperature and pressure – by two different processes. In process 1, the temperature and pressure are not
held constant during the process. In process 2, the temperature and pressure are held constant throughout the
process. Which one of the following statements is true? Note that the subscripts refer to processes 1 and 2.

1) ΔG1 ≠ ΔG2.

2) ΔS1 ≠ ΔS2.

3) ΔG1 = ΔG2 and we can use the sign of ΔG2 to infer the reversibility of process 1.

4) ΔG1 = ΔG2 and we cannot use the sign of ΔG2 to infer the reversibility of process 1.

5) None of the above.

7. [1 mark] An isolated system undergoes an isothermal process, then

1) ΔS = 0 2) ΔG = 0 3) ΔV = 0 4) ΔP = 0 5) q = 0

8. [1 mark] An ideal gas is undergoing an isothermal expansion/compression process in which both the volume
and pressure of the gas are to change, indicate which one of the following quantities can be used by itself to
decide whether or not the process is spontaneous:

1) ∆Ssys 2) ∆Suniverse 3) ΔU 4) ΔH 5) ∆G

9. [1 mark] A gas undergoes a process reversibly at a constant temperature of 298 K. In the course of the
process, 298 J of heat is transferred to the surroundings. What is the ∆S for the system?

1) 1 J/K 2) 2 J/K 3) −1 J/K 4) −2 J/K 5) 0 J/K

10. [1 mark] For an isochoric process in a closed system, which one of the following statements is true?

1) wexpansion = 0 2) q = 0 3) ΔS = 0 4) ΔU = 0 5) ΔH = 0
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11. [1 mark] The enthalpy of 2 moles of a monatomic ideal gas is 3RT. The gas atoms are 

1) moving in 2 dimensions. 

2) moving in 1 dimension. 

3) moving in 3/2 dimensions. 

4) confined to a cubical box. 

5) not moving at all. 
 
12. [1 mark] For a particular mixture, the Gibbs phase rule tells us that the maximum number of phases that can 

coexist is 5. How many components are in the mixture?  

1) 1 2) 2 3) 3 4) 4 5) 5 
 
13. [1 mark] For systems containing 1 mole of molecules, which one of the following systems has the highest 

temperature? 

1) System containing the fastest moving molecule. 

2) System containing a few molecules going at 90% of the speed of light. 

3) System with all molecules moving very fast. 

4) System with lowest mean square velocity.  

5) System with highest mean square velocity.  
 
14. [1 mark] An ideal gas is compressed adiabatically. Which one of the following statements is always true?  

1) ∆U = w 2) ΔT = 0 3) ΔU = q 4) q = w 5) ∆U = ∆H 
 

15. [1 mark] The initial and final states of process 1 are the same as initial and final states of process 2. Which 
one of the following statements is not true?  

1) ∆H1 = ∆H2 2) ∆G1 = ∆G2 3) ∆S1 = ∆S2 4) q1 = q2 5) q1 + w1 = ΔU2 
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Part B: [11 marks] Two moles of liquid water initially at 273 K mix with three moles of liquid water at 363 K 
in a perfectly insulated container. The total volume of the liquid remains constant during the mixing 
process. Assume that the molar heat capacity of liquid water (Cv,m = 73.0 J mol−1 K−1) is constant 
independent of temperature.  

(a) [2 marks] What are q and ∆U for the process? 
 
 
 
 
 
 
 

(b) [4 marks] Calculate the final equilibrium temperature of the water after mixing. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(c) [4 marks] Calculate ∆S for the process. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

(d) [1 mark] Is this process spontaneous?  (circle the only one correct answer below) 

1) Yes 2) No 3) Not enough information to know the answer. 
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Part C: [9 marks] Two moles of a monatomic ideal gas (Cv,m = 3R/2) undergo a reversible constant pressure 
process such that the volume expands by a factor of 3 and the temperature change ∆T  = Tf  – Ti = 100 K. 

(a) [4 marks] Calculate ∆U, ∆H, q, and w for this process. 
 
 
 
 
 
 
 
 

 

  

 

 

 

 

 
 

(b) [4 marks] Calculate ∆S, ∆Ssurr, the initial and final temperatures Ti and Tf of the gas for this process. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(c) [1 mark] What is ∆G for this process?  (circle the only one correct answer below)  

1) ∆G < 0 2) ∆G > 0 3) ∆G = 0 4) Insufficient information to determine the sign of ∆G 

Page 6 of 8



 

Part D: [5 marks] Please circle the only one correct answer for each of the following questions. All solid lines 
represent phase boundaries. In the phase diagram for helium (He) below, there are two distinct liquid 
phases, “He I” and “He II”, in addition to the solid phase and vapour phase. 

 

(a) [1 mark] The broken line connecting points B and C signifies a constant-volume process between the 
solid (B) and the liquid He I (C) phases, B  C. Should the change in internal energy (ΔU) for B  C 
be positive, negative, or zero?  

1) positive 2) negative 3) zero 4) cannot be determined 
 

(b) [1 mark] At point A on the boundary curve separating the two liquid phases, is Suniverse positive, 
negative, or zero for the phase transition: He I (l)  He II (l) at constant pressure?  

1) positive 2) negative 3) zero 4) cannot be determined 
 

(c) [1 mark] At point A on the boundary curve separating the two liquid phases, is Ssystem positive, negative, 
or zero for the phase transition: He I (l)  He II (l) at constant pressure?  

1) positive 2) negative 3) zero 4) cannot be determined 
 

(d) [1 mark] In the phase diagram shown above, triple points are 

1) points A, B, and C 2) points B, C, and D 

3) points B, C, and E 4) points D and E 
 

(e) [1 mark] In the phase diagram shown above, the maximum number of degrees of freedom locates at 

1) the critical point  2) the region containing point B or point C 

3) points D and E 4) the boundary curve containing point A 
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Equations and Constants 
(note: conditions for applying equations are not specified) 

 
R = 8.314 J K−1 mol−1 = 0.08206 L atm K−1 mol−1 
k  = 1.3807  10−23 J K−1 
NA = 6.0221  1023 mol−1 
F = 96485 C mol−1 
0 C = 273.15 K 
1 atm = 101325 Pa 
1 L = 0.001 m3 

1 L atm = 101.325 J 
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Part A: [15 marks] Circle the only one correct answer for each of the following questions.  
 
1. [1 mark] If a system completed a reversible cyclic process, which one of the following statements is true 

(assuming that the surroundings is much, much larger than the system)? 

1) q = w = 0 2) q > 0 3) q < 0 4) ΔSsurr > 0 5) ΔS > 0 
 
2. [1 mark] Which one of the following quantities is equal to the exact amount of all energy of an isolated 

system, nothing more nothing less?  

1) S 2) G 3) U 4) H 5) PV 
 

3. [1 mark] Under arbitrary conditions, in order to determine if a chemical reaction has achieved equilibrium 
we need only consider 

1) ΔGreaction 2) ΔSuniverse 3) ΔSreaction 4) ΔHreaction 5) ΔGuniverse 
 
4. [1 mark] For a certain process, if w = −3 Joules, which one of the following statements must be true for this 

process? 

1) q = +3 Joules. 

2) ∆U = −3 Joules. 

3) ∆H = +3 Joules. 

4) There is +3 Joules of work being done on the surroundings. 

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

1) For pure Sulphur, the two-phase boundary line between the orthorhombic solid (stable at lower T) and 
monoclinic solid (stable at higher T) has positive slope in a graph of P versus T. Therefore, for a given T, 
the orthorhombic phase is found at lower P. 

2) In a closed system, the entropy change of the system associated with an irreversible process is greater than 
the entropy change of the system associated with any reversible process performed between the same 
initial and final states in the same system. 

3) The amount of the work w can be evaluated if we know the initial and final states. 

4) During a spontaneous process, the entropy change in the surroundings must be greater than zero. 

5) Nonspontaneous process can happen. 
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6. [1 mark] A closed system transitions from state A(T, P) to state B(T, P) – both states have the same
temperature and pressure – by two different processes. In process 1, the temperature and pressure are not
held constant during the process. In process 2, the temperature and pressure are held constant throughout the
process. Which one of the following statements is true? Note that the subscripts refer to processes 1 and 2.

1) ΔG1 ≠ ΔG2.

2) ΔS1 ≠ ΔS2.

3) ΔG1 = ΔG2 and we can use the sign of ΔG2 to infer the reversibility of process 1.

4) ΔG1 = ΔG2 and we cannot use the sign of ΔG2 to infer the reversibility of process 1.

5) None of the above.

7. [1 mark] An isolated system undergoes an isothermal process, then

1) ΔS = 0 2) ΔG = 0 3) ΔV = 0 4) ΔP = 0 5) q = 0

8. [1 mark] An ideal gas is undergoing an isothermal expansion/compression process in which both the volume
and pressure of the gas are to change, indicate which one of the following quantities can be used by itself to
decide whether or not the process is spontaneous:

1) ∆Ssys 2) ∆Suniverse 3) ΔU 4) ΔH 5) ∆G

9. [1 mark] A gas undergoes a process reversibly at a constant temperature of 298 K. In the course of the
process, 298 J of heat is transferred to the surroundings. What is the ∆S for the system?

1) 1 J/K 2) 2 J/K 3) −1 J/K 4) −2 J/K 5) 0 J/K

10. [1 mark] For an isochoric process in a closed system, which one of the following statements is true?

1) wexpansion = 0 2) q = 0 3) ΔS = 0 4) ΔU = 0 5) ΔH = 0
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11. [1 mark] The enthalpy of 2 moles of a monatomic ideal gas is 3RT. The gas atoms are 

1) moving in 2 dimensions. 

2) moving in 1 dimension. 

3) moving in 3/2 dimensions. 

4) confined to a cubical box. 

5) not moving at all. 
 
12. [1 mark] For a particular mixture, the Gibbs phase rule tells us that the maximum number of phases that can 

coexist is 5. How many components are in the mixture?  

1) 1 2) 2 3) 3 4) 4 5) 5 
 
13. [1 mark] For systems containing 1 mole of molecules, which one of the following systems has the highest 

temperature? 

1) System containing the fastest moving molecule. 

2) System containing a few molecules going at 90% of the speed of light. 

3) System with all molecules moving very fast. 

4) System with lowest mean square velocity.  

5) System with highest mean square velocity.  
 
14. [1 mark] An ideal gas is compressed adiabatically. Which one of the following statements is always true?  

1) ∆U = w 2) ΔT = 0 3) ΔU = q 4) q = w 5) ∆U = ∆H 
 

15. [1 mark] The initial and final states of process 1 are the same as initial and final states of process 2. Which 
one of the following statements is not true?  

1) ∆H1 = ∆H2 2) ∆G1 = ∆G2 3) ∆S1 = ∆S2 4) q1 = q2 5) q1 + w1 = ΔU2 
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Part B: [11 marks] Two moles of liquid water initially at 273 K mix with three moles of liquid water at 363 K 
in a perfectly insulated container. The total volume of the liquid remains constant during the mixing 
process. Assume that the molar heat capacity of liquid water (Cv,m = 73.0 J mol−1 K−1) is constant 
independent of temperature.  

(a) [2 marks] What are q and ∆U for the process? 
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(b) [4 marks] Calculate the final equilibrium temperature of the water after mixing. 
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(c) [4 marks] Calculate ∆S for the process. 
 

J/K  48.387.2235.26lnln

J/K  87.22
363

327
ln733ln

J/K  35.26
273

327
ln732ln

2

f
2

1

f
1

2

f
22

1

f
11

21


















T

T
Cn

T

T
CnS

T

T
CnS

T

T
CnS

SSS

v,mv,m

v,m

v,m

 

 
 

(d) [1 mark] Is this process spontaneous?  (circle the only one correct answer below) 

1) Yes 2) No 3) Not enough information to know the answer. 
 

0J/K  84.3

0    0

syssurrsysuniv

surr




SSSS

Sq
 

Page 5 of 7



 

Part C: [9 marks] Two moles of a monatomic ideal gas (Cv,m = 3R/2) undergo a reversible constant pressure 
process such that the volume expands by a factor of 3 and the temperature change ∆T  = Tf  – Ti = 100 K. 

(a) [4 marks] Calculate ∆U, ∆H, q, and w for this process. 
 

kJ)  1.663(  J  8.1662 0.4157 2.4942    

kJ)  (4.157  J  0.4157  constant    

kJ)  (4.157  J  0.4157314.8500100
2

5
2 

kJ)  (2.494  J  2.4942314.8300100
2

3
2 









pppp

p

p,m

v,m

qUwwwqU

HqqP

RTnCH

RTnCU

 

 
 

(b) [4 marks] Calculate ∆S, ∆Ssurr, the initial and final temperatures Ti and Tf of the gas for this process. 

 

J/K  67.45    0    reversible

J/K  67.453ln314.853ln
2

5
2ln ln

K  150

K  50

    

K  100

3    

syssurruniv

i

f

i

f

f

i

if

i

f

i

f

ii

ff




































SSS

R
V

V
nC

T

T
nCSS

T

T

TTT

T

T

V

V

nRTPV

nRTPV

p,mp,mp  

 
 

(c) [1 mark] What is ∆G for this process?  (circle the only one correct answer below)  

1) ∆G < 0 2) ∆G > 0 3) ∆G = 0 4) Insufficient information to determine the sign of ∆G 
 

 0.  and  0  because   ,0

    
    

    

f

i

revrev
rev














 dTSdTSG

dTSdG
dHdqdqdST

T

dq
dS

dTSdSTdHdGSTHG

T

T

p
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Part D: [5 marks] Please circle the only one correct answer for each of the following questions. All solid lines 
represent phase boundaries. In the phase diagram for helium (He) below, there are two distinct liquid 
phases, “He I” and “He II”, in addition to the solid phase and vapour phase. 

 

(a) [1 mark] The broken line connecting points B and C signifies a constant-volume process between the 
solid (B) and the liquid He I (C) phases, B  C. Should the change in internal energy (ΔU) for B  C 
be positive, negative, or zero?  

1) positive 2) negative 3) zero 4) cannot be determined 
 

(b) [1 mark] At point A on the boundary curve separating the two liquid phases, is Suniverse positive, 
negative, or zero for the phase transition: He I (l)  He II (l) at constant pressure?  

1) positive 2) negative 3) zero 4) cannot be determined 
 

(c) [1 mark] At point A on the boundary curve separating the two liquid phases, is Ssystem positive, negative, 
or zero for the phase transition: He I (l)  He II (l) at constant pressure?  

1) positive 2) negative 3) zero 4) cannot be determined 
 

(d) [1 mark] In the phase diagram shown above, triple points are 

1) points A, B, and C 2) points B, C, and D 

3) points B, C, and E 4) points D and E 
 

(e) [1 mark] In the phase diagram shown above, the maximum number of degrees of freedom locates at 

1) the critical point  2) the region containing point B or point C 

3) points D and E 4) the boundary curve containing point A 
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