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1.   Zinc can displace silver and copper ions 
  respectively as shown below.

 Zn(s)  +  2Ag+
(aq)  ➝  Zn2+

(aq)  +  2Ag(s)     ∆H° = -363 kJ

 Zn(s)  +  Cu2+
(aq)  ➝  Zn2+

(aq)  +  Cu(s)     ∆H° = -216 kJ

The enthalpy change, in kJ, for the  displacement of 
silver ions by one mole of copper is

 A   +34.5

 B   +147

 C   -147

 D   -510

2.   The bond dissociation enthalpy of HI is 
  295 kJ mol-1. In which of the following 
  processes is 295 kJ of energy released?

 A   HI(g)  ➝  ½H2(g)  +  ½I2(g)

 B   ½H2(g)  +  ½I2(g)  ➝  HI(g)

 C   H(g)  +  I(g)  ➝  HI(g)

 D   HI(g)  ➝  H(g)  +  I(g)

3.  
 C(s)  +  ½O2(g)  ➝  CO(g)     ∆H° = -112 kJ

 C(s)  +  O2(g)  ➝  CO2(g)     ∆H° = -394 kJ

 Pb(s)  +  ½O2(g)  ➝  PbO(s)     ∆H° = -210 kJ

  From the above data, it can be deduced that
  ∆H° for the reaction

 PbO(s)  +  CO(g)  ➝  Pb(s)  +  CO2(g) is

 A   -72 kJ

 B   -296 kJ

 C   -492 kJ

 D   -716 kJ

4.  For which of the following reactions would the  
  value of ∆G° - ∆H° be approximately zero?

 A   C(s)  +  H2O(g)  ➝  CO(g)  +  H2(g)

 B   CaCO3(s)    ➝  CaO(s)  +  CO2(g)

 C   Cu2+
(aq)  +  Mg(s)  ➝  Mg2+

(aq)  +  Cu(s)

 D   2H+
(aq)  +  Zn(s)  ➝  Zn2+

(aq)  +  H2(g)

5.   At 1400K
 2C(s)  +  O2(g)  ➝  2CO(g)      ∆G° = -475 kJmol-1 of O2

 2Zn(s)  +  O2(g)  ➝  2ZnO(s)     ∆G° = -340 kJmol-1 of O2

  For the reaction  
   ZnO(s)  +  C(s)  ➝  Zn(s)  +  CO(g) 

  the standard free energy change at 1400K is

 A   +67.5 kJ mol-1

 B   - 67.5 kJ mol-1

 C   +135 kJ mol-1

 D   - 135 kJ mol-1

6.   CaCO3(s)    ➝  CaO(s)  +  CO2(g) 

  ∆H° = -216 kJmol-1 ∆S° = 161 JK-1mol-1

  The reaction is thermodynamically feasible

 A   at any temperature

 B   at all temperatures below 904K

 C   at all temperatures above 904K

 D   at all temperatures above 1106K

7.   The standard enthalpy of formation of solid 
  calcium nitrate at 298K is -937 kJmol-1. Which 
  equation below correctly represents this 
  formation process?

 A   Ca2+
(aq)  +  2NO3

-
(aq)  ➝  Ca2+(NO3

-)2(s)

 B   Ca(s)  +  N2(g)  +  3O2(g)  ➝  Ca2+(NO3
-)2(s)

 C   Ca(g)  +  N2(g)  +  3O2(g)  ➝  Ca2+(NO3
-)2(s)

 D   Ca(s)  +  2NO2(g)  +  O2(g)  ➝  Ca2+(NO3
-)2(s)

8.  C(s)  +  O2(g)  ➝  CO2(g)      ∆H° = -394 kJmol-1 

  H2(g)  +  ½O2(g)  ➝  H2O(l)      ∆H° = -286 kJmol-1 

C6H14(l)  +  9½O2(g)  ➝  6CO2(g)  +  7H2O(l)    ∆H° = -4160 kJmol-1 

  Using the above data, the standard enthalpy   
  change for

  6C(s)  +  7H2(g)  ➝  C6H14(l)  is

 A   - 3480 kJ

 B   +3480 kJ

 C   - 206 kJ

 D   +206 kJ
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9.  P   +   Q   ⇋  R   +   S

 At 298K the equilibrium constant for the reaction
 is 1.2 x 1010

 Which of the following is true?

 A  increasing the concentration of P will not 
   change the equilibrium constant
 B  the value of ∆G° is positive
 C  adding a catalyst will change the
   equilibrium constant
 D  the value of ∆S° is positive
 
10.  Which of the following is likely to have the 
  lowest standard entropy value at 100 °C?

 A   Mercury
 B   Neon
 C   Phosphorus  
 D   Sulphur

Questions 11 and 12 refer to the Ellingham diagram 
below.  

11.  The value of ∆G° for the reaction

   2C(s)  +  O2(g)  ➝  2CO(g)  

  decreases as the temperature increases. What is 
  the reason for this decrease?

 A   ∆S° is positive
 B   ∆S° is negative
 C   ∆H° is positive
 D  ∆H° is negative

12.  The reduction of silicon dioxide is
  thermodynamically feasible using

 A   magnesium at temperatures over 2000K
 B   aluminium between 500 and  2000K
 C   carbon monoxide between 500 and  2000K
 D  carbon at a temperature of 500K
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13. Information about the decomposition of silver(I) nitrate is given below.

   AgNO3(s)   ➝ Ag(s)   +   ½O2(g)   +   NO2(g)

 	 Substance	 	 	∆H°f / kJmol-1  S°/	JK-1mol-1

     AgNO3        -123.6         141.5
     Ag    0           42.6
     O2    0          205.2
     NO2             34.0          241.4

 For the decomposition of AgNO3 , calculate

 a) ∆H°   

              1

 b) ∆S°       

              1

 c) The theoretical temperature at which the reaction just becomes feasible.    

              2
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14. Using bond enthalpy values from the Data Booklet, calculate the enthalpy change for the 
 following reaction.

     C2H2(g)   +   2H2(g)   ➝ C2H6(g)

               2
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15. Copper can form ions of oxidation states +1 or +2 in solution. The thermochemical cycle drawn
 below shows the steps involved in the formation of Cu+

(aq) from Cu(s).

 a) Name the enthalpy change which has the value -619 kJmol-1 in the cycle above.

              1

 b) Using part of the thermochemical cycle above and also information from pages in
  your Data booklet, calculate the enthalpy change for 

      Cu(s)      ➝ Cu2+
(aq)   +   2e-

              2
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16. Iodine molecules can be converted into iodine atoms in the reaction shown below.

   I2(g)      ➝ 2 I(g)  ∆H° = +149 kJmol-1   

 a) What name is given to this enthalpy change ?

              1

 b) At 298K, ∆G° = +120.9 kJmol-1.

  In the gas state, the standard entropy value of iodine molecules is 261 JK-1mol-1.

  Calculate:

    i) the standard entropy change for the reaction shown:

              2

   ii) the standard entropy of I(g).

              1

 c) Calculate the temperature at which the equilibrium constant would be expected to 
  have the value 1.

              2
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17. The methanol fuel cell below was designed to power military radios

 The cell can be represented as: CH3OH(l) | CO2(g) || O2(g) | H2O(l)

 The overall reaction for the cell is:

   CH3OH(l)   +    3/2O2(g)     ➝ CO2(g)   +    H2O(l)  ∆H° = -727 kJmol-1   

 a) Calculate the entropy change, ∆S°, in JK-1mol-1, for the overall reaction.

              1

 b) Calculate ∆G°, the standard free energy change, in kJmol-1, for the overall reaction
  at 298K

              2


