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OCR (A) A2 Chemistry

5 Energy

1
(a)
(i)
The lattice enthalpy is the enthalpy change when 1 mole of ionic solid ( is formed from its ions in the gas state. (


(ii)
Mg2+(g) + 2Cl–(g) ( MgCl2(s) 1 mark for state symbols (and 1 mark for correct equation. (

(b)
(i)
C (


(ii)
Mg+(g) ( Mg2+(g) + 1e– (


(iii)
The shielding and the nuclear charge are the same for the Mg+ ion and the Mg atom ( but the Mg+ ion, formed after the removal of one electron, is smaller than the Mg atom and therefore it is more difficult to remove the second electron. (


(iv)
Cl(g) + 1e– ( Cl–(g) 1 mark for state symbols (and 1 mark for correct equation (


(v)
–698/2 = –349 kJ mol–1 (


(vi)
(Hf = 148 + 736 + 1450 – 698 – 2522 ( = –642 kJ mol–1 (

(c)
The lattice enthalpy depends on the ionic radius and the size of the charge. The charge for Cl– and Br– is the same but the ionic radius of Cl– is smaller than that of Br– and therefore the attraction between the Mg2+ ion and the Cl– will be greater. (


or



Charge density of Cl– is greater than the charge density of Br–, hence the lattice enthalpy MgCl2 is more negative than MgBr2 (

(d)
There are two equally viable ways of doing this: using a Hess’s triangle or a Born-Haber type cycle.



Hess’s triangle method:
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Born-Haber cycle:
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Enthalpy of solution A = C + D – B (remember that the hydration enthalpy of Br– must be doubled because there are two Br–).


(H1 = 2440 – 1921 – (2 ( 336) ( = –153 kJ mol–1 (

(e)
(i)
The entropy change (


(ii)
Entropy increases when a substance dissolves in water as the particles can move more readily. ( This means that substances will be predicted to be more soluble than when just enthalpy is used. (




or





Use (G = (H – T(S; if (G is negative then the reaction is feasible, ( (H has been calculated to be –153 kJ mol–1 and (S will be positive so (G will always be negative. (

(f)
Add silver nitrate ( to each and observe the colour of the precipitate. MgCl2 would give a white solid and MgBr2 would give a cream solid. ( If dilute ammonia, NH3, is added the white precipitate dissolves. The cream precipitate will only dissolve in concentrated NH3. (


There are other ways of doing this such as:



Both solutions would conduct electricity. If electricity is passed through the MgCl2 a green gas will be evolved at the anode, but with MgBr2 an orange/brown liquid will be produced.



If F2(g) is bubbled into either MgCl2 or MgBr2 it will oxidise the halide ion to the halogen. In the case of MgBr2 it will form an orange/brown liquid.

2
(a)
Enthalpy of products – enthalpy of reactants = (2 ( –110.5 () – (–393.7) = 172.7 kJ mol–1 ( (units must be correct)


(b)
Entropy of products – entropy of reactants = 2So(CO) – So (CO2) – So (C) 



= 2 ( 197.9 ( – 213.8 – 5.7 = 176.3 J mol–1 K–1 ((units must be correct)


(c)
(i)
(G = (H – T(S (


(ii)
(G = 172.7 – (298 ( 176.3/1000() = 120.2 kJ mol–1 (

(d)
For a reaction to be feasible (G = 0, so (H = T(S (


172.7 = T(0.1763) (


T = 172.7/0.1763 = 979.6 K = 706.6(C (
3
(a)
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Marking points are:

· Hydrogen electrode used (
· Salt bridge shown (
· Voltmeter used (
· Fe2+/Fe3+ cell shown with inert/Pt electrode (
· Temperature = 298K and pressure = 101 kPa (
· All solutions 1.0 mol dm–3 (or Fe2+/Fe3+ must be equimolar) (

(b)
I2(aq) + 2e– ⇌ 2I–(aq)
E = +0.54 V



Fe3+(aq) + e– ⇌ Fe2+(aq)
E = +0.77 V (


So possible overall reaction would be:



2Fe3+(aq) + 2I–(aq)  I2(aq) + 2Fe2+(aq) (


E for this is 0.77 – 0.54 = 0.23 V, so the reaction is possible.



In the reaction you would see iodine, a brown/black precipitate formed (


Br2(aq) + 2e– ⇌ 2Br–(aq)
E = +1.09 V



Fe3+(aq) + e– ⇌ Fe2+(aq)
E = +0.77 V



The only possible overall reaction would be:



Br2(aq) + 2Fe2+(aq)  2Fe3+(aq) + 2Br–(aq) (
E for this is 1.09 – 0.77 = +0.32 V. Fe3+ will not react with Br- as this would give a negative potential E = 0.77 – 1.09 = –0.32 V (

(c)
2I–(aq)  I2(aq) + 2e– ( (multiply by 5 to get 10 e–)


5e– + MnO4–(aq) + 8H+(aq)  Mn2+ + 4H2O(l) ( (multiply by 2 to get 10 e–)



to give the overall equation:



2MnO4–(aq) + 16H+(aq) + 10I–(aq)  2Mn2+ + 8H2O(l) + 5I2(aq) (
4
(a)
Hydrogen and oxygen are supplied to the fuel cell.(


If an acidic catalyst is used:



At the positive electrode the fuel (hydrogen gas) is converted to hydrogen ions:



H2(g) ( 2H+(aq) + 2e– (


At the negative electrode, oxygen is converted to water by reaction with the hydrogen ions:



½O2(g) + 2H+(aq) + 2e– ( H2O(l) (


Overall, the equation is:



H2(g) + ½O2(g)  H2O(l) (


If an alkaline catalyst is used:



At the positive electrode the fuel (hydrogen gas) is converted to hydrogen ions:



H2(g) + 2OH–(aq) ( 2H2O(l) + 2e– (


At the negative electrode, oxygen is converted to water by reaction with the hydrogen ions:



½O2(g) + H2O(l) + 2e– ( 2OH–(l) (


Overall, the equation is:



H2(g) + ½O2(g)  H2O(l) (

(b)
The voltage of 1.23 V would only be achieved under standard conditions.



The pressure of the gas may mean the concentration of the gas is less. (


The vehicle operates at a higher temperature than 298 K (25(C). (

(c)
Any three from:

· Fossil fuels will eventually run out whereas sources of hydrogen will not ( 

· Hydrogen is more efficient as a fuel (
· Hydrogen produces less pollution and no CO2 (
· Voltage is constant as the fuel is supplied externally (

(d)
Any two from:

· Adsorbed onto the surface of a solid such as a transition metal or carbon(
· Absorbed into a metal such as Mg (
· As a liquid under pressure (
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