New Way Chemistry for Hong Kong A-level (3rd Edition)

Suggested Solutions for GCE Questions

Part 12
The p-Block Elements (Book 4, p.124 – 127)

19.
(a)
Chlorine undergoes disproportionation in hot sodium hydroxide solution to give chloride ion and chlorate(V) ion.




3Cl2(g) + 6OH–(aq)  (( 5Cl–(aq) + ClO3–(aq) + 3H2O(l)



The faint yellow colour and the smell of chlorine disappear.


(b)
Chlorine oxidizes bromide ions to bromine while itself is reduced to chloride ion.




Cl2(g) + 2Br–(aq)  (( 2Cl–(aq) + Br2(aq) 



The solution turns orange. The faint yellow colour and the smell of chlorine disappear.

20.
Pb4+ + 2e–  (( Pb2+
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 = +1.69 V


Sn4+ + 2e–  (( Sn2+
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 = +0.15 V


˙
The more positive [image: image3.png]


 value for Pb4+/Pb2+ shows that Pb2+ is more stable than Pb4+. e.g. lead(IV) oxide decomposes readily to give the more stable lead(II) oxide and oxygen.




2PbO2(s)  (( 2PbO(s) + O2(g)



Hence, lead(IV) compounds are used as oxidizing agents, e.g. lead(IV) oxide liberates chlorine from concentrated hydrochloric acid.




PbO2 + 4HCl  (( PbCl2 + Cl2 + 2H2O


˙
The less positive [image: image4.png]


 value for Sn4+/Sn2+ shows that Sn4+ is more stable than Sn2+. Hence, tin(II) compounds are used as reducing agents, e.g. tin(II) chloride reduces iron(III) ions to iron(II) ions.




Sn2+ + 2Fe3+  (( Sn4+ + 2Fe2+
21.
(a)
Chlorine: yellowish green gas



Bromine: brown liquid



Iodine: black/dark violet solid



Volatility decreases from chlorine to bromine to iodine. The halogens exist as simple diatomic molecules and the forces operating between the molecules are weak van der Waal’s forces. The strength of such forces depends on the number of electrons per molecules (or molecular size). From chlorine to bromine to iodine, the number of electrons per molecules increases and the forces of attraction increases. Hence, their volatility decreases.


(b)
Chloride ion: The white precipitate dissolves in both dilute and concentrated ammonia solution.



Bromide ion: The cream precipitate insoluble in dilute ammonia solution but dissolves in concentrated ammonia solution.



Iodide ion: The yellow precipitate insoluble in both dilute and concentrated ammonia solution.

22.
˙
As the group is descended, the structure of the elements changes from macromolecular (carbon, silicon, germanium) to metallic (tin, lead).


˙
Hence, the melting point decreases down the group as much more energy is required to break the strong covalent bonds in macromolecular structures.


˙
The density increases down the group with increasing relative atomic masses.


˙
The atomic radius increases down the group because each succeeding element has one more shell of electrons. Thus ionization energy decreases as the outermost shell electrons become less firmly held by the nucleus.



The decrease in ionization energy accounts for the easier formation of M2+ ions and hence, ionic compounds within tin and lead.
23.
(a)
(i)
Bromine


(ii)
2Br–(aq) + Cl2(aq) (( Br2(aq) + 2Cl–(aq)


(b)
Bromine is non-polar and readily dissolves in non-polar organic solvents such as ether. On the other hand, the salt is ionic and the ions are not readily solvated by ether and the salt does not dissolve in ether.


(c)
Br2(l) + 2OH–(aq) (( Br–(aq) + BrO–(aq) + H2O(l)


(d)
Br–(aq) + BrO–(aq) +  2H+(aq) (( Br2(aq) + H2O(l)

24.
Reaction of the elements with aqueous sodium thiosulphate


From the standard electrode potential of the halogens:
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Cl2 + e– [image: image6.png]


 Cl–
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 = +1.36 V
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Br2 + e– [image: image9.png]


 Br–
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 = +1.07 V




[image: image11.wmf]2

1

I2 + e– [image: image12.png]


 I–
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 = +0.54 V


It can be deduced that ease of reduction decreases from chlorine to iodine and the oxidizing power also decreases from chlorine to iodine.


Chlorine and bromine are strong enough an oxidizing agent to oxidize thiosulphate ions to sulphate(VI) ions:



4X2(aq) + S2O32–(aq) + 5H2O(l) (( 8X–(aq) + 2SO42–(aq) + 10H+(aq)


where X = Cl or Br.


Iodine is not strong enough to oxidize thiosulphate ions to sulphate(VI) ions but only oxidizes thiosulphate ions to tetrathionate ions:



I2(aq) + 2S2O32–(aq) (( 2X–(aq) + S4O62–(aq)

25.
The products of the reaction between chlorine gas and cold sodium hydroxide solution are sodium chloride, sodium chlorate(I) and water:



Cl2(g) + 2NaOH(aq) (( NaCl(aq) + NaClO(aq) + H2O(l)


With hot and concentrated sodium hydroxide solution, chlorine gas reacts to give sodium chloride, water and sodium chlorate(V) instead of sodium chlorate(I):



3Cl2(g) + 6NaOH(aq) (( 5NaCl(aq) + NaClO3(aq) + 3H2O(l)


The formation of sodium chlorate(V) instead of sodium chlorate(I) with hot and concentrated sodium hydroxide solution is due to the disproportionation of chlorate(I) ion to chlorate(V) ion and chloride ion at higher temperature:



3NaClO(aq) (( 2NaCl(aq) + NaClO3(aq)

26.
Silver bromide dissolves in saturated ammonia solution to form a colourless solution. This is due to the formation of soluble diamminesilver(I) complex:



AgBr(s) [image: image14.png]


 Ag+(aq) + Br–(aq) (((((((((. (1)



Ag+(aq) + 2NH3(aq) [image: image15.png]


 [Ag(NH3)2]+(aq) ((((( (2)


The high concentration of ammonia causes the equilibrium in (2) to shift to the right, decreasing the concentration of aqueous silver ions.


The equilibrium in (1) shifts right to increase the concentration of silver ions so that silver bromide dissolves.

27.
(a)
(i)
(1)
At cathode: 2H+(aq) + 2e– (( H2(g)




(2)
At anode: 4OH–(aq) (( O2(g) + 2H2O(l) + 4e–


(ii)
An aqueous solution of sodium fluoride contains both fluoride ions and hydroxide ions (from self-ionization of water). The standard reduction potential, [image: image16.png]


, values for reduction of fluorine to fluoride ions and oxygen to hydroxide ions are +2.87 V and –0.40 V respectively.




Thus, the standard oxidation potential for oxidation of fluoride ions to fluorine and hydroxide ions to oxygen are –2.87 V and +0.04 V respectively. Since the standard oxidation potential of hydroxide ions is greater than that of fluoride ions, it is easier for hydroxide ions to be oxidized than fluoride ions so that fluorine is not produced.


(b)
(i)
(1)
Cation: K+



(2)
Anion: HF2–


(ii)
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28.
(a)
Disproportionation is a chemical change in which oxidation and reduction of the same species (which may be a molecule, atom or ion) takes place at the same time.


(b)

+1
          +5

      (1



3OCl–(aq) (( ClO3–(aq) + 2Cl–(aq)


(c)
Oxidation:



    +1


             +5



OCl–(aq) + 2H2O(l) (( ClO3–(aq) + 4H+(aq) + 4e–


Reduction:



    +1



         –1



OCl–(aq) + 2H+(aq) + 2e– (( Cl–(aq) + H2O(l)

29.
(a)
(i)
HF(l) + H2O(l) [image: image18.png]


 H3O+(aq) + F－(aq)



(ii)
As the H – F bond length is short, the bond dissociation enthalpy of hydrogen fluoride is very high. Moreover, the extensive intermolecular hydrogen bonds among hydrogen fluoride molecules make the dissociation process more difficult. The bond dissociation enthalpy of the H – F bond is so great that the above equilibrium lies essentially to the left. Hence, hydrogen fluoride is a weak acid in dilute aqueous solution.


(b)
(i)
When fluorine is bubbled into water, oxygen gas and hydrofluoric acid are formed.
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F2(g) + 2e– [image: image20.png]


 2F–(aq)


+2.87




()
O2(g) + 4H+(aq) + 4e– [image: image21.png]


 2H2O(l)

+1.23





2F2(g) + 2H2O(l) (( 4HF(aq) + O2(g)

+1.64




From the reduction potential, fluorine is a stronger reducing agent than oxygen. So fluorine will reduce water to oxygen. This reaction is feasible because the electrode potential of the overall reaction is a large positive value.



(ii)







[image: image22.png]E°/V








Cl2(g) + 2e– [image: image23.png]


 2Cl–(aq)


+1.36




()
O2(g) + 4H+(aq) + 4e– [image: image24.png]


 2H2O(l)

+1.23





2Cl2(g) + 2H2O(l) (( 4HCl(aq) + O2(g)
+0.13



(iii)
For the above reaction, the electrode potential of the overall reaction is just 
+0.13 V. Usually, the electrode potential for a reaction to occur has to be +0.4 V or above for the reaction to occur spontaneously. Thus this reaction does not occur and disproportionation occurs instead.


(c)
(i)
3OCl–(aq) 
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 ClO3–(aq) + 2Cl–(aq)




The conditions necessary for disproportionation of chlorate(I) ion to occur is the presence of hot and concentrated alkalis.



(ii)
Disproportionation is a chemical change in which oxidation and reduction of the same species (which may be a molecule, atom or ion) takes place at the same time. From the above equation, chlorate(I) ions are oxidized to chlorate(V) ions and reduced to chloride ions simultaneously.


(d)
(i)
Potassium bromide, KBr





Ag+(aq) + Br–(aq) (( AgBr(s)



(ii)
2KBrO3(s) 
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 2KBr(aq) + 3O2(g)


(e)
(i)
(1)
2IO3–(aq) + 6H+(aq) + 4e– (( I2(aq) + 3H2O(l)




(2)
H2O2(aq) (( O2(g) + 2H+(aq) + 2e–


(ii)
Colourless gas bubbles evolve and the solution changes slowly from colourless to brown.

30.
(a)
(i)
Potassium bromide



(ii)
Hydrogen bromide, HBr



(iii)
When concentrated sulphuric acid is added into bromide solution, in addition to forming hydrogen bromide gas, the bromide ions are oxidized to bromine which is brown in colour. This is because concentrated sulphuric acid is a strong oxidizing agent.



(iv)
Starch reacts with iodine to form a deep blue complex. The starch solution turning blue indicates the presence of iodine.



(v)
I2(aq) + 2S2O32–(aq) (( 2I–(aq) + S4O62–(aq)



(vi)
Cl2 > Br2 > I2

(b)
(i)
NaClO3


(ii)
3OCl–(aq) (( ClO3–(aq) + 2Cl–(aq)


(c)
As the H – F bond length is short, the bond dissociation enthalpy of the H – F bond is high. Moreover, the extensive intermolecular hydrogen bonds among hydrogen fluoride molecules increase the difficulty of dissociation. Thus hydrogen fluoride is a weak acid in aqueous solution.


(d)
One large scale use of chlorine is the manufacture of domestic bleaches.

31.
(a)
(i)
Oxidation always involve the loss of electron(s).



(ii)
An oxidizing agent is a substance which oxidizes others by undergoing reduction. The reduction involves gain of electron(s).



(iii)
Chlorine is a stronger oxidizing agent. As chlorine is a stronger oxidizing agent, it oxidizes bromide ions to bromine from seawater. If bromine is a stronger oxidizing agent, there is no reaction occur when chlorine is pumped into seawater and the manufacture of bromine fails.


(b)
(i)
3OCl–(aq) (( ClO3–(aq) + 2Cl–(aq)



(ii)
Disproportionation

(c)
(i)
(1)
+4




(2)
+6



(ii)
SO2 has been oxidized., because the oxidation number of sulphur is increased from +4 for SO2 to +6 for SO42–. Oxidation is a process where the oxidation number of an element in a substance increases.



(iii)
Starch solution. If the solution contains iodine, the solution will become deep blue after adding starch solution. It is because iodine reacts with starch to form a deep blue complex.
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