14.2 ANSWERS TO EXERCISES
14.2 Exercise 1

1.
a)
2Na(s) + 2H2O(l) ( 2NaOH + H2(g)


b)
Mg(s) + H2O(g) ( MgO(s) + H2(g)

2.
a)
4Na(s) + O2(g) ( 2Na2O(s)


b)
2Mg(s) + O2(g) ( 2MgO(s)


c)
4Al(s) + 3O2(g) ( 2Al2O3(s)


d)
Si(s) + O2(g) ( SiO2(s)


e)
4P(s) + 5O2(g) ( P4O10(s)

3.
a)
2Na(s) + Cl2(g) ( 2NaCl(s)


b)
Mg(s) + Cl2(g) ( MgCl2(s)


c)
2Al(s) + 3Cl2(g) ( 2AlCl3(s)


d)
Si(s) + 2Cl2(g) ( SiCl4(l)


e)
2P(s) + 3Cl2(g) ( 2PCl3(s)

14.2 Exercise 2
1.
a)
the charges on Mg2+ and Al3+ are smaller than the charge on Na+


and Mg2+ and Al3+ are smaller than Na+
so the attraction between Mg2+ and O2-, and between Al3+ and O2- is 
greater



than the attraction between Na+ and O2-


so more energy is needed to separate the ions


b)
SiO2 is giant covalent



and much energy is required



to break the covalent bonds between Si and O atoms


c)
P4O10 and SO2 are simple molecular



SiO2 is giant covalent

Less energy is required to break intermolecular forces between P4O10 or 
SO2 molecules



Than is required to break covalent bonds between Si and O atoms


d)
The P4O10 molecules are larger than SO2 molecules



so the intermolecular forces between P4O10 molecules



are larger than the intermolecular forces between SO2 molecules



so more energy is required to separate P4O10 molecules than SO2 
molecules

2.
a)
i)
Na2O(s) + H2O(l) ( 2NaOH(aq)

pH 12 - 14


ii)
MgO(s) + H2O(l) ( Mg(OH)2(s)

pH 8 – 9



iii)
P4O10(s) + H2O(l) ( H3PO4(aq)

pH 2 – 4



iv)
SO2(g) + H2O(l) ( H2SO3(aq)

pH 2 - 4



v)
SO3(g) + H2O(l) ( H2SO4(aq)

pH 1 - 3


b)
i)
Na2O(s) + 2HCl(aq) ( 2NaCl(aq) + H2O(l)


ii)
MgO(s) + 2HCl(aq) ( MgCl2(aq) + H2O(l)


iii)
Al2O3(s) + 6HCl(aq) ( AlCl3(aq) + 3H2O(l)


c)
i)
Al2O3(s) + 2NaOH(aq) + 3H2O(l) ( 2NaAl(OH)4(aq)



ii)
SiO2(s) + 2NaOH(aq) ( NaSiO3(aq) + H2O(l)



iii)
P4O10(s) + 12NaOH(aq) ( 4Na3PO4(aq) + 6H2O(l)



iv)
SO2(g) + 2NaOH(aq) ( NaSO3(aq) + H2O(l)



v)
SO3(g) + 2NaOH(aq) ( Na2SO4(aq) + H2O(l)


d)
Na2O and MgO are basic



they react with water to give solutions with pH greater than 7



and they react with acids.



These oxides are basic because the bonding is ionic.



Al2O3 is amphoteric



It reacts with acids and with alkalis



Al2O3 is amphoteric because the bonding is intermediate between ionic 
and covalent 



SiO2, P4O10, SO2 and SO3 are acidic


They react with water to give solutions with pH less than 7



And they react with alkalis



These oxides are acidic because the bonding is covalent.
14.2 Exercise 3

1.
a)
NaCl and MgCl2 are ionic



so the attraction between the oppositely charged ions is high



and a lot of energy is required to overcome this attraction



AlCl3 is polmeric but sublimes on heating and becomes simple molecular



SiCl4 is simple molecular



PCl5 is ionic but sublimes on heating and becomes simple molecular



So much less energy is required to overcome the intermolecular forces


b)
PCl5 is ionic and there is a strong initial attraction between PCl4+ and PCl6-


until the ionic structure collapses on heating

AlCl3 is polymeric and there is a strong initial attraction between 

the long chains



until the polymeric structure collapses on heating



SiCl4 is simple molecular and there are only weak intermolecular forces 
between the molecules

2.
a)
i)
NaCl(s) ( Na+(aq) + Cl-(aq)



pH = 7



ii)
MgCl2(s) ( Mg2+(aq) + 2Cl-(aq)


pH = 6-7



iii)
AlCl3(s) + 6H2O(l) ( Al(H2O)63+(aq) + 3Cl-(aq)
pH = 2-5



iv)
SiCl4(l) + 2H2O(l) ( SiO2(s) + 4HCl(g)

pH = 2-4



v)
PCl5(s) + 4H2O(l) ( H3PO4(aq) + 5HCl(g)

pH = 1-3


b)
Ionic chlorides dissolve to give neutral solutions



Covalent chlorides are hydrolysed to give acidic solutions


c)
The energy required to separated the ions from each other



Is recovered when the ions are hydrated


d)
AlCl has an empty 3p orbital


SiCl and PCl have empty 3d orbitals



These orbitals can accept a lone pair from a water molecule
