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

Suggested Solutions for GCE Questions

Part 10
Periodic Properties of the Elements in the Periodic Table (Book 4, p.33 – 34)

10.
(a)
Both Na2O and Al2O3 have giant ionic structures with strong ionic bonds. Thus, both have high melting points. SO3 has a simple molecular structure in which discrete molecules are held together by weak van der Waals’ forces. A very small amount of energy is required to separate the molecules apart and hence it has a much lower melting point. Al2O3 has a higher melting point than Na2O because the ionic bond between Al3+ and O2– is stronger than that between Na+ and O2–. This is because Al3+ has a higher charge and smaller size than Na+.


(b)
Na2O dissolves readily in water to give a strongly alkaline solution, sodium hydroxide, NaOH (pH ( 14). A lot of heat is evolved.




Na2O(s) + H2O(l) (( 2Na+(aq) + 2OH–(aq)

(H < 0


Al2O3 is insoluble in water.



SO3 dissolves readily in water to give a strongly acidic solution, sulphuric acid, H2SO4 (pH ( 14). A lot of heat is evolved.



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


(H < 0
11.
(a)
(i)
Al2O3(s) + 2OH–(aq) + 3H2O(l) (( 2[Al(OH)4]–(aq)


(ii)
SO3(g) + 2OH–(aq) (( SO42–(aq) + H2O(l)


(b)
(i)
Al2O3(s) + 6H+(aq) (( 2Al3+(aq) + 3H2O(l)



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


(from


aqueous acid)

12.
(a)
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(i)
From sodium to argon, the number of proton increases while the screening effect remains effectively the same (same number of shell of electrons). The atomic radius decreases and the attraction for valence electrons increases. Hence, the first ionization energy increases.



(ii)
Discontinuity in the trend between magnesium and aluminium:




The electron to be removed from aluminium is at a higher energy 3p orbital compared to a lower energy 2s orbital in magnesium. Less energy than expected is thus required to ionize aluminium atoms.




Discontinuity in the trend between phosphorus and sulphur:




The electron to be removed from sulphur is a paired 3p orbital. The electronic repulsion between the paired electrons makes its removal easier than expected. Hence, sulphur has a lower first ionization energy than expected.


(b)
Mg2+ has a higher number of protons but similar screening effect as Na+ since Mg2+ and Na+ are isoelectonic.

13.
Plot of atomic and ionic radii from sodium to chlorine:
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˙
The atomic radii decreases from sodium to chlorine due to the increase in nuclear charge and weak screening effect as successive electrons are added to the same electron shell. Hence, the outermost shell electrons are more strongly attracted by the nucleus and there is little change in the screening effect by the inner shells of electrons.


˙
The cations, from sodium ion to silicon (IV) ion, are smaller than their respective atoms because the cations have one less shell of electrons than the neutral atoms. Hence, the outermost shell electrons are more strongly attracted by the nucleus.


˙
The anions, from phosphide ion to chloride ion, have a larger size than their respective atoms because the anions have more electrons than protons and so, the effective attractive force on the outermost shell electrons are less strongly attracted by the nucleus.


˙
The anions have a larger size than cations because the anions have one more shell of electrons and thus, the outermost shell electrons are less strongly attracted by the nucleus.


˙
Along the isoelectronic series (Na+ to Si4+ and P3– to Cl–), the ionic radii decreases as the same number of electrons are attracted more strongly by the increasing nuclear charge.

14.
(a)
(i)
Al2O3(s) + 2OH–(aq) + 3H2O(l) (( 2[Al(OH)4]–(aq)



(ii)
SO3(g) + 2OH–(aq) (( SO32–(aq) + H2O(l)


(b)
(i)
Al2O3(s) + 6H+(aq) (( 2Al3+(aq) + 3H2O(l)



(ii)
PbO2(s) + 4HCl(aq) (( PbCl4(l) + 2H2O(l)

15.
(a)
Cs



(f)
Ag


(b)
Ne



(g)
B


(c)
F



(h)
Si


(d)
Mg, Cu or Mn

(i)
Al


(e)
V



(j)
Ag/Pb

16.
(a)
Sodium, magnesium and aluminium are metals. Metals consists of a lattice of ions with the valence electrons forming a sea of delocalized electrons. Strong electrostatic forces exist between the negatively charged sea of delocalized electrons and the positive metal ions resulting in these metals having high boiling points. The boiling points increase from sodium to aluminium as the number of valence electrons increases from one to three resulting in increasing strength of metallic bonds from sodium to aluminium.



Silicon also has very high boiling point as it has a giant covalent structure. Strong covalent bonds exist between all the silicon atoms. Therefore, a large amount of energy is required to overcome the strong covalent bonds in the process of boiling.



Phosphorus and sulphur have relatively lower boiling points. Both have simple molecular structure with weak van der Waals’ forces (instantaneous dipole-induced dipole interactions) between the molecules. Since only a small amount of energy is required to overcome these weak van der Waals’ forces, phosphorus and sulphur have low boiling points. The boiling point of sulphur is higher than that of phosphorus. This is because sulphur exists as S8 molecules while phosphorus exists as P4 molecules. Since an S8 molecule has a larger number of electrons than a P4 molecule, the van der Waals’ forces in sulphur are relatively stronger than that in phosphorus, resulting in sulphur having a higher boiling point.


(b)
The metallic element chosen is sodium while the non-metallic element chosen is sulphur.



(i)
Sodium reacts with oxygen readily at room temperature to give sodium oxide:





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




Silvery sodium tarnishes readily to give a white coating of sodium oxide when it is exposed to oxygen. Yellow sulphur burns in oxygen with a bright blue flame to give sulphur dioxide which is a colourless gas with a characteristic irritating smell:



S(s) + O2(g) (( SO2(g)



(ii)
Sodium oxide dissolves in water to give aqueous sodium hydroxide which is a strong alkali:





Na2O(s) + H2O(l) (( 2NaOH(aq)




Hence when sodium oxide is added to water containing universal indicator, the white solid dissolves readily turning the universal indicator from green to violet. Sulphur dioxide dissolves in water to give the weak sulphurous acid:





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




Hence when sulphur dioxide is added to water containing universal indicator, the gas dissolves readily turning the universal indicator from green to orange.

17.
(a)
(i)
In carbon dioxide molecules, the carbon and oxygen atoms are held together by strong covalent bonds. However, discrete carbon dioxide molecules are only held together by weak van der Waals’ forces. Therefore, carbon dioxide has a low melting point.



(ii)
The silicon and oxygen atoms are held together by strong single covalent bonds in a macromolecule. Therefore, silicon(IV) oxide has a high melting point.



(iii)
Tin(IV) ions and oxide ions are held together by strong ionic bonds. Hence, silicon(IV) oxide has a high melting point.


(b)
(i)
Carbon dioxide and silicon(IV) oxide are acidic and they react with sodium hydroxide solution to form salts.





CO2(g) + 2NaOH(aq) (( Na2CO3(aq) + H2O(l)





SiO2(s) + 2NaOH(aq) (( Na2SiO3(aq) + H2O(l)




Tin(IV) oxide is amphoteric and it also reacts with sodium hydroxide solution in a similar manner.





SnO2(s) + 2NaOH(aq) (( Na2SnO3(aq) + H2O(l)



(ii)
Both carbon dioxide and silicon(IV) oxide do not react with hydrochloric acid. Tin(IV) oxide is amphoteric and it reacts with hydrochloric acid to form a salt.





SnO2(s) + 4HCl(aq) (( SnCl4(aq) + 2H2O(l)

18.
(a)
(i)
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(ii)
(1)
The melting point increases from sodium to magnesium to aluminium, due to increasing metallic bond strength, and peaks at silicon which has a giant molecular structure with strong covalent bonds. From phosphorus to argon, the non-metals exist as simple molecules which are held together by weak van der Waals’ forces. Therefore, their melting points are low.




(2)
The electrical conductivity of the metals increases from sodium to magnesium to aluminium, due to the increasing number of valence electrons that contribute to the sea of delocalized electrons. The rest of the elements are giant molecular (silicon) or simple molecular and they do not have delocalized charges to conduct electricity.




(3)
The ionic radius decreases from Na+ to Mg2+ to Al3+ to Si4+ due to increasing number of protons. P3–, S2– and Cl– have higher ionic radii due to an additional shell of electrons. The decreasing trend is due to increasing number of protons again.


(b)
(i)
Al2O3(s) + 3H2SO4(aq) (( Al2(SO4)3(aq) + 3H2O(l)



(ii)
(1)
SO2(g) + 2NaOH(aq) (( Na2SO3(aq) + H2O(l)




(2)
Al2O3(s) + 2NaOH(aq) + 3H2O(l) (( 2Na[Al(OH)4](aq)



(iii)
Al2O3 is amphoteric.




In (i), Al2O3 acts as a base. In (ii), Al2O3 acts as an acid.
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