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SECTION A 
 

QUESTION 1  THEORIES OF BONDING 

1.1 Using the valence shell electron repulsion theory (VSEPR) and 
valence bond theory (VBT) determine the geometry, bond angle 
and give the name of the shape for the following molecules or 
ion.  

1.1.1 IF2
-  (3) 

1.1.2 SiF6
2-  (3) 

1.1.3 BrCI5 

1.2 Using the Valency Bond theory show the formation of Bond 1.1.2 
above..  (3) 

1.3 Using the concept of Molecular Orbital Theory (MOT), answer 
the questions below for the following molecules; (A) CN and (B) 
NO   (5) 

1.3.1 Write the electronic configuration for the molecules in 1.3 using 
the MOT concept.   (2)  

 
1.3.2 Determine the magnetism of the molecules in 1.3.    (2) 

1.3.4 Determine the bond order for the molecules in 1.3.  (2) 

1.3.4 Which of the species in 1.2.1 will have the higher bond energy? 
Give reason for your answer.   (4) 

1.4 Which of the following molecules will have a lower bond angle? 
Give reason (s) for your answer. H2O and H2S.   (5) 

1.5. Using the concept of delocalised - bonding under molecular 
orbital theory, show that the C-O bonds in CO3

2- has a bond 

order of  1 .  (8) 

   [35] 

QUESTION 2  CRYSTAL AND LIGAND FIELD THEORY 
 

2.1  The magnetic moment value of [Mn(CO)4]2+  ion is square root of 
15 (√15). On the basis of Valency Bond Theory (VBT), predict 
the type of hybridization and geometry of the ion. (7) 

2.2 State Jahn-Teller theorem. (1) 

2.3 Give two reasons why Δo is bigger than Δt. (2) 

2.4 With the aid of a pictorial diagram, write short note on tetragonal 
contraction along the x-y axis of an octahedron complex. (5)  
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QUESTION 2  continued 

2.5 With your knowledge of crystal field theory (CFT) and the 
molecular orbital theory (MOT) for complexes, state the 
difference between [Cr(NH3)6]+ and  [CrF6]5- using their (A) 
Electronic configuration (in MOT) and (B) Stability. (4) 

2.5.1 What is the reason for your answer in 2.4 B ? (2) 
  [21] 
 
QUESTION 3  COORDINATION CHEMISTRY 
 

3.1 Write the formula for the following complexes:    (5) 
3.1.1 Bis(ethylenediamine)diaquochromium(iii) bromide 
3.1.2 Tetraaminesulphatocobalt(III) nitrate 
3.1.3 Tetraammineoxalatomanganese(iv) sulphate 
3.1.4 Potassium pentachoronitridoosmate(VI) 
3.1.5 Tetrapyridineplatinum (II) tetrabromoplatinate (II) 

 

3.2 Give the name of the following complexes:     (5)  
3.2.1 K2[Cr(CN)2O2(O2)NH3] 

3.2.2 [(NH3)5Co (NH2)2 Co(NH3)5](Cl)4 
3.2.3 [Pt(H2NCH2CH2NH2)2Cl2]SO4 

3.2.4 Na[Co(F)2 O2(O2) H2O] 
3.2.5 [Pt(NH3)4][PtCl4] 
 

3.3 Determine if [Na[Co(F)2 O2(O2) H2O] obeys the effective atomic 
number (EAN) rule or not and give reason for your answer?  (3) 

3.3.1Determine the magnetism and magnetic moment of the compound 
in 3.3 above  (2) 

3.4 With the aid of an example write a short note on (A) Coordination 
Isomerism and (B) Ionization isomerism  (4)  

3.5 Give three advantages of using porphyrins as photosensitiser in 
photodynamic therapy applications.   (3) 

3.6 Describe a simple laboratory test to confirm the primary valency 
in [Cr(NH3)6]Br3 is three.  (2) 

   [24] 
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SECTION B 
 

QUESTION 4:  CHEMISTRY OF THE FIRST TRANSITION SERIES  
 
4.1 Suggest reasons for the following features of transition metal 

chemistry;    

4.2.1. The lowest oxide of a transition metal is basic whereas the 

highest oxide is usually acidic. (3) 

4.2.2. A transition element usually exhibit higher oxidation in its 

flourides than in its iodides. (3) 

4.2.3. The halides become more covalent with increasing oxidation 
state of the metal. (3) 

 
4.2. Explain the following with respect to transition elements: 
4.2.1 Why Zn, Cd and Hg are not considered transition metals. (3) 
4.2.2. Explain why Mn displays the highest number of oxidation states 

compared to Sc. (4) 

4.3 The electronic configuration of the free manganese and copper 

atoms are [Ar]3d54s2 and [Ar]3d104s1. What are the 

configurations of the free ions Mn4+ and Cu3+?    (4) 

4.4.1. Vanadium(V) oxide is reduced to vanadium(IV) oxide by thermal 

reduction with gaseous sulphur dioxide.       (3) 

4.4.2. Vanadium(V) oxide is reduced by magnesium in acid solution to 
give a green solution of vanadium(III).  (3) 

4.3.1. List the known oxidation states of titanium. (2) 
4.3.2 Write an equation to illustrate the disproportionation of 

titanium(III) chloride. (3) 
4.3.3. What titanium salt is used as catalyst in the polymerisation of 

alkenes. What is the name for this catalyst? (2) 
 

   [32] 
 

 
QUESTION 5: TRANSITION METAL EXTRACTION 
 
5.1 What are the purposes of “flotation” and “roasting” in the 

recovery of metals from their ores? (5) 
5.2. Explain how pure chromium can be obtained from chromite 

(FeCr2O4). (10) 
5.3. The most important example of the reduction of an oxide ore is 

the extraction of iron. Reduction of the ore takes place in a blast 
furnace. The furnace is loaded with the ‘charge’ consisting of iron 
ore, coke and limestone. A series of chemical reactions take 
place to produce molten iron. 
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QUESTION 5: continued  
 
5.3.1 Give balanced chemical equations for the series of reactions that 

take  
 place and indicate the temperatures at which these reactions 

take place. (8) 
5.3.2. One of the major impurities in iron ore is sand (silica, SiO2). 

Explain how this impurity can be removed. (3) 
5.4. South Africa possess one of the highest percentage of Vanadium 

reserves in the world giving rise to several industries. 
5.4.1. Discuss the industrial uses of vanadium (4) 
5.4.2. Explain why Vanadium has high melting temperature and readily 

conducts heat. (2) 
  [32] 
 

 

QUESTION 6: GROUP IB – THE COINAGE METALS 
 
6.1 Give two reasons why Cu, Ag and Au tend to be noble..   (2) 
6.2 Explain why Au does not dissolve in HNO3 solution or HCl 

solution alone but it dissolves in aqua regia. Give a balanced 
equation to show how the metal dissolves.. (4) 

6.3 During the production of gold the ore is ground to a fine slime in 
sodium cyanide solution and aerated by agitation for 2 days. 
Write the balanced chemical reaction equation to illustrate this 
process.. (2) 

6.4 AgNO3 is one of the most important silver salts. Explain how this 
salt is used in qualitative analysis to test for the halide ions. (4) 

   11] 
 
QUESTION 7:  GROUP IIB – ZINC, CADMIUM AND MERCURY 
 
7.1 Zn, Cd and Hg show few of the properties associated with typical 

transition elements. 
7.1.1 Explain why these elements do not behave as typical transition 

elements. (2) 
7.1.2 Give three general properties of these elements that confirm the 

fact that they do not behave as typical transition metals. (3) 

7.2 Write a balanced equation to illustrate the amphoteric nature of 
zinc oxide. (4) 

7.3 What happens when H2S gas is bubbled through an acidified 
solution containing Cd2+ and Zn2+ ions? (2) 

   [11] 
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