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SECTION ONE:    ATOMIC STRUCTURE AND BONDING 

1. Nitrogen has two stable isotopes: Nitrogen- 14 and Nitrogen – 15. 

Describe the components of the isotopes of Nitrogen.  

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

 

2. Phosphorus has an atomic number of 15. It has 5 valence electrons in its valence shell. 

a. Define the following terms:  

i.  valence electrons    

_______________________________________________________________ 

_______________________________________________________________ 

 

ii.  valence shell    

_______________________________________________________________ 

_______________________________________________________________ 

 

b. Describe how the electrons in the phosphorus atom occupy the orbitals in the main 

energy levels.   

____________________________________________________________________ 

____________________________________________________________________ 

____________________________________________________________________ 

____________________________________________________________________ 

____________________________________________________________________ 

3. Copper is a metal and is used in many industries as electrical appliances and cooking wares. 

Copper can also form an ion such as Cu+ and Cu+2 which further reacts to form the complex  

ion.  

a. State the bond disrupted when copper melts.    

____________________________________________________________________ 

____________________________________________________________________ 

b. Describe how Cu+2 forms the complex ion, [Cu(NH3)4]
+2.     

____________________________________________________________________ 

____________________________________________________________________ 

____________________________________________________________________ 

____________________________________________________________________ 

____________________________________________________________________ 
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4. The table below shows the melting points of some solids: 

 

SUBSTANCE MELTING POINT (oC) 

Copper Cu 1084 

Sodium chloride NaCl 801 

 

a. State the components of sodium chloride.     

____________________________________________________________________ 

____________________________________________________________________ 

 

b. State the bonds disrupted when Sodium chloride melts.     

____________________________________________________________________ 

____________________________________________________________________ 

 

5. Describe how discrete molecular solids melt.   

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

 

6. The table below shows electrical conductivity, structures and bonding of period 3 chlorides. 

 

CHLORIDES NaCl MgCl2 Al2Cl6 SiCl4 PCl3 , Cl5 Cl2 

Structure Giant ionic Simple molecular 

Bonding ionic Covalent 

Electrical 

conductivity 

conduct poor 

 

a. State the charge of a chloride ion.   

____________________________________________________________________ 

____________________________________________________________________ 

 

b. Determine the oxidation state of chloride ion.   

____________________________________________________________________ 

____________________________________________________________________ 
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c.   Study the table carefully then relate the electrical conductivity of chlorides to their 

structures and bonding.   

_____________________________________________________________ 

_____________________________________________________________ 

_____________________________________________________________ 

_____________________________________________________________ 

_____________________________________________________________ 

_____________________________________________________________ 

_____________________________________________________________ 

_____________________________________________________________ 

_____________________________________________________________ 

_____________________________________________________________ 

_____________________________________________________________ 

_____________________________________________________________ 
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7. The diagram below shows two molecules namely ammonia, NH3 and tetrafluoromethane, 

CF4 with their different bonding angles ≈ 1090 and 1090 respectively.  

 

 

Study the diagram carefully and discuss why ammonia, NH3 and tetrafluoromethane, CF4  

have different bond angles.                                                                                                                                  

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 
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SECTION TWO:    NATURE OF PARTICLES AND POLARITY  

1. The table below shows the states of water labelled as X, Y and Z in different temperatures: 

State of water Temperature (0 C) 

X 0 

Y 23 

Z 100 

 

Describe the nature of particles of water during the process of change from the state of  

water X to Y.   

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

 

2. An experiment was conducted for the testing of polarity of molecules in liquid form.  

Two molecular liquids labelled A and B were poured into two different burettes.  

A charged rod was placed close to the jet streams. 

 

Observations were recorded as shown in the table below:  

 

MOLECULAR LIQUID JETSTREAM OBSERVATION 

A Bend towards the charged rod 

B Did not bend  
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  Deduce with reasons from the given data including observations, the polarity of molecules 

in liquid A and B.      

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 
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SECTION THREE:     EQUATIONS AND CALCULATIONS   

1. Balance the two half equations below then combine to write a full balanced equation for a 

redox reaction.      

                                                                                                            

Na (s)          Na+ 
(aq)  

 

2 H2O (l)           H2  (g)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Calculate the molar mass of glucose C6H12O6.  Providing the relative atomic mass of each 

element: carbon, 12.01 g/mol; hydrogen, 1.00 g/mol; and oxygen, 15.99 g/mol.   
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3. Nitrogen dioxide, NO2, exists in equilibrium with Dinitrogen tetroxide, N2O4. 

 

     2NO2 (g)         N2O4 (g)        the forward reaction is an exothermic reaction. 

 Red-brown                   colourless 

 

 At equilibrium, both gases are present in the mixture and a constant pale brown color may 

be observed. 

 

a. Define Le Chatelier’s principle.    

____________________________________________________________________ 

____________________________________________________________________ 

 

b. Account for the production of more red-brown gas if the temperature of the mixture is 

changed. 

Consider in your response the following: 

 Type of temperature change that results in the production of more red-brown 

gas. 

 How this temperature change causes the production of more red-brown gas. 

_____________________________________________________________ 

_____________________________________________________________ 

_____________________________________________________________ 

_____________________________________________________________ 

_____________________________________________________________ 

_____________________________________________________________ 

_____________________________________________________________ 

_____________________________________________________________ 

_____________________________________________________________ 

_____________________________________________________________ 

_____________________________________________________________ 
 

4. A breathalyser test is commonly used nowadays in Tonga to minimize road death toll.  

 

16 H+(aq) + 2 Cr2O7
2-(aq) + 3 C2H6O(aq)             3 C2H4O2(aq) + 4 Cr3+(aq) +11 H2O(l)  

 

a. Define the term breathalyser test.    

_____________________________________________________________ 

_____________________________________________________________ 

 

b. Name the oxidant used in the breathalyser test.    

_____________________________________________________________ 

_____________________________________________________________ 



 

Page 10 of 19 

Skill level 3 

3  

2  

1  

0  

NR  

 

5. Apply Hess’ Law to calculate the energy change for the production of methane using the 

following data. 

 

C(s) + 2H2 (g) → CH4 (g)                 ΔH = ? 

 

CH4 (g) + 2O2 (g) → CO2 (g) + 2H2O (l)         ΔH = -891 kJ 

 

C (s) + O2 (g) → CO2 (g)                                 ΔH = -393 kJ 

 

2H2 (g) + O2 (g) → 2H2O (l)                            ΔH = -572 kJ 
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6. A student is attempting to determine how many water molecules there are in the hydrate 

CoSO₄⋅𝑥H₂O, where 𝑥 is an integer.  

The student weighs a sample of the hydrated compound and heats it until the mass remains 

constant.                                             

 

Using the experiment results below, determine the value of 𝑥.  

[Co = 59 g/mol, S = 32 g/mol, O = 16 g/mol, H = 1 g/mol] 

      Mass of hydrated CoSO4  = 4.97g                mass of anhydrous CoSO4 = 2.74g 
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7. Two woods of the same size from the same plant were bought from a timber store. Child A 

took one wood whilst child B chopped the other wood into five equal parts. Both children 

then started lighting their woods and recorded the time taken for the woods to have 

completely burned.  

The data recorded by child A and child B were then used to draw a graph as shown below. 

 

Discuss and justify the given graph on the rates of reaction of the two woods burned by 

child A and child B.   

[include in your answer: clearly discuss with reasons which graph is child A’s graph and 

which is child B’s graph, also what is your advice to the family on which wood to be used 

for the campfire] 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 
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_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 
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SECTION FOUR:      ORGANIC REACTIONS   

1. The table below shows structures and melting points of some common fatty acids. 

 

NAME NUMBER 

OF 

CARBON 

STRUCTURE MELTING 

POINT (0C) 

 

Stearic acid 18 
 

70 

 

Oleic acid 18 
 

4 

 

Linoleic acid 18 
 

-5 

 

Linolenic acid 18 
 

-11 

 

 

Study the table above carefully and relate the trend of rising melting points with increasing 

saturation of fatty acids.       

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

 

 

 

 

 

 

 

 



 

Page 15 of 19 

Skill level 3 

3  

2  

1  

0  

NR  

 

Skill level 3 

3  

2  

1  

0  

NR  

 

2. Write the equation to show the reaction of Ethanoic acid with aqueous sodium hydroxide, 

naming the products formed.   

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 

_________________________________________________________________ 
 

3. Write the balanced chemical equation for the reaction of  but-2-yne with water.  
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4. Describe Markovnikov’s rule in the reaction shown below:      

 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

 

5. PVC and Polythene products are very important in everyday life. PVC are used as water 

drainages and polythene are used in the form of plastics to pack and store food. 

Despite their importance to humans, they also cause environmental problems. 

Describe the environmental problems caused by the PVC and polythene products.   

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

________________________________________________________________________ 

 

6. The diagram below shows the polymer of carbohydrate. 

 

 

 

a. Define the term Polymer.   

____________________________________________________________________ 

____________________________________________________________________ 

 

b. Identify the monomer of carbohydrate.  

____________________________________________________________________ 

____________________________________________________________________ 

 



 

Page 17 of 19 

Skill level 2 

2  

1  

0  

NR  

 

Skill level 1 

1  

0  

NR  

 
Skill level 1 

1  

0  

NR  

 
Skill level 1 

1  

0  

NR  

 

Skill level 1 

1  

0  

NR  

 

c. Write a balanced equation for the Fehling’s test for the monomer of carbohydrate.     

 

 

 

 

 

 

 

7. The following structures are labelled as V, W and X. Study the structures carefully and answer 

the questions that follows: 

 

Structure V    Structure W     Structure X 

 

 

a. Identify by circling the functional group of structure V.     

____________________________________________________________________ 

____________________________________________________________________ 

 

b. Structure W can form geometric isomer. Define geometric isomer.    

____________________________________________________________________ 

____________________________________________________________________ 

 

c. Use IUPAC rules to name structure X.    

____________________________________________________________________ 

____________________________________________________________________ 

 

d. Structure V can undergo substitution reaction to produce 2-chlorobutane.  

Define substitution reaction.   

____________________________________________________________________ 

____________________________________________________________________ 
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