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2016 
FORM V  

ANNUAL EXAMINATION 
 

Monday 29th August, 12:55 p.m. 
 

Chemistry 

General Instructions 

• Working time – 2 hours 

• Board-approved calculators may be used 

• Write using black pen 

• Draw diagrams using pencil 

• A Data Sheet and Periodic Table are 
provided at the back of this paper 

• Write your name and Master’s initials 
on the multiple choice answer sheet, 
and at the top of Question 15, 17, 21 
and 25. 

• Remove the central staple before 
handing in paper 

Total marks (86) 

This paper consists of two parts, Part A and  
Part B. 

Part A 
Total marks (12) 
• Attempt ALL Questions  
• Allow about 15 minutes for this Part. 
 
Part B 
Total marks (74) 
• Attempt ALL questions 
• Allow about 1 hour and 45 minutes for this 

Part. 
 

 
 
 
 
 
 
 
Chemistry Classes 
5CY201 – EJS/LL 5CY202 - TW 5CY203 - AKBB 5CY204 - DGB 

5CY205 - MRB 5CY206 – TW/LL 5CY207 - CRMR 5CY208 - ZI 
 

CHECKLIST 
Each boy should have the following: 
1 Question Paper  
1 Multiple Choice Answer Sheet  
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Part A 
Total marks (12) 
Attempt ALL Questions  
Allow about 15 minutes for this Part 
 
Use the multiple-choice Answer Sheet. 

Select the alternative A, B, C or D that best answers the question.  Fill the response 
circle completely. 
 

Sample 2  +  4  =    
 
   

        
  
If you think you have made a mistake, put a cross through the incorrect answer and fill 
in the new answer. 
  

 
 
If you change your mind and have crossed out what you consider to be the correct 
answer, then indicate this by writing the word correct and drawing an arrow as 
follows. 

 
  

A B C D

A B C D

A B C D

correct

(A)  2 (B)  6 (C)  8 (D)  9 
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1 Which of the following best defines the term “allotrope”? 
 

(A) Different structural forms of an element. 
(B) Atoms with the same number of protons but differing number of 

neutrons. 
(C) Compounds that have the same molecular formula but different 

structural formula. 
(D) The different phases of a substance (e.g. gas, liquid or solid). 

 
 
2 Which one of the following statements most accurately relates the properties of 

a liquid at room temperature to its vapour pressure? 
 

(A) A liquid with a high vapour pressure will probably have strong 
intermolecular forces and a low boiling point. 

(B) A liquid with a high vapour pressure will probably have low surface 
tension and a high boiling point. 

(C) A liquid with a low vapour pressure will probably have strong 
intermolecular forces and a high boiling point. 

(D) A liquid with a low vapour pressure will probably have high surface 
tension and a low boiling point. 

 
 
3 Which one of the following processes is endothermic? 
 

(A) Combustion of natural gas. 
(B) Freezing of water to make ice. 
(C) Photosynthesis. 
(D) Dilute acid reacting with an active metal. 

 
 
4 Which one of the following statements about the behaviour of a catalyst is 

correct? 
 

(A) A catalyst reacts with the products to speed up the reaction. 
(B) A catalyst lowers the activation energy while maintaining the original 

reaction pathway. 
(C) A catalyst provides the additional energy required to overcome the 

activation barrier. 
(D) A catalyst provides an alternative reaction pathway with a lower 

activation energy. 
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5 Solder is an alloy of lead and tin.  A useful property of solder is that: 
 

(A) it is lustrous, like lead and tin. 
(B) it conducts electricity, like lead and tin. 
(C) it has a high melting point. 
(D) it is cheaper than both lead and tin. 

 
 
6 Which of the following compounds have the same empirical formula? 
 
(i) 
 

  

C C

H

HH

H  

(ii) 
 

  C CH CH3 

(iii) 
 

  

H

H

H

H

H

H

 

(iv) 
 
  C CH H 

 
 

(A)  (i) and (iv) 
(B) (ii) and (iii) 
(C) (iii) and (iv)  
(D) None of the above 

 
 
7 Which of the following contains only molecules with dipole-dipole interactions 

as their main intermolecular force? 
 

(A) Hydrogen chloride, hydrogen sulfide, water. 
(B) Ammonia, phosphorus trifluoride, carbon dioxide. 
(C) Ammonia, sodium chloride, methane. 
(D) Hydrogen chloride, hydrogen sulfide, phosphorus trifluoride. 

 
 
8 The density of water at 4°C is 1.00 g.mL-1. The density of ice at 0 °C is 

0.917 g mL-1. What volume change would occur if an ice cube of mass 7.40 g, 
initially at 0 °C, melted to form liquid water with a final temperature of 4 °C? 

 
(A) The volume would increase by 0.61 mL. 
(B) The volume would decrease by 0.61 mL. 
(C) The volume would increase by 0.67 mL. 
(D) The volume would decrease by 0.67 mL. 

 



  

Page 6 of 26 CRMR 

9 Within a Group of the Periodic Table, which is the correct relationship between 
a property of a metal and the first ionization energy of the metal? 

 
(A) The larger the atom, the smaller the ionisation energy. 
(B) The greater the reactivity of the metal, the greater the ionisation energy. 
(C) The smaller the amount of energy required to remove an electron from 

the metal, the greater the ionisation energy. 
(D) The more difficult it is for a metal to lose an electron, the smaller the 

ionisation energy. 
 
 
10 What is the relationship between the potential energy of an electron and its 

average distance from the nucleus? 
 

(A) The energy of an electron is variable, irrespective of its location. 
(B) By definition, all electrons have the same amount of energy, 

irrespective of their location. 
(C) The greater the average distance of the electron from the nucleus the 

less its potential energy. 
(D) The greater the average distance of the electron from the nucleus the 

greater its potential energy. 
 
 
11 Identify which row below contains the correct information about the boiling 

and electrolysis of water. 
 

 Type of 
separation 

Amount of energy 
required 

Result of Process 

(A) Boiling Relatively large amount of 
energy 

New chemical 
substance formed 

(B) Boiling Relatively small amount of 
energy 

No new chemical 
substance formed 

(C) Electrolysis Relatively small amount of 
energy 

New chemical 
substance formed 

(D) Electrolysis Relatively large amount of 
energy 

No new chemical 
substance formed 

 
 
12 Which of the following statements about empirical formulae is correct? 
 

(A) They express the simplest ratio of protons to neutrons present in a 
compound. 

(B) They provide information about the elements present in a compound but 
don’t provide information about the number of particles. 

(C) They can only be applied to ionic compounds. 
(D) They show the number of atoms of different elements in a molecule. 
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Master’s initials 
 

Name 

Part B 
Total marks (74) 
Attempt ALL Questions 
 

Answer the questions in the spaces provided. 
Show all relevant working in questions involving calculations. 
 

 

Question  13  (6 marks) Marks

 

(a) Write balanced chemical equations for the following reactions: 

 
i. Decomposition of silver chloride. 

  2 
 
 

ii. Reaction of aqueous solutions of barium nitrate and copper(II) sulfate. 

  2 

 

 

(b) Write a balanced net ionic equation for the following reaction: 

 

 

i. Reaction of aqueous solutions of lead(II) nitrate and potassium iodide. 

  2 
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Question  14  (5 marks) Marks

 

During the course of this year you have performed a first-hand investigation to 
separate a naturally occurring mixture of sand, salt and water. 

 
 
(a) Identify the separation technique you used to perform the separation of the sand 

from salt water and state the physical property which enabled this technique. 

  2 

  

  

  

 

 

 
(b) One of your classmates was given a sample of this mixture and asked to perform 

a gravimetric analysis of it.  He found that at 22 °C the sample contained 0.573 L 
of water (density at 22 °C is 0.9978 g mL-1), 7.8 g of sand and 2.6 g of salt.   
 
Determine the percentage composition by mass of water in this sample. 

  3 
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Question  15  (3 marks) Marks

 

Consider the representation of an atom shown below. 

 

 
 
Using the letters in the representation above, identify: 
 
(a) The number of protons in this atom. 

  1 

 
 
(b) The number of neutrons in this atom. 

  1 

 
 
(c) An expression for the number of electrons found in an ion of this element if the 

element belongs to group 5 of the periodic table. 

  1 
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Question 16  (3 marks) Marks

 

Identify the property or substance represented by the letters X, Y and Z in the 
table below. 

 
Group Metals Metalloids Non-metals 

Appearance lustrous Low-sheen dull 
Electrical 

Conductivity 
High low Y 

Thermal 
Conductivity 

high high low 

Malleability X 
moderate low 

Density high intermediate low 
Boiling point high high low 

Tensile strength High variable low 
Examples Zinc Z Argon 

 

X :   1 

 

Y :   1 

 

Z :   1 
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Master’s initials 
 

Name 

 
 
 
 

Question 17  (5 marks) Marks

 

Both ionic compounds and metallic elements are most commonly found as 
lattice structures.  Compare these two types of lattice structures in terms of their 
structure and bonding. 

  5 

  

  

  

  

  

  

  

  

  

 

 
 

Question 18  (2 marks) 

 

Chemical reactions involve energy transformations.  Describe a chemical 
reaction that you have observed that involves the transformation of light energy 
to chemical potential energy and provide an equation for this process. 

  2 
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Question  19  (6 marks) Marks

 

Hydrogen fluoride can be prepared according to the equation: 

 

H2(g) +  F2(g)    2 HF(g)  ∆H = -275 kJ mol-1 

 

It is estimated that the activation energy for this reaction to proceed is 160 kJ mol-1. 

(a) Draw a labelled energy profile diagram to represent this reaction. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
  3 

 
 
(b) Using collision theory, explain what the effect on the reaction rate would 

be if the temperature was increased. 

  3 
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∆H = −88	kJmol 	

∆H = 	−890	kJmol

CO ( ) + 2H O( )

 

Question  20  (7 marks) Marks

 

Hess’s Law states that the total enthalpy change during the complete course of 
a chemical reaction is the same irrespective of the pathway taken i.e. whether the 
reaction is made in one step or in several steps.  Consider the following example for 
the complete combustion of methane. 

 
 
(a) If Hess’s Law holds for the above example, calculate ∆H3. 

  2 

  

  

  
 
 
 
 
 
 
 
 
 
 

Question 20 continued on next page. 

 

E
nt

ha
lp

y ∆H = −802 kJ	mol 	

CO ( ) + 2 O( )	

CH ( ) + 2O ( )
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Question  20 continued. Marks

 

 
(b) Identify the fourth member of the homologous series of which methane is the 

first member. 

  1 

 
 
(c) Identify the original source of the chemical potential energy found in methane. 

  1 

 
 
(d) Write an equation for the incomplete combustion of methane. 

  1 

 
 
(e) Explain why the incomplete combustion of hydrocarbons like methane is 

undesirable. 

  2 
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Master’s initials 
 

Name 

 

 

 

Question 21  (3 marks) Marks

 

With reference to the tabulated first ionisation energies below, explain the 
differences in reactivity between potassium and rubidium. 

 
Metal First Ionisation Energy 

(kJ mol-1) 
Potassium 425 

Rubidium 403 

 

  3 
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Question  22  (6 marks) Marks

 

Excess copper(II) carbonate was placed in a conical flask and 100.0 mL of dilute 
sulfuric acid was added.  A reaction occurred and the gas produced was collected.   
The volume of gas collected at 100 kPa and 25 °C is shown in the graph below for 
Reaction A. 

 

 
 
 
(a) Calculate the concentration of the sulfuric acid. 

  3 

  

  

  

  

  

 

 

 
Question 22 continued on next page. 
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Question  22 continued. Marks

 

 
(b) A second reaction with the same mass of copper(II) carbonate and volume of 

acid was carried out and the results shown in Reaction B. Identify the possible 
conditions that could have changed to produce this graph and explain their 
effects. 

  3 
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Question  23  (7 marks) 

 

Solutions of FeCl2(aq) oxidise easily in the presence of oxygen to produce FeCl3(aq).  
Iron filings can be added to stabilise these solutions by reducing any FeCl3(aq) formed 
back to FeCl2(aq) according to the following equation. 

Fe(s) + 2FeCl3(aq)                             3FeCl2(aq) 
 
(a) Write the net ionic equation for this reaction. 

  1 

  

 
 
(b) Write the reduction and oxidation half equations for these reactions. 

(i) Reduction 

  1 

  
 
 

(ii) Oxidation 

  1 

  

 
 
(c) Calculate the mass of FeCl3 can be reduced completely to FeCl2 by 1.00 g of 

Fe(s). 

  4 
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Question  24  (4 marks) Marks

 

2.67 L of vapourised phosphorus molecules are reacted with 8.01 L of oxygen gas at 
a constant temperature and pressure to produce 2.67 L of a gaseous oxide of 
phosphorus having a molar mass of 220 g mol-1. 

 
(a) Balance the given equation below for the reaction. 
 

          P ( ) 			+ 				O ( ) 					→ 	 					P O ( )  1 

 
 
(b) Determine the formula of the oxide of phosphorus. Show working. 

  2 

  

  

  

 
 
(c) Determine the molecular formula of the vapourised phosphorus molecules. 

  1 
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Master’s initials 
 

Name 

 

 

Question  25  (6 marks) Marks

 

 
(a) Construct Lewis dot diagrams of the following molecules 

 

(i) methane 

 

 

  1 

(ii) water 

 

 

  1 

 

(iii) hydrogen sulfide (H2S) 

 

 

  1 

 

 
(b) Explain why the boiling points of water and hydrogen sulfide differ. 

  3 
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Question  26  (5 marks) Marks

 

In an experiment, a boy added 8.00 g of ammonium nitrate to 100 g of water. 

 
(a) If the ΔsolH for ammonium nitrate is + 25.41 kJ mol-1 and the water was initially 

25.0 °C, calculate the final temperature of the resulting solution. 

  3 

  

  

  

  

  

 
 
(b) The boy actually measured a final temperature of 22.1 °C. Suggest two possible 

reasons as to why there is a difference between these results. 

  2 
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Question 27  (6 marks) Marks

 

Compound A is a white insoluble mineral made of four elements. When 
10.000 g of compound A is reacted with 2 M HCl, 2.6886 L of CO2 (measured 
at 25 °C and 100 kPa), is evolved. Na2SO4 is then added to the solution forming 
7.383 g of compound B as a precipitate; compound C remains in solution. 

The solution of compound C is neutralised with 2 M NaOH forming 3.1628 g of 
a precipitate of compound D, which was filtered. The 3.1628 g of Compound D 
was then heated to produce 2.1859 g of compound E and water. Compound E 
was heated at 2300 °C with excess carbon to give CO and 1.3183 g of pure metal 
F. 

What are the formulae of compounds A-F? Show working. 

 

  6 
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Chemistry 
 

                                                            Data Sheet 
 

Avogadro’s constant, NA ………………………………………6.022 x1023 mol–1 

Volume of 1 mole ideal gas:  at 100 kPa and 

at 0 °C (273 K) ………………………… 22.71L 

at 25 °C (298 K) ……………………….  24.79 L 

Ionisation constant for water at 25°C (298.15 K), Kw  ……………      1.0 × 10-14 

Specific heat capacity of water ………………………………4.18 × 103 Jkg–1K–1
 

 

Some useful  formulae 
pH = – log10[H

+]        q = mCΔT 
 

 
                                                  Standard Potentials 

 
K+ + e–  K(s) –2.94 V 
Ba2+ + 2e–  Ba(s) –2.91 V 
Ca2+ + 2e–  Ca(s) –2.87 V 
Na+ + e–  Na(s) –2.71 V 
Mg2+ + 2e–  Mg(s) –2.36 V 
Al3+ + 3e–  Al(s) –1.68 V 
Mn2+ + 2e–  Mn(s) –1.18 V 
H2O + e–  ½ H2(g) + OH– –0.83 V 
Zn2+ + 2e–  Zn(s) –0.76 V 
Fe2+ + 2e–  Fe(s) –0.44 V 
Ni2+ + 2e–  Ni(s) –0.24 V 
Sn2+ + 2e–  Sn(s) –0.14 V 
Pb2+ + 2e–  Pb(s) –0.13 V 
H+ + e–  ½ H2(g) 0.00 V 
SO4

2– + 4H+ + 2e–  SO2(g) + 2H2O 0.16 V 
Cu2+ + 2e–  Cu(s) 0.34 V 
½ O2(g) + H2O + 2e–  2OH– 0.40 V 
Cu+ + e–  Cu(s) 0.52 V 
½ I2(s) + e–  I– 0.54 V 
½ I2(aq) + e–  I– 0.62 V 
Fe3+ + e–  Fe2+ 0.77 V 
Ag+ + e–  Ag(s) 0.80 V 
½ Br2(l) + e–  Br– 1.08 V 
½ Br2(aq) + e–  Br– 1.10 V 
½ O2 + 2H+ + 2e–  H2O 1.23 V 

½ Cr2O7
2– + 7H+ + 3e–  

 
Cr3+ + H2O 1.36 V 

½ Cl2(g) + e–  Cl– 1.36 V 
½ Cl2(aq) + e–  Cl– 1.40 V 
MnO4

– + 8H+ + 5e–  Mn2+ + 4H2O 1.51 V 
½ F2(g) + e–  F– 2.89 V 

 
  

7
2
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