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Monday 1st September, 12:55 pm 
 

Chemistry 

General Instructions 

 Working time – 2 hours 

 Board-approved calculators may be used 

 Write using blue or 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 
at the top of each page in Part B 

 Remove the central staple before 
handing in paper 

Total marks (87) 

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

Part A 
Total marks (13) 
 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 - AKBB 5CY202 - CF 5CY203 - ASG  

5CY204 - EJS 5CY205 - MRB 5CY206 - TW 5CY207 - ZI 
 

CHECKLIST 
Each boy should have the following: 
1 Question Paper  
1 Multiple Choice Answer Sheet  
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Part A 
Total marks (13) 
Attempt ALL Questions  
Allow about 20 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 methods would best enable you to separate two 

immiscible liquids? 
 

(A) using a separating funnel  
(B) using a filter funnel 
(C) using evaporation 
(D) using distillation 

 
 
2 Which compound contains both covalent and ionic bonds? 
 

(A) MgBr2 
(B) CHCl3 
(C) BCl3 
(D) NH4NO3 

 
 
3 An atom of element Z (not correct symbol) has the electronic configuration  

2, 8, 6. Which of the following species is this element most likely to form? 
 

(A) the ion Z2+ 
(B) the ion Z6+ 
(C) the compound H2Z 
(D) the compound Z6F 

 
 
 
4 The first four successive ionisation energies (measured in kJ mol-1) for an 

element are 550, 1064, 4210 and 5500.  This element should be placed in the 
same group as: 

 
(A) lithium 
(B) beryllium  
(C) boron 
(D) carbon 

 
 
 
5 Topaz is a mineral with the formula Al2SiO4(OH)2.  What is the percentage by 

mass of aluminium in topaz? 
 

(A) 15% 
(B) 16% 
(C) 30% 
(D) 45% 
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6 A boy was investigating the reactivity of three unknown metals (X, Y and Z) 

using displacement reactions.  He recorded the following balanced chemical 
equations: 

 
  X(NO3)2(aq)  +  Z(s)    X(s)  +  Z(NO3)2(aq)    

Z(s)  +  Y(NO3)2(aq)    Y(s)  +  Z(NO3)2(aq) 

Y(s)  +  X(NO3)2(aq)    no visible reaction 

 
Which of the following correctly places the three metals in order of increasing 
reactivity? 

 
(A) Y, X, Z 
(B) Z, Y, X 
(C) X, Z, Y 
(D) Z, X, Y 

 
 
 
7 Which of the following best describes the molecular shape of methane? 
 

(A) trigonal planar 
(B) bent 
(C) trigonal pyramidal 
(D) tetrahedral 

 
 
 
8 In which of the following substances would you expect hydrogen bonding to 

occur? 
 

I. CH2F2 
II. CH3COOH 
III. C2H5OH 

 
(A) II only 
(B) I and III only 
(C) II and III only 
(D) I, II and III 
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9 The specific heat capacity of gold is 0.128 J g-1 K-1, and the specific heat 

capacity of copper is 0.385 J g-1 K-1.  Ten-gram samples of each metal were 
heated to 60 C, and then dropped into separate beakers containing 20 mL of 
water.   

 
Which of the following statements are correct? 

 
(A) The copper will react with the water, but the gold will not. 
(B) The copper sample will transfer more heat energy to the water than the 

gold sample. 
(C) The water with the gold sample will have has a final temperature three 

times higher than the water with the copper sample. 
(D) The water in the two beakers will remain at the same temperature at all 

times. 
 
 
10 Wicks are used in candles to: 
 

(A) Decrease the ignition temperature of the wax vapour. 
(B) Facilitate the evaporation of the liquid wax. 
(C) Prevent the whole candle surface from combusting. 
(D) To attract enough heat from the rest of the candle to liquefy the wax. 

 
 
 
11 When aqueous solutions of hydrochloric acid and sodium hydroxide are mixed, 

the temperature of the resulting solution increases.  Therefore, the reaction 
 

H+
(aq)  +  OH-

(aq)    H2O(l) 
 

(A) is endothermic with Ho  > 0 
(B) is endothermic with Ho < 0 
(C) is exothermic with Ho < 0 
(D) is exothermic with Ho > 0 

 
 
 
12 The energy obtained from coal is derived from: 
 

(A) The compressional energy absorbed by the coal from overlying rocks 
when buried deep underground. 

(B) Heat energy absorbed from nearby geothermal sites. 
(C) Nuclear energy absorbed by the coal from transuranic elements in the 

Earth’s core. 
(D) Light energy from the Sun absorbed by plants before they were buried 

and became coal. 
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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  14  (2 marks) Marks

 

Write word equations for; 

 

(a) the electrolysis of water.   
 
 
  1 

 
 
(b) photosynthesis.   

 

  1 
 
 

Question  15  (3 marks) 

 
Write balanced chemical equations for; 

 
 
(a) the decomposition of silver chloride. 

 

  1 
 
 
(b) the reaction between solutions of barium hydroxide and  copper(II) sulfate. 

 

  2 
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Question 16  (3 marks) Marks

 

Draw Lewis electron dot diagrams for each of the following substances. 

 
(a) hydrogen sulfide 

 

 

 

 

  1 

 

 
(b) nitrogen trifluoride 

 

 

 

 

  1 

 

 

 
(c) ethene 

 

 

 

 

  1 
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Question 17 (4 marks) Marks

 
The table below summarises some properties of Substance Y and Substance Z. Use the 
information to answer the following questions. 

 

Substance Y Substance Z 

white solid that melts at 801 °C to form 
colourless liquid 

grey solid that melts at 419 °C and  
boils at 906 °C 

does not conduct electricity in solid state, 
but is a good conductor when liquid 

conducts electricity in both solid and liquid 
states 

 
 
(a) Describe the structure and bonding of Substance Z at 25 C. 

  2 

  

  

  

 

 
(b) Predict whether an aqueous solution of Substance Y would conduct 

electricity, and justify your answer in terms of the properties of Substance Y. 

  2 
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Question 19  (3 marks) 

 

Explain why different isotopes of an element have the same chemical 
properties, but different relative atomic masses.   

  3 
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Question 20 (3 marks) Marks

 
The history of metal use has been intricately interwoven with the evolution of society and 
civilisations throughout our history.  Explain, citing examples, the general trend in 
technological developments and access to energy with regards to mankind’s ability to 
extract metals from their ore. 

  3 

  

  

  

  

  
 
 
 
  

 

Master’s initials 
 

Name 
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Question 21 (5 marks) Marks

 
The compound uracil is one of the bases found in RNA (ribonucleic acid).  A 336.3 g 
sample of uracil was broken down into its constituent elements and found to contain  
144.0 g of carbon, 12.1 g of hydrogen, 85.1 g of nitrogen, with the remaining mass being 
oxygen. 

 
 
(a) Calculate the molar ratio of the elements in this compound and thus state 

its empirical formula. 

  3 

  

  

  

  

  
 
 
(b) If one mole of uracil contains 28.02 g of nitrogen, calculate the 

molecular formula of this compound. 

  2 
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Question 22 (6 marks) Marks

 
The metal activity series can be experimentally derived using the reactions of metals with 
acids.   

 
 
(a) Redox reactions involve the transfer of electrons. Use a balanced 

chemical equation and the relevant half equations to explain why the 
reaction of zinc with aqueous sulfuric acid can be considered to be a 
redox reaction. 

  3 

  

  

  

  

  

 
 
(b) Not all metals react with acids.  Explain why some metals will react with 

an acid (such as aqueous sulfuric acid), whilst others will not. 

  3 
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Question 23  (2 marks)                                                                                        Marks

 

Mendeleev is universally acknowledged as having put together the first functioning 
Periodic Table.  Outline two decisions he made which allowed him to succeed in 
putting together a functioning Periodic Table when others had failed. 

  2 

  

  

  

 
  

 

Master’s initials 
 

Name 
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Question 24 (5 marks) 

Marks

 
The boiling points for Group V hydrides are shown in the table below.   

 

Hydride Boiling point (C) 

ammonia (NH3) -33 

phosphine (PH3) -88 

arsine (AsH3) -55 

stibine (SbH3) -17 

bismuthine (BiH3) 22 

 
 

(a) Explain the general trend in boiling points observed for phosphine to 
bismuthine. 

  2 

  

  

  
 
 

(b) Using a diagram, explain why the boiling point of ammonia does not 
follow the same general trend as phosphine to bismuthine.   3 
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Question 25 (5 marks) Marks

 
At 25 C, the maximum amount of sodium chloride that will dissolve in 100 mL of water 
is 35.9 g.   

 
 

(a) What is the concentration (in mol L-1) of a saturated solution of sodium 
chloride at 25 C? 

  2 

  

  

  
 
 

(b) 25.0 mL of a saturated solution of sodium chloride is diluted to 300 mL.   
Calculate the concentration (in mol L-1) of the final solution. 1 

  

  
 
 

(c) 40.0 g of sodium chloride is added to 100 mL of deionised water at  
25 C.  Using this solution as an example, describe the movement of 
solute particles in a saturated solution. 

  2 
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Question 26 (4 marks) Marks

 
When 4.000 g of potassium hydroxide is dissolved in 100.00 g of water, the temperature 
of the water increases from 25.00 °C to 34.83 °C. 

 
 

(a) Calculate the chemical amount of potassium hydroxide that was used. 

  1 

  
  

(b) Calculate the molar enthalpy of solution (∆solH
o, in kJ mol-1) for 

potassium hydroxide. 3 
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Question 28  (2 marks) 

 

A hydrocarbon will burn completely once its ignition temperature is reached, even 
though only a fraction of its molecules will have enough energy to react.  Explain this 
observation. 

  2 

  

  

  
 
 
 
 

Question  29  (3 marks) 

 

Analyse the impact of increasing the temperature on reaction rate. 

  3 
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Question 30 (6 marks) Marks

 
Carbon has a number of different allotropic forms, including diamond and graphite. 

 
 
(a) Compare the nature and geometry of the bonding in diamond and 

graphite. 

  2 

  

   

  
 
 
 
(b) Under the right conditions, graphite can be converted into diamond.  

Cgraphite      Cdiamond       ΔH = +2 kJ mol-1 

The activation energy for this process is 120 kJ mol-1.   

 

(i) Outline why the activation energy for this process is so high.   

  1 

  

 
 

(ii) Given the above information, suggest what reaction conditions 
 would be required to convert graphite into diamond. 

  1 

  
 
 
 
 

Question 30 continued on next page.  

 

Master’s initials 
 

Name 
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Question 30 continued. 

Marks

 
(ii) Draw a fully labelled energy profile diagram for the reaction 

transforming graphite to diamond. 

  2 

 

 

 

 

 

 

 

 

 

 
 
 
 
 

Question 31 (4 marks) 

 
Describe a reliable experiment that you could perform in the laboratory, using 
magnesium and hydrochloric acid, to investigate the effect of changing concentration 
on reaction rate.  Include the expected result of this experiment. 
 

  4 
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Question 32 (3 marks) Marks

 

A BBQ heat bead, comprised of a mixture of graphite and clay, was placed in a 
container. An excess of oxygen gas was passed over the heat bead as it was being 
combusted. The graphite underwent complete combustion, but the clay remained 
unchanged. Masses of the container and its contents were documented during the 
experiment along with the mass of CO2 produced.  

 

Determine the percentage by mass of graphite in the BBQ heat bead using the 
information in the table below. 

 

Item Mass (kg) 

reaction container 2.45 

reaction container with heat beads 
before combustion 

3.75 

evolved CO2 2.89 

 

  3 
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Question 33 (4 marks) Marks

  

The following information refers to the reactions of an unknown compound, 
Compound Y.  Compound Y is a molecular gas composed of nitrogen and oxygen. 
All gas volumes are measured at 25 ºC and 100 kPa. 

4

 Compound Y can be prepared by the reaction of another gas, Compound X, with 
oxygen.  In this reaction, 1.00 L of Compound X reacts with 0.500 L of oxygen 
to produce 1.00 L of Compound Y. 

 
 Compound Y will react with lead(II) oxide to produce Compound X and a white 

solid, Compound Z.  In this reaction, 3.00 g of lead(II) oxide will react with  
1.00 L of Compound Y, to produce 4.45 g of Compound Z and 0.333 L of 
Compound X. Compound Z is soluble in water. 

 
 Compound Y has the interesting property that it can be used as a source of 

oxygen to promote combustion reactions.  For example, it can be used as the 
oxygen source for the complete combustion of hydrocarbons, so that oxygen gas 
does not need to be used.   

 
Showing all necessary logic, write balanced chemical equations for the three 
chemical reactions below.  Ensure you clearly identify the formulae of Compounds 
X, Y and Z; 

a) The reaction of Compound X with oxygen to produce  
Compound Y. 

b) The reaction of Compound Y with lead(II) oxide to produce 
Compound Z and Compound X. 

c) The reaction of methane and Compound Y. 
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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

+]        H = – mCT 
 

 
                                                  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+ + 7
2 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 
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