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Section A  
 

Answer all questions. 
 

Write your answers in the spaces provided. 
 
A1 Answer the questions below by using the reagents listed below. 

 
  

Cu(s) AgNO3(aq) H2SO4(aq) 

Na2CO3(aq) NaOH(aq) Cu(NO3)2(aq) 

(NH4)2SO4(aq) BaCl2(aq) Zn(s) 

 
 
Each reagent may be used once, more than once, or not at all. 
 
Give two reagents which when mixed together  
 

 

 (a) 
 

would produce a soluble salt and a gas by using the titration method. 
 
.................................................................................................................................. 

 
 

[1]
   
 (b) would produce a blue precipitate. 

 
................................................................................................................................... 

 
 
[1]

   
 (c) would produce an alkaline gas upon warming. 

 
...................................................................................................................................

 
 
[1]

          
[Total marks: 3] 
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A2 (a) The following questions refer to the diagram below.  
  

 
 
 
 
 
 
 
 
 
 
 
 
 

 

  Answer the following questions using the gases listed below. 
 
hydrogen (H2)        oxygen (O2)            helium (He) 
nitrogen (N2)          methane (CH4)        carbon monoxide (CO) 

 
Each gas may be chosen once, more than once, or not at all 
 
 

 

  
 

(i) 
 
 
 
 

Which two gases, when placed into A and B respectively, will cause the water 
level at P to move up initially?  Explain your answer. 
 
........................................................................................................................... 
 
........................................................................................................................... 
 
........................................................................................................................... 

 
 
 
 
 
 
 
[2] 

   
  (ii) 

 
What would be observed in the diagram above if A is helium at room 
temperature and B is helium at 60°C? Explain your answer. 
 
........................................................................................................................... 
 
........................................................................................................................... 
 
........................................................................................................................... 

 
 
 
 
 
 
 
[2] 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

  A  B 

air air 

porous 
pots 

P Q
water 
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A2 (b) 
 
 
 
 
 
 
 

Some inks are dyes dissolved in water. The apparatus below illustrates how water 
may be separated from these inks. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

  (i) On the diagram, label the ink and the pure water.  [1] 
  
  (ii) On the diagram, draw a thermometer to show where it should be suitably 

placed so as to collect pure water in the experimental set-up. 
 
[1] 

   
  (iii) Name this method of separation. 

 
......................................................................................................................... 

 
 
[1] 

   
  (iv) What is the purpose of the beaker of cold water? 

 
............................................................................................................................ 

 
 
[1] 

 
         [Total marks: 8] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
    

 

cold water 
Heat 
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A3 (a) 
 

Tartaric acid is a weak dibasic organic acid that can be extracted from grape juice. 
It is purified by recrystallization. The structure of tartaric acid is shown below. 

 

 
 

 
 
 
 
 
 
 
 

 

  (i) Define weak acid. 
 
.......................................................................................................................... 

 
 
[1] 

   
  (ii) Tartaric acid reacts with aqueous potassium hydroxide according to the   

equation shown below. 
 

C2H2(OH)2(CO2H)2 + 2KOH  C2H2(OH)2(CO2K)2 + 2H2O 
  tartaric acid                        potassium tartarate 

A test analysis showed that 11.3 g of potassium tartarate was formed when 
9.0 g of impure tartaric acid were used. Calculate the percentage purity of 
tartaric acid. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[3] 

   
 (b) 

 
 
 

All hydrocarbons undergo complete combustion to form carbon dioxide and water 
only. 
 
A 20.0 cm3 sample of a hydrocarbon of formula CxH4 required 60.0 cm3 of oxygen 
for complete combustion. If both volumes are measured at r.t.p., what is the value 
of x?  
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[2] 

                                                                                                                                           
                                                                                                                                                [Total marks: 6] 

OH OH 

C C CO2H HO2C 

H H 
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A4 (a)   
 
 
 
 
 
 
 
 
 
 
 
 
 

 
  (i) Write the chemical formula for A, B, C and M.  
   
   

 
 
A ………………………………..…………     
 
B ………………………………..………… 
 
C ………………………………..………… 
 
M ………………………………..………… 

 
 
 
 
 
 
 
[2] 

   
  (ii) Give the ionic equation, including the state symbols, for the formation of 

the dirty green precipitate. 
 
.......................................................................................................................

 
 
 
[2] 

   
   
 (b) A colourless solution is suspected to contain either aluminium or lead(II) ions.  

 
Describe a chemical test which can be used to identify the metal ions present in 
the colourless solution and describe the expected observations. 
 
 
............................................................................................................................... 
 
............................................................................................................................... 
 
............................................................................................................................... 

 
 
 
 
 
 
 
 
 
 
[2] 

   
[Total marks: 6] 

 
 
 
 
   

 
metal M  acid A + 

dirty green precipitate  colourless filtrate B 

pale green solution 

excess aqueous 
sodium hydroxide, 
filter

+

excess dilute nitric acid, 
followed by aqueous 
barium nitrate

white precipitate  

stand in air 

reddish‐brown precipitate C

+ colourless gas 

burns in air 

‘pop’ sound
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A5 (a) 
 
 
 
 
 
 

Fertilisers are added to the soil to provide the element nitrogen which improves 
crop yields. A farmer has the choice of two fertilisers, ammonium nitrate, 
NH4NO3, or diammonium hydrogen phosphate, (NH4)2HPO4. 
 
Show by calculation which of these fertilisers is more effective in improving crop 
yields.  
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[2] 

   
 (b) 

 
 
 
 
 

Urea, CO(NH2)2, is one of the fertilisers manufactured from ammonia. Its 
structural formula is given below. 
 

 
 
 
 
 
 
 
 

 
Draw a diagram showing the arrangement of the valence electrons in one 
molecule of urea, using the following legend.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[2] 

 
[Total marks: 4] 

C 
N 

H 

N 
O H 

H 
H 

Use o to represent an electron from a carbon atom
Use x to represent an electron from a hydrogen atom, oxygen atom 
Use · to represent an electron from a nitrogen atom 
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A6 
 

(a) In an experiment, 25.0 cm3 of 1.0 mol/dm3 of barium chloride solution is added  
to 100 cm3 of 1.0 mol/dm3 of sulfuric acid. 
 

 

  
 
 

(i) 
 

Write the balanced chemical equation, including the state symbols, for the 
reaction between barium chloride and sulfuric acid. 
 
 
....................................................................................................................... 

 
 
 
[1] 

   
  

 
 

(ii) 
 
 
 
 
 
 

Show by calculation which substance acts as a limiting reagent. 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[2] 

   
 (b) Describe briefly how to make pure and dry sodium nitrate crystals in the school 

laboratory. 
 
................................................................................................................................
 
................................................................................................................................
 
................................................................................................................................
 
................................................................................................................................
 
................................................................................................................................
 
................................................................................................................................
 
................................................................................................................................
 
................................................................................................................................

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[3] 

 
[Total marks: 6]
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A7 When potassium is burnt in oxygen, it forms potassium peroxide (K2O2). 
 
In spaceships, potassium peroxide is dissolved in water to form potassium hydroxide 
and oxygen. Potassium hydroxide removes carbon dioxide while oxygen is required 
for breathing.  

 
In a particular spaceship, 13.2 g of potassium peroxide is dissolved in 0.500 dm3 of 
water. 
 

 

 (a) Write the balanced chemical equation for the reaction between potassium 
peroxide and water. 
 
........................................................................................................................... 

 
 
 
[1] 

    
 (b) 

 
 
 
 
 
 

Calculate the number of moles of potassium hydroxide. 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
[2] 

   
 (c) 

 
 
 
 
 

Calculate the mass of oxygen gas produced. 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
[1] 

   
 (d) 

 
 
 
 
 

Calculate the volume of oxygen gas produced when the gas is cooled to room 
temperature and pressure. 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
[1] 

   
[Total marks: 5] 
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A8 In the 19th and 20th centuries, scientists established the atomic theory and showed that 
three sub-atomic particles, electron, neutron, and proton, exist. The masses and  
charges of these three particles were subsequently determined. 
 
When separate beams of electrons, neutrons or protons are passed through an 
electric field in the apparatus below, they behave differently. 
 
 

 

 
 
 

 

 (a) Which of these three particles will be deflected the most by the electric field? 
 
................................................................................................................................ 

 
 
[1]

   
 (b) In which direction will this particle be deflected? Explain your answer. 

 
................................................................................................................................ 
 
................................................................................................................................ 

 
 
 
 
[1]

 
 [Total marks: 2] 

Beam of particles 
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Section B 
 

Answer all three questions from this section. 
 

The last question is in the form of either/or and only one of the alternatives should be attempted. 
Each question carries ten marks. 
 
B9 In an experiment, 25.0 cm3 of dilute sulfuric acid was titrated with aqueous potassium 

hydroxide to form 0.0333 mol/dm3 of potassium sulfate. The pure and dry sample of the 
salt weighed 0.261g. (Assume that the percentage yield of the salt is 100%) 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (a) Write the balanced chemical equation, including state symbols, for the reaction 
involved in the above experiment. 

[2] 

    
 (b) Calculate the number of moles of potassium sulfate formed. [1] 
    
 (c) Determine the volume of the aqueous potassium hydroxide reacted. [2] 
  [Note: Assume the volume of all solutes is negligible.]  
    
 (d) Calculate the concentration of:  
  (i) dilute sulfuric acid reacted in mol/dm3. [1]
     
  (ii) aqueous potassium hydroxide reacted in g/dm3. [2]
    
     
 (e) When methyl orange is used as the indicator, describe and explain the 

observation in the conical flask as the titration progresses.  
 
[2] 

    
 

Burette 

Aqueous potassium hydroxide 

25.0 cm3 of dilute sulfuric 
acid and phenolphthalein
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B10 The following diagram illustrates an experiment to prepare a sulfate salt Z by reacting 
excess metal oxide X with dilute acid Y. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (a) Metal oxide X is prepared by burning copper powder in oxygen. The metal 
oxide X contains 80% copper by mass. 
Determine the empirical formula of the metal oxide X. 

[3] 

    
 (b) Write down the 

 
 

  (i) name of dilute acid Y used to prepare salt Z. [1] 
     
  (ii) chemical name of salt Z. [1] 
     
  (iii) ionic equation, including state symbols, for the preparation of salt Z from 

metal oxide X and dilute acid Y. 
[2] 

     
 (c) Why should the metal oxide X be added in excess? [1] 
    
 (d) Will it be suitable to produce salt Z by reacting copper(II) nitrate with potassium 

sulfate? Explain your answer. 
[2] 

    
    
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 

 

Dilute acid Y 

Excess metal 
oxide X 

Excess metal oxide X  

 



2011 End- of-Year Examination  
Secondary Three 

13 Nanyang Girls’ High School

 

Setters: GB/AS/ET Chemistry /II   [Turn over
 

B 11 
EITHER 

(a) Two isotopes of phosphorus are 31P and 33P.  
 
Explain the term isotopes, in terms of atomic number and nucleon 
number with reference to the two given isotopes of phosphorus. 

 
 
 
[1] 

     
 (b) Selenium, Se, is in Group VI of the Periodic Table.  
     
  (i) How many electrons are in the outer shell of an atom of 

selenium? 
 
[1] 

     
  (ii) Predict, with an explanation, the formula of the ion formed by 

selenium in compounds. 
 
[2] 

     
 (c) Calcium carbide is produced industrially in an electric arc furnace 

from a mixture of lime, CaO and coke, C, at approximately 2000 °C. 
Carbon monoxide is produced as a by-product.  

 

     
  (i) Predict, with a reason, the type of bonding you would expect to 

find in calcium carbide. 
 
[2] 

     
  (ii) Draw a dot and cross diagram to show only the valence 

electrons in Ca2+ and C2
2- ions, given that each carbon in C2

2- 
also achieves an octet electronic structure by sharing 3 pairs of 
electrons. 

 
 
[2] 

     
  (iii) Explain, in terms of structure and bonding, the difference in the 

melting points between calcium carbide and carbon monoxide. 
 
[2] 
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B 11 
OR 

(a) An element E was analyzed in the mass spectrometer and the result 
is shown below. 
 

 

    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

  (i) Explain the term 'isotope' in terms of atomic number and 
nucleon number. 

[2] 

  (ii) Identify the element E, showing clearly how you arrive at the 
answer. 

 
[2] 

     
 (b) Silicon forms volatile hydrides called silanes with the general formula 

SinH2n+2 (n=1,2,3...). X is the second member of silanes (i.e. n=2), 
with melting point -132.5oC and boiling point -14.5oC. 

 

     
  (i) Write the molecular formula of X. [1] 
     
  (ii) Draw a 'dot and cross' diagram to represent the electronic 

structure of X, showing only the valence electrons. 
 
[2] 

     
  (iii) In what state will X be at room temperature? [1] 
     
  (iv) Explain why X has low melting and boiling points. [2] 
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     

Mass number

Percentage of 
each isotope 

24 25 26 
0 

20 

40 

60 

80 
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