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1 In an experiment, a student reacts hydrochloric acid with magnesium ribbons and wants 
to collect and measure the amount of gas produced at 30-second intervals. 
 
Which apparatus is most suitable for collecting the gas produced? 

   
  A 

 

 

 B 
 

 
 

 
 

  C 
 

 

 D 
 

 

 

   
   

2 Mary performed paper chromatography on a dye and obtained only one spot with an Rf 
value of 0.68. 
 
Which of the following statements is true about her chromatogram? 

   
 A Changing the solvent will not affect the Rf value. 
 B Using a more concentrated dye solution will increase the Rf value. 
 C The dye is likely to be a pure substance. 
 D The spot is closer to the starting line than it is to the solvent front. 

 
3 In which of the following solid mixtures can the underlined substance be obtained by 

adding water, stirring and filtering? 
   
 A mixture of iron and iron(II) chloride 
 B mixture of lithium and copper(II) sulfate 
 C mixture of sand and iron 
 D mixture of sodium chloride and sodium hydroxide 
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4 A series of chemical tests performed on an unknown solution produced the following 
results. 
 
test observation 
add aqueous sodium hydroxide, warm gently effervescence produced 
add acidified barium nitrate white precipitate formed, no  

effervescence produced 
 
Which of the following substance could be present in the solution? 

   
 A ammonium carbonate 
 B ammonium sulfate 
 C calcium sulfate 
 D sodium hydrogencarbonate 

 
5 The following apparatus was set up as shown below. 

 

 
 
Which of the following pair of gases X and Y will result in no movement of the water in 
the U-shaped tube? 

   
  gas X gas Y  
 A H2 He  
 B N2 CO  
 C O2 CH4  
 D SO2 NO2  

 
6 Which of the following groups of substances contain an element, a compound and a 

mixture? 
   
 A brass, rust, haematite 
 B diamond, graphite, air 
 C ozone, cast iron, slag 
 D silica, diamond, petrol 
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7 The following table lists the atomic structure of three particles W, X, Y and Z. 
 

particle proton electron neutron 
W 7 10 7 
X 7 7 8 
Y 7 10 8 
Z 8 8 8 

 
Which two particles are isotopes of each other? 

   
 A W and Y  
 B X and Y  
 C X and Z  
 D Y and Z  

 
8 Osmium tetroxide has the structural formula as shown. 

 

 
What is the valency of osmium? 

   
 A 4 
 B 8 
 C 12 
 D 16 

 
9 Which of the following statements explains why copper conducts electricity? 
   
 A Copper atoms are held together by weak intermolecular forces. 
 B Copper has free moving atoms. 
 C Copper has free moving electrons. 
 D Copper has free moving ions. 

 
10 How many oxygen atoms are there in 0.05 moles of ozone gas? 
   
 A 3 × 1022 
 B 3 × 1023 

 C 9 × 1022 
 D 9 × 1023 
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11 In a titration, 26.4 cm3 of 0.2 mol/dm3 calcium hydroxide was required to completely 
neutralize 19.0 cm3 of hydrochloric acid. 
 
What is the concentration of the acid used? 

   
 A 0.28 mol/dm3 

 B 0.36 mol/dm3 

 C 0.56 mol/dm3 
 D 0.84 mol/dm3 

 
12 A 5.0 g sample of a mixture of sand and calcium carbonate was heated strongly in an 

open flask until there was no further change in mass.  
 
Determine the percentage calcium carbonate in the mixture if the final recorded mass 
was 4.2 g. 

   
 A 36% 
 B 52% 
 C 72% 
 D 84% 

 
13 Which of the following properties increases down the group in Group I? 
   
 A ease of losing an electron 
 B ionic charge 
 C melting point 
 D non-metallic character 

 
14 A new halogen discovered, X, forms a compound with potassium with the formula KX. 

A solution of KX was found to be displaced by iodine.  
 
Which of the following most likely describes the appearance and physical state of X2? 

   
 A a dark coloured liquid  
 B a dark coloured solid  
 C a pale coloured liquid  
 D a pale coloured solid  
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15 In the experiment shown below, a strip of metal was heated in a test-tube. When a 
spark was created at the outlet of the glass tube, no flame was observed.  
 

 
Which of the following metal could be in the test-tube? 

   
 A calcium 
 B magnesium 
 C tin 
 D zinc 

 
16 When nickel is placed in copper(II) nitrate solution, the solution gradually turns green. 

 
Which statement is true about the reaction? 

   
 A Copper atoms gain electrons. 
 B Copper ions gain electrons. 
 C Nickel atoms gain electrons. 
 D Nickel ions gain electrons. 

 
17 Which of the following reactions does not occur in the extraction of iron in the blast 

furnace? 
   
 A Fe2O3 + 3CO → 2Fe + 3CO2 
 B Fe2O3 + 3C → 2Fe + 3CO 
 C CaCO3 + 2NO2 → Ca(NO3)2 + CO2 
 D C + CO2 → 2CO 

 
18 What ions are present in dilute aqueous ammonia? 
   
 A H+ and OH- 
 B NH4+, H+, Cl-, OH- 
 C NH4+, H+, OH- 
 D NH4+, OH- 
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19 A solid was added, bit by bit, to a solution of hydrochloric acid. The graph below 
shows the change in pH.  
 

 
 
What could the solid be? 

   
 A Li2O 
 B MgO 
 C P4O10 
 D SiO2 

 
20 A student wants to prepare crystals of zinc chloride.  

 
Which method is most suitable for this preparation? 

   
 A displacement of magnesium chloride by zinc 
 B neutralization between zinc oxide and hydrochloric acid 
 C precipitation from zinc nitrate and sodium chloride 
 D titration of zinc hydroxide and hydrochloric acid 

 
21 Which compound will likely be the best plant fertilizer? 
   
 A aluminium nitrate 
 B ammonium nitrate  
 C ammonium chloride  
 D sodium nitrate 
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22 

 
 

Which of the following reactions could have the above energy profile? 
   
 A CuCO3 (s) → CuO (s) + CO2 (g) 
 B 2NaOH (aq) + H2SO4 (aq) → Na2SO4 (aq) + 2H2O (l) 
 C CH4 (g) + 2O2 (g) → CO2 (g) + 2H2O (g) 
 D H2O (g) → H2O (l) 

 
23 Which of the following statements best explains why sodium reacts spontaneously 

with water? 
   
 A Plenty of heat energy is given out during the reaction. 
 B Sodium atoms are exceptionally energetic. 
 C The activation energy of the reaction is small. 
 D The bonds in the products are very strong. 

 
24 How will the addition of a catalyst affect the energy of particles and the activation 

energy of the reaction? 
   
  energy of particles activation energy 
 A increases decreases 
 B increases remains the same 
 C remains the same decreases 

 D remains the same remains the same 
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25 Octene (C8H16) is able to absorb UV light. The Beer-Lambert Law states that the amount 
of UV light absorbed is proportional to the concentration of the compound present. In 
one experiment, bromine water was added dropwise until in excess to a solution of 
octene and the absorbance of UV light by the mixture was tracked over time.  
 
Which of the following graphs represents how the absorbance of UV light changes over 
time? 

   
 A 

 

 

B 
 

 
  

C 

 

 
D 

 
 

26 Which of the following correctly identifies the oxidation state of the underlined 
element? 

   
  substance oxidation state 
 A Cu2O +2 
 B H2SO3 +4 
 C KBrO3 +6 
 D P4O10 +5 

 
27 Which of the following does not show a redox reaction? 
   
 A C + CO2 → 2CO 
 B Fe + H2O → FeO + H2 
 C Na2CO3 + H2SO4 → Na2SO4 + CO2 + H2O 
 D Zn + FeSO4 → ZnSO4 + Fe 
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28 The diagram below shows an electrolytic cell. Initially, the bulb does not light up when 
the switch is closed. 
 

 
 
Which of the following substances, when added, will cause the bulb to be the brightest? 

   
 A ethanoic acid 
 B magnesium carbonate 
 C sodium hydroxide 
 D sugar 

 
29 Concentrated hydrochloric acid was electrolysed using inert electrodes. 

 
Which of the following best describes how the pH of the electrolyte changes in the first 
five minutes? 

   
 A increases 
 B decreases 
 C remains constant at pH 1 
 D remains constant at pH 7 

 
30 Three electric cells are set up using zinc metal and three unknown metals, U, V and W 

as electrodes.   
The potential differences between the metals are given in the table below. 

electric cell metals used voltage / V positive electrode 
1 Zn, U –0.45 Zn 
2 Zn, V +2.71 V 
3 Zn, W +1.11 W 

From these results, deduce which arrangement correctly lists the metals in the order of 
decreasing reactivity. 

   
 A U, Zn, V, W 
 B U, Zn, W, V 
 C V, W, Zn, U 
 D V, Zn, W, U 

bulb 
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31 Which statement best explains why carbon monoxide is harmful? 
   
 A It causes acid rain. 
 B It combines strongly with haemoglobin. 
 C It contributes to global warming. 
 D It irritates the eyes and lungs. 

 
32 Which molecule has the greatest ozone-depleting potential? 
   
 A CFClBr 
 B CFCl3 
 C CF3Cl 
 D CH2F2 

 
33 Which of the following is true about kerosene? 
   
 A Kerosene has a lower viscosity than petrol. 
 B Molecules of kerosene are larger than those in naphtha. 
 C Molecules in kerosene are used to make petrochemicals. 
 D Molecules of kerosene burn with a smokier flame than those in diesel. 

 
34 Which of the following fuel would produce the greatest mass of carbon dioxide per 

kilogram when burnt in an excess supply of air? 
   
 A CH2CHCOOCH2CH3 
 B (CH3)3COH 
 C CH3CH2C(CH3)2CH2CH3 
 D CH3CH2CH2CH2CH2OH 

 
35 What catalyst is required for the addition of steam to an alkene? 
   
 A aluminium oxide 
 B concentrated sulfuric acid 
 C nickel 
 D phosphoric(V) acid 
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36 The structures of four hydrocarbons are shown below. 
 

 
 
 
 
 

 
How many isomers of butene are there? 

   
 A 1 
 B 2 
 C 3 
 D 4 

 
37 Which of the following substances cannot be used to distinguish between ethanol and 

ethanoic acid? 
   
 A acidified potassium manganate(VII) 
 B aqueous bromine 
 C lithium carbonate 
 D moist blue litmus paper 

 
38 Which bond is broken during esterification? 
   
 A C – C bond 
 B C – H bond 
 C C – O bond 
 D C = O bond 

 
39 Which of the following statements is true about nylon and terylene? 
   
 A Both nylon and terylene have a carboxylic acid as one of their monomers. 
 B Nylon has ester linkages while terylene has amide linkages. 
 C Only one product is formed during their manufacturing processes. 
 D They are both made from addition polymerisation reactions. 
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40 The diagram shows the formula of a polymer. 
 

 
Which of the following could be used to make this polymer? 

   
 A CH3–COO–CH=CH2 
 B HOOC–CH2–COOH and HO–CH2CH2–OH 
 C CH3–CO–CH=CH2 
 D CH3–COO–CH2=CH2–OOC–CH3 

 
 
 

 
 

End of Paper 
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Section A 
Answer all questions in this section in the spaces provided. 

 
 

A1 The equations A, B, C, D and E show some reactions involving compounds of Y. 
 

 
 
 
 
 
 
 
 
 
 
 
  
Use the letters A, B, C, D and E to answer parts (a) – (c) below. 

 
(a) Which equation shows a change in the oxidation state of Y? 

 
…………………………………………………………………………………….      [1] 
 
 

(b) Which three of the above equations are exothermic reactions? 
 

…………………………………………………………………………………….      [3] 
 
 

(c) Which of these equations illustrates thermal decomposition? 
 

………………………………………………………………………………….....     [1]  
 
 

(d) When reaction D is carried out, a blue precipitate which is insoluble in 
excess aqueous sodium hydroxide is observed. 
 
(i) State the expected observation when aqueous ammonia is added 

dropwise until in excess into a portion of aqueous YSO4. 
 

..………………………………………………………………………….... 
 

   ………………………………………………………………………………   [2]  
 
 

(ii) Write an ionic equation to represent reaction D. 
 
  ……………………………………………………………………………….  [2] 

 
    [Total: 9] 

 

A YCO3 (s) YO (s) + CO2 (g) 
 
B 2YO (s) + C (s)   2Y (s) + CO2 (g) 
 
C YO (s) + H2SO4 (aq) YSO4 (aq) + H2O (l) 
 
D YSO4 (aq) + 2NaOH (aq) Y(OH)2 (s) + Na2SO4 (aq) 
 
E Y(OH)2 (s) + 2HCl (aq) YCl2 (aq) + 2H2O (l) 
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A2 The diagram shows part of the Periodic Table. Only some of the elements are shown. 
 

 
 
Answer each of the following questions using only those elements shown in the diagram 
above. Each element may be used once, more than once or not at all. 
 
(a) Give one element which 
 
 (i)  has a giant molecular structure, 

            ………………………………………………………………………………..  [1] 
 

 (ii) combines with oxygen to form a gas which contributes to acid rain, 

  ………………………………………………………………………………..  [1] 
 

(iii) forms an ion of type X+ which has only three completely filled shells of 
electrons, 

  ……………………………………………………………………………….   [1] 
 

(iv) has a chloride of type XCl2, whose aqueous solution forms a white 
precipitate with aqueous sodium hydroxide but insoluble in excess of it. 

    
   ………………………………………………………………………………..  [1] 
 
 
 (b) Draw a ‘dot and cross’ diagram to show the chemical bonding in XCl2. 
                      Show only the outer shell electrons.       
 
 
 
 
 
 
 

   [2] 
     

           [Total: 6] 
 
 
  
 

       H           
             C N O   
Na            Al  P    
K Ca      Fe   Cu Zn       

Rb                  
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A3 The diagram below shows an electric cell. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
(a) (i)  Indicate with arrows on the diagram to show the direction of the flow    

           of electrons in the wire.                 
    [1]   

 
(ii)  Write an ionic half equation for the reaction taking place at the negative 

electrode.          
 

 ……………………………………………………………………………….. [2]      
 

 
 
(b)  The experiment is repeated with the zinc electrode replaced by iron.  
       

(i) State and explain the change in voltmeter reading obtained.               
 
…………………………………………………………………………………. 
 
………………………………………………………………………………   [2] 
 

(ii) State the colour change in the solution that will be different from that 
of copper with zinc.                               
 
…………………………………………………………………………………. 
 
……………………………………………………………………………….. [1]   

     
      [Total: 6] 

      
 
 
 
 
 
 
 
 

V 
zinc copper zinc 

dilute sulfuric acid 
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A4 Small pieces of different metals were added to different solutions of metal ions in water. 
The results are summarised in the following table. 

 

 
 

(a)  Place the five metals in order of chemical reactivity, with the most reactive first.  
 

……………………………………………………………………………………….......  [1]  
 

(b)  Magnesium is a more reactive metal than X but less reactive than Z,  
 

(i)  suggest the method of extraction for Z. 
 

……………………………………………………………………..…………….  [1]  
 
(ii)       suggest the identity of metal Z. 

 
 …………………………………………………………………………………..  [1] 

 
(iii) write a chemical equation for the reaction of metal Z with water.  

 
……………………………………………………………………..…………….  [1]  

 
 

(c)  Iron is extracted in the blast furnace before it is made into alloys.  
Draw the structure of the bonding present in iron. Label your diagram. 

 
   
 
 
 
 
 
   [2]  

 
    [Total: 6] 

 
 
 
 
 
 
 

            Metal  
Solution  

V  W  X  Y  Z  

V4+  --------  displacement 
occurs  

displacement 
occurs  

displacement 
occurs  

displacement 
occurs  

W3+  no reaction  --------  displacement 
occurs  

displacement 
occurs  

displacement 
occurs  

X2+  no reaction  no reaction  --------  displacement 
occurs  

displacement 
occurs  

Y3+  
 

no reaction  no reaction  no reaction  --------  no reaction  

Z2+  no reaction  no reaction  no reaction  displacement 
occurs  

--------  
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A5 Barium is a metal found in Group II. Barium salts can be prepared using the various 
salt preparation methods. In an experiment, barium nitrate was prepared by adding 
5 g of barium carbonate to 25.0 cm3 of 0.400 mol/dm3 dilute nitric acid.  
 
(a)  Identify the limiting reactant. Show your calculation clearly. 

 
 
 
 
 
 
 
 
                 [3] 
 

(b) A mass of 1.00 g of barium nitrate was obtained.  
 
Calculate the percentage yield of barium nitrate.  

 
 
 
 
      
     
 
             
                                                       [3] 
  

(c) Calcium is another metal found in Group II.  
 
State the two starting reagents for preparation of calcium sulfate.  

 
…………………………………………………………………………………………..  [2]  
 

   [Total: 8] 
 
 
A6 Excess methane reacts with insufficient oxygen to give only two products – steam and a 

gaseous carbon-containing compound. The energy released from the reaction was 1080 
kJ/mol. The table below shows some bond energies: 

 
Covalent bond  Bond energy 

(kJ/mol)  
Covalent bond  Bond energy 

(kJ/mol)  
H – H  436  C – H  412  
Cl – Cl  242  H – Cl  431  
C – C  348  C = C  612  
O – H  463  O = O  496  

 
 

(a)  Write a balanced chemical equation for the reaction. Include state symbols.  
 

…………………………………………………………………………………………..    [2]  
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(b)  Calculate the bond energy in the carbon-containing product in kJ/mol.  

 
 
 
 
 
 
 
 
 

    [2]  
 

(c)  Explain whether the reaction is exothermic or endothermic, in terms of bond-
breaking and bond-forming.  

 
………………………………………………………………………………………………  
 
………………………………………………………………………………………………  
 
………………………………………………………………………………………………  
 
………………………………………………………………………………………………  
 
…………………………………………………………………………………………...  [3]  

    [Total: 7] 
 
A7 Carboxylic acids contain the –COOH group. The following shows the full structural 

formula of carboxylic acid W.  
 
 
 
 
 
 
 
 

(a)  Magnesium was added to carboxylic acid W to form a salt and another product.  
 

Describe your test and observations for another product obtained from the reaction 
between magnesium and carboxylic acid W.  

 
.………………………………………………………………………………………………. 

 
….……………………………………………………………………………………………. 

 
……………………………………………………………..…………………………………  [2]  
 

 
 
 
 
 
 
 
 

H 



8 GMS(S)/CHEM/P2/PRELIM2019/4E 

(b)  The following compound X can undergo two types of polymerisation, one of which is 
condensation polymerisation when it reacts with acid W.  

 
          compound X 

  
Draw two repeat units of the polymer formed when compound X and 
carboxylic acid W undergo condensation polymerisation. Circle the linkage.  

 
 
 
 
 
 
 
 
 
   [2]  

(c)  Compound X can then be converted into the following compound Y:  

                                    H      C       C       H 

             compound Y 

State the reagent and conditions needed.  
 
Reagent: ……………………………………………………………………………        [1]  

Conditions:  ………………………………………………………………………...        [2]  

 
(d)  Predict your observation when compound X was added to bromine solution.  

……………………………………………………………………………………………  
 
…………………………………………………………………………………………… [1]  

    [Total: 8] 
  

End of Section A 
 

       

  NH2  NH2 

H H 

NH2    NH2 
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Section B 
Answer all three questions from this section. 

The last question is in the form of an either/or and only one of the alternatives should be 
attempted. 

Write your answers in the spaces provided. 

B8 Bromine is an important chemical used for making flame retardants. Bromine is extracted 
from seawater, which is naturally rich in bromide ions. Chlorine can be bubbled through 
seawater to convert bromide ions into bromine.  
 
A student carried out an experiment in a laboratory to investigate the reaction between 
bromide ions and chlorine gas.  
 
She bubbled chorine through aqueous potassium bromide for 6 minutes. She took 
samples of the reaction mixture every 30 s and measured the colour intensity of each 
sample using a colorimeter.  
 
A colorimeter measures the amount of light absorbed by the solution when the light 
passes through a coloured solution.  
The diagram shows how a colorimeter works.    

             

The darker the colour of the solution, the greater the amount of light absorbed and the 
higher the absorbance reading on the colorimeter. Aqueous bromine absorbs more light 
than aqueous chlorine or aqueous potassium bromide.  
 
The student plotted her results on a graph. 

             

Name:  
 

Class: Index No: Marks: 

6 
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(a)  Write an ionic equation to represent the reaction between chlorine gas and 
aqueous potassium bromide.  

 
 

 
            ………………………………………………………………………………………   [1] 

 
(b)  State and explain, with reference to the reaction, the relationship between 

absorbance and time in the first minute of the experiment.  
 

 
…………………………………………………………………………………………  

 
           …..………………………………………………………………………………….... 

 
           ….…………………………………………………………………………………….  [2] 

   
 
(c)  

 
Describe and explain with the aid of the Collision Theory, the changes in 
speed of reaction shown by the graph.  

 
 

 
………………………………………………………………………………………….  
 
………………………………………………………………………………………….  
 
………………………………………………………………………………………….  
 
………………………………………………………………………………………….  
 
………………………………………………………………………………………….  
 
………………………………………………………………………………………….  
 
………………………………………………………………………………………….  
 
…………………………………………………………………………………………   [3] 

 
 

(d)  The student carried out four more experiments to determine the time taken 
for each reaction to finish. She used the same volume of aqueous potassium 
bromide each time and recorded the results as shown in the table below.  

 
 
 
 
 
 
 
 
 

(i) Which experiment uses potassium bromide of a lower concentration 
than that in experiment 1? 
 
……………………………………………………………………………....    [1] 

 
 

experiment time taken for reaction to 
complete / min 

absorbance reading at the 
end of reaction 

1 5.00 0.8 
2 6.00 0.4 
3 2.50 0.8 
4 2.50 0.9 
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(ii) How does the time taken for the reaction to complete relate to the rate 
of the reaction? 
 
……………………………………………………………………………….   [1] 

 
(iii) If the initial concentration of the reactants is the same, suggest 

explanations for the results obtained in experiments 1 and 3. 
 
………………………………………………………………………………. 
 
………………………………………………………………………………. 
 
………………………………………………………………………………. 
 
……………………………………………………………………………….   [2] 
 

                                                                                                                                    [Total: 10] 
 

 
B9  Instead of carrying many tanks of oxygen and adding to the mass of the submarine, 

which makes it inefficient to move, naval forces sometimes make use of chemistry 
to constantly generate sufficient oxygen for the soldiers in the submarine to breathe.  

  
 One such method is the electrolysis of aqueous sodium hydroxide. The diagram 

below shows the schematic diagram of a set-up used for this purpose.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a) State how the composition of the electrolyte changes after the electrolysis 
has been running for some time. 
 
……………………………………………………………………………………...... 
 
………………………………………………………………………………………..   [1] 
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(b) After some time, the power pack can be replaced by a voltmeter. This set-up 
as shown below then acts like a fuel cell to provide additional electricity to 
power the submarine. 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

The left hand electrode in the diagram becomes the negative terminal of the 
cell and the right hand electrode becomes the positive terminal. 

 
(i) State the direction of the electron flow in the external circuit. 

 
……………………………………………………………………………….   [1] 

 
(ii) Construct an ionic equation to represent the reaction that occurs at the 

negative terminal in this fuel cell. 
 
………………………………………………………………………………..  [1] 

 
 

(c) Other than submarines, cars can also be fitted with an engine powered by a 
hydrogen fuel cell or a conventional petrol engine. 
 
One of the advantages of hydrogen fuel cells over the use of petrol in cars is 
that the only by-product is water, making it a clean fuel. A hydrogen fuel cell 
in operation, however, can sometimes achieve temperatures that are 
comparable to the conventional petrol engine. 
 
(i) Suggest an environmental disadvantage of using petrol to power car 

engines. 
 
……………………………………………………………………………….. 
 
……………………………………………………………………………….. 
 
………………………………………………………………………………  [2]  
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(ii) Suggest why hydrogen as a fuel (in the fuel cell) may not be that 
economically viable. 
 
……………………………………………………………………………….. 

 
    ……………………………………………………………………………….. 
 
    ………………………………………………………………………………..  [2] 
 

(iii) Explain why it is possible for nitrogen oxides to be produced in both 
types of car engines. 
 
………………………………………………………………………………. 
 
………………………………………………………………………………. 
 
.............................................................................................................   [2] 

 
(iv) Suggest why a catalytic converter installed in a car powered by a 

hydrogen fuel cell, will fail to reduce nitrogen oxide levels as 
compared to that in a car powered by petrol. 
 
………………………………………………………………………………. 
 
……………………………………………………………………………….   [1] 

 
                [Total: 10] 
 
EITHER  
B10 Long chain alkanes such as octane, C8H18, can be ‘cracked’ to produce shorter 

chain hydrocarbons which could then be separated by fractional distillation. 
 

octane         →       B   +       a mixture of C, D and E 
C8H18                   C3H6         (isomers of C5H12) 

 
(a)  State the conditions necessary for this reaction to take place. 

 
……………………………………………………………………………………….   [1] 

 
(b)  Write the full structural formula of B. 
 
 
 
 
 
 
 
 

   [1] 
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(c)  Describe the process of separating mixtures C, D and E by fractional 

distillation. 
 
…………………………………………………..…………………………………. 

 
……………………………………………………………………………………… 

 
……..……………………………………………………………………………….. 

 
……………………………………………………………………………………… 

 
……………………………………………………………………………………… 

 
……………………………………………………………………………………… 

 
………………………………………………………………………………………    [3] 

 
 
  (d)  C, D and E exhibit structural isomerism. They are isomers of pentane, C5H12. 
 

(i)  Define the term isomerism. 
 

………………………………………………………………………………. 
 

………………………………………………………………………………..  [1] 
 

 
(ii)  Complete the table below to show all possible isomers for pentane. 

   
 

     
                  [2] 
     
 
 
 
 
 
 
 
 
 

isomers of pentane 
C D E 
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(e)   In a separate experiment, one of the alkanes C, D or E reacted with bromine 
under ultraviolet light and produced only one bromoalkane compound F, with 
the formula, C5H11Br. 

 
Suggest the structure of F and the structure of alkane used to form F.  

 
 
 
 
 
 
 
 
 
 
                             [2] 
 
                [Total: 10] 
 
OR   
B10 Ammonia is a compound of nitrogen and hydrogen with the formula NH3.   
           Ammonia exists in nature as a colourless gas with a characteristic pungent smell.  
           The undesirable smell is commonly associated with toilets as ammonia gas is given    
           off from urine. 
 
           The nitrogen-containing substance in urine is urea, CO(NH2)2 which undergoes 

hydrolysis with water to form ammonia and a colourless acidic gas.  
 
  
 (a)    Construct a chemical equation, including state symbols, for the hydrolysis of    

        aqueous urea. 
  

         ……………………………………………………..………………………………… 
 

[2]  

           In the past, ammonia was obtained via the distillation of camel dung.  
           Nowadays, ammonia is obtained via the Haber Process.  

 

   
 (b)     State the three operating conditions of the Haber Process.  
   
          …………………………………………………..………………………………. 

 
[1] 

 (c)     In addition, ammonia burns in pure oxygen according to the equation given 
below. 

 

   
 4NH3 (g) + 2O2 (g)  2N2 (g) + 6H2O (l)  
   
  (i) Explain whether the reaction stated in (c) is a redox reaction in terms of 

oxidation numbers. 
 

    
         ………………………………………………………………………………... 

 
       ….…………………………………………………………………………….. 
 

 
 

[2] 

structure of F structure of alkane used, C5H12 
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  (ii) State the reducing agent in reaction (c).   
    
          ………………………………………………………………………………. 

 
[1] 

    
  (iii) Given that 40 cm3 of ammonia gas was completely reacted, calculate 

the minimum volume of air required. 
 
 
 
 
 
 
 
 

[1] 
    
    
    
 (d)     When ammonia dissolves in water, the water feels cold. 

 
                   NH3 (g) + H2O (l) NH4OH (aq) 
 
         Draw an energy profile diagram, using the axes given below, for this  

reaction showing the activation energy and enthalpy change of the reaction.  
Label the axes. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[3] 
   
   
  [Total: 10] 

 
 
 
 

End of paper
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1 

Geylang Methodist School (Secondary)
Prelim 2019
4Exp Chemistry 6092

Paper 1

Paper 2

Section A (50 marks)
A1 Marks allocation
(a) B 1
(b) C, D and E  3
(c) A 1
(d)(i) Blue precipitate forms.

Blue precipitate dissolves in excess aqueous ammonia to form a 
dark blue solution.

1
1

(ii) Y2+ (aq) + 2OH- (aq) Y(OH)2 (s) 1 for correct ionic eqn
1 for correct state symbols 

A2
(a)(i) C 1
(ii) N 1
(iii) K 1
(iv) Ca 1

Paper 1

1 D 11 C 21 B 31 B

2 C 12 A 22 A 32 B

3 A 13 A 23 C 33 B

4 B 14 B 24 C 34 C

5 B 15 C 25 D 35 D

6 D 16 B 26 B 36 B

7 A 17 C 27 C 37 B

8 B 18 C 28 C 38 C

9 C 19 A 29 A 39 A

10 C 20 B 30 B 40 A

n A (5(5(555(5((((((((((( 0 mamamammamamamamaamammammaamaamamamamamaamamammamaamammammmmammamammamaamamamaamamamamammmmmaarks)s)s)s)))))s)s)))))s)))s)s)s)s)s)

D ananananananananananananananaanandddddddddddddddddddddddddddd E  

precicicicicicicicicicicicicicicicicipipipipipipipipipipipipipippipppippppppppippppppppppppipipipppipipipiipippppppppp tatatatatatatatatatatatatatatatatatatataaaaaaaaaaaatetttttttttttttttttttttttttttttttttttttttttttttttttt fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffforororororororororororooorooooorororoooroororooororororooooorooooooooroorooorooororroroorrrororrrorrororrro mmmmmmmsmsmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm .
ecipipipipipipipipipiiippipiiipiipipiiipipiiitatatatatatattattttttttatttatatataaataatataaaaaaattttttaaataaattataatetetetetetetetetetetetetetetetetetetetetetetetetetetetetetetetete ddddddddddddddidddddddddddddd ssolololololoololooloooooololo vevevevevevevevevevevevevevevevevveveveev sss ssssssssssssssssss iniiiiiiiiii exc

solllllutiononnnonnononnononnononnononn........
2OHHHHHHHHHHHHHHHHHHHHH---------- (a(a(a(a(a(a(a(a(a(a(( q) 

C

355 DDDDDDDDDDDDDDDDDDDDDDDD

3636363636363633636636363636363636363636336 BBBBBBBBBBBBBBBBBBBBBBB

C 373737337333733737337373733733333 BBBBBBBBBBBBBBBBBBBBBBB

28 C 38 CCCCCCCCCCCCCCCCCCCCCC

29 AAAAAAAAAAAAAAAAAAAAAAA 39393939393939393933939393939393939393939393 AAAAAAAAAAAAAAAAAAA

B 3033333333333333333333 BBBBBBBBBBBBBB 44444404444444444444444 AAAAAAAAAAAAAAAAAAAAA
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(b) 1 for X2+ ion
1 for Cl- ion

A3
(i)

1

(ii) Zn(s) → Zn2+(aq) + 2e 
                                                                                                  

1 for balanced ionic 
half equation 
1 for correct state 
symbols

(b)(i) The voltmeter reading will be lower than that with zinc.
Iron is below zinc in the reactivity series. Hence, the closer the 
metals are in the reactivity series, the smaller the difference in 
voltage across the two electrodes.

1

1

(ii) Colourless solution will turn pale green. 1

A4
(a)
 

 
 Y, Z, X, W, V 1

(b) (i) Electrolysis of molten ionic compound of Z.
(ii) Calcium
(iii) Z + 2H2O Z(OH)2 + H2 or

Ca + 2H2O Ca(OH)2 + H2 

1
1
1

(c)  
 
 
 
 
 
 

1 for diagram
1 for labelling of 
positive ions and 
electrons 

A5
(a)

BaCO3 + 2HNO3 Ba(NO3)2 + CO2 + H2O
No. of moles of barium carbonate = 5 / (137+12+3x16)         
                                                      = 0.025381 mol 
No. of moles of dilute HNO3 = (25/1000) x 0.4 = 0.01 mol 

Hence, HNO3 is the limiting reactant. 

1

1

1
(b) No. of moles of HNO3 : no. of moles of Ba(NO3)2 = 2:1 

mobile electron 

 positive ion of Fe 

-

2X Cl

XXXX X

XXXX X

X
X

X
X

2+

X

V 

Legends:

X : electron for X atom
: electron for Cl atom

ectrolololololololololololololololololoooolooooloooolooololloollysysysyysysyyyysyysysysysyysyysysysyyyyyyyyysyyyssisisisissssissssisissssssissississisisisisisissisissssssss oooooooooooooooooooooooofff ffff fffffffffffffffffffffffffff momomomomomomomomomomomommomommomomomomomomomommmmomomommmomommmomomomoommmmooooooooltltltltltltltltltltltllttltltltttlttlltlttlttltttttteneeeeeeeeeeeeeeeeeeee  ionicicicic ccccomooo pou
ciummmmmmmmmmmmmmmmmmm
2H222OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO Z(Z(OO

                                  
1 for
half eq
1 for co
sysymbm ols

ding willlllll bbbbbbbbbbbbbbbbbbbbbbbbbbe eeeeeeeeeeeeeeeeeeeee loooooooooooooooooowwwwewwwwwwwwwwwwwwwwwwwwwwww r rrrrr thththhhthhthhthhhtttttttt anaa  thhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhatatatatatataattatattattattattatttttatataaaaaaaaaaa  with zincccc.
zincc  ininnnnninininnnnniininnnniininininninnnininnninnnnnnn the rerererererererrererrerrerrrerrrrerrrrrrrrererrrerererrrrrerrerererreacacacacacacacacacacacacacaacacacacacacaaaacacaacaaaaccccccaa tititiititittiiiitiititittititiititititititttittitititttivivivviiivivivivivvivviivivivivivvvivivivivivvvivivvvivvvvvv tytytytytytttytytytttttytytytttytytytytttytyttytytytytytyyytyyyyytt sssssssssssssssssssssererererererrerererereeeeeeeeeeeeeeeeeeeeeeeeeeee ieieiieieieieieeieieieieieieieiieeieeieieieeeeeeeessssssssssssssssssssssssssssss.. HHHHeH ncncnncnncnnnnnnnncnncnnnncnncncnnce, theeee clc ooser tthehe 

re in the rererererererereereererereeerereeeereeerereeerereeeerrererereeer acacacacacacacacccacccacacaccccaccacacaccaccaaaaaaaaaaaaaaaaa titittttttttttttttttttttttttttt vity sssssssserieesssssssssssssssssssssssssssssssss,,,,,,,,,,, the smmmmmmmmmmmmmmmmmmmmmmmmmmalalalaaaalalalaalalalaaalalalalalalaaalalaaaaalalllllleleleleleleleleeeleleelleleelllllll rrrrrrrrrrrrrrrrr the diffferenencee iinn
age acccccccccccccroroororororoororororororororororrrrrrrrrrrrr sssssssssssssssssssssssssssssssss  the tttttttttttttttttttttttttttttttwowowwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww  eleleeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ecececeecececececececececececeecececeececeeccccccccccccccccctrrrrrrrrrrrrrrrrrrrodododododododooododododododododddodododddoooooodooodoodoooodddesesesesesesesesesesesesesesesesesesesseseesssss....

11

Colourleeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeessssssssssssssssssssssssssssssssssssssssss sololololololololollololllututututttttututututttuuuuuu ioioiiiiiiiiiiii n wiwiwiwiwwiwiwiwiwwiwiiiiiiiwwiw llllllllllllllllllllllllllllllll ttttttttttttttttturrrrrrrrrrrnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn papapapapapapapapapapapappappapapappappppppapppapppaappapapaaaaleleleleleeeeelleleeleeeleleeeeeeeeeee gggggggggggggggggggggggggggggrereeereereerereererereererereeeereeerererereererererererereeeeeeeeeeeeeeeeeenenenenenenenenenneneneneneeeeeeeeeeeeeeeeeeee .....

Z, X,X,X,X,X,X,XX,XX,XXXXXXXX W, VV VVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVV

H)H)2 + H
2H2OO CCa(OH
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No. of moles of Ba(NO3)2 = 0.01 / 2 = 0.005 mol 
Mass of theoretical barium nitrate = 0.005 x (137 + 14 x 2 + 16 x 6) 
                                                      = 1.305 g 
Percentage yield = 1 / 1.305 x 100% = 76.6 % (to 3 s.f.) 

1

1
1

(c) calcium nitrate solution / aqueous calcium nitrate and 
dilute sulfuric acid / any soluble sulfate 

1
1

A6
(a)

2CH4 (g) + 3O2 (g) 2CO (g) + 4H2O (g) 1 for correct eqn
1 for state symbols

(b) Let bond energy in carbon monoxide by X. 
8(+412)+3(+496)+8(-463)-2X = -1080 kJ  
                                                X = 1080 kJ/mol 

1
1

(c) The reaction is exothermic as the energy taken in to break bonds in 
the molecules of methane (8 C-H bonds) and oxygen (3 O=O bonds)
is less than energy given out to form the bonds in the molecules of 
carbon monoxide (2 C   O bonds ) and water (8 O-H bonds).

1 for exothermic
2 for explanation

A7
(a)

Place a lighted splint at the mouth of the test tube. 
The lighted splint will extinguish with a pop sound. 

1
1

(b) 1m for the two 
repeat units drawn

1m for circling the 
correct linkage

(d) Reagent: Hydrogen 
Conditions: 200oC,
                   nickel catalyst 

1
1
1

(e) The aqueous bromine will turn from reddish brown to colourless.
Or
The reddish-brown aqueous bromine will be decolourised.

1

B8
(a) Cl2 (g) + 2Br - (aq) → 2Cl - (aq) + Br2 (aq) 1
(b) Absorbance increases with time. 

Bromide ions are slowly oxidised to bromine. Colour intensity is gradually 
increasing.

1

1
 

to break bobondss in 
xygen (33 OO=O=O bbononds)

onds in the e e e momomomolelelelecccculessss ofooo  
d water (8 O-HHHHHHHHHHHHHHHHHHHHHHHHHHHHHH bobobobobobobbobobbbbbobobboboobooboboboobooboobondndndndnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn ssss).

2

the momoomoomomoomoomoomoomomomomoomomomoooomoomoooomomooomomommom utuuuuuuuuuuuuuuuuuuuuuuuu hhhhhhhhhhhhhhh ofofofofofofofofofofofof the tttttttttteseseesesesesesseesesesesseesst t t tttttttttttttttt tubebebeeeeeeeeeeeeeeeee...
ill extingngngngngngngngngnggngngngngngngngngngngngngngngngngngnnnnnnnnnnn uiuiuiuiuiuiuiuiuiuiuiuiuiiuiuiuiuiuuuuuuuuuuuuuuuuuu shshshshshshshshshshshshshshshshshshshshshshshsshsshhhhhhhhh  wiwwwwwwwwwwwwwwwwwwwwwwwwww ththththththththththhthththth aaaaaaaaaaaa pop ssssssssssssssssouoooooooooooooooooooooooooooooooooooooo nd. 

1
11

agenennennnnnnnnnnnnnnnt:t:t:t:t:t:t:t:t:t::t:::t:t:: Hydyyyyy rogegegegegegegegeeegeeeeeeegeeeeegeegeeeegegegegeegegeegeegeegeegggggggggg nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
ditioooooonnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnsssssssssssssssssssssssssss::::::::::::::::::: 20202020200002022022202020220222022020202020220200000000000000000000000000000000000000000000000000000000000oooooooooooooooooooooooooooooC,C,C,CC,CC,C,CCCCC,C,CCCCC,C,CCC,C,CCCCCCC,CCCCCCCCCC,

     nininininininininininininickkkckckckckckckckckkkkkkkkkkkkkkeleleeeeeeeeeeeeeleeeeeeeeeeeeeleeeeeee ccccatalysysysyst t t t 

ous brbrbrbromomomominininine will

brow
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(c) 1st mark: 
Speed of reaction was fast initially.
Maximum/ high concentration/amount of bromide ions and chlorine 
Very high frequency of effective collision between particles. 
2nd mark: 
As reaction progresses, concentration/number of reacting particles 
decreases, frequency of effective collision decreases, speed of 
reaction decreases.
3rd mark: 
Absorbance is maximum/ no increase/ remains constant.
Speed of reaction is zero as all bromide ions are used up.

         
1

1

1
(d) (i) Experiment 2 [1] 

(ii) Rate of reaction is inversely proportional to the time taken for the reaction 
to complete. OR 

The shorter the time taken for complete reaction, the faster the reaction 
rate.

(iii) Same absorbance reading at the end of the reaction was obtained 
because of the same number of moles / concentration of 
bromide ions (limiting reactant) was reacted in both 
experiments.

A shorter time taken was taken (faster rate) for experiment 3 for 
reaction to finish because the reaction was carried out at a higher 
temperature.

OR reverse argument 

1

1

B9
(a)

Concentration of Na+ and OH- increases OR Concentration of 
sodium hydroxide increases.
Reject: concentration of electrolyte increases.

1

(b)(i) From the negative terminal to the positive terminal OR From left to 
right.

Reject: from anode to cathode unless student has identified which 
electrode is anode/cathode.

1

(ii) 2H2 (g) + 4OH– (aq) → 4H2O(l) + 4e–

State symbols are required.

1
(no state symbols =
0 m)
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(c)(i) Formation of carbon dioxide due to complete combustion. [1] 
A greenhouse gas that can cause global warming, resulting in rising 
sea levels + melting ice caps [1] OR

Formation of carbon monoxide due to incomplete combustion. [1] 
A poisonous gas as it combines irreversibly with haemoglobin in 
blood to form carboxyhaemoglobin which reduces ability of 
haemoglobin to carry oxygen to different parts of the body, resulting in 
breathing difficulties and eventually death [1] OR

Unburnt hydrocarbons may be released due to incomplete 
combustion. [1] Formation of photochemical smog when present with 
other polluting gases [1] OR
 
Formation of nitrogen oxides due to high temperatures in engine. 
Nitrogen oxides results in acid rain which increases acidity of lakes 
and rivers harming aquatic life / corrode metal and limestone 
structures / increases acidity of soil hindering plant growth.

2

Reject: production 
of sulfur dioxide

(ii) To obtain hydrogen, we require cracking of longer-chain 
hydrocarbons [1] which requires large amount of heat [1] 
OR
To obtain hydrogen, electrolysis of water must be carried out [1] 
which requires large amount of electricity [1]
OR 
Hydrogen is difficult to store as it is a gas / flammable / explosive[1], hence 
it is expensive to construct special containers/equipment [1] to store it. 

1

1

(iii) Nitrogen reacts with oxygen in air to form nitrogen oxides [1] 
Both types of engines work / function at high temperatures. [1]

Reject: both engines are at comparable temperatures.
(iv) In a hydrogen fuel cell powered engine, there is absence of carbon 

monoxide to function as a reducing agent in the catalytic converter. 
OR

For a catalytic converter to remove NO, the following must happen: 
2CO + 2NO → 2CO2 + N2
However, there is no carbon monoxide present in the engine 
powered by the fuel cell. OR

NO is soluble in water present in the fuel cell, and will not reach the 
catalytic converter for reaction to occur.

Any one.

1
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B10 
E
(a) aluminium oxide / silicon dioxide and high temperature at 600oC OR

High temperature / catalyst
1

(b)
           
           C = C – C -

1

(c) Mixture of hydrocarbons C, D and E is heated [1] and the vaopur [1] is 
passed into the fractionating coloumn. The hydrocarbon with the 
lowest boiling point [1] will be distilled and collected at the higher outlet 
in the fractionating column while hydrocarbon with the next higher b.p. 
will be distilled and collected at the lower outlet in the column.

Acceptable: methods which describe small scale fractional distillation

1
1

1

(d) (i) Isomerism is the existence of two or more compounds with the same 
molecular formula but with different structural formulae.

1

(ii) 2 m for all 3 
correct isomers.
1 m for any 2 
correct isomers.
0 m for only 1 
correct isomer

(e)
Structure F:                                   Structure of the alkane used:

                                                         

 

H 

H 

H H 

H 

H 

F:                 

o
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2 2 m fo
cocorrect
1 m
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OR
B10

 

(a) CO(NH2)2 (aq) + H2O (l) 2NH3 (g) + CO2 (g) [1] correct 
equation
[1] state symbols

(b) 400°C to 450°C 
200 - 250 atm 
Iron catalyst 

[1] for all 3 
conditions correct

(c)(i) It is a redox reaction.
The oxidation state of N increases from –3 in NH3 to 0 in N2. [1]
The oxidation state of O decreases from 0 in O2 to –2 in H2O. [1]

(c)
(ii)

Ammonia [1]

(c)
(iii)

By volume ratio, volume of O2 needed = 20 cm3

Hence, volume of air needed = 2.95
21

10020 cm3 (3 s.f.) [1]

(d) Correct axes [1]
Correct shape [1]
Correct label [1]

Ea

H (+ve)

(3 s.f.)) 

C
Co
Cor

Ea
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