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Section A (70 marks) 
 

Answer all the questions in this section in the spaces provided. 
 
A1 Read the clues below to fill in the crossword puzzle. The first one has been done for you. 
 

 
 

 Across  
 
 (1) inventor of the Periodic Table  
 
 (2) the particle formed when an atom with proton number 9 is ionised 
  
 Down 
  
 (3) the reaction of steam with ethene is an example of an ……………………………reaction  
 
 (4) steel is an example of an ……………………………  
 
 (5) the method used to separate a solid sample of iodine and sodium chloride 
 
 (6) pure substances have a …………………………… melting point   [5] 
 

             [Total:5] 
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A2 Some elements burn in air to form oxides.  
 

In an experiment, sodium was burnt in a sealed container. The products were then added to a 
flask containing a solution of Universal Indicator.  

 
 In a second experiment, the reaction was repeated with burning carbon instead of sodium.  
 
 (a) State what you would observe with the Universal Indicator in each experiment. 
 
  experiment using sodium: ……………………………………………………………………… 
 
  experiment using carbon: ……………………………………………………………………[1] 
 
 (b) Sodium oxide forms during the first experiment.  
 

Draw a ‘dot-and-cross’ diagram to show the arrangement of outer shell electrons in the 
compound of sodium oxide. 

 
 
 
 
 
 
 
 
 
 

[2] 
 

 (c) In another experiment, 2.30 g of sodium was combusted.  
  

Table 2.1 shows the mass of the flask and contents before and after the experiment. 
 

Table 2.1 
 

mass of flask and contents at start / g 94.50 

mass of flask and contents at end / g 94.82 
 
  Calculate the percentage yield of sodium oxide. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[3] 
 

[Total: 6] 
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A3 Carbon monoxide is used to make phosgene, COCl2, which is an important reactant in  
industries to make polymers, dyes and pharmaceuticals. 
 
Phosgene was first made in 1812 by using a photochemical reaction in which a mixture of 
carbon monoxide and chlorine was exposed to bright sunlight. This reaction is exothermic. 
 

CO   +   Cl2   ⇌   COCl2 

 
  (a) (i) Explain, in terms of bond breaking and bond making, why the formation of 

phosgene is an exothermic reaction. 
 

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

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

(ii) Explain, in terms of oxidation state, if the formation of phosgene is a redox reaction. 
 
…………………………………………………………………………………………....... 
 
…………………………………………………………………………………………....... 
 
…………………………………………………………………………………………...[2] 
 

  
(b) Fig. 3.1 below shows the heating curve of phosgene.  
 

 
Fig. 3.1 

 
 Describe the changes in the arrangement and movement of the molecules of phosgene 

when the temperature is increased from –128 °C to –108 °C.  
 

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

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

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

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

[Total: 6] 
  

temperature / °C 
 
 
 

0 
 
 
 
 
 
 
 
 
 

-118 

time / s 
8 
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A4 Catalysis is the increase in rate of a chemical reaction due to an added substance known as 
a catalyst.  

 
 Catalysts generally react with one or more reactants to form intermediates that subsequently 

give the final reaction product. 
 
 (a) Catalysts are often expensive. 
 
  Explain why it is still economically viable to use them.  
 
  ……………………………………………………………………………………………………... 
 
  ……………………………………………………………………………………………………... 

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

 
 (b) Fig. 4.1 below shows a range of industrial catalysts in pellet form. 
 

 
Fig. 4.1 

 
  Explain why the catalysts are supplied in pellet form.  
 
  Use ideas about particles in your answer. 
 
  ……………………………………………………………………………………………………... 
 
  ……………………………………………………………………………………………………...

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

 
  …………………………………………………………………………………………………[2] 
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(c) Naphthalene (C10H8) reacts with ethanoyl chloride (CH3COCl) in the presence of a 
catalyst to form acetylnaphthalene (C12H10O) and hydrogen chloride through a two-step 
reaction.  

 
  Fig. 4.2 below shows the energy profile diagram for the catalysed reaction.  
 
 

 
Fig. 4.2 

 
  (i) The uncatalysed reaction takes place in a single step. 
 
   On Fig. 4.2, sketch the energy change graph for the uncatalysed reaction. [1] 
 
  
  

energy / kJ 

progress of reaction 

naphthalene +  
ethanoyl chloride 

acetylnaphthalene + 
hydrogen chloride 
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 (d) Ethanoyl chloride is an example of an acyl chloride.  
 
  Acyl chlorides react with alcohols, in a similar manner to carboxylic acids, to produce 

esters. The 2 main differences are: 
 

• The reaction is irreversible. 
 

• Hydrogen chloride is removed instead of water. 
 
  The structure of ethanoyl chloride is shown below. 
 

 
  (i) Name the ester produced when ethanoyl chloride reacts with methanol.  
 
   …………………………………………………………………………………………[1] 
 
  (ii) Write a chemical equation for the above reaction, showing all organic substances 

as full structural formula.  
 
 
 
 
 
 
 
 
 
 
 
 

 
[2] 

 
[Total: 8] 
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A5  The structure of substance X is shown below. 
 

 
 
 Substance X undergoes condensation polymerisation with diaminobutane (H2N(CH2)4NH2).  
 
 (a) Draw the structure of the polymer formed when substance X reacts with diaminobutane. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[1] 
 
 (b) Substance X can also undergo addition polymerisation.  
 
  (i) Draw the repeating unit of the polymer formed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[1] 
 
  (ii) State one difference between the reaction in (a) and the reaction in (b)(i). 
 
   ………………………………………………………………………………………………. 
 
   ……………………………………………………………………………………………[1] 
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 (c) Draw an isomer of diaminobutane (H2N(CH2)4NH2) that still can undergo condensation 
polymerisation with substance X. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[1] 
 

[Total:4] 
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A6  Nicotine is a highly addictive organic chemical produced naturally in the tobacco plant. It is 
commonly used as a recreational drug for its mood altering effects.  

 
 The percentage composition of nicotine is shown below in Table 6.1.  
  

Table 6.1 
 

element percentage by mass (%) 

carbon 74.1 

hydrogen 8.6 

nitrogen 17.3 
 

 (a) Nicotine has a molar mass of 162 g/mol.  
 

  Determine the molecular formula of nicotine.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[3] 
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 (b) A cigarette provides on average 1 mg of nicotine when smoked.  
 

A 2 cm3 vape may contain a concentration as high as 0.123 mol/dm3 of nicotine.  
  
  Calculate the mass, in mg, of nicotine present in a vape.  
  (1 g = 1000 mg) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[2] 
 

 (c) Smoking cigarettes produces carbon monoxide gas.  
 
  Explain why smoking cigarettes is harmful to smokers and those around them. 

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

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

 
……..……………………………………………………………………………………...……[2] 
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 (d) Nicotine can be extracted from dried tobacco leaves.  
 

Nicotine melts at -79 °C and boils at 247 °C. It is soluble in organic solvents, like ethanol.  
 

 Table 6.2 shows the steps that need to be taken to extract nicotine from dried tobacco 
leaves.  

 
 (i) Arrange the following steps in the correct order to extract nicotine from dried 

tobacco leaves. 
 

                           Table 6.2 
 

step 
number description 

 Soak the ground tobacco in the ethanol solvent.  

 Separate the nicotine-rich solution from the solid plant material 
using process A. 

 Obtain nicotine from the mixture of ethanol and nicotine using 
process B. 

 Stir the mixture to enhance the extraction of nicotine into the 
solvent. 

 Grind the dried tobacco leaves into a fine powder. 

[1] 
 

  (ii) Identify process A and B.   
 
   Process A …………………………………………………………………………  
 
   Process B ………………………………………………………………………… [1] 
 

[Total: 9] 
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A7 (a) Dichlorobutane, CH3CH2CHClCH2Cl, is a useful chemical feedstock for making nylon.   
 

Students A and B wanted to prepare a sample of dichlorobutane by using different 
methods as shown in table 7.1.   
 

Table 7.1 
 

student method 

A Reacting butene with aqueous chlorine 

B Reacting butane with chlorine gas in the presence of UV light 

   
  Table 7.2 shows the statements about the preparation of dichlorobutane.  
 
  State whether the statements are true or false.  
 

  Table  7.2 
 

statement true / false 

(i) Both methods can be used to prepare dichlorobutane  

(ii) Both methods require the same conditions.   

(iii) Student A’s method will produce a higher percentage yield of 
dichlorobutane compared to student B’s method.   

(iv) Student B’s method can lead to environmental problems.    

 [2] 
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 (b) Kerosene is one of the fractions obtained from distillation of crude oil.  
 
  Health officers often spray kerosene onto the surface of stagnant pools of water to kill 

mosquito larvae.  
 
  The larvae breathe via a tube that they extend to the water’s surface, as show in Fig. 7.3 

below.  
 
  With time, this kerosene layer will slowly evaporate away and hence re-spraying of 

kerosene is necessary.  
 

 
Fig. 7.3 

 
 

(i) State two physical properties of kerosene and explain how they enable it to kill 
mosquito larvae.  

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

 
 
 
 

(ii) Kerosene has a higher relative molecular mass than petrol. 
 
Suggest and explain, in terms of bonding and structure, why kerosene is more 
suitable than petrol for spraying onto the water to prevent dengue.  
 
……………………………………………………………………………………...……… 
 
……………………………………………………………………………………………… 
 
……………………………………………………………………………………...……[2] 

 
[Total: 6] 

 
  

kerosene 
layer 

water 

mosquito 
larvae 
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A8 The Down’s cell is a commercial electrochemical cell used to obtain sodium metal by the 
electrolysis of molten sodium chloride.  

 
Fig. 8.1 shows a Down’s cell.  
 

 
 

 
Fig. 8.1 

 
(a) (i) The iron screen in the Down’s cell is used to prevent the molten sodium from 

 coming into contact with the chlorine.  
  
  Explain why this is necessary. 
 

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

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

(ii) A student claims that the products would be the same even if a concentrated 
aqueous solution of sodium chloride is used.   

 
 Do you agree?  Give reasons for your answer. 
 

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

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

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

(b) Explain, with the aid of a half equation, why chlorine gas cannot be obtained if the 
graphite anode is replaced by a copper anode. 

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

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

 
 
 

molten 
sodium 
chloride 

molten sodium  

graphite 
anode 
connected 
to electrical 
source 

iron screen  

inert metal 
cathode 

connected to 
electrical 

source 

chlorine gas 
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(c) A student used moist blue litmus paper to test for chlorine gas. Upon seeing that the 
moist blue litmus paper turned red, he concluded chlorine gas must be present. 

   
 Do you agree with him?  
 

Explain your answer. 
 
…. ……….……………………………………………………………………………………....... 

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

 
(d) Some chlorine gas was bubbled into a potassium iodide solution. 
 
 (i) Describe what would be observed after some time. 
 

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

 ……..……………………………………………………………………………………[1] 
 
 (ii) Explain why a reaction occurred. 

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

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

 
 [Total: 8]  
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A9 One method of determining the order of reactivity of metals is by measuring the voltage and 
polarity of simple cells.  

 
 The polarity of a cell is shown by which metal is the positive electrode and which metal is the 

negative electrode.  
 
 The following table gives the polarity of cells of four different metals W, X, Y and Z. 
 

cell electrode 1 polarity electrode 2 polarity 

1 X  W + 

2 Y  W + 

3 Z + W  

 
(a) What information about the reactivity of the four different metals can be deduced from 

the table?   
 
……………………………………………………………………………………….……………. 
 
……………………………………………………………………………………….……………. 

 
…………………………………………………………………………………………….….…[2] 
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(b) A student wants to determine whether metal X or Y is more reactive.  
 
 He decided to pass steam over the metals. 
 
 Describe how to carry out the tests, including any additional materials or reagents, and 

describe the results you would expect. 
 
……………………………………………………………………………………….……………. 

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

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

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

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

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

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

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

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

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

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

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

 
…………………………………………………………………………………………….….…[4] 

 
[Total: 6] 
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A10 Some compounds formed between fluorine and various non-metals are shown in Table 10.1 
below.  

Table 10.1 
 

non-metal C N O Ne Si P S Ar 

formula of 
compound CF4 NF3 OF2 

no 
compound 

formed 
SiF4 PF3 SF2 

no 
compound 

formed 
melting 
point of 
compound / 
°C 

-184 -207 -224 - -90 -152 - - 

 
Student A examines the data in Table 10.1 and poses the following hypothesis:  
 
The number of F atoms that will bond to a non-metal is always equal to 8 minus the number of 
valence electrons in the non-metal atom.  

 
In an attempt to verify student A’s hypothesis, student B researches the molecules that form 
between halogens and fluorine, and assembles the following list shown in Table 10.2.  
 

Table 10.2 
 

halogen formula of molecule 

F F2 

Cl ClF, ClF3 

Br BrF, BrF3, BrF5 

I IF, IF3, IF5, IF7 
 

(a) Describe the trend of melting points of fluoride molecules across Period 2 shown in Table 
10.1. 

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

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

 
(b) (i) Based on student A’s hypothesis, what should be the formula of the compound 

that forms between germanium and fluorine? 
 

 …………………………………………………………………………………….……[1] 
 
  (ii) Does the list assembled by student B support the hypothesis of student A?  
 
   Use the information provided to support your answer. 
 

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

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

 …………………………………………………………………………………….……[2] 
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  (iii)  Propose a hypothesis based on student B’s list to account for the molecules that 
form between halogens and fluorine. 

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

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

 
(iv) In terms of bonding, which compounds that form between halogens and fluorine 

are unusual? 
 
 Explain your answer. 
 

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

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

…………………………………………………………………………………….……[2] 
 
 (c) Explain why there are no compounds formed between fluorine and non-metals such as 

neon and argon. 
 

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

…….. …………………………………………………………………………………………[1] 
  
 (d) Astatine is from Group 17 in the Periodic Table. 
 
  Predict the formula of the compound formed when astatine reacts with sulfur. 
 
  Explain your answer.  

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

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

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

 
 (e) Draw a ‘dot-and-cross’ diagram to represent the bonding in OF2.  
 
  Show only the valence electrons. 
 
 
 
 
 
 
 
 
 
 

[2] 
 

[Total: 12] 
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Section B (10 marks) 
 

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

 
EITHER 
 
B11 An airbag cushion is designed to inflate very rapidly then quickly deflate during collision.  
 

The main chemical used in the airbag is sodium azide, NaN3.  
 
When a car is involved in a collision, the crash trip sensors in cars send an electric signal to 
an ignitor, which then generates heat to cause sodium azide to decompose as shown in the 
equation below. 
 

2NaN3(s)  →  2Na(l)  +  3N2(g) 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
The nitrogen gas is produced very rapidly and the air bag inflates almost immediately. 
 

 (a)  If an automobile airbag has a volume of 11.7 dm3, what is the minimum mass of sodium 
azide required to fully inflate the airbag? 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[3] 

 
 

 
 

nitrogen gas 

inflator crash 
sensor 

inflated air bag 
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 (b)  The airbag also contains potassium nitrate and silicon dioxide.  
 
 The sodium formed from the decomposition of sodium azide reacts with potassium 

nitrate as shown in the equation below.  
 

10Na(l)  +  2KNO3(s)  →  K2O(s)  +  5Na2O(s)  +  N2(g) 
 
(i) Suggest one reason why the manufacturer of the air bag will want the above 

chemical reaction to take place.  
 
……………………………………………………………………………………………… 
 
…………………………………………………………………………………………...[1] 
 

(ii) The oxides formed will then further react with silicon dioxide to produce a silicate 
glass which is harmless and stable.  
 
The silicate glass contains potassium silicate, K2SiO3 and sodium silicate, Na2SiO3. 
 
Write a chemical equation for the formation of potassium silicate and sodium 
silicate. 
 
 
 
 
 

[1] 
 

 (c)  Sodium azide can also be used to make lead(II) azide, Pb(N3)2, a chemical compound 
that is used as a detonator for explosives.  

 
 This involves reacting sodium azide solution with lead(II) nitrate solution to produce a 

white powder of lead(II) azide and sodium nitrate solution.  
 
(i) What is the name of the above chemical reaction? 
 

…………………………………………………………………………………………...[1] 
 
(ii) Construct an ionic equation with state symbols for the formation of lead(II) azide.  
 
 
 

 [2] 
 

(iii) Describe the method used to prepare a pure and dry sample of lead(II) nitrate 
using lead(II) carbonate as a starting material.  

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

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

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

[Total: 10] 
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OR 
 
B11 Methylamine, CH3NH2, is a weak base. Its properties are similar to those of ammonia.  
  

(a) The equation below shows what happens when methylamine is dissolved in water. 
 

CH3NH2    +    H2O   CH3NH3
+    +    OHˉ 

       base            acid 
 
 Using the equation, explain why water behaves as an acid and methylamine as a base.  

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

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

(b) An aqueous solution of sodium hydroxide has pH 13.  
 
Predict the pH of an aqueous solution of methylamine which has the same concentration.  
 
Give a reason for your choice of pH. 
 
……..……………………………………………………………………………………………… 

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

(c) Methylamine can neutralise acids.  
 

CH3NH2    +    HCl    →    CH3NH3Cl 
            methylammonium chloride 

 
(i) Write the equation for the reaction between methylamine and sulfuric acid.  

 
 

 
 
             [1] 
  

(ii) Methylammonium chloride can react with potassium hydroxide. 
 

State the products of this reaction.  
 
…………………………………………………………………………………………[1] 

 
(d) Aqueous methylamine is added to aqueous iron(II) nitrate.  

 
 (i)   Predict what would be observed when aqueous methylamine is added to aqueous 

iron(II) nitrate. 
 
  …………………………………………………………………....…………………..……. 

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

 
 (ii)  Write an ionic equation with state symbols for the reaction in (d)(i). 

 
 
 
 

 
             [2] 
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  (iii) Describe what would be observed if acidified potassium manganate(VII) was 
added to the solution in (d)(i) before the aqueous methylamine was added. 

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

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

 
  (iv) State the role of acidified potassium manganate (VII) in the reaction in (d)(iii). 

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

 
[Total: 10] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
End of Paper 
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the Victoria School Exams and Assessments Committee. 
  



25 
 

©Victoria School 24/S4PRELIM/6092/2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


	READ THESE INSTRUCTIONS FIRST

