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Section A 
Answer ALL questions in the spaces provided. 

The total mark for this section is 40. 
 

A1  An ester is a substance formed between the reaction of two organic compounds, an 

alcohol and an organic acid. 

 

An example of an ester is propyl ethanoate formed by the reaction of propanol 

(alcohol, C3H7OH, boiling point 97 °C) and ethanoic acid (organic acid, CH3COOH, 

boiling point 120 °C) with a small amount of concentrated sulfuric acid as a catalyst. 

 
 

 (a) The glassware, as shown in Figure 1.1 and Figure 1.2 below, can be used for the 

formation of an ester, both using the same quantities of chemicals from the start. 

 

 
 

                       Figure 1.1                                  Figure 1.2 
 
 
 

  (i) Suggest a reason for using a water bath instead of direct heating. 

 

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

 

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

 

 

 

 

HEAT 

water bath 

test tube 

Liebig 

condenser 

Mixture of 

propanol, 

ethanoic acid 

and 

concentrated 

acid 

water bath 

HEAT 
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  (ii) After heating the reaction mixture for a while, a student discovered that the 

percentage yield of ester from the set up in Figure 1.2 is less than that from 

the set up in Figure 1.1.  Explain why. 

    

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

 

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

 

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

 

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

 

   
 (b) Esters can be used as solvents in chromatography. The following shows a 

chromatogram of plant acids which is drawn to scale. 

 

 
 

An ester was used as the solvent and the chromatogram was sprayed with a 

locating agent, bromothymol blue.  

 

 

 

 

sample 1 sample 2 
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  (i) Suggest why it was necessary to spray the chromatogram with 

bromothymol blue. 

 

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

 

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

 

 

  (ii) Using evidence from the chromatogram, state which sample is more 

soluble in the ester. 

 

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

 

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

 

  (iii) Explain what is meant by the Rf value of a sample.  

 

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

 

…………………………………….............................................................. [1] 
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  (iv) Calculate the Rf values of the two samples and use the data in the table to 
identify the plant acids. 
 

 
 
sample 1 Rf = .................................................................  

 

It is .............................. acid.  

 

 

sample 2 Rf = ............................................  

 

It is .............................. acid.  

 
[2] 

 
                                                                                                     [Total : 8] 
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A2 Pure stearic acid melts at 69.3⁰C and boils at 361⁰C. A solid sample of stearic acid was 

heated to 80⁰C and allowed to cool to 30⁰C. 

The graph of temperature versus time for the cooling process is shown below. 

 

 

 

 

 

 

 

 

 

 

 

 (a) Describe the changes in movement and arrangement of the stearic acid particles 

as temperature decreases from 80⁰C to 68⁰C. 

   

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

 

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

 

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

 

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

 

   

 (b) Draw, on the same axes in the graph above, the expected graph of temperature 

versus time if the sample of stearic acid was impure.                                             [1] 

   

 

  

Temperature / ⁰C 

Time / s 

80 

69.3 

  30 
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 (c) A pure sample of stearic acid was heated from 350⁰C to 370⁰C.  

State and explain, in terms of kinetic particle theory, the change in state that 

occurred. 

   

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

 

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

 

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

 

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

 

   [Total: 5]  

 
A3 The table shows some information about atoms of the elements P, Q, R and S. (The 

letters do not represent the atomic symbols of the elements.) 

   

Element Number of 

protons 

Number of 

neutrons 

Nucleon 

number 

Electronic 

configuration 

P 16 16 32 2,8,6 

Q 12 12 24 2,8,2 

R 18 22   

S 17 18 35 2,8,7 
 

   

 (a) Complete the table above by filling in the nucleon number and electronic 

configuration for element R.                                   [1] 

 

 (b) Explain why element R tends to be monatomic. 

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

……..…...................................................................................................................[1] 
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 (c) Describe the change in electronic configuration of an atom of element Q when it 

combines with an atom of element P. 

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

 

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

 

 (d) Elements P and S combine to form a compound. Draw a ‘dot-and-cross’ diagram to 

show the bonding in this compound. 

Your diagram should show only valence electrons. 

   

 

 

 

 

 

 

 

 

 

 

 

[2] 

 (e) Another isotope of element S has a nucleon number of 37. Isotopes of elements 

have different physical properties but similar chemical properties. 

   

  (i) Define the term ‘isotope’. 

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

 

……………….…………………………............................................................[1] 
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  (ii) Explain why the isotopes of elements possess similar chemical properties.  

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

 

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

 

  [Total: 7] 

 
A4 Methane, CH4, is a commonly used gas for household cooking. It is colourless, odourless 

and burns with a bright blue flame.  

 

20 cm3 of methane and 60 cm3 of oxygen are reacted to form carbon dioxide and water 

as the only products. 

 

 (a) Write a balanced chemical equation with state symbols for the reaction of methane 

and oxygen.  

 

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

 

 (b) Determine which is the limiting reagent for the reaction in (a) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[3] 
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 (c) Calculate the total volume of gas remaining at the end of the reaction at room 

temperature and pressure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[2] 

 

 (d) In reality, the percentage yield of carbon dioxide produced is only 70%. Calculate 

the volume of CO2 produced. 

 

   

 

 

 

 

 

 

[1] 

 

  [Total : 8 ] 
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A5  A student prepares barium sulfate by mixing two solutions of barium nitrate and 

potassium sulfate. Barium sulfate salt, which was collected as residue, was washed with 

distilled water. The salt was dried using sheets of filter paper. 

 

 (a) Write a balanced chemical equation for the reaction between barium nitrate and 

potassium sulfate. Hence, construct the ionic equation for the reaction. 

 

  chemical equation 

 

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

 

ionic equation 

 

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

 

 (b) Suggest another substance that can react with barium nitrate to form a good yield 

of barium sulfate. 

 

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

 

                                                                                          [Total : 3] 
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A6  Some reactions of dilute hydrochloric acid are shown in Fig. 6.1 below. 

 

 

 

  

 

 

 

 

 

 

 

 (a) Identify the following substances.       

 

P:   ………………………………………  Q:   ………………………………………. 

 

R:   ………………………………………  S:   ………………………………………. 

 

T:   ……………………………………….                                                                  [5]                                                                                 

                                                                                                               

 (b) Describe, using the starting materials shown in the flow chart, how you will prepare 

pure, dry crystals of substance T.            

 

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

 

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

 

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

 

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

 

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

 

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

 

                                                                                          [Total : 9] 

powdered 

zinc metal 

solid 

iron(II) 

oxide 

sodium carbonate 

solution 

gas 

Q 

light green 

solution T 
dilute hydrochloric acid  

metal P 

gas 

R 

soluble salt 

S 

Fig. 6.1 

no visible reaction 
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Section B 
Answer all questions from this section in the spaces provided. 

The total mark for this section is 30.  
 

B7 (a) Diamond and silicon carbide have giant molecular structures. Part of the structure 

of silicon carbide is shown below: 

 

 

 

  (i) State one similarity and one difference in structure between silicon carbide 

and diamond. 

    

…………………………………………………………………………….……….. 

 

…………………………………………………………………….……………….. 

 

………………………………………………………………….………………….. 

 

……………………………………………………………………….………….[2] 
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  (ii) Silicon carbide is hard and is a poor conductor of electricity. Explain why in 

terms of bonding. 

    

……………………………………………………………………………….…….. 

 

……………………………………………………………………………….…….. 

 

…………………………………………………………………………….……….. 

 

………………………………………………………………………….………….. 

 

………………………………………………………………………….………….. 

 

………………………………………………………………………….………….. 

 

………………………………………………………………………….………….. 

 

…………………………………………………………………….…………….[4] 

    

  (iii) Suggest one possible use of silicon carbide. 

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

    

 (b) Silicon tetrachloride, SiCl4, is another compound of silicon. It is a colourless, 

volatile liquid and has a melting and boiling point of -68.7⁰C and 57.6⁰C 

respectively. 

  (i) State the structure of silicon tetrachloride. 

   ……………………………………………………………………………….….[1] 
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  (ii) Explain, in terms of the bonding present, why the melting point of silicon 

tetrachloride is low. 

   

 

……………………………………………………………………………….…….. 

 

………………………………………………………………………….………….. 

 

………………………………………………………………………….………….. 

 

……………………………………………………………………….…………….. 

 

…………………………………………………………………….…………….[2] 

 

  [Total: 10]                                                                                                    

 
B8 (a) Hydrochloric acid is a strong acid with pH 1 while ethanoic acid is a weak acid 

with pH 5. 

 

  (i) What is meant by the term ‘weak acid’? 

 

…………………………………………………………….………….…………… 

 

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

 

 

 

 

 

 

 

 

 (ii) 

 

Starting with acids of the same concentration, describe a chemical test that 

you can conduct to show that sulfuric acid is a strong acid but ethanoic acid 

is a weak acid.  

 

Include in your answer, the chemicals you have used, the expected 

observations and conclusion.  

 

…….……………………………………………………………….……………… 

 

……………….…………………………………………………….……………… 

 

…………….……………………………………………………….……………… 

 

………….……………………………………………………………………….... 

 

………….……………………………………………………………………….... 

 

…………..…………………………………………………..…………….……[3] 
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 (b) A pH probe attached to a computer measures pH changes during reaction of 

sodium hydroxide solution with dilute phosphoric acid. 

 

A graph of pH against volume of sodium hydroxide used is shown below. 

 

 
 

There appears to be three hydrogen atoms in dilute phosphoric acid that may 

ionise. In practice, only first two hydrogen atoms form ions. At the end of titration, 

HPO4
2- ions are left.  

 

In ‘step’ 1, the salt formed is sodium dihydrogen phosphate, NaH2PO4. 

 

A few drops of Universal Indicator have been added to the sodium hydroxide 

solution. 

 

  (i) Write a balanced chemical equation with state symbols for the reaction 

between sodium hydroxide solution and dilute phosphoric acid solution if 

sodium phosphate is formed as a salt. 

 

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

 

  (ii) Name the salt formed in ‘step’ 2. 

 

…………………….……………………………………………………………[1] 

 



18 
 

  (iii) Complete the following table to show the 

 colour of the Universal Indicator 

 ions present in the solution  

when various volumes of sodium hydroxide solution have been added. 

 

volume of 

NaOH/cm3 

colour of 

Universal 

Indicator 

ions present 

 

0 

 

  

 

20 

 

  

 

40 

 

  

                                                                                                                 [3] 

 

    [Total : 10] 

 

 
  



19 
 

 
B9  The atomic and ionic radius of an element can be defined as the average distances 

between the valence electron shell to the nucleus. The tables below show some 

information about the atomic radii and ionic radii of some elements in Group I and VII. 

 

element no. of electron 

shells in the 

atoms 

atomic 

radius / pm 

no. of electron 

shells when it 

forms ion 

ionic radius 

/ pm 

lithium 2 152  68 

sodium 3 185  98 

potassium 4 227  133 

 

element no. of electron 

shells in the 

atoms 

atomic 

radius / pm 

no. of electron 

shells when it 

forms ion 

ionic radius 

/ pm 

fluorine 2 71  133 

chlorine 3 99  181 

bromine 4 115  196 

        (Note: 1 pm = 10-12 m) 

 

 (a) Complete the table to show the number of electron shells in the ions of Group I and 

VII.                                                                                                                         [2] 

 (b) (i) Describe the change in the radius when a lithium atom becomes a lithium 

ion. Suggest a reason why the radius of a lithium atom differs from its ion. 

………………………………………………………………..…………………….. 

 

…………………………………………………………………..………………….. 

 

………………………………………………………………..…………………….. 

 

………………………………………………………………..…………………….. 

 

………………………………………………………………..…………………….. 

 

………….…………………………………………………….………..…………[2] 
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  (ii) How is the atomic radius of Group I and VII elements in period 2 different? 

Suggest a reason for the difference in atomic radius. 

…………………………………………………………………………………..….. 

 

……………………………………………………………………………..……….. 

 

……………………………………………………………………………..……….. 

 

…………………………………………………………………………………..….. 

 

………………………………………………………………………………..…….. 

 

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

 

 (c) (i) Describe the trend in the chemical reactivity of elements down Group VII. 

…………………………………………………………………………..………….. 

 

………….……………………………………………………….……..…………[1] 
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  (ii) Chlorine gas is passed through potassium bromide and potassium iodide 

placed in a horizontal tube as shown in Fig 9.1. 

 

 

 

 

 

 

Describe the appearance at each of the positions labelled P, Q, and R. 

 

positions appearance 

P 

 

 

 

 

 

 

Q 

 

 

 

 

 

 

R 

 

 

 

 

 

 

 

                                                                                                                     [3] 

        [Total:10] 

 
END OF PAPER 

chlorine 

potassium 

bromide potassium 

iodide 

gentle heat 

P Q R 

Fig 9.1 


