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S5 END OF YEAR EXAM, 2020/2021
SUBJECT: CHEMISTRY THEORY

DURATION: 3 HOURS

Instructions:

1. There are 2 sections in this paper:

          Section A (70 marks): Attempt all questions in this section

           Section B (30 marks): Attempt 3 questions in this section.

2. Do not use periodic tables

3. Non-programmable calculators may be used

4. Answers should be written on blank papers provided 

5. Use a blue or black pen only

SECTION A: Attempt all questions in this section (70 marks)
1.a) Define the term organic chemistry.          (2 marks)
   b) Give four differences between organic and inorganic compounds.     (2 marks)
   c) Explain the reasons why carbon forms a large number of compounds.
                                                                                                               (2 marks)
2.a) Define the term “isomerism”.                                                          (2 marks)
  b) Consider the organic compound but-2-ene. Draw and give the names of  

       stereoisomers shown by that molecule.                                           (2 marks)
3) Determine the molecular formula of a compound with the following composition  

     by  mass: 60.0% C, 12.0% H, and 28.0% N if this compound has a molar mass  

     of 300g.                                    
    (Atomic mass: C=12, H=1, N=14)

                                                                                                               (3 marks)

4) An unsaturated alkyne hydrocarbon A of molar mass 82 gmol-1 reacts with  

    bromine. If 0.250g of A reacts with 1.00g of bromine.

    a) Determine the molecular formula of the hydrocarbon A.  (2 marks)
    b) Determine the atomic mass of bromine.                                           (2 marks)

     c) Suggest the name of such a hydrocarbon when the triple bond is altered and  

        has two methyl branches on carbon- 2 and carbon -5.                       (1 mark)
5 a) Explain why branched chain alkanes have less boiling point as compared to  

       straight chain isomers.                                                                      (2 marks)
  b) Explain why some traces of chloroethane may be formed when methane is  

      chlorinated in addition to the normal chloromethane product.  (2 marks)
  c) State one physical properties of an alkane with the molecular formulae C7H16 .

                                                                                                                  (1 mark)
6 a) Give two reasons why the addition of lead to petrol has been discontinued. 
      

                                                                                                              (2 marks)
  b) The combustion of cyclohexane may be described by the following balanced  

         equation: 


 
     C6H12(l) + 9O2(g) → 6CO2(g) +6H2O(l) 

         
Given that the heats of formation of cyclohexane, carbon dioxide and water  

         are – 156, –394 and –286 kJ mol–1, respectively.  

         Calculate the heat of combustion of cyclohexane.                           (3 marks)
7) A 75 cm3 mixture containing X cm3 of ethane and Y cm3 of hydrogen was burned  

    in  an excess of oxygen. The volume of carbon dioxide produced was 60 cm3 (all  

    volumes measured at stp )
  a) Write the appropriate reaction equations.                                         (2 marks)
  b) Deduce the volume of ethane in the mixture.                                     (1 mark)
  c) Deduce the percentage composition of ethane by volume in the mixture.                 

                                                                                                              (2 marks)
8)  Most of air pollutants in our environment include the so­called CFC.

     a)  Write CFC abbreviation in full words.                                               (1 mark)                                             

     b)  Suggest one use of CFCs.                                                                 (1 mark)                                                    

     c)  Describe the environmental effects caused by CFC and suggest the way these  

           effects can be avoided.                                                                   (2 marks)
     d) (i)Write the chemical formula for ozone molecule.                              (1 mark)
         (ii) State one beneficial presence of the ozone layer.                          (1 mark)
 9. a) Ethene, C2H4, reacts with bromine to give 1,2-dibromoethane.
         (i) State the name of the mechanism involved in this reaction.          (1 mark)                                              

          (ii) Write the mechanism for this reaction to get 1,2-dibromoethane.   
                                                                                                                (3 marks)                                                    

      b) State the name of the reaction of ethane with bromine in the presence of 
          sunlight to form bromoethane.                                                         (1 mark)
10) Answer the questions (a) to (b) with reference to the compounds A, B and C. 

       C3H6                  C3H7OH                        CH3COCH3 

         A                          B                                       C             

a)  (i) Identify the compound that you would expect to be the least soluble in  

   water.                                                                                     (1 mark)
           (ii) Give a reason for your answer in 11a) (i) above.                        (1 mark) 

       b) (i) Give the IUPAC names of compounds A and C.                         (1 mark)
           (ii) Name one compound of the isomer of compound C.                 (1 mark)
11) a) State the IUPAC name of the aldehyde with the molecular formula of C3H6O.   

                                                                                                           (1 mark)
b) Draw the structural formula and state the name of another carbonyl compound  that has the same molecular formula as C3H6O.          (2 marks)
       c) Write the chemical equation of the possible C3H6O carbonyl compound with  

            acidified K2Cr2O7.                                                                         (2 marks)
12)  Compound A has the molecular formula C5H10O
       a) Write down the structural formula of the possible isomer of A that reacts  

           with iodine in aqueous NaOH to give a yellow precipitate but which does  

           not react with Tollen’s reagent.                                                      (1 mark)
        b) Write the chemical equation between compound A and iodine in aqueous  

            NaOH.                                                                                    (2 marks)
13) Give the chemical test to distinguish between the following pair of  

       compounds and state the observable change for a positive test:

       a) Methylamine and dimethylamine.                                             (2 marks)  

       b) Propanal and propanone.                                                       (3 marks)     
14) The following figure shows the pressure-temperature phase diagram for 

            substance, X.
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a) Copy the diagram on your answer sheet and label the area representing the solid (S), liquid (L) and gas (G) phase respectively.               (2 marks)
 b) State the name of point A and explain its significance.               (2 marks)
 c) State 2 examples gadgets (instruments) which are used by man in daily life  that function by applying the principle of phase change.           (2 marks)  

15.a) Define the “second law of thermodynamics”.                                (1 mark)  
     b) Describe the term “spontaneous reaction” and give an example of such a  

          reaction.                                                                                        (2 marks)  
SECTION B: Attempt three questions in this section (30 marks)
16) An experiment was carried out to determine the percentage composition of   

      water  of crystallization ,x in a sample of hydrated sodium carbonate  

       crystals   (Na2CO3.xH2O).  
      A sample of 8.20 g of the Na2CO3.xH2O crystals was dissolved in 300 cm3 of  

      water and the resultant solution was made up to 500 cm3by addition of     

         more water in a volumetric flask. A pipette was used to transfer 25.0 cm3          

         portion of this solution into a conical flask. A solution of 0.11 M  

         hydrochloric acid (HCl) solution was used to titrate against the  

         Na2CO3.xH2O solution. 
         Three titrations were carried out. The average volume of HCl (hydrochloric  

         acid) solution required in the titration was 26.05 cm3.

         Na2CO3  + 2HCl  → 2NaCl  + CO2 +H2O

a) Name a suitable indicator for the titration and state the colour change  

observed in the conical flask at the end point.                           (1 mark)
        b) Calculate the number of moles of HCl used in 26.05 cm3.       (2 marks)
        c) Calculate the number of moles of Na2CO3 in 25 cm3 of solution.  
                                                                                                          (2 marks)
        d) Calculate the number of moles of Na2CO3 in 500 cm3 of solution in the  

             volumetric flask.                                                                     (1 mark)
        e) Calculate the molarity of  Na2CO3 solution.                             (2 marks)
        f) Determine the number of moles of crystallization X in Na2CO3.xH2O 
                                                                                                          (2 marks)
            (Atomic mass: Na=23, C=12, O=16, H=1)
17) Chromium is used to electroplate steel objects. The diagram below shows  

      how this can be done. 
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          a) Give two reasons why steel objects are plated (covered) with chromium.                  

                                                                                                        (2 marks)
b) The symbol of the chromium (III) ion is Cr3+ and of the sulfate ion is  

SO42–.. 

              ( i) Write the ionic half-equation for the reaction at the negative electrode          

                    (cathode).                                                                            (2 marks)
               (ii) A colorless gas which relights a glowing splint is formed at the  

                    ositive electrode (anode). State the name of this gas.            (1 mark)
              (iii) During electroplating, it is necessary to add more chromium(III)     

                    sulfate  but during copper plating using a copper anode, it is not   

                    necessary to add more copper(II) sulfate. Explain this difference.   
                                                                                                               (2 marks)

          c) State 3 examples of applications of electrolysis on a large scale.  (3 marks)
    18.Enthalpy change of neutralization can be determined easily by  

         experimentation.

         a) Define the term “enthalpy change of neutralization”.                    (2 marks)
         b) The simplest experiment uses a plastic coffee cup to keep the reactants  

             and  in  which the reactions are carried out. 75.0 cm3 of a 4.00 mole dm-3  

             dilute  hydrochloric acid HCl solution was added to 75.0 cm3 of a 4.0 mole  

             dm-3   sodium hydroxide NaOH.

             The temperature increased from 21.0 0C to 48.5 0C. 
             The specific heat capacity, C of the solution is 4.18 Jg-1K-1 and its density  

             is  1.0  gcm-3.
(i) Explain the importance of choosing the plastic coffee cup container in  

this        experiment.                                                            (1 mark)
          (ii) Determine the mass of the solution mixture.                             (1 mark)
(iii) Calculate the quantity of heat liberated (heat change) in this

        experiment.                                                                          (2 marks) 

(iv) Calculate the number of moles of H2O which were formed during this  

        experiment.                                                                          (2 marks)
(v) Calculate the standard enthalpy change of neutralization to form 1  

        mole of  water H2O, in KJmol-1.                                             (2 marks)
19.a) ( i) Write the structural formula of methyl propanoate.                    (1 mark)
          (ii) Write the chemical equation for the reaction between methyl  

               propanoate and sodium hydroxide.                                         (2 marks)
     b) Write appropriate equations for the synthesis of amino ethane, CH3CH2NH2  

          from methyl propanoate indicating the reactants and conditions required.            

                                                                                                             (4 marks)
    c) Give a chemical test that can be used to distinguish between amino ethane,  

        CH3CH2NH2 and ethanol , CH3CH2OH and state the observable changes for  

        a positive test.                                                                               (2 marks)
    d) Write the zwitterion form of cysteine amino acid.   .                         (1 mark) 
20.a)  Compound A is a hydrocarbon with a relative atomic mass of 56. Compound  

          A   contains 85.63% carbon by mass.

          (i) Describe the term “hydrocarbon”.                                               (2 marks)
          (ii) Determine the molecular formula of compound A.                      (2 marks)
     b) Compound A reacts with hydrogen bromide to form a single monosubstituted   

         compound B. Identify A and B by using an appropriate chemical equation. 
                                                                                                                (3 marks)
    c) Compound B reacts with hot aqueous sodium hydroxide to produce an  

        alcohol C.            

        Write a balanced chemical equation for the reaction between B and hot NaOH  

         to give C.                                                                                         (2 marks)
    d ) C reacts with ethanoic acid in the presence of an acid as catalyst to form the  

         sweet-smelling compound D.

       Write the appropriate balanced chemical equation to obtain D.    (1 mark)
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