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MARKING SCHEME 
 

Paper 1 
 
1. The element chlorine exists as the isotopes 35Cl and 37Cl.  
 
  (a) Define the term isotopes. 
 

Different atoms of the same element having the same number of protons 

but different number of neutrons in their nuclei.                 (1 mark) 

 
  (b) Complete the following table to show the numbers of sub-atomic particles in the    
      species shown. 

an atom of 35Cl an ion of 37Cl– 

protons 17 17 

neutrons 18 20 

electrons 17 18 

(0.5 X 6 = 3marks) 
 
  (c) (i) Write down the electronic configuration of chlorine. 
 
                               1s2 2s2 2p63s23p5                    (1 mark) 

 

       (ii)  Sketch the first 8 ionisation energies of chlorine on the following graph. 
   

 

 

(2 marks) 
              

                      (Do not penalize if the ionization energy values are not shown 

as discrete points on the graph; do not penalize if the ionization  

Log (Ionization energy) 

Electron 
number 
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energies of the two 3s electrons are shown on a similar level as that of 

the 3p: however, all the values should be drawn on an inclined upward 

trend).  
               
   (d)  The two isotopes 35Cl and 37Cl have a relative abundance of 3:1. Calculate the  
        relative atomic mass of chlorine. 
 

         Relative atomic mass =  [35 X 3 + 37 X 1]/4  =  35.5 

                                                                                                 (2 marks) 

  (e) The mass spectrum of molecular chlorine shows five major peaks. Explain this  
      observation and account for every peak in the spectrum. 
 

      Peaks correspond to positive ion radicals having the structure and m/z   

       ratios as follows:  35Cl+ (35); 37Cl+ (37); 35Cl-35Cl+ (70); 35Cl-37Cl+ (72); 

          37Cl-37Cl+ (74)     1 mark for the correct structures; 1 for correct  

                       masses 

 
  (f) A third isotope of chlorine, 36Cl, is formed by nuclear processes in the upper  
    atmosphere and is found in trace amounts. This isotope decays by beta emission  
    and has a half-life of 3 × 107 years. 
 
       (i) Explain the term half-life. 
     
     The time it takes for half the amount of nuclei to decay to product.  

(1 mark)  
      (ii) Write down the nuclear equation for this radioactive decay. 

                       

Cl
36

17
e0

-1
+ Ar

36

18

 

                   0.5 mark for eqn; 0.5 for identity of the Ar isotope 

 (Total: 13 marks) 
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2.   Consider the following reversible reactions: 
 
  (i) H2 (g)    +      I2(s)      2HI(g) ∆Hө   =  +53 kJ mol–1 
 (ii) H2 (g)    +      I2(g)     2HI(g) ∆Hө    =  –9.6 kJ mol–1 
 
   (a)  State the value of the standard enthalpy of formation of hydrogen iodide. 
           53/2  =  +26.5 kJ mol-1            (1 mark)  award zero for any other value 

 
    (b) Calculate the value of the enthalpy change for the process:  I2(s)  I2(g) 

                     

a

b c

H2(g)       +         I2(g)  

     Where, by Hess’s Law,   b + c = a   

      b = a – c;  =  53 – (-9.6) = 62.6 kJ mol-1             (2 marks) 

    Accept other correct approaches to the answer. 
 
   (c) Explain why the equilibrium in the two reactions shifts in a different direction  
         when the temperature is increased at constant pressure. 
 

      In reaction (i), which is endothermic, heating shifts the equilibrium to 

form more product; in (ii), an exothermic reaction, heating shifts equilibrium 

to form more reactants.                (2 marks) 

  
   (d) Explain why only one reaction exhibits a shift in equilibrium when there is an  
        increase in pressure at constant temperature. 
 

Only reaction (i) shifts to form less product/more reactants on increasing 

the pressure since shift reduces the number of gas molecules at equilibrium 

and hence the pressure. Reaction (ii) is unaffected by pressure since no 

change to the number of gas molecules occurs on reaction.      (2 marks) 
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 (e) Hydrogen and gaseous iodine are introduced into a vessel both gases having an  
        initial partial pressure of 2.96 atm and the vessel is heated to 721 K.  At equilibrium,  
        the partial pressure of iodine is 0.65 atm. Calculate the value of Kp for the reaction at  
        721 K. 
 

   At equilibrium, p(H2) = p(I2) = 0.65 atm 

    Hence             P(HI) =  2(2.96 - 0.65) =  4.62 atm    (1) 

       Kp  =  PHI
2/ PH2PI2  =  (4.62)

2/(0.65)2 = 50.52  (1, 1)          (3 marks) 

3. Consider the following organic compounds: 
 

          CH3OCH2CH3          CH3CH2CH2OH            
CH3CH(OH)CH3  

  
    (a) (i) List the compounds in order of increasing boiling point (lowest first). 
  

       CH3OCH2CH3     <    
CH3CH(OH)CH3    <     CH3CH2CH2OH  

(1 mark) 
      (ii) Explain the order with reference to intermolecular forces. 
      

      In the ether, only dipole-dipole forces operate (1) while in the alcohols 

stronger H bonds are involved.  (1) The branched structure of the 

secondary alcohol weakens the intermolecular forces by increasing the 

distance of closest approach of the molecules. (1)                

  
    (b)  A sample of one of the compounds weighing 0.50 g is introduced into a gas  
        syringe that is clamped horizontally and heated to 400 K.  
 
       (i) If the atmospheric pressure is 105 N m–2, what volume of vapour (in cm3) will be  
          present in the gas syringe?  
 

           PV = nRT (1)  where n = 0.5/60 = 0.00833 (0.5) 

             V = nRT/P   =   0.00833 X 8.31 X 400/105  =  0.000277 m3 (0.5) 

                                                                                = 277 cm3        (1) 

   (ii)  If the gas syringe is further heated to 500 K, what is the new volume of the vapour? 

                        V2  =  V1T2/T1  =  277 X 500/400  =  346 cm
3   (1 mark) accept 

re-application of ideal gas equation to derive this answer 



 5 

 
 
 
4.  (a) Using outer shell electrons only, draw dot-cross diagrams of the following  
          molecular oxides and state the shape of the molecules with respect to atoms. 
                                  
 

        CO2                 
O C O

               linear   (electrons shown as dots and  

                                                   crosses and not just dots   

                                                   as here) 
 
        NO2                    

                                    
NO O

            V-shaped               
 
        SO2                 

                                  
O OS

             V- shaped 
 
     (b) Explain why CO2 is a gas at room temperature whilst SiO2 is a solid with a  
         melting point over 1600 °C. 
 

   The intermolecular forces between discrete carbon dioxide molecules are 

weak and hence molecules separate easily under the influence of thermal 

energy. SiO2 is a macromolecular covalent substance and to separate the 

atoms requires the breaking of strong Si-O covalent bonds.   (2 marks) 

 
     (c) Explain why a sample of nitrogen dioxide becomes a darker brown colour on  
         heating. 
 

   NO2 molecules dimerize exothermically to lighter coloured N2O4. (1) On 

heating, equilibrium shifts ‘back’ to produce more brown-coloured NO2. (1) 
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 (d)  Consider the following hydrides:  CH4, NH3 and H2S. 
 
     (i) State and explain briefly the acid–base properties (if any) of the substances. 
 
   CH4 is neutral since it does not accept or donate protons. (0.5) NH3 is a 
base since it accepts protons to form NH4

+. (0.5) H2S is an acid donating a 
proton to form HS- (0.5); the HS- ion is a very weak acid and donates the 
proton only to very strong bases (0.5) 
 
  (ii) Write chemical equations for the laboratory preparation of NH3 and CH4. 
 

  e.g. ammonium chloride + NaOH(aq); soda lime + CH3COONa or other 

suitable balanced chemical equations (1, 1) Note: accept reaction of Be2C 

with acid or alkali for methane: e.g. Be2C + 4NaOH → 2Na2BeO2 + CH4; 

with water reaction is very slow (award only 0.5) 

5.  This question is about the chemistry of transition elements.  
 
     (a)  Complete the following electronic configurations in terms of  s and d orbitals: 
 
      Mn atom           [Ar core]   3d5  4s2 

 
      Fe2+ ion             [Ar core]  3d6   

                                                (2 marks) 
 
    (b)  Determine the oxidation number of Cr in the species CrO2Cl2 and explain whether  
       the bonding in this substance is expected to be ionic, intermediate or covalent. 
 

        Cr (VI).  (0.5)  The Cr-O and the Cr-Cl bonds are polar covalent 
(intermediate) bonds with δ+ on Cr and δ- on the O or Cl atoms.  (1.5) 
recognition that Cr6+ ion doesn’t exist in compounds. 
 
    (c) Consider the complex ion [Fe(NO)(H2O)5]

2+.  

 
    (i) Give the name of the complex ion and state the coordination number of iron in the  
       complex ion. 
          Pentaaquanitrosyliron(II);  coord. Number = 6     (1, 1) 
 
ii) The cyanide ion, CN–, acts as a strong ligand towards iron ions. Draw a chemical  
      equation to represent a likely reaction between the complex ion and excess cyanide  
      ions. 



 7 

 
           [Fe(NO)(H2O)5]

2+   +   6 CN-   =  [Fe(CN)6]
4-    +   NO  +  5 H2O      (1 mark) 

   
Accept as correct equations which show partial replacement of the 

ligands. 

 
(iii) Name or give the formula of a ligand that is expected to be stronger than cyanide  
       ion and explain why you think this species is likely to be a stronger ligand. 
 
       Ethylenediamine (en) or edta4-, etc.  These ligands are polydentate and  
     such ligands are stronger than monodentate species. (1, 1)  
 
   (v) Describe how the complex ion can be prepared in the laboratory starting with  
      iron(II) sulfate and other readily available materials. Give relevant chemical  
      equations. 
 

     Add a nitrate or a nitrite to a solution of iron(II) sulfate followed by 
concentrated sulfuric acid: NO formed via reduction by Fe(II) combines 
with more Fe(II) to form the species: (1) 
         3 Fe2+  + NO3

-  + 4 H+   =   3 Fe3+  +  NO  +  2 H2O 
        Or  Fe2+  +  NO2

-  + 2 H+   =    Fe3+  +  NO  +   H2O          and 
              Fe(H2O)6

2+   +  NO    =    Fe(NO)(H2O)5
2+   +   H2O  (1, 1) 

 
6.   The reaction between persulfate and iodide ions occurs according to the equation 
          
          S2O8

2- (aq)   +      2 I- (aq)        2 SO4
2- (aq)     +         I2 (aq) 

 
       and is catalysed by addition of a small amount of Fe3+ ions.  
 
    (a) The following is the energy diagram for the reaction when carried out in the  
        absence of a catalyst.   
 
 
 
 
 
                                         S2O8

2- (aq) + 2 I- (aq) 

 
                                                                                                                                 2 SO4

2- (aq) + I2 (aq) 

 
 
 
      
(i) Label the diagram to show the activation energy, Ea, of the reaction.   (1 mark) 

Energy 

Reaction path 

Ea 
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   (ii)  On the same diagram, draw the reaction energy profile for the reaction when  
      carried out in the presence of Fe3+ ions.                                                      (1 mark)  
 
  (b) One method of measuring the rate of this slow reaction is by using a colorimeter  
     which follows the increase in concentration of iodine. On the following diagram,  
     sketch and label graphs to show how the colorimeter readings change with time for  

 (i) the uncatalysed reaction and (ii) the catalysed reaction. 
 
 
 
 
 
 
 
 
 

  (2 marks) 
Colorimeter may read absorbance (log scale 0-2.5) or transmittance (linear scale 100 – 

0%): graph as shown is for absorbance which increases as [I2] increase. Accept 

answers based on transmittances. In both cases, deduct 0.5 if readings are not shown 

as flattening out as reaction goes to completion. 

 
(c) Consider the following standard electrode potentials 
                                                            Eo (V) 
          Fe3+(aq), Fe2+(aq)/Pt              +0.77  
          I2(aq), 2I-(aq)/Pt                     +0.54  
          S2O8

2-(aq), 2SO4
2-(aq)/Pt       +2.01           

 
       Suggest a mechanism to explain how Fe3+ ions can catalyse the reaction between  
     persulfate and iodide ions and explain clearly how the standard electrode potentials  
     provided are in agreement with your mechanism. 

 
   Iron(III) reacts rapidly with iodide to form iron(II) and iodine followed by 
rapid reaction of iron(II) with persulfate. (1 mark)  Both these changes are 
favoured electrochemically since: 
  2 Fe3+   +  2 I-    =    2 Fe2+   +   I2           Ereaction =  0.77 + (-0.54) =  +0.23 V 
  2 Fe2+   +   S2O8

2-  = 2 Fe3+   +   2 SO4
2-  Ereaction  =  - 0.77 + (2.01) = +1.24 V  

                                                                                                        (2 marks) 

  Probably, the reactions are bimolecular and stepwise:  
   Fe3+  +  I-  =  Fe2+  +  I;   Then:   I  +  I  =  I2 
 Followed by: Fe2+   +   S2O8

2-   =  Fe3+   +   S2O8
3-;  

 And              Fe2+  +    S2O8
3-  =  2 SO4

2-  +  Fe3+   (1 mark) 

   Accept other reasonable alternative answers. 

            
     Colorimeter       
      reading  

Time 

catalysed 

uncatalysed 
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7.  Complete the following table by writing suitable structural formulae or properties of  
    organic compounds in the spaces provided. 
 

Organic substance 
 

Structural formula or property of organic substance/s 

 

           

C

F

F

C

F

F
n

 
 

The name of the monomer from which this polymer is 
produced: 
 
   Tetrafluoroethene                 (1 mark) 
 
Accept as correct if numerals 1,1,2,2- are included 

 

        

C
CH3

H
C

H3C

H  
 
 

The organic product/s of ozonolysis of this substance: 
 
                        CH3CHO      (2 marks) 

     
 

       HC O

O

CH2CH2CH2CH3  

The organic substances from which this compound is 
made by a condensation reaction:  
 
 
    HCOOH   and CH3CH2CH2CH2OH 
 
                                             (1.5; 1.5 marks) 
 

              

                

O

 

The product of reaction of this organic substance and 
aqueous hydrogen cyanide: 
 

                   

HO CN

      (2 marks) 
 

          

           

CH2 CH

 

The product of reaction of this compound with HBr: 
 
  1-bromo-1-phenylethane                  (2 marks) 
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8. Butanal can be prepared by the oxidation of butan-1-ol using sodium dichromate in the  
   presence of  5M sulfuric acid at approximately 100oC.  A mixture of the alcohol and  
   sodium dichromate solution is added to the hot acid as fast as product distils from the  
   reaction flask to produce a two-layer mixture in a conical flask. 
 
    (a) Label the apparatus with letters A to D where: 
 
     A = thermometer;         B = mixture of butan-1-ol and aqueous sodium dichromate;   
     C = 5M sulfuric acid;   D = heating bath.       (0.5, 0.5, 0.5, 0.5)                 
  

                                              (1 mark) 
 
    (b)  Complete the diagram to show the conical flask intended to collect the two-layer  
       mixture.  Show clearly whether this flask connects tightly, or otherwise, with the rest  
       of the apparatus.                                                                                    
 
  If the flask is shown connected firmly to the adaptor, award no mark. 
 
    (c)  (i) Explain why the distillate consists of two layers. 

    Because it consists of the aldehyde and water which do not mix.  (1 mark) 

     (ii) Explain giving essential experimental detail how a pure sample of butanal could be  

      isolated from the distillate given that the boiling point of butanal is 75oC. 

   

Using a separatory funnel, the two layers are separated and the organic 

layer is dried by standing over anhydrous calcium chloride. The aldehyde is 

Hot plate 

               B 
 
 
                      A 
 
            C 
 
                     
 
                 D 
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decanted (or filtered) and distilled collecting only the fraction coming over 

at 75oC.  Accept suitable alternative answers, e.g. if the sodium bisulfite 

addition compound is prepared as precipitate which is then collected and 

treated with mineral acid, and the aldehyde is distilled off.  (3 marks) 

 

    (d) Explain why in this preparation the temperature in the reaction flask is required  

      to be above the boiling point of the aldehyde.  

 

This is to ensure that the aldehyde boils off as soon as it forms to  prevent 

further oxidation to the carboxylic acid.         (2 marks)  

 

    (e) What mass of sodium dichromate is required for the complete conversion of 25g 

        butan-1-ol into butanal? 

 

Half equations involved in the redox change: 

     Cr2O7
2-   +  14 H+   + 6e-       =   2 Cr3+    +  7 H2O 

     C4H9OH           =     C4H8O   +    2 H+   +   2e-             (1) 

Hence:    3 C4H9OH  +   Cr2O7
2-   +  8 H+  =  3 C4H8O +  2 Cr3+    +  7 H2O  (1) 

       25g butan-1-ol is equivalent to 25/74 = 0.338 mol   (1) 

       Number of mol of dichromate required = 1/3 (0.338) = 0.113  (1) 

       Mass sodium dichromate  =  0.113(262)  =  29.61g  (1) 
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9. Consider the following reaction scheme involving propanoic acid. 
 

PCI5      A       B 
CH3CH2COOH              P             CH3CH2CONH2            CH3CH2CN 
 

Br2,NaOH(aq) 
      
 
              Q 
 
 
 
 
    LiAIH4       CH3Br 
P + Q             R               S                T 

             
 
   (a)  Write the name and structural formula of organic substances P, Q, R and S given  
        that R is the product of reaction of P and Q. 
 
    P  =    propanoyl chloride            CH3CH2COCl        (1, 1) 
 
 
    Q =   ethylamine  (ethanamine)   CH3CH2NH2            (1, 1) 
 
    R  =  N-ethylpropanamide         CH3CH2CONHCH2CH3   (1,1) 
 
    S  =  ethylpropylamine      CH3CH2NHCH2CH2CH3             (1,1)  
 
    (b)  Identify reagents A and B and state the essential experimental conditions for  
         reaction with these reagents. 
 
  A  =   aqueous NH3; heat under reflux      (1; 0.5)   B  = P4O10; heat  (1; 0.5) 
 
   (c) Substance T, obtained on reaction of S with bromomethane, is an ionic compound.     
       Identify T and explain how this can be converted into a named tertiary amine. 
 

  T = (CH3)(CH3CH2)(CH3CH2CH2)NH+Br-  (1 mark) 

  The tertiary amine ethylmethylpropylamine (1 mark) can be obtained by 

heating the salt T with aqueous alkali. (1 mark) 
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Paper 2 
 

1. (a) Define the following terms: 
    
       (i) pH of a solution; 
     (ii) Dissociation constant, Ka of a weak acid; 
    (iii) Ionic product of water, Kw.                                                                                                 (6 marks) 
 
    (b) Calculate the pH and the hydroxide ion concentration of an aqueous solution of  10–3 mol dm–3  
         benzoic acid  (Ka = 6.17 × 10–5 mol dm–3).                                                                                (6 marks) 

 
    (c) (i)  Give an example of a buffer and explain how the buffer system acts to control the pH of a    
          solution. 
 
       (ii)  Calculate the volume of a solution of 10–3 mol dm–3 sodium benzoate that would need to be added 
to 100 cm3 of the solution in (b) in order to produce a mixture having pH 5.5. 
 
     (iii) Explain why it is not possible to make a buffer solution by adding sodium chloride crystals to a 
solution of hydrochloric acid.                                                                                                             (8 marks) 
 

 

(a)  (i)  pH = - log [H3O
+] / -log [H+]     (2 marks) 

 
     (ii)  Ka = an equilibrium constant for the dissociation of the weak acid,  

           HA + HOH    H3O
+  +  A- (or HA    H+   +    A-) (0.5) equal to  

          [H+][A- ]/[HA]  (1) where HA is the weak acid and A- its conjugate  
          base and the terms refer to concentrations obtaining at equilibrium.    
          (0.5) 
 
   (iii) Kw = the equilibrium constant for the self ionization of water, equal to  
       [H+][OH-]  (2 marks)  Accept correct definitions given in words 

 

 (b) The ionization of the acid is represented as: 

                         HA    H+   +    A-  (or HA + HOH    H3O
+ +  A-) 

        Initially      c              -           - 
        At equil.     c – x         x          x 
 
               Ka = x2/(c-x) = x2/c  since x << c given value of Ka  (1 mark) 

 
                    x  = √(Ka c)  =  √(6.17 X 10-5 X 10-3) = 2.48 X 10-4  (1 mark) 

                   pH  =  - log(2.48 X 10-4) =  3.61     (2 marks) 

                  [H+][OH-]   =  10-14  =  2.48 X 10-4 [OH-] 

                   [OH-]  =  4.03 X 10-11     (2 marks) 
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(c) (i) Buffer explained as a reservoir of a weak acid (HA) and a weak base  
        (A-) (often a conjugate pair) (1) which serves to keep the pH of a  
        solution almost unaltered when small amounts of hydroxonium or  
        hydroxide ion  are added by reacting with these species. (1) Chemical  
        equations should be given to represent these changes. (1) 
 

   (ii) Let the volume of 10-3M benzoate (A-) solution added to 100 cm3 of   
      benzoic acid be V. Since the pH of mixture is 5.5 we can write: 
  
  Ka = [H+][A-]/[HA]  = 10-5.5 (10-3)[V/(V+ 100)] /(10-3)[100/(100 + V)] 
 
Or  6.17 X 10-5   =   3.162 X 10-6  V/100  or V  = 1951 cm3      
 
(4 marks: 1 mark for correct substitution of terms in expression for Ka; 

1 mark for correct conversion of pH into [H+]; 1.5 marks for calculation 

and 0.5 mark for correct answer).   Accept alternative correct solutions 

and work with a similar mark attribution. 

 

 (iii) This is because the chloride ion is too weak a base to be effective as a 
buffer against addition of hydroxonium ion.  (The H3O

+ ion in the HCl-NaCl 
mixture will however buffer against the addition of base.)  (1 mark) accept 

other correct answers. 

 
2.  Nitric(V) acid is an important industrial chemical. 
 
(a) Explain in outline how this acid is normally manufactured starting from atmospheric nitrogen, paying  
       attention to the physical and chemical principles involved in the production. Include all relevant  
       chemical equations.                                                                                                                     (8 marks) 

 
(b) Nitric(V) acid can be used as a nitrating agent in organic chemistry. Explain the term in italics and   
       give an example of this use of the acid.                                                                                       (4 marks) 
 
(c)  (i) Explain how a small sample of anhydrous nitric acid can be prepared in the laboratory starting  
       from potassium nitrate.  
 
    (ii)  Would anhydrous nitric acid be expected to react with crystals of sodium hydrogencarbonate?  
      Explain your answer.                                                                                                                    (4 marks)   
 
(d) Describe how the following oxides can be prepared from nitric acid and other readily available  
       laboratory chemicals.  
 
          (i) N2O       (ii)   N2O5                                                                                                              (4 marks) 
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(a)  Nitrogen converted into ammonia by reaction with hydrogen under  
      pressure (200-350 atm) and moderately high temperature (350-400 C)  
      in view of the exothermic nature of the equilibrium   
      N2  +  3 H2    =   2 NH3 (exothermic); (1.5; 0.5 for eqn) use of catalyst  
     (Fe-alumina) to increase the rate of the reaction, which is otherwise slow  
      at the chosen temperature; (1) unreacted gases recycled. (0.5)   
      Hydrogen is obtained from oxidation of methane with steam or from coal  
      or oil. (0.5) 
 
      Ammonia is then oxidized partially to nitrogen monoxide using air and a  
     Pt-Rd catalyst at about 900 C under pressure:  (1) 
 
       4 NH3    +    5 O2         =       4 NO       +   6 H2O  (exothermic)  (1) 

 

     The products are cooled and further oxidation of  NO occurs to NO2  
     which dissolves in the condensed water to produce nitric acid: 
 
            2 NO    +  O2      =  2 NO2  (endothermic)   
            3 NO2   +  H2O   =  2 HNO3  +  NO  (exothermic)  (1.5) 
 
    The oxidation of NO is slow and air is blown into the nitrous gas which is  
     passed up through baffles against a flow of dilute nitric acid in a large   
     tower in which oxidation and absorption is completed.  (0.5 marks)  

 

  NB The Ostwald Process (above) has displaced the obsolete  

  Birkeland-Eyde Process involving arcing a mixture of atmospheric  

  nitrogen and atmospheric oxygen to form NO which on cooling with  

  oxygen forms NO2 which is absorbed in dilute nitric acid.  This process  

  is too energy expensive and has not been a ‘normal method’ of  

  industrial manufacture since the 1930’s. Do not award marks for the  

  formation of NO by this method but do give credit to the later steps  

  if correct. 

  
(b)  Nitration: substitution of a H atom in an organic molecule by an NO2  
    Group  (1); example of nitration, e.g. nitration of benzene, (1) to  
    include mention of the sulfuric acid catalyst in nitrating mixture (1) and a  
    balanced chemical equation.   (1) (mechanism not required) 
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(c)  (i) Heat the nitrate with concentrated sulfuric acid (1) : the volatile  
    acid is  displaced by the involatile proton donor (0.5): 
                    H2SO4   +   2 KNO3     =    2 HNO3   +   K2SO4   (0.5) 
 

    (ii)  No. (0.5) Anhydrous nitric acid is a covalent liquid (0.5) and the  
      hydroxyl proton is not available to the bicarbonate ion. (0.5) Water is  
      needed for formation of hydroxonium ion which would then react with  
     the base.  (0.5)  
 
(d)  (i)   Neutralize nitric acid with dilute ammonia: 
                HNO3(aq)   +   NH3(aq)   =  NH4NO3(aq)               (1) 
 
         Then heat gently the ammonium nitrate solution: 
              NH4NO3   =   N2O    +   2 H2O                              (1) 
 
   For the formation of nitrous oxide by Zn reduction of nitric acid, 

award only 0.5 marks if the description does not include method for 

removal of other nitrogen oxides which contaminate the product.  

 

        (ii)  Heat the concentrated acid with P4O10 
             4 HNO3  +  P4O10   =   2 N2O5    +  4 HPO3    (2) 

    

           Knowledge of the structure of solid oxide (nitronium nitrate)  

         is not required. 

 
3.   Consider the following types of reaction:  

(a) nucleophilic substitution of a tertiary halogenoalkane with hydroxide ion; 
(b) electrophilic addition of chlorine to an alkene; 
(c) electrophilic substitution of an arene with chlorine in the presence of a catalyst; 
(d) nucleophilic addition of HCN to an aldehyde. 
 
For each type of reaction give (i) one specific example naming the organic product; (ii) the essential 
experimental conditions and (iii) the mechanism of the reaction explained in simple terms.                                                                                                                                        

 (20 marks) 

 For each reaction type,  
for choosing a  correct example of the mechanistic type  award 0.5 mark 

for the correct name of the organic product                    award 0.5 mark 

for the correct essential experimental conditions            award 0.5 mark 

for the mechanism given in simple terms                           award 3.5 marks 

 
Points to be included in mechanism: 
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(a) bond breaking of the C-X bond to form carbonium ion followed by attack 
by nucleophile; dilute alkali, heat chemicals for short period. 
 
(b) formation of Cl+ by ionization of Cl-Cl as a result of the polarizing effect 
of the alkene on approaching the halogen molecule); formation of chlorine-
containing carbonium ion, followed by attack of same by Cl- to form the 
dichloro compound; mix substances in the cold. 
 
(c) identification of catalyst AlCl3 (or Fe or FeCl3);  formation of Cl+ by 
interaction: Cl2  +  AlCl3   =  Cl

+   + AlCl4
-; formation of the arene-Cl 

carbonium ion; breakage of C-H bond to form chloroarene and a proton which 
interacts with tetrachloroaluminate to form free AlCl3 and HCl; reaction 
occurs in the cold and is finished in the hot. 
 
(d) ionization of HCN; attack of carbonyl carbon by CN- to form RCHCNO- 
followed by protonation (by H+ or H2O) to form hydroxynitrile (accept also if 
protonation of carbonyl O precedes attack by cyanide); heat chemicals after 
mixing.  
 
 
4.  Account as fully as you can for each of the following observations. Give relevant chemical equations for 
any reactions mentioned. 

(a) all carbon to carbon bonds in benzene are equal in length;  
(b) chloroethanoic acid is stronger than ethanoic acid but weaker than trichloroethanoic acid; 
(c) a mixture of methane and chlorine held in gas jar in the dark is unreactive but becomes quite 

reactive when exposed to diffuse sunlight; 
(d) aqueous alkali converts propanone into an dimer but methanal reacts with alkali to give two 

organic products. 

 
Award 5 marks to each section as follows: 

 
(a) explanation in terms of a delocalized structure (1)  involving the 2p 
electron on each of the sp2 hybridized carbon atoms (2); length of C=C bond 
in benzene shorter than a single C-C but longer than an alkene C=C bond. (2) 
(award credit (2) if explanation is in terms of resonance hybrid of the 

two canonical forms provided it is portrayed as a formalism not as an 

actual ‘physical mixture’ of the canonical forms) 
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(b)  the polarizing effect (1) of the three C-Cl bonds in the trichloroacid 
serves to delocalize the charge (1) on the trichloroethanoate ion by the 
inductive effect (0.5) thus stabilizing the ion and making the acid stronger 
than ethanoic. (2) (the polarizing effect does NOT make the O-H bond 

weaker)The greater the number of halogen atoms, the greater the 
delocalization and hence the strength of the acid. (0.5)  
 
(c) The halogen reacts slowly or not at all in the dark because no free 
radicals are present and interaction between non-polar entities is slow (1): in 
diffuse sunlight, Cl. free radicals form (1) by homolysis (Cl2 = 2 Cl.) (1) which 
then attack the alkane in a stepwise reaction: CH4  +  Cl

.  =  CH3
. + HCl;  CH3

. 
+ Cl2  =  CH3Cl  +  Cl

. etc. (2); answer need not show details such as 

propagation and termination steps of this mechanism. 
 
(d) Propanone forms carbanion by OH-(aq):  (0.5) 
                   CH3COCH3  +  OH-  =   -CH2COCH3  +  HOH;  (0.5) followed by: 
 

-CH2COCH3  +  CH3COCH3  =   

CH2COCH3

C CH3CH3

O-
 (1) followed by reaction of this 

alkoxide ion with water to produce the hydroxyketone and OH-. (1) 
 
With methanal, which lacks the alpha hydrogen, (1) alkali produces a mixture 
of alcohol and carboxylate ion:  2 HCHO  +   OH-   =   CH3OH   +  HCOO-. (1) 
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5.    A white solid substance A, with molecular formula C8H8O3, burns with a luminous, sooty flame. It is   
      very soluble in ether but only slightly soluble in water. On adding to aqueous sodium hydroxide,  
      crystals of A readily dissolve forming a colourless solution from which a solid with molecular formula  
      C8H7O3Na can be isolated. On mixing crystals of this solid with soda lime and heating strongly in a  
      suitable apparatus, liquid substance B (C7H8O) distils over. B is insoluble in both water and dilute alkali  
      but reacts with hydroiodic acid to produce iodomethane and solid substance C having formula C6H6O.  
      C is soluble in both water and aqueous alkali, and its solution in water gives a violet colour with     
      neutral iron(III) chloride and forms a white precipitate with bromine water.  
 
   (a) Use the information to identify completely the compounds B and C by name and structural formula  
      and write all possible structures for compound A that are compatible with the given information.  
      Explain fully all the changes described and give chemical equations where relevant.   (13 marks) 

   (b) Substance A can be synthesised from methylbenzene and the first step involves reaction with hot concentrated 
sulfuric acid to produce compound I which can be further converted to A in a number of steps. Complete this synthesis 
and hence identify completely substance A by name and structural formula.                                                                                             

                      (I)

CH3

SO3H                                                                                                         (7 marks) 

 
 (a) A is an aromatic compound (sooty flame) (0.5) and in view of its predominant 
hydrocarbon structure it is not overall too polar and hence insoluble in water and soluble in 
ether. (0.5) However, with alkali, reaction occurs to produce a water soluble compound with 
formula C8H7O3Na which suggests that A is probably a carboxylic acid (1) that reacts with 
NaOH to form a sodium salt. (1) Soda lime decarboxylates (1) this salt to produce B which 
is insoluble in alkali and water and is therefore probably an ether (1), i.e. C6H5-O-CH3 (name 
= methoxy-benzene). (1,1) In fact, this is confirmed by the reaction of B with HI which 
gives MeI and C, which is phenol C6H5OH.  (1, 1) The properties of C confirm this 
conclusion, namely: solubility in water and alkali, to form the phenoxide ion (0.5 mark); and 
formation of violet colour with FeCl3 (0.5 mark). The ppt with bromine water is 2,4,6-
tribromophenol. (1 mark) 

 
Therefore, the structure of A is that of one of three methoxybenzoic acids (the ortho-, 
meta- and para- acids). (2 marks) 

 
(b) Two possible pathways for the synthesis of A from the sulfonic acid: 

CH3

SO3H

NaOH, fuse

CH3

O-Na+

CH3I

CH3

OCH3

COOH

OCH3

MnO4
-/OH-

acidify product

Cl2, boil

CCl3

OCH3

hydrolyze, 
alkali followed by 
acid

 
A is therefore 4-methoxybenzoic acid. Award 1 mark for the correct name for A and 6 

marks for the synthesis (2,2,2). Give partial credit if merited.  
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6.   (a)  (i) Distinguish between electron affinity and electronegativity and explain why oxygen has two  
              Values associated with its electron affinity.  
 
          (ii) Explain how the electronegativity of elements varies down a Group in the  
              Periodic Table.                                                                                                                    (5 marks) 
 

      (b) The standard electrode potential for the half reaction Cl2(g) +2e– 2Cl– is  +1.36 V. Describe  
         how this value can be measured and state, giving reasons, a possible value for the standard electrode  

         potential of the half reaction:  Br2(g) +2e– 2Br–                                                               (5 marks) 
 
       (c)  Use the following information to identify the species A, B, C, D, E and F. Give balanced  
       chemical equations where appropriate. 
 
           A and B give a yellow flame test whilst C produces a lilac colour. A solution of A  
         in water forms a white precipitate with a mixture of silver nitrate and dilute nitric  
         acid while C produces a yellow precipitate. Adding concentrated sulfuric acid to   
         solid B produces an orange vapour D and two colourless gases E and F which both  
         dissolve in water to form acidic solutions. F turns a dilute solution of potassium  
         dichromate green.                                                                                                                    (10 marks) 

 
 
(a) Electron affinity: the enthalpy change for the reaction: 
 
             X(g)     +       e-    =     X-(g)                   (1 mark) 

 
     Electronegativity of an atom is the electron attracting power of the atom 
when present in a covalent bond.                       (1 mark) 

 
Oxygen forms a dinegative ion and the first EA refers to formation of O- 
from O while the second EA refers to formation of O2- from O-.  (1 mark) 

 
Down a group, the electronegativity of the elements decreases (0.5) as the 
attraction of the nucleus for the shared electron pair of the covalent bond 
decreases with decreasing effective nuclear charge due to screening effect 
and increasing distance from nucleus.   (1.5) 
 
(b) The chlorine, chloride electrode described to include the following 
points: chlorine gas bubbled over Pt electrode immersed in an aqueous 
solution containing chloride ions at 1 M concentration. (1) Electrode 
potential is measured by connecting this electrode via a salt bridge to a 
standard hydrogen electrode SHE (or another standard half cell) and 
measuring the potential difference without drawing any current from the 
cell (potentiometer or high resistance voltmeter). (0.5) The polarity of the 
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chlorine electrode is positive with respect to SHE (0.5) showing that 
electrons travel from the hydrogen system to the chlorine system thus:  
 
H2  = 2 H

+  +  2e   and 2e  +  Cl2  =  2 Cl
-  

Or overall:   H2  +  Cl2  =  2 H
+   +  2 Cl-                                 (1) 

 
Since Br2 is a weaker oxidizing agent (element has a lower affinity for 
electrons since it’s lower down in Group VII), (1) the electrode potential of 
the bromine/bromide system is less positive than that of chlorine [value is 
actually +1.07 V but students are not expected to know this: accept any 

value that is positive and smaller than 1.36V].                 (1) 
 
(c)  A and B are sodium compounds (yellow flame) (0.5) while C (lilac) 
contains potassium. (0.5) A contains chloride (white ppt of AgCl insoluble in 
acid): hence A is NaCl. (1)  C is a potassium iodide (yellow ppt of AgI) (1) 
 
  B is sodium bromide (0.5) which reacts with conc sulfuric acid to produce 
orange Br2 (0.5) and colourless HBr and SO2 since the latter reduces 
dichromate to green Cr(III), itself oxidizing to sulfate, F is sulfur dioxide 
and E is HBr. (0.5, 0.5) 
 
  2 NaBr  +   H2SO4     =    Na2SO4   +  2 HBr 
  2 Br-   +  SO4

2-  +  4 H+  +  =    Br2  +   SO2   +   2 H2O 
  3 SO2   +  2 H

+   +  Cr2O7
2-  =  3 SO4

2-   +  2 Cr3+   +  H2O   (1,2,2) 
 
7.   (a) Nitrogen monoxide reacts with oxygen to form nitrogen dioxide 

  2NO(g) + O2(g)  2NO2(g) 
  
         The rate equation for the reaction is:          Rate = k[NO]2 [O2] 
 
         (i)  Using the given rate equation, explain the terms rate constant, order of reaction with respect to a  
           reactant and overall order of reaction. 
 
      (ii) State two experimental methods that could be used to follow the rate of the reaction. (Details of  
          experiments are not required.) 
 
      (iii) In an experiment at 70 K, the initial concentration of NO is 7.0 × 10–4 mol dm–3 and that of O2 is  
          3.5 × 10–4 mol dm–3 and the rate of the reaction is found to be 2.4 × 10–14 mol dm–3 s-1. Calculate a  
          value of k at 70 K and state the units.    
 
      (iv) The rate law seems to suggest that the reaction mechanism involves collision of two nitrogen  
         monoxide molecules with one oxygen molecule. Explain why this is unlikely.                                                                                           

(10 marks) 
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  (b)  Nitrogen monoxide and dioxide are products of combustion in car engines even though motor fuels  
        contain no nitrogen.   Explain how these oxides are produced in a car engine and how catalytic  
        converters help remove these pollutants from car emissions.                                                     (4 marks) 
 
  (c)  Nitrogen monoxide in the atmosphere eventually leads to pollution from ozone.  
 
       (i)  The presence of ozone in air in very small concentrations can be established by passing the   
       air through a solution of acidified potassium iodide: in this experiment, ozone oxidises iodide to iodine.  
       Explain how using this method and employing a standard sodium thiosulfate solution one can  
       determine the concentration of ozone in the air. Give the relevant balanced chemical equations  
       involved.  
 
     (ii)   Explain why ozone in the upper atmosphere is actually useful for organisms living on the earth’s  
       surface.                                                                                                                                       (6 marks) 
 

 
(a)(i) Rate constant is the proportionality constant in the equation relating 
the rate of reaction and the concentration of reactants; order of reaction 
with respect to a reactant is the exponent to which the concn term has to 
be raised in the rate equation, so 2 for NO and 1 for O2 ; overall order = sum 
of the orders of all reactants, so 3 for the given reaction. (1, 1, 1) 
 

(ii) If reaction is carried out at constant pressure, then a reduction in 
volume accompanies the change and can be used to monitor the rate of 
reaction; if at constant volume, a reduction in pressure accompanies the 
change; the increase in intensity in brown colour corresponding to formation 
of NO2 can be used.    (2 marks) 

 

 
(iii)    k = Rate/[NO]2[O2]                           (1 mark) 

             = 2.4 × 10–14 mol dm–3 s-1/(7.0 × 10–4 mol dm–3)2(3.5 × 10–4 mol dm–3) 
            =  1.40 X 10-4  mol-2 dm6 s-1     (1 mark for value; 1 mark for units) 

  
(iv)  It is statistically unlikely that 3 molecular bodies collide with the right 
energy and geometry of collision to be able to overcome the activation 
energy of reaction and form product. Two body collisions are more likely to 
occur and to be fruitful.                                                                   (2 marks) 

 
(b)  The hot flame causes combination of nitrogen and oxygen present in the 
air to form NO and NO2: (0.5) 
 
         N2    +   O2      =    2 NO 
         N2    +   2 O2   =    2NO2 
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         2NO   +   O2     =   2 NO2          (award 1 mark for any two correct  

                                       equations) 

 
  ‘Three way’ Catalytic converters, employ a reduction catalyst (Pd, Pt, Co, 
CuCrO4) to promote reduction of NO thus: 
 
  2 NO   +  CO  =  N2O  +  CO2     and N2O  +  CO   =  N2  +  CO2  

 
  NO2  +  CO  =  NO  +  CO2  etc. 
 
And later downstream, introducing more air in the presence of an oxidation 
catalyst (Pd, Pt, Fe and Co-Cr oxides) to convert hydrocarbons and CO to 
carbon dioxide. (1 for equation; 1 for explanation) Knowledge that 

suppression of NOx is greatest at the expense of CO and hydrocarbon 

oxidation and vice versa is NOT required.  

(c) (i) Ozone reacts with KI in presence of acid to form I2 and oxygen: 
 
             2H+ +  O3 + 2e  =  O2  +  H2O    
             2I-    =     I2  + 2e 

         Or    2H+ + 2I- + O3 + 2e  =  O2  +  H2O   +  I2   (1.5) 
 
     The iodine formed is titrated with thiosulfate in the presence of starch 
indicator (0.5):            I2   +   2 S2O3

2-    =   2 I-    +  S4O6
2-    (1) 

 
   Hence if n mol of iodine are found by titration to have been present in 
solution after V m3 air have passed thru’ the KI solution, the concentration 
of ozone in the air would be (n/V) mol m-3.    (1.5) 

 

  (ii)   In the stratosphere, ozone interacts with solar uv radiation which 
serves to decompose the gas to O2 and O atoms; (0.5) by this means, the uv 
radiation is filtered off and does not reach the earth’s surface where it 
would cause damage to organisms.  (1)  
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8. (a) The structural formula of tartaric acid is shown below. 
 

                                                 

CHOH

CHOH

COOH

COOH  
 
       (i) Give the systematic name of tartaric acid. 
 
     (ii) Tartaric acid occurs in three stereoisomeric forms some of which are optically active. Explain the  
          meaning of the terms in italics and account for the statement.  
 
    (iii) Occasionally, optically inactive tartaric acid crystals are produced during the wine making process. 
What possible conclusion/s can be drawn about the isomeric form of  this type of tartaric acid?   (12 marks) 
 
(b) A salt of tartaric acid has the molecular formula KNaC4H4O6.4H2O. On ignition,  this salt produces a 
mixture of sodium carbonate and potassium carbonate. Ignition of  1.12 g of salt produced a residue which 
required 65.0 cm3 of 0.100 M hydrochloric acid for neutralization, using methyl orange as indicator. 
Calculate the percentage purity of the salt and quote your answer to three significant figures.         (8 marks) 

 
(a) (i)  2,3-dihydroxybutanedioic acid    (1) 
 

    (ii)  Stereoisomeric = isomers (or molecules) having the same molecular  
    formula but different structures due to different dispositions in space of    
    the covalent bonds.   (2) 
Optically active substances means that the substances (in the pure state  
or in solution) can rotate the plane of polarization of plane-polarized light  
that is passed thru’ them.   (1) 
 

   Molecules that possess a plane of symmetry or that do not contain a 
dissymmetric (asymmetric) carbon, being one that is bonded to four 
different groups, are not optically active. (1) In tartaric acid, there are two 
dissymmetric carbons, C2 and C3 so that two isomers exist that are optically 
active and one isomer which has a plane of symmetry which is not:  (2) 
 

C
CH(OH)CO2HH

CO2H

C
CO2H

CO2H(OH)CH
H

OH
HO

  optically active  
 

C

CO2H

C CO2H

OH
HO

H

H optically inactive; plane of symmetry bisecting C2-C3 (or  molecule is ‘internally   

                      compensated’ )             (3) 
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(iii)   Either the acid is the optically inactive form or it is an equimolar 
mixture of the dextro and laevo rotatory forms = the racemic mixture. (2) 
 
 (b)  The number of mol of H+ reacting with the carbonate in the residue =  

                        65 X 0.1/10-3   =  6.5 X 10-3                       (1) 
 
    Hence since the methyl orange endpoint in the titration corresponds to 
the reaction:      2 H+   +    CO3

2-     =    H2O    +    CO2         
 
   The number of mol of carbonate ions present in the residue  

                     = ½ X 6.5 X 10-3     =  3.25 X 10-3  mol        (1) 
 
 Also, since the mol ratio Na:K in the salt is 1:1, then 1 mol of the tartrate 
salt produces 0.5 mol each of K2CO3 & Na2CO3 and hence 1 mol of tartrate 
salt produces 1 mol of total carbonate. (2) 
 
 Hence number of mol of tartrate salt in 1.1200 g salt = 3.25 X 10-3 (1) 
 Mass of tartrate salt = (3.25X 10-3)(rmm)  =  (3.25X 10-3)(282) = 0.916 g (1) 
 Percentage purity of salt = (0.916/1.12) X 100 = 81.8%   (to three sig fig) 

(2 marks; deduct 1 mark if nr of sig fig is incorrect) 
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Paper 3 

 
 
1.  Determination of the molar concentration of potassium hydroxide in solution Fn 

 
(c)    25.00 mL G (hydrochloric acid) reacts with   25.00 cm3  DFodd  (KOH) all centres  
                                                                                                                     other than Junior College (JC) 
                                                                              24.15 cm3           Junior College 
 
        25.00 mL G        reacts with                            28.10 cm3  DFeven all centres other than  
                                                                                                                                   JC  
                                                                        27.40 cm3    Junior College 
 
  
                       Award for true value   ± 0.10 mL  =  25 marks  
                                                          ± 0.15 mL  =  15 marks 
                                                          ± 0.20 mL  =   7 marks 
 
  The ‘true value’ should correspond with two or more  actual experimental titre 
values shown in the table to be concordant. If the student takes the average of 
all titre values, including overshot (rough) titres , and obtains a bad average 
titre value as a result, deduct 5 marks from the sc ore as merited according to 
the above scheme.  Conversely, if the average value  is indeed equal to the true 
value but no two experimental titre values agree to ± 0.1 with the true value, 
then award ONLY 5 marks. 
 

(d)  Calculation  (for the molar concentration of sodium hydroxide in Fn):  5 marks  
 

Determination of the enthalpy change of neutralization of potassium hydroxide with 
ethanoic acid 
 
(e) For correctly drawn graph, including proper labeling of axes, award 2 marks 

 
For taking into account the temperature of solution A in calculation of initial 
temperature                                                                             award 1 mark 
 
            ‘corrected temperature rise’ =   6.6 oC   (odd) all centres other than JC 

                                                             5.9 oC             Junior College 

 
                                                             5.9 oC (even) all centres other than JC 

                                                                                  5.4 oC           Junior College 
 
           Award for true value   ± 0.20 oC         = 12 marks  
                                              ± 0.30oC          =   7 marks 
                                              ± 0.40oC          =   5 marks 
                                               
(i) Calculation of enthalpy change:                      award  5 marks  
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2.    Key:     M = NiCO3 and NaCl (1:1 solid mixture) 

 

Observation Inference 
(a) filtrate is colourless and residue is 
a green solid  
 
                               (1,1) 
 

Residue is possibly an Fe(II),  Ni(II) or 
Cu(II) compound. 
 
Filtrate is possibly a soluble Gr 1, 2 or 3 
compound or Zn salt                                                 
 
                         (1, 1) 
 

(b) (i) yellow flame 
            (2) 

Indicates a Na salt   (1) 
                                                              

(b)(ii) a white ppt forms with silver 
nitrate which dissolves in aqueous 
ammonia 
                                        (1; 1) 

A chloride is indicated since AgCl forms 
which dissolves in ammonia forming the 
diamminesilver(I) ion (1, 1)   
 

(c) on adding nitric acid, a green 
solution is obtained and effervescence 
produced; gas turns lime water milky                                         
                                (1, 1, 1) 

Probably nickel carbonate present to 
explain the colour of the solution and the 
CO2 released (2)   
 

(d) a green ppt insoluble in excess (1) Ppt is Ni(OH)2 and this further indicates 
Ni2+ (1) 

(e) a (transient) green ppt forms which 
promptly dissolves in excess ammonia 
to form a blue solution           (1, 1) 

Confirms Ni(II) by formation of Ni(OH)2 
ppt which dissolves in ammonia to form 
the hexamminenickel(II) ion 
                                         (1, 1) 

(f) a red coloured ppt forms  (1) A confirmatory test for Ni(II): red colour 
due to Ni(DMG) complex ion.  (1) 

 

     (Accept as correct inferences those which give expl anations in terms of    
      complete or partial chemical equations.) 
 

Conclusion: 

         M is probably a mixture of NiCO3 and NaCl       (1)                
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3.   Key:  P = cinnamaldehyde 

    

Test Observation and inference 

(a) P burns with a sooty 
flame  (2) 

Probably P is an aromatic or unsaturated aliphatic 
compound. (1,1) 

(b)  The red colour is 
discharged.    

                                     (2) 

P probably contains a double or triple bond (2) 

(c) an orange coloured ppt 
forms    (2) 

P contains an aldehyde or ketone group and is here 
forming an insoluble  hydrazone    (2) 

(d) This is Tollen’s test. A 
silver mirror (or black ppt) 
forms on heating. (2) 

This shows that P contains an aldehyde group 
which causes reduction of Ag(I) to Ag (as mirror or 
ppt) (2, 1) 

(e) The purple colour is 
quickly discharged.  (2) 

This confirms presence of double (or triple) bond in 
the molecule; however, the aldehyde is also 
reactive to the oxidizing agent, reducing it to Mn(II). 
(3, 1) 

 
 
                Possible structural formula:   
                 
                accept a correctly written structure showing a molecule wi th a  
                double or triple bond, a benzene ri ng and an aldehyde group, e.g. 
 

             

CHO

       (2) 
 
 

   (25 marks) 


