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Useful information: One mol of any gas or vapour occupies 22.4 dm3 at s.t.p. The molar  
    gas constant R = 8.31 J K-1 mol-1. Relative atomic masses: H = 1.0, He = 4, O = 16,  
    C = 12, Na= 23, Fe = 56. The ionization constant of water is 1 × 10-14 mol2 dm-6.  The  
    Avogadro Constant is 6 × 1023. A Periodic Table is included.  

 
Section A 

Answer all questions in this Section 
  
1.  Complete the following passage by writing the name of the appropriate apparatus or  
    experimental procedure. 
        
     A mixture of sand and water can be separated using   a filter paper a funnel (0.5,  
   0.5) or filtration whereas a mixture of petrol and water can be separated using a  

   separatory funnel (1).   A reasonably pure sample of water can be obtained from sea  
   water  by  distillation (1). Crystals of potassium chloride can be obtained from their  
   aqueous solution by  reducing the volume of water by boiling/evaporation  

  followed by crystallization (1, 1).         
 (5 marks)       

 
  2.  Give the full electron configuration (s, p...notation) of: 
 
          Cl atom     1s2 2s2 2p6 3s2 3p5      
 
          Cl- ion       1s2 2s2 2p6 3s2 3p6      
 
          Ca atom     1s2 2s2 2p6 3s2 3p6 4s2 
 
          Ca2+ ion      1s2 2s2 2p6 3s2 3p6            1 mark each                        (4 marks)  

IM 06/11m 

INTERMEDIATE MATRICULATION CHEMISTRY 

----------------------------------------Do not write above this line-------------------------------- 
 
3.  Complete the following mechanism for the reaction of chlorine with methane in the  
    presence of u.v. light. 
 
       Step 1:           Cl-Cl          2 Cl. 
             Cl.   +  CH4   =   CH3.  + HCl            (2) 

          CH3.    +   Cl2    =    CH3Cl     +   Cl.    (1) 
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      Reaction of Cl. continues with CH3Cl to bring about further substitution  

      until CCl4 is formed. Termination steps involving free radical  

      interactions.  (2); e.g. CH3.  +   Cl. = CH3Cl  (1)                                            (6 marks)       

 
4.  Name one radioactive isotope and briefly describe one use. 
 

  Aw ard 2 for name, 1 for element and 1 for atomic number (e.g. cobalt-60); 

2 for use indicating how the property of radioactivity is relevant to the use 

(e.g. in medicine as source of radioactivity etc.) (4 marks)       

 
      
5.  Nitric(III) acid decomposes as follows: 
               

2 HNO2(aq)      H2O(l)  +   NO(g)  +   NO2(g) 
 
   (a) Calculate the oxidation number of nitrogen in each of the following: 

 
HNO2  3          NO   2         NO2   4            1,1,1   (3 marks) 

 
(b) Use your answers to explain the meaning of the term disproportionation. 

Reaction involving simultaneous oxidation and reduction of a chemical 

species (1); thus N in nitrous acid oxidised to +4 in NO2 and reduced to 

+2 in NO  (2 marks)               

6.  Give the number of: 
 

(a)  atoms in 8g He 
                                            8/4 = 2 mol = 12 X 1023     (1) 

 
(b) water molecules in 28.6g Na2CO3.10H2O crystals. 

 

    Molar mass of carbonate = 286        (0.5) 

   Number of mol carbonate = 28.6/286 = 0.1  (0.5) and these  

     contain 0.1 X 10 = 1 mol water molecules (1) 

   Number of water molecules = 1 X 6 X 1023 =  6 X 1023 (1)  
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(c) electrons needed to reduce 5.60g Fe3+ ions to Fe. 

 
5.6/56 = 0.1 mol Fe each one requiring 3 electrons. Hence 0.3 mol e 
required = 1.8 X 1023 
                                             (1, 1)                                                (6 marks)               

 
7. Complete the following passage by writing the correct information in the appropriate  
   spaces. 
    
      In industry ammonia is manufactured by the  Haber  process in which the  
       
      two elements nitrogen and  hydrogen   are combined directly together. The two  
      gases are compressed to 150 - 200 atmosphere pressure at a 
 
      temperature of  about  450 ± 50 oC in the presence of  iron which is used as a 
 
      catalyst.                      1, 1, 1, 1, 1                                                 (5 marks) 
  
8.   When analysed in a mass spectrometer, an organic compound gave peaks at m/z  
     ratios 15, 43, 45 and 60. Use this result to show that the compound is ethanoic acid      
     CH3CO2H and not its isomer CH2OHCHO. 
 

   m/z 15 corresponds to CH3
+ which is not present in the isomer  

m/z 43 = CH3CO+ found in ethanoic acid but not the aldehyde; m/z 45 = 

COOH+ again found in acid not aldehyde. 2, 2, 2   

  (6 marks)       

9. Draw the structural formulae of: 
 

(a) the two structural isomers of molecular formula C2H4Cl2 
 
structures of the isomers 1,1- and 1,2-dichloroethane  2, 2 
 
 
 
  (b) the repeating unit of the addition polymer obtained from chloroethene H2C=CHCl 
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C C

H

H

Cl

H                    
                                                                                              2 
 

(b) cyclopentane          

                                                  (or any other acceptable representation)    2           
                                                                                                                      (8 marks) 

 
 
10. .   The following is a list of non-metals. 
            
                       carbon    bromine     nitrogen     iodine       oxygen     fluorine   sulfur 
         
        Each element may be used once, more than once or not at all. Select the non-metal  
     that corresponds with each of the following statements: 

 
      (a)  has one allotrope which conducts electricity   carbon 

   
      (b)  is the most electronegative element                 fluorine 
 
      (c)  is a red-brown liquid under room conditions   bromine 
 
      (d)  reacts with NO to form a brown gas                 oxygen 
 

(e)  is a very unreactive element                            nitrogen 
 
      (f)  sublimes when heated                                       iodine           1X6 = 6    (6 marks) 
 
 
 
 
11. The following is a list of metals:  
 
                               aluminium     calcium      iron     silver     sodium    copper 
       
      Each element may be used once, more than once or not at all. Select the metal  
     that corresponds with each of the following statements: 
         

a) exists in oxidation states of +2 and +3                      iron 
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b) reacts vigorously with water to produce hydrogen    sodium 
 

c) reacts with water and forms an ionic hydride MH2   calcium 
 

d) is the least reactive metal in the above list                 silver 
 

e) has the following successive ionization energies  
               in kJ mol-1:  578,  1817,  1745,  11578,  14831         aluminium  (5 marks) 
 
12. Iodoethane reacts with water as follows: 
 
                    C2H5I     +    H2O         C2H5OH   +   HI              
 
     Use some or all of the following bond energy terms (in kJ mol-1) to find the value of  
    the enthalpy change of the reaction. 
   
                   O-H 464      C-H 413      C-C 346     C-I 288       H-I 298     C-O 358  
 

     ∆H for the reaction is the difference between the energy change in   

   breaking bonds and the energy change in making bonds involved in the  

   overall change.  (1) 

   Bonds broken (endothermic) = + (E(C-I) + E(O-H)) = +(288 + 464) = +752 kJ  

   bonds made (exothermic) =  - (E(C-O) + E(H-I)) =  - (358 + 298) = - 656 kJ 

   hence x = +752 + (-656) =  + 96 kJ   (2, 2)                                       (5 marks)       

 
13.  The species [MnF6]

3- is a complex ion. 
 

(a) What is the oxidation number of manganese, Mn, in this ion?  +3  (1) 
 

     (b) State the shape of this complex ion.        Octahedral         (2) 

     (c) How are the ligands attached to the central ion in the complex?  Ion-dipole or  
                                                                                 dative covalent bond (2) 

 (5 marks) 
 
14. Give the systematic names of the following organic compounds: 
         
       CH3CH2CO2CH3         methyl propanoate 
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       CH3CH2CHClCHBr2   1,1-dibromo-2-chlorobutane 
         
       (CH3)3COH                 2,2-dimethylpropan-2-ol 
         
       C6H5NO2                      nitrobenzene                       2, 2, 2, 1            (7 marks)       
  
 
 
15. The following diagram shows the molecular energy distribution in a fixed mass of  
    of nitrogen gas at three different temperatures T1, T2 and T3. 
 
 
 
 
 
         Number 
             of 
       molecules 
 
 
                         
 
                                                           Energy 
 
                                                                 
        a) State which is the highest temperature in the above diagram.         T3  (1) 
      
        b) What is the relationship between the areas under the three curves? Explain briefly  
           your answer. 
 

The area under each curve represents the total energy possessed by the 

gas. The highest energy is that corresponding to the gas present at the 

highest temperature, i.e. T3       (2)                                                                                                        

                                                                                                                               (3 marks) 

 
 
 
 

Section B 
Answer all questions in this Section 

 
16.  (a) Give the name and structural formula of: 

T1 

T2 

T3 
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(i) a secondary alcohol containing three carbon atoms per molecule; 

 
               Propan-2-ol     and structural formula 
 
      (ii) an isomer of the compound in (i) which is not an alcohol; 

   
      Methoxyethane  and structural formula 

 
    (iii) the product obtained by the oxidation of the alcohol in (i); 
 
             Propanone  and structural formula 
               
   (iv) the aldehyde which is isomeric with the product in (iii). 
 
            Propanal and structural formula                    2,2,2,2 
                                                                                                                         (8 marks) 
      (b) Write an equation for the reaction of the alcohol in (a) (i) with a small 
            piece of sodium in a dry beaker.  
 
           CH3CH(OH)CH3   +    Na   =  CH3CH(ONa)CH3 +  ½ H2     (2 marks) 
 
      (c) State what happens if some of the compound obtained as in (b) is added to 

     water. 
 
           The alkoxide converts into NaOH and reforms the alcohol.       (1 mark)         

(c) Describe carefully a test to distinguish between aldehydes and ketones. In your                
answer explain how the test is carried out and the result obtained with each 
compound. 

 

     Either the Fehling test or the silver mirror test. Method = 2; observation  

     = 1; chemical explanation of observation = 2         (5 marks)       

                                                                                                                   (Total: 16 marks) 
 
 
 
 
 
17. (a)  Complete the following equations, including state symbols in your answers. 
 
  i)  Na2CO3(aq)   + 2HNO3(aq)                             2 NaNO3(aq)   +  H2O (l)  +  CO2 
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 ii) MgSO4(aq)    + 2NaOH(aq)                                    Mg(OH)2(s)     +   Na2SO4(aq) 

 
iii) BaCl2(aq)      +  K2SO4(aq)                                 BaSO4(s)    +     2 KCl (aq) 
 
iv) Mg(s)      +       ZnSO4(aq)                                  MgSO4(aq)    +   Zn (s)  2,2,2,2:  
 
award 1.5 for correct balanced equation and 0.5 for correct state symbols. 
                                                                                                                                (8 marks) 
 
        (b) Complete the following ionic equations, including state symbols in your   
            answers. 
 
        i)   Cl2(g)        +    2 I-(aq)                                   2 Cl-(aq)      +     I2(aq/s)   
 
        ii)  Fe(s)          +    Cu2+(aq)                                 Fe2+(aq)     +    Cu (s) 
 
       iii)  2Fe2+(aq)   +    Cl2(aq)                                2Cl-(aq)   +   2 Fe3+(aq)   2,1,2:  
 
     deduct 0.5  for incorrect state symbols per equation.                    

 (5 marks) 
        
 
       (c) Complete the following ionic half-equation by giving the values of  x, y and z. 
 
               VO3

-(aq)  + x  H+(aq)   +     y e-                                    V3+(aq)    +     z H2O(l)  
 
             x  = 6       y = 2       z = 3        1, 1, 1                                                      (3 marks) 
                                                                                                                 (Total: 16 marks)                 
 
 
18. a) Draw dot-cross diagrams, showing only the outer electrons, for the following  
         molecules: 
          
                     BCl3                                    SiCl4                                             PCl3 

 

 

B Cl

Cl

Cl

        

Si

Cl

Cl

Cl

Cl

             

P

Cl

Cl

Cl
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                               (shown as dots and crosses, not just dots)  2, 2, 2 

 

                                                                                                                                (6 marks) 
 
   b) Draw clear diagrams, showing the shape of these molecules and state the bond  
           angles in each molecule: 
        
                              BCl3                            SiCl4                           PCl3  
Diagram showing  
              trigonal planar             tetrahedral          pyramidal   structure 2,2,2  
  
 
 
        Bond angles 120o                        109.5o                      107-8o   1,1,1    (9 marks) 
     
     c) BCl3 is an electron-deficient molecule. Explain what this means. 
 
  Central bonded atom (B) has fewer than eight electrons (and hence can 
accept a pair in dative covalency.)        (1 mark)                                                                                       

(Total: 16 marks) 
 
 
19. Wine can be considered as an aqueous solution of ethanol. A low quality wine was  
     found to contain 5.06% ethanol by mass. 
 

a) Calculate the concentration in mol dm-3  of ethanol in the wine. The density of 
wine is 1.00g cm-3. 

   

          1 mol ethanol has a mass of 46 g; hence number of mol of ethanol in  

       100 g  solution = 5.06/46 = 0.11. (1, 2)  

       The number of mol in 1 dm3 = 1.10 since the density is 1 g cm-3.  (2) 

                                                                                                                           (5 marks)       

 
 
  b) In the production of vinegar, low quality wine is exposed to air so that the ethanol is  
       oxidised to ethanoic acid. The relevant equation is: 

 
CH3CH2OH(aq)     +     O2(g)        CH3CO2H(aq)   +     H2O(l) 
 

          What is the molar concentration of ethanoic acid when the oxidation of the  
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           wine is complete? 
 

           Since 1 mol acid forms from one mol ethanol, the molar concentration  

         of ethanoic acid =  1.10 mol dm-3                                                           (1 mark)       

 

      c) Write an equation for the reaction of ethanoic acid with sodium hydroxide. 

 
CH3COOH   +    NaOH       =    CH3COONa   +     H2O              (2 marks) 
 

      d) A 25.0 cm3 portion of the vinegar is pipetted into a conical flask and titrated with  
        sodium hydroxide solution of concentration 0.950 mol dm-3. What volume of the  
        sodium hydroxide solution is needed for exact reaction?  
 
      Mol ethanoic acid in 25 cm3 aliquot = 25/1000 X 1.10 = 2.75 X 10-2 mol  (2) 
 
     Hence volume of NaOH = 2.75 X 10-2/0.95  X  1000 = 28.95 cm3    (3) 

   (5 marks)       

 
     e) Name the reagents and experimental conditions needed to carry out the oxidation of  
      ethanol to ethanoic acid in the laboratory. 

 
    Two stage oxidation, using hot potassium dichromate and sulfuric acid to 

oxidise to the aldehyde which is collected and then further oxidised to the 

acid using the same reagent or a weaker oxidising agent (eg Fehling or 

Tollen’s reagent). Accept suitable alternative oxidising agents. Award partial 

credit (1.5) if a single step oxidation process is suggested.      

  (3 marks)       

                                                                                                                     (Total 16 marks) 
 
20.   This question concerns the compound A whose structural formula is shown below: 
 
                                CH3CH=CHCO2H 

 
a) Draw clear diagrams showing the two geometric isomers of A and label them 

clearly as cis- and trans- isomers. 
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C C

CO2H
CH3

H H cis      

C C
CH3

CO2H

H

H
  trans       2, 2 

                                                                                                                               (4 marks) 
 

b) Compound A is converted to B by heating with an excess of soda-lime. B then 
reacts with hydrogen bromide to produce C. Give the names and structural 
formulae of B and C. 

                           
                     B                                                  C 
 
  Propene and structure 1,1              2-bromopropane and structure; 1,1 
 
                                                                                                               (4 marks) 
 
c) A reacts with hydrogen in the presence of hot finely divided nickel to produce 

butanoic acid. 
 
(i)   Write an equation for the reaction that takes place. 

 
                                CH3CH=CHCOOH   +     H2    =    CH3CH2CH2COOH     (2 marks) 

 
              (ii) Calculate the volume of hydrogen, measured in dm3 at 100 kPa and 137 oC,  
                 that will react exactly with 8.60 g of A.  (R= 8.31 J mol-1 K-1) 
 

         Molar mass of A, C4H6O2 = 86.  Mol of A in 8.60g = 8.6/86 = 0.1 mol. (1) 

          Hence mol H2 required = 0.1 (1);  

          Volume V = nRT/P (1) = 0.1 X 8.31 X 410/100 000  =  0.00341 m3 (1)  

                                                                                        = 3.41 dm3 (1)          

     (4 marks)    

        (iii)  Why is the nickel used in a finely divided form? 
     To increase its surface area (1) and hence its efficiency as catalyst (0.5) 

since the reaction is heterogeneous and occurs only on the surface of the 

solid catalyst. (0.5)       (2 marks)  

                                                                                         (Total: 16 marks) 
 

Section C 
Answer ANY TWO questions from this section.  
Write your answers on the lined pages provided. 
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21. (a) Use the following chemical equation to explain clearly the meaning of the  
           following terms according to the Bronsted-Lowry theory:  
           acid, base, conjugate acid and conjugate base, 

              
HCl     +     NH3             NH4

+  Cl-                                                (8 marks) 
 
      Acid = proton donor, e.g. HCl  and NH4

+;  base = proton acceptor and 
requires presence of a lone pair, e.g. NH3 and Cl-;  conjugate acid = a species 
which forms from a base by addition of proton; conjugate base = a species 
which forms by removal of a proton from an acid. 2,2,2,2 
 
     (b) Write a chemical equation to illustrate the behaviour of water as a base and another  
          to represent its behaviour as an acid.                                                            (4 marks) 
 
    Water acting as base:   HX  +  HOH  =  H3O

+  +  X- 
    Water acting as acid:   B    +  HOH   =  BH+    +  OH- 
 
   accept any suitable species for HX and B.    2, 2 
 
     (c) Define the term pH of a solution and calculate the pH of the following: 
  

(i)    0.100 mol dm-3 HCl      (ii) 0.0100 mol dm-3 HNO3 

        (iii)    0.0100 mol dm-3 KOH                                                                          (8 marks) 
 
 
          pH = - log [H3O

+]  (or – log[H+(aq)])          (1) 
 
       (i)  In 0.1 M HCl, [H+(aq)] = 0.1 since the acid is strong and hence fully  
          dissociated/ionized and hence pH = - log(0.1) = 1   (1, 1) 
 
      (ii) Similarly for 0.0100 M HNO3, another strong acid,  
         so that pH = - log (0.01)  = 2          (1, 1) 
 
     (iii)  KOH is also fully ionized and hence [OH-] = 0.01 mol dm-3 
 
         Hence in potassium hydroxide solution, [H+(aq)] = Kw/(0.01) = 10-14/0.01  
         = 10-12.  The pH = - log (10-12) = 12    (1, 1, 1) 
 
 
    (d) The pH of pure water at 25oC is 7. Find the concentrations of H+(aq) and OH-(aq)  
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         in pure water.                                                                                                 (2 marks) 
 
            since in pure water [H+] = [OH-] and since [H+] = 10-7 mol dm-3 from the  
         pH value, the hydroxide concentration is also 10-7 mol dm-3 

 

   (e) HCl is described as a strong acid and methanoic acid HCO2H is described as  
         a weak acid.  
 
            (i) Explain clearly the meaning of the terms in italics. 

 
   Stong acid = one which dissociates to donate a proton to large extent or 
completely; weak acid = one which dissociates partially to protons. 2,2 
 
           (ii) Write a chemical equation for the dissociation of methanoic acid in aqueous 
solution and write the expression for the dissociation constant Ka of methanoic acid. 
 
                   HCOOH  +  HOH        =    H3O

+      +  HCOO- 
 
               Ka = [H3O

+][ HCOO-]/[ HCOOH]        2, 2 
 
        (iii) Explain carefully why 0.100 mol dm-3 methanoic acid solution has a  pH of 2.93  
               which is higher than that of 0.100 mol dm-3 HCl.                                 (10 marks) 
 
HCl is fully dissociated so that the pH of 0.1 M HCl = -log 0.1 = 1; the [H+aq] 
in methanoic acid is lower than 0.1 since the acid is not fully dissociated. 
Hence the pH is a larger positive number.   (2) 
         
    (f)  A solution of another weak acid HA, of concentration 0.100 mol dm-3 has a pH   
        of 3.34. State whether HA is a weaker or stronger than methanoic acid and explain  
        your reasoning.                                                                                            (6 marks)                    
 
     HA is an even weaker acid than methanoic (3); the lower the [H+(aq)] 
concentration, the larger the value of pH. (3) 
 
    (g) Give an example of a strong base and a weak base.                                 (2 marks)  

                                   
Accept any suitable examples, e.g. OH-, or O2- as strong bases and NH3 
or CO3

2- as a weak base.  (1,1) 
 
 

22.  Explain clearly by referring in detail to the bonding present in the substances  
     mentioned, the following observations.  All parts of this question carry equal marks. 
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a) Although the elements carbon and silicon are in the same group of the Periodic 
Table, carbon dioxide is a gas at room temperature while silicon dioxide is a 
crystalline high melting point solid. 
 
Both C and Si have the same number of electrons, namely 4, in the 
outer shell and hence are in the same group of the Periodic Table. (2) 
But C forms double bonds with O to form discrete CO2 molecules which 
have weak van der Waals bonding between them (3) whereas Si and O 
form only single bonds so that in SiO2 the bonding is macromolecular 
and covalent bonds must be broken to separate the units.(3) 
 

    b) Both magnesium and sodium are good conductors of electricity but the melting  
         point of magnesium is much higher than that of sodium. 
 
       Both are metals and have mobile electrons in a delocalized state which 
can conduct current. (2) For Mg, each atom contributes 2 electrons to the 
electron sea not 1 as for Na and hence the bonding between metal ion and   
electron sea is greater (3);  also Mg2+ is a smaller ion than Na+ and this 
further strengthens the metal-‘electron sea’ bond and hence increases the 
mp.  (3) 
 
    c) Water and methane have similar molecular masses but water boils at a much higher  
        temperature than methane. 
 
        Since the O-H is polarized and carries a partial positive charge on H 
because of the great difference in electronegativities of the two elements, 
a H-bond exists between the partial positive H and the lone pair on the 
partially negatively charged O.  (3) This electrostatic interaction is much 
stronger than the van der Waals forces in methane. (2) In methane, the 
similarity of electronegativities of C and H result in lack of permanent 
polarization: only intermittent dipoles form which distort the 
electroneutrality of the molecule and result in the weak van der Waals 
force.  (3) 
 
    d) Sodium chloride is a hard crystalline material which does not conduct electricity and  
       melts at 801oC. Carbon tetrachloride is a volatile liquid which does not conduct  
       electricity and boils at 77oC. 
 
Sodium chloride consists of an ionic lattice held together by strong 
electrostatic forces of attraction (ionic bonds) (1) and it requires a high 
temperature to separate the ions and cause the salt to melt (1); the ions are 
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fixed in space in the lattice and are not free to move in response to a 
potential difference so that the solid salt does not conduct current. (1) 
Carbon tetrachloride consists of discrete molecules CCl4 which are non-polar 
(1,1) and which are held together by weak intermolecular (van der Waals) 
forces (1) so that the substance is a liquid which is volatile and has a low bp 
as its molecules separate easily. (1) Since the molecules do not carry a 
charge, the substance does not conduct current. (1) 
  
    e) Benzene molecules consist of a regular hexagon of six carbon atoms; all the carbon  
       to carbon bonds are of equal length which is intermediate between that of a single  
       and a double bond.  
 
Each carbon atom in benzene, which is C6H6 (1) uses sp2 hybridized orbitals 
which are at 120o to each other and overlap of these orbitals with each 
other and the 1s orbital of H forms the sigma bonding of the molecule (2). 
The remaining 2p orbital on each C, having a single electron, interact 
together to form molecular orbitals in which the 6 electrons are shared (1) 
(students are not expected to know that 6 MOs,including bonding and 

antibonding orbitals are involved). Thus each C-C bond has a sigma plus a 
part of pi bond giving it a bond character (order) and a bond length 
intermediate between a single and a double bond. (2, 2) accept suitable 
alternative answers (e.g. based on resonance hybrid explanation) 
 

(40 marks) 
 

23. Write clear explanatory notes on each of the following statements. Chemical  
     equations should be given for any reactions that that place and whenever gases 
     are produced these should be identified by their physical characteristics as well as by  
     tests. Where no reaction takes place this should be stated clearly. Each part carries  
     equal marks. 
 

a) Aqueous solutions of potassium carbonate,  potassium sulfate(IV) and 
potassium sulfate(VI) can be distinguished by adding dilute hydrochloric acid. 

 
    The sulfate does not react with dil HCl (2) but the carbonate releases a 
gas, (1), which gives a white ppt with limewater confirming it is carbon 
dioxide (1); Eqn for the reaction of acid with carbonate (2); the sulfite also 
releases a gas which turns acidified potassium dichromate solution green 
confirming it as sulfur dioxide (1,1); eqn for reaction of sulfite with acid (2).  
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b) Aqueous solutions of sodium chloride, sodium bromide and sodium iodide can 
be distinguished by using aqueous silver nitrate and aqueous ammonia.  

 
With NaCl(aq), a white ppt (AgCl) is formed which dissolves in ammonia due 
to formation of Ag(NH3)2

+; (2); equation for formation of AgCl (2); with 
NaBr(aq) a cream ppt (AgBr) forms (1) which is sparingly soluble in ammonia 
(1) due to formation of the diammine except that in this case the silver 
bromide is too insoluble so that conversion to diammine is partial. (2). 
NaI(aq) produces a yellow ppt (AgI) (1) which is not visibly soluble in 
ammonia since the solubility of AgI is even lower than that of the 
bromide.(1) 
 

c) Samples of finely divided zinc, iron and copper can be distinguished by using 
dilute solutions of sulfuric(VI)acid and sodium hydroxide. 

 
Cu does not dissolve in dilute sulfuric acid and this distinguishes it from the 
rest (1) (apart from its different colour). Zn and Fe dissolve with release of 
a gas which pops with a flame confirming it is hydrogen (1, 1); equation for M 
reacting with acid (1). Adding NaOH(aq) to solution obtained will cause a 
green ppt insoluble in excess for iron(II) (1); equation = (2); and a white ppt 
soluble in excess for zinc(II) (1); equation = (2) 
 

d) Aqueous solutions of ammonia and sodium hydroxide can be distinguished by 
using copper(II) sulfate solution.                                                         (40 marks) 

 
 
 On adding aqueous Cu(II) to aqueous ammonia, a pale blue ppt forms which 
quickly dissolves to form a deep blue solution (2) containing the 
tetraamminecopper(II) ion (1) 
 
Chemical equations:  for formation of hydroxide (2); for formation of 
Cu[(NH3)4]

2+ (2) 
 
On adding aqueous Cu(II) to sodium hydroxide a gelatinous blue ppt forms 
which is insoluble in excess (2); chemical equation for formation of 
copper(II) hydroxide (1)   
 
24. The saturated hydrocarbon 2,2,4-trimethylpentane (C8H18)  is one of the components  
      of car fuel. 
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a) Write the structural formula of 2,2,4-trimethylpentane and (i) explain the 
meaning of the term hydrocarbon; (ii)  state why the compound is described as 
saturated; (iii) explain why this compound is an isomer of octane; and (iv) 
account for the fact that octane has a higher boiling point.                (11 marks) 

 

           

C C C
CH3

C
C
CH3

C
H3   (structure showing all Hs)   (3) 

 

         (i) compound containing only H and C (1); (ii) all carbon atoms are bonded 
to four other groups (1); (iii) it has the same molecular formula, C8H18, but a 
different structural formula (2) (iv) due to branching, the van der Waals 
forces of 2,2,4-trimethylpentane are weaker (3) since the distance of 
closest approach between molecules is larger (2) 
 
                                                                                    

b) Write an equation for the complete combustion of 2,2,4-trimethylpentane and 
hence calculate the volume of air, in dm3 measured at s.t.p., needed for the 
complete combustion 1.14g of the compound. (Assume that air contains 20% 
oxygen by volume.)                                                                                              

 (10 marks) 
           C8H18   +    12.5 O2    =    8 CO2    +   9 H2O   (3) 
 
     1.14 g hydrocarbon =  1.14/114 = 0.01 mol (1) and hence requires  
     0.01 X 12.5 = 0.125 mol O2 for combustion. (2) The volume of  
     oxygen required = 0.125 X 22.4 dm3  = 2.8 dm3. (2) 
 
    Hence the volume of air needed = 2.8 X 100/20 = 14 dm3. (2) 
 
 

c) When 1.14g of the compound burn completely, the amount of heat produced is 
56.4 kJ. Define the term standard enthalpy change of combustion and calculate 
the value of this term for 2,2,4-trimethylpentane. Hence draw a labelled 
enthalpy profile for the combustion reaction showing clearly the activation 
energy and ∆H.                                                                                     (10 marks) 
                                                        
 
Standard enthalpy change of combustion is the enthalpy (heat) 
change  associated with the complete combustion of one mol of 
substance under standard conditions.  (2) 
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When 1.14/114 = 0.01 mol of hydrocarbon burn, heat released = 56.4 
kJ: hence the heat change for 1 mol hydrocarbon = 56.4 X 1/0.01 = 
5640 kJ  (2, 2) 
 
 Enthalpy profile: 
 
 
 
                 
 
 
 
 
 
 
  Award  4 marks for properly labelled diagram. 
 

d) Car exhaust fumes contain both carbon monoxide and nitrogen monoxide. 
Many cars  have a catalytic convertor fitted in the exhaust system. This 
contains platinum which catalyses the following reaction: 
 

                  2 NO(g)   +  2 CO(g)        N2(g)     +  2 CO2(g) 
   

i) Explain how carbon monoxide is formed inside the car engine.   
ii)  Define the term catalyst and explain why it is beneficial to have cars 

fitted with catalytic convertors.                                                  (9 marks) 
 
 
(i) Complete combustion of hydrocarbon fuel produces carbon dioxide and 

water as products. (1) CO forms as a result of incomplete 
combustion of the fuel. (2) 

(ii) Catalyst: a substance which increases rate of the reaction without 
itself being consumed at the end of the reaction. (2) Catalytic 
convertors speed up the reaction involving conversion of the 
products of combustion (NO, CO) into harmless gases (CO2, N2). 
(2) The removal of nitrogen oxides is beneficial since these gases 
convert into nitric acid in the air and produce acid rain. (2)   

Enthalpy  

  Reaction progress 

Reactant
s 

Products 

Activation energy 

Enthalpy 
change 


