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525/2 

S6 CHEMISTRY 

Exam 1 

PAPER 2 

DURATION: 2 HOUR 30 MINUTES 

For Marking guide contact and consultations: Dr. Bbosa Science 0778 633 682.  

INSTRUCTIONS TO CANDIDATES 

Answer five questions, including three questions from section A and any two from section B 

Begin each question on a fresh page. 

Graph papers are provided. 

Non-programmable scientific calculators may be used 
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SECTION A (do any 3 numbers) 

1. (a) State what meant by the term boiling point constant of a liquid.           (2marks) 

Elevation of boiling point caused by 1 mole of a substance in 1000gof solute 

 

(b) Describe an experiment that can be used to determine the relative molecular mass of a compound 

using the method of elevation of the boiling point of a liquid. Draw a labeled diagram of the apparatus 

used.                  (9marks) 

(c) A given mass of the solvent (m1) is placed in glass tube A into which a thermometer is immersed. 

This tube is fitted with a wire stirrer, s1, and a side arm, m, through which the solute can be 

introduced. 

 

Apparatus 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 the tube A is surrounded by a wider tube, B, which provides an air jacket to ensure uniform cooling 

 The freezing agent is contained in vessel C consisting of a mixture of ice and salt and is kept stirred 

by stirrer S2. 

 The freezing point of the pure solvent T1, is determined by stirring both freezing agent and the solvent 

and recording the constant temperature at which a liquid turns into a solid. 

 After determining the freezing point of a solvent the solid is warmed to melt. 

 A given mass of solute m2 is introduced into the solvent through side arm, m, and stirred until 

completely dissolved. 

 Repeat procedure 4 and note the temperature (T2) at which pure solvent alone separate out from 

solution as solid. 

 

 

 

 

C 

m A 

B 

S1 

S2 

Beckmann’s thermometer 
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Treatment of results 

Mass of solvent    = M1 

Mass of solute    = m2 

∆t      = (T1-T2) 

Molecular mass of solute   = Mr 

 

Mass of solute in 1000g of solvent  =
1000𝑚2

𝑚1
 

Then,  

Kf = 
(𝑇1−𝑇2) 𝑥 𝑀𝑟 𝑥 𝑚𝑠

1000𝑚2
   where Kf is the cryoscopic constant of a solvent. 

 

(d) Explain why the method you have described in (b) is not suitable for determination of the relative 

molecular mass of polymers in aqueous solution.    (03marks) 

 

Boiling point elevations for dilute solutions of polymers are negligible 

 

(e) Calculate the freezing point of a solution containing 0.42g of ethane-1, 2-diol (molecular mass =62) 

in 30g of water. (Kf of water =1.860Cmol-1kg-1)     (03marks) 

Mass of ethene-1, 2-diol in 1000g of solvent 

30g of water contain 0.42g of ethane-1,2-diol 

1000g of water contain 
0.42 𝑥 1000

30
 = 14 g 

Freezing point depression 

60g of ethane-1,2-diol cause a freezing point depression of 1.860C 

14g of ethane-1,2-diol will cause a depression of 
14 𝑥 1.86

60
 0.4320C 

Freezing point of solution = 0 – 0.432 = -0.4320C 

 

(f) When a compound Y, was steam distilled at standard pressure, the temperature of distillation was 

960C, the vapour pressure of water at this temperature was 730mmHG and the distillate contained 

74% of water. Calculate the molar mass of Y.     (4marks) 
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Vapour pressure of Y at960C = 760-730 = 30mmHG 

Percentage of Y in vapor = 100 – 74 = 26% 

Formula mass of water, H2O = 2+ 16 = 18 

Let the molecular mass of Y be M 

26

74
=  

𝑀 𝑥 30

18 𝑥 730
  

M = 154 

Therefore molecular mass of y = 154 

 

2. (a)  Write the formula and name of an ore of aluminium.     (2marks) 

Bauxite (Al2O3.xH2O) 

(b)  Describe the process of extraction of pure aluminium metal from its ore  (7marks) 

Extraction of aluminium involves removal of impurities (purification) and then reduction to metal by 

electrolysis. 

Steps in extraction of Aluminium 

(i) The ore is heated  
- to remove water and, 
- To convert iron salts to iron III oxide 

(ii) The powdered ore is heated with concentrated sodium hydroxide to dissolve aluminium oxide and silica 
such that the insoluble iron oxide is filtered off. 
Aluminium oxide form aluminate 

Al2O3 (s) + 2NaOH (aq) + 7H2O (l) → 2Na[Al(OH)4(H2O)2] (aq) 

Or the ionic form 

Al2O3 (s) + OH-(aq) → 2AlO2
-(aq) + H2O(l) 

Silica also dissolves forming sodium silicate.     

 SiO2 (s) + 2NaOH (aq) → Na2SiO3(aq) + H2O (l) 

(iii) To the filtrate a little aluminium hydroxide is added to precipitate Aluminium hydroxide,(seeding). 
NaAlO2(aq) + 2H2O(l)  → NaOH(aq) + Al(OH)3(s) 

Alternatively carbon dioxide bubbled through the filtrate to precipitate aluminium hydroxide as follows 

2NaAl(OH)4(aq) + CO2(g) → 2Al(OH)3(s) + Na2CO3(aq) + H2O(l) 

(iv) 4. The precipitated aluminium hydroxide is filtered off, washed and ignited to give pure aluminium 
oxide (alumina). 

  2Al(OH)3(s)  → Al2O3(s)( Alumina) + 3H2O (g) 
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(v) Aluminum  is obtained form aluminium oxide by electrolysis. 

Cryolite, Na3AlF6,  is added to  

- lower the melting point of alumina from20500C to 9000C  
- and improve conductivity of  aluminium oxide 

 

At the cathode (carbon) aluminium is liberated 

Al3+ (aq) + 3e-  → Al (s) 

At the anode (carbon) oxygen is liberated 

2O2- - 4e → O2 (g) 

 

(c) State the conditions and write equations for the formation of aluminium chloride from the metal 

          (3marks) 

  2Al(s) + 3Cl2 (g)   → Al2Cl6 (s) 
    
  2Al(s) + 6HCl (g) → Al2Cl6 (s) + 3H2 (g) 

 

(d)  The relative molecular mass of aluminium chloride in a vapour phase is 267. 

     (i) Write the molecular formula of aluminium chloride in a vapour phase.   (1 ½ marks) 

 Al2Cl6 

    (ii) Write a structural formula to show the bonding in aluminium chloride vapour.  (1marks) 

          

   (iii) Note the types of bonds involved in the structure you have drawn in (ii) above.  (1 ½ marks) 

 Indicated on the structure in(d)(ii) 

(e) With reference to aluminium oxide, explain the term amphoteric property. Write appropriate equations.        

           (2marks)    

 Amphoteric compounds react with both acids and bases to form salts 

  Al2O3 (s) + 6H+(aq) → 2Al3+(aq) + 3H2O(l)  

Al2O3(s) + 2OH-(aq) →   2AlO2
-(aq) + H2O(l)    
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            (f) Explain, giving the necessary equations, why,                                                                   

                   (i) solutions of simple Al3+ salts are acidic.            (1mark)   

  Aluminium ions hydrolyze in water to produce H+ 

  Al3+ (aq) + 3H2O(l)   →  Al(OH)3(s) + 3H+(aq)                                                               

         (ii) aluminium utensils should not be washed in strong alkaline solution   (1mark) 

         Alkaline solution dissolve aluminium 

        2Al(s) + 6H2O(l) + 2OH-(aq) → 2Al(OH)4
- (aq) + 3H2(g) 

 

3. (a) What is molar conductivity?       (1mark) 

Molar conductivity is the conductivity of a solution containing 1 mole of an 6electrolyte 

(b) The molar conductivity of sodium hydroxide solutions of different concentration are shown in the 

table below 

 

Concentration/moldm-3 0.01 0.04 0.09 0.16 0.25 0.36 

Root concentration 

(𝑚𝑜𝑙
1

2𝑑𝑚
−3

2 ) 

0.1 0.2 0.3 0.4 0.5 0.6 

Molar conductivity  

Λ/Ω-1cm2mol-1 

238 230 224 217 210 202 

(i) Draw a graph of molar conductivity against the square root of concentration (04marks) 

 

(ii) Explain the shape of the graph       (04½ marks) 

 

Molar conductivity increases as concentration decreases because as concentration decreases 

ionic interference decreases. This increases mobility of ions to respective electrodes. 
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(iii) Determine the value of molar conductivity at infinite dilution of sodium hydroxide and indicate 

its units.         (02marks) 

Molar conductivity at infinite dilution =Intercept = 245 Ω-1cm2mol-1 

(c) Using the same conductivity cell, the resistance of 0.1M potassium chloride solution and 0.1M 

bromoethanoic acid solution were found to be 24.96 and 66.50 ohms respectively at 250C. [The 

conductivity of potassium chloride at 25oC is 0.01164Ω-1cm-1 and molar conductivity of 

bromoethanoic acid at infinite dilution is 389Ω-1cm2mol-1.] 

(i) Calculate the cell constant       (02marks) 

Cell constant (l/A) = R x K = 24.96 x 0.01164 = 0.29Cm-1 

(ii) Calculate the molar conductivity of 0.1M bromoethanoic acid  (03marks) 

 K = 
1

𝑅
 x cell constant = 

1

66.50
 𝑥 0.29 = 0.00436 Ω-1cm-1 

      Molar conductivity (Λc) = 
𝐾

𝐶
 = 

0.00436 x 1000 

0.1 
 = 43.6 Ω-1cm2mol-1 

(iv) Determine the pH of 0.1M bromoethanoic acid    (4 ½ marks) 

 

Degree of ionization , α = 
Λ𝑐

Λ0
=  

43.6 

389
 = 0.112 

[H+] = αC = 0.112 x 0.1 = 0.0112moldm-3 

  pH = -log [H+] = -log 0.0112 = 1.95 
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4. Complete the following equations and in each case write the mechanism for the reaction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Solution 

(a) CH3CH2CHO + H2NOH     H+        CH3CH2CH=NOH 

Mechanism 

 

   

 

 

 

 

 

(a) CH3CH2CHO  +H2NOH           H+                                     (4marks)

(b)
+ CH3CCl

O

 AlCl3 (4marks)

(c)

OH
Conc. H3PO4

heat

(3 marks)

(d)    (CH3)3C CH2  + Cl2

H2O (4marks)

(e) CH3CHO + NaHSO3
(3marks)

(f)

CH2I

OH (2marks)

                O                                    OH+                              OH                                     OH2      

  CH3CH2CH  + H+          CH3CH2CH                  CH3CH2CH                       CH3CH2CH               

                                                    H2NOH                       H2NOH                               HNOH 

CH3CH2CH           -H+    CH3CH2CH 

           HNOH                               NOH 

.. 
+ 

Proton shift 

.. 

+ 

+ 
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(b)   

 

 

 

 

 

 

 

(c)  

 

 

 

 

 

 

(d)  

 

 

 

 

 

 

(e)  

 

 

 

 

 

 

 

 

                                  O                                                             O 

                        +  CH3CCl        AlCl3                                          C CH3 

 

Mechanism 

                               O                                                       H   

                               C       Cl …….AlCl3                               CCH3         -H+                         COCH3                

                               CH3                                                      O                     

+ 

heat 

          OH 

                                 Conc. H3PO4      

  

      OH    + H+                        +OH2          

                                                                    H 

                                                                         :OPO3H2 

(CH3)2 C        CH2 + Cl2             H2O            (CH3)2 C        CH2      

                                                                                 OH     Cl     

Mechanism 

(CH3)2 C        CH2             (CH3)2 C        CH2            (CH3)2 C        CH2     -H+       (CH3)2 C        CH2   

          Cl        Cl                         :OH2     Cl                           OH2    Cl                                OH     Cl 

+ 

+ 

                                                                 H 

CH3CHO + NaSO3H                        CH3C    SO3Na 

                                                                OH   
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      O                                 O-                                                    OH                            OH 

CH3C    H                    CH3C     H                                       CH3C     H       Na+    CH3C     H 

O    S      O-                 O    S     O                                      O    S     O                  O    S     O 

      OH                               OH                                                  O-                              ONa 

.. 

Proton shift     

               CH2I          OH-                              CH2OH 

 

               H 

               C      I                                          CH2OH      

               H     :OH- 
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SECTION B (Any two numbers) 

 

5. Write equations to show the following compounds can be synthesized. 

 

(a) CH3CH2CH2CO2H from propan-1-ol                                              (4marks)

(b) CH3CH2CH3   from 1-bromobutane                                                 (4marks)

(c)                   C CCH3
from CH2CH2OH                (6marks)

(d)

H3C

H3C

C N-NH NO2

O2 N

from propane             3.5marks)

(e) CH2OH  from benzene                                                    (2,5marks)

 
 

 

Solution 

 

(a) CH3CH2CH2OH + KI             CH3CH2CH2I        KCN     CH3CH2CH2CN     H+  CH3CH2CH2COOH 

 

(b) CH3CH2CH2CH2Br    OH-     CH3CH2CH2CH2OH    Cr2O7
2-/H+    CH3CH2CH2COOH 

Then 

CH3CH2CH2COOH            soda lime/heat                CH3CH2CH3 

(c)  

                                                                                                                        

                                                                                                                      

 

 

 

 

 

 

 

 

 

 

          CH2CH2OH    Conc. H3PO4, heat              CH=CH2     Br2/CCl4                      CH     CH2 

                                                                                                                                       Br     Br 

Then 

           CH     CH2       EtO-/EtOH               C       CH       Na/liq. NH3                C     CNa 

           Br       Br 

heat 

heat 
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Then 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(e)   

 

 

 

 

 

6. (a) (i) Explain why fluorine shows some differences in its properties from the rest  

of the group 7 elements (chlorine, bromine, and iodine) of the periodic table: (3marks) 

- It has high electronegativity 

- It  has small atomic radius 

- It has abnormally low bond energy 

(ii)   State the different between the Chemistry of fluorine and the rest of the  

elements of group VII of PT.        (8marks) 

 

-  Fluorine is the most electronegative element and displaces all other halogens from their ionic halides. 

       2Cl- + F2 (g)  → 2F- + Cl2 (g) 

- Fluorine substitutes oxygen from silicon dioxide and water. 

      SiO2(s) + 2F2(g)  → SiF4(g) + O2(g) 

  2H2O(l) + 2F2(g)  → 4HF(aq) + O2 (g)  

- Fluorine reacts with cold dilute solutions of alkalis to give oxygen difluoride; F2O, and with warm 

concentrated alkalis to give oxygen. 

(Cold dilute) 2OH- (aq) + 2F2 (g) → F2O (g) + 2F- (aq)  + H2O (l)  

Then  

           C       CNa      CH3Br                        C       CCH3          

 

CH3CH2CH3    Cl2/U.V light      CH3CHCH3        OH-           CH3CHCH3       Cr2O7
2-/H+    CH3CCH3 

                                                          Cl                                        OH                                          O 

Then 

CH3CCH3    +   H2NHN                   NO2                H+                     CH3C      NHN                   NO2 

      O                                           NO2                                                     CH3                       NO2 

 

                  + CH3Cl      AlCl3                    CH3          MnO2/H+                      CH2OH      
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(Warm conc.) 4OH- (aq) + 2F2 (g)  → O2 (g) + 4F- (aq)  + 2H2O (l) 

 

(b)     Describe one general method for preparing the halogens (excluding fluorine)  

in the laboratory and write equations for the reactions.    (4½ marks) 

by reacting halides with acidified potassium permanganate (VII) or manganese dioxide 

  MnO2 (s) + 4H+ (aq) + 2X- (aq) → Mn2+ (aq) + 2H2O (l) + X2 (s) (X = Cl, Br, I) 

  2MnO4
- (as) + 16H+ (aq) + 10X- (aq) → 2Mn2+ (aq) + 8H2O (l) + 5X2 (s) 

 

(ii) How can you distinguish between sodium bromide and sodium iodide, 

 given chlorine water and tetrachloromethane     (2 ½  marks) 

When chlorine is bubbled in a mixture of aqueous sodium bromide or sodium iodide with 

tetrachloromethane, bromine or iodine are liberated staining tetrachloromethane layers 

orange or black respectively. 

(iii) The acidity of halogens acids decrease in the order HI>HBr>HCl although 

 their ionic characters increase in the reverse order.   (3 marks) 

 

the acidity decrease due to increase in the H-X bond strength HI<HBr<HCl whereas ionic 

strength increases  due to increase in electronegativity of halogens from I<Br<Cl. 

 

7. Carbon, silicon, tin and lead are elements in group IV of the periodic table. 

  (a) State 

      (i) the common oxidation state of group (IV) elements of the periodic table   (01marks) 

 +2 and +4 

      (ii) how the stability of the oxidation states of group IV element vary down  

           the group. (Illustrate your answer with the chloride of carbon and lead)   (03marks) 

Stability of +2 increases down the group while that of +4 decreases down the group for example 

carbon form stable carbon (IV) chloride  while lead form stable lead (II) chloride. Carbon does 

not form CCl2 

  (b) Give a reason for your answer in (a)(ii)       (01marks) 

 Stability oxidation state +2 increases down the group due to inert pair effect 
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  (c) Discuss the reaction of the chloride of each element with water   (06marks) 

 CCl4 does not hydrolyse in water 

 SiCl4, GeCl4, SnCl4, PbCl4 hydrolyze in water forming dioxides and hydrochloric acid 

 M(Si, Ge, Sn, Pb)Cl4   + 2H2O(l) → MO2(s) + 4HCl(aq) 

 SnCl2 partially hydrolyze in water 

 SnCl2 (s) + H2O(l) → Sn(OH)Cl(aq) + HCl(aq) 

 PbCl2 ionizes in water 

 PbCl2(aq)  ↔ Pb2+(aq) + 2Cl-(aq) 

  (d) Write equations for the reactions between 

 (i) the oxide of each element and sodium hydroxide     (06marks) 

 Carbon dioxide reacts to give carbonate and hydrogen carbonates 

 CO2(g) + 2OH-(aq) → HCO3
-(aq) + OH-(aq) → CO3

2-(aq) + H2O(l) 

 SiO2, GeO2, SnO2 and PbO2 react to give complexes 

 MO2 (s) (Si, Ge, Sn, Pb) + 2OH-(aq) → MO3
2-(aq) + H2O(l) 

 CO does not react with sodium hydroxide 

 PbO  forms a complex 

 PbO (s) + 2OH-(aq) → PbO2
2-(aq) + H2O(l) 

 

 (ii) lead (IV) oxide and cold concentrated hydrochloric acid    (1 ½ marks) 

 PbO2(s) + 4HCl (aq) → PbCl4(l) + 2H2O(l) 

(iv) Lead (IV) oxide and warm concentrated hydrochloric acid   (1 ½ marks) 

PbO2(s) + 4HCl(aq) → PbCl2(s) + 2H2O(l) + Cl2(g) 

 

8. Briefly explain each of the following observation: 

(a) Sodium chloride melts at 8000C whereas aluminium chloride sublimes at 1800C. (03marks) 

Al3+ has a big charge and small radius leading to high charge density it strongly polarizes chloride 

ions forming a covalent compound with low sublimation temperature whereas Na+ has low 

charge density that NaCl is strongly ionic leading high melting point. 

(b) Graphite and copper are both conductors of electricity.    (04marks) 

Graphite and copper have free delocalized electrons that are free to conduct electricity.  The free 
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electrons of graphite are the unbonded p-electron while for copper is the d- electrons 

(c) Iodine is much more soluble in potassium iodide than water.    (03marks) 

Iodine forms a soluble complex with potassium iodide 

KI + nI2  → KI(n + 1) 

(d) A solution of sodium thiosulphate become cloudy with the formation of  

a yellow precipitate when left in air.       (02marks) 

carbon dioxide reacts with water to form acidic solution that decomposes sodium thiosulphate to 

insoluble yellow sulphur. 

 CO2(g) + H2O(l) → H2CO3(aq) 

S2O3
2-(aq) + 2H+(aq) → S (s) + SO2(g) + H2O(l) 

(e) Phenylamine is a weaker base than ethylamine.     (04marks) 

The phenyl group withdraws electrons from nitrogen atom reducing the ability of its lone pair to 

pick a proton from water and form hydroxyl ions whereas the ethyl group donates electrons to 

nitrogen group and increases the ability its lone pair of electron to pick a proton and form 

hydroxyl ions 

(f) Phenol is a stronger acid than cyclohexanol.      (04marks) 

The phenyl group withdraws electrons from O-H bond and makes it easy for loss of a proton 

while the cyclohexyl group donates electrons and stabilizes the O-H bond which makes it 

difficult to release a proton. 

 

END 


