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525/2 

S6 CHEMISTRY 

Exam 2 

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 questions 

from section B  

- Begin each question on a fresh page,  

- Mathematical tables and graph papers are provided. 

- Non programmable scientific electronic calculators may be used. 

- Illustrate your answers with equations where application  

C = 12, H = 1 , Na = 23, Pb= 207, I = 127  
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SECTION A: 

Answer three questions in this section 

 

1. (a) State  

(i) Raoult’s law as applied to ideal solutions     (1 mark) 

The partial pressure of a component in a mixture is a product of it vapor pressure and its mole 

fraction. 

 

(ii) Distribution law.        (2 marks)  

The ratio of concentration a solute in two immiscible solvents at equilibrium is constant at 

constant temperatures.  

 

 

(b) State the two limitations of  

 (i) Raoult’s law         (1 mark) 

- formation of a mixture should not involve change in temperature 

- formation of a mixture should not involve change in volume 

- the forces of attraction between like and unlike molecules should be equal 

 (ii) Distribution law         (1 mark)  

  none of the solvent should be saturated 

 the solute should be in the same molecular state in both solvents. 

  

(c) Hexane and heptane form an ideal solution. At 30oC, the saturated vapour pressures of 

pure hexane and pure heptane are 30 kNm– 2 and 12KNm– 2 respectively. 

The table below shows the variation of partial vapour pressures of hexane and heptane with 

composition.  

 

Mole fraction of hexane  0.0 0.2 0.4 0.6 0.8 1.0 

Partial vapour pressure of hexane  0 6 12 18 24 30 

Partial vapour pressure of heptane  12 9.6 7.2 4.8 2.4 0.0 

Total vapour pressure  12 15.6 19.2 22.8 26.4 30 

 

(i) On the same axes, plot a graph of partial vapour pressures and total vapour pressure 

against composition for hexane and heptane.     (4 marks)  
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Use the graph to determine  

(i) The mole fraction of hexane and heptane when the two liquids have the same partial 

vapour pressures.       (2 marks)  

The mole fraction of hexane = mole fraction of heptane = 0.24 

(ii) The masses of hexane and heptane the liquid mixture that produced a total vapour 

pressure of 26KNm – 2.       (4 marks) 

Partial pressure of heptane = 24kPa  

Partial pressure of hexane =   2kPa 

Formula mass of hexane = 6 x 12 + 14 =86 

Formula mass of heptane = 7 x 12 + 16 = 100 

From PV = nRT 

Let the mass of hexane be x 
24000 𝑥 1

=  
𝑥

86
 𝑥 8.31 𝑥(273 + 30)  

𝑥 = 820𝑔  

Let the mass of heptane be y 

2000 x 1 = 
𝑦

100
 𝑥 8.31 𝑥 303 

y = 79g 

 

    (d) An aqueous solution contains 10g of substance Y in 1 litre of solution. When 100cm3 of this 

solution was shaken with 20cm3 ethoxyethane; the ethoxyethane layer extracts 0.8g of Y. 

Calculate the volume of ethoxyethane that would be required to extract 80% of Y from 

500cm3 of the aqueous solution.   (5 marks)  
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Solution 

Mass of Y in 100cm3 of aqueous solution = 
10 𝑥 100

1000
 = 1g 

 KD = 
[𝑌]𝑖𝑛 𝑒𝑡ℎ𝑜𝑥𝑦𝑒𝑡ℎ𝑎𝑛𝑒

[𝑌]𝑖𝑛 𝑤𝑎𝑡𝑒𝑟
 = 

0.8

(1−0.8)
 = 

0.8

0.2
 = 4 

Mass of Y in 500cm3 = 
500 𝑥 10

1000
 = 5g 

80% of 5g = 4g 

From 

KD = 
[𝑌]𝑖𝑛 𝑒𝑡ℎ𝑜𝑥𝑦𝑒𝑡ℎ𝑎𝑛𝑒

[𝑌]𝑖𝑛 𝑤𝑎𝑡𝑒𝑟
 

Let the volume be V 

 4 =  
4

𝑉⁄

1
500⁄

 

V = 500cm3 

 

2. Complete the following equations and in each case suggest a mechanism for the reaction  

 

(a)                                                                                                                       (4marks) 

 

 

Mechanism  

 

 

 

 

 

 

 

(b) CH3 – C – Cl +  OH     OCOCH3  (3 marks)  
 

Mechanisms 
 
 
 
 
 

 
 

 

 CH3 
1. 𝐶𝑜𝑛𝑐. 𝐻2𝑆𝑂4

2, 𝐻2𝑂/ℎ𝑒𝑎𝑡
 

O 

CH3 

OH 

                     CH3                                  CH3                                  CH3                                        CH3                                  

                      H+                                    :OH2                                OH2                                        OH         
+ 

+ 

-H+ 

.. 

+ 

                  O                                         :O-                                                               O 

        CH3   C     Cl                          CH3   C     Cl                                               O      CCH3                        

                 OH                                         OH 

-HCl 
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(c) (CH3)3 C – Br  EtOH/KOH     (CH3)2C = CH2   (3 marks)  

Heat  

 Mechanism 

 

 

(d) CH3 CHO + CH3CH2NH2  CH3CH=NCH2CH3 (3 marks) 

 

Mechanism 

 

 

  

 

 

 

 

 

 

 

 

 

(e)  + fuming H2SO4                SO3H   (4 marks) 

 

 

 

 

 

 

 

                                                                        OH 

(f) HCOH + Na2SO3 H+              H2C    SO3Na    (3 marks)  

 

 

  

 

 

 

 

 

 

(CH3)3C         Br                      (CH3)2C         CH2                           (CH3)2C = CH2 

                                                                       H       :OEt 

+ 

H+ 

Proton 

shift 

.. 

                                    +OH                        OH                                          +OH2 

CH3CHO +H+          CH3CH                 CH3CH                                      CH3CH  

                                  H2NCH2CH3         H2NCH2CH3                              HNCH2CH3  

Then 

CH3CH                                   CH3CH 

   HNCH2CH3                               NCH2CH3 

 

.. 

+ 

+ 

-H+ 

Proton shift 

H2SO4   → H2O(l) + SO3(g)  

                    O                                            H 

                    S        O                                    SO3
-                                                 SO3H                           

                    O                                             

+ 

       O                              O-                                                OH                                      OH 

H    C    H                 H    C    H          proton shift     H    C    H            Na+          H    C    H     

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

         OH                         OH                                              O-                                        ONa 

.. 
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3. Na, Mg, Al, Si, P, S and Cl are the members of period three of the periodic table 

(a) State and explain how the following vary across the period  

(i) Electro positivity       (2 marks)  
Electropositivity decrease from Na to Cl  to increase in effective nuclear charge, 
i.e., increase in nuclear charge outweigh increase in screening effect. 

(ii) Electro negativity       (2 marks)  
Increase across the period due to increase in effective nuclear charge, i.e., increase 
in nuclear charge outweigh increase in screening effect. 
 

(b) (i) Write the formulae of the normal oxides of the elements.  (3 ½ marks)  
       Na2O, MgO, Al2O3, SiO2, P2O5, SO2, Cl2O7 
 
(ii) State the chemical nature of the oxides in b (i)   (2 ½ marks)  
     Na2O and MgO are basic 
     Al2O3 is amphoteric 
     SiO2, P2O5, SO2, Cl2O7 are acidic 
 

(c) Discuss the reactions of the oxides of the elements in b (i) with  
(i) Aqueous sodium hydroxide solution (6mark) 

Na2O and MgO do not react because they are basic 
Al2O3 reacts to form a salt because it is amphoteric  
Al2O3 (s) + 2OH-(aq) →  2AlO2

-(aq) + H2O(l) 
SiO2, P2O5, SO2, Cl2O7 react to form salts are acidic 
SiO2 (s) + 2OH-(aq) → SiO3

2-(aq) + H2O(l) 
P2O5(s) + 2OH-(aq) + (l) → 2PO3

-(aq) + H2O(l) 
SO2 (s) + 2OH-(aq) → SiO3

2-(aq) + H2O(l) 
Cl2O7(g) + 2OH-(aq) → 2ClO4

-(aq) 
(ii) Dilute hydrochloric acid (4mark) 

(Your answer should include equations)      
Na2O, MgO, Al2O3 react because they are basic 
Na2O(s) + 2HCl(aq) → 2NaCl(aq) + H2O(l) 
MgO(s)  + 2HCl(aq) → MgCl(aq) + H2O(l) 
2Al2O3(s) + 6HCl(aq) →2AlCl3(aq) +3H2O(l) 
 

4. (a) Explain what is meant by the following terms  
(i) Solubility of a salt  

Solubility is the mass of solute that saturate 100g of a solvent at a given 
temperature 

(ii) Solubility product 
Is the product of molar concentration of ions in a saturated solution of a 
sparingly soluble salt raised to their stoichiometric ratios in solubility equation 
at a given temperature. 
  

(iii) Common ion effect       (3 marks)  
This is the reduction in the solubility of a salt in presence of another solute 
containing common ion(s). 
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(b)(i) Describe an experiment which can be carried out to determine the solubility product 
of lead (II) iodide.       (6 marks)  

 
A given volume (v) of saturated solution is evaporated to dryness the mass (m) of 

dissolved PbI2 is determined. 
 
Calculation 

Concentration in gdm-3 = 
1000𝑚

𝑉
 

Formula mass of PbI2 = 207 + 2 x 127 =461 

Molarity of solution = 
1000𝑚

461
 moldm-3 

[I-] = 
2000𝑚

461
 

[Pb2+] = 
1000𝑚

461
 

Ksp = (
2000𝑚

461
)2(

1000𝑚

461
)mol2dm-6 

 
      (ii) The solubility of lead (II) iodide at 25oC is 0.2904g per litre of water. Calculate the 

mass of lead (II) iodide that can be precipitated out of solution when 50cm3 of 0.2M 
calcium iodide solution was added to 950cm3 of a saturated solution of lead (II) 
iodide at 250C.              (6marks)   

 

 Molarity = 
0.2904

461
      = 6.3 x 10-4moldm-3 

 Ksp = (2 x 6.3 x 10-4 )2(6.3 x 10-4) = 1.18 x 10-15mol2dm-6 
 

          Moles of iodide ions =   
50 𝑥 0.2

1000
    = 0.01moles 

  Let the solubility of lead iodide be xmoldm-3 
 Ksp = 0.012x = 1.18 x 10-15 

                               x = 1.18 x 10-11moldm-3 
 Concentration of PbI2 = 1.18 x 10-11 x 461 = 5.4 x10-9gmol-3 
 Mass of PbI2 precipitated = 0.2904g - 5.4 x 10-9g 
                                                           = 0 .29039994g 
                                                                                    
 

(iii) State and explain how the solubility of lead (II) iodide can be affected when a small 
amount of iodine was added to a saturated solution of lead (II) iodide at 25oC.  
         (3 marks)  
No effect 

(c) State two applications of solubility product     (2 mark) 

 - Purification of salts 

 - gravimetric titration 
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SECTIION B: 

 

Answer any two questions from this section 

 

5. (a) Describe how chlorine can be prepared in the laboratory. (Diagram not required)  

  By electrolysis of brine using carbon anode and mercury cathode 

 Chlorine is liberated at the cathode 

 2Cl-(aq) -2e → Cl2(g) 

(b) State how fluorine and chlorine can react with  

 (i) water 

 Cl2(g) + H2O(l) → Cl-(aq) + OCl-(aq) 

 (ii) sodium hydroxide  

        Dilute sodium hydroxide 

    Cl2(aq) + 2OH-(aq) → Cl-(aq) + OCl-(aq) + H2O(l) 

    Concentrated sodium hydroxide 

 3 Cl2(aq) + 6OH-(aq) → 5Cl-(aq) + ClO3
-(aq) + 3H2O(l) 

 (Your answer should include equations)      (7 marks)  

 

(c) Explain the following observations,  

 (i) aluminium fluoride is ionic whereas aluminium chloride is covalent  (3 marks)  

 

Chloride ions are bigger than fluoride ions thus are easily polarized by aluminium ions 

to form a covalent compound while fluoride ion are not 

 

(ii) hydrofluoric acid is a weak acid whereas hydrochloric acid is a strong acid  

           (3 marks)  

 The H-F bond is stronger than H-Cl making it difficult to release a proton 

 

(iii)F – F bond is much weaker than Cl – Cl bond.     (3 marks) 

 

Fluorine is a small atom that fluorine atoms in a molecule experience strong 

intermolecular repulsion from non-bonding electrons  

 

6. Write equations to show how the following compounds can be synthesized. 

 

(a) CH3CH2 CHCOOH  from propene       (4 marks)  

 

 

Solution 

CH3CH=CH2 + HBr      peroxide    CH3CH2CH2Br   OH-     CH3CH2CH2OH 

Then 

 
    I  
    OH 
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CH3CH2CH2OH   Cr2O7
2-/H+   CH3CH2CHO     KCN    CH3CH2CHCN    H+  CH3CH2CHCO2H 

                                                                                                               OH                              OH 

 

 

(b)   NHNH2 from   NH2      (3 marks)  

 

 

 

 

 

 

(c)                CHO  from   SO3H       (4 marks)  

 

 

 

 

 

 

 

                                                             O 

(d) CH3CH = CH2 from     CH3C – O – CH2CH3     (5 marks)  

 

 

 

 

 

 

(e) HO – C – CH2CH2 – C – OH from CH3CH2 – Br     (5 marks)  

 

 

 

 

 

 

 

 

 

 

 

 

 

      O       O 
       II                     II 

              SO3H     NaOH/fuse             ONa     H+                 OH         Zn dust  

Then 

          + CH3Cl     AlCl3                        CH3     MnO2/H+                    CHO  

     

CH3CH=CH2     1. O3 -780C   CH3CHO    Cr2O7
2-/H+     CH3COOH      CH3CH2OH/H+     CH3COOCH2CH3 

2. Zn/CH3COOH 

CH3CH2 – Br     EtO-/EtOH    CH2=CH2       Br2/CCl4        CH2BrCH2Br 

 

Then 

CH2BrCH2Br      KCN          NCCH2CH2CN      H+        HOOC CH2CH2COOH 

 

heat 

             NH2    NaNO2/HCl <50                  N2Cl     NaOH, SO2              NHNH2 
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7. Explain each of the following observations:  

(a) When potassium iodide solution was added to a solution potassium permanganate. A 

purple solution turned brown.        (3 marks)  

 

Potassium permanganate is reduced to manganese (IV) oxide while iodide ions are 

oxidized to iodine 

 

2MnO4
- (aq) + 6I-(aq) + 4H2O (l)  → 2MnO2 (s) + 3I2(aq) + 8OH-(aq) 

 

(b) The partial pressure constant (Kp) and concentration equilibrium constant (Kc) for the 

dissociation of hydrogen iodide are equal.     (3 marks)  

 

Because dissociation of hydrogen iodine gives equation moles of a gas 

 

(c) An aqueous solution of phenol turns blue litmus paper pink while a solution of 

cyclohexanol in water is neutral to litmus.     (4 marks) 

 

The phenyl group withdraws electrons from O-H bond leading to release of a proton 

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

 

(d) The molar conductivities of Li+, Na+ and K+ are 38.7, 50.1 and 73.5Ω- 1 cm2 mol– 1 

respectively.          (3 marks)  

 

Li+ ha higher charge density than Na+ than K+;  Li+ attracts a bigger cloud of water than 

Na+ than K+; this makes the effective size of Li+ to be bigger than that of Na+ than K+; 

the slow speed of Li+ lowers its conductivity than that of Na+ than K+. 

 

(e) Zinc chloride is a white solid whereas cobalt (II) chloride is a blue solid.  (3 marks) 

 

Zinc ions have full d-orbital while cobalt ions do not.  

 

(f) When sodium hydroxide solution was added to chromium (III) sulphate drop wise 

until in excess and the resultant solution warmed with hydrogen peroxide solution, the 

violet solution formed green precipitate which dissolved to form a green solution and 

finally turned yellow on addition of hydrogen peroxide.  (4 marks)  

 

Chromium ions forms a green precipitate of chromium (III) hydroxide soluble in 

excess to form a complex that is oxidized by hydrogen peroxide to form yellow 

chromate (VI) 

 

Cr3+(aq) + 3OH-(aq) → Cr(OH)3(s) 
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Cr(OH)3 (s) +  OH-(aq) → Cr(OH)4
-(aq) 

2Cr(OH)4
-(aq)  + 3H2O2(l) +   2OH-(aq)+ →    2CrO4

2- (aq) + 8H2O(l) 

 

8. 0.3 mole of hydrogen gas was mixed with 0.1 mole of nitrogen gas in a 2dm3 sealed vessel. 

The vessel was heated to 400oC and allowed to stand until equilibrium was attained  

 

N2(g) + 3H2(g)   2NH3(g)   ΔH= −92 Kjmol– 1  

 

(a) (i) Define the term equilibrium       (1 mark)  

Equilibrium is said to occur when the rate of forward reaction is equal to the rate of 

backward reaction 

 

(ii) State any three characteristics of any chemical equilibrium   (3 marks)  

- Occurs at constant temperature 

- Occurs in closed system 

- It is dynamic equilibrium 

 

(b) Explain the effect of the following in the above equilibrium. (6 marks) 

(i) Increasing the temperature to 500oC   

Equilibrium shifts to the left to absorb heat and restore temperature.  

   

(ii) Adding water to the equilibrium mixture  

Equilibrium shifts to right to restore ammonia that dissolves in water  

    

 

(c) The sealed tube in (a) above was rapidly cooled and broken under dilute sulphuric 

acid. The ammonia present was completely absorbed and neutralized by 25cm3 of 

0.2Msulphuric acid. Calculate the value of the equilibrium constant Kc at 400oC. State 

its units.         (6 marks)  

 

Moles of sulphuirc acid = 
25 𝑥 0.2

1000
 = 0.005moles 

Moles of ammona = 0.005 x 2 = 0.01moles 

 

3H2(g) + N2(g) ↔ 2NH3(g) 

Initially  0.3             0.1               - 

Reacted             0.015        0.005                         

At  Eqbm            0.285       0.095       0.01 

 

Concn. At Qbm  0.285/2   0.095/2   0.01/2 

                      =   0.1425        0.0475       0.005 
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Kc = 
(0.005)2

(0.1425)2(0.0475)
      = 0.182mol-2dm6                           

 

(d) The ammonia formed can be used in the manufacture of nitric acid. Write equations to 

show how ammonia can be converted to nitric acid.    (4 marks)  

 

8NH3(g) + 7O2(g)  Pt, heat   8NO2(g) + 12H2O(l) 

4NO2(g) + O2(g) + 2H2O(l) →  4HNO3(aq) 

 

 

 

 

END 


