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S6 CHEMISTRY 
Exam 2 

PAPER 2 
DURATION: 2 HOUR 30 MINUTES 

 
For Marking guide contact and consultations: Dr. Bbosa Science 0776 802709.  
 

 

INSTRUCTIONS TO CANDIDATES: 
 

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

Write the answers in the answer booklets provided. 

Begin each question on a fresh page. 

Mathematical tables and graph paper are provided. Non-programmable scientific 
electronic calculators may be used. 
 

Use equations where necessary to illustrate your answers. 
 

(Where necessary use H=l;  C=12; N =  14; 0=16). 
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SECTION A: (60 MARKS)  

Answer three questions from this section. 
  

1.     (a) State: 

(i) what is meant by the term first ionization energy.      (01 mark) 

First ionization energy is energy required to remove an electron from 

gaseous atom to form a gaseous ion with a single positive charge. 

(ii) two factors that can determine the value of first ionization energy 

and explain how the factors affect the value of first ionization 

energy.                                       (04 marks) 

- atomic radius: the smaller the atom is the higher the first 

ionization energy because valence electrons  experience strong 

nuclear attraction. 

- Electronegativity: the higher the electronegativity of an atom I 

the higher the first ionization energy because electrons are 

strongly attracted to the nucleus. 
 

(b) (i)     Define the term first electron affinity. (01 mark) 

 

First electron affinity is energy change when an electron is added to 

gaseous atom to form gaseous ion with single negative charge. 

(ii) Write equation to show the first electron affinity of oxygen atom. 

(01 mark) 

       O(g) + e → O-(g) 

(iii) Explain why the first electron affinity of oxygen is an exothermic 

process while the second electron affinity is an endothermic 

process.                                      (04 marks) 

The first electron affinity of oxygen is exothermic because oxygen is 

highly electronegative; while the second is positive because the first added 

electron repels the second electron 

(c) Aluminium reacts with oxygen to form aluminium oxide according 

to the following equation. 

2Al(s) + 302(g)         Al203(s) AH® = -1675.7 kJmol-1 

Some thermo-chemical data of aluminium and oxygen are given below. 

Heat of atomization of aluminium = +324.3 kJ mol-1 

First ionization energy of aluminium = +578.0 kJ mol-1 

Second ionization energy of aluminium = +1817.0 kJ mol-1 

Third ionization energy of aluminium = +2745.0 kJ mol-1 

Atomization energy of oxygen = +249.2 kJ mol-1 

First electron affinity of oxygen = -141.4 kJ mol-1 

Second electron affinity of oxygen = +844.0 kJ mol-1 
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(i) Draw an energy level diagram for the formation of 

aluminium(III) oxide.                            (05 marks) 

 

 

 

 

 

 

 

 

 

 

 

 

(ii) Calculate the lattice energy of aluminium(III) oxide. 

(04 marks) 

-1675.7 = 324.3 x 2 + 578.0 x 2 + 1817 x 2 + 2745.0 x 2 + 249.2 x 3 -141.4 x 3  

        +844.0 x 3  + Lattice energy 

Lattice energy = -15459.7kJmol-1 

(iii) Comment on the value of lattice energy obtained in (c)(ii). 

(04 marks) 

Lattice energy is highly exothermic showing that aluminium oxide I very stable 

 

 

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

reaction.

(a) +Br2     Fe                  Br (04 marks) 
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(b) CH3CH2I+ OH(aq)     heat      CH3CH2I (02 marks) 

 

 

 

 
 

        + Conc.HN03   Conc.H2SO4                NO2 (04 marks) 

 

 

 

 

 

(e) CH3 CH = CH2                H+/H2O     CH3CHCH3  (04 marks) 

                                          OH 

Mechanism 

 

 

 

      OH 

(f)  CH3CHCH3     Conc. H2SO4  CH3CH=CH2 (3½ marks) 

 

 

 
 

2. Beryllium, magnesium, calcium, strontium and barium are elements in group II of the 

Periodic Table. 

(a) Describe the reaction of the elements with: 
 

(i) water. (3½ marks) 

Be does not react with water 

(d) 

(b) CH3CHO + NaHS03(aq)       CH3CHSO3Na 

                                  OH                  (2½marks) 

Mechanism  

     O              O-                 OH                  OH 
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HNO3 (aq) + H2SO4(aq) → +NO2 (aq) + H2O (l) + HSO4
-(aq) 
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                             NO2                    
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     H                        H                 H 
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CH3CHCH3 
+ 
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CH3CHCH3 + H+        CH3C    CH2                   CH3CH    CH2 

                          H    H    :OSO3H   
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Mg reacts slowly with to form magnesium hydroxide and rapidly with steam to 

form magnesium oxide and hydrogen 

Mg(s) + 2H2O (l) →  Mg(OH)2(aq) + H2(g) 

Mg(s) + H2O (g) →  MgO(s)+ H2(g) 

Ca, Sr, and Ba react to form hydroxides with increasing vigor 

M(Ca, Sr, Ba)(s) + 2H2O(l) →  M(OH)2(aq) + H2(g) 

 

(ii) dilute hydrochloric acid. (3 ½ marks) 

 

All group (II) elements react with dil. and conc. HCl to form chlorides  

 

M(Be, Mg, Ca, Sr,Ba) (s) + 2HCl (aq) → MCl2(aq) + H2(g) 

 

(iii) oxygen. (03 marks) 

All group (II) elements react with oxygen to form oxides  

 

2M(Be, Mg, Ca, Sr,Ba) (s) + O2 (aq) → 2MO (s) + H2(g) 

 

(iv) bromine. (02 marks) 

All group (II) elements react with bromine to form bromides  

 

M(Be, Mg, Ca, Sr,Ba) + Br2 (aq) → MBr2(s)  

 

(b) State the reasons why beryllium differs from the rest of the group II 

members. (3½marks) 

- Has small atomic radius 

- Has high electronegativity 

- Its ions have high polarizing power 

(c) (i)     Name the reagent that can be used to distinguish between 

calcium and barium ions. (01 mark) 

potassium chromate followed by dilute ethanoic acid  

(ii)    State what would be observed and write equation(s) for the reaction (s) that 

would take place if the reagent you have named in (c)(i) was treated separately 

with calcium and barium ions. 

(3 ½ marks) 

Ba2+(aq) – yellow ppt insoluble in dilute ethanoic acid 

Ca2+ (aq) – no observable change or yellow ppt soluble in dilute ethanoic acid 

Turn Over 

 

4.  (a)    State what is meant by the term; 

(i) Radio-activity.      (01mark) 

Is spontaneous disintegration of unstable nuclides 

(ii) Half-life.      (01mark) 
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This is the time taken by a radioactive substance to reduce to half its original 

value 

(i) Plot a graph of activity against time. (03 marks) 

 

 

 

 

 

 

 

 

 

(ii) Determine the value of the half-life of element Z.    (½ marks) 

41hour 

(iii) Determine the decay constant and state its unit.        (02 marks) 

Decay constant, K =In 2/half life = 0.693/41= 0.0169hour-1. 

 

(c)    The kinetic data for the reaction between substances X and Y are shown in 

the table below.  

Experiment 
Initial [X\ 

(moldm-3) 

Initial [Y] 

(moldm-3 ) 

Initial rate 

(moldm-3 s-1 ) 

I  5.0 x 10-3 5.0 x 10-3 3.0 x 10-3 

II 1.0 x 10-3 1.0 x 10-2 2.4 x 10-2 

III 5.0 x 10-3 1.0 x 10-2 6.0 x 10-3 

Determine the 
 

(i) rate equation for the reaction. 

 

Rate = K[X]2[Y] 

(ii) value of the rate constant and state its units. 

 

3 x 10-3 = K(5.0 x 10-3)2(5 x 10-3) 

K = 24000mol-1dm-3s-1 

 

(02 marks)  

 

 

(02 marks) 

 
 
 

 

(iii) initial rate of the reaction when the concentrations of X and Y are 

1.5 x 10-3and 7.5 x 10-3moldm3 respectively.          (01 mark) 

Rate = 24000(1.5 x 10-3)2(7.5 x 10-3)= 4.05 x 10-4(moldm-3 s-1 ) 

Time (hours) 0.0 5.0 10.0 15.0 20.0 25.0 30.0 

Activity (count per 

minute) 

25.00 23.00 21.25 19.50 18.00 16.50 15.25 

 

(b)    The table below shows data for radio-active decay of an element Z. 
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Explain how the following factors affect the rate of a chemical reaction. 
 

(i) Temperature.       (3½ marks) 

Increase in temperature increases the rate of reaction by increasing the kinetic 

energy of molecules and rate of collision. Secondly increase in temperature 

increase the proportions of molecules with energy higher than activation energy 

 

(ii) Concentration.    (1½ marks) 

Increase in concentration increase the rate of reaction by increasing the rate of 

collision of molecules 

(iii) Surface area    (½ marks) 

 
Increase in surface are a increases the rate of reaction by increasing the frequency of 
collision of molecules

 

 

 

SECTION B: (40 MARKS) 

Answer two questions from this section. 

5. (a)    Ammonium chloride solution gives effervescence with magnesium ribbon, whereas 

sodium ethanoate solution gives a blue precipitate with aqueous copper (II) chloride solution. 

Explain the observation.    (08 marks) 

Ammonium chloride hydrolyze to form acidic solution that reacts with magnesium to liberate 

hydrogen 

NH4+ → NH3 + H+ (aq) 

Mg (s) + 2H+(aq) → Mg2+(aq) + H2(g) 

While sodium ethanoate hydrolyze to form alkaline solution that form a blue precipitate of 

copper (II) hydroxide 

 CH3COO-(a) + H2O(l) → CH3COOH (aq) + OH-(aq) 

Cu2+(aq) + 2OH-(aq) → Cu(OH)2(s) 
 

(b) The hydrolysis constant of sodium methanoate is 6 . 2 5 x 1 0 - 1 1  moldm-3 at 25 °C. 
 

(i) Calculate the pH of a 0.1M aqueous solution of sodium 

methanoate at 25°C. (Ionic product of water is 10-14moldm-3 at 25 °C)  

(04 marks) 

 Let the concentration of OH- be x 

   Kh = 
[𝐶𝐻3𝐶𝑂𝑂𝐻][𝑂𝐻−]

[CH3𝐶𝑂𝑂−]
 = 

𝑋2

0.1
 = 6 . 2 5 x 1 0 - 1 1  

   [ O H - ]  =  2 . 5  x  1 0 - 6 m o l d m - 3  

   [ H + ]  =
10−14

[𝑂𝐻−]
  = 

10−14

2.5 𝑥 10−6 4 x 10-9moldm-3 

   pH = -log H+ = 8.3 
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(ii) To 1 dm3 of 0.1M sodium methanoate solution was added 10 cm of 1 M 

hydrochloric acid. Calculate the pH of the resultant solution. (The acid 

ionization constant, Ka of methanoic acid is 1.6 x 10-4mol dm-3 .) (04 marks) 

HCOO- (aq) + H+(aq) → HCOOH 

Moles of H+ = 
10 𝑥 1

1000
 = 0.01moles 

 
Moles of HCOO- that remained = 0.1- 0.01 = 0.09 
Moles of HCOOH hthat formed = 0.01moles 
 

[H+] = 𝐾𝑎
[𝐻COOH]

[𝐻𝐶𝑂𝑂−]
 = 1.6 x 10-4

0.01

0.09
 = 1.78 x 10-5 moldm-3 

 
pH = -log [H+] = 4.75 

(c) Explain what would happen to the pH of a solution containing sodium 

methanoate and methanoic acid, if to it was added a small amount of 
 

(i) hydrochloric acid. (02 marks) 

pH would not change because the added H+ are neutralized by methanoate ion 

HCOO-(aq) + H+(aq) → HCOOH 

(ii) sodium hydroxide. (02 marks) 

pH would not change because the added OH- are romoves by methanoic acid 

HCOOH + OH-(aq) → HCOO-(aq) + H2O(l) 

 

6. Explain the following observations: 
 

(a) Diethylamine is a stronger base than aminobenzene. (05 marks) 

 The ethyl 

groups donate electrons to nitrogen atom. This increases the density of the lone pair of 

electron on nitrogen atom and its ability to pull a proton from water and form hydroxyl 

ions. 

 

Whereas the phenyl group on amino benzene withdraws electrons from a nitrogen 

atom. This reduces the density of  alone pair of electron and its ability to pull a proton 

from water and form hydroxyl ions.  

(b) Bromine water reacts with propene to form l-bromopropan-2-ol as the major product  

 rather than 1, 2-dibromopropane.           (5½ marks) 

 Bromine reacts with propene to a 1-bromo-2-propyl carbonium ion, water being in 
excess competes with bromide ions and reacts with this ion to form 1-bromopropan-2-
01 

 

 

 

 

 

   H                    H                 H                 

H 

CH3C    CH2         CH3C    CH2      CH3C    CH2  -H+  CH3C    

CH2     

+ 

+ 
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(c) Ethanoic acid is a weaker acid than dichloroethanoic acid. 

(4½ marks) 

The methyl group in ethanoic acid donates electrons and stabilizes the O-H bond while 
the electronegative chlorine atoms withdraw electron from O-H bond leading to loss of 
a proton 

(d) When 2-methylpropene is reacted with hydrogen bromide, the major product is 2- 
bromo -2- methylpropane rather than1-bromo -2- methylpropane. (05 marks) 

2-bromo-2- methylpropane is formed through a stable tertiary carbonium ion 
(intermediate) while 1-bromo-2-methylprane is formed through unstable intermediate 
of primary carbonium ion 

 

 

 

  

 

 

 

 

 

 

 

 

Turn Over 

 

 

 

 

 

 

7. Explain the following observations: 
 

(a) Lithium carbonate is decomposed by heat, whereas sodium carbonate 

is not. (3 ½ arks) 

L+ has a big charge density, it polarizes the carbonate ion to form a covalent 

compound that decomposes at low temperature while sodium has low charge 

density, it forms an ionic compound with carbonate ions of a higher decomposition 

temperature than that produced in the laboratory. 

(b) Lead(IV) chloride exists but lead(IV) bromide does not.      (2 ½ marks) 

 Chlorine is a strong oxidizing agent, it oxidizes Pb2+ to Pb4+ whereas bromine a 

weaker oxidizing agent does not 

(c) Nitrogen is a gas at room temperature whereas phosphorous is a 

solid at the same temperature, yet both of them belong to the same 

group in the Periodic Table. (08 marks) 

Phosphorus exist as P4 molecules while nitrogen exist as N2. The heavy P4 

molecules are held by stronger van der Waal forces than the lighter N2 molecules. 

(d) Iron(II) ions are readily oxidized to iron(III) ions, whereas manganese(II) ions are 

not oxidized to manganese(III) ions. (Atomic number of iron and manganese are 

26 and 25 respectively.) (06 marks) 

+ 

   CH3                  CH3               CH3                  

CH3C    CH2         CH3C    CH2      CH3C    CH2   

    H   Br               :Br-  H           Br   H         

 

 

                   CH3                        CH3 

                CH3C    CH2               CH3C    CH2     

                    H     :Br-                H    Br 

+ 

Stable intermediate 

untable intermediate 

2-bromo-2-methylpropane 

1-bromo-2-methylpropane 

+ 
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Fe2+ ([Ar]3d6)ions has unstable electron configuration and is easily oxidized to 

Fe3+([Ar]3d5) with stable electron configuration while Mn2+([Ar]3d5) has a stable 

electron configuration thus cannot be oxidized to Mn3+([Ar]3d4) with unstable 

electron configuration 

8.  (a)    Describe how sodium hydroxide can be prepared on industrial scale. 

(Your answer should include equations for the relevant reactions.) 

(06 marks) 

By electrolysis of brine using carbon anode and mercury cathode. Chlorine is 

liberated at the anode while sodium is liberated at the cathode forming sodium 

amalgam 

At the cathode: Na+ + e →Na 

The sodium amalgam is dissolved in water to produce sodium hydroxide and 

hydrogen 

2Na + 2H2O(l) → 2NaOH(aq) + H2(g) 

 

Sodium hydroxide solution is concentrated to form pellets  

  

(b) Write equations and state the conditions under which sodium hydroxide 

can react with 

(i) aluminium. (2marks) 

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

(ii) phosphorous. (2marks) 

 P4 (s) + 3OH-(aq) + 3H2O(l)→ PH3(g) + 3HPO2
-(aq)  

(iii) chlorine. (05 marks) 

 with dil NaOH 

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

 With Conc. NaOH 

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

(c) (i)     Describe how soap is manufactured from sodium hydroxide 

and oil or fat. (03 marks) 

 Vegetable oil or fat is boiled with concentrated sodium hydroxide then a 

saturated solution sodium chloride is added to precipitate soap and soap is 
skimmed off. 

(ii)    Write equation for the reaction leading to the formation of soap.(01 mark) 

 

    
CH2OCOR                     CH2OH  RCOO- 

CHOCOR’       + 3OH-(aq)      CHOH  + R’COO-   soap 

CH2OCOR’’    CH2OH  R’’COO- 
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