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Instructions 
- This paper consists of two sections A and B 

- Section A is compulsory 

- Attempt only six questions in section B 

- Answers must be written in the spaces provided only. 

- Where applicable  

Gas constant, R, = 8.31 JK-1mol-1 

Molar volume at s.t.p is 22.4liters 

-  
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SECTION A 

1(a) Define the term "standard heat of reaction.” (1mark) 

It is enthalpy change when 1 mole of a substance is formed from its reactants 

at 298K and 1 atmosphere 

 

(b)  Given the following data: 

Enthalpy of formation of magnesium chloride   = - 641.62kJmol-1  

Lattice energy of Magnesium chloride     = +2495.6 kJmol-1 

Hydration energy of chloride ions     = -378.0 kJmol-1 

Enthalpy of solution of hydrogen chloride gas    = -74.8 kJmol-1 

Heat of formation of hydrogen chloride gas   = -92.32 kJmol-1  

Hydration energy of magnesium ions                                        = -1926 kJmol-1 

     Calculate the enthalpy of the reaction; 

Mg(s)  + 2HC1(a q)  MgCl2 (aq) + H2 (g)       (3 marks) 

 

Equations for energies 

 

Mg(s) + Cl2(g) → MgCl2(s)     - 641.62kJmol-1   

Mg2+(g) + 2Cl-(g) → MgCl2(s)     -2495.6 kJmol-1  

Mg2+(g) + aq  → Mg2+(aq)      -1926 kJmol-1     

Cl-(g) + aq → Cl-(aq)      -378.0 kJmol-1 

½ H2(g) + ½ Cl2(g) → HCl(g)     -92.32 kJmol-1 

HCl(g) + aq → HCl(aq)      -74.8 kJmol-1 

 

It implies 

Mg(s) + Cl2 (g) → MgCl2(s)    - 641.62kJmol-1   

 2HCl(aq) → 2HCl(g) + 2aq  (2 x 74.8) +149.6 kJmol-1 

 2HCl (g) → H2(g) + Cl2(g)   (2 x92.32) +184.64kJmol-1 

 MgCl2(s) →Mg2+ (g) + 2Cl-(g)    +2495.6 kJmol-1 

 Mg2+(g) + aq  → Mg2+ (aq)     -1926 kJmol-1 

      +  2 Cl-(g) + aq → 2Cl-(aq)             (2 x -378.0)  -756.0 kJmol-1 
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  Mg(s) + 2HCl (aq) → Mg2+ (aq) +2Cl-(aq) +H2 (g)        -493.16 kJmol-
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2. A gaseous oxide of sulphur SOn diffused through a porous partition in 2.68 minutes while an 

equal vaolume methane at the same temperature diffused in 1.1985 minutes. 

(a) Determine the value of n in the oxide SOn,                                                (2 ½ marks) 

RFM of CH4 = 12 +1x4 = 16 

 

𝑅𝑎𝑡𝑒 𝐶𝐻4

𝑅𝑎𝑡𝑒 𝑆𝑂𝑛
  = √

𝑅𝐹𝑀 𝑆𝑂𝑛

𝑅𝐹𝑀 𝐶𝐻4
 

𝑉

1.1985
𝑉

2.68

=  √
𝑅𝐹𝑀 𝑆𝑂𝑛

16
  

SOn = 80 

n =
(80−32)

16
 = 3 

 

 (b) The oxide in (a) above reacts with benzene via an electrophilic substitution mechanism. 

 

(i) Stale whether the oxide in (a) above acts as an electrophile or nucleophile. Give 

 a reason for your answer. (1½ marks) 

Electrophile because oxygen atoms withdraw electron from Sulphur creating a 

positive charge on the Sulphur atom 

 (ii) Write equation for the reaction with benzene and outline the mechanism. 
(2 ½marks) 

 

 

 

 

 

 

 

 

 

 



 

3. Give the reagent(s) that can be used to distinguish between each of the following pairs of 

compounds and state what would be observed in each case if the reagent is reacted with each 

compounds.          

 

(a) NiO and CuO (1 ½ marks) 

Reagent: dil H2SO4 followed by KI 

 

Observations. 

NiO no observable change 

CuO  white precipitate and brown solution 

 

(b) Na2C2O4 (aq) and Na2SO3 (aq)       (1 ½ marks) 

Reagent 

Dilute hydrochloric acid 

Oobservations 

Na2C2O4 no observable change 

Na2SO3 liberation of chocking gas 

 

3. Boron and nitrogen form chlorides in oxidation state +3 

(a) Draw the structure and name of the shape adopted by each of the chloride  (2marks) 

 

 

 

 

 



 

 

(b) Explain why the molecules formed by boron in (a) above is non-polar.  (1marks) 

Boron chloride is nonpolar because it has a symmetrical shape where the dipole 

moments cancel. 

(c) Write an equation for the reaction of each compound in (a) above with water. (2marks) 

BCl3(s) + H2O (l) → H3BO3(s) + 3HCl (aq) 

NCl3 + 3H2O (l) heat   NH3 (aq) + 3HOCl (aq) 

4. The standard redox potentials of Fe 3+(aq)/Fe 2+ and Sn 2+ (aq)/Sn4+ (aq) are + 0.76 V 

and -0.15V respectively. 

(a) Write an equation for the half-cell reaction at the  

(i) the cathode         (½ marks) 

Fe3+ (aq) + e → Fe2+ (aq) 

(ii) anode            

Sn2+ (aq) -2e → Sn4+ (aq)         (½ mark) 

(b) State two conditions under which the electrode potentials above are measured (2marks) 

Molar concentration of electrolytes 

298K 

1 atmosphere 

(c)  Deduce if the overall reaction is feasible or not. Give a reason for your answer. 

(1 marks) 

  Sn2+ (aq) + 2Fe3+ (aq) → Sn4+ (aq) + 2Fe2+(aq) 

  Ecell = 0.76 – (-0.15) = 0.91V 

It is feasible because emf is positive  

 



 

5. (a)Define the term freezing point depression constant of a solvent.  (1mark) 

Freezing point depression is the lowering of freezing point cause by 1 mole of solute 

in a 1000g of solvent. 

 (b) In an experiment, a 5 per cent solution of glucose, C6H12O6 in water found give the same 

freezing point depression as a 3.3% aqueous solution of CnH2nOn. 

(i) Determine the molecular formula of CnH2nOn. (3 marks) 

 

Mass of glucose in 1000g of water 

100g contain 5g of glucose 

1000g contain 
1000 𝑥 5

100
 = 50g 

RFM of glucose, C6H12O6 =180 

Let freezing point constant be K 

Freezing point depression = 
50

180
𝐾 

 

Mass of CnH2nOn in 1000g of water 

100g contain 3.3g of glucose 

1000g contain 
1000 𝑥 3.3

100
 = 33g 

Let RFM of CnH2nOn, be M 

Freezing point depression = 
33

𝑀
𝐾 

But 
33

𝑀
𝐾 = 

50

180
𝐾 

M = 33 x 
180

50
 =119 

 

CnH2nOn = 119 

n = 4 

Molecular formula = C4H8O4 

(ii) The compound in b(i) above form effervescence with sodium hydrogen carbonate. It also 

reacts with ethanol in the presence of concentrated sulphuric acid to give a product with a 

sweet fruity smell  

Write the structural formulae and I U PAC name of one of the isomers of CnH2nOn. 

HOOCCH2CH2COOH butane dioic acid 

 

(l mark) 



 

6. The first ionization energies of group II metals and the melting point of their chloride 

are given in table below 

First ionization  energies of group Il metals and the melting points of their chlorides  

Metal  Mg Ca Sr Ba 

First ionization energy (kJmol-1) 738 590 549 505 

Melting point of chloride (0C) 708 772 873 967 

Explain 

(a) Why the first ionization energy decreases from Mg to Ba. (2marks)  

  

First ionization energy decreases from Mg to Ba due to decreases in effective 

nuclear charge. From Mg to Ba atomic radii increase, the  distance of the valence 

electrons to nucleus increase also, the number of filled electron shells increase, the 

screen effect increase which reduce nuclear attraction to the outer electrons. 

(b) Why melting points of the chlorides of the metals increase with increase in atomic 

number       (1marks) 

 This is due to increase in ionic character of attraction of the chlorides 

   

7. 1.7g of ammonia gas were dissolved into of water at in a closed system. The mixture was 

maintained at equilibrium was established and the equilibrium mixture found to contain 1.67 

of unionized ammonia, 

 (i) Write an equation for the ionization of ammonia in water. (l mark) 

NH3 (aq) + H2O (l) → NH4
+ (aq) + OH-(aq) 

(ii) Calculate the degree of Ionization of ammonia in water at 250 C. (l mark) 



 

Mass of ammonia that ionized = 1.7 – 1.69 = 0.03g 

Degree of ionization = 
0.03

1.7
  = 0.018 

(b) Deduce the basic dissociation constant of ammonia at 25 0 C from your answer a (ii) above 

(1 ½ mark) 

 Initial moles of ammonia, NH3 = 
1.7

17
 = 0.1mole 

 Moles of OH- = moles of NH4
+ at equilibrium = 0.018 𝑥 0.1 = 0.0018 

 Dissociation constant, Kb = 
0.0018 𝑥 0.0018

0.1
 = 3.24 x 10-5moldm-3 

 

(c) The basic dissociation constant of methylamine is 4.38 x 10-4 moldm-3 at 250C 

(i) Compare the basic strength of ammonia and methylamine.      (½ mark) 

Methylamine is a stronger base than ammonia 

(ii) Give a reason for your answer in c(i) above.                           (1½ marks) 

The methyl group on methylamine donate electrons to the nitrogen atom. This 

increases electron density of the lone pair of electrons and their ability to attract a 

proton from water to produce OH- ions.  

  

 

8. A solid mixture of manganese (IV) oxide, potassium chlorate (V) and potassium hydroxide 

was fused in crucible. Hot water was added to the product to form a green solution 

(i) Name the green solution(1 mark) 

 Potassium manganite (VII) 

(ii) Write an equation leading to the formation of the green solution (1mark) 

 3MnO2(s) + ClO3
- + 6OH-  → 3MnO4

2-(aq)  + Cl-(aq) + 3H2O (l) 

(b) Carbon dioxide gas was bubbled through the green solution in a (i) above.  

(i) State what was observed (1mark) 

 A green solution turn purple 

 (ii) Explain your observation in b (i) above. (1 marks) 



 

Manganese (VI) was oxidized to manganese (VII) in acidic medium 

3MnO4
2-(aq) + 4H+ (aq) → MnO4

-(aq) + 2H2O (l) 

9.  Explain the following observation: 

(i) Tetrachloromethane is non polar while trichloromethane is polar. (2 ½ mark)  

Tetrachloromethane has a symmetrical structure where the dipole moments between   

C    Cl atom cancel while the structure of trichloromethane is unsymmetrical that the 

dipole moments of C    Cl does not cancel. 

(ii) when potassium iodide is added to iron (III) chloride solution; the solution 

changes from yellow to dark brown. (1 ½ mark) 

 Iodine is produced due to reduction of iron (III) ions by iodide ions 

 2Fe3+ (aq) + 2I-(aq) → 2Fe2+ (aq) + I2 (aq) 

 

 



 

SECTION B 

Attempt any six questions from this section. 

10. 20cm3 of an organic compound Q belonging to alkyne series were mixed with 140cm3 of 

oxygen. The reaction mixture was sparked and the residual gaseous product absorbed in 

concentrated potassium hydroxide solution. The final volume of gas at room temperature was 

found to be 30.0cm3  

(a) Determine the molecular formula of Q. (3 marks) 

Volume of oxygen used = 140 – 30 = 110cm3 

Volume ratio = 
110

20
 = 5.5 

Equation 

CnH2n-2 + (n + 
2𝑛−2

4
 )O2  → nCO2(g) +

(2𝑛−2)

2
 H2O(l) 

∴ n + 
2𝑛−2

4
 = 5.5 

𝑛 = 6  

Molecular formula of Q = C4H6 

(b)  Q react with bromine in trichloromethane water and also forms white precipitate with 

ammoniacal silver nitrate 

 (l) Identify Q. (1/2 mark) 

CH3CH2C≡CH but-1-yne 

(ii) Write an equation for the reaction between Q and Bromine water. (1mark) 

 

 

 

 

(c) Q reacts with water in the presence of dil sulphuric acid and mercury sulphate solution to form 

R.  



 

  (i) Write equation leading to formation of R. (1mark) 

 

 

              CH3CH2 C≡CH     Hg2+(aq), H+(aq)     CH3CH2COCH3    

  

(ii) Suggest a mechanism for formation of R. (3marks) 

 

  

 

 

 

 

 

 

           (iii) Name R (½ mark) 

                   Butanone  

 

11. (a) The solubility product Ksp of calcium fluoride can be determined by conductivity 

measurements, at 25 0 C. the electrolytic conductivity of water and a saturated salt solution 

of calcium fluoride are 2.75 x 10-4 and 5.54 x 10-5 Ω-1cm-1 respectively. Given that the 

Molar conductivities of calcium ions and fluoride ions at infinite dilution are 119.0 and 

55.41 Ω-1cm2mol-1 respectively. 

(i) Define the term solubility product.     (1mark) 

This the product of molar concentration of ions from ionized sparingly soluble salt 

raised to their stoichiometric ratio in the solubility equation. 

(ii) Calculate the solubility product of calcium fluoride at 250C. State any assumptions 

made. [5marks] 

  Assumption: the saturated solution of calcium fluoride is infinitely dilute 

Electrolytic conductivity of Calcium fluoride = 2.75 x 10-4 - 5.54 x 10-5 Ω-1cm-1 

       = 2.19 x 10-4 Ω-1cm-1 

Molar conductivity at infinite dilution at 250C = 119 + 2 x 55.41 



 

                                                                                = 229.82 Ω-1cm2mol-1 

Let the solubility be S 

Λ0 CaF2 =  
𝑲

𝒔
  

229.82 = 
𝟐.𝟏𝟗 𝐱 𝟏𝟎−𝟒

𝑺
 

S = 
𝟐.𝟏𝟗 𝐱 𝟏𝟎−𝟒

𝟐𝟐𝟗.𝟖𝟐
 = 9.5 x 10-9 molcm-3 

                                  = 9.5 x 10-9 x 1000 

                      = 9.5 x 10-6 moldm-3 

[Ca2+] = 9.5 x 10-6moldm-3 

[F-] = 2 x 9.5 x 10 -6 = 1.9 x 10-5moldm-3 

Ksp = [Ca2+][ F-]2 

        = 9.5 x 10-6 x (1.9 x 10-5)2 

        = 3.4 x 10-15mol3dm-9 

(b) (i) Compare solubility of calcium fluoride in pure water and its solubility in 0.1M 

potassium fluoride solution at 250C (2marks) 

Calcium fluoride is less soluble in 0.1M potassium fluoride than in water  

(ii) Explain your answer in (b)(i) above. 

Calcium fluoride is less soluble 0.1M potassium fluoride due to common effect 

(iii) State one other factor that can affect the solubility of calcium fluoride (1mark) 

Temperature   



 

12. Group (VII) elements react with hydrogen gas to form hydrides of the formula HX (X = F, 

Cl, Br and I)  

(a) Describe the reaction of hydrides with: 

     (i) Sodium carbonate solution (1½ mark) 

 They liberate carbon dioxide 

CO3
2- (aq) + 2H+(aq) → CO2(g) + H2O(l) 

(ii) Sulphuric acid (3marks) 

HF and HCl do not react 

HBr and HI are oxidized to Br2 and I2 respectively 

2HX (X= Br, I) (g) + SO4
2- (aq) + 2H+(aq) → X2(aq) + SO2(g) + 2H2O(l) 

(b) The boiling points and bond dissociation energies of hydrides (HX) are given in the 

table below 

 

Hydrides (HX) HF HCl HBr HI 

Bond energy (kJmol-1) 562 431 366 298 

Boiling points (0C) +19.9 -85.0 -67.0 -35.0 

 

 State and explain the variation in  

     (i)  Boiling point of the hydrides (3marks) 

  Generally boiling points increase down the group due to the increase in molecular 

mass of the hydride with increases the molecular attraction. The boiling point of 

HF is abnormally high due to strong hydrogen bonds resulting from the high 

electronegativity of fluorine atoms. 

 (ii) Bond energies of hydrides (1½ marks) 

 Bond energies of hydrides decrease down the group due to the decrease in 

electronegativity of the halogen atom 

 

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

(a) Iodoethane to Iodomethane.(3 ½ marks) 

 



 

 

 

(b)Phenol to 4 -bromobcnzencsulphonic acid. (3 marks) 

 

 

 

 

 

 

 

 

 

 

(c) Benzoic acid to            CCl2                          (2 ½ mark) 

 

 

 

  

 

 

 

 

 

 

14. Explain each of the following observations. 

(a) Methanol are miscible in all proportions however hexan-l-ol is immiscible with water 

(2 ½  marks) 

The hexyl group is a big hydrophobic electron donating group that reduces the 

polarity of O-H bond and prevent dissolution of hexan-1-ol whereas methanol lacks 

hydrophobic group 



 

(b) The boiling points of water and bromobenzene are 1000C and 1560C respectively 

however a mixture of water and bromobenzene boils below 1000C at atmospheric  

pressure.          (3 ½ marks) 

The adhesive force between water and bromobenzene molecules are weaker than the 

cohesive force. This promotes evaporation of water and bromobenzene molecules leading 

to a big vapor pressure than expected and hence lower boiling point. 

(c) Ammonia solution is added to aqueous nickel (II) sulphate solution, a green precipitate 

soluble in excess ammonia to form a blue solution. (3marks) 

  The green precipitate of Ni(OH)2 is formed soluble in excess due to the formation of 

complex ion. 

Ni2+(aq) + 2OH-(aq) → Ni(OH)2 (s) 

Ni(OH)2(s) + 6NH3(aq) → Ni(NH3)6
2+(aq) + 2OH-(aq) 

 

15. Hydrogen peroxide can act as an oxidizing or reducing agent. 

    (a) State the condition(s) under which hydrogen peroxide act as 

 (i) An oxidizing agent ( ½ mark) 

      Reducing agent 

       (ii) Reducing agent (½ mark) 

  Stronger oxidizing agent, acidic medium 

(b) Write half reaction to show how hydrogen peroxide acts as a 

(i) reducing agent (1mark) 

H2O2(aq) + 2e + 2H+(aq) →2H2O(l) 

(ii) oxidizing agent (1mark) 

H2O2 (aq) - 2e → 2H+(aq) + O2(g) 

 

(c) In an experiment to determine the volume strength of hydrogen peroxide (volume (dm3) 

of oxygen liberated at stp when hydrogen peroxide in 1dm3 is decomposed into oxygen). 

10cm3 of hydrogen peroxide were diluted to make 250cm3 of aqueous solution labelled 

FA1. 20cm3 of FA1 were pipetted into a conical flask followed by equal volume of 1M 

sulphuric acid. The mixture required 30cm3 of 0.02M potassium manganite (VII) solution 

for complete reaction. 

(i) Write the redox reaction that occurs during the titration (1mark) 

2MnO4
-(aq) + 5H2O2(aq) + 6H+(aq) → 2Mn2+(aq) + 8H2O(l) 

(ii) Give a reason why the titration of hydrogen peroxide is done with potassium 

manganite (VII) and not with iron II ions (1mark) 

Potassium manganite (VII) is a stronger oxidizing agent whereas iron (II) ions 

are reducing agents 

(iii) Calculate the volume strength hydrogen peroxide used in the above experiment. 

(H2O2 (aq) → 2H2O (l) + O2 (g), Molar gas volume at stp = 22400cm3) (4 marks) 



 

Moles of potassium manganate (VII) = 
30 𝑥 0.02

1000
 = 0.0006moles 

Moles of hydrogen peroxide that reacted = 0.0006 x
5

2
 = 0.0015mole 

Moles of hydrogen peroxide in 250cm3 of dilute solution 

20cm3 contain 0.0015mole 

250cm3 contain 
0.0015 250

20
 = 0.01875 

Molarity of undiluted hydrogen peroxide 

10cm3 contain 0.01875mole 

1000cm3 contain 
0.01875 𝑥 1000

10
 1.875 

Volume strength 

2moles of hydrogen peroxide produce 22.4dm3 

1.875 les of hydrogen peroxide produce 
22.4 𝑥 1.875

2
 = 21Vol 

 

16. Chloroethene and hexane-1, 6-dioic acid and hexane-1,6-diamine are monomers of two 

common polymers namely; polyvinylchloride and nylon respectively.  

 (a) Define the term polymer. (1mark) 

 A polymer is a big molecule formed by a combination of many small repeated 

molecules called monomers 

(b) Write the structural formula of 

     (i) chloroethene     ( ½ mark) 

 CH2=CHCl 

      (ii) hexane-1, 6-dioc acid and hexane-1,6-diamine   (2marks) 

 HOOC CH2CH2CH2CH2COOH hexane-1,6-dioc acid 

 H2NCH2CH2CH2CH2CH2CH2NH2 hexane-1,6-diamine 

(c) Write the structural formula of each of the polymers in (b) above and state the type 

of polymerization involved. (3marks) 

 

 

 

 

 



 

(d) State one use of each polymer in (c) above (2marks) 

PVC water pipe 

Nylon – packing materials 

(e) Name one natural polymer formed by the same reaction as (1 ½ mark) 

(i) Polyvinyl chloride – rubber 

(ii) Nylon 6,6 - proteins 

 

17. Ethyl bromide reacts with sodium hydroxide according to the equation 

 CH3CH2Br(l) + Na0H (aq) → CH3CH2OH (aq) + NaBr(aq) 

The  rate equation is given by 

Rate = K[CH3CH2Br]x[NaOH]y 

Where x and y are the respective order of reaction with respect to ethylbromide and 

sodium hydroxide. 

0.2M ethylbromide and sodium hydroxide were mixed and refluxed in a flask. 20cm3 

samples were withdrawn at regular interval and poured in excess cold water then titrated 

against 0.05M hydrochloric acid as shown below 

Time (minutes) 25 50 75 100 150 200 250 

Titre (cm3) 32.0 25.0 18.0 10.8 6.2 4.8 4.0 

 

(a) Define the term order of reaction.(1mark) 

This is the sum of powers to the reactants in the rate law. 

(b) Plot a graph of titre (volume of 0.05M HCl against time 

 

(c) (i)  Use your graph to determine the value of Y in the rate equation 

Rate = K[CH3CH2Br]x[NaOH]y 

y = 1 from the graph, the rate of reaction is proportional to the concentration of 

sodium hydroxide. 

 

(ii) Deduce the value x in the rate equation if the overall order of the reaction is 1 

x + y = 1 

x + 1 = 1 

x = 0 



 

 

(d) Briefly explain how the rate of reaction would be affected by temperature if the 

concentration of both reactants were maintained constant (1mark).  

The rate increase due to increase kinetic energy and rate of collision of particles in the 

reaction mixture. 


