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S5 END OF YEAR EXAM, 2019

SUBJECT: CHEMISTRY THEORY

DURATION: 3 HOURS

Instructions:

1. There are 2 sections in this paper:

          Section A (70 marks): Attempt all questions in this section

          Section B (30 marks): Attempt 3 questions in this section.

2. Do not use periodic tables

3. Non-programmable calculators may be used

4. Answers should be written on blank papers provided 

5. Use a blue or black pen only

SECTION A: Attempt all questions in this section (70 marks)
1. An organic compound contains 57.82% carbon, 3.6% hydrogen and 38.58% oxygen.
a) Determine the empirical formula of the compound.   (2 marks)
b) Determine the molecular formula of the compound if its molecular mass is 166 g/mol                                                                          (2 marks)
(Atomic mass: C=12, H=1, O=16)

2. Describe the term “homologous series”                        (2 marks)
3.a) Write 3 structural formula of alcohol isomers of C5H11OH.(3 marks)
b) Identify the structural formula of C5H11OH isomer that presents optical stereoisomerism.                                                                            (1 mark)
c)Identify the structural formula of C5H11OH isomer that reacts with ZnCl2 in HCl acid (Lucas test) to produce turbidity in less than 20 seconds.     (1 mark)
d) Identify the structural formula of C5H11OH isomer that reacts with K2Cr2O7 in H2SO4 solution to produce an aldehyde.                                      (1 mark)
4.a)Write 1 physical properties of alkanes.                                    (1 mark)
b) Write the mechanism of reaction for the following reaction:      (3 marks)
       CH4 + Cl2  →  CH3Cl + HCl

c) Discuss the social-economic importance of alkanes in biogas that is produced by decay of cowdung in domestic composts in our Rwandan society. (2 marks)
5.a) Write the organic compound produced by the elimination reaction between 1,2-dichloropropane and NaOH                                                            (1 mark)
b) Give a test reagent you can use to distinguish between ethane and ethyne and describe the observable changes for the test.                                     (2 marks)
6.a)Write the products of the following chemical reaction:              (2 marks)
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  +PCl5   →          
b) State 1 important use and 1 problem caused by alkyl halides to man. (2 marks)
7.a) Write the products of the following reaction:                                   (2 marks)
         CH3CH2CH2OH + Na  →
b) Give a chemical test that can be used to distinguish between propan-1-ol and propan-2-ol and describe the observable change.                                    (2 marks)
8.a) State 1 chemical properties of aldehydes that makes it different from ketones.                                                                                                          

                                                                                                                  (1 mark)
b) Write the products of reaction of the following equation:                   (2 marks)
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9.a) Arrange the following carboxylic acids in order of increasing acid strength starting with the least strong.                                                           (2 marks)
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b)State the names of 2 components that are required to make soap. (2 marks)
10.a) In terms of physical and chemical properties, give 2 differences between soap and detergents.                                                                           (2 marks)
b)Write the products of the reaction given below:                              (2 marks)
       CH3CH2CONH2 + NaOH + Br2 →
11.a) The structural formula of methionine amino acid is:
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i) Write the structural formula of a dipeptide formed by an amide bond between 2 methionine amino acids                                                                      (1 mark)
ii) Show the position of the amide bond in 11.a) i) above.                   (1 mark)
b)State 2 important functions of polypeptides in the human body.      (2 marks)
12.a) Give 2 important applications of solid, liquid and gas phase equilibria by man.                                                                                                       (2 marks)
b) 10.6 g of Na2CO3 was dissolved in 1 litre of solution. 25 ml of the resultant solution was put in a beaker and phenolphthalein indicator added. 18.5 ml of HCl was required to neutralize the Na2CO3 solution.

i) Calculate the number of moles of Na2CO3 in 25 ml of solution.      (2 marks)
ii) Calculate the number of moles of HCl that reacted with Na2CO3.    (2 marks)
iii) Calculate the molarity of HCl.                                                          (2 marks)
(Atomic mass: Na=23, C=12, O=16)
Equation: Na2CO3 + 2HCl → 2NaCl + CO2 +H2O 

13. a) Explain how conductivity varies with increase in concentration of a solution of a strong electrolyte such as NaCl.                                        (2 marks)
b) Evaluate the economic importance of conductivity in solutions in our Rwandan society.                                                                             (2 marks)
14.a)Write the equation of the reaction at the cathode and anode during the electrolysis of CuSO4 aqueous solution using carbon electrodes.(2 marks)
b) An electric current of 2.5 amperes was passed in an aqueous solution of Al3+ ions for 20 minutes.                                                                       (3 marks)
Calculate the mass of Al deposited at the cathode.

Equation:

Al3+(aq) + 3e → Al(s)
(Faraday constant = 96500 C/mol)

(Atomic mass: Al = 27)
15.a) Consider the following enthalpy changes of reactions then find ∆H4.                    

                                                                                                      (3 marks)
i) 2C(s) + 2H2(g) + O2(g) → CH3COOH                   ∆H1 = -487 KJ/mol

ii) C(s) + O2(g) → CO2(g)                                          ∆H2 = -393 KJ/mol

iii) H2(g) + [image: image7.png]


 O2(g) → H2O(l)                                     ∆H3 = -285.6 KJ/mol

iv) CH3COOH(l) + 2O2(g) → 2H2O(l) + 2CO2(g)       ∆H4 = ?
b) In terms of energy conservation, explain why using firewood is better than using charcoal in domestic kitchens while cooking food.   (2 marks)
16. Write the chemical equation for the reaction between 3-methyl-2-pentene with: 

a) Oxygen in the presence of silver catalyst.          (2 marks)
b) Cold dilute potassium permanganate solution.  (2 marks)
SECTION B: Attempt 3 questions in this section (30 marks) 
17. a) A current of 0.65 ampere was passed through a solution of the metal sulphate of formula MSO4 for 35 minutes between platinum electrodes. 

Calculate the mass of the metal, M that was deposited at the cathode. (4 marks)

Equation at the cathode: M2+(aq) +2e → M(s) 

(Atomic mass:M= 63.5, S=32, O=16)

b) When a constant current was passed through an aqueous solution of copper(II) nitrate for one hour, the mass of copper at the cathode increased by 15.24g. Calculate the current in amperes which was used. 

Equation at the cathode: Cu2+(aq) +2e → Cu(s)
(Faraday = 96500C/mol,  Atomic mass: Cu=63.5)  (4 marks)
c) Give 2 characteristics of a homologous series.  (2 marks)
18. Consider the molecular structure of organic compound T given below and answer the questions that follow:

[image: image8.png]



a) Write the IUPAC name of organic compound T.      (1 mark)
b) Organic compound T presents optical isomerism, 

i) Draw the molecular structure of the two optical isomers that are mirror images of each other.        (2 marks)
ii) Show which form of the two isomers that is laevo and that is dextro.                  (2 marks)
c)  Organic compound T can react with NaCN in a substitution reaction to form X, then H2 is added in the presence Ni to give organic compound Y.

Write the molecular structure of X and Y.         (2 marks)
d) Organic compound T is made to react with NaOH to give alcohol Z. 

Give a test reagent used to determine whether Z is a primary, secondary or a tertiary alcohol and describe the observable changes.                                               (3 marks)
19.a) 13.2 g of a sample of hydrated zinc sulphate, ZnSO4.xH2O solid is heated strongly to drive off water of crystallization until no further change in mass is recorded on heating.

  Equation:

   ZnSO4.xH2O(s)                       ZnSO4(s) + xH2O(g)
When the reaction is completed, 7.4 g of anhydrous ZnSO4 solid remains. 

Calculate the value of x, which is the number of water of crystallization in hydrated zinc sulphate sample.                   (4 marks)

(Atomic mass: Zn=65.5, S=32, O=16, H=1)

b) Calculate the enthalpy change ∆H1 for the following reaction:        (4 marks)
C2H4(g) + H2(g)                      C2H6(g)    ∆H1 = ?

Given that:

C2H4(g) +3O2(g)                     2CO2(g) + 2H2O(l)     ∆H2 = -1410.9 KJ

2C2H6(g) +7O2(g)                    4CO2(g) + 6H2O(l)      ∆H3 = -3119.4 KJ

2H2(g) + O2(g)                      2H2O(l)             ∆H4 = -571.6 KJ
c) State 2 factors that affect the magnitude of molar conductivity of solutions.          (2 marks)

20. Given the standard reduction potential for each reaction:
Ag+(aq) + e  →  Ag(s)         EӨ = +0.80 V 

Zn2+(aq) + 2e  → Zn(s)          EӨ = -0.76 V

Fe2+(aq) + 2e  → Fe(s)          EӨ = -0.44 V 

a) Calculate the standard e.m.f of the cell when the zinc electrode immersed in a solution of zinc ions is connected to the silver electrode of another half cell in a solution of silver ions.     (2 marks)
b) State 2 observable changes that are seen when 1g of  zinc metal is put in 10 ml of 0.1 mole/litre AgNO3 solution in a boiling tube and left for 3 days.      (2 marks)
c) State which one out of Ag or Zn can be used to galvanise iron (Fe) metal and explain why.    (2 marks)
d) The enthalpy of combustion of ethanol, C2H5OH is -1371 KJ mol- . The density of ethanol is 0.789 gcm-3 .     (4 marks)
C2H5OH(l) +O2(g) → 2CO2(g) + 3H2O(l) 

(Atomic mass: C=12, H=1, O=16)

Calculate the heat energy released in KJ when 0.5 cm3 of ethanol is completely burned.
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