
1 
 

More exams? Browse: digitaltears.co.ug  For consultations call: +256 778 633 682 
 

 

Our country, our future 

525/1 

S6 CHEMISTRY 

Exam 3 

PAPER 1  

 

DURATION: 2 HOUR 45 MINUTES 

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

 

INSTRUCTIONS 

Attempt all questions in Section A and only six in Section B. 

SECTION A 

1. (a) Explain why an azeotrope is a mixture and not a compound 

- they can be separated by physical means 

- components react independently for example water in rectified sprit react with calcium 

oxide while ethanol does not, in solder tin reacts with dilute hydrochloric acid while lead 

does not. 

- Composition of azeotropes vary with pressure 

- In crystal  the components of azeotropes are seen in the microscope as hetereginous 
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 (b) Name three methods for separating azeotropic mixtures 

(i) Adding a substance that reacts and removes one component. e.g.  CaO reacts and removes water from 

azeotrope of ethanol and water 

(ii) distillation with a third substance e.g. benzene in rectified spirit 

(iii) Fractional crystallization 

(iv) solvent extraction 

(v) adsorption 

(c) Naphthalene (C10H8) distils in steam at 98.30C under a pressure of 753mmHg. The vapor pressure of 

water at this temperature is 715mmHg. Calculate the percentage by mass of Naphthalene in the 

distillate. 

Solution 

Vapour pressure of naphthalene = 753 – 715 = 38 

Formula mass of naphthalene (C10H8) = 12 x 10 + 1 x 8 = 128 

Formula mass of water (H2O) = 2 + 16 = 18 

Let the percentage of naphthalene be x; that of water = (100 – x) 

% 𝑜𝑓 𝑛𝑎𝑝ℎ𝑡ℎ𝑎𝑙𝑒𝑛𝑒

% 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟
 = 

𝑉.𝑃 𝑜𝑓 𝑛𝑎𝑝ℎ𝑡ℎ𝑎𝑙𝑒𝑛𝑒 𝑥 𝑅𝐹𝑀 𝑜𝑓 𝑛𝑎𝑝ℎ𝑡ℎ𝑎𝑙𝑒𝑛𝑒

𝑉.𝑃 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑥 𝑅𝐹𝑀 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟
 

𝑥

(100−𝑥)
 =  

38 𝑥 128

18 𝑥 715
  

x = 27.4% 

therefore the percentage of naphthalene = 27.4% 

2. (a) Complete the following equations and name the major product. 

 

 

 

 

 

 
+ CH3CH = CH2 

HCl 

AlCl3 
CH3CH - CH2    

2-phenylpropane 
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(b) Write the mechanism for the reaction in a (i) 

 

 

 

 

3. (a) State three properties of beta particles. 

- bear negative charge  

- have negligible mass 

- attracted to the positive terminal 

- have penetrating power  

(b) Complete the following nuclear transformations 

Note the sum of atomic mass and atomic numbers of the left hand side are equal to those on the right 

hand side 

(i) 𝑃𝑢94
239  + 𝑛0

1  → 𝑆𝑒34
86  + 𝑁𝑑60

150  + 4 𝑛0
1  

(ii) 𝐶𝑚96
235  + 𝐻𝑒2

4  → 𝐶𝑓98
239  

(iii) 𝑈92
235  + n0

1  → 𝐿𝑎57
148  + 𝐵𝑟35

85  + 3 𝑛0
1  

(c) Francium isotope ( Fr87
223 ) emits beta particles. The rate of emission reduces from 14.0 to 7.5 counter 

in 80 second. Calculate the half-life of isotopes. 

Solution 

From In
𝑁0

𝑁
 = λt 

ii  

Benzal chloride or (dichloromethyl)benzene 

CHO 
PCl5 

CHCl2 

CH3CH       CH2                       CH3CH       CH3               CH3CH       CH3                  CH3CH       CH3                       

               H+                  

+ 

+ 

H 
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In 
14

7.5
 = 80λ 

λ = 0.0078s-1 

half-life, 𝑡1

2

 = 
𝐼𝑛 2

𝜆
 = 

𝐼𝑛 2

0.0078
 = 88.87s 

 

 

4.  (a) Draw the structures and name the shapes of the following species 

                                                                                               

 

 

 

 

 

 

 

 

 

 

 

(b) Explain why the nitrite ion (NO2
-) adopts the shape you have named in (a) 

The lone pair of electron strongly repel the bond pairs to one side forming a v-shaped molecule. 

 

5. Name the reagent(s) that can be used to distinguish between the following compounds. In each 

case state what would be observed when each compound is separately treated with the reagent. 

Species Structure Shape 

HCO3
- 

C 

OH 

O O- 

N 

O O- 

 S 

O O- 
O- 

NO2
- 

SO3
2- 

Triangular planar 

V-shaped 

Triangular pyramidal 
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(a)

CH3

Cl

and

CH2Cl

 

Reagents: hot concentrated sodium hydroxide followed by acidified silver nitrate 

Observations(s) 

 

 

 

 

 

 

 

 

 (b) CH3COCH3  and CH3CH2CHO 

Reagents:  iodine in sodium hydroxide solution (I2/-OH)  

Observations(s) 

CH3COCH3: yellow precipitate  

CH3CH2CHO: no observable change 

 

6. The graph below was obtained when nitric acid was gradually added to 50cm3 of 0.72M potassium 

hydroxide in a calorimeter of negligible heat capacity 

 

No observable change                                             White precipitate 
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(a) Determine the volume of nitric acid required to neutralize potassium hydroxide? 

28.5cm3 

(b)  Calculate 

(i) Molarity of nitric acid 

Mole of potassium hydroxide 

1000 cm3 contain 0.72 moles 

50 cm3 contain =
50 𝑥 0.72

1000
= 0.036 moles 

Moles of nitric acid that reacted = moles of potassium hydroxide = 0.036moles 

Molarity of nitric acid 

28.5cm3 of nitric acid contain 0.036mole 

1000cm3 of nitric acid contain   
1000 𝑥 0.036

28.5
 = 1.26moles 

Therefore, molarity of nitric acid = 1.26M 

24 

 

 

22 

 

 

 

 

20 

 

 

     0                                  1o                                     20                                   30                                   40                           50                                              

Vol. HNO3 (cm3) 

Te
m

p
 /

0
C
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(ii) Heat of neutralization of nitric acid by potassium hydroxide (Density of solution = 1.0gcm3) 

Temperature change, θ = 24.26 -18.67 = 5.60C 

Total volume of solution = 50 + 28.5 = 78.5cm3 

Mass of solution = 78.5 x 1 = 78.5g 

Heat liberated = MCθ = 78.5 x 4.2 x 5.6 = 1846J 

Heat of neutralization per mole 

0.036 mole of nitric acid liberate 1846J 

1Mole of nitric acid liberate 
1846 𝑥 1

0.036
 = 51,287J  

Therefore, heat of neutralization of nitric acid = 51, 287J per mole 

7.  (a) A  synthetic rubber, Z,  was made from (n) monomers with structure 

CH2=C-CH=CH2

Cl  

(i) State the condition for the reaction 

- In solution polymerization, the monomer or monomers are dissolved in a hydrocarbon solvent, 

usually hexane or cyclohexane, and polymerized, using an organometallic catalyst such as 

butyllithium. Polymers made in solution generally have more linear molecules (that is, less 

branching of side chains from the main polymer chain), and they also have a narrower 

distribution of molecular weight (that is, greater length) and flow more easily. In addition, the 

placement of the monomer units in the polymer molecule can be controlled more precisely 

when polymerization is conducted in solution. 

- In emulsion polymerization, the monomer (or monomers) is emulsified in water with a 

suitable soap (e.g., sodium stearate) employed as a surfactant, and a water-soluble free-

radical catalyst (e.g., potassium persulfate, peroxides, a redox system) is added to induce 

https://www.britannica.com/science/hydrocarbon
https://www.merriam-webster.com/dictionary/catalyst
https://www.britannica.com/science/polymer
https://www.britannica.com/science/molecular-weight
https://www.britannica.com/science/molecule
https://www.britannica.com/science/emulsion-polymerization
https://www.britannica.com/science/soap
https://www.britannica.com/science/surfactant
https://www.britannica.com/science/catalyst
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polymerization. When emulsion polymerization of SBR is carried out “hot” (i.e., at 50 °C, or 120 

°F), the polymer molecules are more branched. When polymerization is carried out “cold” (i.e., 

at 5 °C, or 40 °F), they are more linear and generally higher in molecular weight—features that 

improve the rolling resistance and wear resistance of tires. In some cases polymerization is 

continued in order to give products of such high molecular weight that they would normally be 

intractable. In these cases about 30 percent of a heavy oil is added before coagulation to yield 

“oil-extended” elastomers with superior wear resistance. 

In brief conditions for formation of rubber include solvents, organocatalyst, surfactants 

 

(ii) Write the equation leading the formation of Z. 

 

 

(iii) Name the type reaction in a (i). 

Polymerization 

(b) A solution containing 5.0g of Z in 200cm3 of benzene is found to have an osmotic pressure of 34kPa 

at 170C. Calculate the: 

(i) Molar mass of Z 

From PV = nRT 

34 x 1000 x 200 x 10-6 = 
5

𝑀𝑟
 x 8.31 x (273+17) 

Mr =3140 

(ii) Number of moles of monomers 

Formula mass of monomer (C4H5Cl) = (12 x 4 + 1 x 5+ 35.5) = 88.5 

  Number of monomers = 
3140

88.5
 = 35.5 

 

nCH2 = C – CH=CH2                              CH2-C=CH-CH2       

             Cl                                                      Cl 

n 

https://www.britannica.com/science/styrene-butadiene-rubber
https://www.britannica.com/science/heavy-oil
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8.  (a) State Raoult’s law of relative lowering of vapour pressure. 

Raoult’s law of relative lowering of vapour pressure states that 

(a) the relative lowering of vapour pressure is equal to mole fraction of solute  

(b) the vapor pressure of the solution is equal to mole fraction of the solvent  

(c) the relative lowering of vapour pressure is proportional to amount of solute 

(d) the lowering of vapor pressure is equal to the mole fraction of solute  in solution 

 

(b) (i) Calculate the vapour pressure of a solution containing 18g of glucose (C6H12O6) in 50g of water at 

600C. (Vapour pressure of water at 600C is 150mmHg.) 

Solution 

Formula mass of glucose (C6H12O6) = 6 x 12 + 12 x 1 + 16 x 6 = 180 

Moles of glucose = 
18

180
 = 0.1 

Formula mass of water (H2O) = 1 x 2 + 16 = 18 

Moles of water 
50

18
 = 2.8 

Total moles = 2.8 + 0.1 = 2.9 

Mole fraction of water =
2.8

2.9
  

Vapor pressure of solution = mole fraction of water x V.P of water 

                                                 = 
2.8

2.9
 𝑥 150 = 144.8mmHg 

(ii) State any assumptions made in (b)(i) 

- The solution is dilute 

- The solute does not react with solvent 

- Solute does not associate or dessociate 
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9. (a) State three properties in which boron resembles silicon    (1 ½ mark) 

- Both are nonmetals 

- They react with oxygen to form acid oxide 

- Form salts e.g., borides MgB2 and CaB6, and silicides, e.g., Mg2Si, with metal 

(b) Write equation(s) for the reaction of the chloride of boron and silicon with water (3marks) 

BCl3 (s) + 3H2O (l) → 3HCl + H3BO3 

SiCl4 (l) + 2H2O (l) → 4HCl + SiO2(s) 

 

SECTION B 

Attempt any six questions from this section 

10. Bauxite is the principal ore used for the extraction of aluminium. 

(a) (i) Write the formula of bauxite.        ( ½ mark) 

Al2O3.xH2O 

Name two impurities in bauxite       (1mark) 

Silica or SiO2 
Iron salts 

(b) Briefly explain how pure aluminium can be obtained from bauxite.  

(Include appropriate equations where necessary)     (3marks) 

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) 
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(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) The precipitated aluminium hydroxide is filtered off, washed and ignited to give pure aluminium 
oxide (alumina). 
  2Al(OH)3(s)  → Al2O3(s) + 3H2O (g) 

                         Alumina 
(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) 

The anode is eaten up by oxygen 

C + O2 (g) → CO2 (g) 

(c) Sodium carbonate solution was added to an aqueous solution of aluminium chloride 

(i) State what was observed       (1mark) 

White precipitate with effervescence  

(ii) Write equation of the reaction that took place     (1 ½ mark) 

Al2Cl6 (s) + 3Na2CO3 (aq) + 3H2O(l) → 2NaAl(OH)3 (s) + 3CO2(g) + 6NaCl (aq) 

11. (a) State three reasons why fluorine differs in some of its properties from the rest of group (VII) 

elements.          (3marks)  

- Has small atomic radius 

- Has high electronegativity 

- Has abnormally low F-F bond energy (158kJ/mol) due to high electron repulsion of nonbonding 

electron pairs. 
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(b) Write equation for ionization of hydrogen fluoride in aqueous solution that are 

(i) Dilute          (1 ½ marks) 

HF (g) + H2O(l)    → H3O
+(aq) + F-(aq) 

(ii) Concentrated         (1 ½ marks) 

HF (g) + H2O(l)    → H3O
+(aq) + F-(aq) 

then 

F- (aq) + HF (g)  → HF2
- (aq) 

 

(c) Explain why hydrogen fluoride is a weaker acid than hydrogen chloride   (3marks) 

H-Cl bond is weaker than H-F bond. The HCl thus easily ionizes to liberate H+. 

12. (a) State three characteristics of a chemical equilibrium 

- Occurs at constant temperature  

- Occurs in closed system  

- It is dynamic equilibrium  
(b) Hydrogen and iodine react according to the following equations 

H2(g) +I2(g)             2HI(aq) 

Write the expression for the equilibrium constant Kc. 

 𝐾𝐶 =  
[𝐻𝐼]2

[𝐻2][𝐼2]
  

(c) 0.5 molar quantities of hydrogen and iodine were sealed in a glass bulb at4450C until equilibrium was 

reached. The glass bulb was then rapidly cooled and broken under alkali. 

(i) Explain why the glass bulb was rapidly cooled and broken under alkalis.  

To react the formed HI with sodium hydroxide 

(ii) The equilibrium mixture was found to contain 0.78moles of hydrogen iodide. Calculate the 

value of the equilibrium constant, Kc for the reaction at 4450C.  

Solution 

Moles of iodine or hydrogen = 
0.78

2
= 0.39 

Moles of unreacted iodine or hydrogen = 0.5 – 0.39 = 0.11 
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𝐾𝐶 =  
0.392

0.11 𝑥0.11
 = 12.57 

(d) State what would happen to the position of equilibrium of the reaction in (b) when 

(i) Sodium thiosulphate solution is added to the equilibrium mixture. 

Equilibrium shift to the left due to removal of iodine from the mixture 

(ii) Argon gas is added at constant volume.  

Equilibrium remains unchanged even when pressure increases because there no change in 

number of moles of a gas from left to right 

13.  (a) A compound Z contain 19.1% nitrogen, 43.6% oxygen and rest manganese. 

(i) Calculate the empirical formula of Z. 

Percentage of manganese = 100 – (19.1 + 43.6) = 37.3.7% 

Elements Nitrogen Oxygen  manganese 

percentages 19.1 43.6 37.3 

RAM 14 16 55 

Moles 1.36 2.725 0.678 

Mole ratio 2 4 1 

 

Empirical formula =MnN2O4 

(ii) 10g of Z in 1000g of water lowered the freezing point by 0.1270C. Calculate the molecular 

formula of Z . (kf for water is 1.860Cmol-1kg-1) .  

0.1270 is caused by 10g of Z 

1.860 is caused by 
𝟏.𝟖𝟔 𝒙 𝟏𝟎

𝟎.𝟏𝟐𝟕
 =146 

Therefore formula mass of Z = 146 

n(MnN2O4) = 146 => n = 1 

molecular formula of Z = MnN2O4 
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(b) When Z was strongly heated brown fumes were given off. Z dissolved in water to form a pink solution 

which decolorizes acidified potassium permanganate (VII). Identify Z. 

Z iz Mn(NO2)2 manganese nitrite 

(c) State what would be observed and write equation(s) for the reaction(s) that took place in the reaction 

in (b) when: 

(i) Concentrated nitric acid and lead (IV) oxide was added and the mixture boiled. 

Observation 

Purple color is observed 

Equation 

2Mn2+ (aq) + 5PbO2(s) + 4H+(aq) → 2MnO4
- + 5Pb2+(aq) + 2H2O(l) 

(ii) Sodium carbonate solution was added 

Observation 

White precipitate 

(iii) Equation 

Mn2+(aq) + CO3
2-(aq) → MnCO3 
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14. Complete the following equations and in each case write acceptable mechanism of the reaction.  

(3marks each) 

 

 

 

 

 

 

 

 

 

 

(c) Identify condition and reagent A and product B  in the following equation 

 

 

Reagent A: ammoniacal copper I chloride 

Product B: 4- methylpent-2-ions 

15. Show how the following conversions can be attained. In each case indicate the reagent and conditions 

for the reaction.        (3marks each) 

(a) 

 

 

 

CH3C CH CH3C CCu
(CH3)2CHClA

B

             H                                        H                                                      H                                             H 

CH3CH2C       O                 CH3CH2C       O-    Proton shift     CH3CH2C        OH        Na+     CH3CH2C        OH                                                                

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

            OH                                      OH                                                    O-                                           ONa 

(b)                       Br                CH3CH2O-                                                OCH2CH3  

                                                  Heat    

Mechanism  

                     Br                                                               OCH2CH3 

               :OCH2CH3                                                                      

                                                                     OOH      

(a)  CH(CH3)2         O2                CH3       C      CH3        H+                        OH       + CH3COCH3       

                          1300C                                              H2O                                        Acetone 

 

                                                                                                          Phenol 
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(a)   

 

 

 

 

 

 

 

 

 

 

16. (a) The solubility of lead (II) iodide is 0.122g in 100cm3 of water at 400C. 

(i) Write equation for the solubility of lead (II) iodide in water. 

PbI2 (s) + aq ↔ Pb2+(aq) + 2I-(aq) 

(ii) Write expression for the solubility product of lead (II) iodide. 

Ks = [Pb2+][I-]2 mol3dm-9 

(iii) Calculate the solubility product of lead (II) iodide. 

Formula mass of PbBr2 = 207 + 2 x 127 = 461 

  

(CH3)2CO                      from                CH3CH2OH

                                                                                                                                             H 

              + CH3COCl      AlCl3                                                    LiAlH4                                                   

                                                                            O                    dry ether                           OH                                       

C       CH3 

CH       CH3 

Br 

CH       CH3 

C       CH3 

PBr3 

HBr 

1. KCN   2. H+(aq) 

 

CH3CH2OH   PCl3       CH3CH2Br    Mg/dry ether    CH3CH2MgBr    CO2/dry ether   

 

CH3CH2CO2MgBr       H+(aq)    CH3CH2COOH       LiAlH4/dry ether    CH3CH2CH2OH  Conc. H2SO4/heat 

 

CH3CH=CH2     H+ (aq)     CH2CHCH3        Cr2O7
2-/H+   CH3COCH3          
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Concentration in grams per dm3 = 
0.122 x1000

100
 = 1.22 

Concentration of PbBr2 in mole per litre = 
1.22

461
 =0.0026 

Concentration of Pb2+ in mole per litre = 0.0026 

Concentration of Br- in mole per litre = 0.0026 x 2 = 0.0052 

Ks = 0.0026 x 0.00522 = 7 x10-8 mol3dm-9 

(d) 50cm3 of 0.001M lead (II) nitrate was mixed with 50cm3 of 0.001M potassium iodide. Deduce whether 

lead (II) iodide will be precipitated or not. Show your working. 

Volume doubles and concentration is halved 

[Pb2+] = 0.0005moldm-3 

[I-] = 0.0005moldm-3 

Ks = 0.0005 x 0.00052 = 1.25 x 10-10 mol3dm-9 

Precipitation does not occur because ionic product is less than Ks =7 x10-8 mol3dm-9 

17.  (a) State factors that can affect standard electrode potential of an element. 

- Atomization energy 

- Ionization energy 

- Hydration energy 

 

 

(b) The standard electrode potential M2+(aq)/M(s) for group II elements are given in the table below: 

Element  Be Mg Ca Sr Ba 

S.E.P M2+(aq)/M(s) -1.85 -2.37 -2.87 -2.89 -2.91 

 

(i) State and explain the trend in the variation of standard electrode potential 
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SEP increases from Be to Ba because from Be to Ba, atomization energy, ionization and 

hydration energies decrease but atomization and ionization energies decrease more 

rapidly than hydration energy 

(ii) Explain why the values of standard electrode potentials are negative. 

Hydration energy is higher than the sum of atomization and ionization energies. 

(c) Electrode potential for some cells are given below 

Half cell    E0/V 

Pt(s)/SO4
2-, SO3

2-   -0.90 

Cu2+(aq), Cu(s)   +0.34 

(i) Write the equation of reaction that takes place at the  

Anode  

SO3
2- -2e + H2O (l) → SO4

2-(aq) + 2H+(aq)  

Cathode  

Cu2+ (aq) + 2e → Cu(s) 

Overall equation 

Cu2+(aq) + SO3
2-(aq) + H2O(l) → SO4

2-(aq) + 2H+(aq) + Cu(s) 

(ii) Calculate the emf of the cell. 

Emf = ELHE - ERHE 

        = 0.34 -–0.90  

        = 1.24V 

(iii) State whether the reaction in (a)(ii) above is feasible or not. Give a reason for your answer. 

The reaction is feasible because emf is positive. 

END 


