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525/2 

S6 CHEMISTRY 

Exam 5 

PAPER 2 

DURATION: 2 HOUR 30 MINUTES 

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

 
 

Section A 

Answer any three question 

1. The elements Be, mg, Ca, Sr, Ba are in group II of the preriodic tabel 

(a) Explain how the following factors vary in the group 

(i) Atomic radii      (3marks) 

Atomic radii increase down the group due to to increase in the number of electron 

shells and screening effect 

 

(ii) Ionization energy      (3marks) 

Ionization energy decreases down the group because increase in creening effect 

outweighs increase in nuclear charge leading to decrease in effective nucelar 

charge. 

 

(iii) Electropositivity      (3marks) 
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Electropositivity increases down the group because down the group both nuclear 

charge and screening effect increase but increase in the screening effect outweighs 

increase in nuclear charge. 

 

(b) Stae what would be observed and write an equation for the reaction which takes place 

when: 

(i) Magnesium is reacted with steam    (3marks) 

Violent reaction and formation of white powder 

Mg(s) + H2O(g) → MgO(s) + H2(g) 

(ii) Barium is reacted with water    (3marks) 

Effeversence giving a colorless solution 

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

(c) Compare the reaction of beryllium and barium with sulphuric acid under various condition 

(5marks) 

Both beryrium and barium react with dilute sulphuric acid to liberate hydrogen gas but 

barium reacts for a short time because it forms an insoluble sulhate. 

Ba(s) + H2SO4(aq) → BaSO4(s) + H2(g) 

Be(s) + H2SO4(aq) → BeSO4(aq) + H2(g) 

 

Both beryllium and barium react with hot concentrated sulphuric acid to form sulphur 

dioxide and water. The reaction of barium is temporary due to the formation of insoluble 

abrium sulphate 

Ba(s) + 2H2SO4(aq)→ BaSO4(s) + SO2(g) + 2H2O(l) 

Be(s) + 2H2SO4(aq)→ BeSO4(s) + SO2(g) + 2H2O(l) 

 

 

2. (a) differentiate between order and molecularity of reaction  (5marks) 

Order of a reaction is the sum of exponents to the concentration terms in a rate equation while 

molecularity is the number of species that take part in the rate determining step. 

 

(b) The table below shows some data for the reaction 

 A + 2B → C ∆H = +QkJmol-1 

 

Expt. Initial concentration of 
Moldm-3 of 

Intial rate of reaction 
Moldm-3s-1  

 A B  

I 1.00 x 10-2 2.80 x 10-3  2.2 

II 5.00 x 10-3 2.80 x 10-3 1.1 

III 1.00 x 10-2 5.60 x 10-3 4.4 

(i) Determine the order of reaction with respect to A and B  (3marks) 

Order of reaction with repect to A = 1 because halfing the concentration of A in 

experiements I and II halves the rate 
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The order of reaction with  respect to B = 1 because doubling the concentrations in 

exeriments I and III multiplies the rate by 4 or 22. 

(ii) Write the rate equation for the reaction.    (1mark) 

Rate = K[A][B]  

(iii) Calculate the rate constant for the reaction and give its units (2marks) 

Using experiement I 

2.2 = K x  1.00 x 10-2 x 2.80 x 10-3 

    K = 78,571mol-1dm3s-1 

(iv) Calculate the rate of the reaction when the concentration of A and B are 8.0 x 10-3 moldm-3 

amd 3.83 x 10-3 moldm-3 respectively.     (2marks) 

Rate = 78571x8.0 x 10-3 x 3.83 x 10-3 = 2.4moldm-3s-1 

(v) State What would happen to the order of reaction in (b) if B was present in larger excess. 

Explain your answer.       (3marks) 

It becames pseudoorder 1 because when the is negiligible change in concentration of B in 

the reaction 

 

(vi) Draw a fully labelled energy diagram for the reaction in (b)   (4marks) 

 

 

 

 

 

 

 

 

3. (a) Beryllium, like aluminium can react with sodium hydroxide solutioj. Other group II elements 

do not. 

(i) Write ionic equation for the reactionof berylllium and  aluminium with sodium 

hydroxide solution       (3marks) 

Be(s) + 2OH-(aq) → BeO2
2-(aq) + H2(aq) 

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

 

(ii) List three other properties in which beryllium show similarity to aluminium (4 ½ marks) 

- They both do not rect with nitric acid 

- They form covalent polymeric chloride 

C 

Q 

Activation energy 

Activation complex 

A + 2B 

Energy 

Reaction coordinates 
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- They react with sodium hydroxide to liberate hydrogen 

 

(iii) Explain why beryllium behaves differently from other group II elements. (3marks) 

Beryllium has 

- Small atomic radius 

- Its ions has high charge density 

- It iona has high polarizing power 

-  

(iv) Name two other elements which have similar relation ship like beryllium and 

aluminium.        (1marks) 

Lithium and magnesium 

Boron and silicon 

(b) The table below shows the ionic radii of sodium, magnesium, and aluminium and the melting points 

of the chlorides formed by the three cations. 

 Na+ Mg2+ Al3+ 

Ionic radius (nm) 0.095 0.065 0.050 

Mpt. /0C of chlorides 801 712 180(sublimes) 

(i) Calculate the charge/radius ration for each cation   (1 ½ marks) 

Na = 
1

0.095
 = 10.5 

Mg2+ = 
2

0.065
= 15.4 

Al3+ = 
3

0.05
 =  60 

(ii) State and explain the trend in the melting points of chlorides for the three elements 

(5marks) 

The melting points  decrease from NaCl>MgCl2> AlCl3 because polarizing power of the 

cations increase from Na+<Mg2+<Al3+; thus the ionic character of the chloride decrease in 

order NaCl>MgCl2> AlCl3 loweing the melting points 

(iii) Use equations only to explain why aluminium chloride solution has a pH less than 7 (2marks) 

 

Aluminium ions hydrolyse to form hydrogen ions 

Al3+(aq) + 3H2O(l)  → Al(OH)3(s) + 3H+(aq) 
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4. Write equation to show how each of the following compounds can be synthesized. In each case, 

indicate the reagents and conditions for the reaction. 

 

(a)                                     from         benzoic acid     (5½ marks) 

  

 

 

 

 

 

 

 

(b)  CH3C≡CH from ethane       (5½ marks) 

 

 

 

 

(c)                                     From ethanol      (5marks) 

 

 

 

 

 

 

 

 

 

 

  

NH2 

CH3C= NOH                 

CH3 

                   COOH      soda lime                          Conc. H2SO4, Conc. HNO3                               NO2   

 

Then 

                  NO2         Sn/HCl                               NH2            

 

heat heat 

CH3CH3    Cl2 / u.v light   CH3CH2Cl   EtO-/EtOH    CH2      CH2       Br2/CCl4    HC       CH  

Then  

HC       CH  Na/liq. NH3      HC       CNa      CH3Br    CH3C       CH               

CH3CH2OH    Conc. H2SO4, heat      CH2      CH2       Br2/CCl4    HC       CH  

Then 

HC       CH    Na/liq. NH3    HC       CNa    CH3Br  CH3C       CH     Pd2/H2     CH3CH      CH2  

Then 

CH3CH      CH2  dil H2SO4   (CH3)2CHOH     Cr2O7
2-/H+ (CH3)2CO     HNOH/H+    (CH3)2CH=NOH          
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(d)  

                                   = O from cyclohexene     (4marks) 

 

 

 

 

 

 

 

SECTION B 

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

 

(a)                    + CH3COBr FeCl3                          COCH3   (04marks) 

 

 

 

 

 

(b)                                                                                           (CH3)2C=NR                 (5mark) 

 

 

 

 

 

 

 

 

 

CH3CCH3  + RNH2         H+ 

       O 

 

                    + dil H2SO4                       OH        Cr2O7
2-/H+                         O                                         

                   O                                                            H 

                   C       Br       FBCl3                                  COCH3    -H+                           COCH3                    

                   CH3 

+ 

              O                                           +OH                                        OH 

H3C       C      CH3 + H+            H3C       C      CH3                 H3C       C      CH3       proton shift 

                                                                                            H2N      R                             H2N       R 

Then       +OH2 

    H3C       C      CH3                      H3C       C      CH3           -H+        H3C       C      CH3 

               HN       R                                    HN      R                                         N      R 

.. 
+ 

.. + 
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(e)  

 

 

 

 

                                                                                         OH                                                       

(c) CH3CH2CHO + HSO3
-Na+                   CH3CH2C      H   (2½ mark) 

                                                                                         SO3Na 

Mechanism 

             O                                        O-                                                     OH                                  OH 

CH3CH2C      H                  CH3CH2C      H         proton shift   CH3CH2C      H     Na+     CH3CH2C      H 

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

            OH                                     OH                                                     O-                                   ONa 

.. 

(d) CH3)3CBr + CH3CHO-Na+     CH3CH2OH, heat               (CH3)2C=CH2  (3marks) 

mechanism 

(CH3)3C        Br               (CH3)3C        CH2                               (CH3)3C        CH2 

                                                             H        :OCH2CH3 

+ 

(d) CH3CH2OH + Conc. H2SO4              1400C              (CH3CH2)2O                            (3½ marks) 

Mechanism 

                                                     +OH2                               H 

CH3CH2OH + H+                      CH3CH2                      CH3CH2    O    CH2CH3                CH3CH2    O    CH2CH3                 

                                           CH3CH2OH                                        
.. 

CH2CH2I + NaOH (aq)          CH2CH2OH   (2marks) 
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Mechanism 

 

 

 

 

6.  (a) Define the following terms 

(i) Colligative property       (2marks) 

Colligative property is a property of dilute solutions that depend on the number of dissolved 

particles in solution rather than their chemical nature. 

(ii) Eutectic point        (2marks) 

Is the temperature and composition of eutectic mixture. 

(iii) Eutectic mixture       (2marks) 

It is a liquid mixture that solidifies at constant temperature to give a solid of the same 

composition. 

(b) A solution contain 1.80g of naphthalene in 0.3g of camphor 

(i) Calculate the melting point of the solution.     (4marks) 

    [The relative molecular mass of naphthalene = 128; melting point of pure camphor = 1770C 

 The freezing point constant, Kf, for camphor = 40Cmol-1per 100g] 

Solution  

Mass of naphthalene in a 100g of camphor  = 
1.80 𝑥 100

0.3
 = 600g 

Freezing point depression 

128g of naphthalene cause a depression of 40C 

600g of naphthalene cause a depression of 
600 𝑥 4

128
 = 18.750C 

Freezing point of solution = 177 – 18.75  = 158.250C 

 

 

                 H 

           CH2C     I                                   CH2CH2OH                              

                 H       :OH 
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(ii) State whether your answer would be significantly affected if the pressure of the system was 

lowered. Give a reason for your answer   (2marks) 

 

Yes because lowering pressure lower melting point 

 

(d) Naphthalene-biphenyl system forms a eutectic mixture at 410C. the eutectic mixture 

contains 0.47mole fraction of naphthalene. The melting points of various composition of 

naphthalene-biphenyl system are given in the table below: 

 

Mole fraction of naphthalene 0.125 0.275 0.625 0.800 

Melting point (0C) 63.0 53.0 54.0 69.0 

 

(i) Draw an accurate phase diagram for naphthalene-biphenyl system and label all the regions 

of the diagram. [Melting point of naphthalene and biphenyl are 860C and 69.20C 

respectively. 

04marks) 

             

(ii) Explain what would happen if a liquid mixture containing 80% naphthalene at 700C was 

gradually cooled       (2marks) 

- The mixture freezes 690C forming solid naphthalene. 
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- The concentration of naphthalene in the mixture falls to mole fraction of 0.47 by 

410C 

- At 410C temperature remains constant when both naphthalene and biphenyl freeze 

together to form a solid of the same composition as liquid mixture. 

- Then the temperature of the solid falls. 

-  

 

(e) State one similarity and one difference between a eutectic mixture and pure substance 

(2marks) 

 

Similarities: both freeze at a constant temperature giving a solid of the same composition as 

a liquid mixture. 

Differences 

- their composition varies with pressure 

- can be separated by other physical methods as distillation and  evaporation to 

dryness 

- X-ray analysis shows that eutectic mixtures are not pure compound 

- Microscopic analysis shows that eutectic mixtures are heterogeneous, made of a 

mixture crystals of separate substances 

- Chemical properties of eutectic mixtures are those of individual components making 

up the mixture for example when solder is reacted with dilute hydrochloric acid, tin 

reacts whereas lead does not. 

 

 

7. (a) 25cm3 of a solution containing sodium carbonate and sodium hydrogen carbonate required 

15.0cm3 of a 0.5M hydrochloric acid for complete reaction using phenolphthalein indicator. 

Another 25cm3 of the same solution required 34.5cm3 of the acid using methyl orange indicator. 

Calculate the molar concentration of the solution with respect to 

(i) Sodium carbonate 

(ii) Sodium hydrogen carbonate      (9marks) 

Solution  

Volume of 0.5M HCl that reacted with sodium carbonate = 15 x 2 = 30cm3 

Moles of HCl that reacted with sodium carbonate = 
30 𝑥 0.5

1000
 = 0.015 moles 

Mole of sodium carbonate = 
0.015

2
 =0.0075moles 

Concentration of sodium carbonate = 
0.0075 𝑥 1000

25
= 0.3moldm-3 
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Volume of 0.5M HCl that reacted sodium hydrogen carbonate = 34.5 – 30 = 4.5cm3 

Moles of HCl that reacted with sodium hydrogen carbonate = 
4.5 𝑥 0.5

1000
 0.00225moles 

Moles of sodium hydrogen carbonate = 0.00225moles 

Concentration of sodium hydrogen carbonate = 
0.00225 𝑥 1000

25
 = 0.09M 

 

(b) Carbon, silicon, tin and lead are elements of group IV of the periodic table 

 State 

(i) The common oxidation state shown by elements in group IV   (1mark) 

+2, +4 

(ii) How the stability of the oxidation states of the elements vary dawn the group? 

(illustrate your answer with the chlorides of carbon and lead)  (3marks) 

+2 becomes more stable down the group while +4 becomes less stable down the group for 

example carbon forms stable CCl4 while lead forms stable PbCl2. 

 

(iii) Give a reason for your answer in (b)(ii).     (1mark) 

+2 oxidation state becomes more stable down the group due to inert pair effect. 

(c) With reference to transition metals explain what is meant by the following 

(i) complex ion        (2marks) 

A complex ion is an ion composed of central metal ion bonded to small molecules called 

ligands by dative bonds, e.g. [Cu(NH3)4]2+ 

(ii) catalyst         (2marks) 

A catalyst is a substance that speeds up a chemical reaction without taking part in the 

reaction, e.g. iron catalyzes formation of ammonia from nitrogen and hydrogen 

(iii) Variable oxidation state       (2marks) 

Transition elements exhibit different oxidation states in different compounds 

e.g. Fe2+ and Fe3+ 
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8. Explain the following observation 

(a) The basic strength of amino benzene, ammonia and dimethylamine are in order: 

Amino benzene < ammonia < dimethylamine.    (4marks) 

 

The phenyl group on amino benzene withdraws electrons nitrogen atom; this reduces the 

electron density of a lone pair of electrons and reduces its ability to attract a proton from 

water to produce hydroxyl ion than ammonia. 

The methyl groups on dimethylamine  donate electrons nitrogen atom; this increases the 

electron density of a lone pair of electrons and increase its ability to attract a proton from 

water to produce hydroxyl ion than ammonia. 

 

(b) The tendency of group 2 elements to form complex ions is in order.  

Be > Mg > Ca > Ba        (4marks) 

 

It is because the charge density of the ions of these elements decrease in order Be2+ > Mg2+ 

> Ca2+ > Ba2+ which reduces the ability of the cation to attract ligands 

 

(c) The bond angle in a water molecule is 1040C whereas that in a molecule of ammonia id 1070 

          (4marks) 

Oxygen is more electronegative than nitrogen; the bonding electrons are thus closer to 

oxygen in water than nitrogen in ammonia.  This causes greater repulsion between bonding 

pairs of electrons in water leading to bigger bond angles. 

 

(d) The acid dissociation constant, Ka, of bromoethanoic acid is greater than that of ethanoic 

acid at the same temperature.      (4marks) 

The electronegative bromine atom in bromoethanoic acid withdraws electrons and 

destabilizes the O-H bond leading to loss of a proton while the methyl group in ethanoic acid 

donates electrons and stabilizes the O-H bond 
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(e)   Ammonia boils at -330C whereas phosphine, PH3, boils at -880C  (4mark) 

Nitrogen atom is more electronegative than phosphorus; thus N-H is more polar than P-H 

bond. Consequently, ammonia form stronger hydrogen bonds that require a higher 

temperature to break. 


