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INSTRUCTIONS:  Answer question one and any other two questions. 

 

QUESTION ONE – (30 MARKS) 

a) Define each of the following terms.      (3 Marks) 

(i) 
aK  

 
(ii) wK  

 
(iii) spK  

b) Identify which of the following sets of four quantum numbers { }msmlln ,,,  cannot exist 
for an electron in an atom, and explain why not.    (3 Marks) 
 

(i) { }2
1,1,2,2 +−          

(ii) { }2
1,0,0,6 +  

(iii){ }2
1,4,5 +  

c) Describe three types of covalent bonds.     (3 Marks) 
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d) Predict the standard potential of the galvanic cells with the following cell reaction. 

2Cr2 (aq) + Cu2+ (aq) → 2Cr3+ (aq) + Cu(s)     (3 Marks) 

Given : 

Cr3+ + e-  → Cr2+                  E0 = -0.41v 

Cu2+ + 2e- → Cu                  E0 = +0.34v 

e) The nuclear power industry extracts Li6 but not Li7  from natural samples of lithium. As a 

result the average molar mass of  commercial samples of lithium is increasing. The current 

abundances of the two isotopes are 7.42% and 92.58% , respectively, and the masses of 

their atoms are 9.988 x 2410 − g and 1.165 x .10 23 g−  (�� = 6.02 � 10�) 

f) Write the Lewis structures that contribute to the resonance hybrid for a −2
3CO  (3 Marks) 

g) Identify each of the following as a Lewis acid or a Lewis base (or a species that can act as 

either)           (2 Marks) 

(i) BCl3 

(ii) +3Fe  

h) What is the relation between the electronegativities of two atoms and the type of bond they 

are likely to form?        (3 Marks) 

i) Write the net ionic equation for the following neutralization reactions in aqueous solution. 

(i) Hydrofluoric acid reacts with calcium hydroxide     (2 Marks) 

(ii) The weak base methylamine, CH3NH2, reacts with nitric acid.   (2 Marks) 

QUESTION TWO (20 MARKS) 

a) Explain what is meant by an atomic orbital. Sketch the boundary surface of 2 p-orbitals. 
(3 Marks) 

b) How many subshells are in the shell with n equal to 4?   (1 Mark) 

c) What are permitted values of l when n = 4?     (1 Mark) 

d) Explain why, in a many-electron atom, a 2s-electron is bound more strongly that a 3s-

electron.          (2 Marks) 

e) Predict the ground state electron configuration of an atom of:  

(i) Iron (Z = 26)        (1 Mark) 
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(ii) Gallium (Z=31)        (1 Mark) 

(iii)Copper (Z=29)        (1 Mark) 

(iv) Iron (II) (Z = 26)       (1 Mark) 

f) Explain why ionization energies decrease down a group and increase across a period. 

(2 Marks) 

g) Explain why the second ionization energy of sodium is significantly higher than the second 

ionization energy of magnesium.      (3 Marks) 

h) Describe the correlation in the periodic trends of atomic radii and ionization energies, both 

across a period and down a group.      (4 Marks) 

QUESTION THREE (20 MARKS) 

a) The solid fuel in the booster stage of the space shuttle is a mixture of ammonium 
perchlorate and aluminium powder. Upon ignition, one reaction that occurs is; 
 
6NH4ClO4 (s) + 10 Al(s) →  5Al2O3(s) + 3 N2(g) + 6HCl(g) + 9H2O(g) 
 

(i) How many kilograms of aluminium should be mixed with 1.5 x 104 kg of NH4ClO4 

for this reaction? (N=14,H=1,Cl=35.5, O= 16, Al=27   (3 Marks) 

(ii) Determine the mass of Al2O3 formed in the reaction of 5000kg of aluminium. 

(3 Marks) 
b) (i)  What is a precipitate?       (1 Mark) 

(ii) Predict the likely product when aqueous solution of sodium phosphate, Na3PO4, and 

lead (II) nitrate, Pb(NO3) 2 are mixed. Write the net ionic equation for the reaction. 

 (2 Marks) 

c) If 1.00mg of Na2CrO4 is added to 225ml of 0.00015 M AgNO3, will a precipitate form? 

(Ag2CrO4 Ksp = 1.1 x 10 -12)  (4 Marks) 

d) What do you understand by the term;       

(i) The common ion effect 

(ii) Buffer solution 

e) Find the pH of a buffer solution containing 0.20 mole per litre CH3COONa and 0.15 

mole per litre CH3COOH, (Ka for acetic acid is 1.8 x 510 − ). (5 Marks) 
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QUESTION FOUR  (20 MARKS) 

a) Write the chemical equation for the cell reaction resulting from the following half-
reactions.         (2 Marks) 

 Hg2 2+ (aq) +  2�� → 2Hg (l) 

              2Hg(l) + 2Cl- (aq) → H�Cl2(s) + 2�� 

b) Write the cell diagram and draw a schematic picture of the cell and its contents, label the 

anode and cathode, and indicate the direction of electron flow. Assume that the cell 

contains a salt bridge filled with a KCl gel.     (6 Marks) 

c) The product of reaction the reaction of bromide ions with permangate ions in basic 

aqueous solution are solid manganese (iv) oxide, MnO2, and bromated ions, BrO3
- 

balance the chemical equation for the reaction.    (2 Marks) 

d) The standard potential of the Ag+/Ag(s) is  +0.80V , and the standard potential of the cell 

Pt(s)I 2/I-(aq)//Ag+ (aq)/Ag(s) is 0.26V at the same temperature. 

(i) With reasons identify the most oxidizing agent and the most reducing agent. 

         (4 Marks) 

(ii)  What is the standard potential of the iodine electrode?  (2 Marks) 

e) Giving examples, distinguish between a secondary and a primary cell. (4 Marks) 


