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INSTRUCTIONS  

 The paper consists of two sections. 

 Section A is compulsory (30 marks) 

 Answer any two questions from section B (each 20 marks) 

 Check for useful Tables behind the Question paper 

 

Useful constants 

        8100.3 c m/s                                           
3410626.6 h Js 

SECTION A 
 

QUESTION ONE (30 MARKS) 

 

(a) Name the following complex ions/coordination complexes: 

(i) [Pt(H2NCH2CH2NH2)2Cl2]Cl2                                                                 (2 marks) 

(ii) [Co(H2NCH2CH2NH2)3]2(SO4)3                                                               (2 marks) 
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(iii)  (NH4)2[Ni(C2O4)2(H2O)2]                                                                        (2 marks) 

(b) The complex [Ni(CN)4]
2+ is diamagnetic while [NiCl4]

2- is paramagnetic. Explain this 

phenomenon using Ligand Field Theory and predict their possible structures.        (3 marks) 
 

(c)    (i)    Define trans-effect?                                                                                        (2 marks) 

(ii) Given that the relative order of the trans-directing ability of the ligands is NO2
-
 > 

Cl- > NH3. Design a selective two step synthesis for cis and trans 

[Pt(NH3)(NO2)Cl2]
- starting with PtCl4

2-                                                    (4 marks) 

(d) A chelate effect is an entropy factor.  Discuss in relation to [Cd(NH2CH3)]
2+  logβ4=  6.6 

versus [Cd(en)2]
2+ logβ4 = 10.6                                                                                  (4 marks) 

 

(e) Draw the structures of the following compounds: 

(i) Mer-triaquatriamminechromium(III)chloride                                                (2 marks) 

(ii) Ʌ-bis(ethylenediamine)κ-ѕ-thiocyanido)iron(III)                                          (2 marks) 

(f) (i)        Explain why [Co(NH3)6]
3+ is an inner orbital complex whereas [Ni(NH3)6]

2+ is an              

        outer orbital complex                                                                                      (3 marks) 

(ii) State four factors that influence the Crystal Field Splitting energy (CFSE) of 

coordination complexes                                                                                   (4 marks) 

 

QUESTION TWO (20 MARKS) 
 

(a)  State three properties of organometallic compounds                                                (3 marks) 

(b)  Explain why NH3 act as a ligand but NH4
+ does not                                                 (2 marks) 

(c)   Using appropriate illustrations, briefly explain the following reaction mechanisms 

(i) Associative                                                                                               (2 marks) 

(ii) Dissociative                                                                                              (2 marks) 

(d) The table below shows the stability constants for each of the stages in the replacement of 

four of the aqua ligands in [Cu(H2O)6]
2+.                                                                        

Ion Kn Value (mol-1dm3) 

[Cu(NH3)(H2O)5]
2+ K1 41078.1   

[Cu(NH3)2(H2O)4]
2+ K2 1007.4   

[Cu(NH3)3(H2O)3]
2+ K3 21055.9   

[Cu(NH3)4(H2O)2]
2+ K4 21074.1   
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(i) Write the equations for the formation of each ion from the previous one with one 

ammonia less, and use it to write an expression for each stability constant   (4 marks) 

(ii) Write an expression for the overall stability constant for the formation of the complex 

ion [Cu(NH3)4(H2O)2]
2+                                                                                  (2 marks) 

(iii) Use the values in the table to calculate the overall stability constant.              (1 mark) 

(e)       Briefly discuss how π-bonding theory influences substitution reaction on square     

     planar complexes                                                                                               (4 marks) 

QUESTION THREE (20 MARKS) 

 

(a) With relevant equations where possible briefly explain the following terms: 

(i) Ambidentate ligand                                                                       (2 marks) 

(ii) Acid hydrolysis                                                                              (2 marks) 

(iii)  Anation                                                                                         (2 marks) 

(b) Write the formulae for the following complexes:                                 

(i) Tetraammineaquachloridocobalt(III)chloride                                  (2 marks) 

(ii) Potassiumtetrahydroxidozincate(II)                                                 (2 marks) 

(c) Draw the structures the following complexes:                                     

(i) µ-amido-µ-nitrooctaamminedicobalt(III)ion                                  (2 marks)  

(ii) µ-hydroxy-bis{pentaamminechromium(III)}chloride                    (2 marks) 

(iii) Ʌ-Tris(ethylenediamine)cobalt(I)chloride                                      (2 marks)  

(d) Calculate the octahedral crystal field splitting energy in kJ/mol for [Fe(CN)6]
4-, if 

the wavelength of the most intensely absorbed light is 305 nm.                (4 marks) 

QUESTION FOUR (20 MARKS) 

 

(a) State the Effective Atomic Number (EAN)    

(b) Briefly discuss how π-bonding theory influences substitution reaction on square planar 

complexes                                                                                                               (4 marks) 

(c) Calculate the magnetic moments of the following complexes:                              (4 marks) 

(i) [Fe(CN)6]
4-                               (ii) [FeF6]

3- 
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QUESTION FIVE (20 MARKS) 
 

(a) Define a spectrochemical series                                                                            (2 marks) 

(b)     (i) State the difference(s) between inner and outer orbital complexes           (2 marks) 

(ii) Explain why [Ti(H2O)6]
3+ is coloured while [Sc(H2O)6]

3+ is colourless (3 marks) 

(iii) With illustrations, differentiate between ionization isomerism and solvate 

isomerism                                                                                                 (4 marks) 

(c) Explain the Jahn‐ Teller distortion in [Cu(H2O)6]
2+                                               (3 

marks) 

(d) For each of the following complexes [Fe(CN)6]
3-, Ni(CO)4] and  [FeCl4]

2- determine: 

(i)  the configuration in the form 
n

g

m

get2  or 
nmte 2  as appropriate                  (2 marks) 

(ii)  the number of unpaired electrons                                                          (2 marks) 

(iii) The LFSE as a multiple of o or t                                                       (2 marks) 
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