H2 Inorganic Chemistry 

Revision Lecture 

Introduction to Transition Elements - Solutions
	4.
	TPJC/2006/P3/5 or (a), (d)

	
	
	

	
	
	

	
	
	

	Solutions:

	
	(a)
	In the complex, the degenerate 3d orbitals are split into 2 sets of different energy levels, separated by a small energy gap. Electrons absorb energy from light and are promoted from a lower to a higher energy 3d orbitals.  The wavelength of light not absorbed will be seen as the colour of the complex. 



	
	(b) 
	No. of moles of KMnO4   = (19.60 / 1000)  x 0.02      = 3.92 x 10-4 mol 

No. of moles of Fe  = no. of moles of Fe2+
                               = (3.92 x 10-4)  x 5

                               = 1.96 x 10-3 mol 

Percentage of iron in the meteorite = [(1.96 x 10-3 x 55.8) / 0.20]  x 100%

                                                        = 54.7 % 



	
	
	

	
	
	

	5.
	ACJC/P3/4(a), (c)

	
	
	

	
	
	

	Solutions:

	
	(a)
	Due to the close proximity in energies of the 4s and 3d orbitals, transition metals can exhibit variable oxidation states by losing different number of electrons in the 3d and 4s orbitals. 

 

	
	(b)
	In the presence of ligands, the degenerate 3d orbitals in copper (II) ions are split into 2 sets with different energies with a small energy gap between them. 

When a d-electron from the lower energy group is promoted to the higher energy group (d-d transition), light energy is absorbed. The light energy not absorbed will be seen as the colour of the complex.

6) SRJC/2009/P3/4(b)

	
	

	(b)
	(i) Copper is a transition element and can exist in variable oxidation states. Suggest why transition elements have the tendency to have variable oxidation states.



	1m
	Transition metals possess variable oxidation states due to the small energy difference between the 3d and 4s electrons. Thus different number of 3d and 4s electrons may be lost to form stable ions or compounds of different oxidation states.


	
	(ii) When dilute ammonia is gradually added to a solution containing copper (II) ions, a pale blue precipitate is formed, which re-dissolves on adding excess dilute ammonia. Explain the above observations, writing equations where appropriate.
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	NH3(aq) + H2O(l)  (   NH4+(aq) + OH-(aq)

Cu2+(aq) + 2OH-(aq) 
[image: image1.wmf]Cu(OH)2  (s)  ----- (1)

When NH3(aq) is added gradually, [OH-] will increase 
· Ionic product of Cu(OH)2 > Ksp of Cu(OH)2   

· Pale blue ppt, Cu(OH)2 is formed     

 [Cu(H2O)6]2+(aq)  +  4NH3(aq) 
[image: image2.wmf] [Cu(NH3)4(H2O)2]2+(aq) + 4H2O(l) -----(2)

                                                                 deep blue      

When excess NH3 is added,

· NH3 ligands replaces the H2O ligands, forming a more stable deep blue [Cu(NH3)4(H2O)2]2+ complex with Cu2+(aq). 
· [Cu2+] decreases as it is being used to form the complex, equilibrium position in (1) shifts left to increase [Cu2+] 

· Pale blue ppt dissolves. 



	(i) Explain why copper (II) ions solution is coloured.
[7]

	The d orbitals  of Cu2+ (aq) are split into two different energy level due to presence of H2O ligands.

The d electron undergoes d-d transition and is promoted to a higher energy d orbital.

During the process, red wavelength of light energy from the visible region of the electromagnetic spectrum is absorbed and blue wavelength is transmitted which appears as the colour observed.


7) SRJC/2009/P3/4(d)

	(d)
	Haem can be represented schematically as shown below. Briefly explain how the haemoglobin carry oxygen and why carbon monoxide are toxic to the human body. 

[image: image3.png]



[2]

	½m

½m

½m

½m 
	· In haemoglobin molecule, Fe(II) ion is octahedrally bonded to five nitrogen atoms and a water molecule. 

· H2O ligand may be replaced by an oxygen (O2) ligand in a reversible reaction allowing the haemoglobin to carry oxygen from one part of body to another.
· Stronger ligands like CO (or CN-) bond irreversibly with haemoglobin and this prevents the haemoglobin from carrying oxygen.


_1309571733.bin

_1309571734.bin

