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JARAMOGI OGINGA ODINGA UNIVERSITY OF SCIENCE AND TECHNOLOGY SCHOOL OF BIOLOGICAL AND PHYSICAL SCIENCES
UNIVERSITY EXAMINATION FOR THE DEGREE OF BACHELOR OF EDUCATION SCIENCE

3RD YEAR 1ST SEMESTER 2016/2017 ACADEMIC YEAR 

 MAIN CAMPUS

COURSE CODE: SCH 306
COURSE TITLE: INORGANIC CHEMISTRY III
EXAM VENUE:  CHEM LAB


STREAM: (BSc.)
DATE: 27/04/16


                       EXAM SESSION:  2.00 – 4.00 PM
TIME: 2 HOURS

______________________________________________________________________________ Instructions:

1. Answer question 1 (compulsory) and ANY other 2 questions.

2. Candidates are advised not to write on the question paper.

3. Candidates must hand in their answer booklets to the invigilator while in the examination room.
Section A, Answer all the questions (30 marks)
Question 1

a) Scandium (Sc) is the first 3d-element and its electron configuration is 1s2, 2s2, 2p6, 3s2, 3p6, 4s2, 3d1 or [Ar]4s2 3d1 and it belongs to group 3. Complete the table below for the other 3d –elements            (6 marks)
	
	Element 
	Z
	Element Name
	Configuration
	Group no.

	a
	Sc 
	21
	
	
	

	b
	Ti 
	22
	
	
	

	c
	V 
	23
	
	
	

	d
	Cr 
	24
	
	
	

	e
	Fe 
	26
	
	
	

	f
	Co 
	27
	
	
	

	g
	Ni 
	28
	
	
	

	h
	Cu 
	29
	
	
	

	i
	Zn 
	30
	
	
	


b) Give an explanation why the electronic configuration of Cr and Cu are written as [Ar]4s1 3d5 and [Ar]4s1 3d10 .


    (1 mark) 
c) All the 3-d elements are coloured except Sc and Zn, give an explanation why the two are not coloured.


     (1 mark)

d) The electronic configuration of V and Cr can also be represented as shown below. Complete the table and use these orbital arrangement of electrons to explain the paramagnetic property of V and Cr.  (4 marks)




                    3d



4S


	V
	[Ar]
	↑
	↑
	↑
	
	
	
	↓↑

	Cr
	[Ar]
	↑
	↑
	↑
	↑
	↑
	
	↑

	Cu
	
	
	
	
	
	
	
	

	Ni
	
	
	
	
	
	
	
	

	Fe
	
	
	
	
	
	
	
	

	Mn
	
	
	
	
	
	
	
	


e) Determine the oxidation and coordination numbers of each of the metal at the centres of the following complexes.            (4 marks) 
i. [Fe(OH)(H2O)5]SO4 
ii. [CoCl(CN)(NO2)(NH3)3] 
iii. [CoCl(NH3)5](NO3)2 
iv. K3[Fe(CN)5NO] 
f) Draw the structures of the following compounds/complex ions.










 (6 marks)
i. [Ag(NH3)2]+
ii. [Ni(CO)4]

iii. [Ni(CN)4]2-
iv. [Fe(CO)5]

v. [Cr(NH3)6]3+
vi. [Co(C2O4)3]3-

g) Give the composition of the following alloys of steel. 
(4 marks)

i. Stainless steel 

ii. Tungsten steel  

iii. Cobalt steel 

iv. Manganese steel: 
h) Identify the shapes of the following molecules.

 (4 marks)
i. HCl 
ii. BF3 

iii. CH4  
iv. PCl5  
Section B. Answer any TWO questions

Question 2. 

a) Coordination complex metal ions in aqueous solutions are hydrated (the aqua species) and are denoted as M2+(aq) where this often represents the hexa-aqua ion [M(H2O)6]z+. Consider the addition of a neutral ligand L to the solution, and the formation of a series of complexes. 

[M(H2O)5L]Z+, [M(H2O)4L2]Z+, [M(H2O)4L2]Z+…….[ML6]Z+
In the formation of the complex [ML6]Z+ from [M(H2O)5L]Z+ , each displacement of a coordinated water molecule by ligand L has a characteristic stepwise stability constant K1, K2, K3, K4, K5 and K6.  
K1 = [M(H2O)5L Z+]  / [M(H2O)6 Z+] [L]. 

And the overall stability constant β will be given by
β6 = [ML6]Z+ / [M(H2O)6 Z+] [L]6. The relationship between K and β is given by 
β6 = K1* K2* K3* K4* K5 *K6

Use this information to answer the following questions

Results of a pH study using a glass electrode (in 2M NH4NO3) aqueous solution gave values of the stepwise stability constants (at 300 K) of [Ni(H2O6-x(NH3)x)2+ (x = 1-6) as log K1 = 2.8, log K2 = 2.2, log K3 = 1.7, log K4= 1.3, log K5 = 0.7 and log K6 = 0.1. Calculate:
i. β6 for [Ni(NH3)6)2+  




       (4 marks)

ii. ΔG1 (300K) 






     (2 marks)
iii. If the value of  ΔH1 (300K) = -15.8 kjmol-1 calculate ΔS1 (300K) 







     (4 marks)

Take R = 8.314 jk-1mol-1

b) Transition metals form colored compounds and complexes. These colors can vary depending on the charge on the metal ion and the number and type of groups of atoms (ligands) attached to the metal ion. In aqueous solutions, the ions form complexes with different colors. Give an explanation for the coloration. 

     (6 marks)
c) Give the IUPAC names of the following complex anions.       (4 marks)
i. [TiCl5]-  
ii. [VCl6]2- 
iii. [MnO4]-  

iv. [Fe(CN)6]4- 
Question 3
a) Give the IUPAC names of the following complex complexes.                 








     (8 marks)
i. [V(NH3)6]3+   
ii. [MnBr(CO)5]  [Fe(OH)(H2O)5]SO4
iii. [CoCl(CN)(NO2)(NH3)3] 
iv. [TiCl5]-  
v. [VCl6]2- 
vi. [MnO4]-  
vii. [Fe(CN)6]4- 
d) Give complete balanced chemical equations for the following reactions of d-block elements. 



(6 marks)

i. Sc(s) +  O2 (g) → 
ii. V(s) +  O2 (g) →  
iii. Cr(s) +  O2 (g) →  
iv. Cr(s) + 2 HCl(aq) →  
v. Fe(s) + 2 HCl(aq) →  
vi. Co(s) + 2 HCl(aq) → 
e) Extraction of copper from sulphide ores consists of four main stages under the pyrometallurgical method namely, mining, milling, smelting, and refining. Briefly describe the smelting and refining stages.           




     (6 marks)
Question 4
a) Iron is one of the most important metals. It occurs in nature as oxides or sulphides for example haematite Fe2O3; magnetite Fe3O4; iron pyrites FeS2. Iron is obtained by the reduction of its oxides with carbon monoxide. The iron ore contains haematite, i.e. Fe2O3. Reduction of Fe2O3 to Fe by carbon monoxide takes place in a blast furnace at temperatures as high as 800-2000 oC as shown below. Give the balanced chemical equation of all the reactions in this process starting from generation of CaO.



    ( 7 marks)

[image: image2.emf]
b) The commonest ore of copper is chalcopyrite (CuFeS2). Copper can be extracted by two principal methods, Pyrometallurgical method and Hydrometallurgical method. Give a brief description of these two methods.







     (6 marks)

c) Give the catalyst used in the following reactions.                    (5 marks)
i. N2(g) + 3H2(g)   →   2NH3(g)  

ii. 2 SO2(g) + O2(g)    →   2SO3(g) 

iii. RCH=CH2 + H2     →    RCH2CH3 

iv. 2 H2O2(aq)      →  2H2O(l) + O2(g) 

v. 2 KClO3(s)  → 2KCl(s) + 3O2(g) 

f) Divalent (M2+) and trivalent (M3+) transition metal centres form octahedral hexaaqua-complexes of the type [M(H2O)6]n+ , Give the structural formula of this complex.



    (2 marks)

Question 5
a) Transition elements (3-d elements) have various industrial uses. Give at least one function of each of the following elements.        (10 marks)
	
	Element 
	Z
	

	a
	Sc 
	21
	

	b
	Ti 
	22
	

	c
	V 
	23
	

	d
	Cr 
	24
	

	e
	Fe 
	25
	

	f
	Co 
	26
	

	g
	Ni 
	27
	

	h
	Cu 
	28
	

	i
	Zn 
	29
	


b) Ligand field theory (LFT) describes the bonding, orbital arrangement, and other characteristics of coordination complexes. It represents an application of molecular orbital theory to transition metal complexes. A transition metal ion has nine valence atomic orbitals - consisting of five nd, one (n+1)s, and three (n+1)p orbitals. These orbitals are of appropriate energy to form bonding interaction with ligands (see the figure below). 
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Using this information, give a brief description of the following bonding theories.

i. σ-Bonding (sigma bonding) 



(3 marks)

ii. π-bonding (pi bonding) 




(3 marks)

c) Define the following terms 




(4 marks)
i. Ligand :
ii. Oxidation number:
iii. Coordination number:
iv. Paramagnetic
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