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Figure 1: Thomson "plum pudding" model” for the atom UGCHE-101/8



Figure 2: Drawback of Rutherford atomic model UGCHE-101/9
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Figure 6: Polar diagrams only represent angular part of the wave function 
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Figure showing shape of the s, p and d-orbitals 
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Figure: MOT diagram for B2 molecule orbitals 

MO diagram for O2 UGCHE-101/72



MOT of Heteroatomic molecule of CO 

Figure: MOT diagram of molecular orbitals of CO molecule 

MOT of Heteroatomic molecule of HF 
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Energy Levels of the Homonuclear Diatomic molecules of the Second Period 
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Aluminium forms alloys with many other metals and produces light, 
corrosion-resistant materials. When Al is alloyed with Ga, the Ga 
prevents the formation of the tightly held passivating oxide film on the 
Al. When the alloy is dropped in water the Al reacts with the water 
forming aluminium oxide and liberating hydrogen. This reaction has 
been suggested as a solution to the problem of storing hydrogen for 
use in fuel cells. Aluminium hydride, AlH3, is a solid that is best 
regarded as saline, like the hydrides of the s-block metals. Unlike 
CaH2 and NaH, which are more readily available commercially, AlH3 
has few applications in the laboratory. The most important oxide of B, 
B2O3, is prepared by dehydration of boric acid.

UGCHE-101/133



UGCHE-101/134



UGCHE-101/135



UGCHE-101/136



UGCHE-101/137



UGCHE-101/138



UGCHE-101/139



UGCHE-101/140



UGCHE-101/141



UGCHE-101/142



UGCHE-101/143



UGCHE-101/144



UGCHE-101/145



UGCHE-101/146



UGCHE-101/147



UGCHE-101/148



UGCHE-101/149



UGCHE-101/150



UGCHE-101/151



UGCHE-101/152



UGCHE-101/153



UGCHE-101/154



6.5 PRINCIPLE INVOLVED IN THE EXTRACTION OF THE 
ELEMENTS 
Current industrial processes are varied in the strategies they adopt to ensure 

economical rates, exploit materials, and avoid environmental problems. We can 

explore these strategies by considering three important examples that reflect low, 

moderate, and extreme difficulty of reduction. The least difficult reductions 

include those of copper ores. Roasting and smelting are still widely used in the 

pyrometallurgical extraction of copper. However, some recent techniques seek to 

avoid the major environmental problems caused by the production of the large 

quantity of SO2, released to the atmosphere, that accompanies roasting. One 

promising development is the hydrometallurgical extraction of copper, the 

extraction of a metal by reduction of aqueous solutions of its ions, using H2 or 

scrap iron as the reducing agent. In this process, Cu2- ions, leached from low-grade 

ores by acid or bacterial action, are reduced by hydrogen in the reaction or by a 

similar reduction using iron. This process is less harmful to the environment 

provided the acid by-product is used or neutralized locally rather than contributing 

to acidic atmospheric pollutants. It also allows economic exploitation of lower 

grade ores. 

The extraction of metals from ores electrochemically is confined mainly to 

the more electropositive elements, as discussed in the case of aluminium. For other 

metals produced in bulk quantities such as iron and copper, the more energy-

efficient and cleaner routes used by industry in practice, using chemical methods 

of reduction. In some specialist cases, electrochemical reduction is used to isolate 

small quantities of platinum group metals. So, for example, treatment of spent 

catalytic converters with acids under oxidizing conditions produces a solution 

containing complexes of Pt(II) and other platinum group metals, which can then be 

reduced electrochemically.  

The metals are deposited at the cathode with an overall 80 per cent 

efficient extraction from the ceramic catalytic converter. The reduction of Al2O3 

with carbon becomes feasible only above 2400⁰C, which is uneconomical. UGCHE-101/155



However, the reduction can be brought about electrolytically and all modern 

production uses the electrochemical Hall-Heroult process, which was invented in 

1886 independently by Charles Hall and Paul Heroult. The process requires pure 

aluminium hydroxide that is extracted from aluminium ores using the Bayer 

process. In this process the bauxite ore used as a source of aluminium is a mixture 

of the acidic oxide SiO2 and amphoteric oxides and hydroxides, such as Al2O3, 

AlOOH, and Fe2O3. The Al2O3 is dissolved in hot aqueous sodium hydroxide, 

which separates the aluminium from much of the less soluble Fe2O3, although 

silicates are also rendered soluble in these strongly basic conditions. Cooling the 

sodium aluminate solution results in the precipitation of Al(OH)3, leaving the 

silicates in solution. For the final stage, in the Hall-Heroult process, the aluminium 

hydroxide is dissolved in molten cryolite (Na3AlF6) and the melt is reduced 

electrolytically at a steel cathode with graphite anodes. The latter participate in 

the electrochemical reaction by reacting with the evolved oxygen atoms so that the 

overall process is 

2Al2O3(s)
 
+

 
3C

 
(s) 4Al2

 
(s)+

 
3CO2(g)

As the power consumption of a typical plant is huge, aluminium is often produced 

where electricity is cheap for example, from hydroelectric sources in Canada. 

The lighter halogens are the most important elements extracted by electrochemical 

oxidation. The standard reaction Gibbs energy for the oxidation of Cl- ions in 

water is strongly positive, which suggests that electrolysis is required. The 

minimum potential difference that can achieve the oxidation of Cl- is about 2.2 V 

(form ΔGo = -nFEo and n = 2).  

2Cl
-

(aq)
 
+

 
2H2O(l) 2OH

-

(g)
 
+

 
Cl2(g)

    ΔGo = 422 KJ mol-1

It may appear that there is a problem with the competing reaction which can be 

driven forwards by a potential difference of only 1.2 V, when n = 4. 

2H2O(l) 2H2(g)
 
+

 
O2(g)

 ΔGo = 422 KJ mol-1 

However, the rate of oxidation of water is very slow at potentials at which it first 

becomes favorable thermodynamically. 

Table 1: Reduction potentials and extraction methods 

Elements Reduction potentials Eo (V) Extraction method 
Lithium Li+ Li -3.05 Electrolysis of fused 

salts, usually chlorides Potassium -2.93 

Calcium 

K+ K 

Ca2+ Ca -2.84 
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Sodium Na2+ Na -2.71 

Magnesium Mg2+ Mg -2.37 Electrolysis of MgCl2

high temperature 

reduction with C 
Aluminum Al3+ Al -1.66 Electrolysis of Al2O3

dissolved in molten 

Na3[AlF6] 

Manganese Mn2+ Mn -1.08 Reduction with Al 

Thermite process Chromium Cr Cr3+ -0.74 

Zinc Zn2+ Zn -0.76 Chemical reduction of 

oxides by C sulphides 

are converted to 

oxides then reduced 

by C or sometimes H2

Iron Fe2+ Fe -0.44 

Cobalt Co2+ Co -0.27 

Nickel Ni2+ Ni -0.23 

Tin Sn2+ Sn -0.14 

Lead Pb2+ Pb -0.13 

Copper Cu2+ Cu +0.35 Found as native metal 

or a compound easily 

decomposes by heat. 

(Also cyanide 

extraction) 

Silver Ag2+ Ag +0.80 

Gold Au3+ Au +1.38 

6.6 SUMMARY 

From this unit you learn oxidation and reduction or redox reactions, in terms of the 

transfer of oxygen, hydrogen and electrons. The origin of the electrochemical 

series and ability of the various substances included in it to act as oxidizing or 

reducing agents. How the oxidation-reduction is important for the directing the 

metal extraction processes. 

6.7 Terminal Questions 
Question 1: For a Cell 

Ag
(s)

AgNO3

 
(0

.
01M) AgNO3

 (1
.
0M) Ag

(S)

(a) Calculate the emf at 25 oC 

(b) Will the cell generate emf when two concentrations become equal. 

Question 2: Consider the cell 

Zn
Zn2+

(aq)
 0

.
1M Cu2+

(aq)

 
1M Cu

The standard reduction potentials are 0.35 V for 

Cu
(aq)

    +
 
2e

-
Cu

and – 0.763 V for 
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Zn
(aq)

    +
 
2e

-
Zn

(i) Write down the cell reactions 

(ii) Calculate the emf of the cell 

(iii) Is the cell reaction spontaneous or not? 

Question 3: The following reaction takes place in the cell 

Zn
(s)

    +
 
Co2+ Co(s)

   
+

 
Zn2+

Write down the electrode reactions and calculate the standard emf of the cell. 

Given that 

Eo Zn/Zn2+
 = 0.76V, Eo

Co/Co2+
 = 0.28V 

Question 4: Calculate the standard electrode potential of Ni2+/Ni electrode, if the 

cell potential of the cell is 0.59 V. 

Ni Ni2+ (0
.
01M) Cu2+ 

(0
.
1M) Cu

Question 5: Calculate the emf of the following cells at 25 oC 

(a) 

Mg
(s) Mg2+ (0

.
001M) Cu2+ 

(0
.
0001M) Cu

(s)

Fe
(s) Fe3+ (0

.
001M) H+ 

(1M) H2(1atm)Pt

(b) 

Given Eo Mg2+ /Mg = -2.37 V,  Eo Cu2+ /Cu = +0.34 V, Eo Fe2+ /Fe = - 0.44 V 

6.8 ANSWERS 

1. 0.1184 V, No

2.. 1.113, pontantaneous

0.483.

4. – 0.2205 V 

5.. a) 2.6805 V (b) – 0.5286 V

SUGGESTED READINGS: 
1. Concise Inorganic Chemistry, J.D. Lee, Oxford University Press

2. Inorganic Chemistry, Gary L. Miessler Donald A. Tarr, Pearson Publication

3. Principles of Inorganic Chemistry, Puri. Sharma. Kalia, Milestone Publishers

& Distributors

4. Inorganic Chemistry, P.A.Cox, BIOS, Scientific Publisher, Taylor and FrancisUGCHE-101/158



UGCHE-101/159

Notes



UGCHE-101/160

Notes


	Untitled
	Blank Page

