
Chemistry of the
Main-Group 

Elements



An abridged periodic table showing the main-group 
elements

Elements to the left of the heavy staircase line are largely metallic in 
character; those to the right are largely nonmetallic



General Observations About the Main-Group 
Elements

Comparison of Metallic and Nonmetallic Elements



Oxidation States in Compounds of the Main-Group Elements



Metals: Characteristics and 
Production



Sources of Metals



Preliminary treatment

Reduction

Refining

Metallurgy

The basic steps in the production of a metal



Preliminary Treatment

Precipitation of   aluminum 
hydroxide by acidifying  an 
aluminate ion solution



Reduction
Dow process for producing magnesium from sea water



Hall–Héroult cell for the production
of aluminum

Aluminum oxide is electrolyzed in molten cryolite (the electrolyte). Molten 
aluminum forms at the negative electrode (tank lining), where it is 
periodically withdrawn.



Bonding in Metals



Molecular Orbital Theory of Metals

Formation of an energy band in sodium metal



Formation of 3s and 3p bands in
magnesium metal



Group IA: The Alkali Metals

Cutting of sodium metal



Uses of Alkali 
Metal 

Compounds



Group IIA: The Alkaline Earth Metals
Magnesium and barium metals

Magnesium metal turnings
are in the beaker (left).
Barium metal (right) is
much more reactive than
magnesium and must be
stored in a bottle of
kerosene to exclude
moisture and oxygen, with
which barium reacts.



Uses of Alkaline Earth Compounds



Reaction of carbon dioxide with calcium
hydroxide solution



Group IIIA and Group IVA Metals



Chemistry of the Nonmetals

Some nonmetals
Left to right: Sulfur, bromine, white  phosphorus, and carbon.



So, if we include the nonmetals group, halogens, and noble gases, all of the
elements that are nonmetals are:

 Hydrogen (sometimes)
Carbon
 Nitrogen
Oxygen
 Phosphorus
 Sulfur
 Selenium
 Fluorine
Chlorine
 Bromine
 Iodine
 Astatine
 Tennessine (sometimes considered a halogen, sometimes considered a metalloid)
 Helium
 Neon
 Argon
 Krypton
 Xenon
 Radon
Oganesson (possibly behaves as a "noble gas", except it won't be a gas under 

ordinary conditions)

List of All Elements That Are Nonmetals



Group IVA: The Carbon Family



Group VA: Nitrogen and the 
Phosphorus Family



The nitrogen cycle



Allotropes of phosphorus and Structure of the 
phosphorus molecule



Group VIA: Oxygen and the Sulfur 
Family



Group VIIA: The Halogens

Uses of Some Halogen Compounds



Group VIIIA: The Noble Gases: 
Helium and the Other Noble Gases
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