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STAGE 2 CHEMISTRY

Elemental and Environmental Chemistry
Unit 3
Periodic Table:   
chemical bonding in molecular substances

and molecular shape

The Syllabus statement says:

	Key Ideas
	Intended Student Learning

	Atoms in a molecule are bound strongly to each other by covalent bonds. Molecules interact weakly with each other.


	Compare the strengths of covalent bonds with the strengths of secondary interactions.

	The shape of molecules can be explained and predicted by repulsion between pairs of bonding and non‑bonding electrons.
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Draw diagrams showing covalent bonds, non‑bonding pairs, and shapes for two-element molecules and ions containing no more than five atoms. Examples that involve valence shell octet expansion are limited to PO3 tetrahedra, SO​2 and SO3.



	The polarity of a molecule results from the polar character of the bonds and their spatial arrangement.
	Predict whether or not a molecule is polar, given its spatial arrangement.




The KEY IDEAS here are:

· Molecular substances consist of small molecules and are formed from non-metal elements.  They are either non-metallic elements or compounds of non-metals.

Eg: elements like H2, O2, N2, Cl2

or compounds like CH4, CO2, H2O, SO3.

· The atoms in a small molecule are bonded to each other by strong covalent bonds. The molecules however are held together by weak secondary interactions.

· Molecular substances are formed from atoms in the upper right side of the Periodic table and hydrogen, ie from non-metal atoms.

· Small molecules are gases or liquids at room temperature because the molecules are held together by weak secondary interactions.

· The shapes of molecules can be explained by repulsion between pairs of bonding and non-bonding electron pairs. This is commonly called the VSEPR theory and is used to draw and name molecular shapes.

· For a molecule to be polar it must have polar bonds and an uneven distribution of charge. This produces a molecule with a low degree of symmetry, with one end having a δ+ charge and the other end a δ- charge. Symmetrical molecules will always be non-polar.

A Summary of Primary Chemical Bonding

Complete the following table:

	Primary Bond Type
	Metallic
	Ionic
	Covalent

	Atoms that form this type of bond?


	
	
	

	Electronegativity of atoms that form this type of bond?


	
	
	

	The difference in electronegativities?


	
	
	

	Description of the bonding.


	Electrostatic attraction between positive metal ions and delocalised electrons

	Electrostatic attraction between positive and negative charges formed by donation of electrons

	Sharing of a pair of electrons between atoms


	Structure?


	3D lattice

	3D lattice

	Molecular 
(or continuous covalent structures)


	Properties of substances with this type of bonding?


	Conduct heat and electricity
Malleable

	Conduct electricity when molten or aqueous, but not as solid

	Do not conduct electricity
Brittle


	Example of a substance with this type of bonding?


	
	
	


Primary Bonding in Molecules

________________________________________________________________________________

________________________________________________________________________________

The Secondary Interactions in Molecules

________________________________________________________________________________

________________________________________________________________________________

What Determines if a Covalent Bond is Polar?

If the electrons are shared unevenly in a covalent bond, the bond is said to be a polar covalent bond or a permanent dipole. Such a bond can be identified using the symbol δ (delta). In particular, δ− and δ+ are used to indicate a slight negative and a slight positive charge respectively.

What Determines if a Molecule is Polar?

If a polar covalent bond occurs in a molecule if one part of the molecule will be more negative than the other, due to having a larger share of the bonding electrons. This is the case with diatomic molecules such as HCl and HBr. The molecule is then described as a polar molecule.

When there is more than one polar covalent bond in a molecule, the shape of the molecule must be considered. It is possible to have molecules that contain polar bonds but overall are non-polar—the permanent dipoles cancel each other out! 
An example of such a molecule is methane (CH4). This molecule contains four polar C–H bonds, with carbon being slightly more electronegative (2.5) than hydrogen (2.1). In three dimensions, the tetrahedral arrangement of the bonds in this molecule means that the slight positive charges of the hydrogen atoms are perfectly balanced by each other and are cancelled by the partial negative charge on the carbon atom. Indeed, any molecule that is perfectly symmetrical will be non-polar overall.

Polar molecules require

* ______________________________






* ______________________________

Small molecules and their shape


Here the key ideas are:

· Small molecules are formed from non-metal elements and are either non-metallic elements or compounds of non-metals.

Eg: elements like H2, O2, N2, Cl2

or compounds like CH4, CO2, H2O, SO3.

· The atoms in a small molecule are bound strongly to each other by covalent bonds. Because their melting and boiling points are low, we can assume that the molecules bond weakly to each other.

· Small molecules are formed from atoms in the upper right side of the Periodic table and hydrogen, ie from non-metal atoms.

· Small molecules are gases or liquids at room temperature because the molecules are held together by weak secondary forces.

· The shapes of molecules can be explained by repulsion between pairs of bonding and non-bonding electrons. VSEPR theory is used to draw and name molecular shapes.
Examples:

CH4
NH3
Shapes of molecules based on the octet rule, 8 valence electrons around a central atom.

	Structure


	Shape and Name
	No. of electron regions: bonding/

non-bonding
	Examples

	AB4

Eg

CH4

	
	
	CH4

The molecule has 

low degree of symmetry

high degree of symmetry

The molecule is 

polar/non-polar

	AB3

Eg

NH3

With lone pair
	
	
	NH3

The molecule has 

low degree of symmetry

high degree of symmetry

The molecule is 

polar/non-polar

	AB2

Eg

H2O
	
	
	H2O

The molecule has 

low degree of symmetry

high degree of symmetry

The molecule is 

polar/non-polar

	AB2

Eg

CO2
	
	
	CO2

The molecule has 

low degree of symmetry

high degree of symmetry

The molecule is 

polar/non-polar

	AB

Eg

HCl 
	
	
	HCl

The molecule has 

low degree of symmetry

high degree of symmetry

The molecule is 

polar/non-polar

	AB3
Without lone pair
	
	
	BCl3

The molecule has 

low degree of symmetry

high degree of symmetry

The molecule is 

polar/non-polar


Shapes of molecules expansion of the octet rule, >8 valence electrons around a central atom.

Explanation
______________________________________________________




______________________________________________________




______________________________________________________

	Structure


	Name of the shape
	No. of electron regions:

Bonding/non-bonding

	SO2
	
	

	SO3


	
	

	PO43-


	
	


Supporting Questions 1

1
Sketch molecular structures showing bonding and non-bonding pairs of electrons, draw and 

name the shapes of the following molecules. State whether the molecule is polar.
H2S

NCl3
CCl4
Cl2O

2
Explain the difference in shapes between the following pairs of molecules with similar formulae.
CO2  and  SO2.


_____________________________________________________________________________


_____________________________________________________________________________


_____________________________________________________________________________


_____________________________________________________________________________

NH3  and SO3.

_____________________________________________________________________________


_____________________________________________________________________________


_____________________________________________________________________________

_____________________________________________________________________________
3
Explain why the molecule of methane, CH4 has a tetrahedral shape.

______________________________________________________________________________


______________________________________________________________________________


______________________________________________________________________________

2
Explain the difference in shapes between the following pairs of molecules with similar 

formulae.

CO2  and  SO2.

Carbon shares all of its 4 outer shell electrons with 2 oxygen atoms.  There are 2 

bonding electron regions which will move as far apart as possible, ie into a position 

of least repulsion. Hence the shape is linear.

Sulfur has 6 outer electrons and will share 4 with 2 oxygen atoms. Around the central sulfur atom there are 2 bonding and 1 non-bonding electron region. These electron regions will repel each other and move into a position of least repulsion. Hence the shape is bent.

NH3  and SO3.

Nitrogen has 5 outer electrons and shares 3 with 3 hydrogen atoms. There are 3 

bonding electron regions and 1 non-bonding pair of electrons around the central 

nitrogen atom. These 4 electron regions will move as far apart as possible. Hence 

the shape is trigonal pyramid.

Around the central sulphur atom there are 3 bonding electron regions. These electron regions will repel each other into a position of least repulsion. Hence the shape is trigonal planar.

3
Explain why the molecule of methane, CH4 has a tetrahedral shape.

Carbon has 4 outer shell electrons. In the methane molecule carbon shares all 4 electrons with 4 hydrogen atoms. The 4 bonding electron regions will repel each other into a position of least repulsion. Hence the shape is tetrahedral.

READING








The Essentials book pg 18-29,


Q 1.9 -1.11





4





The polarity of a covalent bond is related to the difference in electronegativities between the two atoms involved in the bond. If there is little or no difference between the electronegativities of bonding atoms, then the type of bond formed is a non-polar covalent bond. 


If there is a significant difference between the electronegativities of bonding atoms, then the type of bond formed is a polar covalent bond. 








The shape of small molecules can be explained and predicted by considering the repulsion between pairs of bonding and non-bonding electrons. The theory says electron pairs in the valence shell (bonded and non-bonded) will repel each other so that they take up positions as far away from each other as possible. They will take up positions of least repulsion.
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