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Find the Difference

Background:

Electronegativity is a measure of the tendency of an atom to attract a bonding pair of electrons.

The Pauling scale is the most commonly used. Fluorine (the most electronegative element) is assigned a value of 4.0, and values range down to cesium and francium which are the least electronegative at 0.7.

Consider a bond between two atoms, A and B. 


If the atoms are equally electronegative, both have the same tendency to attract the bonding pair of electrons, and so it will be found on average half way between the two atoms. To get a bond like this, A and B would usually have to be the same atom. You will find this sort of bond in, for example, H2 or Cl2 molecules.

This sort of bond could be thought of as being a non-polar covalent bond - where the electrons are shared evenly between the two atoms.  Each atom (side) has an even distribution of electrons.

If atom B in a compound has a greater electronegativity, B will attract the electron pair rather more than A does.
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That means that the B end of the bond has more than its fair share of electron density and so becomes slightly negative. At the same time, the A end (rather short of electrons) becomes slightly positive. In the diagram, "δ" (read as "delta") means "slightly" - so δ+ means "slightly positive".

This is described as a polar covalent bond. A polar bond is a covalent bond in which there is a separation of charge between one end and the other - in other words in which one end is slightly positive and the other slightly negative. 

If atom B in a compound has a much much greater, the electron pair is dragged right over to B's end of the bond. To all intents and purposes, A has lost control of its electron, and B has complete control over both electrons. Ions have been formed.  This is an ionic bond.
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Bond Types:

Non-polar Covalent: This type of bond occurs when there is equal sharing (between the two atoms) of the electrons in the bond. Molecules such as Cl2, H2 and F2 are the usual examples.  This is due to an electronegativity difference of 0 to 0.2.

Polar Covalent: This type of bond occurs when there is unequal sharing (between the two atoms) of the electrons in the bond. Molecules such as NH3 and H2O are the usual examples. The typical rule is that bonds with an electronegativity difference less than 1.6 but above 0.2 are considered polar. 

Ionic:  This type of bond occurs when there is complete transfer (between the two atoms) of the electrons in the bond. Substances such as NaCl and MgCl2 are the usual examples. The rule is that when the electronegativity difference is greater than 2.0, the bond is considered ionic. 

1.6 to 2.0:  If you notice the electronegativity difference between 1.6 and 2.0 is not classified.  This is a vague area, if the two atoms in a compound are both non-metals than this would be a polar covalent bond, if the atoms were a metal and a non-metal than this would be and ionic bond.

Problems:  

Calculate the electronegativity difference between the atoms in the following compounds.  Determine if it is an Ionic, Polar Covalent or Non-Polar Covalent.  If the molecule is Ionic label the + and – ions.  If the molecule is Polar Covalent label the slightly positive atom +δ and the slightly negative atom –δ.  Remember if a compound has multiple atoms, the electronegativity difference is only between two atoms.  The electronegativities never add up!

1)   



Br – Br

2)   




H – Cl

3)   




H – O – H 

(just between one O and one H)

4)   




Rb  –  Br
5)   




O = C = O






(just between one O and one C)
6)    




O = O
7)      




F – Mg – F
8)  




K – I
An electric dipole is a separation of positive and negative charges. The simplest example of this is a pair of electric charges of equal magnitude but opposite sign, separated by some, usually small, distance.
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Even though the total charge on a molecule is zero, the nature of chemical bonds is such that the positive and negative charges do not completely overlap in most molecules. Such molecules are said to be polar because they possess a permanent dipole moment. A good example is the dipole moment of the water molecule.
The polar nature of water molecules allows them to bond to each other in groups and is associated with the high surface tension of water.
Notice how the slightly positive H is attracted to the slightly negative O.  Please use δ+ and δ- where appropriate.
9)   Based on the example of water show the dipole interaction between at least 5 molecules of HCl.
Reflection:
Describe in terms of sharing electrons the difference between non-polar covalent, polar covalent and ionic bonds.

Describe in terms of metal and non-metal between which combinations are covalent bonds usually formed and between which combinations are ionic bonds usually form.
Questions:

1) The bond between Br atoms in a Br2 molecule is
(1) ionic and is formed by the sharing of two valence electrons

(2) ionic and is formed by the transfer of two valence electrons

(3) covalent and is formed by the sharing of two valence electrons

(4) covalent and is formed by the transfer of two valence electrons

2)  Which of the following elements has the greatest ability to attract electrons?

(1)  Li

(2) Be

(3) Na

(4) Mg

3)  Which pair of atoms will share electrons when a bond is formed between them?
(1)  Ba and I

(2) Br and Cl

(3) K and Cl

(4) Li and I
