Chemistry Lecture #42: Polar and Nonpolar Molecules
An Ionic bond occurs when an electron is transferred from one
atom to another. A covalent bond occurs when electrons are
shared between atoms.

We can use the difference in

electronegativity between two atoms to determine if the bond
formed between them is ionic or covalent.

Below is a chart

showing the electronegativity values of the elements.

Electronegativity values range from 0.7 to 3.98.

If the

difference in electronegativity between atoms is relatively small,
the bond will be covalent. For example, the difference in
electronegativity between oxygen and nitrogen is 3.44 – 3.04 = 0.4.
The difference in electronegativity is relatively small so the
electrons will be equally shared between the two atoms, and the
bond will be covalent.
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If the difference in electronegativity is relatively large, the bond
will be ionic.

For example, the difference in electronegativity

between F and Fr is 3.98 – 0.7 = 3.28, a relatively large
difference.

Thus, a bond between F and Fr will be ionic.

In reality, most bonds are neither entirely covalent nor ionic.
Since electrons between atoms are in constant motion, there are
times when the electrons are shared, and times when they are
transferred.

At best, we can say that a bond is mostly covalent

or mostly ionic.
If the difference in electronegativity is less than 1.7, the bond is
mostly covalent.
mostly ionic.

If the difference is greater than 1.7, the bond is

If the difference is equal to 1.7, the bond is 50%

covalent and 50% ionic.
The only time a pure covalent bond occurs is when two identical
atoms form a bond (such as an H2 molecule).

In this

circumstance, the difference in electronegativity is zero since
both atoms share the exact same electronegativity strength.
In covalent bonds, the electrons between the atoms will move
closer to the atom with greater electronegativity.

If the

electrons spend a significant amount of time closer to one atom,
it gives the atom a partial negative charge.

When such electrons

are shared unequally in a covalent bond, we say that it is a polar

covalent bond. A bond will be polar covalent if the difference in
electronegativity is greater than 0.4.

2|Page

Chemistry Lecture #42

The unequal sharing of electrons in a covalent bond can create a

polar molecule. A polar molecule has a negative charge on one
side and a positive charge on another side.

Polar molecules are

also called dipoles.
Polar molecules are made when the molecule has polar covalent
bonds, and when the molecule has the correct shape.
For example, H2O has polar covalent bonds and a bent shape.

In

the picture below, oxygen is at the top and the hydrogens are on
the bottom.

Electronegativity of oxygen: 3.44
Electronegativity of hydrogen: 2.20
The symbol above the oxygen means “partial negative charge.”
symbols above the hydrogens mean “partial positive charge.”

The
The

oxygen develops a partial negative charge because it has an
electronegativity of 3.44, which is greater than that of the
hydrogens (2.20). Thus, oxygen pulls the shared electrons away
from the hydrogens and becomes partially negative. Likewise,
when the electrons are pulled away from the hydrogens, they
develop a partially positive charge.
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As a result, the water molecule is partially negative on the top
oxygen side, and partially positive on the bottom hydrogen side.
Water is therefore a polar molecule.
Sometimes we use arrows to show the location of the positive
and negative charge on the molecule.

The bottom of the arrow is the plus side.

The tip of the arrow

is the negative side.
Other times, we draw a single arrow to show which side of the
molecule is negative and which side is positive.
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The way to determine if a molecule is polar is to figure out
where the partial positive and negative charges develop.

If it is

possible to draw a straight line through the diagram and have all
the positive charge on one side, and all the negative charge on the
other side, then you have a polar molecule.
Is NH3 a polar molecule?

The central atom, N, has an unshared

pair of electrons, and there are also three terminal atoms
attached.

Thus, it has a 3 dimensional, pyramidal shape.

Nitrogen

has an electronegativity of 3.04, while that of hydrogen is 2.20.
Thus, the shared electrons will move closer to the nitrogen.

Nitrogen electronegativity: 3.04
Hydrogen electronegativity: 2.20
The top of the molecule is negative, and the bottom is positive.
Thus, NH3 is a polar molecule.
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Is CO2 a polar molecule?

The central atom, C, has two terminal

atoms attached. Thus, it has a linear shape.

C has an

electronegativity of 2.55 and O has a value of 3.44, so the
electrons move closer to the oxygens.

Oxygen electronegativity: 3.44
Carbon electronegativity: 2.55
The positive charge is in the middle of the molecule. There is no
way to draw a line through the molecule and have the positive
charge on one side and the negative charge on the other side.
The polarity arrows cancel each other.
molecule.
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Thus, this is a nonpolar

