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12.6 Intermolecular forces (IMF) in 

liquids

1. London

2. Dipole

3. Hydrogen bonding

London attractions

Dipole-Dipole attractions

The Hydrogen Bond
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• A hydrogen bond is an intermolecular

bond.

F—HO—HN—H

• A hydrogen bond is formed between

polar molecules that contain hydrogen

covalently bonded to a small, highly

electronegative atom: F, O, N.

• When hydrogen is attached to one of

the small electronegative atoms: F, O,

or N it will be attracted to another F, O,

or N on another molecule.

hydrogen 

bond

covalent 

bond

covalent 

bond

• A dipole-dipole bond bond will be

formed between the two molecules

which is called a hydrogen bond.

13.8

Water in the liquid and solid states exists as aggregates

in which the water molecules are linked together by

hydrogen bonds.
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Ion-dipole attractions

Ion-Ion attractions

12.8 Water: An Unusual 

Molecule
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Occurrence of Water

• Water covers about 75% of the earth’s 

surface.

• About 97% of the earth’s water is in 

the oceans.

• About 3% of the earth’s water is in the  

fresh water and two-thirds of this is 

locked up in polar ice caps and 

glaciers.

• 70 elements have been detected in 

seawater.

– Chlorine, sodium, magnesium and 

bromine are commercially extracted from 

sea water.

• Water constitutes about 70% of human 

body mass.

– 92% of blood plasma is water.

– 80% of muscle tissue is water.

– 60% of a red blood cell is water.

Structure of the

Water Molecule

(a) Lewis structure of water showing electron distribution.

unpaired 

electrons

(b) Bond angle and bond length.

(c) Molecular orbital structure.

(c) Dipole representation.

EN = 2.1

EN = 3.5

13.7

Physical Properties of Water
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Ice and water exist

together in equilibrium at

0oC.

H2O(s)                   H2O(l)
melting

freezing

Pressure = 1 atmosphere

Temperature = 0oC

water has 

the highest 

melting point 

water has 

the highest 

boiling point 

water has the 

highest heat of 

vaporization 

water has the 

highest heat

of fusion 

water has 

the lowest 

molar mass 

The melting point, boiling point, heat of fusion and heat of

vaporization of water are extremely high and do not fit the

trend of properties relative to molar mass within Group

VIA.

Figure 11.6

Because of 

H-bonding

Should be

Water exhibits these unusual

properties because of hydrogen

bonding between water molecules. Density of Water
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When liquids change to solids:

1. Most liquids contract (get smaller) 

as they are cooled.

2. They get more dense.

3. When they change to solid, they are 

more dense than the liquid.

Solid metals sink in liquid metal.

– But, ice floats in water.

• Why?

H2O(s)                   H2O(l)
melting

freezing

Pressure = 1 atmosphere

Temperature = 0oC

• The density of water reaches a maximum at

4oC.

• When it is cooled from 4oC to 0oC it

expands in volume and decreases in density

• It’s volume expands by 9%. The density of

ice at 0oC is less than the density of water at

0oC.

Ice

• As the molecules slow down, they arrange 

themselves into honeycomb shaped crystals 

to maximize hydrogen bonding.

• The molecules have to spread out, so the 

density of solid water decreases relative to 

liquid water.

• This is why ice floats in water.

O

Liquid Solid
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You didn’t know the Titanic was done in by hydrogen bonding, did you!


