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Chapter 12p

Intermolecular Forces and Physical 
Properties of 

Liquids and Solids

Dr. A. Al-Saadi 1

Types of Crystals

Chapter  12     Section  4

 There are four main types of crystalline solids:

 Ionic crystals.

 Covalent crystals.

 Molecular crystals.

 Metallic crystals.
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o These crystals have different kinds of forces 
and properties.
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Ionic Crystals

Chapter  12     Section  4

 Lattice points occupied by 
charged spheres (cations andcharged spheres (cations and 
anions) held together by 
columbic forces.

 Size and relative number of 
each ion determine the crystal 
structure.

 Anions generally are bigger
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 Anions generally are bigger 
than cations. Thus, in many 
cases we use anions to identify 
the unit cell of a given lattice 
structure.

Ionic Crystals

Chapter  12     Section  4

What type of unit cells do 
Cl- and Na+ ions adopt?

How many Cl- and Na+

spheres are there in each 
unit cell?

Faced-centered cubic unit 
cell (fcc).
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Four spheres each.

The unit cell of an ionic compound always contains 
the same ratio of cations to anions in the formula unit. NaCl
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Other Examples of Ionic Crystals
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What type of unit cells 
does Cl- ions adopt?

How many Cl- and Cs+

spheres are there in each 
simple cubic unit cell?

simple cubic unit cell 
(scc).

one sphere each. CsCl
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The unit cell of an ionic compound always contains 
the same ratio of cations to anions in the formula unit.

Other Examples of Ionic Crystals
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What type of unit cells do S- ions 
adopt?

How many S- and Zn+ spheres are 
there in each fcc unit cell?

Faced-centered cubic unit cell (fcc).

Four sphere each.

ZnSZnS has the zincblende structure 
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The unit cell of an ionic 
compound always contains the 
same ratio of cations to anions 

in the formula unit.

which is based on the fcc lattice.
Zn+ are arranged tetrahedrally about 
each S- ions. 

Other example of ionic compounds 
that adopt the zincblende structure 
are CuCl, BeS and CdS.
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Other Examples of Ionic Crystals
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What type of unit cells do Ca2+

ions adopt?

How many Ca2+ and F- spheres are 
there in each fcc unit cell?

Faced-centered cubic unit cell (fcc).

Four Ca2+ spheres CaF2
Here the Ca2+ ions occupy the

and eight F- spheres.
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CaF2 has the fluorite structure 
which is also based on the fcc
lattice.

Other example of ionic compounds 
that adopt the fluorite structure are 
SrF2, BaCl2 and PbF2.

Here, the Ca ions occupy the 
lattice points, and each F- ion is 
surrounded tetrahedrally by 
four Ca2+ ions.

The unit cell of an ionic compound 
always contains the same ratio of 

cations to anions in the formula unit.

Covalent Crystals
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 Atoms are held together by covalent bonds.
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Molecular Crystals
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 Lattice points occupied by molecules (or atoms).

 Held together by intermolecular forces (dipole dipole Held together by intermolecular forces (dipole-dipole, 
hydrogen bonding, dispersion forces).

Dr. A. Al-Saadi 9

Ice 

Yellow 
sulfur White 

sulfur

What kind of forces are 
there in ice and sulfur?

Metallic Crystals
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 Lattice points occupied by 
atoms.atoms.

 Generally bcc, fcc, hexagonal
closest packed.

 Very dense.

 Strong bonding arises from 
delocalized electrons.
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 Electron sea model: It is 
difficult to separate metal atoms 
(hardness), but it is relatively 
easy to move them around 
(ductility and malleability).
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Types of Crystals

Chapter  12     Section  4
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Exercise

The radius of a gold atom is 144 pm. The density 
of gold is 19.32 g/cm3 and its molar mass is 197.0 

Chapter  12     Section  4

g g
g/mol. Does gold have an fcc structure or a bcc
structure?
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Amorphous Solids

 They lack regular arrangement of atoms. Examples are 
charcoal, powder and glass.
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 Glass is a familiar and important amorphous solid.

 Transparent fusion of inorganic materials (mainly 
SiO2) that have been cooled without crystallizing. 

 Behaves more as a liquid than a solid 
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Phase Changes

 Phase – a homogenous part of a 
system that is separated from the 
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y p
rest of the system by a well-
defined boundary.

 Phase change – transition from 
one phase to another.

 Caused by the removal or 
addition of energy.
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add t o o e e gy.

 Energy involved is usually in 
the form of heat.

14
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The Six Possible Phase Changes
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Liquid-Vapor Phase Transition

 Vapor pressure of a liquid 
increases with temperature.
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When the vapor pressure 
reaches the external pressure, 
the liquid boils.

 Boiling point – the 
temperature at which the 
vapor pressure of liquid 
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vapo p essu e o qu d
equals the atmospheric 
pressure.

The boiling temperature 
varies with the external 
pressure.

16
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Liquid-Vapor Phase Transition

 Molar heat of vaporization (Hvap) : it is the amount of 
heat required to vaporize one mole of a substance at its 
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q p
boiling point. It is usually expressed in kJ/mol.

 Hvap is dependent on the strength of intermolecular forces.
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Liquid-Vapor Phase Transition

 Condensation : opposite to vaporization.

 The condensation (liquefaction) process can be achieved
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 The condensation (liquefaction) process can be achieved 
either by:

 Cooling the sample.

 Applying pressure on the sample.

 Critical temperature (Tc) – the temperature above which 
a gas cannot be liquefied by applying pressure.
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 Critical pressure (Pc) – the pressure that must be applied 
to liquefy a gas at Tc.

 Supercritical fluid – the fluid that exists above Tc and Pc.

18
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Liquid-Vapor Phase Transition

Chapter  12     Section  6
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Solid-Liquid Phase Transition

 Freezing – transformation of liquid to solid.

 Melting (fusion) : opposite to freezing.
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 Melting (fusion) : opposite to freezing.

 Melting point of solid (or freezing point of liquid) is the 
temperature at which the solid and liquid phases coexist 
in equilibrium.

 Dynamic equilibrium in which the forward and 
reverse processes are occurring at the same rate.

At 0˚C d 1 t th d i ilib i f H O
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At 0 C and 1 atm, the dynamic equilibrium for H2O 
is represented by:

ice ↔ water

H2O(s) ↔ H2O(l)

20
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Solid-Liquid Phase Transition

 Molar heat of fusion (Hfus) : it is the amount of heat 
i d t lt l f lid It i ll
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required to melt one mole of a solid. It is usually 
expressed in kJ/mol.

Which one do you think is greater for H2O; 
Hvap or Hfus?
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H2O(s) → H2O(l)      ΔHºfus  = 6.02 kJ/mol

H2O(l) → H2O(g)     ΔHºvap = 40.7 kJ/mol

Solid-Liquid Phase Transition

Chapter  12     Section  6
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Solid-Vapor Phase Transition
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 Sublimation:  a process in which the 
substance goes directly from the g y
solid to the gaseous states.
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Dry Ice (CO2) Iodine (I2) Moth Balls

Solid-Vapor Phase Transition
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 Molar heat of sublimation (Hsub) : it is the 
amount of energy required to sublime one gy q
mole of solid usually in kJ/mol.
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 Deposition – reverse of sublimation
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Heating Curve
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 The changes in the state of a matter can be represented 
by a heating curve, which is a plot of temperature vs. y g p p
time for a process when an energy is added in a constant 
rate to a specific amount of a substance.
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Heating Curve for Water
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Boiling point, heat 
of vaporization 

(ΔH )

H2O gas with slope different 
than that for water

Melting point W t l l i

(ΔHvap)

The water is completely 
changed to vapor

The plateau here is 7 time 
longer than that at the 

melting point
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Ice 
molecules 

vibrate

Melting point, 
heat of fusion 

(ΔHfus)

Water molecules gain more 
energy, and gradually the 

hydrogen bonding becomes 
weaker and weaker

The ice is completely changed 
to liquid
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Phase Diagrams

 Phase diagram –
summarizes the conditions 
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(temperature and pressure) at 
which a substance exists as a 
solid, liquid or gas

 Divided into three regions 
(solid, liquid, vapor).

 Phase boundary line –
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hase bounda y line
line separating any two 
regions. It indicates 
conditions at which two 
phases can exist in 
equilibrium.

The phase diagram 
for CO2

Phase Diagrams

 Phase diagram –
summarizes the conditions 
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(temperature and pressure) at 
which a substance exists as a 
solid, liquid or gas

 Triple point – the point at 
which all three phase 
boundary lines meet. It 
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indicates the T and P at 
which all three phase of a 
substance exist in 
equilibrium.

The phase diagram 
for CO2
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Phase Diagrams of CO2

 The phase diagram gives
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 The phase diagram gives 
a lot of information about 
the phase transitions 
under different 
conditions of pressure 
and temperature.
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p

The phase diagram 
for CO2

Phase Diagrams of H2O

 The phase diagram of 
t i l b
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Critical T and P

water is unusual because 
the solid-liquid phase 
boundary has a negative 
slope.

By applying pressure, 
H O can be liquefied
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H2O can be liquefied. 
This is because the 
density of ice is less than 
water at the melting 
point.

The phase diagram 
for H2O
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Phase Diagram of H2O

 Applications of that special 
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physical properties of water:

 Ice skating (more pressure 
from the skater’s blade 
causes the ice to convert 
into water).

 Pipe freezing causes them to 
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p g
crack.

 Ice formed on lakes floats.

Exercises on Phase Diagrams

 What is: 

a) the normal* melting
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a) the normal* melting 
point, 

b)  the normal* boiling 
point 

c) the physical state of 
the substance at 2 0
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the substance at 2.0 
atm and 110˚C?

32

*normal – measured at 1.00 atm


