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Notes for Exam Preparation: States
of Matter
States of Matter
Matter exists in different states, primarily categorized as solid, liquid, and gas. Additionally,
there are two other states of matter: plasma and Bose-Einstein condensates.

Differences Between States of Matter

Property Solid Liquid Gas Plasma Bose-Einstein
Condensate

Shape Fixed Takes the
shape of the
container

Fills the
container

No definite
shape

No definite
shape

Volume Fixed Fixed Fills the
container

Fills the
container

Fixed

Particle
Movement

Vibrate
in
place

Slide past
each other

Move freely
and quickly

Move freely
and quickly

Extremely low
movement

Energy Low Moderate High Very high Extremely low

Compressibility Very
low

Low High High Low

The Gaseous State

The Kinetic Theory of Gases

The kinetic theory of gases explains the behavior of gas particles. It is based on the following
assumptions:
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1. Gas particles are in constant, random motion.
2. The volume of gas particles is negligible compared to the volume of the

container.
3. No intermolecular forces act between gas particles.
4. Collisions between gas particles and with the walls of the container are

perfectly elastic, meaning there is no loss of kinetic energy.
5. The average kinetic energy of gas particles is directly proportional to the

temperature in kelvins.

Ideal Gases

An ideal gas perfectly follows the kinetic theory of gases and obeys the ideal gas law:

PV=nRT

where:

● P is the pressure,
● V is the volume,
● n is the number of moles,
● R is the gas constant (8.314 J⋅mol−1⋅K−1
● T is the temperature in kelvins.

Limitations of the Ideal Gas Laws

Real gases deviate from ideal behavior under high pressure and low temperature because:

● The volume of gas particles is no longer negligible.
● Intermolecular forces become significant.

The General Gas Equation

The general gas equation, derived from the ideal gas law, is:

P1V1T1=P2V2T2

This equation is used to calculate changes in the state of a gas when the initial and final
states are known.

Calculations Using the General Gas Equation

Example Calculation:

Given: A gas occupies 2.00 L at 300 K and 1.00 atm. What will be the volume at 350 K and
1.50 atm?

Solution:
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1. Use the general gas equation:
P1V1T1=P2V2T2

2. Substitute the known values:
1.00 atm×2.00 L300 K=1.50 atm×V2350 K

3. Solve for V2​:
V2=(1.00 atm×2.00 L×350 K)300 K×1.50 atm=1.56 L

Calculating Relative Molecular Masses

The molar mass of a gas can be determined using the ideal gas law:

M=mRT

where M is the molar mass, mmm is the mass of the gas, and the other symbols have their
usual meanings.

The Liquid State

The Behaviour of Liquids

Liquids have a definite volume but take the shape of their container. The particles in a liquid
are closer together than in a gas, and there are significant intermolecular forces that
influence their behavior.

Vaporization and Vapour Pressure

Vaporization

Vaporization is the process by which molecules in a liquid gain enough kinetic energy to
escape into the gas phase.

● Boiling Point: The temperature at which the vapor pressure of the liquid equals the
atmospheric pressure.

Vapour Pressure

Vapour pressure is the pressure exerted by a vapor in equilibrium with its liquid at a given
temperature.

Cooling a Vapour

When a vapor is cooled, the particles:

1. Lose kinetic energy, causing them to move more slowly.
2. Experience increasing forces of attraction.
3. Move closer together, eventually liquefying if the temperature is sufficiently low.

Example:
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Boiling Point Related to Vapour Pressure and Atmospheric Pressure:

● At higher altitudes, atmospheric pressure is lower, so water boils at a lower
temperature.

● In a pressure cooker, the pressure is higher, so water boils at a higher temperature,
cooking food faster.

Summary
● States of Matter: Solid, liquid, gas, plasma, Bose-Einstein condensates.
● Kinetic Theory of Gases: Describes the behavior of ideal gases.
● Ideal Gases: Follow the ideal gas law (PV=nRT).
● Limitations: Real gases deviate from ideal behavior under high pressure and low

temperature.
● General Gas Equation: Used for calculations involving changes in gas states.
● Behavior of Liquids: Definite volume, takes shape of container, influenced by

intermolecular forces.
● Vaporization and Vapour Pressure: Important for understanding boiling and

condensation processes.

Practice Questions and Answers

Question 1:

Explain why real gases deviate from ideal behavior under high pressure and low
temperature.

Answer: Under high pressure, the volume of gas particles is no longer negligible, and
intermolecular forces become significant. At low temperatures, particles have less kinetic
energy, making intermolecular attractions more noticeable, causing deviations from ideal
behavior.

Question 2:

Calculate the volume of a gas at 450 K and 2.00 atm if it occupies 3.00 L at 300 K and
1.00 atm.

Answer: Using the general gas equation:

P1V1T1=P2V2T2

1.00 atm×3.00 L300 K=2.00 atm×V2x450 K

Solving for V2​:

V2=(1.00 atm×3.00 L×450 K)300 K×2.00 atm=2.25 L

Question 3:
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Describe the process of vaporization and how it relates to vapor pressure.

Answer: Vaporization is the process where molecules in a liquid gain enough kinetic energy
to escape into the gas phase. Vapor pressure is the pressure exerted by the vapor in
equilibrium with its liquid at a given temperature. When vapor pressure equals atmospheric
pressure, the liquid boils.

The Solid State
Solids have a definite shape and volume, and their particles are closely packed together in a
fixed arrangement. The types of lattices and structures formed by solids can vary
significantly.

Types of Solid Lattices

1. Ionic Lattices
2. Metallic Lattices
3. Simple Molecular Lattices
4. Giant Molecular Structures

Ionic Lattices

Ionic lattices are formed by the electrostatic attraction between positively and negatively
charged ions. These structures are typically hard and brittle, with high melting and boiling
points. They conduct electricity when molten or dissolved in water.

Example: Sodium Chloride (NaCl)

● Structure: Each sodium ion (Na⁺) is surrounded by six chloride ions (Cl⁻), and each
chloride ion is surrounded by six sodium ions, forming a cubic lattice.

● Properties: High melting and boiling points, electrical conductivity in molten or
aqueous states, solubility in water.

Metallic Lattices

Metallic lattices consist of positive metal ions surrounded by a 'sea' of delocalized electrons.
This structure gives metals their characteristic properties such as malleability, ductility,
electrical and thermal conductivity, and high melting and boiling points.

Example: Copper (Cu)

● Structure: Copper ions are arranged in a face-centered cubic lattice, with
delocalized electrons moving freely throughout the structure.

● Properties: Excellent conductor of electricity and heat, malleable, ductile, high
melting point.

Alloys and Their Properties
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Alloys are mixtures of two or more metals, or a metal and a non-metal, designed to have
improved properties compared to the pure metals. They are used to enhance strength,
resistance to corrosion, and other desired properties.

Example: Brass (Copper and Zinc)

● Properties: More corrosion-resistant than pure copper, stronger, used in musical
instruments and fittings.

Simple Molecular Lattices

Simple molecular lattices are composed of molecules held together by weak intermolecular
forces (van der Waals’ forces, dipole-dipole interactions, or hydrogen bonds). These
substances typically have low melting and boiling points and do not conduct electricity.

Example: Iodine (I₂)

● Structure: Iodine molecules form a simple molecular lattice with weak van der
Waals’ forces between them.

● Properties: Low melting and boiling points, does not conduct electricity.

Giant Molecular Structures

Giant molecular structures consist of atoms bonded covalently in a continuous network.
These structures are very strong, with high melting and boiling points.

Examples:

● Graphite
○ Structure: Each carbon atom is bonded to three others in a planar hexagonal

arrangement, with weak van der Waals’ forces between layers.
○ Properties: Conducts electricity, high melting point, lubricating properties.

● Diamond
○ Structure: Each carbon atom is bonded to four others in a tetrahedral

arrangement.
○ Properties: Extremely hard, high melting point, does not conduct electricity.

● Silicon(IV) oxide (SiO₂)
○ Structure: Each silicon atom is bonded to four oxygen atoms in a tetrahedral

network.
○ Properties: High melting point, hard, used in glass and ceramics.

Carbon Nanoparticles

Fullerenes (Buckminsterfullerene, C₆₀)

● Structure: Molecules made up of 60 carbon atoms arranged in a spherical shape.
● Properties: High tensile strength, electrical conductivity, used in materials science

and electronics.
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Nanotubes

● Structure: Cylindrical structures with carbon atoms arranged in a hexagonal lattice.
● Properties: High tensile strength, electrical and thermal conductivity, used in

nanotechnology and materials science.

Graphene

● Structure: Single layer of carbon atoms arranged in a hexagonal lattice.
● Properties: Extremely strong, excellent conductor of electricity and heat, highly

chemically reactive.

Conserving Materials

Why Conserve Materials?

● Reduces environmental impact
● Conserves finite resources
● Saves energy
● Reduces pollution and greenhouse gas emissions

Recycling Materials

Copper

● Process: Collected, sorted, cleaned, melted, and purified.
● Benefits: Reduces the need for mining, saves energy, and reduces environmental

impact.

Aluminium

● Process: Collected, sorted, cleaned, melted, and reformed.
● Benefits: Significantly reduces energy consumption compared to extracting new

aluminium, reduces landfill waste, and conserves natural resources.

Summary
● Solid State: Matter with definite shape and volume, composed of closely packed

particles.
● Lattices: Ionic, metallic, simple molecular, and giant molecular structures have

distinct properties.
● Graphene and Nanoparticles: Exhibit unique properties due to their structure, with

applications in various fields.
● Conserving Materials: Essential for environmental sustainability, energy

conservation, and reducing pollution.

Practice Questions and Answers
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Question 1:

Describe the structure and properties of graphite.

Answer: Graphite consists of carbon atoms arranged in planar hexagonal layers, with each
carbon atom bonded to three others. The layers are held together by weak van der Waals’
forces, allowing them to slide over each other easily. Graphite conducts electricity due to the
presence of free electrons within the layers. It has a high melting point and is used as a
lubricant and in pencils.

Question 2:

Explain why metals have high melting points and are good conductors of electricity.

Answer: Metals have high melting points because of the strong electrostatic attraction
between the positive metal ions and the sea of delocalized electrons. They are good
conductors of electricity because the delocalized electrons can move freely throughout the
metallic lattice, allowing an electric current to pass through.

Question 3:

Compare and contrast the properties of diamond and silicon(IV) oxide.

Answer: Both diamond and silicon(IV) oxide have a tetrahedral network structure, resulting
in high melting points and hardness. Diamond is composed of carbon atoms, making it
extremely hard and used in cutting tools. Silicon(IV) oxide consists of silicon and oxygen
atoms, used in glass and ceramics. Unlike diamond, silicon(IV) oxide does not conduct
electricity.
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