States of Matter and the Kinetic Molecular Theory

What determines the state of any chemical element/compound?

1. The strength of attractions between particles (atoms, ions, molecules)

2. Motion of particles (atoms, ions, molecules)

Types of attractive forces between particles of pure substances:

a) Intramolecular – between atoms (nuclei of one atom attracted to electrons of another atom)


( Ionic bonds (ionic compounds, i.e. NaCl)


( Covalent bonds (molecular compounds, i.e. H2O)


( Metallic bonds (metallic elements, i.e. Au)

b) Intermolecular – between molecules


( Dipole-dipole forces (between polar molecules)

( London Dispersion Forces (LD):  an attractive force acting between all molecules, including non-polar molecules, resulting from temporary displacements of the electron cloud around atoms giving rise to temporary dipoles.

Kinetic Molecular Theory:

- The idea that all substances contain particles that are in constant, random motion

- Three types of motion:  
a) translational (straight-line, linear)


b) rotational (spinning)


c) vibrational (back-and-forth motion)

- Particles in motion possess a certain amount of energy

- Temperature:  a measure of the average kinetic energy of its particles

- when the kinetic energy of a system of particles exceeds a certain value (threshold) a change in state takes place (i.e. melting, boiling)

Properties of the three states of matter

	PROPERTY
	SOLIDS
	LIQUIDS
	GASES

	Shape
	definite shape
	spread out to take shape of container
	no definite shape

	Flow
	do not flow
	flow
	flow easily

	Volume
	definite volume
	definite volume
	no definite volume

	Forces of attraction
	strong attractive forces

( metals – intramolecular (metallic bonds)

( ionic compounds – 

intramolecular (ionic bonds)

( molecular solids – intermolecular forces (dipole-dipole forces and LD forces) and intramolecular forces (covalent bonds)
	attractive forces

( molecular liquids – intermolecular forces (dipole-dipole forces and LD forces) and intramolecular forces (covalent bonds)
	weak attractive forces

( Noble gases 

(i.e. Ne) – LD forces

( Diatomic gases 

(i.e. F2 (g)) – LD forces

( Diatomic gaseous compounds (i.e. HCl(g), CO(g)) – LD forces and dipole-dipole forces)

	Types of Motion
	( mostly vibrational
	( translational

( rotational

( vibrational
	( mostly translational

	Degree of Order
	very ordered
	ordered
	high degree of disorder

	Compressibility
	no
	no 
	yes 


Kinetic Molecular Theory

- all matter (solids, liquids, and gases) are composed of particles (molecules, atoms, ions) that are in constant, random motion and are colliding with other particles

- Three types of motion:  


a) translational (straight-line, linear)


b) rotational (spinning)


c) vibrational (back-and-forth motion)

- Particles in motion possess a certain amount of energy

- Temperature:  a measure of the average kinetic energy of its particles

- when the kinetic energy of a system of particles exceeds a certain value (threshold) a change in state takes place (i.e. melting, boiling)

-solids exhibit mostly vibrational motion (possess a high degree of order, particles packed close together)

-liquids exhibit all three types of motion 

-gases exhibit mostly translational motion (high degree of disorder, large distance between particles)

