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States of Matter and Latent Heat

OBJECTIVES:

12.  Describe the solid, liquid and gaseous states in terms of molecular structures and motion.
13. Describe and explain the process of phase changes in terms of molecular behaviour.

14. Explain in terms of molecular behaviour why temperature does not change during a phase change.

15. Define specific latent heat.

16. Solve problems involving specific latent heats.

17. Describe the evaporation process in a liquid in terms of molecular behaviour.

18. Identify factors that affect evaporation rate.

Matter

There are 4 states of matter: Solid, Liquid, Gas, and Plasma 

Solid: Rigid shape, closely packed, and constant volume. The forces between molecules far outweigh the thermal energy held by the molecules, and so the molecules form a rigid lattice (in which they vibrate). Each particle is strongly bonded to its neighbors and this force of attraction gives them PE. 

Liquid: Still closely packed, constant volume, (over a short term; eventually evaporation occurs) but takes on the shape of it's container. The thermal energy possessed by the molecules is more significant, but, still not enough to allow them to completely overcome the forces between them. As a result, the molecules are free to move within the liquid - but only exceptionally fast molecules can actually escape. PE of the particles is higher than in a solid because the distance between the particles is higher.

Gas: Fills any container that it is placed in - it has no constant volume or shape. The thermal energy between the molecules far outweighs the intermolecular forces, and so they move randomly, with minimal interactions between molecules, except on close approach or collision. PE is much higher than liquids because the particles are furthest apart. 

Plasma: If a gas is heated enough, then the molecules lose their electrons, and the ions and atoms form something similar to a gas, with random particle movement. Most of the matter in the universe is plasma (that's what you make stars from) but most of the matter on earth is solid/liquid/gas. 

Macroscopic Characteristics
	Characteristics
	Solid
	Liquid
	Gas

	Shape
	Definite
	Variable
	Variable

	Volume
	Definite
	Definite
	Variable

	Compressibility
	Almost Incompressible
	Very Slightly Compressible
	Highly Compressible

	Diffusion
	Small
	Slow
	Fast

	Comparative Density
	High
	High
	Low


Microscopic Characteristics

	Characteristics
	Solid
	Liquid
	Gas

	KE
	Vibrational
	Vibrational

Rotational

Some Translational
	Mostly Translational

Higher Rotational

Higher Vibrational

	PE
	High
	Higher
	Highest


Phase (State) Changes

Melting/Freezing

(Transfer between Solid and Liquid) 

Solid → Liquid
When the solid is heated, the particles of the solid vibrate at an increasing rate as the temperature is increased (vibrational KE of the particles increases). As temperature increases, thermal energy increases. At the melting point a temperature is reached at which the particles vibrate with sufficient thermal energy to break from their fixed positions and begin to slip over each other. As the solid continues to melt more and more particles gain sufficient energy to overcome the forces between the particles and over time all the solid particles are changed to a liquid. The PE of the system increases as the particles move apart.
As heating continues, the temperature of the liquid rises, due to an increase in the vibrational, rotational, and translational energy of the particles. More and more molecules have sufficient energy to completely overcome the intermolecular forces between them, and break away. At the boiling point a temperature is reached at which the particles gain sufficient energy to overcome the inter-particle forces and escape into the gaseous state. 

Eventually all the molecules are moving randomly with no significant forces between them and their PE has increased. 
Liquid → Solid: Molecules are slowed by the removal of energy, eventually the intermolecular forces are dominant enough to pull them into a lattice, creating a solid. 

Vaporisation/Condensation

(Transfer between Liquid and Gas) 
Liquid → Gas: Molecules require a certain energy to completely escape from the surface of the liquid, as temp increases, more molecules have sufficient kinetic energy and can escape. Eventually all the molecules escape, forming a gas. 

Gas → Liquid: As energy is removed, molecules slow down, eventually the intermolecular forces become dominant enough to hold the molecules together in a liquid. 

Gas → Plasma: As a gas is heated, the electrons of the molecule/atoms are excited by the increased energy, to the point where, eventually, the electrons are excited enough to completely escape the molecule/atom and move independently, thus creating a plasma. 

In each case the reverse is true, as thermal energy decreases, the forces between particles pull them back from plasma to gas to liquid to solid. 

Sublimation

(Direct transfer between from a Solid to a Gas) 

Solid → Gas: At low pressures, when the molecules in a solid gain enough energy to escape the lattice, they already have sufficient energy to completely escape the other molecules (because the low pressure dictates very few molecule - molecule interaction). As a result, the solid changes directly to a gas. (This is why dry ice doesn't turn into a liquid) 

Temperature and Phase Change

When substances change state, there is a period where energy is added, but no change in temperature occurs (called latent heat of fusion/vaporisation). This is because, during this period, the energy goes towards increasing the potential energies of the molecules as they move away from each other rather than kinetic energy, and so the temperature remains constant. 
Solving problems with specific heat capacity and specific latent heat. 
This is normally done by breaking the calculation up into a series of steps. If heat is being added, the solid (ice for example) is heated up to 0oC, then energy is required for the latent heat of fusion, then the resulting water is heated. When the water is hot enough, the energy for the latent heat of vaporisation is required and finally then water vapour is heated. 
In each case, different states of water (or anything else) will have different specific heat capacities, so this must be accounted for. 



The quantity of heat energy required to change 1 kg of a substance from one phase to another, without a change in temperature is called the Specific Latent Heat.

Latent Heat = Q / m (Jkg-1) or Q = mL
Evaporation

The process of evaporation is a change from the liquid state to the gaseous state which occurs at the temperature below the boiling point.  

A substance at a particular temperature has a range of particle energies.  So in a liquid at any instant, a small fraction of the particles will have KE considerably greater than the average value.  If these particles are near the surface of the liquid, they will have enough KE to overcome the attractive forces of the neighbouring particles and escape from the liquid as a gas.  This energy is needed as gases have more PE than liquids.  

Now that the more energetic particles have escaped, the average KE of the remaining particles in the liquid will be lowered.  Since temperature is related to the average KE of the particles, the lower KE infers a lower temperature.  This is why the temperature of the liquid falls as an evaporative cooling takes place.  When overheating occurs in a human on hot days, the body starts to perspire.  Evaporation of the perspiration cools the body.

Evaporation can be increased by


· Increasing temperature (more particles have higher KE)
· Increasing surface area (more particles closer to the surface)
· Increasing air flow above the surface (gives the particles somewhere to go to)
StatesofMatterandLatentHeat

