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Ideal and Combined Gas Laws; States of Matter, Kinetic Theory, and Changes of State
OBJECTIVES:

5. Analyze data, qualitatively and quantitatively, that relates temperature, pressure, and volume of a gas.

6. Use the ideal gas law in calculations.
7. Describe the conditions of STP.
8. Describe and compare the three states of matter.

9. State the kinetic theory and use it to describe the movement of gas particles whose average energy is proportional to absolute temperature.

10. Interpret changes in temperature and changes of state of a substance in terms of the kinetic theory of matter.

11. Use the term diffusion to explain the movement of gasses.

12. Describe the characteristics of a liquid.
13. State and explain the equilibrium established between a liquid and its own vapour in terms of vapour pressure.
The Ideal Gas Law takes into consideration the laws of Boyle, Charles, and Avogadro:

PV = nRT

where P = pressure (kPa), V = volume (L), n = number of particles (mols), R = 8.31 kPa · L / mol · K, T = temperature (K)

The Ideal Gas Law describes the condition or state of a gas at a given time.  A particular state of a gas is described by its pressure, volume, temperature, and number of moles.  The Ideal Gas Law is an empirical equation – it is based on experimental measurements of the properties of gases.  A gas that obeys this equation is said to behave ideally, in a hypothetical situation.  The Ideal Gas Law equation is best regarded as a limiting law – it expresses behavior that real gases approach at low pressures and high temperatures.
The volume of a gas is affected by both temperature and pressure, according to Boyle’s Law and Charles’ Law.  When both laws are combined, you get

P1V1 / T1 = P2V2 / T2
In this case, two out of the three variables have changed from the beginning to the end, and you need to find the new result.  
Conditions For Standard Temperature and Pressure (STP):
0oC and 1 atm

Matter is anything that has a mass and takes up space.  Matter exists in four different states.  The state of a sample of matter depends on its temperature.
Solid

· Particles close together, slowly vibrating

· Stronger attraction between particles

· Geometric arrangement, rigid

· Fixed volume and shape

Liquid

· Particles have more KE than they did in the solid state (vibrating faster)

· Smaller attraction between particles

· Particles further apart than in solids

· Particles can slip and slide past one another

· Fixed volume

· Flow to change shape (they can take on the shape of the container)
Gas

· Particles have even more KE than they did in the liquid state
· Particles can move far away from each other, lots of space between particles

· Particles moving with rapid, random motion so diffusion can occur

· Very little attraction between particles

· No fixed volume or shape

· Highly compressible
Plasma

· Exists at extremely high temperatures as ions since electrons are striped away from the nucleus
· Gaslike mixture of negatively and positively charged particles
· Most common form of matter in the universe
The kinetic theory is an explanation of how particles in matter behave, particularly in an ideal gas.  Their behavior changes if you change their temperature or pressure.
In order for this theory to be true, you must understand the three basic assumptions:
· All matter is composed of small particles (atoms, molecules, and ions) and there is such a great distance between these particles, that the volume of an individual particle can be assumed to be zero.
· These particles are in constant, random motion.
· These particles are colliding with each other and the walls of their container and energy is transferred, not lost.

The particles in all materials are in constant motion.  So when using the kinetic theory, think about the movement of those particles.  Particles will vibrate because they have thermal energy, which is the total energy of the material’s particles.  If you lower the temperature of the material, you will lower the thermal energy of those particles also.

Melting and Freezing

Almost all solids and liquids expand when the temperature is raised.  According to the kinetic theory, when the temperature of a solid is raised, the velocity of the particles increases, and the particles collide with each other more often and with a greater force.  Thus, they move farther apart.  If the temperature of a solid is raised sufficiently, the particles will move far enough apart for some of them to slip over one another.  The ordered arrangement of the solid states breaks down, which indicates the solid has melted.  In the liquid state, there will be a temperature, and pressure, at which particles travel so slowly that they can no longer slip past one another.  The particles settle in to an ordered arrangement and form a solid, which indicates the liquid has frozen.  All pure liquids have a definite freezing point and all pure solids have a definite melting point.  Melting and freezing take place at the same temperature for a pure substance.      

Solids Changing State
Melting point is defined as the temperature at which the vapor pressure of the solid and the vapor pressure of the liquid are equal.  Substances with weak intermolecular forces have lower melting points than substances with strong intermolecular forces.  Some solids have a vapor pressure high enough at room temperature to vaporize rapidly if not kept in a closed container.  Sublimation is the process in which a substance changes directly from a solid to a gas or a gas to a solid, without passing through the liquid state.  

Boiling Point
As the temperature of a liquid is increased, the vapor pressure of that liquid increases because the kinetic energy of the molecules increases.  Eventually, the kinetic energy of the molecules becomes large enough to overcome the internal pressure of the liquid.  The internal pressure is caused by the pressure of the atmosphere on the liquid surface.  When this pressure is overcome, the molecules are colliding violently enough to push each other apart.  They are pushed far enough apart to form gas bubbles within the liquid.  These bubbles rise to the surface of the liquid because the vapor of which they are composed is less dense than the surrounding liquid.  At this point, the liquid is boiling.  The boiling point depends on pressure – at lower pressure, the boiling point is lower.  The boiling point of a liquid is also the condensation point of a gas.  Boiling takes place throughout the liquid, unlike evaporation, which takes place at the surface.  A liquid that boils at a low temperature and evaporates rapidly at room temperature is called volatile.
Vapor Equilibrium
Not all gas particles have the same kinetic energy – some particles would have more and some would have less than the average.  In a liquid, if a surface molecule has gained a greater than average kinetic energy through collisions with other molecules, it may escape from the liquid surface, forming a gas or vapor.  This same thing may also occur with a solid.  In a closed system, the molecule may return to the surface of the liquid, or it may not.  Condensation is the process by which vapour molecules reform a liquid.  When the number of molecules leaving the liquid is equal to the number of molecules returning to the surface, the system is in a dynamic equilibrium.  When a substance is in equilibrium with its vapor, the gaseous phase is said to be saturated.  The pressure of the vapour present at equilibrium is called the vapor pressure of the liquid. 

Vaporization requires energy for the particles to change from a liquid to a gas, where evaporation occurs at temperatures that are lower than the liquids boiling point.

The Heating Curve of Water
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1. ice

2. melting

3. freezing

4. water

5. boiling

6. vaporization

7. condensation

8. vapour

IdealandCombinedGasLawsStatesofMatterKineticTheoryandChangesofState

