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States of Matter and the Kinetic Theory
OBJECTIVES:

6. Compare and contrast the four states of matter.

7. State the kinetic theory of matter and use it to explain the characteristics of solids, liquids, and gases.

8. Interpret state changes in terms of the kinetic theory of matter.

9. Explain particle behavior at the melting and boiling points.

10. Account for the energy of the heats of fusion and vaporization in state changes.

11. Explain how a gas exerts pressure on its container.

12. Explain the thermal expansion of matter.

VOCABULARY:

Kinetic Theory


Plasma

Thermal Expansion


Expansion Joints

Melting Point

Heat of Fusion


Boiling Point


Heat of Vaporization
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

· Geometric arrangement, rigid

· Fixed volume and shape


The particles in a solid are packed together tightly and are constantly vibrating in place.
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The particles in water align themselves in an ordered geometric pattern. Even though a solid ice cube doesn't look like it is moving, its molecules are vibrating in place.
Liquid

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

· Particles can slip and slide past one another

· Fixed volume

· Flow to change shape (they can take on the shape of the container)
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The particles in a liquid are moving more freely than the particles in a solid. They have enough kinetic energy to slip out of the ordered arrangement of a solid.

Gas

· Particles have even more KE than they did in the liquid state

· Particles can move far away from each other
· No fixed volume or shape

· Highly compressible
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In gases, the particles are far apart and the attractive forces between the particles are overcome. Gases do not have a definite volume or shape.

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
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Stars including the Sun contain matter that is in the plasma phase. Plasma exists where the temperature is extremely high.
The kinetic theory is an explanation of how particles in matter behave.  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).
· 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. 

Temperature is the term used to explain how hot or cold an object is.  It is a calculation of the average kinetic energy of all the particles in the substance.  Scientists theorize that at absolute zero, or –273.15oC, particle motion stops and that no more energy can be removed from the object.  So this is the coldest temperature possible for matter.

Almost all matter expands as it gets hotter and contracts when it cools (can you think of and example of matter that does not follow this rule?).  This characteristic of matter is called thermal expansion.  Expansion joints have been created to prevent solids from cracking in extreme temperatures.  Every time you cross a bridge you will feel the spaces in the road where the expansion joints are found.  Sidewalks will also have spaces in the cement to allow for expansion and contraction.    
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Changes in State

Melting Point

As particles gain energy through temperature, they begin to vibrate faster.  The particles on the outside of a solid vibrate faster, transferring energy to the particles on the inside of the solid.  The solid then begins to melt, changing from a solid to a liquid.  The particles basically gain enough energy to slip out of the ordered arrangement and flow freely. The amount of energy needed to change a material from a solid state to the liquid state is the heat of fusion.

Boiling Point

The temperature at which the pressure of the vapor in the liquid is equal to the external pressure acting on the surface of the liquid.  This external pressure is a force pushing down on a liquid, preventing particles from escaping.  The particles require energy to overcome this force as the liquid changes into gas.  The amount of energy needed to change a material from a liquid to a gas is the heat of vaporization. 

The Heating Curve of Water
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