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Can you find three states of matter in this picture? 
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Introduction:

Most people are familiar with the three states of matter – solid, liquid and gas, but many are unaware that there is a fourth state of matter known as plasma.

Scientists have begun to study matter at the very high temperatures and pressures which typically occur on the Sun or during re-entry from space.  Under these conditions, the atoms themselves begin to break down; electrons are stripped from their orbit around the nucleus leaving a positively charged ion behind. The resulting mixture of neutral atoms, free electrons, and charged ions is called plasma.  
Plasma is by far the most common form of matter.  Plasma in the stars and in the space between them makes up over 99% of the visible universe and also most of that which is not visible.  Sir William Crookes, an English physicist, identified a fourth state of matter, now called plasma, in 1879.  The term plasma was coined in 1929 by Dr. Irving Langmuir.
Plasma temperatures and densities range from relatively cool and tenuous (like aurora), to very hot and dense (like the central core of a star). Ordinary solids, liquids, and gases are both electrically neutral and too cool or dense to be in a plasma state. 
Did you know that fluorescent light bulbs are plasmas?  They are not like regular light bulbs.  Inside the long tube is a gas. Electricity flows through the tube when the light is turned on and this electricity provides energy and charges up the gas.  This charging and exciting of the atoms creates glowing plasma inside the bulb. 

Did you know that neon signs are also plasmas?  Just like a fluorescent light, neon signs are glass tubes filled with gas. When the light is turned on, the electricity flows through the tube. The electricity charges the gas, possibly neon, and creates plasma inside of the tube.  The plasma glows a special color depending on what kind of gas is inside.  

Fluorescent lights are cold compared to really hot stars. They are still both forms of plasma, even with different physical characteristics. 

Properties of the Four States of Matter:  Solids, Liquids, Gases and Plasmas
In a solid the molecules are closely bound to one another by intermolecular forces.  A solid holds its shape and the volume of a solid is fixed by the shape of the solid. 

In a liquid the intermolecular forces are weaker than in a solid.  A liquid will take the shape of its container and a liquid has a fixed volume. 

In a gas the intermolecular forces are very weak. A gas fills its container, taking both the shape and the volume of the container. 

Liquids and gases are called fluids because they can be made to flow, or move. In any fluid, the molecules themselves are in constant, random motion, colliding with each other and with the walls of the container.  Plasma is a fluid, like a liquid or gas, but because of the charged particles present in plasma, it responds to and generates electromagnetic forces. 
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There is also known to be a fifth state of matter, created in 1995, called the Bose-Einstein Condensate (BEC).  If plasmas are super hot and super excited atoms, the atoms in a Bose-Einstein condensate (BEC) are total opposites. They are super-unexcited and super-cold atoms. 


For example, a cold ice cube is still a solid. When you get to a temperature near absolute zero something special happens.  Atoms begin to clump.  The whole process happens at temperatures within a few billionths of a degree.  The result of this clumping is the BEC.  A group of atoms takes up the same place, creating a "super atom."  There are no longer thousands of separate atoms.  They all take on the same qualities and become one blob.   This fifth state of matter will not be considered in this activity. 

The Four States of Matter: Solids, Liquids, Gases and Plasma Activity:
Part One:

Below are descriptions of each of the four states of matter.  Beside each description, state whether it best describes a solid, liquid, gas or plasma. 

1. We can’t feel it. _______________
2. It is an ionized gas. _______________
3. The particles move quickly. _______________
4. It has a fixed volume but it changes shape. _______________
5. The particles have some movement energy. _______________
6. It has free (not bound) electrons. _______________
7. It fills any container you put it in. _______________
8. It flows from one container to another. _______________
9. The particles are spread far apart. _______________
10. The particles are fairly close together. _______________
11. It is electrically conductive. _______________
12. The particles move slowly about. _______________
13. It does not have a fixed volume or shape. _______________
14. The particles are packed close together. _______________
15. The particles have a lot of movement energy. _______________
16. It spreads to fill the bottom of a container. _______________
17. It spreads out in all directions. _______________ 
18. It takes the form of natural gas-like clouds. _______________
19. The particles do not attract each other. _______________
20. The particles attract each other weakly. _______________
21. It has a fixed shape and size. _______________
22. The particles attract each other strongly. _______________
23. The particles are not in a pattern. _______________
24. It is a distinct state of matter. _______________
25. The particles have almost no movement energy. _______________
26. The particles have a weak pattern. _______________
27. The particles are in a fixed pattern. _______________
28. It is usually invisible. _______________
29. It keeps its own shape. _______________
30. Its positive and negative charges move independently. _______________
31. It stays in a lump. _______________
32. It feels hard. _______________
33. It feels wet. _______________
34. The particles are in a fixed position. _______________
35. It is the most common phase of matter in the universe. _______________
36. It flows but does not have a fixed volume. _______________
37. It can be compressed. _______________
38. It does not have a fixed shape. _______________
39. It has a fixed volume. _______________ 
40. All stars are made of this. _______________
41. It has a fixed volume but you cannot walk through it. _______________
42. You cannot compress it easily and you cannot pour it. _______________
43. It does not flow. _______________
44. It has a fixed volume and a fixed shape. _______________
45. It cannot be compressed easily. _______________
46. It does not spread throughout the whole room. _______________
47. It does not have a fixed shape or a fixed volume. _______________
48. You can walk through it. _______________
49. You can pour it, but it does not have a fixed volume. _______________
50. You can walk through it but it does not have a fixed volume. _______________
51. It flows but it has a fixed volume. _______________
52. It does not have a fixed shape. _______________
53. It has a fixed volume but you can walk through it. _______________
54. You can pour it and you can compress it easily. _______________
55. It can spread throughout a whole room. _______________
56. It cannot be compressed easily but you can walk through it. _______________
57. It has a fixed shape. _______________
58. It does not have a fixed volume. _______________
59. It flows. _______________
60. You cannot pour it. _______________
61. You cannot walk through it. _______________
62. It has a fixed volume. _______________
63. It does not spread throughout the room, but it does not have a fixed shape. _______________
64. It has a fixed volume but it does not have a fixed shape. _______________
65. It has a fixed shape. _______________
66. It flows but it does not have a fixed volume. _______________
Part Two:
1. Which statements describe what we find by observing solids, liquids, gases and plasma?  

2. Which statements describe how the particle theory explains these observations? 

Part Three:
Write a paragraph about the four states of matter.  Use ideas from the activity above but also use some of your own ideas.  Also draw molecular diagrams of each state of matter that illustrate your main points.  
Part Four:

Take the common substances below and state whether they are solid, liquid, gas or plasma:

1. The substance in an aerosol can: _______________
2. Petrol fumes: _______________
3. Steam from a kettle: _______________
4. An ice cube: _______________
5. Wood from a tree: _______________
6. Neon Sign: _______________
7. Oxygen from a cylinder: _______________
8. Camping gas: _______________
9. Exhaust fumes from a car: _______________
10. Fluorescent light bulb: _______________
11. Water: _______________
12. Mercury: _______________
13. Syrup: _______________ 
14. Paint: _______________
15. Glass: _______________
16. Sugar: _______________
17. A rock: _______________
18. A gold bar: _______________
19. Lighter fluid: _______________
20. Stars: _______________

Summary:
In this activity you have examined the physical properties of the four states of matter and have learned more about plasma, the less well known of the physical states of matter.

Every living and nonliving thing in our universe is made up of matter. Matter can be defined as anything that takes up space. 

Matter occurs in four states: solid, liquid, gas and plasma. 
Solids have a definite shape and take up a definite amount of space. Liquids flow so they do not have a definite shape. They take up the shape of their container. Liquids do take up a definite amount of space. Gases do not have a definite shape, nor do they take up a fixed amount of space. Gases expand to fill their container.  Plasmas are a lot like gases, but the atoms are different because they are made up of free electrons and ions of the element.  Plasmas are different and unique from the other states of matter. 

The Four States of Matter
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It may be helpful to supplement this activity with some simulations at the links below: 





Phases of matter at the molecular level:


� HYPERLINK "http://mutuslab.cs.uwindsor.ca/schurko/animations/phasesofmatter/phasesofmatter.html" �http://mutuslab.cs.uwindsor.ca/schurko/animations/phasesofmatter/phasesofmatter.html�


Phases of matter in containers:


� HYPERLINK "http://mutuslab.cs.uwindsor.ca/schurko/animations/phasescontainers/phasescontainer.html" �http://mutuslab.cs.uwindsor.ca/schurko/animations/phasescontainers/phasescontainer.html�


Solid, Liquid, Gas Simulation: 


� HYPERLINK "http://www.harcourtschool.com/activity/states_of_matter/" �http://www.harcourtschool.com/activity/states_of_matter/�


Another Solid, Liquid, Gas simulation:


� HYPERLINK "http://www.lsua.info/chem1001/Chap4Movies/aabtgzx2.html" �http://www.lsua.info/chem1001/Chap4Movies/aabtgzx2.html�


The Three States of Matter Simulation: 


� HYPERLINK "http://www.wisc-online.com/objects/index_tj.asp?objID=GCH4804" �http://www.wisc-online.com/objects/index_tj.asp?objID=GCH4804�


Two different gases at the same temperature:


� HYPERLINK "http://academic.pgcc.edu/psc/chm101/ideal_gas/animatation_4.htm" �http://academic.pgcc.edu/psc/chm101/ideal_gas/animatation_4.htm�


Argon Gas at two different temperatures:


� HYPERLINK "http://academic.pgcc.edu/psc/chm101/ideal_gas/animatation_2.htm" �http://academic.pgcc.edu/psc/chm101/ideal_gas/animatation_2.htm�


What is a liquid? (See Br2 in liquid and gas phase:  Simulation)


� HYPERLINK "http://www.chem.purdue.edu/gchelp/liquids/whatis2.html" �http://www.chem.purdue.edu/gchelp/liquids/whatis2.html�

















