Student Packet
Unit 9:  States of Matter
Instructor:
Ditkowsky
Introductory Resources:


Addison-Wesley v.3 - Chapter 9
Main Idea Summary:

· The kinetic theory describes the motion of particles (atoms, ions, or molecules) in matter and the forces of attraction between them.

· The kinetic theory assumes that the volume occupied by a gas is mostly empty space and that the particles of a gas are far apart, move rapidly, and have random motion.

· The pressure of a gas results from the collisions of the gas particles with an object.

· Standard conditions are 0 ˚C and 1 atm.

· The temperature of a gas is directly proportional to the average kinetic energy of the particles.

· When the temperature of a gas is lowered enough, the gas condenses to a liquid.

· A liquid boils when its vapor pressure equals the external pressure.

· When a liquid that is not boiling changes to a vapor or gas, the process is called evaporation.

· The normal boiling point of a liquid is the temperature at which the vapor pressure is equal to 1 atm.

· The movement of particles in a solid is restricted to vibrations about fixed points.

· Solids melt when the vibrations become greater than the forces holding the particles together.

· Most solids are crystalline.  The particles are arranged in a repeating three-dimensional pattern as a crystal lattice.
· The smallest subunit of a crystal lattice is the unit cell.

· An element may have two or more different molecular forms, called allotropes, in the same physical state.

· Most substances change their physical state and melt or vaporize as the temperature increases.  Substances condense or freeze as the temperature decreases.

· While the physical state of a substance changes during a phase change, the temperature of the system remains constant.

 Worksheet 9R.1 – Introduction to Gases
NAME:  ____________________

Answer the following questions.

1. According to the assumptions of kinetic theory, how do the particles in a gas move?

2. Use kinetic theory to explain what causes gas pressure.

3. How can you raise the average kinetic energy of the water molecules in a glass of water?

4.  Kinetic Energy, K.E. = ½ mv2.   m = mass, v = velocity (speed).  At any given enerty, the product of mv2 is a constant.  Which will move faster at a K.E. of 3000J, a 30 kg object, or a 3 gram object? Why?
5. Your desk is more massive than air, which particles have more motion at room temperature. How does that relate to KE = ½ mv2?

6. Liquids exist when particles of a substance touch and hold briefly. Which will have more movement at room temperature, a solid or a liquid?

7. Gases exist when particles have no (or nearly no) interaction with each other. Explain why gas molecules would have more movement than particles of a solid.

Worksheet 9R.2 – Introduction to Liquids

Answer the following questions.

1. Use kinetic theory to explain the differences between the particles in a gas and those in a liquid.

2. Use kinetic theory to explain the difference between evaporation and boiling of a liquid.

3. Explain why the boiling point of a liquid varies with atmospheric pressure.

4. Why does evaporation lower the temperature of a liquid?

5. The following curve demonstrates the change in vapor pressure of water as temperature increases.

Worksheet 9R.3  

Use the curve to determine the boiling temperature of water if the vapor pressure is increased to 3 atm.
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1. At twice the boiling point of water, will the vapor pressure be twice as much? Explain.
2. At what temperature does the vapor pressure start to rise appreciably?
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http://www.wise.k12.va.us/jjk/Chemistry/thermody.html 
 3. What part of the heating curve does vapor pressure rise correspond with?
Worksheet 9R.4 Molecular Motion, Heat and temperature.
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1. What does it mean when the curve of the graph increases from -25oC to 0.0oC?

2. What state of matter is water when it is at or below 0.0oC?

3. Why does the temperature remain the same while over 1000 calories of heat are added to the H2O at 0.0oC?
4. What does it mean when the curve of the graph increases from 0.0oC to 100oC ?

5. What state of matter is water when it is between 0.0oC and 100oC ?

6. What state of matter is water at or above 100oC?
6. Why does the temperature remain the same while nearly 2000 calories of heat are added to the H2O at 100.0oC?
Worksheet 9R.5 Graphing Activity: How does Heat affect the state of matter?
Data Table 1 (Heating Curve)  
	Time (min.) 
	Temperature (0C) and observations.
	Time (min.) 
	Temperature (0C) 

	0 
	  1.0 0C lots of ice, very little water
	7
	  100.00C boiling like crazy

	½ 
	  0.10C  lots of ice, some water
	7.5
	  100.00C boiling like crazy

	1 
	  0.10C  lots of ice, more water.
	8
	  99.90C  boiling like crazy, level of water decreasing.

	1.5 
	  0.80C  some ice, more water
	8.5
	  100.00C some water splattering, boiling like crazy.

	2 
	  2.50C  very little ice, mostly water
	9
	  Experiment ended.

	2.5 
	  17.00C no ice, only water
	9.5
	  

	3 
	  32.00C no ice, only water, some swirling.
	10
	  

	3.5 
	  48.00C no ice, some more swirling.
	10.5
	  

	4 
	  62.80C tiny bubbles forming at the bottom of the beaker.
	11
	  

	4.5 
	  79.00C more bubbles forming, some reaching the top.
	11.5
	  

	5 
	 90.00C a lot of bubbles forming, more reaching the top. 
	12
	  

	5.5 
	  100.00C  very rapid bubble formation and breaking at the top.
	12.5
	  

	6 
	  99.80C  boiling like crazy
	13
	  

	6.5 
	  100.00C boiling like crazy.
	13.5
	  


Draw a graph to represent the data.Label the portion of the graph where you had ice with “A” Describe what happens during this potion of the lab.
Label the portion of the graph where you had water “B” Describe what happens during this potion of the lab.
Label the portion of the graph where boiling occurred “C” Describe what happens during this potion of the lab.

If the gas is working, we will collect our own data and draw the corresponding graph.
9R.6 Changes in Physical State Graphing Activity Worksheet
A 50 gram sample of lauric acid (CH3(CH2)10COOH) was heated and then cooled.  Plot the following data in a graph of Temperature vs. Time on a separate sheet of paper.  Use a scale that uses the full sheet of paper.  Use different colors for Part A and Part B.  Then, on another sheet of paper, answer the additional questions.

	Part A (Heating Curve)


	Part B (Cooling Curve)

	Time (minutes)
	Temperature (˚C)


	Time (minutes)
	Temperature (˚C)

	0
	30.0
	0
	55.0

	0.5
	33.2
	0.5
	52.6

	1.0
	35.5
	1.0
	49.5

	1.5
	37.5
	1.5
	45.5

	2.0
	39.0
	2.0
	44.3

	2.5
	41.0
	2.5
	44.1

	3.0
	42.0
	3.0
	44.0

	3.5
	42.6
	3.5
	44.0

	4.0
	43.0
	4.0
	44.0

	4.5
	43.3
	4.5
	44.0

	5.0
	43.6
	5.0
	44.0

	5.5
	43.7
	5.5
	44.0

	6.0
	43.8
	6.0
	44.0

	6.5
	44.0
	6.5
	44.0

	7.0
	44.0
	7.0
	44.0

	7.5
	44.1
	7.5
	43.7

	8.0
	44.2
	8.0
	43.5

	8.5
	44.5
	8.5
	43.3

	9.0
	45.2
	9.0
	43.0

	9.5
	46.0
	9.5
	42.6

	10.0
	47.5
	10.0
	42.3

	10.5
	49.0
	10.5
	41.9

	11.0
	51.4
	11.0
	41.5


1. Does the temperature of a substance vary while it is melting or freezing?

2. Using data from Part A, determine the melting point of lauric acid.

3. Using data from Part B, determine the freezing point of lauric acid.

4. Does lauric acid melt and freeze at the same temperature?

5. Explain the shape of the curves in terms of the energy changes that are occurring in the sample as it heats up and melts and as it cools down and freezes.

6. Explain how an increase in the amount of lauric acid used would affect the shape of the curves.

7. In your own words, explain what is going on at the molecular level as liquid lauric acid freezes.
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Resource for students to learn about phase diagrams.
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Phase Diagram For Water: Note how the line separating solid and liquid goes backwards, that is because ice takes up more volume than water.
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Phase Diagram for carbon dioxide.
	Figure 10.29 A phase diagram for CO2, showing a positive slope for the solid/liquid boundary. The pressure and temperature axes are not to scale.

	Phase diagram shows melting points, boiling points, triple point, and critical point

	phase diagram, carbon dioxide


Drinking Bird lab

Purpose ______________________________________________________________.
Procedure
Results:

	Experiment
	Observation

	drinking bird with it’s head whetted down


	

	drinking bird with a dry head


	

	the teacher cradles the bird’s torso in her hand.


	

	teacher covers the head with her hand


	

	
	

	
	


Conclusion: 

Exam 11 – States of Matter

NAME:  _____________________

Answer each of the following questions with one sentence. 

1. Describe the motion of gas particles, according to kinetic theory.

2. Give the scientific definition of Temperature.

3. Give the scientific definition of Boiling Point.

4. Give the scientific definition of Pressure, as it applies to gas molecules within a closed container.

Answer the following with one word.

5. What is this a definition of?:  “The process by which the vibrations of the molecules of a solid become so intense that they disrupt the ordered structure, causing all molecules in the entire structure to separate.”

Answer the following with a paragraph discussion.  Justify your answer draw a diagram if necessary.

6. Pressure is a measure of force per unit area. Each molecule exerts a force. The number of molecules is determined by the amount of gravity acting on that molecule. The more gravity, the more molecules are pulled. The center of gravity for earth is the center of the earth. All gravity exerts a force from this center. Would it be easier to boil water at the top of Mount Everest or in the Grand Canyon.  Why?

