Student Packet – (Honor  Chemistry)

Unit 11H: Kinetic Molecular Theory and Gas Laws
Instructor:
D. Ditkowsky (Thanks J. Galinski)
Introductory Resources:
Addison-Wesley v.5 - Chapter 10,12
Addison-Wesley v.4 - Chapter 9,11
Addison-Wesley v.3 - Chapter 9,10 
Main Idea Summary:

· Kinetic molecular theory can be used to explain gas pressure, volume, and temperature.

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

· The collision of gas particles with the walls of the container constitutes gas pressure.

· In general, increasing the volume of a container decreases gas pressure; decreasing the volume of a container increases gas pressure.

· In general, increasing the temperature of a contained gas increases its pressure; decreasing the temperature decreases its pressure.

· The pressure and volume of a fixed mass of gas are inversely related (Boyle’s Law).

· The volume of a gas at constant pressure is directly related to its Kelvin temperature (Charles’s Law).

· The pressure of a fixed volume of gas is directly related to its Kelvin temperature (Gay-Lussac’s Law).

· The ideal gas law relates the moles of a gas to its pressure, temperature, and volume.

· Real gases differ from ideal gases because intermolecular forces tend to reduce the distance between real gas particles and because real gas particles have volume.

· Avogadro stated that equal volumes of gases, at the same temperature and pressure, contain an equal number of particles.

· The total pressure in a mixture of gases is equal to the sum of the partial pressures of each gas present (Dalton’s Law).

What is kinetic molecular theory:

1. All atoms of a gas are point masses.

2. These point masses travel in straight lines until they collide, at which point

3. they have an elastic collision (here no energy is lost or gained.).

4. The speed of the particles is related to kinetic energy = ½ mv2
5. Solids are more organized (less entropy) than liquids, than gases.

. HW: Students outline Chapters 10 and 12.

Extra credit lab (due by end of unit) Make a flip book showing the positions of atoms/molecules in a substance as it melts, then boils.
Worksheet 11.1 – Introduction to Gases

NAME:  ____________________

Answer the following questions.

1. What pressure, in kilopascals and in atmospheres, does a gas exert at 385 mm Hg?

2. The pressure at the top of Mount Everest is 33.7 kPa.  Is that pressure greater or less than 0.25 atm?

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

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

5. Express the pressure 545 mm Hg in kilopascals.

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

7. A cylinder of oxygen gas is cooled from 300 K to 150 K.  By what factor does the average kinetic energy of the oxygen molecules in the cylinder decrease?

Worksheet 11.2 – Introduction to Liquids

NAME:  _____________________

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.


Use the curve to determine the boiling temperature of water if the vapor pressure is increased to 3 atm.

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.

 Worksheet 11.3 – Questions About Gases

NAME:  ________________________

Answer the following questions about gas particles.

1. State the main assumptions of kinetic theory regarding gas particles.

2. Describe what happens to kinetic energy during gas particle collisions and as Kelvin temperature increases.

3. What is the effect of temperature change on the pressure of a contained gas?

4. What would you have to do to the volume of a gas to reduce its pressure to one-quarter of the original value, assuming that the gas is at a constant temperature?

5. The manufacturer of an aerosol deodorant packaged in a 150-mL container wishes to produce a container of the same size that will hold twice as much gas.  How will the pressure of the gas in the new product compare with that of the gas in the original container?

6. If a sample of gas occupies 6.80 L at 325 ˚C, what will be its volume at 25 ˚C if the pressure does not change?

7. Exactly 5.00 L of air at –50.0 ˚C is warmed to 100.0 ˚C.  What is the new volume if the pressure remains constant?

8. A gas has a pressure of 6.58 kPa at 539 K.  What will be the pressure at 211 K if the volume does not change?




Worksheet 11.4 – The Adventures of Milkman Dan
NAME:  ____________________
Essential Vocabulary:

Imploded:
A condition of internal collapse caused by an imbalance of pressure.  Too much external pressure and insufficient internal pressure cause this condition.

Vacuum Tube:
A tube connected to a vacuum pump.  The pump can remove all gas particles from any chamber it is connected to, lowering the internal pressure of the chamber.

Kitten:
A disease-infested, untrainable, allergen-spreading, disloyal waste of mammalian flesh that is perceived by weak minds as something “cute.”  

[image: image1.png]



In the final panel, Milkman Dan says that he “imploded kittens in a vacuum tube.”  How could Dan accomplish such a feat?  How was the vacuum tube connected?  Draw a picture, including a (1) vacuum tube connected to an external (2) vacuum pump, a (3) closed chamber, and a (4) kitten.
Before





After

	
	


What Gas Law was Milkman Dan bravely trying to validate, despite objections from weak minds?

We love you, Milkman Dan.  Your devotion to science uplifts us all…
Laboratory Activity 11B – Boyle’s Law

NAME:  ______________________

Purpose:
To explore the relationship between pressure and volume.

Materials:
Boyle’s Law Apparatus



Textbooks, at least 6
Procedure:
1.   Set the initial volume inside the plunger to 30 mL.

2. Seal the plunger with the appropriate rubber cap.

3. Assemble the entire Boyle’s Law Apparatus around the plunger.

4. Place one book on the Boyle’s Law Apparatus.  Steady the Apparatus.
5. Measure the volume inside the plunger.

6. Place another book on top of the apparatus.

7. Measure the volume inside the plunger.

8. Repeat steps 6 and 7 until data has been collected for six books.

9. Reset the apparatus and begin again.  Collect 3 sets of data.

10. On a separate sheet of paper, plot the data gathered in the lab as a graph of Volume (mL) vs. Pressure (books).  Pressure should run along the x-axis.  Use a ruler.

Data Table:


	Pressure

(books)

Trial 1
	Volume

(mL)

Trial 1
	Pressure

(books)

Trial 2
	Volume

(mL)

Trial 2
	Pressure

(books)

Trial 3
	Volume

(mL)

Trial 3

	0


	30
	0
	30
	0
	30

	1


	
	1
	
	1
	

	2


	
	2
	
	2
	

	3


	
	3
	
	3
	

	4


	
	4
	
	4
	

	5


	
	5
	
	5
	

	6


	
	6
	
	6
	


 Worksheet 11.5 – Basic Gas Laws
NAME:  _____________________

Answer each question.  Show your work.  Identify which Gas Law is at work.

1.  The gas in a 2 L piston is maintained at a pressure of 3 atm.  When the piston is compressed to 1.2 L, what happens to the pressure?

2.  The gas in a hot-air balloon occupies 7500 L at 56 ˚C.  What happens to the volume of the balloon when the temperature goes up to 230 ˚C?  Did you remember to change Celsius degrees into Kelvins?

3.  At 100 ˚C, a sample of gas exerts 56 kPa of pressure.  What will the temperature be (in Celsius) when the gas is heated to exert twice that pressure?
4.  A sample of gas occupies 74 L at 210 ˚C and exerts 2 atm of pressure.  What will be the volume if the temperature drops to 140 ˚C and the pressure doubles?

5.  How much space will be occupied by a gas at 140 ˚C, if the same sample occupies 4.3 L at 80 ˚C?

6.  If 800 mm Hg of pressure is exerted by a gas at 75 ˚C, what will be the final Celsius temperature when the pressure is cut in half?

7.  If 1 mole of gas occupies 22.4 L at 1 atm when the temperature is 273 K, what will happen to the volume when the pressure drops to 380 mm Hg and the temperature goes up to 273 ˚C?
ASSIGNMENT:  
Worksheet 11.6
Worksheet 11.6 – More Basic Gas Law Math

NAME:  ______________________

Answer the following questions about systems containing gas particles.

1. A metal cylinder contains 1 mol of nitrogen gas at STP.  What will happen to the pressure if another mole of gas is added to the cylinder, but the temperature and volume do not change?

2. If a gas is compressed from 4 L to 1 L and the temperature remains constant, what happens to the pressure?

3. Why is Kelvin temperature specified in calculations that involve gases?

4. Describe what happens to the volume of a balloon when it is taken outside on a cold winter day.  Explain why this happens.

5. The gas in a closed container has a pressure of 3.00×102 kPa at 30 ˚C.  What will the pressure be if the temperature is lowered to –172 ˚C?

6. Calculate the volume of a gas (in L) at a pressure of 100 kPa if its volume at 120 kPa is 1500 mL.

Worksheet 11.7 – More Basic Gas Laws
(creative use of the number 4 to create more work for you)

Name:  _____________________

Answer each question.  Show your work.  Identify which Gas Law is at work.

1.  The gas in a 24 L piston is maintained at a pressure of 43 atm.  When the piston is compressed to 1.42 L, what happens to the pressure?

2.  The gas in a hot-air balloon occupies 75400 L at 546 ˚C.  What happens to the volume of the balloon when the temperature goes up to 2304 ˚C?  Did you remember to change Celsius degrees into Kelvins?

3.  At 1040 ˚C, a sample of gas exerts 546 kPa of pressure.  What will the temperature be (in Celsius) when the gas is heated to exert twice that pressure?

4.  A sample of gas occupies 474 L at 2140 ˚C and exerts 42 atm of pressure.  What will be the volume if the temperature drops to 1440 ˚C and the pressure doubles?

5.  How much space will be occupied by a gas at 4140 ˚C, if the same sample occupies 4.34 L at 480 ˚C?

6.  If 4800 mm Hg of pressure is exerted by a gas at 475 ˚C, what will be the final Celsius temperature when the pressure is cut in half?

7.  If 1 mole of gas occupies 242.4 L at 14 atm when the temperature is 2734 K, what will happen to the volume when the pressure drops to 4380 mm Hg and the temperature goes up to 4273 ˚C?

R = 0.0821  L∙atm / mol∙K

R = 8.31  L∙kPa / mol∙K

R = 62.4  L∙mm Hg / mol∙K

Worksheet 11.8 – Ideal Gas Law Worksheet

NAME:  ________________

Answer the following questions about gases.
1. When the temperature of a rigid hollow sphere containing 685 L of helium gas is held at 621 K, the pressure of the gas is 1.89×103 kPa.  How many moles of helium does the sphere contain?

2. What pressure will be exerted by 0.450 mol of a gas at 25 ˚C if it is contained in a 0.650 L vessel?  (Answer in kPa)

3. Describe an ideal gas.

4. Explain the reasons why real gases deviate from ideal behavior.

5. If 4.50 g of methane gas (CH4) is introduced into an evacuated 2.00-L container at 35 ˚C, what is the pressure in the container, in atmospheres?
6. Calculate the number of liters occupied at STP. (STP is 0 ˚C and 1 atm)

a. 2.5 mol N2
b. 0.600 g H2
Worksheet 11.9 – Ideal Gases
NAME:  __________________

Answer the following.  Show all work.

1.  A 3.4 mole sample of a gas occupies 2.4 L at 120 ˚C.  Calculate the pressure, in kPa.

2.  A 7.5 mole sample of a gas occupies 1.4 L and exerts 750 mm Hg of pressure.  Calculate the temperature in ˚C.

3.  How many moles of gas exert 6.5 atm of pressure while occupying 73 L of space at a temperature of 56 ˚C?

4.  How many liters does 5.2 moles of a gas take up at a pressure of 1.3 atm and a temperature of 870 K?

5.  A sample of a gas has a mass of 950 g.  The sample occupies 75 L and exerts 3 atm at a temperature of 59 ˚C.  Find the molar mass of the gas.

(Hint:  molar mass is measured in g/mol)
6.  In mm Hg, what is the pressure of 1 mole of a gas that occupies 22.4 L at 0 ˚C?  How about in atm?  What about kPa?

 11.10 GAS LAWS



___________________________



NAME

Answer the following questions.  Box your answers.  Show all work.

1. A gas that is initially held in a 5 L container at 80 ˚C is allowed to expand to 8 L.  Find the final temperature, assuming that the pressure is held constant.

2. Whose law studies the relationship between pressure and temperature?

3. A 3.5 mole sample of a gas occupies 27 L at a temperature of 80 ˚C.  Find the pressure, in mm Hg.

4. Who once noted that the pressure of a gas goes up as the volume goes down?

5. A 60 g sample of a gas exerts 40 atm of pressure in a 20 L container at 75 ˚C.  What is the molar mass of the gas?

6. When a 7.5 L sample of a gas originally held at 1.5 atm is compressed to 2.5 L, what is the final pressure, in atm?

7. What is the volume of a 3.6 mole sample of gas that exerts 125 kPa of pressure at a temperature of 160 ˚C?

8. Who related the volume of a gas to the number of moles of a gas, assuming pressure and temperature are held constant?

9. If a sample of gas at 80 ˚C occupies 12 L, what will be the final temperature, in Celsius, if the volume is cut in half, assuming that pressure is held constant?

10. A 85 g sample of gas (molar mass = 140 g/mole) exerts 130 kPa of pressure while occupying a 10 L container.  What is the Celsius temperature?
