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Purpose: This is an introduction to the gas laws, of which students will need an understanding to learn the ideal gas law. However, students will also come to realize that these gas laws do affect the world around them, and that they have experienced these laws first-hand. During this lesson, students will be learning about the interdependence of pressure, volume, and temperature for gases. We will start by watching demos relating to each of three gas laws – Boyle’s (pressure vs. volume), Charles’s (temperature vs. volume), and Gay-Lussac’s (pressure vs. temperature). The students will also use a trick with a pencil and piece of paper to remember whether each of these relationships is direct or indirect.

General Objective and State Standard:

· General Objective: Learn about the relationship between pressure and volume, temperature and volume, and pressure and temperature.

Instructional Objectives:

1. Explain what happens to the volume of a gas as the pressure is increased or decreased (Boyle’s Law), both at the macroscopic and atomic levels.

2. Explain what happens to the volume of a gas as the temperature is increased or decreased (Charles’s Law), both at the macroscopic and atomic levels.

3. Explain what happens to the pressure of a gas as the temperature is increased or decreased (Gay-Lussac’s Law), both at the macroscopic and atomic levels. 

4. Recognize which variables, and thereby which law, is coming into play when observing particular phenomena.

Students’ Prior Knowledge or Experiences: Understanding what students already know will be important in implementing instruction. Since this lesson builds on topics previously learned within the same course, students should already know the following (though students may need to be reminded or retaught if necessary):

· The Kinetic Theory as it pertains to gases.

· The particles of a gas are considered to be small, hard spheres with negligible volume. There is much empty space between the particles relative to their size, and, due to this, there are no attractive or repulsive forces between the particles.

· Gases fill their containers regardless of the size and shape.

· The gas pressure the force of a gas per unit surface area and is due to the collisions gas particles to an object. Atmospheric pressure is due to the collisions the Earth’s air molecules have with objects.

· Increasing the kinetic energy of gas particles causes an increase in temperature of the gas.

· Combustion produces heat energy and requires oxygen.

· Volume is the space that matter occupies.

· Gases, including air, are matter.

Major Concepts: Pressure and volume have an inverse relationship – if the external pressure is increased while the temperature is constant, the volume of the gas will decrease. Volume and temperature have a direct relationship – if the temperature of a gas is increased while the pressure remains constant, the volume will increase. Pressure and temperature have a direct relationship – if the temperature of a gas in an enclosed, constant volume container is decreased, the pressure will decrease.

Instructional Materials:

Demo 1: Crushed pop can

· Used pop can

· Heating source (hot plate, bunsen burner, or the like)

· Large Beaker or transparent bucket

· Water

· Tongs

Demo 2: Growing marshmallows
· 25 Plastic syringes (without the needle)

· 25 Mini marshmallows

· Masking tape or duct tape or clay

Demo 3: Egg in a bottle

· Boiled eggs (2 or 3 in case of accidents), peeled

· Narrow necked bottle or flask

· Matches, paper

Instructional Activities:

· Have demonstration materials all ready to go before class begins.

· Begin class by asking students what they remember about gases. Hopefully students will remember parts of the kinetic theory and what gas pressure is. Also ask them what causes (an increase or decrease) in temperature.

· Next have students take out a piece of paper and cut it in half. Write “P T V” across the paper, with the T directly in the middle and P and V on the far ends. Poke a hole through each letter with their pencils.

· Demo 1: Pop can should have ~10 mL of water in it and should already be heating on the hot plate so that steam has been rising from it for a few minutes. Fill the large beaker with water and set it near the hot plate. Ask students watch and explain to them what is being done while you pick up the pop can with the tongs, and quickly invert the can and lower it into the water (do not immerse completely). The pop can should “crush” or “implode” almost immediately.

· Ask students to tell you what they observed and try to come up with an explanation.

· “What was going on inside the can when we were heating it?” Hopefully students will understand that the gas particles were moving faster (and possibly that some had escaped through the opening).

· “What happened once the can was removed from the heat source?” The students should know that the can began to cool off.

· “What happened when we put the can into the beaker of water?” The student may not get this question, but it should be explained that the system became closed.

· “So we already know that the temperature was involved in this. What about pressure? Did we change the external pressure?” Hopefully students know that the atmospheric pressure remained the same.

· “So what did change? Do we still have the same size pop can?” Students should recognize at this point that the volume changed.

· At this point, explain to the students how to use their PTV sheets. Tell them that since we kept the pressure constant, we put our pencils through the P, and rotate the paper around the P. As T goes up, so does V. As T goes down, so does V. Therefore, in this demonstration, as the gas in the pop can cooled (temperature decreased), the volume of the pop can decreased. Explain to them that this is Charles’s Law.

· Demo 2: Pass out a plastic syringe and a mini marshmallow to each student. Have the students remove the plunger, put a marshmallow inside, then put the plunger back inside the syringe. Then have the students cover the opening where the needle would go with tape or clay to completely seal the hole. Have the student play for a couple minutes. (The marshmallow grows as the plunger is pulled out.)

· As they play, ask them to think about what is happening and which variables are involved. Allow them to discuss with partners.

· After 5 minutes, ask students, “Which variable is held constant?” Hopefully students know that temperature is constant.

· “So we’re working with volume and pressure. When we pull out the plunger, are we increasing or decreasing the pressure inside the syringe?” Students should know that we are decreasing the pressure, but if some students are confused, ask another student to explain to the class why the pressure is decreasing. Remind them it is a closed system, so the amount of matter inside the syringe remains the same.

· “Let’s ignore the marshmallow for a second. As we decrease the pressure, what happens to the volume inside the syringe?” Students will know we are increasing the volume. “Does that mean the gas molecules are taking up more volume? Are the gas molecules getting bigger?” Hopefully students will remember that there is empty space between the gas molecules and that gas molecules take the shape of their container. (If necessary, remind them through questioning.) “So when the volume is increased, it just means that there is more space in between the molecules, since the number of molecules stays the same.”

· “Now, the marshmallow. Why is it growing?” Students might say that the marshmallow particles are separating. Ask, “Would the same thing happen if we had put a rock in there?” Hopefully this questioning will get students to realize that there are air molecules in the marshmallow that are taking up more volume as the pressure is decreased.

· Have students use their PTV papers as another means of remembering this law. Temperature is constant, so they put their pencils through the T and rotate the paper. As P goes up, V goes down, and vice versa. Tell them this is Boyle’s Law.

· Demo 3: Take one of the peeled hard-boiled eggs and put it in the mouth of the bottle or flask. Ask for a volunteer to attempt to push the egg through the mouth. Egg will most likely crumble or the student will give up. (Make sure that the egg won’t fit through the opening in this manner beforehand.) Place some paper in the bottle, and drop a lit match inside. Take another egg (if necessary), and place it on top of the bottle. After a minute, the fire will go out, and eventually, the egg will be “sucked” in.

· Ask students why the fire went out. They should remember that combustion requires oxygen and the oxygen was used up.

· Ask the students, “Does this mean there were no gasses left in the bottle?” Students should remember that the burning of paper gives off CO2 and water.

· “What variable was kept constant in this experiment?” If the students can’t figure it out, remind them that the bottle did not crush like the pop can did, so it was the volume that remained constant.

· “What happened to the air particles in the bottle while the fire was going?” Hopefully students will remember that the fire produced heat, which caused an increase of the KE of the air molecules.

· “Was the bottle completely sealed while the fire was lit?” This is where students will be confused. Let them know that while the fire was lit, that particles could escape, but none were coming in, which is why they saw the fire go out.

· Tell them this is an example of Gay-Lussac’s law, and put the students in groups of four.

Review of Lesson: (If students are not able to finish this during class, give them a few minutes at the beginning of the next day to work on it.)

1. Have the students write an explanation of what occurred in the bottle experiment (to be turned in). Remind them to try to use their PTV papers if they get stuck.

2. Have students make a drawing of what occurred at the molecular level.

Post-Lesson Assessment of Selected Instructional Objectives:

1. What would happen to a can of pop left in a car (windows closed) on a sunny 95oF day? Draw a picture at the molecular level. State the law this is demonstrating.

2. Why can’t a scuba diver hold their breath as they come back up to the surface after a dive? Draw a picture of what would happen at the molecular level. State the law this is demonstrating.

3. What would happen if you took a balloon outside on a winter day? Draw a picture at the molecular level. State the law this is demonstrating.

Cautions:

The instructor should wear safety goggles and possibly a lab coat. Students should not be near the demonstration bench unless they, too, are wearing goggles. Caution should be used when handling the hot pop can, as burns could be received both from the can and the hot water inside. Students should not eat the marshmallows that they put into the syringe. A fire extinguisher should be nearby during the egg in a bottle demonstration in case the fire should get out of hand or the bottle breaks while the fire is lit.
