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Summary: As one of the four fundamental states of matter, gases are everywhere. Earth’s atmosphere contains a mixture of gases that helps heat the planet and protect us from incoming space debris like small asteroids and meteorites. The air we breathe is made up of a mixture of gases. Dissolved gases in the ocean support life there. Understanding how gases interact with each other and with other states of matter is crucial to understanding relationships between the ocean and atmosphere. This inquiry-based lesson on the properties of gases spans two-days and contains 10 demonstrations/activities. The descriptive portion of the lesson occurs on Day 1 and details the physical characteristics of gases and emphasizes qualitative learning of the gas laws. While the initial demonstrations are teacher guided at the front of the class, Day 2 allows students to rotate around stations, perform demonstrations themselves, and form conclusions about what has occurred based on their understanding of the gas laws. On Day 1 the students create a learning tool, the PTV stick, which can be during the inquiry-activities to help students remember the relationship between the properties of a gas. The Gas Law Activity demonstrations allow students to witness first-hand the relationships between temperature, pressure, and volume of a gas. If certain required materials for a demo are not available in the classroom, videos are embedded in the Gas Laws Activity PowerPoint showing the results from each demonstration. For an added level of inquiry, the instructor may choose to not reveal an action plan at each station to the students. Instead they must decide as a group how to accomplish the station objective with the materials provided using what they know about the properties of gases.

Learning Goals:
· Air and other gases have masses and exert pressure.
· Understand the relationship between the pressure, volume, and temperature of a gas.

Objectives:
· Students will be able to describe the nature of gases at a molecular level
· Students will be able to describe the behavior of gases.
· Students will be able to describe the measurable properties of gases, such as pressure, air pressure, volume and temperature.

Misconceptions:
· Gases possess less mass (“lower weight”, or, “no weight”) than solids and liquids.  
· Air has no mass.
· Air does not normally exert any pressure on objects because you can’t feel it.  
· Gases are not matter because they are invisible.

California science standards: C4a, C4c, C4g

Materials: 
Day 1:
· PTV sticks (per student): 1 popsicle stick, marker or pen
· Gas has Mass (per class): basketball (very deflated), can of compressed gas, balance that measures in grams
Day 2:
· Marshmallow in a jar (per class): marshmallow, sealed jar, vacuum
· Soda can in ice water (per class): soda can with 1 cm of water inside, tongs, a hot place, ice water
· Egg in the bottle (per class): glass bottle, hard-boiled peeled egg, matches, strips of paper
· Bottle on the balloon (per class): An Erlenmeyer flask, water, hot plate, balloon, tongs
· Marshmallow in syringe (2 setups per class): Syringe, marshmallow
· Balloons in water (2 setups per class): 2 inflated balloons, tub of ice water, hot water being heated by a hot plate.
· Candle in water (2 setups per class): A dish of colored liquid, a candle, matches, a beaker
· Cotton fireball (2 setups per class): Cotton ball, glass cylinder pieces, plunger (or purchase "fire syringe" kit online)
Documents:
Day 1:
· Lesson3_Lesson_Presentation.pptx – lesson on properties of gases and gas laws, PTV stick exercise, Gas has Mass demonstration
Day 2:
· Lesson3_Activity_PPT.pptx – student directions for Gas Law Activities day, overview of each demonstration/station with either video or images
· Lesson3_Activity_Worksheets.doc - student worksheets to be completed at for each gas law demonstration (8 worksheets total)
· Lesson3_Activity_Answers.doc - answers to the student worksheets (8 worksheets total)
· Lesson3_Activity_StationTitles.doc - a convenience word file with station titles, objective, materials list, and action plan to be printed and placed at each station

[bookmark: _GoBack]Prep:  Day1 - Have materials ready for the PTV sticks and Gas has Mass demonstration. Prepare 2 or 3 of the guided demonstrations planned for the Gas Laws Activity day to be performed on Day 1. This will allow students the more time when they are rotating between stations. Pass out the student worksheets. Day 2 - The materials for each activity station must be setup ahead of class. Convenient station titles have been prepared and are found in the file Lesson3_GasLawsActivity_StationTitles.doc. For the Egg in the Bottle activity, the bottle should be tested first to ensure that the bottle opening is large enough to allow the egg inside without crushing it.


Teacher instructions:
Day 1:
1.) Introduce qualitatively the properties of gases and gas laws through the PowerPoint lesson Lesson3_GasLawsLesson_PPT.pptx.
2.) Complete the PTV stick exercise on slide 11 of the PowerPoint lesson. For an added level of inquiry, do not show the students how the PTV sticks work, instead have students perform a "think-pair-share" exercise to try and understand how the stick could be used to remember the gas laws.
3.) Perform the Gas has Mass demos.
4.) Perform 2 or 3 of the guided demonstrations planned for the Gas Laws Activity day. This will allow students more time on Day 2 when they are rotating between stations and it will also allow students to familiarize themselves with the format of the worksheets to be completed at each station.
5.) Assign groups for Day 2.
Day 2:
1.) Perform any remaining guided demonstrations at the front of class. Allow students time to complete the worksheets for those demos.
2.) Allow students to rotate between the 4 gas law activity stations. For an additional level of inquiry, do not tell the students what to do at each station. Only tell the students the objective and have each group use the properties of gases to decide on an action plan that achieves the objective.
