Air-sea interactions: properties of gases in an Earth system context
Lesson Plan 4 – Air-sea gas transfer
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Summary: 
In the last 20-25 years, considerable attention has been placed on the influence of increasing greenhouse gases on global warming. Quantitative estimates of the role of the oceans in taking up increases in CO2 are based in part on global budgets that involve considerable uncertainty. This PowerPoint presentation and accompanying worksheet will detail the aspects of deriving an appropriate air-sea gas transfer model on a global scale. Topics that will be addressed include the global carbon cycle, oceanic dissolved gas concentrations, the dynamics of wave breaking, the mechanics involved in bubble formation, and the technology used to collect data on a global scale. To set the framework for learning about air-sea gas transfer, students will perform an activity in which they examine how gases can be dissolved in liquid.

Learning Goals:
· Gases can be dissolved in liquids. 
· The net direction of diffusion is from high concentration to low concentration.
· Breaking waves entrain air which fragment into bubbles of a predictable size.

Objectives:
· Students will be able to describe the dissolving process and the nature of solutions.
· Students will be able to describe the components of an air-sea gas transfer model.
· Students will be able to describe the role of the ocean in the global carbon cycle.
Misconceptions:
· Gases cannot dissolve in liquids.
· Global carbon flux values are perfectly known quantities with little uncertainty.

California science standards: C6c



[bookmark: _GoBack]Materials: 
· Undissolving Gas activity (per class): unopened 1-liter bottle of club soda with label removed.
· Undissolving Gas activity (per student): clear plastic cup, M&M, pipe cleaner
· Challenge during presentation (per person): 1 slip of scratch paper
Documents:
· Lesson4_Activity_Worksheet.doc – student directions for Undissolving Gas activity (adapted from acs.com, middle school science)
· Lesson4_Activity_Worksheet_Answers.doc – teacher answers for Undissolving Gas activity (adapted from acs.com, middle school science)
· Lesson4_Presentation.ppt – lesson on developing a model for quantifying air-sea gas transfer on a global scale
· Lesson4_Presentation_Worksheet.doc – student worksheet with questions accompanying the PowerPoint lesson
· Lesson4_Presentation_Worksheet_Answers.doc – teacher answers for the presentation worksheet

Prep:  No prep is required other than having the materials ready to use for the Undissolving Gas activity.

Teacher instructions:
1.) Perform the Undissolving Gas activity to provide a framework for students to start thinking about gases dissolving in the ocean.
2.) Teach the presentation on Air-sea Gas Transfer and instruct students to follow the on-screen prompts to answer the associated worksheet questions.

Content behind the Undissolving Gas activity:
(adapted from acs.com, middle school science)
Carbonated water is made of carbon dioxide gas dissolved in water.  At a soda factory, carbon dioxide gas is added to cold water under high pressure to make carbonated water. The pressure forces more gas to dissolve than ordinarily would.
A molecule of carbon dioxide has a slight negative charge near the oxygen and a slight positive charge near the carbon. CO2 is soluble because water molecules are attracted to these polar areas. The bond between carbon and oxygen is not as polar as the bond between hydrogen and oxygen, but it is polar enough that carbon dioxide can dissolve in water.
In carbonated water, molecules of carbon dioxide are thoroughly mixed and dissolved in water. This is similar to molecules of sucrose, sodium and chloride ions from salt, or the molecules of isopropyl alcohol, which can also be dissolved in water. When dissolved, the molecules of CO2 are not like tiny little bubbles of gas mixed in the water. Instead, water molecules surround single molecules of CO2. Although the CO2 dissolves, the molecules are not attracted as strongly by the water molecules as substances like salt or sugar. Due to these weaker attractions, the molecules of CO2 come out of solution relatively easily. This is why soda becomes flat if it is left uncapped for too long.

