Air-sea interactions: properties of gases in an Earth system context
Lesson Plan 2 – Surface tension, surfactants, sea foam
prepared by Sean Walstead, Univ. of California S.D. & 
Alison Dickens, Lincoln High School, San Diego Unified School District

Summary: 
Surface tension is a property of liquids that causes the surface of a liquid to contract. Because of hydrogen bonding in water, its surface tension is very high. The effects of water's high surface tension can be seen all around us. Bubbles form more easily in a solution with lowered surface tension. The lowered surface tension allows air to separate the molecules forming a bubble wall and allows the bubble to expand. Surfactants in the ocean lower the water’s surface tension and increases sea foam persistence. Increased sea foam leads to increased bubble-mediated gas exchange between the ocean and atmosphere and increased marine aerosol production leading to cloud formation. In this 2-day lesson, students will learn about surface tension, surfactants, sea foam, and cloud nucleation through 2 short demos, 1 activity and 2 PowerPoint lessons. The worksheets that accompany each PowerPoint lesson can either be used to guide conversation or finished as a homework assignment. In the first demonstration, fresh water and soapy water are agitated and differences are noted. This opening demo is meant to set the tone for the lesson. The second short demonstration investigates surface tension and asks students to try and fit as many drops of water on a penny as possible. The main activity investigates the effect of glycerin on bubble size and life span. During Day 2, data from the lab activity will be shared as a class between student groups. The remainder of the instruction period will be dedicated to a lesson surfactants, sea foam, and cloud nucleation.

Learning Goals:
· The attraction of molecules at the surface of a liquid is called surface tension.
· The addition of surfactants lowers the surface tension of a liquid.
· Sea spray contributes to marine cloud formation.

Objectives:
· Students will be able to define surface tension and explain why water has a high surface tension.
· Students will be able to explain how a wave breaks and how that relates to bubble formation and cloud formation.

Misconceptions:
· All surfactants are commercially produced.
· Evaporation is the only mechanism responsible for cloud formation

California science standards: C2d, C2h

Materials: 
Day 1: 
· Soapy Water demonstration (1 setup for teacher): 2 large beakers, water, dish soap, mixing stick
· Drops on a Penny demo (per student): 1 penny, 1 dropper, and 1 glass of water per student
· Soapy and Sticky Bubbles activity (per group of 2 students): plastic plate with a raised edge, measuring ruler, stop watch, straw, stirrer, 200 mL beaker, 10 mL graduated cylinder, dish soap, glycerin, water
Documents:
Day 1:
· Lesson2_Day1_Presentation.pptx – lesson on surface tension, contains directions for Drops on a Penny demo
· Lesson2_Day1_Worksheet.doc – associated worksheet for the PowerPoint lesson
· Lesson1_Day1_Worksheet_Answers.doc – answers to the Day1 worksheet
· Lesson2_Activity_Worksheet.doc - lab packet for the Soapy and Sticky Bubbles activity. Contains introduction, procedure, data collection tables, and questions to be answered.
Day 2:
· Lesson2_Day2_Presentation.pptx – lesson on surfactants, sea foam and cloud nucleation.
· Lesson2_Day2_Worksheet.doc – associated worksheet for the PowerPoint lesson
· Lesson1_Day2_Worksheet_Answers.doc – answers to the Day2 worksheet
· Lesson2_ResearchArticle_Nature10580.pdf - Reference article for some of the figures in the Day 2 PowerPoint Lesson

Prep:  Day1 - Pass out materials for the Drops on a Penny demo before class starts. This will allow more time to setup for the Soapy and Sticky Bubbles activity. Have materials for the Soapy and Sticky Bubbles activity ready to go. Day 2 - No prep for day 2.

[bookmark: _GoBack]Teacher instructions:
Day 1:
1.) Have the Soapy Water demonstration setup prior to students entering the classroom.
2.) Teach the Day 1 lesson on surface tension. (15 min)
3.) Perform the Drops on a Penny Demo at the end of the Day 1 lesson. (5 min)
4.) Perform the Soapy and Sticky Bubbles activity. (25-30 min). There is no answer key given to the activity worksheet since most of the lab involves data collection and recording. However the discussion questions can be answered with information in the last slide of the Day 1 PowerPoint presentation.
Day 2:
1.) In the Day 2 PowerPoint there is a slide for classroom data collection from the Soapy and Sticky Bubbles activity. Collect and share data. If the class period is long, allow time to finish the lab worksheet (5-20 mins)
2.) Teach the Day 2 lesson on surfactants, sea foam, and cloud nucleation (30 mins)
