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Introduction:

In this interactive demonstration and Guided Inquiry , students will understand the basic nature of surface Tension in liquids. The first part of the lesson involves the demonstration of a discrepant event that will make students think critically about the phenomena of Surface Tension and correct any misconceptions.

The second part will allow the students to build their own understanding by extending the discrepant event to liquids of different surface tensions like soap water, oil and alcohol. The students will develop their own hypothesis, propose a procedure, gather data and analyze it to come to a conclusion.
Learning Goals:

Learning Goals:

This activity is designed for students to:

1. Illustrate the concept of surface tension.

2. Think critically about the phenomena of surface tension.

3. Correct any misconceptions on surface tension.

4. Understand the cohesive forces between neighboring molecules in a liquid.

Skills developed:

1. Making predictions.

2. Writing a testable hypothesis.

3. Comparing predictions to observations

4. Forming conclusions.

New Vocabulary: 

Surface tension, cohesive forces, misconception.
Standards:

Grade 9-12: Physical Science: E. Forces of Nature

Standard: The student will understand the forces of nature and their application.

Benchmark 2: The student will identify the dominant force or forces in a variety of interactions.

Context: 

The lesson is designed for grades 9-12 physics and physical science class. The typical class size may be 20-25. It includes interactive demonstration of a discrepant event followed by a guided inquiry lab activity. The lesson may take 2-3 blocks of 55 minute class periods. The students need to have prior knowledge of density. It is recommended that students know about inquiry based activity.
Activity Description: 

1. Before class, fill a 250 mL, Erlynmeyer flask with water so that the water is barely overflowing the top of the flask. There should be a small bubble of water doming over the top of the flask. 

2. Before class, fill a 1 L beaker with 1L of water.

3. Begin class by sticking your finger in the the 1 L beaker and flicking the water furiously; this should cause water bubbles to form for a few seconds. While pointing at the newly formed bubbles, ask the students “Why do little bubbles form when I flick the water?” and “Why don’t the bubbles pop immediately?”  Give the students ~ 30 seconds to think and write their answers in their notebook.  After they have written down their answers, have the students compare their answers with a student sitting next to them. Give them ~ 1 minute to discuss and compare their answers.

4. Take a few moments to write and compare their answers.

5. Since the students have already learned about density, mass, and volume, show the students the beaker of water and a pin.  Ask the students, “If I place this pin in the water horizontally, what will happen?” Take a few moments to write down the students’ predictions on the board.  Help the students in asking how, when, why, what, where questions, such as, “How will the pin sink?” “Why will the pin sink?” “How will it float?” “When will the pin sink?” “ Where will the pn stop sinking?” “What will happen?”
6. Explain to the students that you are going to place the pin horizontally into the water. Using the tweezers, gently place the pin horizontally in the beaker of water.  The pin should float!

7. Ask the students what they noticed.  As the students how their observations compared to the predictions they wrote in their notebook.

8.  Now explain to the students that you are going to place the pin vertically into the water. Ask the students what they think is going to happen and why.

9. Using the tweezers, gently place the pin vertically in the beaker of water.  The pin should sink!

10. Now explain to the students that you are going to push down on the floating pin.  Ask the students what they think is going to happen and why.

11. Push down on the floating pin using the tweezers.  It should sink!

12. Draw a picture of the beaker filled with water on the board.  Ask the students what water is made of?  They should answer “molecules”. Explain to the students the concept of surface tension.

13. Using the picture drawn on the board, again ask the students why the pin can float when it is placed into the water horizontally, but the pin sinks when it is placed into the water vertically or pushed downward.  Help the students come to the conclusion that the pin can float because the tightly oriented water molecules at the surface don’t allow for the pin to sink.

14. Show the students other examples of surface tension.  Use the Erlynmeyer flash filled with water to show that water can dome over the top of the flask due to surface tension. Other examples are rain drops, bubbles and bugs floating on water.

15. Explain to the students why small bubbles form in water when it is disrupted.

16. Explain follow up activities.

Scientific Explanation of Concept Presented: 
 As with all substances, water is made of tiny molecules.  These water molecules are highly attracted to one another through natural forces (hydrogen bonding and van der Walls interactions; Since the water molecules are more strongly attracted to each other than they are to the air molecules found above the surface, the water molecules at the surface stretch out and bunch up to interact more readily with the water molecules found underneath.  This stretching and bunching of the surface molecules causes a small “film” on the surface of the water, thus providing surface tension.


Surface tension is also responsible for water bubbles.  The surface tension of the bubbles holds the water molecule together.  This is why water bubble can form and is not likely to burst immediately. 


The same concept holds truly in explaining why water forms in droplets.  Because water is attracted to itself, the molecules at the surface of the droplet stretch out to interact with other water molecules.  This is also the reason why water droplets are spherical.

Surface tension also enables water to dome higher than the top of its container.  In the Erlynmeyer flask, the water was higher than the top of the flask.  However, the surface tension held the water in a dome shape, thus preventing it from spilling.


As for this experiment, a pin is much denser than water, and it should sink.  However, because the water molecules are tightly packed at the surface, the molecules prevent the pin from sinking.  When pin was placed horizontally, the weigh of the pin was spread out over the surface and was unable to penetrate the surface of water.  When the pin was placed vertically, its weight was localized and able to penetrate the surface and sank.  Finally, when the floating pin is pushed down, the pin broke the surface tension and sank.

Extension: 

As an extension for the above activity, place students in groups of 4 and ask them to investigate the same experiment with different liquids like soap water, oil and alcohol. Before they start, ask them to write a hypothesis, prediction of the outcome. Students get their prediction checked before collecting data. The group members design their own experiment, materials, procedure and collect data. The data is analyzed and the predictions are verified. At the end of the group activity, they write a lab report. The results are discussed in a large group discussion.

Misconceptions that can be addressed: 

1. All heavy or more dense objects sink when placed in water (only if the object is able to penetrate through the surface of the liquid)

2. Tension (cohesion, adhesion) is uniform throughout a liquid (cohesion and adhesion are different at the top sides, and bottom of the water; water binds differently to other substances, such as, air and glass)

3. Boats, leaves, corks, etc float due to surface tension (these things float due to high buoyancy or low density)

4. Does the water particles at the top interact with the pin in the same way as they do with other water particles (water particles bind differently to the pin; the pin is unable to penetrate the surface of the water, which causes it to float)

Probing questions to ask students during the demonstration:

1. What do you think will happen when I place this pin horizontally in the water?

2. What do you think will happen when I place this pin vertically in the water?

3. What do you think will happen when I push on the floating pin?

4. Why will ___________ happen?

5. How did your prediction compare to what was observed?

6. Can you think of other things in nature that take advantage of water surface tension?
7. Why will the pin float when it is placed horizontally in the water, but it won’t float when it is placed vertically or at an angle?

8. What is water made of?

Follow-up activities:

This activity can lead to many different investigations into many fields of science. The following are few examples:

1. Explanation of how soap cleans cloths. Soap reduces the surface tension of water, which allows for water to enter deeper into clothing for a better cleaning.

2. Temperature change and surface tension. Increasing the temperature of water reduces the surface tension which decreasing the temperature increases the surface tension of water. 

3. Explanation of how bubbles form. Water’s property of a high surface tension allows for the formation of bubbles, and it provides the bubble the ability to resist popping. 

4. Insect biology. Some insects such as the water strider can walk on water because they are not heavy enough to break through the surface tension barrier. This allows for fish and other under water creatures to eat these bugs easily.

Reference:
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