Gateway 125,126, 130
Fall 2006
Studio 5b p3

3) Surface Tension
19) Will the following objects float on water?  Straw, wood, weights, paper clips, pop bottle caps, rings.  Explain why or why not:

20) Fill a 250 mL beaker with as much water as possible (add water with a water bottle until water is about to pour over the edge).  How many paper clips can you float?

Q:  Why can paperclips float on water?   

A:  Surface tension:  “Surface tension is caused by the attraction between the molecules of the liquid, due to various intermolecular forces. In the bulk of the liquid each molecule is pulled equally in all directions by neighboring liquid molecules, resulting in a net force of zero. At the surface of the liquid, the molecules are pulled inwards by other molecules deeper inside the liquid, but there are no liquid molecules on the outside to balance these forces. (There may also be a small outward attraction caused by air molecules, but as air is much less dense than the liquid, this force is negligible.) All of the molecules at the surface are therefore subject to an inward force of molecular attraction which can be balanced only by the resistance of the liquid to compression. Thus the liquid squeezes itself together until it has the lowest surface area possible.”

21) What intermolecular forces create the surface tension in water?

22) Obtain paperclips from your GSI and see how many of them you can float.

The set of paperclips that you obtained from your GSI had been rubbed with dish soap, a surfactant.  Surfactants are chemicals that have hydrophilic (water loving) heads and hydrophobic (water fearing) tails.  They are often represented in the following manner:
Figure 2:  Diagram of a surfactant
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Surfactants can be used in cleaning.  The hydrophilic head of a surfactant will dissolve in water, while the tail will penetrate dirt and grease to carry it away from skin and fabric as represented in Figure 3.

Figure 3:  Soap washing a grease spot away
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23)  What are the intermolecular forces within the micelle?  What intermolecular forces are at work between the water and the micelle?  Draw a picture/s.

3) Surface Tension (20 minutes) 

	
Objectives

	Students will identify the forces responsible for the phenomena of surface tension. 
Students will explain why surfactants break surface tension.
Students will relate microscopic phenomena to macroscopic properties.

	
Misconceptions

	Paper clips will not float on water because they are metal.

	
Student Difficulties


	
Activity

	 
Task
Reason
1
Ask students if different objects will float on water and why – weights, straw, wood, paper clips, sewing needles.

This calls upon the experience of the students.

2
Allow the students to try to float paper clips on water.

Presents a challenge to some students. How many can they get to float?

3
Once students are successful with the paper clips, give them paper clips that have been rubbed in dish detergent.

The students are presented with a problem when these paper clips will not float.

4
Show pictures of the microscopic diagram of surface tension and surfactant chemistry.

To identify forces creating surface tension and explain why surfactants break surface tension.

5
Have students define surface tension and explain why the first set of paper clips would float and the second set would not.

To relate macroscopic properties to microscopic properties.

6
Review objectives and discuss student results.

To describe surfactant chemistry in terms of intermolecular forces.




Let the students work with the paperclips and answer the questions.  Review the answers to the intermolecular forces and then ask why the second set of paperclips would not float.  Create a diagram to explain.   (The surfactant collects at the water surface and creates a ion-dipole interaction at the water’s surface.  The tails stick up in the air.  The result is that the water molecules now have intermolecular interactions with other water molecules as well as with the surfactant molecules at the surface creating a more balanced pull on the surface water molecules and much less net tension in a single direction.  NOTE:  ion-dipole will be a “new” intermolecular force for the students.  In lecture only dispersion, dipole-dipole, and H-bond were introduced.

� Wikipedia. Surface tenxion.  � HYPERLINK "http://en.wikipedia.org/wiki/Surface_tension" ��http://en.wikipedia.org/wiki/Surface_tension� (accessed May 2005).
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