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Science in Motion

Juniata College

Lego® My Nano: Atomic Force Microscopy (AFM)
PA State Standards:
3.1.10. D
Explain concepts about the structure and properties of matter.

3.1.12.D
Analyze scale as a way of relating concepts and ideas to one another by some measure.
· Assess the use of several units of measurement to the same problem.
· Analyze and apply appropriate measurement scales when collecting data.
3.2.12.D

Analyze and use the technological design process to solve problems.
· Assess all aspects of the problem, prioritize the necessary information and formulate questions that must be answered.
· Propose, develop and appraise the best solution and develop alternative solutions.

· Implement and assess the solution, redesign and improve as necessary.

3.7.12.A

Apply advanced tools, materials, and techniques to answer complex questions.

· Demonstrate the safe use of complex tools and machines within their specifications.

3.7.12.B
Evaluate appropriate instruments and apparatus to accurately measure materials and        processes.
· Apply and evaluate the use of appropriate instruments to accurately measure scientific and technologic phenomena within the error limits of the equipment.
· Evaluate the appropriate use of different measurement scales (macro and micro).

Introduction:

Atomic force microscopes (AFM) scan samples by using touch in order to produce an image. AFM’s are required for measuring samples on the nano-scale because optical microscopes use light waves to “see” the sample and light waves (400-700 nm) are larger than the nano-sized sample (.1-100 nm) therefore enabling us from “seeing” the sample.
Guiding Question:

Please answer the following question before beginning the lab.

What would you use to measure the following:
· The length of a banana?
· The length of a soccer field?

· The length of Pennsylvania?

· The diameter of a plant cell?

· Your height?

Equipment / Materials:  
	Item
	Number/Amount

	Legos (small and/or medium)
	~20 pieces/group (to make sample)

	Flat lego board (green one; 10x10)
	1/group

	Legos (large)
	~10/group To make probe stand

	4 cm and 1.2 cm cube
	1 each/group

	4 cm and 1.2 cm ball
	1 each/group

	2.5 cm pom-pom 
	1/group

	Styrofoam peanut
	1/group

	Cotton ball
	1/group

	Probe with attached pen, pencil, or marker
	1/group (pre-constructed)

	Small magnets
	Enough to attach tips to probe

	8 x 8 Cardboard box (only need 4 sides)
	1/group

	1in x 10in pieces of balsa wood 
	8 to cover top of box; 1 extra with center cut out for the dowel rod portion of the probe

	Velcro
	To attach wood to box; also to attach magnets to probe tips and dowel rod

	Craft materials for kids to make probe tips
	A bunch a different material

	Computers with Microsoft Excel
	1/group

	Graph paper
	1 sheet per probe tip

	Glue
	1/ group


Safety:

· No safety issues present.
Procedure:

 Part I: 2-D Visible Scan (graph paper)
1. Your teacher will demonstrate how to set-up your apparatus.  

2. Set-up your apparatus. Make sure to set up the apparatus next to a wall in order to tape the graph paper against it. Next, position your probe stand near the end of the Lego board to make it easier to graph.
3. Make a random straight line sample with the Legos and Lego board (vary the spacing between and height of the Legos) between the probe stand.

4. Attach a probe tip to the probe with the attached pen.

5. Put the probe into the probe stand and make a single scan across the sample.

6. Repeat steps 4 and 5 with at least five different probe tips to determine the best one.

Part II: 3-D Hidden Scan (Excel)
1. Your teacher will give you an unknown sample that will be hidden in a cardboard box.  

2. You will be doing a three dimensional scan of this unknown sample.
3. To do a 3-D scan, you must remove the first wood strip. 
4. Insert your probe (the one that worked the best from Part I, but without the pen or pencil attached) and record the height measurements in the table provided in the handout. To do this you will need to have ruler markings on your probe before you insert the probe. Careful! Zero should be even with the box and your measurements will need to be going down the length of the probe.
5. Replace the first wood strip and remove the second wood strip.
6. Repeat steps 4 and 5 until all 8 passes have been made.

7. Create a 3-D Surface Excel graph using your data from your data table.
Data Table:
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Questions:

1. Compare your 3-D excel graph to your actual Lego sample to see if they are the same or different? If they are different, what do you think are the sources of error?
2. Why can’t we use optical (light) microscopes to “see” nano-sized material?
3. Why would scientists want to see the surface of nano-sized material?
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