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Science in Motion

Juniata College

Lego My Nano: Atomic Force Microscopy (AFM)
Teacher Notes
Time for Completion:
This lab as a whole will take approximately 1.5 hours. It can be split into two parts each taking about 45 minutes apiece. Students should work in groups of two if a sufficient amount of equipment is available.
Target Grade Level:

This lab was developed with middle school students in mind, but it may also be done with high school students.  

Objectives:

1.
Students will be able to describe the basic concept of scanning probe microscopy, why it is important, and how it works.

2.
Students will be able to explain why we must use an atomic force microscope to visualize nanoparticles instead of using an optical (light) microscope.
3.
Students will be able to recognize that the size and stiffness of the probe tip can affect the scan and that certain tips should be used in specific situations.
4.
Students will be also be able to recognize that the speed of the scans will affect the resolution. (faster scan = lower resolution)
Major Concepts:

· Scale

· Atomic force microscopy

· Instrumentation manipulation

· Data analysis

Procedure Part I: 2-D Visible Scan (graph paper)

1. Students will first need to set up their AFM. This includes the green Lego board, several large Legos (in order to build towers on each end of the Lego board), a wooden strip of balsa wood with the center previously cut out by the teacher), the probe (which should be made ahead of time by the teacher; attach a pen, pencil or marker to a wooden dowel using tape then at the bottom of the dowel rod attach a small magnet using glue), various probe tips (with magnets attached) and several sheets of graph paper.
2. Students should set up the apparatus near the edge of the green Lego board in order to be close to a wall. This way graph paper for the scans can be taped to the adjoining wall . In order to accomplish this a tower should be built (using the large Legos) on each side of the green Lego board. A piece of Velcro should then be laid on top of each tower in order to attached the wooden strip. Velcro should also be attached to the ends of the wooden strip. (see pictures below)
3. Once the apparatus is set up students should make a 2-D sample using the smaller Lego blocks in between the two towers.
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Pictures provided by:

 Hutchinson, Kelly. (2008). How do you even know it’s there if you can’t even see it? National Center for Learning and Teaching in Nanoscale Science and Engineering.
4.  Students should test various types of tips to determine which one works the best for their sample. The probe (dowel rod) should have a magnet on the end of it that will attach to different probe tips that also have magnets on them.  Having magnets on both the probe and tips allows for quick changes of the tips saving time.

Procedure Part II: 3-D Hidden Scan (Excel)
1. Students will now perform a 3-D scan using a pre-made sample in order to save on time. First, create 64 total 3x3(meaning an 8x8 table made up of 3x3 quadrants) quadrants on the Lego board.
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Pictures provided by:

 Hutchinson, Kelly. (2008). How do you even know it’s there if you can’t even see it? National Center for Learning and Teaching in Nanoscale Science and Engineering.
2. Then build a random sample for each student. Make sure the height inside each 3x3 quadrant is the same.  Be sure that each 3x3 square contains the same height throughout. Note: not all quadrants have to be filled and quadrants next to each other can be the same height.
3. Next, cover the sample with the cardboard box and 1x10 balsa wood pieces.
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Pictures provided by:

 Hutchinson, Kelly. (2008). How do you even know it’s there if you can’t even see it? National Center for Learning and Teaching in Nanoscale Science and Engineering.
4. Students should now be ready to start their scans.
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