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Student Worksheet


Feel the Force:  Using Atomic Force Microscope Models in the Classroom

Modeling how scientists use the AFM in nanotechnology research
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Name ________________________________


As they say in Star Wars, “The will be with you!” and today you will learn how scientists use the force – atomic force - to see images of things that are incredibly tiny!


Below are two images, try to guess what they are!

Image 1


Image 2
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Guess the images:

Image 1 - ___________________________________

Image 2 - ___________________________________


Well, image number one is of tooth enamel, the very hard substance that covers your teeth and protects them from decay.  Number two is the surface of a moth’s eye.  These are the proteins that help the moth see infrared light.  


Now we need to investigate how small these things are in the images above.  Try and guess approximately the size of each of these things listed below:

How big is a:

Person  ____________
[image: image3]
Brain  _____________
[image: image4]
Paramecium __________
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Molecules _____________     
[image: image6]
**Check Point:  Raise your hand and have your teacher go over these with you.


So these images are at the nanometer scale!  Remember your fingernail grows about one nanometer per second!  About 10 atoms in a molecule equals th one nanometer.  That’s how small this is.  So the instrument that takes these images is called the Atomic Force Microscope or AFM.  Below is a picture of this instrument.  The next image is another image of the tops of viruses that attack Tobacco plant cells.  Each virus is only 16nm in size!
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So how is the Atomic Force microscope different from a Compound Light microscope (like we use in the classroom)?  Look at these images below.  Both are images of bacillus shaped (hot dog shaped) bacteria.  One is E. Coli and one causes Botulism.  Both types of bacteria are about the same size.  Compare the two images below, looking for similarities and difference in how the images look.
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Write two similarities and two differences between the images:

Similarities:

1.

2.

Differences:

1. 

2.

** Check Point:  Discuss your answers with the teacher.


So the AFM can take images of matter at a much more powerful resolution and with a lot of surface detail.  The trick is in the way the image is taken.  The AFM does not use light for you to see the sample you are looking at.  Instead, it drags a very, very tiny tip along the sample – back and forth- in a grid like pattern.  As it goes across, the tip moves up and down over the surface. This allows it to detect the smallest amounts of detail.  So it’s “feeling” the sample and this information is translated into an image.  See the pictures below.  Notice how small the actual tip is – 12 micrometers! 
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Now it’s time for you to demonstrate how the AFM collects information.  Take the paper samples at your desk.  Close your eyes and run your finger along each sample and rate it on a scale of 1 – 10 for roughness (1 = smooth and 10 = rough).

Roughness Scale:

Sample A: ____  Sample B: ____  Sample C:____

Look at the picture below of an AFM image of a piece of paper…is it really that smooth?  AFM reveals the molecular arrangement on surfaces!  


[image: image12]
Below is another example of the detail the AFM reveals.  The first picture is just an image taken with a camera of a thin sheet of gold…looks smooth.  The next picture is after the AFM scanned the surface of this sheet of gold.
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Now it’s time to try a test with a model AFM.  Have your teacher help you get started on this activity – if needed.

The Tip Size Test:  Using your AFM model you will recording data by using the two different shaped tips – the sharp and the blunt – on the same sample to decide which shape will give a better reading of the actual sample.

Problem:  Which tip – the blunt or sharp – will give a more accurate reading of the sample?

Hypothesis:

Procedure:

1.  Put one of the two tips into the cantilever (the arm).

2.  Put the sample with the marbles or tubes on the platform.

3.  Line up the pointer or laser to the zero point on the ruler.  (If using the laser, be sure it is reflecting off the mirror.)

4.  Slowly run the tip over each marble or tube.  

5.  Read and record below each measurement (in mm) of the tops of each tube or marble and gully of the tube or marble.  

6.  When finished reading the six large ones and six smaller ones, repeat the process using the other tip.  (If you used the sharp tip first, now use the blunt tip or vice versa.)

Large objects:

	sharp
	
	
	
	
	
	
	

	blunt
	
	
	
	
	
	
	


Small objects:

	sharp
	
	
	
	
	
	
	

	blunt
	
	
	
	
	
	
	


Calculations:

You must calibrate your data now!  Your sample size is smaller than the actual numbers you collected above as data.  So in order to get the actual size you must calibrate your numbers. 

Here’s how it’s done:
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[image: image25.wmf]First measure how think your stage is that your sample is on.  ________mm = a
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Then measure the actual distance from the bottom of the stage to the top of the large marble.  _________mm =b

Now subtract those two numbers (b)______mm – (a)______mm = _________mm(c)
Take the difference (c) and divide it by the depth of the stage (a) and that will equal your magnification.

_______mm (c) divided by _______ (a)  =  ________ magnification!

So in the following calculation table, take each piece of data from your data table and divide it by the magnification number and enter it into the table below.

laser number _______ divided by the magnification number _______ =  calibrated data (actual size) 

Large objects:

	sharp
	
	
	
	
	
	
	

	blunt
	
	
	
	
	
	
	


Small objects:

	sharp
	
	
	
	
	
	
	

	blunt
	
	
	
	
	
	
	


Graphing the data:  Type the data onto a spread sheet in Excel, in the same pattern as in the data table.  Highlight one table and push the graphing key.  Select the “surface graph” and print out the graph.  Do the same for the other data table.  Cut out the graphs and past them below:

Sharp Tip Graph:

Blunt Tip Graph:

Conclusion: (Which tip worked best and what data is you acquire that supports this conclusion?)

** Check Point:  Have your teacher review your data and conclusion!


So you know now that it is very important to have the smallest point on the tip possible to get the best resolution.  But there’s more to it than just that!  Remember it’s called the Atomic FORCE microscope.  So you know there is a tiny tip moving over the molecules in your sample, but where does the force come into play?  

Well, at this level of “tinyness”, gravity does not play a part at all!  The tip is not actually dragging due to gravity pulling it down – like in the model you just used.  Instead is it using ATOMIC FORCES!  (Remember Luke, the force will be with you, always…just a quick Star Wars reference.)

Molecules have certain atomic arrangements that cause them to be either positively charged negatively charged or neutral (no charge at all).  See below:
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Molecules that have a charge are attracted to water or hydrophilic.  Molecules that are neutral (without a charge) are hydrophobic.  

Which molecule about is hydrophilic? _____________  hydrophobic? ___________

Some molecules have certain ends that have one polarity and some that have another polarity.  For example soap molecules have a very charged end to attract to water and a very neutral end that helps gather the oils off our body!
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** Check Point:  Have your teacher review this section with you, if you do not understand!


Look at the diagrams below.  Notice that there is a laser that reflects off the arm with the tip on it.  This laser sends light from the arm to a photo detector that maps out the contour of the sample.  Computer software takes this information and turns it into an image.   
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Another interesting fact is that you can choose what tip you want for the sample you are taking an image of.  Below is a picture of a website where scientists order the type of tip that will best interact with the atomic forces in their sample to give them the best image. 

                    
[image: image18]
What tip would you use, if the surface of your sample is hydrophobic?  Why?

So let’s use our model AFM to check out these forces!!  Follow the directions below to investigate.

Using your model 

The Force Test:  In this activity you will simulate how the tip is really moving up and down only based on an attraction or repulsion of the tip to the sample.  Each is made of specific molecules that have atomic forces that interact.

Procedure:

1.  Have one person place four magnets under the cardboard/Lego platform.  Be sure that other students are not looking as to where the magnets are being placed.  

2.  Insert the magnetic tip on the AFM.

3.  Zero the pointer.

4.  Have another student run the sample under the tip, moving in a grid like pattern from left to right, and moving up one row each time. 

5.  When the tip stays on the sample, that reading is a “zero”.  When the tip repels the sample, measure how far, on the ruler, and record that number in that section.  (You can use the grid below to record your data, but you may have to modify your data table depending on the reach of the arm on your AFM.)

Data:

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Calculations:

Again you must calibrate your data in the spots that are larger than zero.  The great part is that you already have the magnification of your AFM.  So just use the following calculation on the grid data that is above zero.  The boxes that are zero, stay zero.  

So take the laser number _______ divide it by the magnification number _______ =  and that equals the calibrated data (actual size). 

Calculations:

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


When you have recorded your calculations, enter your data on a spread sheet in Excel, highlight the numbers and choose “surface” graph.  Print out your graph and paste it below:

Force Graph:

Lift the platform and see how close your image is to compared to where the magnets were placed.  

Did you find all the magnets?_____

If you missed any, why do you think you missed them?

· What made the tip move?

· What is detecting the movement of the tip?

· How is the image generated?

· Why is this instrument called the Atomic Force Microscope?

** Check Point:  Have your teacher review your answers!


So finally what is the image really of???  Look at your hand and draw what the AFM image of your hand would look like.

Hand Drawing:

What can’t you see of your hand with an AFM image?

** Check Point:  Have your teacher check your drawing.  Ask to see the pin toy!


So who needs these images of things so small??? How can this be useful?  Well, scientists that are manipulating molecules into workable systems need to see how well their experiment is working.  This area of science is called nanotechnology.  They are building systems at the “nano” level!  See the image below.  This scientist is building a tiny carbon dioxide sensor that can monitor people’s breathing with respiratory problems or for monitoring the breathing of people who are anesthetized for surgery.  
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The black are nano-carbon tubes.  The green is a starch molecule that will attract carbon dioxide.  This is build by self – assembly, so indirectly and the AFM can give an image to show how the molecules arranged themselves.

How do scientists find the AFM useful?

Great Job!  May the force be with you – always!

Materials


AFM model


3 different tips


One cardboard or Lego sandwich


3 magnets


Sandpaper sample











Ethanol -  charged





Ethanol – (charged)





Hydrocarbon – neutral (no charge)





Water- polar (charged)
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