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Electrical Forces in Self-Assembly
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Electrical Charge and Self-Assembly


Computers are available to use the Molecular Workbench animations developed by the Concord Consortium. The URL for the web site is:
http://www.concord.org/publications/newsletter/2005-fall/friday.html

Access the Animation Menu is by clicking on the URL in the Teacher’s Guide (In the Green Box on the Right).  The Menu includes a brief introduction and the following self-assembly animations. 

The “Motion and Stickiness” Animation
The Top Frame Animation: The objects in the frame are models of molecules. Use the following procedure to explore random motion.

1. Press run to start the molecular motion.  
2. Observe the different types of motion before and after molecules collide. 
3. Observe what happens when you change the temperature of the system using the heat or cool buttons.

4. Stop the animation.

The Bottom Frame Animation: This animation is very similar to the one above, except that the molecules are strongly attracted to each other.  
1. Run this animation.

2. Observe what happens as the molecules are attracted to each other.

3. Increase the temperature of the system heat and observe what happed to the self-assembled structure.

4. Decrease the temperature of the system and observe the self-assembly process.

5. Stop the animation when you are dome exploring this self-assembly process.

The “Dimers” Animation


Insulin is a hormone that regulates blood sugar levels. A stable form of insulin is a dimer. An insulin dimer is a protein made of two separate chains of amino acids. You can use this animation to simulate the self-assembly of a dimer.
1. Observe the effect of the rate of random motion of the formation of a dimmer.  

2. Press run to watch the dimmers self-assemble. 
 The “Fibers” Animations

Fibroin is a protein molecule that silkworms use to form long bundles that become the center of a silk fiber. Locations on a protein molecule have either a positive or negative charge.  Use the animation program to:

1. Add charges to a molecule by selecting one of the charge tools (+ or -), and clicking on the molecule several times. Clicking 4 times gives a good amount of charge. Try adding charges in several places along the monomer. If nothing happens when you click, try moving the charge tool a small amount and clicking again. 

2. Make several copies of your charged molecule using the duplicate tool. Click and drag the molecule to make a copy. 

3. Run the model, and see if the molecules stick together and form a fiber. 
4. Experiment with changes in temperature to study the formation of a fiber. You can also determine how temperature affects the stability of a fiber.
5. If time permits, you can press reset and try a new strategy. There are many correct ways to add charges to make a fiber form
The “Microtubules” Animation


In this challenge you will change the pattern of charges on just one molecule, and see how the entire self-assembled structure is affected.

1. Run the model to watch a ring form, then stop it (don't reset). 

2. Pick one molecule and use the charge tools (+ and -) to change its charges. For example, you can remove a negative charge by clicking on it with the positive charge tool four times. Keep clicking four more times in the same place, and you will add a positive charge. 

3. Run the model, and take a snapshot of the results. 

4. Try again if you like. Can you get an "S" shape to form by changing the charges on just one molecule?
The “Making Monolayers” Animation

Oleic acid is a type of molecule that will form a thin film on the surface of water. There are locations on an oleic acid molecule that have either a positive or negative charge.  You can use the animation on the computer to:
1. Reset the animation.

2. Use the charge tools (+ and -) to create a pattern of charges on the green surface. For example, give some molecules in the middle a positive charge, and the rest a negative charge.

3. Run the model and observe the motion of the scattered objects.

4. Discuss ways to form a layer of molecules across the green surface.

5. Reset and run the animation to try your new strategy.

The “Sticky Finger Problem” Animation 

Note: This animation challenge follows the “Making Monolayers” animation activity.

The "sticky fingers" problem is the difficulty of positioning things accurately when they are sticking to you. Imagine trying to put some cheerios in a row, with your fingers covered in glue. Not easy! At the molecular scale everything sticks at least a little bit to everything else, so the sticky fingers problem is hard to avoid
1. Press run, then click inside the model to begin steering the blue particle.
2. Use the arrow keys to steer. If you click outside the model, click inside it again to continue steering.
3. Press A to increase your steering force (this can help you get un-stuck).
4. Press D to decrease your steering force.
5. Try to make a monolayer! 

The "Design Your Own” Animation

Use the knowledge you have gained from previous animations to create a nanoscale self-assembled structure.
1. Choose one of the five example structures shown above. 
2. Using the move tool ( ), drag the molecules you'll need out of their boxes on the left side of the model. 
3. Using the charge tools (+ and -), add charges around the edges of the molecules. 
4. Using the duplicate tool ( ), make several copies of each molecule. 
5. Take a snapshot when your structure has assembled itself. 
6. Press the reset button to start again. Try out another of the examples, or invent your own. Make at least three different self-assembling structures, and take a snapshot of each. 
7. When you're done, click the button below to create a report.

