Self-Assembly in Crystals
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Organization: Lawrence Hall of Science
Contact person: Rashmi Nanjundaswamy and Lizzie Hager-Barnard
Contact information: rashmin@berkeley.edu, 510-642-3153 and 


            lizziehb@berkley.edu, 510-642-3153
General Description
Type of program: 

Cart demo or classroom activity  
We recommend that you figure out the timing of this activity before doing it as a cart demo. It would be easier to do this activity at certain scheduled times, instead of performing the demo on-demand. 
In this activity, visitors watch as a crystal self-assembles instantly! During this activity visitors learn what crystals are and how they grow.  They also discover that self-assembly is an important process for many naturally occurring systems. 

Program Objectives

Big idea: 

In this activity, visitors learn that crystals are formed from repeating units and that crystal formation is a type of self-assembly.  Visitors also discover that behaviors at the atomic and the molecular scales can result in macroscale structures that are visible to the human eye.
Learning goals: 
As a result of participating in this program, visitors will learn: 
1. What self-assembly is

2. What crystals are
3. That crystal formation is due to the self-assembly of atoms and molecules
4. That super-saturated solutions can form crystals
5. That some reactions produce heat (some reactions are exothermic)

6. That using super-cooled solutions can speed up crystal formation

NISE Network content map main ideas:

[x] 
1. Nanometer-sized things are very small, and often behave differently than larger things do.
[x] 
2. Scientists and engineers have formed the interdisciplinary field of nanotechnology by investigating properties and manipulating matter at the nanoscale.
[  ]
3. Nanoscience, nanotechnology, and nanoengineering lead to new knowledge and innovations that weren’t possible before.
[  ] 
4. Nanotechnologies have costs, risks, and benefits that affect our lives in ways we cannot always predict.

National Science Education Standards:

[  ] 
1. Science as Inquiry

[x] 
K-4: Abilities necessary to do scientific inquiry

[  ] 
K-4: Understanding about scientific inquiry
[x] 
5-8: Abilities necessary to do scientific inquiry
[  ] 
5-8: Understanding about scientific inquiry
[x] 
9-12: Abilities necessary to do scientific inquiry
[  ] 
9-12: Understanding about scientific inquiry

[  ] 
2. Physical Science

[x] 
K-4: Properties of objects and materials
[  ] 
K-4: Position and motion of objects
[  ] 
K-4: Light, heat, electricity, and magnetism
[x] 
5-8: Properties and changes of properties in matter
[  ] 
5-8: Motions and forces
[x] 
5-8: Transfer of energy
[x] 
9-12: Structure of atoms
[x] 
9-12: Structure and properties of matter

[  ] 
9-12: Chemical reactions

[  ] 
9-12: Motions and force

[  ] 
9-12: Conservation of energy and increase in disorder

[x] 
9-12: Interactions of energy and matter

[  ]
3. Life Science

[  ] 
K-4: Characteristics of organisms
[  ] 
K-4: Life cycles of organisms
[  ] 
K-4: Organisms and environments
[x] 
5-8: Structure and function in living systems
[  ] 
5-8: Reproduction and heredity
[  ] 
5-8: Regulation and behavior

[  ] 
5-8: Populations and ecosystems
[  ] 
5-8: Diversity and adaptations of organisms

[  ] 
9-12: The cell

[  ] 
9-12: Molecular basis of heredity
[  ] 
9-12: Biological evolution
[  ] 
9-12: Interdependence of organisms
[x] 
9-12: Matter, energy, and organization in living systems
[  ] 
9-12: Behavior of organisms

[  ] 
4. Earth and Space Science

[  ] 
K-4: Properties of earth materials
[  ] 
K-4: Objects in the sky
[  ] 
K-4: Changes in earth and sky
[  ] 
5-8: Structure of the earth system
[  ] 
5-8: Earth's history
[  ] 
5-8: Earth in the solar system
[  ] 
9-12: Energy in the earth system
[  ] 
9-12: Geochemical cycles

[  ] 
9-12: Origin and evolution of the earth system
[  ] 
9-12: Origin and evolution of the universe
 [  ] 
5. Science and Technology

[  ] 
K-4: Abilities to distinguish between natural objects and objects made by humans
[  ] 
K-4: Abilities of technological design
[  ] 
K-4: Understanding about science and technology
[  ] 
5-8: Abilities of technological design
[  ] 
5-8: Understanding about science and technology
[  ] 
9-12: Abilities of technological design
[  ] 
9-12: Understanding about science and technology
 [  ] 
6. Personal and Social Perspectives

[  ] 
K-4: Personal health
[  ] 
K-4: Characteristics and changes in populations
[  ] 
K-4: Types of resources
[  ] 
K-4: Changes in environments
[  ] 
K-4: Science and technology in local challenges
[  ] 
5-8: Personal health
[  ] 
5-8: Populations, resources, and environments
[  ] 
5-8: Natural hazards
[  ] 
5-8: Risks and benefits
[  ] 
5-8: Science and technology in society
[  ] 
9-12: Personal and community health
[  ] 
9-12: Population growth
[  ] 
9-12: Natural resources
[  ] 
9-12: Environmental quality
[  ] 
9-12: Natural and human-induced hazards
[  ] 
9-12: Science and technology in local, national, and global challenges
[  ] 
7. History and Nature of Science

[  ] 
K-4: Science as a human endeavor
[  ] 
5-8: Science as a human endeavor
[  ] 
5-8: Nature of science
[  ] 
5-8: History of science
[  ] 
9-12: Science as a human endeavor
[  ] 
9-12: Nature of scientific knowledge
[  ] 
9-12: Historical perspective
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60 – 100 minutes**
15 minutes**
5 minutes
** Some of the preparation can be done during the actual program, if desired.  For more information consult “Set Up” section.

Background Information
Definition of terms

Nano is the scientific term meaning one-billionth (1/1,000,000,000). It comes from a Greek word meaning “dwarf.”

A nanometer is one one-billionth of a meter. One inch equals 25.4 million nanometers. A sheet of paper is about 100,000 nanometers thick. A human hair measures roughly 50,000 to 100,000 nanometers across. Your fingernails grow one nanometer every second.

(Other units can also be divided by one billion. A single blink of an eye is about one-billionth of a year. An eyeblink is to a year what a nanometer is to a yardstick.)

Nanoscale refers to measurements of 1-100 nanometers. A virus is about 70 nm long. A cell membrane is about 9 nm thick. Ten hydrogen atoms are about 1 nm.

At the nanoscale, many common materials exhibit unusual properties, such as remarkably lower resistance to electricity, or faster chemical reactions. 

Nanotechnology is the manipulation of material at the nanoscale to take advantage of these properties. This often means working with individual molecules.

Nanoscience, nanoengineering and other such terms refer to those activities applied to the nanoscale. “Nano,” by itself, is often used as short-hand to refer to any or all of these activities.

Program-specific background

*** Throughout this activity guide we use the abbreviation “SA” for “self-assembly” ***
What is self-assembly (SA)?
George Whitesides and Bartosz Grzybowski wrote a popular article about self-assembly (“Self-Assembly at All Scales”) in the journal Science in 2002.  In this article, the authors define self-assembly (SA) as “the autonomous organization of components into patterns or structures without human intervention.”  Whitesides and Grzybowski differentiate SA from other processes by arguing that SA includes only processes that “involve pre-existing components (separate or distinct parts of a disordered structure), are reversible, and can be controlled by proper design of the components.”   

A simpler definition of SA is that it refers to the spontaneous ordering of “building blocks”.  For more background on self-assembly, consider consulting the NISE activity “Ready, Set, Self-Assemble” http://www.nisenet.org/catalog/programs/ready_set_self-assemble.
What are crystals?
Examples of crystals are diamond, sapphire, and table salt (NaCl).  Crystals have a specific repeating pattern.  This pattern can repeat a single atom, a group of atoms, or even large molecules.  

Even though a crystal’s structure is defined on the nanoscale, it is often possible to determine a crystal’s structure from its macroscopic appearance.  Facets (flat faces) on crystals are produced both because some surfaces grow faster and because crystals tend to break on particular planes.  (This tendency to break in particular ways is what lets gem cutters make beautiful diamond rings.)  These facets can be very large and are often visible in gemstones.  Images of crystals with visible facets are included in the resources for this activity (see “Examples of crystals.”)
Crystals grow through self-assembly and this crystal formation is a slow process.  Wondering why?  Check out this link: http://dsc.discovery.com/tv/time-warp/articles/instant-ice.html
Why is SA important within the field of nanoscience and nanotechnology?
In nanotechnology, SA is used to make many types of molecular structures, such as self-assembled monolayers and proteins.  SA is critical for many applications, because even with state of the art techniques it is still difficult to manipulate or modify tiny components.  So while techniques like optical tweezers and atomic traps exist, these are hard to do, even for experienced scientists!  (Plus, they’re expensive!)  SA is an alternative to these methods, and allows scientists to tailor things like nanoparticles so that the forces between them will automatically bring them together in the desired arrangement.
Is SA only used at the nanoscale?

It may surprise you to learn that SA can be used at many length scales, from the nanoscale all the way up to the macroscale!  

For example, SA is involved in the formation of higher-order architectures from more basic building blocks, like nanoparticles and nanotubes. An example of a microscale object that is created through SA is an artificial opal, which is a colloid comprised of millions of nanoparticles or microparticles. 
So while SA is most common at size scales smaller than the microscale, it can occur at other size scales as well.  For more information on this topic, we recommend that you read the “Self-Assembly at All Scales” article discussed previously.  You can also check out some of the videos in the references section on the next page.
Is SA just done in research labs?  Is it really useful?

Some SA strategies are already finding industrial applications.  For example, Alien Technologies has developed self-assembly methods to fabricate radio-frequency identification (RFID) tags that use shape recognition and fluid transport on the microscale.  Nanogen employs electric field-mediated self-assembly to bring together DNA nano-components for electronic and diagnostic devices. IBM, too, has recently harnessed the power of SA to create trillions of nanometer-sized holes across a 300 millimeter computer chip, which increased the processing speed by 35%.
References:

· Videos of instant crystallization of sodium acetate (there are dozens on YouTube):

· http://www.youtube.com/watch?v=D1PDE5OawuI&feature=player_embedded
· http://www.youtube.com/watch?v=HnSg2cl09PI
· http://www.youtube.com/watch?v=1JtLlSVZSEA
· http://www.youtube.com/watch?v=nvHrXr5Jajg&feature=related
· Steve Spangler activities with sodium acetate: http://www.stevespanglerscience.com/experiment/instant-hot-ice
· Crystallization of sodium acetate hand warmers: http://www.exo.net/~jillj/activities/supersaturation.pdf
· Collection of materials related to self-assembly: http://mrsec.wisc.edu/Edetc/nanoquest/self_assembly/index.html
· Self-assembly of macroscale objects:   http://phyllotax.is/self-assembly/  
· Lesson on self-assembly and crystallization: 




       http://scme-nm.org/files/Crystal%20Self-Assembly%20Module.pdf
References, continued:

· Collection of materials related to self-assembly and crystallization:                      http://nano-link.org/educator-resources/browse-our-nanotech-curriculum/cat_view/2-nanotechnology-curriculum/14-nano-link-modules/8-materials/18-crystals
· Introduction to crystals: http://www.seas.upenn.edu/~chem101/sschem/solidstatechem.html
· (Basic to Advanced) Introduction to crystallography: http://www.doitpoms.ac.uk/tlplib/crystallography3/index.php
·  (Advanced) Crystal shapes (space groups): 




        http://cst-www.nrl.navy.mil/lattice/index.html
· Information on supercooled liquids:
· http://littleshop.physics.colostate.edu/activities/atmos1/FreezingWarmer.pdf
· http://van.physics.illinois.edu/qa/listing.php?id=19505
· http://dsc.discovery.com/tv/time-warp/articles/instant-ice.html
 Materials
· Sodium acetate trihydrate – need roughly 160 grams  (sodium acetate may be reused)
· Available from many chemical supply companies including Fischer Scientific and Sigma Aldrich.  Part number for Sigma Aldrich is S8625-500G.
· A source of heat (Bunsen burner, hotplate, or microwave)

· Clear, heat-resistant glassware (beaker or bowl)
· Alternatively, you may want a petri dish or a plate if you want to show the crystal growing upwards 
· A glass stir rod 

· Distilled water

· Parafilm 
· (Optional) Squirt bottle filled with distilled water 
· Refrigerator (or other method for cooling solution)
· You can also let the solution cool at room temperature, but this takes longer.  (See “Tips and troubleshooting” section for more information.)
· A crystallization trigger
· You can use a small sodium acetate seed crystal or a different type of crystal (such as a sugar or salt crystal).  You can also touch the surface of the solution with an object like a spoon or a toothpick.
Set Up
Time:  60 – 100 minutes 
1.  Review background information and print the other resources for this activity.
2.  Set out all the materials/equipment.
3.**  Mix sodium acetate and water:  5 – 10 minutes  
Mix 160g of sodium acetate trihydrate with up to 30 ml of water in a clean beaker using the glass stir rod.  Try to get as much of the sodium acetate dissolved in the water as possible.
See “Tips and troubleshooting” section for more details on this.
4.**  Heat the sodium acetate trihydrate until it dissolves:  10 – 20 minutes
Heat the solution with your heat source (Bunsen burner, microwave, or hot plate).  Do not boil the solution.  Stir the solution as you are heating it, so that the sodium acetate dissolves.  Optional: if there are crystals on the walls of your container, you can use the squirt bottle to squirt water on the walls and remove these crystals.
5.  Cool solution:  30 – 60 minutes
When the sodium acetate trihydrate is as dissolved as possible, cool the solution.  (It’s okay if the solution is still cloudy at this point.)  Cover the container with Parafilm.  Don’t disturb the solution while it cools. 
Solution can be cooled to room temperature, or below room temperature by using a refrigerator or an ice bath.  See “Tips and troubleshooting” section for a discussion of whether to cool to room temperature or below.
6.  Check if solution is cool 

If solution is cooled, the liquid should look mostly clear.  It’s okay if there’s a little material settled on the bottom.

It is okay if there is some sodium acetate trihydrate on the bottom of your container.  Some people find that it works better to decant the liquid into a clean, dry container.  However, this decanting process may also trigger crystallization.  So, choose whatever method seems to work best for you.
NOTE:  If you prefer, and you have the time, you can do steps 3 – 6 as part of the actual program delivery.  In this case the setup would only include finding and arranging the materials/equipment and the estimated setup time would be 5 – 10 minutes.  
Program Delivery
Time: 15 minutes
Safety

Wear gloves and safety goggles when performing this demo.  Do not let visitors touch the heat source.

If you are preparing the solution during the actual program, instead of beforehand, make sure that you do not leave the heat source unattended if it is hot.  Also, make sure there is space around your heat source so materials do not accidentally touch it.

Instruct your visitors to not eat the sodium acetate trihydrate
Sodium acetate trihydrate is used in food production, but the powder you buy from a lab store will likely not be food grade.  Furthermore, if you’re using glassware/other equipment that has been used in a lab, the sodium acetate trihydrate will become contaminated.  For these reasons, as well as others, do not let visitors eat the sodium acetate trihydrate.
Talking points and procedure

*** Throughout this activity guide we use the abbreviation SA for self-assembly ***

Introduction to the topic of self-assembly (SA)
Introduce yourself to your visitors (students) and tell them that today they’re going to learn about the exciting topic of self-assembly (SA) and crystallization.
Ask your visitors whether they (or their parents) have ever put together (assembled) furniture.  For those visitors who say “yes,” ask them whether they thought it was hard.  If they thought it was hard, ask them what was hard about it.
Here we’re trying to communicate the idea of how people normally assemble things.  For example, we put together furniture by using tools like screw drivers and hammers to nail and screw things together.  This type of process often has lots of steps, some of which are not obvious and are confusing.  Also it often takes multiple people to put furniture together.
Now pose a silly question to your audience.  Ask them if they’d prefer to just dump out the box of furniture parts on the floor, and watch as everything assembled by itself, magically.
Here you’ll probably get some audience members to laugh, while other people may say that your idea is silly/stupid.  It’s good if your visitors realize that it would be very unlikely for SA to occur at the size scale of furniture, because it would take a lot of energy to shake furniture-size pieces around to self-assemble them.  (Plus, it would be very difficult to self-assemble objects with screws and nails.)
Tell your visitors that today we’re going to talk about SA.  Explain that we’ll learn that SA is like a desk magically building itself from a pile of parts (legs, screws, desk top, etc.).  We’ll talk about what SA is, why it’s useful, and the size scales it usually happens on.
What is SA?
(Learning goal: What self-assembly is)

Explain that SA is a way for atoms and molecules to form themselves into specific structures/arrangements.  SA occurs in many biological processes.  In SA there is no robot or person touching the atoms and moving them into place.  The atoms assemble themselves. Thus SA is one way for making things.  While it can be used for things of many size scales, it is most often used for things that are smaller than the micron scale (a strand of human hair is about 50 microns or 50,000 nanometers).  SA is commonly used at the nanoscale or even smaller lengthscales.   (What’s smaller than the nanoscale?  Single atoms are about 10-100 times smaller than 1 nanometer – they are measured in picometers (pm).)  
Demonstrating SA may help your audience better visualize it.  There are many ways to demonstrate SA, and a variety of SA demos have been listed in the “Going Further” section of this write-up.  In addition to these demos, you may consider including some of the games from the NISE activity “Ready, Set, Self-Assemble,” where groups of visitors self-assemble themselves into different formations (http://www.nisenet.org/catalog/programs/ready_set_self-assemble).
Note that these demos may not help young children very much, because they think of things in concrete terms.  So they will not understand that the SA of, say, Legos, is analogous to the SA of atoms.  However, young children will probably enjoy SA demos, so it might still be worthwhile to do some.

What are crystals? / How do crystals grow?

(Learning goals: What crystals are and That crystal formation is due to the self-assembly of atoms and molecules)
Tell your audience that SA can be used to create crystals.  Ask your audience if anyone knows what a crystal is, or an example of a crystal.
Many people know that diamond is a crystal, but fewer people will know the definition of a crystal.  Some people might also remember making sugar or salt crystals at home or in school.
Explain that a crystal is a material that has a particular repeating pattern of an atom or molecule.  In this way it is like a checkerboard.  Show the audience the picture of the checkerboard and ask them to identify the repeating pattern.  In other words, if you were to create a checkerboard by taking a stamp and repeatedly pressing your stamp down across a board, what would the pattern on the stamp need to be?  (There are two checkerboard images in the resources for this activity in the “Checkerboard schematics” file.  The second checkerboard image highlights the repeating pattern, which is often called the motif.)  Explain that unlike a checkerboard, crystals are usually 3-dimensional.

So how do crystals form/grow?  Through SA!  The crystal slowly grows as more and more atoms (or molecules) are added in the correct positions.  Each crystal has a different structure, depending on the bonding between the atoms (molecules).  This structure determines where new atoms (molecules) will be added.  
Crystal structures

Explain that different crystals have different structures, which is why they look different.  Even though atoms arrange themselves on the picometer/nanometer scales, the structure of crystals is often evident at the macroscale, through the crystal facets (flat faces). These facets are produced because some surfaces grow faster than others and also because crystals tend to break along certain directions.  Show your audience the crystal images, so they can see how different types of crystals have different shapes.  (The crystal images are included in the activity resources in the “Examples of crystals” file.)
How can you make crystals?

(Learning goal: That super-saturated solutions can form crystals)
Remind your audience that crystals form through SA.  Ask your audience what they remember about making crystals.  See if anyone remembers that you need to dissolve a lot of material in water when making crystals.  
Ask if anyone knows the name for a solution that has so much material that you can’t dissolve anything else (saturated solution).  Ask if anyone knows the name of a solution that has more material dissolved in it than a saturated solution would (supersaturated solution).  See if anyone knows how to make supersaturated solutions.  If they get stuck, give the hint that the amount of material you can dissolve depends on the temperature.
Explain that supersaturated solutions are ones that have more dissolved material than is usually allowed at a specific temperature.  Supersaturated solutions are usually created by heating up a liquid and adding lots of material to it, until you can’t dissolve any more material.  Then you cool the solution.  Since the amount of material that can be dissolved usually increases with temperature, at the new colder temperature you’ll have more material than should be allowed. 

(For more on this see http://preparatorychemistry.com/Bishop_supersaturated.htm)

Ask your audience if anyone knows why you need to create supersaturated solutions for crystallization.  You need to create supersaturated solutions to increase the probability of material precipitating out of solution, since this is necessary for crystals to form and then grow.  (Precipitation means that a solid particle forms in a solution.)  

(For more on this see http://dwb.unl.edu/Teacher/NSF/C09/C09Links/www.chem.ualberta.ca/courses/plambeck/p101/p01181.htm)
Crystallization demo
(Learning goal: That some reactions produce heat (some reactions are exothermic))

(Additional learning goal for older audiences: Using super-cooled solutions can speed up crystal formation)
Tell your audience that now they know about SA, crystals, and how crystals grow.  So now it’s time for the demo!  If you did some of the preparation before the activity, explain what you did.
If you want your audience to see what sodium acetate looks like when it is a powder and when it dissolves, you could do all your preparation beforehand, but then repeat steps 3 and 4 (with a different beaker and more sodium acetate powder).  In other words, do your preparation as normal.  Then during the activity, take a different beaker and add sodium acetate and water to it.  Then heat the solution up in front of your audience, so they can see it.  After you are done you can then use the cooled sodium acetate solution, which you prepared earlier, for the rest of the demonstration.
For older audiences:  
(Supercooling is a challenging subject for younger audiences, so it may not make sense to discuss this with young kids.)  

Show the cooled sodium acetate solution to your audience.  Ask them whether they think it’s a liquid or solid.  (It’s a liquid.)  Explain that it is a supersaturated, supercooled solution of sodium acetate.
When most supersaturated solutions are cooled to their freezing temperatures or below, they freeze.  (Not very surprising, right?)  This freezing process often involves crystallization (but now always, since not all solids are crystals).  However, sodium acetate trihydrate can be cooled below its freezing temperature without freezing. 
Solutions that can be cooled this way without freezing are called supercooled. Supercooling means that you have a liquid at a temperature below the freezing point.  Taking water as an example, it means you still have liquid water when the temperature would suggest you should have solid water (ice).  

Explain to your audience that the advantage of supercooled solutions is that they have a very big driving force for crystallization, because they are far from equilibrium. This allows the supercooled sodium acetate to crystallize very quickly, taking seconds where as visible changes to most crystals occur over hours or days.  For a visual representation of this idea, consult the resource called “Temperature graphs.”
Ask your audience how they think we can turn the liquid into a crystal.  (This is a hard question so you may not get any answers.)  Tell your audience that we can crystalize the solution by providing a trigger such as a seed crystal or an impurity.  We need to provide a trigger because crystals form through a two-stage process: nucleation and growth.  Nucleation refers to the beginning stage, when crystallization is triggered/started.  For more on this see  http://dsc.discovery.com/tv/time-warp/articles/instant-ice.html.
Now it’s time to do the actual demo.  Get your audience’s attention and tell them to pay attention, since the crystallization will happen quickly.  Add your trigger to the solution and watch as it crystallizes.  (Note:  While you can use a different crystal, like table salt, as a trigger, you should only use a tiny amount.  You don’t want to add too many impurities to the sodium acetate, since this will affect the sodium acetate’s ability to supercool in the future.)
Alternative: if you use a container with a top, you can also shake the solution to initialize crystallization.

Alternative: Take a small petri dish or any clean dish and put one tiny particle of sodium acetate on it. Start pouring the sodium acetate solution on top of the particle.  The sodium acetate will grow vertically upwards almost like a stalactite! 

Cool video:   http://www.youtube.com/watch?v=mxO9rtVjoR4
Tell your audience that you can actually feel heat coming from the beaker (or other container). If this is done in a glass beaker, they can feel the outside of the beaker after crystallization and feel the warmth (heat produced). Explain that the crystallization reaction is actually producing heat.  This heat production is what makes sodium acetate hand warmers work.  Sodium acetate trihydrate produces a lot of heat when it crystallizes because it has a high latent heat of fusion.
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         Before crystallization



After crystallization

After crystallization you can tilt the beaker, to show your audience to demonstrate that the sodium acetate has returned to its solid form: 
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Tilting beaker after crystallization

Wrapping up
Ask your audience what they noticed about the crystallization.  (Was it fast/slow?  Where did the crystallization start?  How does it look after it crystallization, compared to before?)

Tell your audience that you hoped they enjoyed your demo, and that they learned a little about SA and crystals.
Tips and troubleshooting

Preparing optimal solutions of sodium acetate
To get the sodium acetate to crystallize quickly when you add a trigger, the solution must be really supersaturated.  In this activity you create a supersaturated solution by creating a saturated solution at a high temperature and then cooling the solution.  Since the amount of sodium acetate that can be dissolved is proportional to temperature, the more we cool the solution, the more supersaturated the solution becomes.  This degree of supersaturation determines the driving force for crystallization, and thus how quickly the crystallization will occur.

There are two ways to make a solution more supersaturated:

· Use less water

· For the same amount of sodium acetate, reducing the amount of water you add reduces the total volume, which increases the percentage of sodium acetate in the solution

· Cool the solution more before adding a trigger

· Instead of cooling to room temperature, cool to a lower temperature by using a refrigerator or an ice bath
While these suggestions (using less water and cooling more) can lead to a more supersaturated solution, there are disadvantages.  If you decrease the amount of water by not squirting as much water down the sidewalls of your beaker, you may not remove little bits of sodium acetate on the sidewalls and these may inadvertently trigger the crystallization.  
Similarly, if you cool the solution more, the solution is more likely to crystallize before you add a trigger.  This is because the more you cool it, the more supersaturated it gets.  In addition, just bumping the container (beaker) of the sodium acetate into something can lead to crystallization, so moving the solution to and from the refrigerator adds potential sources of crystallization. 

So our recommendation is to practice this process a few times before you do it as a demonstration.  (The sodium acetate is reusable as long as it does not become contaminated.)  Figure out what ratio of sodium acetate to water works well for you.  Similarly, determine what temperature you want to cool your solution to.  When making this decision, consider how far you will have to carry the solution when you move it to/from the refrigerator, since you want to minimize how much you move the solution, since bumps can lead to crystallization.  If you can consistently get fast crystallization at room temperature, it is not necessary to further decrease the temperature of your solution by cooling it in a refrigerator or an ice bath.
Crystallization occurred very slowly and/or only part of the solution crystallized
In these cases the likely reason is that the solution was not supersaturated enough.  When you repeat this activity, you need to increase the sodium acetate to water ratio.  (If you are going to reuse the sodium acetate material, add more sodium acetate to the beaker before or during the heating process.)  If you increase the sodium acetate to water ratio, yet you’re still having problems, you can cool the solution past room temperature.  For the same sodium acetate to water ratio, going to a colder temperature will result in a more supersaturated solution.  If this still doesn’t work, you could try this demo using sodium acetate hand warmers instead.
Be patient and prepared for the crystallization process
Before you start the crystallization process, make sure you have your audience’s attention, since crystallization can happen very quickly.  You should also prepare them to be patient, because it sometimes takes a little while for the crystallization process to become apparent.  But once it happens, it proceeds quickly.  Similarly, when you are practicing this activity, be patient and don’t walk away if it appears like crystallization is not occurring.  Sometimes it just takes a little while to start, and if you leave, even for a minute or two, you’ll likely miss it. 
The images below show this.  These images were taken with an iPhone camera; images were captured every 0.2 seconds.  (All of the images were taken in one series – the camera’s angle and position were changed during the series.  The trigger was added prior to frame 1.)
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       Frame 7

                          Frame 86

             Frame 128
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                  Frame 141

                        Frame 150 


Frame 168

Note:  These images are blurry due to focusing issues and the lack of a tripod, yet they clearly show the fact that crystallization can happen very quickly.  Plus, these images show that it can be hard to tell when crystallization is happening at first. 

Crystallization is barely visible in frame 86.  The evidence of crystallization is on the top surface of the solution, slightly below the center of the photograph.  (Even without camera issues it can be hard to notice the initial evidence of the crystallization process.)  This indicates that for the first 17 seconds crystallization was not very visible.  This is why it’s important to be patient after you add a trigger – it may not seem like anything is happening, when actually crystallization has already begun.

By frame 128 the crystallization is quite noticeable.  Between frames 128 and 86 only 8.4 seconds pass, yet the crystallization process is much more noticeable at frame 128 compared to frame 86.  Furthermore, in the 8 seconds between frames 128 and 168, crystallization proceeds from the top part of the solution to almost the bottom of the beaker (on the right hand side).  This shows that, once the crystallization process is evident, crystallization proceeds very fast.  
Oops!  My crystal self-assembled randomly, before I added a trigger
If the crystal self-assembled randomly, this was likely because it found a trigger before you added your trigger.  This likely happened because there was some sodium acetate powder or dirt/dust/contaminate on the sidewall of the glass container you were using.  Dirt particles like this can act as contaminates.  Alternatively, you may have bumped the container (beaker) the solution was in.  
It may be difficult to prevent triggering if you have a large audience that is bumping into your table/materials and touching things.  In this case you may want to try this demo using sodium acetate hand warmers instead.  For more information consult this write-up from The Exploratorium: http://www.exo.net/~jillj/activities/supersaturation.pdf
Tips for younger audiences

Very young audiences will not understand that there are objects, and structure, at a scale we cannot see.  So in-depth discussions of SA of atoms will not mean much to them.  Instead focus on the more basic idea that there are many ways of building things, such as the ones we see everyday that use nails, glue, etc.  Then explain that nature has a special way to build things called SA.  This way is special because it doesn’t require someone/something to read directions or physically assemble the parts.
Tips for older audiences

The “Crystallization demo” section of the “Talking points and procedure” section includes a discussion about supercooled solutions that is intended for older audiences.  Here is some more information on this topic: 












Pure water can be supercooled.  Many aqueous solutions can also be supercooled.  For example, salt hydrates have a strong tendency to supercool.  Sodium acetate is one example of a salt hydrate that can be supercooled and remain stable.  (The ability of a solution to be supercooled is due to many thermodynamic factors, such as the rates of homogeneous nucleation and the growth of the these nuclei.)  In this activity we use a supercooled solution of sodium acetate, so that crystallization happens really quickly.

Common visitor questions
What is self-assembly?

See background information section

What is a crystal?

See background information section

Why do crystals usually grow slowly?
See discussion on page 14
Where can I buy sodium acetate?

Tell the visitor where you purchased your materials.  (If it’s a scientific supply company explain that they may or may not ship materials to peoples’ homes, since there are restrictions on shipping chemicals.)  They can also buy an “Instant Hot Ice” kit from Steve Spangler Science (http://www.stevespanglerscience.com/product/instant-hot-ice).

Can you do a similar activity with sodium acetate hand warmers?
Yes!  Consult the Exploratorium activity that uses sodium acetate hand warmers at http://www.exo.net/~jillj/activities/supersaturation.pdf
When you’re doing a SA demo, why do you have to shake/vibrate the container?  

(This question refers to the demos suggested in the “Going Further” section.)

In SA, atoms must have enough energy so that they can bounce around and find the spot they need to be in.  (Note: atoms are not trying to find the right spot.  They just bounce around randomly, and if they find the right spot the higher bonding forces keep them there.)  If you add more energy you can cause things to bounce around more and find their correct spots faster.  This is probably easier to envision with large, macroscale objects.  Imagine that we have two long rods which each have a magnet on one end.  Now we put them in a box such that the magnets are far apart.  If we just leave them there, without touching the box, it’s basically impossible for the magnets to ever come into contact.  But if we shake the box, it starts to become possible.  And if we shake the box harder and harder, it becomes more likely.

How do sodium acetate hand warmers work?  Where does the heat come from?

When you convert the supercooled, supersaturated sodium acetate solution into solid sodium acetate, heat is released.  (The reaction is exothermic.)  This is the heat that you feel.  Sodium acetate releases lots of heat because it has a high latent heat of fusion.
Going further…

Here are some resources you can share with your visitors:
· Self-assembly videos:  http://mrsec.wisc.edu/Edetc/cineplex/self/index.html
· Self-assembly activity that uses balloons: http://mrsec.wisc.edu/Edetc/cineplex/balloons/index.html
· Self-assembly activity that uses Legos: http://mrsec.wisc.edu/Edetc/LEGO/PDFfiles/assembly.PDF
· Self-assembly activity that uses PDMS (a polymer) and a magnetic powder: http://mrsec.wisc.edu/Edetc/background/selfassembly/index.html
· Self-assembly demo that uses hot dog slices:   http://bradley.bradley.edu/~campbell/demopix6.html
· Activity using sodium acetate hand warmers: http://www.exo.net/~jillj/activities/supersaturation.pdf
· Exploring crystal structures with Lego blocks (Chapter 1): http://mrsec.wisc.edu/Edetc/LEGO/PDFfiles/nanobook.PDF
· Java Applet activity about self-assembly http://molo.concord.org/database/activities/231.html
Clean Up
Time:  5 minutes
If you keep your sodium acetate trihydrate clean and not contaminated, you can reuse it many times.  Store your sodium acetate trihydrate in a covered container, to prevent contamination.  

If you do not want to keep the sodium acetate trihydrate it can be disposed of in the trash.  A liquid solution of sodium acetate could clog drains/pipes so it is probably best to crystallize the sodium acetate and then dispose of the solid waste.
Universal Design
This program has been designed to be inclusive of visitors, including visitors of different ages, backgrounds, and different physical and cognitive abilities. 

The following features of the program’s design make it accessible:

[X] 
1. Repeat and reinforce main ideas and concepts

· Explicitly state overarching main idea and supporting concepts visually and aurally.

· Actively engage visitors with the content visually, aurally, and tactilely.

· Deliver one core concept at a time.

· Repeat core concepts frequently during the program.

· Punctuate the delivery of key ideas by presenting them visually, aurally and tactilely.
· Check in with the audience along the way.
[X] 
2. Provide multiple entry points and multiple ways of engagement

· Enable learners to enter at different places and take away different messages.
· Actively engage audience members in the program.

· Ask questions that encourage visitors to relate the content to their everyday life.

· Connect the content to a range of prior experience and everyday life examples.

· Use multiple analogies to represent the same idea.
· Engage more than one sense when delivering jokes and special effects.

[X] 3. Provide physical and sensory access to all aspects of the program
· Speak slowly and provide extra time for people to process important ideas.

· Provide auditory descriptions of models and images.

· Provide tactile models that are easy to handle and manipulate.
· Use color and/or tactile designs to impart meaning on models and images.

To give an inclusive presentation of this program:

· Ask the audience questions, and check in with them along the way to make sure they’re engaged and with you.

· Relate the topics to things visitors are familiar with
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