Why are Seashells so Strong?
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Organization:  Lawrence Hall of Science
Contact person:  Lizzie Hager-Barnard
Contact information:  lizziehb@berkeley.edu
General Description
Type of program: Cart demo 
In this hands-on activity, visitors explore the structure of seashells and learn that seashells are a composite material made of both inorganic and organic materials.  Visitors compare the mechanical properties of plaster bricks and dried sheets of glue, which helps them discover that both toughness and hardness are important mechanical properties.  To see what a shell would be like if it were not so tough, visitors try to break normal shells and shells that have been either baked or soaked in bleach.
Program Objectives

Big idea: 

Shells have great mechanical properties, including high hardness and high toughness. Shells’ great mechanical properties are due to both their nanoscale structure and their combination of inorganic and organic materials.  
Learning goals:

As a result of participating in this program, visitors will learn: 
1. That an object’s materials and structure determine its strength

2. That a composite material is a mixture of two or more materials

3. The difference between toughness and hardness 

4. The differences in mechanical properties between dried glue sheets and plaster bricks

5. That bleach can remove organic material and baking can harm/degrade organic material
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
[  ] 
5-8: Transfer of energy
[  ] 
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

[  ] 
9-12: Interactions of energy and matter

[  ]
3. Life Science

[x] 
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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   7 days
  15 minutes
15 minutes
NOTE:  The time required for set-up/preparation is quite long because many steps have to be done ahead of time.  The total active preparation time is roughly 3-4 hours.  Skipping some of the suggested materials can reduce the set-up/preparation time.  More information about this is given in the Materials 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

Bones and seashells both provide mechanical structure for animals. Bones support animals’ weight and are crucial in locomotion. Seashells protect marine animals from the forces exerted by waves and also keep animals safe from predators. Bones and seashells have evolved to be very strong, so that they can provide adequate support and protection. In this activity we are examining why seashells are so strong.
Because a shell is composed of different types of materials, it is a composite material.  Most other biological materials are also composite materials.  Composite materials combine the advantages of each of their separate constituent materials, making them ideal for many applications.
The composite nature of shells allows them to be both very hard and very tough.  This combination of properties is unique because most things that are very hard are not tough, and vice versa.  High hardness means that shells resist permanent changes when forces are applied to them.  In other words, it takes a lot of energy to deform objects that are hard.  High toughness means that shells can absorb a lot of energy before they break/fail.  
An example of a hard, but not tough, object is a ceramic plate.  Many of us have broken plates by dropping them.  This happens because the plate is not tough enough to absorb the impact energy when it hits the floor.  On the other hand, an example of a tough, but not hard, thing is a ball of Play-Doh.  It is easy to deform Play-Doh, but it doesn’t crack when you change its shape.  This indicates that Play-Doh is tough but not hard.
Given the examples of a plate and Play-Doh, you can see that shells are pretty unique.  Shells can be dropped on the ground and do not break, but they also don’t deform even when you push on them hard with your fingers.  Shells’ mechanical properties are due their materials and structure.
Shells consist of both organic and inorganic materials.  Organic molecules are ones associated with living things.  Organic molecules always contain carbon, but containing carbon is not enough to make something organic.  For example, diamond is made of carbon, but it is not organic.  (Which makes sense, since diamond is not alive.)  For something to be organic, it must contain carbon atoms that are bonded to hydrogen.  Examples of organic things are DNA, sugar, wood, and methane.  Conversely, examples of inorganic things are salt, carbon dioxide, glass, and metals. 
Note: In the context of biochemistry (and science in general), the term “organic” does not refer to how food is grown.  In this activity, “organic” refers to the scientific definition, and not organic products that you can purchase, like organically grown chicken or milk.  This is an important distinction.  In agriculture the term “organic” is used to signify that something has been grown in a healthier way, without synthetic pesticides or fertilizers.  However the use of “organic” in this context is not consistent with its scientific definition.  For more information, read the Wikipedia entry for “Organic food,” which has a good description of the difference between organic molecules and organic food. 
As mentioned previously, shells’ great mechanical properties are due to both their materials and structure.  Shells consist of mineral platelets inside an organic matrix. The mineral platelets are made of calcium carbonate (CaCO3), an inorganic material.  These inorganic platelets are thin rectangular slabs, so the name “platelet” is not very representative.  (These platelets should not be confused with blood platelets, which are completely unrelated.)  The platelets are surrounded by an organic matrix.  In this context a matrix refers to “a natural material in which something is embedded” (Merriam-Webster online dictionary).  The organic matrix is composed of many different organic molecules, including proteins, carbohydrates, and lipids (fats). 
A comparison of the schematic and photo shown below illustrates how the structure of a shell can be thought of as a brick and mortar wall.  The schematic on the left is of nacre, which is an inner shell layer common in mollusk shells. In seashells, the “bricks” are the calcium carbonate (inorganic) platelets.  Similarly, in shells the analogy to mortar is the organic matrix.  There are many reasons why the structures of shells contribute to their excellent mechanical properties. For example, shells’ special structure prevents the growth of long cracks, which makes shells hard to break.
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The structures of seashells and brick walls are similar.  The schematic on the left illustrates the structure of nacre, which consists of inorganic platelets within an organic matrix.  The photo on the right is of a brick wall.  Sources:  http://commons.wikimedia.org/wiki/File:Nacre_microscopic_structure.png and http://commons.wikimedia.org/wiki/File:City_wall_close.jpg
In this activity we will create a plaster brick model (or a Lego brick model) to understand the structure of seashells.  The model uses plaster bricks to represent the calcium carbonate platelets and glue to represent the protein matrix. Figures (A) and (B) below show the two different types of structures that will be made from the plaster bricks. In (A) the rows are staggered, so that the bricks on one row are not directly above the bricks on the row below.  In (B) the rows are all aligned the same, so that each brick is directly above the one below it. Can you guess which one resists cracks better?  As shown in (C), having the bricks staggered works better for stopping crack propagation through the shell, since the cracks travel longer along the inorganic/organic interface.  (The full explanation for the fracture behavior of shells is more complicated than this.  For more information consult the references given on page 9.)
Interestingly, shells and bones have structures on many length scales, from centimeters all the way down to nanometers.  Having different structures on many size scales is called hierarchical structure.  Shells’ hierarchical structure also helps them resist crack propagation. Another reason why shells resist fracture/cracking so well is that the calcium carbonate platelets are able to slide somewhat along the protein matrix, which allows the shell to dissipate forces that are applied to it. To prevent the bricks from sliding too much, the calcium carbonate platelets have small protrusions that limit how far they can slide.
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        (D)
Figure 1.  Alternate ways to stack plaster bricks (dark grey) and glue (light grey).  

The structure in (A) is more mechanically robust than (B) because it stops crack propagation better, as illustrated by schematics (C) and (D).
Does it seem weird that an object’s structure affects its mechanical properties?  Though we do not always think about it, a material’s structure often has a huge effect on its mechanical properties.  For example, think about the different forms carbon can have, such as soot, graphite, and diamond. All of these are made out of carbon atoms, but they have very different mechanical properties.  Soot is a powder and falls apart in your hands.  On the other hand, graphite looks like one solid chunk (like in a pencil), yet it is actually composed of layers that can slip off when you glide your pencil along a piece of paper.  This happens because the carbon atoms in graphite are strongly bonded in some directions but not others.  Finally, in diamond the carbon is strongly bonded in all directions, which is why diamond is one of the world’s strongest materials. These differences in soot, graphite and diamond are due to the way the carbon atoms are arranged and bonded to each other.
Scientists are very interested in how shells grow and what controls their structure. They are interested not only for basic science reasons but also for technological/engineering reasons.  If engineers can better understand shells’ structure they may be able to design new products, from artificial limbs, to strong fabrics, to parts for airplanes. One interesting thing that scientists have already learned is the importance of the protein matrix in shells.  The organic (protein) component of seashells isn’t just important for making shells tougher.  Researchers have shown that the protein component in seashells also controls how the inorganic crystals grow.  So even though the protein matrix makes up just a few percent of the mass of a seashell, it has a large effect on the structure.  

While much of this seashell research is years away from producing actual commercial products, it is making progress. For example, one research group published a procedure for making very large sheets of artificial nacre that are about 0.1 mm thick. The mechanical properties of this artificial nacre were shown to be on par with natural occurring nacre.
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Materials
This section describes how to prepare the suggested materials.  To reduce the number of consumable materials, some of the materials are for visitors to look at, while other are for the visitors play with.  Alternatively, you can let visitors play with all the materials, or encourage them to play very gently with some of the materials. 
You do not have to prepare all these materials to have a fun and interactive activity.  To help you save time in preparing materials we note which materials are most important.  We also suggest alternatives to some of the time-consuming material preparation.
Overview
Stuff for visitors to look at:

· 2 different plaster brick models and individual plaster bricks (plaster, water, bowl, measuring container, stirring utensil, silicone mold, knife, glue)
· If you are short on preparation time, skip the plaster brick models (or create the models from Lego bricks, as discussed on page 13)
· If you are really short on preparation time, skip the individual plaster bricks 

Stuff for visitors to play with:

· Regular, unprocessed shells (shells)
· Baked shells (shells, oven, cookie sheet or baking pan)
· Shells soaked in bleach (shells, household bleach, a container, gloves (optional))
· If you are short on time, skip this 
· Dried sheets of glue (glue, plastic wrap)
· If you skip the plaster bricks entirely you may want to skip the glue sheets as well
Materials for breaking shells:

· Mallets/hammers
· Wash cloths or dish towels 
· You’ll need one washcloth if doing this as a cart demo, or many washcloths if you will be doing this in a classroom and multiple kids will be breaking shells at the same time.

Safety equipment:
· Safety glasses (at least two for a cart demo; one per person for a classroom activity)
Material sources:

· Plaster can be found at most arts stores.
· Shells are available from many online retailers. One inexpensive option is shell mixes from www.qualityshells.com. The small and medium shell mixes work well.

· Silicone molds are available from many kitchen supply stores.  Amazon also sells a few, such as Chef Buddy’s Dessert Bar Pan (http://www.amazon.com/Chef-Buddy-82-SDB24-Reinforced-Silicone/dp/B0041TX5BC).  

Preparation

Overview:
1.   Prepare shell samples

a.   Bleach shells

b.   Bake shells

2.   Prepare plaster bricks and dried glue sheets

a.   Make plaster bricks (at least 18)
b.   Glue plaster bricks together 
c.   Create dried glue sheets
3.   Prepare other materials

Step 1: Prepare shell samples
Bleach shells 
· Timing: at least 7 days prior to activity, because shells need to soak in bleach for at least a week
· Recommended: wear dishwashing gloves and use a container with a top
· Put shells into a container. Carefully pour bleach over the shells until the shells are covered with bleach. If your container has a top, put the top on.
Bake shells
· Timing: can be done ahead of time (we did this 1 week ahead of time)
· Bake shells in an oven at 400 degrees for at least 90 minutes.
· It’s a good idea to let the shells cool and then try breaking one of them, to make sure shells were heated for long enough to degrade the protein. If the shells were baked long enough they should be easy to break.
Step 2: Prepare plaster bricks and dried glue sheets
Make plaster bricks (at least 18)
· Timing: at least 5 days prior to activity and at least 3 days prior to gluing
· Plaster can be hard to get off things, so you may want to use disposable plastic objects for measuring and stirring
· Follow recipe for plaster – usually you need to measure out 1 unit of plaster and 0.5 units of water; disposable plastic cups work well as units of measurement
· Plastic spoons work well for stirring
· To make plaster bricks we found it easiest to use silicone baking molds meant for brownies or cookies
· Follow directions on plaster package for preparing plaster. After making sure plaster is well-mixed, pour plaster into silicone mold.

· Wait for suggested time on plaster package, or until plaster appears thoroughly dry. Remove plaster bricks from silicone mold.

Glue plaster bricks together to model shell structure 
· Timing: at least 2 days prior to activity / cannot be done until plaster bricks are completely dry
· Don’t glue plaster bricks together until they are thoroughly dried!
· For structure #2 you will need to use a knife to cut some of plaster bricks, following the schematic below.
· Glue bricks together to create the two structures shown below.  Apply pressure for at least 20 seconds after sticking bricks together.
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                  Structure #1


                  Structure #2
Glue plaster bricks together, continued

** Alternatively, you can build these models using Lego bricks. **
Use Lego bricks of different colors and heights to differentiate between the organic         and inorganic materials in shells, as shown below.

[image: image12.jpg]# 4 L ) 2
o g 2 : &
i
y ” y o
¥
,
¢ : # d :
£ .



  
   [image: image13.jpg]




     Structure #1


        Structure #2
Create dried glue sheets 

· Timing: at least 2 days prior to activity 
· Optional: put something (paper/plywood/etc.) underneath plastic wrap in case glue dissolves the plastic wrap
· Squeeze glue (Elmers or Tacky Glue) onto plastic wrap (Saran Wrap). Do not make the glue layer too thick or the plastic wrap may dissolve. Hint: if you leave the top on the glue bottle it should not create too thick of a layer.
· After glue has been drying for a while (about 12 hours) and appears pretty dry, peel glue off the plastic wrap and flip over, so the other side has a chance to dry.
· Note: glue sheet’s texture changes with drying time, so you can adjust drying time to achieve the desired properties.
Step 3: Prepare other materials
· Print any images and background materials that you want to use during the activity
· Gather the rest of the materials, such as those needed for breaking shells (mallets, wash cloths, safety eyewear)
Set Up
Time: 10 minutes
As shown below, this activity can get kind of messy.  We suggest covering your table or cart with paper or a plastic tablecloth.  Additionally, if you have a carpeted floor you may want to cover it with paper to make clean up easier.
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This activity can get messy.  Covering your table 
and floor with paper can make cleanup easier.

Pick out your neatest shells and put them on the front of the table, closest to where the visitors will be. Behind these neat shells arrange the rest of your shells (unprocessed, baked, and/or bleached). Keep the shells in groups, so you remember which are which. (Optional: put shells in labeled trays so they are less likely to get mixed up.)  Then position your glue sheets, plaster bricks, and plaster sandwiches on the table.
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 Left hand side of table

         Right hand side of table
   Possible setup arrangement.  Shells were arranged on left hand side of the table, as shown.
  Plaster bricks and glue sheets were arranged on the right hand side of the table, as shown.
Keep the mallets hidden until you are ready to give them to a visitor.  If doing this activity as a cart activity, have visitors return the mallet to you after they use it, so that another visitor doesn’t use it without your supervision.
Before presenting program, review safety and background information.
Program Delivery
Time:  10-15 minutes
Safety

Don’t let visitors handle broken shells because they may cut themselves.  Don’t let visitors try to break shells in their hands because they may cut themselves.

Ensure that the shells are covered with a cloth before beginning.  Make sure visitors understand how to swing the mallet – some kids have a tendency to bring them close to their faces on the upswing. 

For very young children:
Make sure very young visitors do not stick objects in their mouths.

Very young children should always be assisted when trying to break the shells – they likely do not know how to safely swing a mallet.

For cart demos:

Don’t let visitors break shells until you can properly supervise them. Make sure there is adequate space between the visitor who is breaking a shell and other visitors. (Optional: tape out a designated space for breaking shells.)  The visitor breaking the shell should wear safety glasses.  In addition, the person conducting the demo should also wear safety glasses.

For older audiences:

Discuss all safety issues before letting the students break the shells. Make sure everyone wears safety glasses, as an added precaution.  (The teacher should also wear safety glasses, if s/he will be near the students.)  Make sure that the shells are covered by washcloths before they are crushed. Also, ensure that the students understand how to swing the mallets – some kids have a tendency to bring mallets close to their faces on the upswing.  
Talking points and procedure
Introduce the shells

When visitors come over, hand them some of the best shells to look at.  Ask them simple questions to get them engaged, comfortable talking with you, and excited about the activity. Examples of questions are “where do you find shells?” and “what lives in shells?” Young children often know about hermit crabs. You can add that there are also other animals that live in shells, like snails, mussels, and scallops.
Mechanical properties of shells

Ask your audience whether they think shells are strong, soft, hard, etc…

Many kids will say shells are soft, meaning that they’re smooth.  If they say this, agree that shells are really smooth, but try to get them to think about how shells feel when you push on them, not when you run your finger along them.

Ask your audience whether they think it’s important that shells are strong, and why? Here we’re trying to communicate the idea that shells are strong because they have to be – they wouldn’t be useful to animals if they didn’t provide adequate protection. 
Components of shells

Explain that we’re going to investigate why shells are so strong. Hand your audience members the plaster bricks and ask them what they think of the brick’s mechanical properties. Then hand them a dried sheet of glue. Ask them if they have a guess about what it is. This is pretty tricky, so most visitors won’t know what it is. Tell them it is a dried sheet of glue. Ask them what they think of the dried glue’s mechanical properties compared to the plaster brick’s properties.  
( Learning goal: Learn the differences in mechanical properties between dried glue sheets and plaster bricks
Explain that a shell is a mixture of materials. It has two main components: inorganic crystals that are like tiny plaster bricks and thin sheets of an organic (protein) mixture that is like glue.  
Organic molecules are ones associated with living things.  Organic molecules always contain carbon, but containing carbon is not enough to make something organic.  For example, diamond is made of carbon, but it is not organic.  (Which makes sense, since diamond is not alive.)  For something to be organic, it must contain carbon atoms that are bonded to hydrogen.  Examples of organic things are DNA, sugar, wood, and methane.  Conversely, examples of inorganic things are salt, carbon dioxide, glass, and metals.  See background information for more on this.
Older visitors will often ask what the organic mixture is composed of.  The answer is that it is mainly composed of proteins, but the exact composition varies widely depending on the shell type.  (In addition to proteins it also contains fats and carbohydrates.)
Because a shell is composed of different types of materials, it is a composite material.  Most other biological materials are also composite materials. Composite materials combine the advantages of each of their separate constituent materials, making them ideal for many applications.

( Learning goal: Learn that a composite material is a mixture of two or more materials.  
Structure of shells

Now we’re going to talk about the structure of shells and how this structure contributes to shells’ strength. 

Explain to your audience that shells are very strong, but their strength isn’t just due to the materials in the shell. It is also due to the structure of the shells, from the macroscale down to the very tiny nanoscale. (Explain what the nanoscale is. If you need a refresher, consult the background information at the beginning of this write-up.) 
( Learning goal: Learn that an object’s materials and structure determine its strength
Put your two plaster brick “wall” models in front of your audience so they can see them.  (If you chose to make Lego models instead, use them here.)  Explain that there are many reasons why shells are strong. In fact, scientists are still trying to understand all the reasons why shells are strong! Say that you made these models to illustrate how the structure of a shell is similar to a brick and mortar wall. In a shell the calcium carbonate platelets are like the bricks and the protein (organic) matrix takes the place of the mortar.

Point to your two brick “wall” models and ask your audience, what is different between them? What we’re looking for here are observations such as “their structures are different” or “the bricks line up differently”.  If your audience doesn’t understand the question or seems confused, try rephrasing the question and providing hints. 
Once your audience identifies the differences between the models, tell them that we are going to figure out which is a better structure mechanically. Explain that one important property of materials is the ability to resist crack growth (propagation), since cracking can cause things to fail. Ask your audience which structure they think would better resist crack growth. Explain that the structure where the rows are offset because this forces the crack to travel longer to move from one platelet layer to the next.  
This staggered alignment of the platelets in shells is also advantageous for other reasons. For example, it makes shells stiffer (have a higher modulus). 
Hardness is the resistance to indentation/scratching.  On the other hand, stiffness is the resistance to deflection.  Jell-O (gelatin) is not very stiff while most metals are quite stiff.

Note: for older audiences you can provide additional details about the structure of shells and how they impact shells’ resistance to crack propagation. These examples are given in the program specific background.

Effects of bleaching and baking on shells
Explain that we have already investigated shells’ mechanical properties by thinking about the shell’s materials and structure. Now we will measure shells’ strength by trying to break regular shells as well as shells that have been bleached or baked. Bleaching removes organic materials.  On the other hand, baking degrades organic materials like proteins, because it changes the shape/structure of proteins. Since proteins’ conformations (structures) are very important, proteins don’t act as “gluey” when their structures change. 
( Learning goal: That bleach can remove organic material and baking can harm/degrade organic material 

Earlier we talked about how the dried glue sheets are like the protein (organic) component of bone. The protein matrix makes shells tough, while the inorganic component of bone (which is like the plaster bricks) makes bone hard.  So if bleach removes the organic material, do you think shells soaked in bleach will be easier or harder to break, compared to regular shells?  Since the bleach removes the organic material, the bleached shells will be more brittle and easier to break. 
Once your audience understands this, explain that we’d expect a similar result from baked shells. However the ease of breaking baked versus bleached shells may be different, because one removes organic material while the other technique only harms it.  Ask your audience to use the scientific method and propose a hypothesis about how difficult they think it will be to break different shells. 
We expect it to be easier to break bleached than baked shells, however there is significant variation in how hard it is to break shells from each group (bleached and baked).
It’s time to break some shells!
Now it’s time to let the kids break the shells. If doing this as a cart demo, supervise the visitors and only let one visitor at a time break the shells. Make sure that the visitor is wearing eye protection and explain that they should not put their other hand near the cloth where the shell is. (You should also wear eye protection.)  Also explain the role of the cloth (to prevent projectiles) so that they don’t fool around with it.  If doing this in a classroom go through all safety rules and make sure your students are wearing eye protection before letting them start.
Have each visitor try to break a normal (unprocessed) seashell, a baked shell, and a bleached shell.  Ask them what happened, and whether the results matched their hypotheses. 
Review concepts / Wrap-up
Wrap-up this activity by talking to the kids about what they observed and learned. Remind them that they saw that dried glue sheets are very tough, while plaster bricks are very hard. Toughness means that objects do not crack easily; most tough objects can be manipulated and changed.  Hardness means materials don’t deform easily; most hard objects crack suddenly and completely (catastrophically) when they begin to break.  Toughness and hardness complement each other, so composites made of tough and hard materials usually have good mechanical properties.
Remind your audience that they learned that shells have a combination of small bits of protein, which is like glue, and inorganic crystals, which are like plaster. This combination of toughness and hardness, along with a good structure, makes seashells very mechanically robust.  In other words, these factors give shells their great mechanical properties.

Finally, remind your audience that we saw the effects of different treatments on shells.  We saw that heating/bleaching the shells harmed/removed the organic component, making the shells much more brittle. (Removing the organic component makes the shells less tough.) This made the shells less mechanically robust, and easier to break with a mallet. 
( Learning goal: Learn the differences between toughness and hardness
Tips and troubleshooting

Working with young kids 
Very young kids (under 5) will have trouble grasping the idea that the shell has structure on a size scale that we can’t see. For this age group focus on what the important mechanical properties of shells are. Specifically, shells must be strong because their job is to protect animals. Have young kids play with the dried glue sheet and plaster bricks to feel the differences in the mechanical properties. You can also explain that the shell is made up of tiny bits of things like glue and things like brick, but it won’t help to focus on this too much for young kids. Instead of focusing on the structure, focus on the materials, and explain that a shell is like a combination of the glue sheet and the brick. Finally, it is important that young kids be assisted when trying to break the shells so they don’t hurt themselves. 
Expanding the discussion for older audiences
For older audiences, especially high school students and adults, it is great to add additional information.  For example, talk about how an understanding of shell’s materials and structure is important for the field of biomimetics, in which scientists and engineers look to nature for inspiration. You can also talk about the similarities between seashells and bones and how biomedical engineers need to know a lot about bones’ structure and materials when they try to design artificial bone.

Oops!  My plaster bricks are slightly damp
Sometimes, if the plaster bricks were made with too much water, they can be rubbed liked chalk across a surface. When they are rubbed this way they will behave like chalk and leave substantial residue. This will give visitors the idea that plaster is soft, which confuses the message of this activity. It is best to check your plaster bricks before starting this activity to make sure they are thoroughly dried and not soft.  
But if all your plaster bricks came out too soft, or if you forget to remove the soft plaster bricks, all is not lost. Instead, you can make this an additional learning opportunity, especially if you have an older audience. You can explain that in this case the plaster brick is actually a composite of plaster and water, since not all the water has evaporated. Because of the retained water, this soft plaster brick is tougher but less hard than a normal, thoroughly dried plaster brick would be.

Oops!  I can’t break my shells
Sometimes the bleached and baked shells can be very hard to break. (Note: this is why we recommend trying to break one of your baked shells after it cools down.) In this case you should talk to the kids about how processing steps don’t always have identical results.  Give some ideas for why the shells are so hard to break this time: maybe there was more protein in this group of shells, maybe these shells had a slightly different structure, maybe the bleach was not as potent/reactive, or maybe the shell wasn’t in contact with as much bleach, etc. (The last two ideas seem the most likely for bleached shells.) Also explain that this is an important example of why scientists have to repeat their experiments on multiple samples.

Common visitor questions

What is the dried white thing?

Don’t answer the question right away. Guide your audience through a discussion about the “mystery material”, asking them about its properties. If they get stuck and can’t figure out what it is, tell them that it is a sheet of dried glue.
How long do you bleach/bake the shells?
Information is given in the Materials section.
What does bleaching do to the shells? What about baking?

Bleaching removes organic material while baking degrades/harms organic material.  
Going further…

You can tell your visitors that they can do similar experiments with bones or eggshells. Also, with bones you can soak them in vinegar until they turn rubbery. Vinegar has this effect because the mineral (inorganic) component of bone dissolves in vinegar. Soaking seashells in vinegar does not have the same result because shells don’t have as much organic material (protein). So if you dissolve the inorganic material in shells there’s not enough organic material left and the shells become thin and fragile.
Here are some resources you can share with your visitors:

· Bone experiments:  http://howtosmile.org/record/3909
· Bone experiments:  http://howtosmile.org/record/8358
· Chicken eggshell experiments:  http://howtosmile.org/record/486
Many research universities and companies are trying to mimic shell structure in order to make commercial products. Here are some examples:

· http://www.ge.com/innovation/nano/index.html
· http://web.mit.edu/newsoffice/2005/seashells.html
Finally if your audience is interested in how seashells are created, you could direct them to this Scientific American article: http://www.scientificamerican.com/article.cfm?id=how-are-seashells-created.
Clean Up
Time:  15 minutes
· Clean up broken shells

· Return shells, plaster bricks, and glue sheets to their containers
· Clean table
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, like bones
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