Sand, Plants and Pants
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Organization: Children's Museum of Houston
Contact person: Krystal Willeby
Contact information: kwilleby@cmhouston.org
General Description

Cart Demo

Sand, Plants and Pants is a hands-on activity exploring how the application of nano-sized particles or substances can change a bigger material’s properties. Visitors investigate the hydrophobic properties of plants, nano-fabric pants and magic sand.
Program Objectives

Big idea:  Nanoscale science can change how materials behave on the macroscale.
Learning goals:

As a result of participating in this program, visitors will be able to:  

1. See how science and nanotechnology can change everyday materials.

2. Describe how some plant leaves have nano-sized bumps that repel water thus keeping their leaves clean and dry. This phenomenon is called the “Lotus Effect.”
3. Explain that Magic Sand and Nano fabrics are an example of nanotechnology that mimics the water-repelling “Lotus Effect” of some plant leaves. 
4. Discuss how natural phenomena often inspires new innovations
NISE Network Main Messages:

[ x ] 
1. Nanoscale effects occur in many places.  Some are natural, everyday occurrences; others are the result of cutting-edge research.

[ x ] 
2. Many materials exhibit startling properties at the nanoscale.
[ x ]
3. Nanotechnology means working at small size scales, manipulating materials to exhibit new properties.
[    ] 
4. Nanoscale research is a people story.
[    ]  5. No one knows what nanoscale research may discover, or how it may be applied.
[ x ]  6. How will nano affect you?
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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 meterstick.

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

Nanotechnology has begun changing products that we use in everyday life. This activity explores how nanoscale science can be used to create changes in a material’s behavior or appearance at the macroscale. 

Nanotechnology takes advantage of different material properties at the nanoscale to make new materials and tiny devices smaller than 100 nanometers in size. (A nanometer is one billionth of a meter.) Nanotechnology allows scientists and engineers to make things like smaller, faster computer chips and new medicines to treat diseases like cancer. They also allow scientists to mimic behaviors in nature in order to obtain a desired outcome.

First noticed in the leaves of the lotus plant which remained clean and dry despite constant exposure to dust, dirt, rain, and other elements, the lotus effect is a self-cleaning, water-repellant property found in some plants. Scientists have discovered that this property arises from nanometer-sized waxy bumps on the surface of each leaf, preventing dirt and water from adhering. Because the valleys between the bumps are too small for dirt particles to get into, the dirt stays suspended on the tops of the bumps. When a water droplet falls on the leaf, it is also suspended on top of the waxy bumps. 
Water is a polar molecule, meaning it likes to stick to, or pull on, other water molecules. This attraction causes water to bead up on a surface. Inside a drop of water, each molecule is being pulled in every direction by all the other water molecules that surround it. But at the surface the water molecules are only pulled one way – back into the drop. This pull back inwards toward the center of the drop creates surface tension.  Tension around the entire outside of a bead of water makes the drop round instead of flat.

Normally, surface tension affects only the top of a water drop—the bottom sticks to whatever material on which the water is sitting. But in the case of the lotus leaf, something very different happens: the nanoscale bumps on the surface of the leaf prop up the drop. So, instead of sticking to the surface of the leaf, it is almost entirely surrounded by air. This creates surface tension on all sides, making the water bead up even more and stick to the leaf even less. In fact, the water adheres so loosely to the leaf that the tiniest movement causes the beads of water to roll smoothly off, taking any dirt particles with them. This makes the leaves self-cleaning.

Engineers have duplicated this lotus effect in numerous products. Fabrics can also be coated with nanometer-sized “whiskers” that protect them from stains. These nano-whiskers repel water and water-based products just like the lotus leaf. Nano fabrics are an example of nanotechnology—along with self-cleaning paint and windows—that mimic the water-repelling “lotus effect” of some plant leaves.
Hydrophobic, or “water fearing” sand, also known as Magic Sand®, is another example of how nanoscale engineering can change a material’s behavior or appearance at the macroscale. Treating the surface of individual grains of sand makes a new type of material that behaves very differently from regular beach sand.

Natural sand is attracted to water, making it hydrophilic, or “water loving.” At the beach, natural sand readily absorbs water when waves crash upon the shore. The atoms on the surface of sand particles have positive and negative charges. These charges are attracted to the oppositely charged ends of water molecules. Therefore, the water and the sand are attracted to each other.

Using nanotechnology, scientists can change the way sand and water interact. Natural sand grains are coated with a special silicon-based compound. One end of the compound is attracted to the sand particle. However, the other end of the compound is hydrophobic and sticks out away from the grain of sand. This creates a hydrophobic layer on the surface of each sand grain. This “non-polar” layer repels water from the individual grains of sand.

When normal sand is sprinkled over water, it readily mixes with the liquid and sinks to the bottom. But when non-polar sand is sprinkled, the water molecules prefer to continue bonding with other water molecules instead of the sand. This prevents the grains of non-polar sand from breaking through the surface. The sand stays on the water’s surface until enough material accumulates on the surface that its weight overcomes the surface tension. 

This same effect keeps non-polar sand dry. Water molecules will not attach to individual grains or flow between them. Other liquids, however, will soak into non-polar sand. For instance, oil’s non-polar nature is attracted to non-polar sand and thus allows the sand to absorb large quantities of oil.

Scientists have found ways to take advantage of the hydrophobic properties of non-polar materials such as Magic Sand®.  Beyond being a fun toy, Magic Sand® was originally developed for cleaning up petroleum oil spills. The sand bonds with oil floating on the surface of water and eventually accumulates enough weight to make the mixture sink to the bottom. The oil can then be dredged up and removed for treatment. Unfortunately, this process requires large amounts of Magic Sand®, making it too expensive. However, if the price of producing Magic Sand® decreases, it could become more popular for environmental cleanup in the future.
This activity was adapted from “Magic Sand/Nanosurfaces,” “Lotus Leaf Effect” and “Exploring Materials – Nano Fabric” developed by the University of Wisconsin-Madison Materials Research Science and Engineering Center (MRSEC) and Sciencenter for the NISE Network with funding from the National Science Foundation under Cooperative Agreement #ESI-0532536.
 Materials

Procedure 1

· Assortment of hydrophobic plant leaves, such as lotus leaves, nasturtium leaves, mustard greens, leafy kale, broccoli, or Chinese cabbage and an assortment of non-hydrophobic plants (iceberg lettuce, etc.). At minimum, 4-5 TOTAL leaves (note that more leaves will extend the length of the program)
· Trays for plants

· Beaker of Water
· 1 Cup of cocoa mix and spoon or small strainer
Procedure 2

· 1 Beaker filled with a purple liquid (water with food coloring will come out in the wash)

· Swatch of non-treated fabric

· Swatch of nano-treated fabric

· Miniature Pants made of nanotechnology stain-resistant fabric

· Regular-sized nano pants

· Water guns filled with purple liquid (to resemble grape juice) - optional
· Tray and hanger for miniature and regular-sized Nano Pants, respectively
Procedure 3
· Magic Sand®
· Regular Sand

· Demo Tank, small aquarium, or large bowl

· 2 small plates (or petri dishes) 
· Two cups for magic and regular sand

· Large serving spoon

All Procedures

· 3 Plastic (or stainless steel) spoons

· Multiple Pipettes (6)

· Paper or regular Towels

Set Up

Time:  10 Minutes
Step 1: Arrange materials in testing order:
1. Put out plant samples on tray with beaker of water and pipette nearby. Place the cocoa mix and a spoon or strainer to the side.
2. Place out the two cups – fill one with normal sand and one with Magic Sand® with a spoon in each. Place a small amount of regular sand (enough to cover the bottom) onto one plate and repeat with the Magic Sand® on the other. Place 2 pipettes and the beaker of water together. Place the demo tank or aquarium nearby and fill about halfway with water. 
3. Place the swatches, tongs, and miniature nano-pants onto a tray. Place the tray, beaker of purple liquid (red+blue food coloring and water) and pipette together. Then, place the filled water guns and the large pants together. Cover the table surface if possible.
4. Place out towels in easy reach.   
Program Delivery

Time:  20 Minutes
Safety:

Very Safe.
Procedure and Discussion:
Intro: [Introduce yourself and welcome everyone] Welcome to our Sand, Plants and Pants exploration! Did you know that many inventions and innovations we take for granted today were actually based on things observed in nature? How many people have Velcro on them today (wallets, shoes, etc.)? Well, it was invented by a man named George de Mestral saw how certain types of plant seeds stuck to his dog’s coat.

Today we are going to learn about a special, naturally-occurring phenomenon called the Lotus Effect and how scientists are using that phenomenon to create unique materials. The Lotus plant has extraordinary leaves which can clean themselves! The lotus leaf isn’t the only such plant, however. Let’s explore some other plants which experience the Lotus Effect and some plants that don’t.
[Procedure 1]

Try This! 

1. Have visitors use a pipette to drop some water onto the iceberg lettuce leaf. What happens?
2. Tilt the tray on which the leaf is sitting and let the water roll off the edge. What do you observe?
3.  Repeat with all leaf samples.
4. Dry the samples with a paper towel and dust each leaf with the cocoa powder. Have visitors once again use a pipette to drop some water onto each of the leaves and then again tilt the leaves and observe the result.  

What's Going On?

[ask visitors what they saw in this experiment] The difference between the leaves can actually be found on the nanoscale. The nanoscale is the scale used to measure things like atoms and molecules which are too tiny to see with our eyes, but make up everything in the world. You, me, this table, these leaves, they are all made from teeny-tiny little atoms. 
Plants like lotus and turnip leaves have tiny bumps, one-billionth of a meter high, covering the surface of their leaves. The average 6-year-old is about a meter high. That means then that these little bumps are one-billion times smaller than you there (point to a child of the approximate age and height). In fact, these bumps are so tiny that dirt particles and water drops cannot fit between them. Instead, these nano-sized bumps hold the particles in the air and, when tilted, the water will roll straight off, taking the dirt particles with it. As a result, the leaves stay clean and dry. This phenomenon is called the Lotus Effect.
Transition from Procedure 1 to Procedure 2: Scientists began to explore how to take this natural phenomenon and use it to create commercial products. Here are two products inspired by the Lotus Effect.

[Procedure 2]
Try This!

1. Have visitors use a pipette to drop a few drops of a purple liquid (to resemble grape juice) onto a regular cotton fabric swatch – what happens? Repeat with a nano fabric swatch. What was the difference?
2. The facilitator should dip the miniature nano pants into a beaker of purple liquid (to resemble grape juice) with a pair of tongs. Pull the miniature nano pants out of the beaker and put it on a tray. Use paper towels to BLOT away excess liquid (or if you are more daring, shake them off). What happens?

3. Optional - Let visitors use a small water gun to squirt purple liquid onto regular-sized nano pants and then blot with a paper towel. What do you observe?

What’s Going On?

Nano fabric is another application of the Lotus Effect. Cotton fabric is dipped into a chemical solution before it is cut into pants. Nano-sized particles penetrate the fabric and coat each and every cotton thread. Remember how big a nanometer is? That’s right, these particles are one-billion times smaller than a regular meter. Because they are so small, the fabric looks and feels the same, but it is now very different. Billions of little “nano-whiskers” create a thin cushion above the cotton fabric, preventing water-based liquids from being able to stick, thereby “whisking” them away to keep your pants dry and clean. Water just beads up and rolls off the pants! Now you can spill all kinds of stuff on your pants without having to worry about it. I bet your Mom would be pleased.

Transition from Procedure 2 to 3: Let’s look at one more cool product which has been inspired by the Lotus Effect.

[Procedure 3]
Try This!

1. Have visitors use a pipette to drop some water into the container of regular sand. What happens?

2. Now, have them use a pipette to drop some water into the container of Magic Sand®. What happens? How do the two compare?
3. Have visitors use the spoons to place some normal and Magic Sand® in a demo tank or aquarium. How do the two samples behave? How do they compare to each other?
4. Have visitors use a large mixing spoon and scoop out some of each of the samples of sand (NOTE: they may need help depending on their level of dexterity). Let them touch the sand. How does it feel? How do they compare?
What’s Going On?

Like lotus leaves, Magic Sand® repels water. However, it is actually a chemical rather than physical property that causes this phenomenon. Normal sand is naturally hydrophilic which means ‘water-loving.’ The water is easily absorbed into the sand which allows us to make some great sand castles at the beach. Magic Sand®, however, is hydrophobic which means ‘water-hating.’ 

Each and every grain of sand has been exposed to a silicon compound which changes the sand, making it unbondable to water. The water can’t be absorbed, so the Magic Sand® stays dry to the touch. Magic Sand® was originally created to trap oils spills in the ocean. It worked, but it proved to be too expensive because they needed a whole bunch of Magic Sand®  to be effective. It has now been used in everything from plant aeration to creating golf course sand traps! 
Note: We have extended Procedure 2 to be a stand-alone piece where kids can construct “underwater sand castles” using the Magic Sand®.

Conclusion: Scientists are working on other nanotechnology applications that mimic the Lotus Effect: self-cleaning window glass, paint and even self-cleaning plastics. Just think, maybe one day we won’t even need dishwashing soap. All of these products are great examples of how particles on the nanoscale can change the behavior of materials seen on the macroscale. They are also great examples of how scientists use natural phenomena to create new products!
[Thank everyone for coming and offer to answer questions.]
Tips and Troubleshooting:

Water, chocolate powder, grape juice and sand can be messy – have cleaning supplies nearby.
Common Visitor Questions

Where can we get Magic Sand®?
Magic Sand can be purchased at number of online and local vendors including crafts stores or science supplies such as Steve Spangler Science or Educational Innovations.

Are all stain-resistant pants nano fabric pants?

No, not all stain-resistant pants are made of nano fabrics. Classic methods such as scotch guard chemically treat the material, making it difficult for the fabric to absorb various liquids. However, nano fabrics actually have a physical property, the nano-sized whiskers, that keep the fabric clean and dry. This is similar to the difference between nano fabric and magic sand. Though both emulate lotus leaves, magic sand depends on a chemical barrier to stay dry while nano pants rely on a physical barrier.  
How do you wash nano-pants?

Nano-Tex, the leading manufacturer of nano fabrics, recommends the following washing instructions:
“Wash the garment as you would any other garment, following the care instructions provided on the manufacturer’s care label. Tumble-drying with heat is required. For optimal performance, steam ironing will enhance performance. Liquid softeners are not recommended. If a fabric softener is desired, dryer sheets are recommended over liquid softeners that are added to the wash process. Dry cleaning is not recommended for Nano-Tex fabrics. The chemicals found in typical dry cleaning solutions contaminate the fabric and can negatively affect performance and mask the technology.” 

Going Further…
Internet Resources:

Lotus Leaf Effect:

http://www.youtube.com/watch?v=KPhUL06Tlnk

Lotus Leaf Inspired Products:

Self-Cleaning Pants:

Nanotex® (stain-resistant fabrics)
http://www.nanotex.com/index.html
Self-Cleaning Paint:

Lotusan® website:
http://www.stocorp.com/allweb.nsf/lotusanpage
This STO website has a very compelling video demonstration of the self cleaning properties of Lotusan® paint. 

Lotusan® brochure:
http://www.stocorp.com/webfiles.nsf/htmlmedia/s647+lotusan.pdf/$file/s647+lotusan.pdf
Self-Cleaning Plastics:
http://www.physorg.com/news88088727.html
http://dsc.discovery.com/news/2007/01/30/selfclean_tec.html?category=health&guid=20070130100000
For other consumer products that utilize nanotechnology:
http://www.nanotechproject.org/inventories/consumer/
Clean Up

Time:  5-10 minutes
1. Pour out liquids.
2. Wipe off surfaces.

3. Dispose of plant leaves.
4. If the magic sand is reusable (not heavily mixed with the non-treated sand), pour back into your supply. The regular sand can either be dried for reuse or thrown away. 
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.

· Engage as many senses as possible when presenting the leaves, nano fabric and magic sand. While you audibly explain the lotus leaf effect, allow them to touch as well the phenomenon.
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This project was supported by the National Science Foundation under Grant No. ESI-0532536.  

Any opinions, findings, and conclusions or recommendations expressed in this program are those of the author and do not necessarily reflect the views of the Foundation.  
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