Nano Science & Engineering Classroom Program
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Organization: 

Oregon Museum of Science and Industry (OMSI)
Contact person:  Tim Hecox
Contact information: THecox@OMSI.edu
General Description
Type of program: 

Classroom Program
This hour long classroom program introduces nano science and nanotechnology as a leading, cutting edge science with an emphasis on nano in nature, health, energy and the environment.  The class includes a PowerPoint presentation, three minute video, nine self-guided activities set up as “stations” around the classroom along with a concluding, teacher facilitated class discussion. This program was created for the Oregon Museum of Science and Industry’s (OMSI) Outreach Unit.  It has been designed for 4th – 8th graders and travels to elementary and middle schools in seven states around the Pacific Northwest.
Program Objectives

Big idea: 

Nanoscale Science and Nanotechnology affects our lives in many different ways.
Learning goals:

As a result of participating in this program, students will be able to: 
1. Understand how small something is at the nanoscale 

2. See how a material’s properties behave differently when at the nanoscale 
3. Understand that things on the nanoscale can be found all around in nature

4. Explore how scientists create new technologies to transport and produce clean and renewable energies 
5. Understand that nanotechnology has benefits and risks that affect our lives in many ways
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.
[x]
3. Nanoscience, nanotechnology, and nanoengineering lead to new knowledge and innovations that weren’t possible before.
[x] 
4. Nanotechnologies have costs, risks, and benefits that affect our lives in ways we cannot always predict.

National Science Education Standards:

[x] 
1. Science as Inquiry

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

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

[x] 
2. Physical Science

[x] 
K-4: Properties of objects and materials
[x] 
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
[  ] 
9-12: Structure of atoms
[  ]
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

[x]
3. Life Science

[  ] 
K-4: Characteristics of organisms
[  ] 
K-4: Life cycles of organisms
[x] 
K-4: Organisms and environments
[  ] 
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
[  ] 
9-12: Matter, energy, and organization in living systems
[  ] 
9-12: Behavior of organisms

[x] 
4. Earth and Space Science

[x] 
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
 [x] 
5. Science and Technology

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

[x] 
K-4: Personal health
[  ] 
K-4: Characteristics and changes in populations
[  ] 
K-4: Types of resources
[  ] 
K-4: Changes in environments
[x] 
K-4: Science and technology in local challenges
[x] 
5-8: Personal health
[  ] 
5-8: Populations, resources, and environments
[  ] 
5-8: Natural hazards
[x] 
5-8: Risks and benefits
[x] 
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
[x] 
7. History and Nature of Science

[x] 
K-4: Science as a human endeavor
[x] 
5-8: Science as a human endeavor
[x] 
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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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
This program was created with the use of many different NanoDays materials, demos and activities.  Most of them used in this program have been slightly adapted to fit the needs of an OMSI outreach, station based, traveling classroom program.  Under each station title in this outline is a link to the related NanoDays activity on NiseNet.org.  Any instructor can use these links to learn more about each activity before teaching the class.
 Materials
PowerPoint Presentation and Video

· Computer, projector and screen

· Examples of real power lines as visual aids – contact your local electrical/power company to ask for a donation

Exploring Size: Scented Balloons
· Large balloons in different colors
· Variety of flavored extracts
· Latex warning sign
· Activity guide sign
Exploring Size: Stretchability
· Playing mat

· Spinner
· Activity guide sign
Exploring Size: Memory Game
· “Macro, Micro, Nano” playing cards (see link in activity description below)
· Activity guide sign
Exploring Products: Nano Sand

· Hydrophobic Magic Sand ® (can be purchased through www.stevespanglerscience.com)
· Clear Glass Bowl 

· Two to four medium sized spoons

· Fine metal strainer (for removing sand from water)

· Activity guide sign
Exploring Materials: Ferrofluid
· Vial of ferrofluid

· Vial of magnetic black sand
· Magnets

· Ferrofluid Material Safety Data Sheet (MSDS)
· Activity guide sign
Exploring Tools: Special Microscopes
· Small magnets
· Large demonstration magnet (optional)

· Activity guide sign
Exploring Materials: Liquid Crystals
· Heat Pad (available at any drug store or online)
· Three 12x12 inch Liquid Crystal Sheets (30-35C, 25-30C, 20-25C)  http://www.teachersource.com/Chemistry/LiquidCrystal/LiquidCrystalSheets12x12inch.aspx
12x12 sheets come as adhesive stickers that can be applied to 12x12 pieces of plexiglass
· Activity guide sign
Exploring Products: Nano Fabric
· Pants made of ordinary fabric
· Pants made of nanotechnology stain-resistant fabric (to locate pants made of nano fabric, you can search online for “stain resistant pants,” then check for the word “nano” in the garment description)
· Dropper bottle
· Tray 
· Hydrophilic plant leaves - iceberg lettuce 
· Hydrophobic plant leaves (hydrophobic plants include lotus leaves, nasturtium leaves, mustard greens, leafy kale, broccoli, and Chinese cabbage)
· Activity guide sign
Exploring Products: Sunblock
· Strips of black construction paper (2x5 inches)

· Zinc oxide ointment (non-nano sunblock) -- available at drugstores or online at http://www.cvs.com/, product ID 219642

· Sunblock with zinc oxide (nano-sunblock, make sure the product is labeled as "goes on clear") -- available at drugstores or online at: http://www.cvs.com/, product ID 256235
· Paper towels

· Picture with large white dots/black background
· Picture with small white dots/black background
· Q-tips or toothpicks
· Activity guide sign
Nano in Nature: Gecko’s Feet and Nano in Nature Book
· Gecko (a variety of Geckos exhibit the adaptation of sticking to surfaces are available at most local pet stores)

· Gecko Travel Case
· Activity guide sign
Build a Giant Carbon Nanotube
· Floor mat
· Wooden round base mounts (anchor to floor mat via velcro)
· Foam atoms and bonds 
· Two five feet tall banners/instructional signs
*This product is available for purchase through OMSI.  It was designed and developed in partnership with OMSI and the NISE Net.

Or 

Balloon Nanotubes (alternate activity not used in the OMSI Outreach class – see link below) http://www.nisenet.org/sites/default/files/catalog/uploads/2008/05/1657/balloonnanotubestabletop_lessonplan_jan10.pdf
Set Up
Time: 

Estimate time needed to set up is around 50 minutes.
It is nice to have a relatively large space to present this program.  A classroom works well if there is the option of moving around desks/tables and has space for a slide show and video viewing area with a pull down screen on the wall.  Otherwise, a gymnasium or cafeteria works well as long as there are enough tables provided to set up all the activities.  A laptop computer, projector and screen are needed for the slide show and video.  When setting up the station activities, the placement and layout of activities should be positioned to one another around the room relative to subject – scale, behavior, nature, and energy.  The instructor should explain to students that the activities are divided into these groups around the room to re-enforce the main topics.  For advance preparation of the class the instructor will want to acquire hydrophobic and hydrophilic green leaves, cut up small strips of black construction paper for “Exploring Products: Nano Fabric” activity, stock q-tips or toothpicks for the “Exploring Products: Sunblock” activity and have access to water for “nano sand” activity.  Electrical access is also needed for the computer, projector, and heat pad for the “Exploring Materials: Liquid Crystals” activity.
Program Delivery
Time: 

Estimate length of program is 60 minutes.  The class can be adjusted to last longer or short in length if necessary for each specific grade level.  
Safety

Please review specific safety precautions for each activity, as outlined in the individual lesson plan or activity guide found in the resource catalog on www.nisenet.org.
Talking points and procedure
Instructor can begin class by introducing themselves and going over classroom program expectations and framework.  Introduce the subject of Nanotechnology by asking students if they can share anything that they already know about nanoscale science and/or nanotechnology.  This will lead into the PowerPoint presentation followed by the three minute NISE Net Introduction to Nano video - http://www.nisenet.org/catalog/media/intro_nano_video.  
PowerPoint Slide Show Script:
1. Today we are all going to be Nano Scientists – scientists who work on the nanoscale.
2. Scientists who work on the nanoscale can create something called nanotechnology.  Can anyone tell me anything they know about Nano Science, Nanotechnology or just the word “nano?”  
3. In order to be a Nano Scientists, the first thing we need to understand is how small is something at the nanoscale—or how small is a nanometer.
4. To understand this, we need to start at what we call the macroscale.  Things found at the macroscale are large enough for us to see with the naked eye.  Lets look at these pictures.  The bike is about one meter long, the ladybug is one centimeter long and just one single grain of sand is a millimeter wide.  All these are still visible with your eyes.

5. Now let’s look at things on the microscale.  A micrometer is one-millionth smaller than a meter.  Lets go back and think about the length of that adult bicycle; a red blood cell, like in this picture, is 6-8 micrometers big – that’s around a million times smaller than the length of that bicycle.  Things found at the microscale are too small to see with the naked eye.  Although, we can use a microscope as a scientific tool to help us see at the micro scale. Nano scale objects are 1000 times smaller!
6. A nanometer is one billionth of a meter!  That means that something found at the nanoscale is a billion times smaller that the length of that bicycle.  Things found on the nanoscale are way way way too small to see!  Instead of using tools like a microscope to work with objects that are small, Nano Scientists have to use tools that can feel things at the nanoscale instead of tools that help them see.  A virus, that can make us sick, is 3-50 nanometers big, DNA is 2.5 nano meters big and an atom is more or less around 1 nano meter in measure.
7. Now that we know a nanometer is EXTREMELY SMALL, we can explore how at the nanometer scale, many materials behave differently and that we can use this behavior to make new technologies.
8. We can find things on the nanoscale all around us in nature—like on geckos feet and leaves that repel water.  You will get to explore these and more examples of nano in nature on your own in just a little bit. 

9. The word “nano” has become very popular in naming things that are viewed as small but have nothing to do with the nanosclae.  This car is called “nano tata.”  Is this car really on the nanoscale?  No, it is definitely on the macro scale but it is called “nano” because it is smaller than a regular car—the same goes for this ipod nano.  Other products like this shirt and plastic baby food container actually really do have nano particles embedded into them.  Nano particles that reflect stains are inside this shirt and nanoscale silver particles are inside the baby food containers to kill bacteria.

10. To understand how things on the nanoscale do behave differently then when found on the macro and micro scales, we are going to look at two examples—gold and silver.  We can obviously see that when at the macro scale gold has the appearance of being the color gold and silver appears to be silver.  

11. If gold and silver are broken down onto the nanoscale and suspended in liquid, gold appears red and silver becomes green.  Can anyone guess where we can find examples of this behavior in materials people have created?
12. In stained glass windows!  Gold and silver can be found in colored glass.  Red stained glass windows have gold on the nanoscale inside to make them red.  Green glass has silver on the nanoscale inside to make them green.  This may be the earliest use of nano technology in human society!  Although, I’m sure they didn’t call it nanotechnology at the time (ha,ha).

13.  So why do we care about nanotechnology?  Well Nano Scientists believe that we can utilize this new technology to make and move clean, environmentally safe energy, to kill bacteria that make us sick, and even find cures to deceases like cancer.  

14. Let’s look at our two examples again—gold and silver.  Silver on the nano scale can be embedded into things like athletic apparel, socks, refrigerators, storage containers and washing machines to kill bacteria.  Gold on the nanoscale has already been tested to help cure cancer.  Scientists have given rats gold on the nanoscale to drink.  After they go into the body, the gold nanoparticles then move into the cancer cells, are heated up by infrared light and then kill the cancer cells!  The nano gold particles eventually exit the body in urine.  Doctors plan to start testing this on humans! Just think—what if you could be cured from cancer by drinking a glass of gold?

15. Nanotechnology is also being used to make clean energy.  I’m sure you have all seen solar panels before, right?  Solar panels are a great source for making clean energy but they are still expensive to make and they don’t put out enough energy as we would often like.  Nanoscientists are working to create nano-sized solar cells that can be embedded inside materials like paint, ink, plastic and even windows to harvest energy.  Just imagine if the paint and windows on your house could make electricity!  Products like this bag are already on the market.  Using nanotechnology, this bag can harvest energy from the sun and charge people’s ipods and cell phones while they walk around town!

16. Lest think about how we make energy and electricity today.  This power plant is really harsh on the environment and produces a lot of bad waste.  We have tried to get away from this kind of energy production and have created solar panels.  Just imagine if we are able to make paint and windows create electricity and act as more efficient solar panels—all the buildings in cities like Portland could become their own power plants!

17.  Nanoscientists are also working on ways to better transport energy.  Here is a picture of something called a carbon nanotube.  Carbon nanotubes are only 1-2 nano meters and are made of carbon atoms just like diamonds, graphite and coal.  
18. When carbon atoms are rearranged different materials are formed.  Coal and graphite are soft while diamonds are extremely hard.  Carbon nanotubes are even stronger than a diamond and are extremely lightweight!  Nanoscientists are working to make a new kind of power lines using carbon nanotubes.  Here are examples of power lines we use today (hold up the two examples of power lines).  They are very heavy and are full of metals like copper that conduct electricity.  If Nanoscientsists are able to transport energy with carbon nanotubes, we could move electricity from here to Japan in seconds!  Today’s power lines loose 10% of the energy they carry in the process of moving it.  Using carbon nanotubes wouldn’t waste hardly any at all. People have came up with other crazy ideas for using carbon nanotubes—like using them to make an elevator cable that could travel from earth to the moon! 
19.  Although everything I have talked about so far has highlighted the positive uses of nanotechnology, there are potential hazards and risks involved!  Like this man that drank something called Colloidal silver - a mixture of silver nano particles in a liquid base, that made his skin permanently turned BLUE!  He claims he’s never been healthier but could this really be a health hazard?  Nano-scale zinc particles are often in sunscreen. Sunscreen that rubs in clear often has nano-scale zinc inside.  Zinc is used to block UV rays from the sun from entering our skin.  Since zinc on the nano-scale is too small to see, it allows sunscreen to rub in clear and may allow too much zinc to enter our body.  Old school sunscreen often seen on lifeguard’s noses (like on my nose!) contains zinc on the macro scale and is why it appears white.  When on the macro scale, zinc particles are too large to absorb through skin.  
20. In the future, no matter what kind of science people study, they will have to know about and use nanotechnology.  Whether somebody is a chemists, electric engineer, doctor, or a car mechanic they will use nanotechnology.  I’m here today to encourage you to learn more about Nano Science and Engineering! 

21. Thank you for listening.  Now we are going to watch a movie that we made at OMSI on nanotechnology and review some of the concepts we just talked about.  After the movie, you all get to be Nanoscientists and explore several different activities I brought in and placed around the room.  

Embedded Assessment Evaluation (optional)
The last two slides can be used as an optional evaluation tool to asses how well the class understands the basic content.  If a majority of the class answers the questions wrong, the instructor may want to review main concepts at the end of the movie.  See program evaluation report for more information found under the evaluation link for this program in nisenet.org
To see if you all were listening and to test your knowledge here are some true or false questions.  Raise your hand if…
22.  Question #1: A red blood cell is at the nanoscale. (answer = false, it’s on the micro scale)
 Question #2: DNA is found at the nanoscale. (answer = true, DNA is 2.5 nanometers big) 
23.  Question #3: Things at the nanoscale can be found all around us. (true)
        Question #4: Nanotechnology can affect the way we move and produce energy (true)
Video – Intro to Nanotechnology (Available in Spanish and English)
http://www.nisenet.org/catalog/exhibits/intro_nanotechnology_video 

Instructor is to explain that the three minute video is a review of the concepts the students just learned about in the slide show.  After the video, the instructor explains that students get the chance to explore several hands-on activities and are asked to think like Nano Scientists in the process.  The instructor can elaborate on the fact that the last five to ten minutes of class will be a group discussion around crazy and new ideas they come up with for uses of nanotechnologies in the future.   Before the students get up and explore, the educator is to briefly explain each activity and that students need to read the signs associated with each activity before asking adults for help.  Students need to understand that they are to think like nano scientists while they explore the station activities.  For example: While at the Nano in Nature station, they can think about how different properties found in living things can be applied to nanotechnology—like designing shoes to model geckos sticky feet!  
Stations (30 min) 

The placement and layout of stations should be positioned to one another relative to subject – scale, behavior, nature, and energy.  Explain to students that the activities are divided into these groups around the room.  
1. Exploring size: Scented Balloons (emphasis on scale)
http://www.nisenet.org/catalog/programs/exploring_measurement_-_molecules_nanodays_2010
Exploring size; Scented Balloons – Students use their sense of smell and explore the world on the nanoscale. They learn that we can smell things that are too small to see.  Have students record their hypothesis on what scent is in each balloon during station time and read aloud the correct answers in concluding the discussion.  
2.  Exploring Size; StretchAbility (emphasis on scale)
http://www.nisenet.org/catalog/programs/exploring_size_-_stretchability_nanodays_2010
"Exploring Size – StretchAbility" is a hands and feet-on game that explores the different sizes of things in the world.  In this game, students explore three different scales: the macroscale, the microscale, and the nanoscale.  This activity works best if an adult (classroom teacher if available) is to spin the spinner and only read aloud the name of the scale and not the color associated with each move.
3. Exploring Size: Memory Game—Optional for younger age group. (emphasis on scale)
http://www.nisenet.org/catalog/programs/exploring_size_-_memory_game_nanodays_2011
This is a simple card game of memory that visually explores the macroscale, microscale, and nanoscale. 
4.  Exploring Products: Nano Sand (emphasis on behavior)
http://www.nisenet.org/catalog/programs/magic-sandnanosurfaces
Fill one or two clear bowls part way with water and add a cup or so of nano sand.  Place at least one spoon in each bowl and encourage students to observe behavior of non-polar sand.

Nano Sand demonstrates how changes on the nanoscale can affect how a material behaves at the macroscale. Students learn that hydrophobic surfaces repel water and that “nano” sand repels water because of a nanoscale hydrophobic coating on the grains of sand.  

5. Exploring Materials: Ferrofluid (emphasis on behavior)
http://www.nisenet.org/catalog/programs/exploring_materials_-_ferrofluid_nanodays_08_09_10
Place the vial of ferrofluid and vial of magnetic black sand on the table next to a variety of magnets.  Make sure the vial of ferrofluid seal is not broken or opened.  Ferrofluid is a strange material that can act both like a liquid and a solid. In this activity, students experiment with this bizarre material. Magnetic nanoparticles of iron in ferrofluid only respond when exposed to a strong magnetic field. By manipulating magnets near the ferrofluid, students can try to make cool spikes and watch as the material changes between being a liquid and a solid.  

6.  Exploring Tools: Special Microscopes (emphasis on behavior)
http://www.nisenet.org/catalog/programs/exploring_tools_-_spms_nanodays_08_09_10
Place several large and small magnets and associated magnet strips on a table.

Exploring Tools: Special Microscopes is a hands-on group activity that uses flexible magnets as a model for a scanning probe microscope (SPM). SPMs are an example of a special tool that scientists use to work on the nanoscale.  The magnet is a model for how a scanning probe microscope (SPM) works. It lets you “feel” something that you can’t see: in this case, a magnetic field. The north and south poles run in alternating bands across the magnet. 
You can feel the strip bump across the surface when it’s pulled across the bands, because it’s alternately attracted to and repelled by the poles it encounters. When the strip is pulled parallel to the bands, you don’t feel the bumps because it’s always attracted to the surface. 

A scanning probe microscope similarly works by “feeling” something you can’t see with your eyes. But in addition to detecting magnetic fields, an SPM can also detect lots of other kinds of things about a surface: nanometer-sized hills and valleys, atoms, conductivity, friction, stiffness, and more.
7.  Exploring Materials: Liquid Crystals (emphasis on behavior)
Lay out three different temperature sensitive 12”x12” liquid crystal sheets along with the heat pad on a table.  Students are encouraged to observe the different properties involved with the different liquid crystal sheets by placing their hands and heat pad on or under the liquid crystal sheets.  Each of the three sheets has a different temperature range that will affect the way the material changes color.

Liquid crystals change color as a result of nanoscale shifts in the arrangement of their molecules.  The way this material behaves on the macroscale is affected by its structure on the nanoscale.  Changes to the liquid’s molecular structure are too small to see directly, but students will observe corresponding changes in the material’s appearance.  
Background information on Liquid Crystals and alternative activities can be found at: http://www.nisenet.org/catalog/programs/exploring_materials__liquid_crystals_nanodays_08_09_10
8.   Exploring Products: Nano Fabrics (emphasis on behavior)
http://www.nisenet.org/catalog/programs/exploring-materials-nano-fabrics
Place the two pans, greens and two “nano pants” on a table with a small water bottle.  It is best to have a splash pan and strainer under the greens and pants so that the water can run off the materials and be caught from spilling onto the table.  This hands-on activity explores how the application of nano-sized whiskers can protect clothing from stains and make materials “non-stick” when applied to pots and pans. Students investigate the hydrophobic properties on nano vs. non-nano fabrics as well as on kale vs. iceberg lettuce and non-stick pans vs. regular pans.  Students will explore how a material behaves on the macroscale is affected by its structure on the nanoscale.   
9.   Exploring Products: Sunblock (emphasis on behavior)
http://www.nisenet.org/catalog/programs/invisible-sunblock
Place the two laminated sheets with white dots printed on them on a table with a small dab of non-nano sunblock on the sheet with large white dots and a small dab of nano sunblock on the sheet with small white dots.  Place 2”x5” black construction paper strips with Q-tips or toothpicks in the middle.  Encourage students to apply “lifeguard noses” on themselves but to be sure that they only use a small portion of the non-nano sunblock.  

*Do not leave out the sunblock containers on the table for students to use—it creates a mess!
This hands-on activity explores how nano-scale particles are used in mineral sunblocks to increase their transparency. Students compare nano and non-nano sunblocks to a visual representation of the effect of particle size on visibility.

10.   Build a Giant Carbon Nanotube (emphasis on energy)
This multi-person floor activity has students work together to build a giant carbon nanotube. Students will build off of a permanent base and assemble brightly colored foam atoms and bonds to make a carbon nanotube that stands up to 5 feet tall. The activity includes a floor mat and two colorful banners that, providing instructions, as well as explaining how, thanks to nanotechnology, scientists are building new structures out of atoms.  This is an activity that introduces students to the structure and properties of carbon nanotubes. Students learn how the carbon atoms are arranged in a carbon nanotube, and that nanotubes are extremely strong and have interesting electrical properties. *Materials for this activity are available for purchase through the Oregon Museum of Science and Industry (see contact information at top).  A link on nisenet.org to this activity has not yet been posted.  
OR 
Balloon Nanotubes 
http://www.nisenet.org/catalog/programs/balloon_nanotubes_tabletop
Balloon Nanotubes is an activity that could be offered as an alternative to Build a Carbon Nanotube.  The education messages are the same to those above and students build a model of a carbon nanotube out of balloons instead of foam.  Incorporating this activity would lengthen class time considerably.
Nano in Nature—Gecko and Books (emphasis on nature)
Place gecko in small clear labeled container for students to observe the gecko’s feet and their ability to walk on walls and glass. Also place books highlighting examples of nano in nature at the same table.
Nano Nature and other books appropriate for use in this class are listed at:

http://www.nisenet.org/catalog/tools_guides/selected_books_about_nano
Final Discussion
Educator is to gather class back together and quickly go over the answers to the Exploring Size: Scented Balloons activity and then facilitate a discussion by asking what crazy (yet practical) ideas students have for the use of nanotechnology in the future. Lead the discussion with a strong emphasis on how students have been playing the role of nanoscientist while interacting with the station activities.  Explain that all kinds of scientist will soon have to learn and work with nanotechnology—if they don’t already. Examples: Doctors and Zoologists use gold nanoshells to work on curing cancers in humans and other animals, Engineers hope to use carbon nanotubes to transfer energy, and Electricians use nano sand to insulate wires underground.  Encourage all to think more about the world around them on the nanoscale!  
Clean Up
Time: 

Estimate length of clean-up time is 45 minutes.
The only messy clean up is removing the magic sand out of the water bowl.  The instructor can either use a fine metal strainer to catch the sand while pouring out the water or by simply pouring the water very slowly out of the bowl while retaining the sand in the bowl.  The spoons and bowl will need rinsed with soap and water after the class.  
Universal Design
This program has been designed to be inclusive of different ages, grade levels, and physical and cognitive abilities. 

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

[x] 
1. Repeat and reinforce main ideas and concepts
Each part of this program reinforces the main concepts of the class.  The slide show, video, station activities and concluding discussion all reinforce the main topics and repeat the main message and overlying theme that nano science and nanotechnology affect our lives in many ways.  
[x] 
2. Provide multiple entry points and multiple ways of engagement
The content of this class is accessible through audio, visual, hands-on, and lecture style approaches to learning.

[x]     3. Provide physical and sensory access to all aspects of the program
Each part of this class can be adapted to how and where it is set up to reach different audiences. 
· Table top station activities can be set up on wheel chair accessible tables in any kind of accessible room large enough to accommodate the class 
· Volume on video is adjustable for hearing impaired
* This class also has the potential to be offered in Spanish as well as in English.  The introductory video and most of the activity guides have been translated to Spanish and can be found on www.nisenet.org.
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