Nano Intro Cart

[image: image4.png]NANOSCALE
hroRAL

aaaaa
EoboATIoN



Organization: Oregon Museum of Science and Industry

Contact person: Anders Liljeholm

Contact information: aliljeholm@omsi.edu
General Description

Cart demo

This cart demonstration reviews the basics about nanotechnology. Visitors learn that nanoscale objects are very small and have surprising properties because of their size. They also learn about some of the possible technologies that may lead to. They mix chemicals, turn potatoes black, generate electricity, and see invisible light in their exploration.

Program Objectives

Big idea:  Nanotechnology takes small things that act differently to do something useful.
Learning goals:

As a result of participating in this program, visitors will be able to:  
1. Know that self-assembly is a process for creating nanomaterials. 
NISE Network Main Messages:

[    ] 
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.
[ X ]  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 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.

 Materials

·   A bucket A big bottle of water Powerpoint presentation 
· 2 graduated cylinders 2 cups Food coloring, preferably green 2 tablets of alka-seltzer   
· Models of diamond, graphite, carbon nanotubes and buckyballs  
· Infrared remote control or flashlight  
· A potato A 400 mL transparent beaker (or whatever size your potato fits in) Vegetable peeler Potato flakes Iodine, ideally in a dropper bottle Tongs   
· A mason jar, with window screen replacing metal top Toothpicks which fit through the mesh of the window screen Tiny teacup and regular teacup from Nanodays kit   
· A handcrank electric generator A light or fan that the generator powers 3 alligator clip wires A very long coil of very thin wire     
· Digital camera   
· Safety goggles   

 
Set Up

Time:  15 minutes

Step 1:

Put green food coloring in the big cup of water.

Step 2:

Put 15 mL of green water in each of the small cups.

Step 3:

Crush one of the 2 alka-seltzer tablets.

Step 4:

Peel the potato.

Step 5:

Put 150 mL of water in the potato beaker.

Review background information before you give the demo for the first time.

Program Delivery

Time:  15 minutes

Safety:

Iodine is not safe to ingest.  Make sure you keep control of it at all times.  

If you use a sample of actual carbon nanotubes, keep them safely enclosed in a container at all times.

All chemicals should be handled according to safe chemical procedures.

Procedure and Discussion:

This is a demonstration about nanotechnology. Have you ever heard about nano before? That's ok, you're not alone. It's new. [Or: You have? What have you heard?]

Nano basically means small. It's a prefix, like mega or micro, in mega-byte or micro-scope. Nano means one-billionth. A nanometer is one-billionth of a meter. A person is about a meter or two in size. One one-thousandth of that size is a millimeter, which is about the thickness of a credit card. One one-thousandth of that size is called a micrometer, which is about the size of a red blood cell. One one-thousandth of THAT size is called a nanometer, and that’s about the thickness of one-strand of DNA, the material inside our cells that makes us who we are. Your fingernails grow about a nanometer each second. The nanoscale is the size of atoms and molecules. We care about the nanoscale because when you get that small, things start acting weird. Copper is a very flexible metal, but at the nanoscale it's very brittle. At the nanoscale, aluminum, which our pop cans are made out of, becomes explosive. Nanoscale silver kills germs. And gold changes color. [Show slide.]

These four tubes are all full of gold. Tiny gold, that's red or blue or purple because it's a different size. They're all nanoparticles of gold. And it turns out that red stained glass windows are actually made from tiny nanoparticles of gold. So, small things act differently. I've got a bunch of demonstrations here of small things acting different from large things.

This is an ordinary jar, but I switched the top with a piece of window screen. [Pour water into jar.] You can pour water into the jar, and back out, but you can also turn it upside down, and the water will stay in the jar! [Poke toothpicks through screen.]

This happens because the holes in the screen are small enough that the water sticks to it. Gravity isn't as important when you get really small. Other forces take over.

[Repeat with tiny teacup]

Here we have two tubes and two cups of water. And I have two tablets of Alka-Seltzer, one that I'm going to put in the tube, and the other which I crushed into powder. [Visibly pour the powder into the cylinder.] I need two volunteers to pour the water. What do you think is going to happen? Ready? Go! [Have them pour.] The small bits of alka-seltzer acted differently than the big bit, because they were smaller.

This is a potato. This is water, and this is iodine. [Squeeze about 15 drops of iodine into 150 mL of water.] Iodine is a chemical that we use to clean cuts and scrapes. It kills germs. It's orange, and it changes color to blue in the presence of starch. Potatoes are full of starch. What will happen when I put the potato in the iodine? [Put it in.]

It didn't change color, did it? This is a demonstration about how small things act differently. All the starch is trapped inside this potato. We need some small potatoes. [Pour out a handful of potato flakes.] There's less potato in my hand than in the potato, but it's all little bits, and if we put it in the iodine, it changes color.

So you see that tiny things act differently from large things.

This is carbon. Everything in the universe is made of atoms. Carbon is one kind of atom. The black stuff in a pencil is made of carbon atoms, a kind we call graphite. You can feel this model, how the different layers slide across each other. When you write, layers of carbon slide off onto paper. Diamonds are also made out of carbon. Feel how strong this model of a diamond is. Instead of being black and soft, diamonds are hard and clear. If you rearrange the atoms in a pencil, you can make a diamond. They're the same atoms, but different structured differently at the nanoscale, and they act different.

If you rearrange the atoms a different way, you can make this. This is a model of a carbon nanotube, another nano kind of carbon. And it's a really good conductor of electricity.

Right now we lose a lot of electricity in the wires outside our houses. Electricity has to travel miles from the power plant to our house, and it heats up the wire as it does, using up some of the energy. You can see that with this motor.

With this short wire, how slow can you turn the crank and still get this light to turn on? Now, if I make your electricity go through this big coil of wire, can you still turn that slowly? No! You have to work harder to light the light. And again, without the big long wire, the light is easier to turn on.

But carbon nanotubes are excellent conductors of electricity. If we can figure out how to make wires out of nanotubes, we could save a lot of energy. But how can we do that? Right now we can only make tiny bits of carbon nanotubes.

[Show snowflake video] We want to copy nature. There are things in nature that already build at the nanoscale. Snowflakes start very tiny, but make very complex structures all by themselves. They self-assemble. It could be that as we learn to make things, we could have machines that self-assemble themselves. We could have computers that grow into the circuits we need. We could plant a special seed in a vat of chemicals and have it grow into a car. You could paint a house with paint that would grow into solar panels.

Carbon nanotubes are also really strong. Already just dumping them into the mix when we make bicycles and tennis rackets makes them stronger and lighter. If we could make a carbon nanotube wire the size of a hair, it would be strong enough to lift a car. And that's not all! If we could make ropes out of carbon nanotubes, we might be able to build an elevator into space. About 100 years ago some Russians imagined the idea of an elevator into space. You would ride the cable up into space and just float off. Right now it costs $10,000 dollars/pound to put something in space. With a space elevator it might cost $10/pound. It would make space travel as cheap as traveling in an airplane today. And carbon nanotubes are the first material we've ever seen that's strong enough for a space elevator to be possible.

The last thing I want to show you has to do with the gold particles we saw earlier. We can make gold particles in lots of different colors. And we can make them so that they absorb light that's the color that comes out of this remote control. Can you see it? [Shine Infrared flashlight or remote control] No! You can't! This light is invisible, but we can see it with a digital camera. [Show invisible light to visitors.] What's really cool about it is that the light passes right through our bodies. And we can make gold particles that absorb this light, so if you make a big infrared, invisible laser, you can shine it on the gold and it will get really hot, but you could put your hand in the beam and it would pass right through. Now if you have a rat that has cancer, these particles do something amazing. If you inject the gold into the rat's blood, it all ends up in the cancer tumor. If we shine the invisible light on the rat, the light passes through, except where the particles have stuck to the cancer. The cancer, and only the cancer, gets hot. It cooks the cancer and kills the cancer. This works really well in rats, and they're testing to see if it is safe in people.

In a couple years, nanotechnology may lead to a cure for cancer. And in a few more years, who knows? Maybe a space elevator!
Tips and Troubleshooting:

Potato flakes were chosen because they are cheap and easy to use, and extend the metaphor of tiny bits of the same material.  Cornstarch also works to trigger the color change of iodine, but since it’s corn and not potato, the metaphor isn’t as good.  Finely chopped potato has a similar effect, but is much more work to prepare.

To make your own iodine solution, dissolve 1 g of iodine and 2 g of potassium iodide in 100 mL of water.

Another possible extension involves ice cubes – ever notice how some restaurants serve ice cubes with holes in them? That’s to increase the surface area, and cool down the drink faster. This also makes the cubes melt faster, and the carbonation leaves the soda more quickly. You can demonstrate this with 2 or 3 glasses of ice and 2 or 3 cans of soda. If you pour soda into an empty glass, a glass with ice cubes, and a glass with crushed ice, you'll see markedly different amounts of bubbles. And the soda in the crushed ice glass will taste flat faster, because of extra surface area of the ice.

Make sure to crush the alka-seltzer well.  I use the handle of my tongs to pound it into a powder.  If you crush the one tablet into a fine enough powder, you can break the other tablet in half as needed to fit it into the graduated cylinder.

The Science Museum of Minnesota developed a way of making lumps of baking soda, which produce a similar effect to alka-seltzer if you use vinegar instead of water.  If you have plentiful volunteer staff time and need cheaper supplies, the baking soda pellets are a good alternative. Shari Hartshorn has the recipe: shartshorn@smm.org.

When doing the wire screen surface tension trick, it works much better if you ease your hand off the jar. Taking your hand off too quickly often results in the water pouring out. Keep the screen very level, and the jar precisely vertical, for best results.

Common Visitor Questions

How do we make carbon nanotubes now?

We do use self-assembly to make carbon nanotubes now, but we aren't able to make giant ropes or even wires yet.

Carbon nanotubes are made with fire under special conditions, or with templates that are the size of the nanotubes and carbon gas that condenses into nanotubes, the same way water vapor condenses into snowflakes.

How does the gold get to the cancer?
Tumors have leaky blood vessels.  The gold is just the right size to fall through the holes in the blood vessels in the tumor and get stuck.  Additionally, some scientists put antibodies on the surface of the particles which make them stick to tumor cells.
Going Further…

Here are some resources you can share with your visitors:
Clean Up

Time:  10 minutes

If repeating the demonstration, pour potato muck into bucket.  Rinse potato beaker with tubes of alka-seltzer. 

At end of demo, pour everything into the bucket.  Put supplies away.  Wash and dry all "glassware".

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
Three different demonstrations repeat the idea that small things act differently.
[    ] 
2. Provide multiple entry points and multiple ways of engagement

[    ]  3. Provide physical and sensory access to all aspects of the 
program
Several demonstrations are hands-on and participatory.

To give an inclusive presentation of this program:
Be sure to verbally describe visual elements of the program.
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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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