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Note from Greta: When leading this presentation, replace information as necessary to reflect you, your institution, and your audience.  The paragraph below in italics is what I say when I have led the program.  You should include similar information:  Hi, I’m [John Smith].  I’m the [describe job title] at [your institution].  [This describes my center/institution.  This is the kind of stuff we do at my center/institution, and this is why we do it.]   
Hi, I’m Greta Zenner Petersen.  I’m the Director of Education at the University of Wisconsin – Madison for the Materials Research Science and Engineering Center on Nanostructured Interfaces.  That’s quite a mouthful, so we just call it the UW MRSEC.  The UW MRSEC is a NISE Net partner, but we’re not a museum.  We’re the broader impacts part of an NSF-funded nanotechnology research center, so we do education and outreach related to nanotechnology.  
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I’ll be talking about Nano 101 and offering you the viewpoint from someone in the academic, university world.  You can think of this presentation as another viewpoint on what nanotechnology is (since it’s pretty ill-defined) and what strategies you can use to communicate with non-experts about it.  To do this, I’m going to talk about the basics of nano – as I see them.  The [click] What, [click] Why, [click] Where, [click] Who, and [click] How of nanotechnology.
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Nano is all around us.  It’s in the movies we see, the books we read, and the products we buy and use.

So how many of you had heard of nanotechnology before you signed up for this workshop?  Ok, well, quite a few of you.  [Nod to raised hands.]  That’s great.  How many of you knew what nano and nanotechnology meant before coming to this workshop?  [Get ideas from audience and respond to them.]

This slide shows some examples of nano in our everyday lives.  Some of them are real applications – like the washing machine and the sports apparel.  And some of them aren’t real nanotechnology, like the Tata Nano and the cordless mouse.  They’re just using the word “nano” to capture the buzz behind this prefix and to emphasize the product’s smallness.  The iPod Nano is a good example of this.  The iPod does use nanotechnology, but there’s nothing uniquely nano about this product – no more so than your desktop computer.  Apple uses the prefix “nano” to emphasize the small size of this particular MP3 player.
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But what exactly is nanotechnology?
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Well, it turns out that if you don’t (or didn’t) know, you’re not alone.  The National Science Foundation published a large report at the end of last year (2008) about public understanding of science and technology in the US – The Science and Engineering Indicators.  These surveys showed that only 20% - or one out of every five people – knew “some” or “a lot” about nanotech.  Over 50%, a majority, of Americans knew nothing about nanotechnology.  But people were supportive.  So there’s a bit of a disconnect – people don’t know anything, but they’re supportive of nanotech.  

It turns out, though, that it isn’t only “nano” or “nanotechnology” that people don’t understand.  Researchers at the University of Wisconsin-Madison did some surveys a few years ago and found that members of the public have a really hard time comprehending things in the sub-visible range.  When we asked them to order visible objects from biggest to smallest, they did ok (although still not great!).  But when those items went beyond what we can see, people had a really hard time.  They didn’t fully comprehend the relationship between things like atoms and molecules.  So when we’re talking with museum visitors about nanotechnology, it’s important to remember that it isn’t only nano they might not understand – but also the whole world that is beyond what we can see and directly experience.  
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So it would help to have a definition of nanotechnology.  But defining nanotechnology turns out to be kind of a tricky thing.  Different groups define it differently, depending on their goals and audience.  [click]  The first definition here is by the National Nanotechnology Initiative, or NNI, the government advisory board charged with overseeing the nation’s nanotech research and education trajectory.  This definition is way more complex than we want to use with our visitors or public audiences, and I don’t expect you to read all of it.  But it’s a good one for researchers applying for grants and talking with each other.

[click]  The second definition here is the one I usually use when I’m talking with non-expert audiences, be it my neighbor, my mom, or a kid at an outreach event.  It’s much simpler, and it gets at the three most important ideas for understanding nanotechnology: The nanometer size scale is really, really small – too small to see.  When you get down to that scale, things can behave differently.  And, finally, scientists and engineers take advantage of these new properties to make new things.  Small. Different.  New.
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Nanotechnology happens at the scale of the nanometer.  A nanometer is simply another unit of measurement in the metric system, just like kilometer or centimeter.  “Nano” means “billionth,” so a nanometer is a billionth of a meter, or, in scientific notation, one times ten to the negative nine.  However, saying this – that a nanometer is a billionth of a meter – doesn’t necessarily help people to comprehend how small that is.  Yeah, it’s small, but I know I have a hard time wrapping my head around what a billion is.  So, since a bunch of ones and zeros alone may not be the most effective way to help people understand, we’ve worked on several other ways, recognizing that not everyone thinks and learns in the same way.  
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A colleague with a good sense of humor made this slide.  It helps us to talk about the nanoscale in another way – visually and in steps of one thousand.  
We’ll start out at the meter scale – with things that are about the size of a meter.  One meter is about the size of Mini-Me.  For those of you who know scientific notation, one meter is 100 [ten to the zero] meters.

[click]  If we step down a scale of 1000, we can look inside Mini-Me’s eye at a tiny chip that helps him see better or do whatever it is Mini-Me might do with it.  [click]  This is the millimeter scale.  A millimeter is 10-3 [ten to the negative three] meters, which means that there are 1000 millimeters in a meter.  While the chip in Mini-Me’s eye is small, we can still see it with our eyes.
[click]  That’s a very small chip, but if we step down a scale of 1000, we might see tiny gears or other features inside it.  This is the micrometer, or micron, scale.  A micrometer is 10-6 [ten to the negative six] meters, which means that there are a million micrometers in a meter.  The micrometer size scale is the border of what we can and cannot see.  We can see hair, which on average is 40 to 80 microns in diameter, but that’s about the smallest we can see with the naked eye.  Bacteria are also on the micron scale – three to five microns.  But to see them, we need to use a light microscope, like the kind you may have used in a high-school biology class.  
To get to nano, we need to step down one more scale of 1000.  Finally, we’re in the world of the nanometer, or a billionth of a meter, or 10-9 [ten to the negative nine] meters.  Objects at this scale include carbon nanotubes and buckyballs.  Other, perhaps more familiar, objects at this scale include viruses, which are three to 50 nanometers, and DNA, the diameter of which is one to two nanometers.  This is also the world of atoms.  If you could line up 10 hydrogen atoms, which are the smallest of all the atoms, side by side, they would be one nanometer in length.  That’s extremely small.  At the nanoscale, things are still too small to see with our eyes, and even too small to see with a light microscope.  Scientists and engineers have had to create special microscopes to “see” things at this scale.  I’ll talk more about this later.
To summarize we had to step down one [click], two [click], three [click] steps of a thousand – so one billion times smaller than our everyday world – to get to the Nanoworld.
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This is another fun way to think about the nanoscale.  In the time it takes me to read this sentence, my fingernails will have grown one nanometer.  This fun fact doesn’t necessarily give someone concrete numbers to grab onto, but it helps to emphasize that the nanometer is super small, so small that we can’t perceive things happening on this scale.  And it’s an easy fun fact to remember that visitors may want to take home to share with their families or friends.
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We also use comparisons to help people comprehend how small the nanometer is.  If you could paint a gallon of paint one nanometer thick, how much area do you think it would cover?  I’ll give you a second to think about this, but keep in mind how much paint it takes to paint your living room.

Ok, what are some guesses?  [Collect answers.] The answer is . . .
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Arlington National Cemetery. [Note that other geographical areas could be inserted that are relevant to the target audience.  The area is 1.5 square miles, or a square area 1.2 miles long on each side.]   That’s pretty thin – so thin that you wouldn’t be able to see it.
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Now that we’ve addressed the question of what nanotechnology and the nanometer are, it’s a good idea to think about why we should be interested in nanotechnology.  The “so what”. 
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I mentioned earlier that when things get super small – like on the scale of the nanometer – they can start to change.  The nanoworld isn’t the same as the macroworld that you and I know.  Different forces become more important, which can give materials different properties.  I’ve heard some people describe it as shrinking a dog and, at a certain point, it suddenly turns into a cat.  
This is a list and some examples of some of these properties that can change.  For example, you’re generally not too afraid that your can of pop would explode while you’re having lunch.  But nanoscale aluminum can spontaneously combust.  This happens because these particles have a much higher surface area than bulk aluminum.  And nanoscale gold doesn’t look like the shiny, metallic, yellowish material that we’re used to.  Instead it looks red, like the picture here, or blue, depending on the particle size, shape, and spacing.  This happens because nanoparticles interact with light differently than bulk materials.  

When things get nano-small, they can get different.
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People are excited by the potential of these new properties and what scientists and engineers can do with them.  Some areas where we hope that nanotechnology will have a dramatic impact include medical applications, like better cancer treatments; information technology, like faster computers; energy solutions, like more economical fuel cells and solar cells; and water desalination.  These big expectations for nanotechnology mean money and jobs.  So if you have visitors asking about why they should care about nanotechnology, you can talk about the high hopes and thus large potential for careers and employment.  
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Which brings us to “why nano education.”  It’s certainly not a clear-cut subject, and it has its pros and cons.  It’s a challenging topic scientifically.  Nanotechnology doesn’t hold the promise of luring visitors to your museum in the same way that Body Worlds or dinosaurs can.  And K-12 teachers bringing their classes to your museums might be wary of nanotechnology because it doesn’t have a designated place in the curriculum.  
But there are benefits to consider, too.  As I’ve talked about, nanotechnology holds the promise of jobs and careers.  But it’s also a cutting-edge way to introduce fundamental science.  And, it’s fun!  The things that can make nanotechnology challenging – like unexpected properties – can also make it surprising and fun.  If you can lure people in, they usually have a great time learning about this cutting-edge topic and thinking about the possibilities of this super small scale.
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Now we’ve talked about what nanotechnology is and why it’s great, but where is it?
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As I mentioned earlier, nanotechnology is in many products in the world around us.   The Project on Emerging Nanotechnologies has a website that lists products that claim to use nanotechnology.  These are all pictures of items listed on that site.  Yes, nanotechnology is talked about for cutting-edge, super-exciting topics like curing cancer, but it’s also everyday.  While plastic containers that make my leftovers last longer might be cool (or not, depending on the leftovers), I wouldn’t put them in the same category as technology that that easily purifies drinking water or significantly improves solar energy. 

Another important thing to remember when thinking about nanotechnology is that it’s not one specific kind of technology.  It’s everywhere – it’s an enabling technology.   The products pictured on this slide run the gamut.  Everything from cooking oil to power drills to health and beauty aids.  You could compare nanotechnology to plastics.  Think of all the places plastics are used in our lives.  Plastics aren’t just one kind of technology.  They make a lot of other kinds of technologies and materials possible. 
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People often wonder what the nanotechnology in these products actually is (or claims to be), so I’ve pulled a couple out and included the information from the website.  The text is exactly as it’s found on the website

Here is the lovely Nano Bag, which combines cutting-edge science and art.  The manufacturers claim that they’ve used some kind of photocatalyst on the surface of the bag.  This means that the bag will clean itself in the presence of sunlight.  Again, we don’t know anything for sure about this – just what the manufacturers claim.  
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This slide features an anti-graffiti paint.  The manufacturers claim that it uses nanometer-sized particles of silicon that are both water and oil repellent.  So if someone graffitis a surface covered in this paint, you are supposed to be able to easily get rid of the graffiti by washing or brushing off the surface.
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Even though I’ve tried to emphasize that nanotechnology is everyday and already out there in the world around us, I should also emphasize that there is still a LOT in the lab.  This slide showcases several current and former graduate students at the University of Wisconsin-Madison.  They all are doing something related to nanotechnology, but they’re all very different projects.  And all of their projects have a long time ahead of them – with more grad students and their research projects – before their research turns into something we can buy or use.      
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So where will nanotechnology be in the future, other than in academic labs?  There’s no good answer to that – we simply don’t know.  This chart compares nanotechnology to the next industrial revolution and suggests nanotechnology might change our world as much as, say, computers or the car.  But we just don’t know for sure.  It’s very uncertain and difficult to predict.  It would kind of be like trying to predict the future of computers in the 1930s or 1940s.
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In thinking about the future of nanotechnology, it’s also good to keep in mind the line between hype and reality.  With nano, that can be a fine line.  Here is a picture of a theoretical space elevator.  It would use carbon nanotubes to make a long cord up to space that would allow us to transport materials to and from space.  That sounds pretty fantastical – and many scientists believe it’s impossible – but it’s garnering money and attention.  NASA is actually conducting research on it, and if it works, it could save a lot of money and, potentially, lives (no more shuttle disasters).  I’m not saying whether it’s good or bad, realistic or unrealistic.  I’m just saying that it’s a good example of the uncertainty of where nanotechnology will be in the future and of our role in deciding where the future goes and who will get money for what projects. 
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We’ve talked about the what, the why, and the where of nanotechnology, but who actually does it?
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One of the exciting things about nanotechnology is that a lot of people do it.  Researchers from a variety of different fields – like materials science, medicine, and physics – are working together.  In the past, academic disciplines have been very distinct, and disciplinary boundaries were rarely crossed.  But nanotechnology is changing this, which is serving to generate new, exciting knowledge.
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I’ve also included non-traditional fields like philosophy, ethics, sociology, and policy.  These fields are playing a large role in the development of nanotechnology for several reasons.  We’re hoping to avoid a GMO/biotech-like fall-out with the public by engaging them in nano-related discussions early on.  We want to think critically about how we use nanotechnologies and shape their development, like with cell phones, wireless internet, and other communication technologies.  And we want to reassess how we regulate nanotechnologies, like silver nanoparticles in washing machines or nanoparticles of titanium dioxide in sunblock.  Since nanotechnology has the potential to change our lives so drastically, it’s important to study all aspects of it.   
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People at a lot of different kinds of institutions and from a range of educational backgrounds are involved in nanotechnology research.  Industries, universities, government labs – all of these are engaged in nano-related research and work.  And people with a lot of different kinds of degrees do nano.  Not all of the workers we’re going to need will be people with PhDs.  People with associate’s degrees, undergraduate degrees, and master’s degrees all do nano.  So if you’re talking with visitors who are interested in nanotechnology and interested in possibly pursuing a career in this field, but who aren’t sure if they want to go after a PhD, you can share with them that nanotechnology will need people with all different kinds of degrees – associate’s degrees, bachelor’s degrees, master’s degrees, and doctoral degrees.
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If the nanometer size scale is so small, how do all of these people actually do nanotechnology?
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Atoms are too small to be seen through most regular light microscopes.  Researchers have had to use a different technique, called scanning probe microscopy, or SPM, to image atoms.  A scanning probe microscope uses an extremely fine probe tip – sometimes ending in just a few atoms, and runs it over the surface, as you can see here, feeling for things on the surface.  It’s kind of like making a fist, closing your eyes, and running your fingers over your knuckles to figure out what they look like.  [Show the motion of running your fingers over your knuckles with your eyes closed.]  Because you can’t see, you have to use a different way of gathering information.
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This slide shows a schematic of an SPM and some images made by one.  The tip of an SPM is attached to a cantilever – kind of like a diving board.  The whole thing moves up and down as the tip moves over the atomic-scale hills and valleys on the sample’s surface.  A laser reflects off the tip of the cantilever.  When the cantilever bounces, so does the laser beam.  A detector in a computer records the movement of the laser and translates that data into an image.  
On the right are some images made by a nanotechnology researcher, Professor Rob Carpick, who made these images while at the University of Wisconsin-Madison and who is now at the University of Pennsylvania.  Even though they look very different, they are both images of the same thing – the surface of diamond.  Rob used the SPM in two different ways to record two different sets of data about the surface.  In the picture on the top, the SPM scanned the surface for hills and valleys, or the topography of the surface.  In the bottom picture, the SPM recorded how much friction the tip encountered while being dragged across the surface of the diamond.  SPMs have also been used in this way to poke and prod cells, which allows the researcher to detect cancerous cells, which are squishy, vs. normal cells, which are firmer.
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[Have someone pass out one magnet to every person]

I’ve talked a little about how SPMs work, but now we’re going to do a hands-on activity to give you another way to learn about SPMs – and to make sure everyone stays awake!  You’ve all got one of these refrigerator magnets now, and I want you to bend the end that says “probe strip” back and forth so you can break it off.  [Demonstrate with own magnet.]  Ok – everyone has theirs off?  [Check to make sure – occasionally people get confused about how to break off the probe strip.]  
[Note – if you are using the “Feel Nano” NISE Net magnet, your magnet will look different than the one pictured here.]
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Turn your magnet over so you see the black side.  Run your probe strip over the surface – black side to black side – in the horizontal and vertical directions, just like the picture here.  You don’t want to do it too quickly, otherwise it won’t work very well.

So, what’s happening?  [Get answers from audience.  Ask them to talk with each other.  If necessary, prompt with “What are you feeling? What are you hearing?”]  Any ideas about what you’re feeling?  [Get answers from audience.]  Ok, yes, what you’re feeling is the arrangement of the magnetic field lines.
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Based upon that and what you felt and heard, which of these three pictures do you think best represents the magnetic field lines?  I’ll give you a second to talk with your neighbor, if you want.  Ok, who thinks it’s “A”? [Let audience members raise hands.]  Who thinks it’s “B”?  [Let audience members raise hands.]  And who thinks it’s “C”?  [Let audience members raise hands.].

Ok, so let’s talk about each of these options.  If it were “A”, what would you have felt? [Get answers from audience.]   Right, it would have been smooth in both directions.  

How about “B”?  [Get answers from audience.]   Yes, it would have been smooth in one direction and bumpy in the other.

And what about “C”?  [Get answers from audience.]   Yup, it would have been bumpy in both directions.

Now that we’ve talked about it, let’s vote again.  Who thinks “A”?  [Let audience members raise hands.]  “B”?  [Let audience members raise hands.]  And “C”?  [Let audience members raise hands.]  Ok, yeah – you guys got it.  Nicely done.  The answer is “B.”

What we just did was find out something about this magnet that we couldn’t see.  We can’t really see the magnetic poles in this magnet if we just look at it, but by using other senses – like hearing and touch – we were still able to find out that information, even without seeing.  This is similar to what nanotechnologists have to do.  Since they can’t see atoms, they have to use other senses, like when they use the SPM.

[Note: You do not need the UW MRSEC magnet in order to do this activity.  You could do this with any thin refrigerator magnet you have at home or in the office by cutting a strip off one end.  Just make sure it’s ok to cut it up.  However, just do a couple trials with the magnet before leading the activity with a group of people.  You want to make sure you know which direction the magnetic poles run (and that the picture choices you offer match what the magnet actually has), and that the magnet is strong enough to display the bumpy property demonstrated here.  Occasionally, a magnet will be strong enough to stick to a fridge, but not strong enough to bump enough to do the activity.  If the fridge magnet is really strong, it can be a little challenging, but you can usually still do the activity.]
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SPMs can also be used to move individual atoms.  When used this way, the tip forms a bond – called a tunable bond – with an atom on the surface.  The researcher is then able to drag the atom around on the surface and put it where s/he wants.  By tuning the bond between the tip and the atom, the researcher is able to pick up, drag, and let go of the atom.
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We’re not quite able to make brand-new materials this way (it’s very slow), but researchers like Don Eigler at IBM have been able to do make some cool designs with this technique.  Pictured here are some of the steps toward making a quantum corral out of iron atoms, and the final picture.
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If we had to make every nanotechnology-based material one atom at a time like IBM and Eigler did with the quantum corral and with the IBM logo pictured here, it would be extremely inefficient and time consuming.  When Eigler made this IBM logo out of 35 xenon atoms back in 1989, it took him 22 hours.  Since then, technology and expertise have improved.  Eigler reports that, today, it would take him only 15 minutes.  Still – 15 minutes for 35 atoms?  It would take years to make a single product like a chair.  
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So if using an SPM to move around individual atoms is too slow, how else do scientists make nanomaterials?  One of the dream ways of doing nanotechnology – because it needs less energy, creates less waste, and offers more precision – is through self-assembly.  This approach is pretty self-explanatory – nanostructures, like atoms, molecules, or nanoparticles, build themselves.  The properties of the nanostructures and their environment determine whether they will self-assembly and how.  
The top picture here shows something called a micelle.  The purple part of the molecule might be water-hating, and the pink part might be water-loving.  If you put those molecules into a water-based environment, the molecules will assemble themselves into this shape.  This would keep the water-hating ends away from the water-based environment, and the water-loving ends touching the water-based environment.   DNA and cell membranes are great examples of self-assembly and of how nanotechnology researchers are looking to nature for inspiration.  
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Today we talked about the basics of nanotechnology.  
The what: super small, different properties, and new applications

The why: nanotechnology has big potential for a big impact; and it’s fun!

The who: a lot of people from a broad range of disciplines do nanotechnology research.  And, hopefully, you’ll do nanotech activities, too.

The where: nanotechnology is happening in both the lab and marketplace.  And, hopefully, in your institution.

And, the how: we talked about going beyond light microscopes and using the scanning probe microscope.  
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That’s it, and a generous thanks to the people who made this possible, including those from the NISE Net and the UW MRSEC.  And, of course, the National Science Foundation, for providing the funding.
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Thank you, and I’d be happy to answer questions.
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