
An NSF-sponsored center for nanoscale science and engineering

Description:
The instructor gives a presentation that 
introduces nanotechnology.  Students then 
watch a 10-minute movie on the work that 
scientists and engineers do at Nano-
CEMMS.  A worksheet for the middle school 
or high school level accompanies the movie.

Prerequisites:
Students should know that a nanometer is 
1/80,000 the size of the end of a human 
hair.

Instruction Time:
Approximately 30-35 minutes

Audience:
Middle or high school students

Lesson Objective:
Students will learn about nanotechnology 
and its importance. They will learn about 
new careers in the field and will understand 
how Nano-CEMMS researchers collaborate.  

National Science Education Standards:
Content Standard F: Science and 
Technology in Local, National, and Global 
Challenges
Content Standard G: Science as a Human 
Endeavor

Illinois State Learning Standards:
13.B.5b Analyze and describe the 
processes and effects of scientific and 
technological breakthroughs. 
13.B.5e Assess how scientific and 
technological progress has affected other 
fields of study, careers and job markets and 
aspects of everyday life. 

Thinking Big, Working Small

Instructional Method:
The instructor presents using overheads or PowerPoint and then shows a 
short movie on nanoscience and engineering research at Nano-CEMMS.  
Students complete a worksheet that accompanies the video. 

Materials:
• 1 evaluation and 30 assessments
• PowerPoint presentation, “Thinking Big, Working Small” movie, and 
documents on CDs

• overhead transparencies of slides
• 1 vial of colloidal gold nanoparticles
• 1 container of ferrofluid suspended in a carrier fluid
• 30 “Thinking Big, Working Small” worksheets and key
• 5 laminated copies of “The Scale of Things” (NNI)
Teacher provides: LCD or overhead projector

Preparation:
Prepare to give the PowerPoint presentation.  Watch the video before the 
lesson.  Have the worksheets and evaluations at hand.

Background Information:
Researchers around the world are trying to understand, measure, 
manipulate, model, and image matter at the nanoscale.  The field of 
nanotechnology is focused on manipulating materials, devices, and systems 
at the nanoscale.  The properties of matter change at such a small scale and 
scientists are working to unlock the numerous possibilities inherent in this 
exciting field. In upcoming years, many jobs will become available in this 
field, and workers will be needed who have an understanding of the 
sciences, engineering, and mathematics.  

Nano-CEMMS is a unique research center in that it focuses on nano-
manufacturing.  Nano-CEMMS scientists and engineers are developing 
efficient and quick processes for making products and structures at the 
nanoscale.  The innovative work in which they are engaged will have 
important applications for many areas of industry in upcoming 
years.  

This learning kit was made possible 
through a generous gift from Motorola, 

Inc., and through support from the 
National Science Foundation.

To order more kits from this series, 
please see our website:

http://www.nano-cemms.uiuc.edu
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Safety:
Students should be careful when handling glass vial. Otherwise, involvement in this activity poses minimal safety issues.

Presentation Details:
Slide 1 (Thinking Big, Working Small): Today you will be learning about what it is like to “Think Big and 
Work Small.”

Slide 2 (Objectives): You will be learning about nanotechnology and what it is like to work in this field.  You 
will also learn why nanotechnology will be important in the future.  After this presentation, we will watch a 
movie so you can see what it is like to work in nanotechnology. You will then complete a worksheet that 
goes along with the movie.

Slide 3 (Opportunity): Have any of you ever heard about nanotechnology? You may have heard that it is 
going to have a major impact on the world.  Indeed, the effects of nanotechnology will be great.  The world is 
changing and with change comes opportunity.

Slide 4 (The big question): Would you like to be a part of this exciting change?

Slide 5 (What is it?): Before I get into the details of how you can be a part of the change, let’s start with a 
definition of nanotechnology:  nanotechnology is the manipulation of matter at the molecular or atomic level.

Slide 6 (Nanoscale): Nanotechnology is focused at the nanoscale: the level of a nanometer.  Scientists and 
engineers who work in nanotechnology deal with objects measuring one to several hundred nanometers in 
size.  You may remember that a nanometer is extremely tiny. There are 1 billion nanometers in a meter!  3-10 
atoms end-to-end are about 1 nanometer long.

Slide 7 (Why so small?): Manufactured products, like traditional telephones and cell phones, are all made 
of atoms.  The properties of those products depend on how the atoms are arranged.

Slide 8 (Why so small?): Nanotechnology gives us the ability to take our building blocks (atoms and 
molecules) and snap them together to make particular arrangements.

Slide 9 (Why so small?):  The picture in the upper right corner shows gold particles at the nanoscale. Do 
you know what color gold is at the nanoscale?  It is not gold!  Actually, the color depends on the size of the 
particles.  When the gold nanoparticles are 50 nanometers in width, gold is green.  When they are 25 
nanometers, gold is red.  I have here a vial of 25 nanometer gold nanoparticles suspended in water (you may 
pass it out to students).  

Slide 10 (Properties of matter): What is fascinating about working at the nanoscale is that when matter 
gets down to the molecular scale, its properties change in unexpected ways.  Artistans who made stained 
glass centuries ago took advantage of this property change when they wanted the stained glass to be red.  
Though they were not aware of it, they were using gold nanoparticles to create the vivid red color.  In a way, 
the glass makers were the first nanotechnologists!    Working at the nanoscale gives us the ability to change 
the properties of products.

Slide 11 (Why so small?): One interesting product is a substance called ferrofluid.  Normal iron particles 
(when placed in a liquid) will settle out of solution.  At the nanoscale (around 10 nanometers), iron particles 
will not settle out of solution.  Ferrofluid is a magnetic material that shows magnetic field lines when a magnet 
is placed near it.  (Demonstrate how to pass the magnet on the side of the ferrofluid display cell.  You 
should be able to see the magnetic field lines.  Pass the display around with the magnet.)  
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Slide 12: (Why so small?): Because the properties change at this small scale, we can make products with 
entirely new features.  Eyeglasses with flexible frames, fabrics that repel stains and the absorption of liquids, 
sunscreen that goes on clear, tennis balls that last longer, and medical stents for keeping blood vessels open 
are all products on the market that were made using nanotechnology.

Slide 12 (Why so difficult?): Do you think it is easy to manipulate individual atoms and molecules?  
(Answer: no)  You are correct!  It is currently very difficult to work with nanotechnology.  The current 
technology is slow, inefficient, and very expensive.  What scientists and engineers need are better tools and 
processes.

Slide 13 (Opportunities): While nanotechnology is difficult for researchers, it also has a positive side. 
People like you are needed to help develop better tools and processes. In the future, there will be new and 
exciting career options beyond what is currently available.  Jobs that have never existed before will become 
possibilities for people your age. There will be large investment in nanotechnology.  It is estimated that by 
2015, nanotechnology will be a one trillion dollar global industry, which is 10% of the U.S. GDP.  There will 
be 2 million jobs in nanotechnology industries and 6 million supporting jobs.  

Slide 14 (Careers): If you like science, math, engineering, and computers, you should consider a career in 
nanotechnology.  We’ll talk more about careers in nanotechnology later.

Slide 15 (Medicine?): Let’s think about some of the problems that people can solve using nanotechnology.  
What are some problems associated with surgery?  (Answer: Surgeons cannot use their fingertips to feel the 
patient, it is very expensive, sometimes healthy tissue is removed along with cancerous tissue, etc.)  Can you 
think of any solutions to these issues that could be solved using nanotechnology?  (Answer: smart gloves 
that contain sensors, creating “nano-surgeon” devices that could do surgery on a molecular level, etc.)

Slide 16 (Why so small?): Let’s look at another problem.  There is a limited number of diamonds in the 
world.  It takes millions of years for diamonds to be formed in nature.  Do you know what element diamonds 
are composed of?  (Answer: Carbon.)  Did you know that coal is also composed of carbon?  What if we could 
use the coal that we have readily available and turn it into diamonds?  What would happen to the price of 
diamonds?  (Answer: Diamonds are very expensive and nanotechnology could give us the ability to mass 
produce them.)

Slide 17 (Why so small?): As another example, what if we could take gases from the air (such as oxygen, 
nitrogen, and carbon dioxide), combine them with nutrients from the soil like potassium, and use water to 
make a potato in a lab?

Slide 18 (Imagine it): What if you could turn air, water, and soil directly into any food you wanted?  

Slide 19 (Imagine it): What if you could develop a liquid medicine to cure cancer?

Slide 20 (Imagine it): What if you could develop a fabric that keeps you cool in the summer and warm in the 
winter?

Slide 21 (Imagine it): What if you could develop a computer that could roll up and fit in your shirt pocket?

Slide 22 (Imagine it): What if you could develop a car paint that could change colors?  
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Slide 23 (Problems and solutions): Now that you know about nanotechnology and some of its possible applications, how do 
you think that we might use it to find solutions to other problems we face?  (Answers will vary.)

Slide 24 (Nanoscale science and engineering): The people who are working on these problems are in a field called 
nanoscale science and engineering, or nanoscience and nanotechnology.  Nanotechnology involves biology, chemistry, 
physics, math, computer science, and engineering.  Scientists and engineers in this field work together to manipulate atoms 
and molecules at the nanoscale.

Slide 25 (Nanomanufacturing): As scientists and engineers find the solutions to some of these problems, they must figure 
out ways the products they develop can be made quickly and efficiently.  Mass-producing items at the nanoscale is called 
nanomanufacturing. This work is very challenging and rewarding. It is so complex that the problems cannot really be solved 
by individuals working alone.  A good deal of teamwork is required, so the scientists and engineers collaborate to find 
solutions to their problems. This is a collaborative effort.  

Slide 26 (Let’s watch a movie!): Today you will see why people want to work in nanoscience and nanotechnology.  You will 
also get a sense of what it is like to work at Nano-CEMMS, a center for nanoscale science and engineering at the University of 
Illinois at Urbana-Champaign.  The Nano-CEMMS researchers try to figure out ways that nanoscale structures and products 
can be made quickly and efficiently using their discoveries.  I have worksheets for you to complete after we watch the video.  
OK, let’s watch the movie!

Extension: 
If time permits, students can engage in the “Group Research Project on Nanotechnology.”

Reference:
Nanotechnology for Dummies.  Richard Booker and Earl Boysen, 2005.

National Nanotechnology Initiative 
www.nano.gov

Mihail C. Roco.  “Nanotechnology’s Future.” Scientific American.  August 2006. 

Useful Websites:
Institute of Nanotechnology
http://www.nano.org.uk/
IPSE, University of Wisconsin
http://www.mrsec.wisc.edu/Edetc/index.html

Established in 2003, the Center for Nanoscale Chemical-Electrical-Mechanical Manufacturing Systems (Nano-CEMMS) is 
funded by the National Science Foundation. Partnering Institutions include the University of Illinois, North Carolina 
Agriculature and Technical State University, Stanford University, University of Notre Dame, University of California – Irvine, 
and Northwestern University. Researchers are developing a nanomanufacturing system that will build ultrahigh-density, 
complex nanostructures. The Center’s research will ultimately result in a new way of working and has the potential to create 
millions of jobs for American workers. Our nation’s school children must be prepared to assume the new roles that will be the 
inevitable outcome of these emerging technologies.

This learning module is one of a series designed to interest middle and high school students in pursuing this new field.  The 
Center also offers ongoing professional development for teachers through a continuous series of workshops and institutes. 
To sign up for a workshop or to order more learning modules, visit our website at http://www.nano-cemms.uiuc.edu.

For more information, contact: Center for Nanoscale Chemical-Electrical-Mechanical Manufacturing Systems; University of Illinois at 
Urbana-Champaign, 4400 Mechanical Engineering Laboratory, 105 South Mathews Avenue, MC-244, Urbana, IL  61801

Phone: 217.265.0093  Email: nano-cemms@uiuc.edu Website: http://www.nano-cemms.uiuc.edu
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