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Introduction to Nanotechnology

	Purpose
	Students will develop some elementary understanding of the nanotechnology including the scale of ‘nano’, basic nanoscience and some applications of nanoscience to technology – nanotechnology.



	Learning objectives

Students will develop:
	1) a preliminary understanding of the concept of  nanotechnology

2) an understanding of the scale of nanotechnology

3) a connection between  nanotechnology and potential everyday applications and some of the issues that surround nanotechnology

Extension: 4) historical overview of nanotechnology.



	Assessment
	Assessment will be based on  

· participation in discussions and other activities

· completion of worksheets

· completion and presentation of a research-based 

            application of nanotechnology or an issue 

            surrounding nanotechnology


Introduction 
Imagine a medical device that travels through the human body to seek out and destroy small clusters of cancerous cells before they can spread. Or a box no larger than a sugar cube that contains the entire contents of the Library of Congress. Or materials much lighter than steel that possess ten times as much strength.                                                           

                                                                (U.S. National Science Foundation)
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Activity 1

Think and discuss in your team. 
                            Take a few moments to think about what this statement above means. Discuss it with your peers in small groups of 3-4 and write down what the implications for society and our future lives will be if we are able to do the things stated in the US National Science Foundation statement above. Share what you have written down with the class[image: image15.jpg]T A\OTEL
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1. There are currently biological nanomachines that naturally exist in your body. 

2. Tiny nanotweezers can be used to pick up nanometer suzed molecules and move them around to build different structures.

3. Gold nano-sized bullets can be injected into the body to kill cancer cells.

4. Scientists have created a nano-sized car that has four doors, tires and tiny seats and can move around freely.

5. There are clothes that don’t stain due to nanotechnology. You can throw coffee on khaki nanopants and the coffee just rolls off.

6. Through nanotechnology ice cream is being made that is lower in fat and better for you.

7. NASA plans to build a space elevator that would use carbon nanotubes to move materials from Earth to outer space.

8. Nanoparticles have been shown to cause liver damage and can move into the brain. 

9. Self-cleaning toilets are now available, These toilets are made with nanotechnology that keeps the porcelain clean. 

10. Through nanotechnology, steaks can be made atom-by-atom such that cows are no longer needed to produce the meat. 
Source: Nanoscale Science (NSTA press)
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Figure 1. Smart clothing
Image source from 

http://medgadget.com/archives/2007/06/yaawwnnmore_attempts_at_smart_clothing.html
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Figure 2: Nanotechnology and health
Image source from
 http://www.smh.com.au/ffxMedia/urlmedia_id_1068674381518_/media/2003/11/14/Variables.type/nanograph.jpg
NANOTECHNOLOGY

 
 
How small is very small – the scale of nanotechnology

To understand what nanotechnology is, it is useful to break the word into two words: nano and technology. .

NANO means very small! Nano comes from the greek word for dwarf, nanos. In science, the word nano is used as an prefix just like centi-, milli-  and micro-. 

[image: image21.wmf][image: image22.emf]Red Blood Cell

DNA

Bacteria

Einstein

Protein

Order from largest to smallest

Carbon Atom

Activity 4
Think and discuss in your team. Share with class. 
[image: image23.wmf]i) How are centi- and milli- related? 

ii) Do you know how micro- is related to metre? Find out from your teacher or look up 

on the Internet.  
ii) Write a list of things that measures in the

(a) centimetre (cm) scale

(b) millimetre (mm) scale
(c) millilitre (ml) scale

(d) micrometre (m) scale

iii) How is milli- and micro- related?

    A millimetre is one thousandth of a metre.
 mm = 10-3 m (or 0.001 m)

    A micrometre is one millionth of a metre. 
µm = 10-6 m  (or 0.000001 m)

    A nanometer is one billionth of a metre.
nm = 10-9 m   (or 0.000000001 m)

A billionth is one thousand millionth – very, very, very …..small indeed!

Hence a metre (e.g. metre ruler) is made up of 1, 000, 000, 000 nm

[image: image24.jpg]



               1 nanometre (nm) = one billionth of a metre = 0.000000001 metre

Cartoon source: http://www.cartoonstock.com/newscartoons/cartoonists/cgo/lowres/cgon188l.jpg
TECHNOLOGY is a word that we use to describe the scientific and mechanical tools that we use to provide a benefit to humans, making our lives easier. [image: image25.jpg]



Therefore NANOTECHNOLOGY is the study and development of very small things that have provided, and will continue to provide benefits to humans and improve the quality of our lives. Nanotechnology is an area of science that combines many scientific disciplines, including physics, chemistry, molecular biology, cell biology, computing, robotics, microscopy and materials science.  Hence it is truly an interdisciplinary science!

Human beings have made things and tools for thousands of years. In the beginning the tools were primitive and were made of stone, wood and bone. As civilisation advanced, these tools were (and still are) made from iron, bronze, copper, wood and plastics. The sizes of many of these tools are big and visible to the human eye so that human beings can hold and use them. These tools would range from centimetres (for example a ruler or a small screw driver) to several metres (for example machineries for constructing buildings and farming). 

The microsope. The discovery and invention of the microscope allowed people to see a previously invisible world such as the microworld of cells and bacteria or crystal [image: image26.jpg]


structure of minerals and rocks. Developments in the electronics industry since 1970 have been possible due to the increasingly sophisticated control of objects at the microscopic level. Technologies on this scale such as microelectronics and microsurgery are referred to as microtechnologies. 

From micro to nano. Nanotechology moves beyond the micro world to even tinier worlds at the nano-scale levels. Technologies and methods that manipulate and construct objects at the nanometre (nm) scale is nanotechnology. These objects are usually smaller than 100nm. To help you understand the scale some examples are listed below in nm scale: 

            Hair - about 100, 000 nm wide

            Bacteria – 500 – 5, 000 nm


Viruses – 10-50 nm

Atoms, the building blocks of everything around us are measured in nanometers. Molecules (which are made up of 2 or more atoms joined together) are measured in nanometers too. For example, a water molecule (H2O) has two hydrogen and one oxygen atoms is less than one nanometer.  

A very tall basketball player can measure 2,160,000,000 nm tall!

[image: image27.wmf]There are many tiny switches inside your computer. These tiny switches are only about 100 nm wide. Hence you will need 1,000 of these switches to fit across a single hair. Most computers have about 100,000,000 switches stacked one on top of another inside. These tiny switches are made by nanotechnology methods. 

Activity 7
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Connect to the Internet and visit and explore these websites below. Have a notebook or your pocket PC ready to take notes of what you have read, heard and viewed. Share with other members of the class what you have learned. 

1. http://www.cneu.psu.edu/edToolsActivities.html
Watch the animation as it takes you from the visual macroscopic level to the invisible nano-scopic levels of the structure of a butt
Size
Adapted from MRSEC-Education and Outreach
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Activity 5
[image: image31.jpg]Sample stage




Questions: (i) how many pieces of hair are required to make up 100,000, 000 switches inside a computer?  (ii) how many nanoseconds in one second? 
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Individual task:

Study Figure 3 to understand the scale of measurements. You may wish to do a search in Google for more measurements of things that you can think of but unsure how much they measure. Construct a table with a list of things and their measurements.  
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Figure 3. Scale of things.  

Picture source:  http://www.science.doe.gov/bes/Scale_of_Things_26MAY06.ppt
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        1. View powerpoint on Introduction in Nantechnology
          2. Also watch


Nanotechnology video: 26 min, European Union (2003)

A good introduction to nanotechnology. Two students have to prepare a nanotechnology presentation for their class. Two cartoon atoms help the students. They visit a university lab and are introduced to the scale of nanotechnology,
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Activity 7
[image: image38.wmf]Connect to the Internet and visit and explore these websites below. Have a notebook or your pocket PC ready to take notes of what you have read, heard and viewed. Share with other members of the class what you have learned. 

2. http://www.cneu.psu.edu/edToolsVideos.html 

Choose either Introduction to Nanotechnology, Careers in Nanotechnology, Interviews with Students, Education Opportunities with Nanotechnology or Influence of Nanotechnology on Industry.

, 
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Also watch and discuss the following videos:

1) dermal.wmv  2) dermal cancer.wmv and 3) nanofactory.mov
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Nanotechnology involves manipulation at the atomic or molecular levels. At these very minute nanometre scales, scientists have discovered that the objects have very different properties and behave quite differently than when they are bigger. These properties have enabled nanotechnologists to create useful materials which previously could not be done. 

Different arrangements of atoms give different properties

When scientists are able to manipulate atoms, they are also able to re-organise the way they are placed, hence structure and shapes can be adjusted to obtain the properties that scientists desire in order to make the objects created useful and specific to carrying out a task. For example, we know that diamond and the graphite (pencil leads that you write with) are both made up of carbon atoms (see Figure 4). These are 2 very different but naturally occuring objects although they are both made of carbon atoms. The difference is in the way they are connected together. 

[image: image41.wmf]
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The sheets of carbon atoms layered upon one another in graphite makes it easily ‘scraped’ off when we write on a paper with a pencil lead. On the other hand, the carbons in diamond are connected in a very strong and rigid manner making it difficult to break and giving it the properties of the crystal clear form that diamonds have. Nanotechnologists have produced a new form of artificial carbon in the form of a ‘bucky’ ball (Figure 5). Each litttle ball in the bucky ball is a carbon atom. There are 60 atoms of carbon in each bucky ball which are arranged in pentagons and hexagons and looks like an unfilled soccer ball
[image: image44.jpg]LA TROBE
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                      Figure 5: A bucky ball looks like a soccer ball (left) 
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that is hollow and caged-like. Buckyballs are extremely stable molecules and are able to withstand very high temperatures and pressures and they are also good conductors of electricity. One of the uses of buckyballs that researchers are investigating is to trap smaller molecules (e.g. medicines or fuel) inside it and put them into systems for slow release of the materials that they carry inside. Another potential use of the buckyball is in its ability to behave like 'molecular ball bearings', allowing surfaces to glide over one another. There are other uses of buckyballs, so when you have time, look them up on the Internet. 

Carbon nanotubes. Scientists have also been able to make single-layered carbon nanotubes. A carbon nanotube is a one-atom thick sheet of graphite (see Figure 4 for graphite structure) that is rolled up into a seamless cylinder with diameter of the order of a nanometer. Carbon in such form have special properties such as extraordinary strengths, unique electrical properties and efficient conductors of heat, making them very useful in many applications in nanotechnology, electronics, optics and other fields of materials science. 

                             

 Figure 6. Nanotube
Nantotechnology affecting our lives. Nanotechnology has begun to transform the way we live our lives. It is everywhere. It is predicted that over the next 10 years, almost every type of manufactured material will be influenced by this technology. The technology could be found in some of the sunscreens that we use, in digital cameras,  in the production of self-cleaning glass for cars and buildings and in stain-resistant clothes that we wear. Nanotechnology is providing, and, in the future, will continue to provide materials with characteristics like lightness, strength and stickiness, (or nonstickiness!). Nanotechnology will make much smaller and faster computers, better medicines and new materials that we can use for making clothes, cars and houses, and lots of other things as well. 

Activity 8
Question: You have just learnt that carbon atoms can be used to make 4 different types of materials. Draw a table with 4 columns and 5 rows  to summarise them. Label the column: (i) name of material (ii) structure (diagram) of material (iii) brief description of the material and (iv) uses of the material. 


Activity 9: Build a bucky ball

Get a template from your teacher and build a bucky ball. 

Making nanomaterials: Bottom up approach

Top down approach

The top down approach of making things uses traditional manufacturing processes which have been refined to operate at a much smaller scale. It relies on larger tools such as the hands and lasers to make them and to selectively remove materials until you get the structure you want. For example, a sculptor will start with a big lump of marble and slowly carve it using different tools and removing unwanted bits to shape it into a small figurine. 

Bottom up approach

Nanotechnology uses a bottom up approach by building structures atom by atom or molecule by molecule into larger complex objects. The instrument used to do this is a Scanning Tunnelling microscope or an Atomic Force Microscope. A scanning tunnelling microscope is a very different machine from the light microscope that you may have seen and used in the classroom.  It doesn’t use light to ‘see’ but, uses a very, very thin tip which passes over a sample and records the contour at the atomic scale.

    7b

   7a




8a                                                                    8b



Activity 10
Question: What do you think are the advantages and disadvantages of the (i) top-down and (ii) bottom-up approaches? Discuss this (or Bluetooth) with your partners and then share what you have discussed with the class. 

Research task: Find out about the synchrotron and how it is involved in nanotechnology.                                                         

Read: Younger kids, how can you explain what nanotechnology is (pdf file)

Activity 11: Extension

Research: Find out more about the atomic force microscope and scanning tunnelling microscope. You may need to discuss this with your teacher or try and find a specialist who can help you. See if you can describe how these instruments work in simple language to teach your peers.                                                          

Possible answers: 

Top down approach

· Advantages: methods and technology at present, easier to create large objects

· Disadvantages: wastage and less precise. 

Bottom up approach

· Advantages: absolute precision, no material wastage  and may be self assembled

· Disadvantage: technology still new and expensive. 

APPLICATIONS OF NANOTECHNOLOGY


Activity 12
What do you know about sun & sunscreen? 

(i) Brainstorm with your partners all the things you know about the sun. Share you’re your group know with the class. 

(ii)  Use these keywords to construct a concept map by linking the keywords. Remember to place a word or short description in between arrows.  Use your pocket PC to do this. If you do not have one, construct the map on a piece of paper. In order to complete this task, you will need to do some research on the keyword. 

Keywords:
 sun, sunscreen, light, wavelengths, UV blocker, ultraviolet (UV), skin, ozone layer, melanoma, aging & wrinkles, vitamin D, zinc oxide, radiation, warmth, brightness.

Electromagnetic Spectrum 
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 The section of the electromagnetic radiation spectrum that is visible to the human eye is the visible light spectrum. It ranges in wavelength from approximately 400 nm (4 x 10-7 m) to 700 nm (7 x 10-7 m) – see table below. We see these waves as the colours of the rainbow: red, orange, yellow, green, cyan, blue and violet, with each colour having a different wavelength. Red has the longest wavelength (625-740 nm) and violet has the shortest wavelength (380-435. When we see all these waves together, we see them as white light.

	The Visible Light Spectrum

	Color
	Wavelength (nm)
	

	Red
	625 - 740
	

	Orange
	590 - 625
	

	Yellow
	565 - 590
	

	Green
	520 - 565
	

	Cyan
	500 - 520
	

	Blue
	435 - 500
	

	Violet
	380 - 435
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 Sunscreen Nanotechnology
The sun emits both useful and harmful rays. A harmful ray (or wavelength) emitted by the sun is ultraviolet radiation. These harmful rays can potentially cause cancer of the skin (or melanoma) if proper precautions are not taken to protect the skin from too much sun.  Sunscreens contain substances to block out these harmful wavelengths of light. The common ingredients in sunscreens are zinc oxide (ZnO) and/or titanium dioxide (TiO2). These chemicals when applied to the skin appears white and is unattractive to look at. Zinc oxide appears white because its large particle size. By grinding the large zinc oxide and titanium oxide particles into nano-sized particles, the whiteness disappears and the nano-sunscreen looks transparent while still retaining its ability to block out UV light.   The nanoparticles reduce the visibility of the cream. 
Nanoparticles and sunscreen safety.  The sunscreen industry is a highly competitive business. In Australia, the use of nano-suncreens is increasing. The Australian Therapeutic Goods Administration states that of the 1,200 authorised sunscreens, 228 contain ZnO, 363 contain TiO2 and 73 contain both. According to the TGA, about 70 percent of sunscreens with TiO2 and 30 percent of sunscreens with ZnO contain these substances in nanoparticle form. 
There are debates about the safety of the use of nanoparticles in sunscreen and whether the nanoparticles are able to penetrate healthy skin. Research into this is continuing, although most studies suggested that the nanoparticles do not get into living cells. However, they are unsure of broken skin as they thing it is not an effective barrier for the nanoparticles. There is also some debate that the zinc oxide and titanium oxide can produce free radical in the presence of light and this in turn could damage the cells. But because the nanoparticles are unable to penetrate the cells, this should not be a concern. Howver the safety of nano-sunscreens should continue to be researched and debated. 


Titanium dioxide particle (65 nm)used in sunscreen. 


 Activity 14
Suncreen for bottles 

Visit CSIRO website to find out what this is about http://www.csiro.au/multimedia/pf5l.html
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 Nanoparticle technology is being used to protect a 

           bottle's contents from the Sun.
Watch the 1 min video: A sunscreen for bottles
A nano-coating technology preserves the quality of products in glass bottles by protecting it from light damage. (1:00)


Questions: 

1. Why is it necessary to protect food and drinks that are in bottles from sunlight? What are other materials that are packaged in bottles that also need protection from the sun? 

2. How do scientists at CSIRO do this? 

3. Do a research to find out how nanoparticles protect bottles from UV. Present what you have found orally, as a poster, powerpoint, webpage, drama or any other form that you like. If you are using a pocket PC, you could present as a voice recorded explanation, use concept mapping software, use PocketSlide to prepare a powerpoint presentation or any other way that you prefer. 


 (UV - "ultra-violet", meaning past the violet, referring to that part of the electromagnetic spectrum found just after the color violet, which is at the end of the visible spectrum )

You should have three types of (coloured) beads.

· While inside, note the appearance and colour of each type of bead.

· Place the beads in bright sunlight, note what happens to them.

[The beads contain a substance which absorbs ultra-violet radiation, inducing a colour change.]

· Place the beads in a shaded area, or inside. Watch, and note, what happens to them.

Observe more closely:

· How long does it take for a bead to change colour when exposed to sunlight ?

It might be difficult to tell just when a bead has got its maximum colour and stopped changing. 

Try this: leave one bead in the sun for a long time so that you can be sure its completely changed colour. To measure the time for a colour change take a bead that has been shaded from the sun (e.g. from inside the building or a box) and is colourless, and put it beside that bead which has been in the sun a long time. Measure the time till their colours appear the same.

· What time does it take for a bead to change back to its original colour when taken out of the sun?

· Does all the surface of the bead change at the same rate?

· Do all beads of the same type change at the same rate?

· Do beads of different types take different times to change colour?

Glass blocks some types of UV (some types of UV produce darkening of the skin - we 'tan', but you may have noticed that car drivers who travel with the window open get tanned on their right side. Although the light is not much brighter with the window open, a great deal more of the UV needed for tanning reaches the skin when the car window isn't in the way).

· Does a piece of glass stop the beads from changing color?

· Does a piece of glass slow the rate at which the beads change color?

Testing Sun Screen creams and lotions.

Sunscreens are intended to "block" UV (they contain substances which absorb UV radiation).

· Design an investigation to find out how well (i) sunscreen made from untreated zinc oxide or titanium dioxide and (ii) sunscreen containing nanoparticles of these substances block out UV.

· Repeat the test with different brands of sunscreens to see how effective they are as UV blockers.

· Write a scientific report for your investigation. 

Helpful hints
 If you don't want to put sun screen cream directly on the bead, you could put a thin layer of sun screen

on a piece of plastic and put the bead under the coated plastic.

Bits of curved plastic cut from a drink bottle make good covers for this test.

Don't forget to check the effect of the plastic by itself, without any sun screen cream added to it.

Test other materials which block UV.

Place various materials over some beads, then expose them to the sun.

· Which materials block UV? Design a way to test the different materials?
Things to try: cling wrap, aluminium foil, dry glass, wet glass, cloth, paper, an empty (polythene) sandwich bag, a sandwich bag filled with water.

Question

· Using the beads, how could you test gas to see if it absorbed UV?

Other activity

UV and time of day.

· Can you detect any difference in the amount of UV radiation at different times of the day?

UV - sunlight compared to skylight.

Sunlight is the radiation coming directly from the sun. Skylight is the radiation coming from other parts of the sky. Skylight is radiation which has been scattered (by gas molecules and by dust in the atmosphere ) and reflected (e.g. by clouds). When the direct rays of the sun are blocked, the region behind the blocking object is still illuminated by skylight - a shaded area is less bright than one receiving direct rays from the sun, but is not dark.

When we wear a hat we shade our face from the sun's direct rays, but are still illuminated by skylight. "Light" - the visible part of the spectrum - is scattered and reflected into shady regions. Skylight contains visible light, but does it also contain UV radiation?

· Make observations to determine whether UV radiation is part of skylight.


Activity 16:

1)  Watch flash animations from Nanovic. 

2)  Research. 

Research on one other application of nanotechnology 

(i) Pair up with a partner to decide on another application of nanotechnology. You may wish to begin with what you have seen in the flash animations and find out more on an application shown.  Other examples of nanotechnology applications are: smart fabrics, self-cleaning glass, drug nanotechnology and nanoart.

(ii) Present what you have learned in a manner you and partner choose. Include diagrams and pictures to help explain the application. 


NANOTECHNOLOGY AND ETHICS


Activity 17
Read the nanocosmetic.pdf document or at http://www.greenlivingtips.com/articles/95/1/Nanocosmetics.html
What are the main points that the article is making? Make a list of them with your partner and then share it with the class.


http://www.sciencemuseum.org.uk/antenna/nano/nanoland/nanoworld.asp
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Length in millimeters�
Length converted to deci, centi, milli, micro, or nano units (use closest prefix)�
Objects on that scale�
�
216 �
2.16 decimeters �
Length of an unsharpened pencil �
�
54 �
5.4 centimeters �
Length of a toothpick, stick of gum �
�
13.5 �
1.35 centimeters �
Diameter of a ring, length of fingernail �
�
3.38 �
3.38 millimeters �
Kernel of corn, diameter of a Q-tip �
�
0.844 �
.844 millimeters �
Size of a gnat � HYPERLINK "http://images.google.com.au/imgres?imgurl=http://www.pestcontrolcanada.com/INSECTS/Flies/gnat.jpg&imgrefurl=http://www.pestcontrolcanada.com/INSECTS/Flies/Gnats.htm&h=360&w=332&sz=17&hl=en&start=1&um=1&tbnid=UygNCwQCJ8987M:&tbnh=121&tbnw=112&prev=/images%3Fq%3Dgnat%26um%3D1%26hl%3Den%26sa%3DN" �� INCLUDEPICTURE "http://tbn0.google.com/images?q=tbn:UygNCwQCJ8987M:http://www.pestcontrolcanada.com/INSECTS/Flies/gnat.jpg" \* MERGEFORMATINET �����
�
0.211 �
0.211 millimeters �
Diameter of the tip of a needle, fine sand �
�
0.0527 


�
52.7 microns (micrometers) �
Diameter of a human hair �
�
0.0132 �
13.2 microns �
Silt �
�
0.00330 �
3.3 microns �
Clay particles, diameter of capillary �
�
0.000824 �
0.824 microns �
Bacteria �
�
0.000201 �
0.201 microns �
Resolution of optical microscope �
�
0.0000515 �
51.5 nanometers �
Virus �
�
0.0000129 �
12.9 nanometers �
Thickness of a cell wall �
�
0.00000322 �
3.22 nanometers �
Cluster of atoms, a nanoparticle �
�
0.000000805 �
8.05 Ångstroms �
Eight hydrogen atoms lined up �
�
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Activity 2 ( from Nanoscale Science (NSTA press)


What are your beliefs about these statements? Are they facts or fiction? 


Justify your choice of whether they are facts or fiction by providing reasons. 








� INCLUDEPICTURE "http://www.smh.com.au/ffxMedia/urlmedia_id_1068674381518_/media/2003/11/14/Variables.type/nanograph.jpg" \* MERGEFORMATINET ���





Activity 3


Think, analyse, interpret, research and discuss in your team.


Analyse Figures 1 and 2 below and discuss what it means. You may need to do some research on the Internet to find out more. Share what you think with the class. 


 








Some guiding questions: 


What does ‘biosensors’ mean?


What do you think they will sense on clothings?


Why is it important to sense these things?


Who would these smart-clothings be for? 
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Activity 6





Study the pictures below. Place the objects in order from largest to smallest in the right column. 








� EMBED PowerPoint.Slide.8  ���
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NANOTECHNOLOGY: Why is very small scale and size important?




















Figure 4: how carbon atoms (the circles) are connected in Graphite  (left) and Diamond (right)
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Pentagon: five sides





� HYPERLINK "http://images.google.com.au/imgres?imgurl=http://arlingtonschools.org/Curriculum/Assessment/hexagon.gif&imgrefurl=http://www.arlingtonschools.org/Curriculum/Assessment/math2geo.html&h=200&w=300&sz=2&hl=en&start=6&um=1&tbnid=bd1M_EsOM2JYTM:&tbnh=77&tbnw=116&prev=/images%3Fq%3Dhexagon%2Bshape%26svnum%3D10%26um%3D1%26hl%3Den" �� INCLUDEPICTURE "http://tbn0.google.com/images?q=tbn:bd1M_EsOM2JYTM:http://arlingtonschools.org/Curriculum/Assessment/hexagon.gif" \* MERGEFORMATINET ����





Hexagon: six sides
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Figure 7: Scanning tunnelling microscope


Source:: http://www.dansdata.com


http://www.hoffman.physics.harvard.edu
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Figure 7b.  Atomic force microscope


Source:: http://en.wikipedia.org/wiki/Atomic_force_microscope





Figure 7a.  Source:: http://www.dansdata.com





Figure 8: Scanning tunnelling microscope


http://www.hoffman.physics.harvard.edu


http://www-rpl.stanford.edu/user/files/www/afm0.jpg
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Figure 8.  Traditional (left) vs nanotechnology sunscreen


Source: http://www.csiro.au/multimedia/ppf33.html





View 2 min video at � HYPERLINK "http://www.csiro.au/multimedia/ppf33.html" ��http://www.csiro.au/multimedia/ppf33.html�





Transcript: � HYPERLINK  \l "_Transcript" ��CSIRO video transcript�





Activity 15


Testing sunscreen with UV sensitive beads
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NANOTECHNOLOGY & GAME





Activity 13





CSIRO video transcript


Title: UV blocker


Duration: 2m15s


Location: http://www.csiro.au/csiro/content/file/ppf33,,.html


Transcript


Narrator:


It's most people's idea of a perfect holiday - lying on a beach in the sun. And these days we use sunscreen to block out the sun's dangerous ultra-violet rays.


There are plenty of sunblock products, but they only contain a small amount of one of the most effective sun blocks of all, zinc. But zinc, because of its large particles, looks thick and unattractive, until now. This new type of blockout, made with 70 per cent zinc, is transparent.


It was developed by Dr Terry Turney from Australia's science agency, CSIRO, and Michael Bos from Micronisers.


Michael Bos, Micronisers:


“It's much better in that zinc on the skin doesn't give you any health problems and it's a physical blocker, so it actually stops the UV and absorbs it.”


Narrator:


Zinc looks thick because it's made up of large particles. So a way was found to pulverize it into nanoparticles, so that it can absorb the sun's rays, be practically impossible for any rays to slip through the gaps between the particles, and look far more attractive.


Dr Terry Turney, CSIRO:


“These particles are really, really small - they're about 20 nanometres in size. Now to give you an idea of how small that is, that's about one thousand times smaller than the diameter of a human hair.”


Narrator:


The new sun blocker can also be used in paints, plastics and timber products without destroying the colour or texture.


Dr Terry Turney, CSIRO:


“Australia, at the moment, has a real competitive advantage in this. I believe that we should be able to not only dominate the Australian market with these products but also to have a very substantial presence in both the European and US markets.”


Narrator:


Meanwhile back on the beach, this new Australian developed ultra-violet blocker means sun lovers can have more effective protection from the sun's potentially dangerous rays.





Contact: 


Ms Dorothy Albrecht, General Manager, Marketing & Communications, CSIRO Manufacturing & Infrastructure Technology


Phone: 61 3 9545 2068


Email: Dorothy.Albrecht@csiro.au


Web: � HYPERLINK "http://www.csiro.au" ��www.csiro.au� 
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