Nanotechnology 
The primary purpose of this Unit is to develop an understanding of the structure, properties and uses of nanoparticles and to appreciate the benefits and risks involved in their use.
Introduction to the Unit
In this Unit students carry out a survey of common items which contain nanoparticles and investigate the advantages gained in the product through implementing this technology. The properties of different types of nanoparticles are investigated, from fullerenes and quantum dots to quantum tunnelling composites (QTC) and colloidal suspensions. Medical and industrial applications of nanotechnology are reviewed. Different methods of manufacture are investigated. and the benefits and risks involved in the use of nanomaterials are identified and debated.
	On completion of this Unit students should be able to:

· understand the uses and properties of nanomaterials
· understand the methods of manufacture of nanomaterials
· know and debate the benefits and risks involved in the use of nanomaterials


Approaches to assessment
Assessment can be of laboratory reports, written reports for each topic, perhaps concentrating on one particular type of nanoparticle, stating its properties, how it is fabricated, its uses — medical and or technological — and the risks and benefits it poses.
	Topic
	Suggested content
	Teaching notes and materials

	Use of nanotechnology at present


	· atomic, nano- and micro-scales, units

· use of nanotechnology today in everyday products 

· future developments and possibilities

· multidisciplinary nature of the field (involving physics, biology, chemistry and engineering)
	Students can be asked to research which products currently contain nanoparticles and investigate two common uses. They are already in use in a large number of everyday products: sunscreen, skin products, materials that resist staining, self-cleaning glass, tennis rackets, electronic goods, instrumentation and catalysts in cars, etc. Results should then be discussed within the class. 

Some useful websites: http://www.nanowerk.com/nanotechnology/introduction/introduction_to_nanotechnology_1.html 
http://cohesion.rice.edu/centersandinst/cnst/nano.cfm 

http://www.cosmeticsinfo.orgHBI/1

	Properties of nanomaterials


	· carbon allotropes — graphite, diamond, graphene, buckyballs 

· fullerene applications; organic photovoltaics and as an antioxidant in biopharmaceuticals

· quantum dots; structure and properties. Composition: CdSe. Uses: displays, LEDs, photovoltaics and in medical diagnosis. 

· quantum tunnelling composites (QTC): composition and uses. 

· nanostructures: colloidal suspensions — ferrofluids; investigate its properties, uses of ferrofluids in electronic devices and in medicine (tumours)

· uses of silver, gold and platinum nanoparticles, the bacteriocidal properties of silver and commercial uses

· medical applications of gold nanoparticles in the diagnosis and treatment of cancer; phytomining for gold.

· use of nanoparticles as a catalyst in car manufacture and in fuel cells

· nanoshells and dendrimers; liposomes: structure and uses in medicine and skin care products
	This topic provides an opportunity to develop skills in a number of areas: literature and web search, team exercise, report writing, experimental work.

Carbon allotropes can be investigated using lab sheets from the following website: 

http://www.discovernano.northwestern.edu/getinvolved/teachers 

They then look for information on the physical and chemical properties using the internet. Suggested properties are: colour, density, hardness, melting point, boiling point, electrical conductivity, hybridization, crystal structure or shape. Applications can be researched at

http://www.nano-c.com/fullereneapp.html
A slideshow on quantum dots, introducing the subject, is available at 

http://www.slideshare.net/mcleang1/quantum-dots 

Quantum dots: special class of semiconductor, size 2-10nm, band gaps, excitons, Exciton Bohr Radius. Light emitted dependent on particle size, band gap energy inversely proportional to particle size squared. Can be made into films when bonded with appropriate molecules.

For information on quantum dots — uses and how they work:

http://www.evidenttech.com/quantum-dots-explained/how-quantum-dots-work.html 

http://en.wikipedia.org/wiki/Quantum_dot 

QTCs metal filler and elastomer binder, spiked surface. Ability to act as an insulator and, when pressure is applied, as a conductor. Uses as pressure devices in instruments, medical instruments, security devices, etc.

A useful introduction to QTCs is given at

http://www.peratech.com/qtcscience.php 

Experiments on QTC material can be carried out looking at accuracy and variability of results. From http://www.sep.org.uk 

Applications of QTC

http://www.electronicsinschools.org/page.php?m=3&ps=2&p=931 

Experiment to make a ferrofluid and investigate its properties: lab instructions and sheets available by clicking on to ferrofluids at http://www.discovernano.northwestern.edu/getinvolved/teachers 

The rest of this outcome can be given as lectures or by student research and pulling the results of this together. As a starter, web references are given below.

http://health.howstuffworks.com/gold-nanotech.htm 

(uses of gold nanoparticles)

http://www.sciencelearn.org.nz/contexts/nanoscience/nz_research/gold_nanoparticles_from_plants (phytomining and fuel cells)

http://www.nanowerk.com/spotlight/spotid=14845.php hydrogen production using solar power (gold nanoparticles)

http://www.accenture.com (R. Hengerer and M. Illsley, ‘Nanotechnology and Business: The Power of Being Small’)
http://www.dickinson.edu/~crouch/ (‘Ferrofluids and their Properties’, Dickinson College)

 http://www.helium.com/items/1683803-how-to-make-ferrofluids?page=2 
http://www.i-sis.org.uk/nanoshells.php 

http://en.wikipedia.org/wiki/Liposome 

	Applications of nanomaterials


	· medical applications

· industrial applications (skin care products, electronic goods)
	Here a few applications can be looked at in some depth. The method of delivery can be either as a lecture or with mainly student input. Information on uses can be obtained from websites. 

Medical applications :diagnostic, eg biosensors, delivering medicines, cancer and diabetes treatment, nanoshells, dendrimers and nanobots
Industrial uses: sun screen; liposomes in skin care products; electronic goods, eg lasers, DVDs, playstations; cars; catalysts; hydrogen storage; photovoltaic development

	Fabrication 

of nanomaterials


	· colloidal solutions and the role of the surfactant; Langmuir Blodgett films; self-assembled monolayers (SAMs) 

· top-down and bottom-up approaches; nanolithography and molecular assemblies using methods such as base pairing (DNA)
	Two methods of preparation can be discussed in some detail, one involving colloidal solutions and the other involving a bottom-up approach. The websites below give useful summaries of nanotechnology and manufacturing processes.

http://www.nanoscience.gatech.edu/zlwang/research/nano.html 

http://occmed.oxfordjournals.org/cgi/content/full/56/5/300 

http://en.wikipedia.org/wiki/Nanomaterials 

	Benefits and risks involved in the use of nanomaterials


	· advantages of nanomaterials (miniaturization, novel combination of properties, increased reactivity due to particle size, ability to penetrate membranes, etc)

· disadvantages of nanomaterials (the ability to permeate membranes, may initiate an immune response reaction, may be toxic) 

· projected benefits to mankind (clean water, engineered food, nutritionally enhanced foods, cheap energy, clean and efficient manufacturing, better drugs, diagnostics and organ replacement, etc)

· potential risks for mankind (health, environmental and societal impacts)


	The students can be asked to itemize the advantages and disadvantages of nanotechnology and to decide on the risks and benefits of this technology in relation to a particular aspect, such as use in the food industry or use of silver nanoparticles.

Not much is known about the toxicity of nanomaterials. Does it differ from the toxicity of the material in its normal form?

Some useful websites: 

http://www.iom-world.org/research/nanoparticles.php (understanding the risks of nanotechnology) 

http://www.ethicsweb.ca/nanotechnology/ 

(several articles on the ethics of nanotechnology)

http://www.nanotechproject.org/ 

(survey of public perceptions of nanotechnology)

http://www.publications.parliament.uk/pa/ld200910/ldselect/ldsctech/22/22i.pdf (House of Lords report on Nanotechnology and Food)
http://www.sciencedaily.com/releases/2007/05/070523075416.htm (Nanotechnology in everyday products)

http://www.sciencedaily.com/releases/2009/02/090214162746.htm (‘Could Nanotechnology Make An Average Donut Into Health Food?’ Science Daily is a good source of articles on nanotechnology.)




