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As outreach programing and media attention to nanotechnology increases, certain materials are consistently offered as examples of what the field can do.  Among the more iconic are ferrofluid, memory metal, and buckyballs.  As these examples become increasingly familiar to the public, an understanding of how the atomic structure influences these materials’ properties will become increasingly important for any general understanding of how nanotechnology is revolutionizing medicine, space exploration, as well as improving the quality of everyday products.  

In December 2006, the Museum of Science and Industry (MSI) evaluated prototypes for an exhibition on nanotechnology.  MSCOPE conducted evaluations for one part of the exhibition, the Materials Wall
.  The Materials Wall consisted of nine stations that each detailed a particular material.  At each station there was a short interactive experiment for the visitor, brief (on or two sentence) instructions, an image and a short text describing the use of the material, a list of real-world applications, and a model of the atomic structure of the material.  The main message of the Materials Wall was that everything is made from atoms, and that changes in the atomic structure produces changes in a material’s properties.


Evaluations showed that visitors understood that the exhibits were about atoms or materials and felt that the exhibit had some connection to their daily lives.  The visitors enjoyed experimenting with the materials though there were clear preferences regarding which were most interesting.  Several visitors commented that they would have liked more explanation on why the materials have the properties that they do.  While the Wall showed models of the atomic structure of each material, little comment was made regarding these.  Considering that all other aspects of the exhibit (including images, text, and experiments) were commented on, we inferred that the molecular models were either not noticed or not understood.  

The lack of understanding between the atomic structure and the material is troubling for anyone interested in communicating how nanotechnology may be truly useful and is not just about creating “cool” things.  Because a model of the atomic structure of a material cannot compete with the material itself, I propose that a more suitable format for communicating this information is a demonstration (rather than a display).  This format would still allow the visitor to interact with the material (which was clearly important) while providing information regarding the relevant atomic structure and/or interaction between particles.
Materials—Results from evaluations showed that the most popular materials in the exhibit included the following:
· Ferrofluid

· Memory metal

· Hydrophobic sand

In addition to these, the demonstration will require:

· Models of the atomic structure of each of the above as well as graphite, diamond, and carbon nanotubes (see description below)

· Magnet (for interaction with the ferrrofluid)

· Hair dryer (to restore the memory metal)

· Cup of water and spoon (to demonstrate the hydrophobic sand)

Elements of the Demonstration—The demonstration will begin with a discussion of how differences in atomic structure can change a material’s property.  This could be done by comparing the structure of graphite to diamond.  Because these materials are made only of carbon, their different properties can be understood to be entirely a consequence of different atomic structures, namely the formation of sheets of carbon in the graphite compared to the “crystal”-like structure of the diamond.  
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Figure 1.  Structure of graphite (left) and diamond (right).  

Because the carbon sheets in graphite shear along one another under pressure, the model should have flexible bonds connecting the sheets.  This would emphasize the difference between the graphite atomic structure and the rigid diamond atomic structure.  Models can be passed around to visitors; visitors can be asked to identify the similarities (atom-type) and differences (atom-structure) between the two.  


Based on this comparison, the demonstration can move into the structure of buckyballs or carbon nanotubes, which are simply sheets of carbon atoms arranges like that in the graphite but folded into either balls, or tubes, respectively.  New material properties (such as the high conductivity of nanotubes) can be mentioned at this point.


Visitors next interact with the additional materials while being guided through the relationship between the atomic structure and the observed properties of each.  Perhaps have several sets of each experiment so that more than one volunteer can interact with the material and describe what is going on to the group.  
Background on materials—Below is a brief description of the materials:

· Ferrofluid in a tube is provided with the magnet.  The fluidity of the magnetic particles in the ferrofluid is the result of coating the individual particles with a surfactant that keeps the particles from approaching one another too closely.  
· The hydrophobic sand is provided with a spoon and cup of water.  The reason the sand stays dry is similar to the reason the ferrofluid is fluid: the surfaces of the sand particles are treated so that the way they interact with surrounding molecules changes.  In this case, their surfaces are covered with non-polar carbon-hydrogen groups.  Instead of preventing the sand particles from getting close to one another, however, this prevents the water from bonding with the surface of the sand particles.
· The memory metal is an example of a solid-state phase shift within particular metal alloys.  The “parent” shape of the metal is set at high temperatures; what’s important to realize is that its not the parent shape itself that is important but the fact that grains of the metal alloy are arranged in a certain way (austenite phase) at very high temperatures (500°C) within whatever the desired parent shape is.  The metal can be deformed by the visitor, and under stress, the alloy favors the denser phase (martensite).  Reheating with the hair dryer will return the atomic structure to that of austenite and the metal to the shape underlain by that atomic structure, i.e. the parent shape, but will not heat the metal enough to reset the parent shape.  
Evaluation—All of the materials listed above are easy to obtain commercially.  Evaluation would assess the efficacy of the demonstration format as compared to the exhibit format as well as the success of prototyped models of atomic structure (such as the flexible graphite structure).  

Potential relationship to larger exhibit—If the demonstration is part of a larger exhibit and the designers want to have these materials on display and available to the visitors even if there is no demonstration scheduled, the demonstration may be billed as an expansion on whatever explanation is included in the exhibit, i.e., “Come learn more at 1:30”.
� Please see the evaluation report at � HYPERLINK "http://mps.uchicago.edu/docs/2006-1/evaluations/Mary-Melanie-EvalReport-Sm.pdf" ��http://mps.uchicago.edu/docs/2006-1/evaluations/Mary-Melanie-EvalReport-Sm.pdf� for details of how the evaluation was run and specific  results.





