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Guide to Synthetic “Opals”

         The National Center for Learning and Teaching in Nanoscale Science and Engineering (NCLT) is in the process of developing a curriculum entitled Manipulation of Light in the Nanoworld.  The curriculum most appropriate for high school physics program that explore the behavior of both mechanical waves and electromagnetic waves.  The URL for NCLT’s home page is http://www.nclt.us/.

The synthesis of opal activity is adapted from one of many activities in that curriculum that explore the ways in which light can be used to analyze the structure of matter at the nanometer scale.   
Materials Required 
· Warming surface

· Medicine droppers or pipettes
· Double concave well glass slide

· Flat glass microscope slide

· Solutions of polystyrene spheres (250 nm and 300 nm diameters)

· Glue
· Laser pointer
  
     Both the evaporation of the solvent from the solution containing the polystyrene spheres on a warm hotplate and the cooling of the glass slide before applying glue takes 15 to 20 minutes.  This provides an opportunity to describe the formation of and properties of the “opals”.   It also provides an opportunity to have students explore the formation and properties of mechanical and electromagnetic waves.
STEM Connections

  Examples of opportunities to integrate the synthesis of an opal into the STEM curriculum include the study of:
· The characteristics of the electromagnetic spectrum.
· The reflection and refraction of waves.
· Constructive and destructive interference of waves.

· The production of electromagnetic radiation.

· Using light to analyze the structure of matter

· The structure of gems and minerals

· Structural colors and pigmentation.

Examples of Related Activities

     There are many middle school and high school activities that build an understanding of the behavior of light as it passes through spaces between spherical structures and is reflected from spherical structures in an opal.   
     The understanding of the behavior of waves typically begins with an understanding of the behavior of mechanical waves through activities that include:

· Using a long spring or rope to develop an understanding of relationships among the wavelength, frequency, velocity, and energy of waves.

· Observing diffraction and interference as it occurs with water waves.
The development of an understanding of the use of electromagnetic waves as an analytical tool can continue as student:

· Compare the wavelengths and energies of light emitted by incandescent and fluorescent light sources.

· Use a small slit to calculate the wavelength of different colors of visible light.

· Relate the colors emitted by samples of nitrate compounds to the position of elements on the periodic table.

Related Web Sites
What is Polystyrene?    http://en.wikipedia.org/wiki/Polystyrene
Natural and Synthetic Opals:    http://www.costellos.com.au/opals/types.html#top
Constructive and Destructive Interference

http://webphysics.davidson.edu/physlet_resources/bu_semester1/c21_interference.html
Water waves in a ripple tank.

http://www.ngsir.netfirms.com/englishhtm/Interference.htm
http://id.mind.net/~zona/mstm/physics/waves/interference/twoSource/TwoSourceInterference1.html
Spectroscopes:   http://www.starlab.com/psspectrometers.html
Double Slit Interference Patterns

http://www.walter-fendt.de/ph14e/doubleslit.htm
http://dev.physicslab.org/asp/applets/doubleslit/default.asp
The Chemical Flame Test:   http://en.wikipedia.org/wiki/Flame_test
