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Synthetic Opals
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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 programs that explore the behavior of both mechanical waves and electromagnetic waves.  The URL for NCLT’s home page is http://www.nclt.us/.
The curriculum will include the synthesis of synthetic opals using the following procedure.  The following procedure has been adapted from that draft curriculum.
· Wear goggles and disposable gloves.

· Place two clean glass slides with a concave depression on a clean surface.

· Use an eye dropper or pipette to place 2-3 drops of a solution of polystyrene spheres that have a diameter of 250 nanometers into the concave well of one of the glass slides.

· Use an eye dropper or pipette to place 2-3 drops of a solution of polystyrene spheres that have a diameter of 300 nanometers into the concave well of the other glass slide.

· The prepared slides should be moved to a warm surface at a low temperature setting.
· Observe the slides periodically (usually for about 15 to 20 minutes) and remove the slides from the warming surface when the solvent has evaporated.  The synthetic “opals” should have formed in the concave depression of the glass slide.

· Carefully remove the glass slides from the warming surface.  Caution: The “opal” will be fairly fragile and might peel off of the slide.

· Allow the slide to cool.

· Put a small line of glue around the perimeter of the glass slide containing the “opal”.

· Place a flat glass slide over the top of the slide containing the “opal”.

· Press down to create a complete glue seal around the edges of the glass slides.

· Allow the glue to dry.

Manipulate Light with the “Opal”

       Natural opals form as mixture of silicon dioxide (SiO2) and water form a regular array of chains of silicon dioxide molecules packed into tiny spheres that are similar in size to the polystyrene spheres that you have used to form a synthetic opal.  
     The NCLT draft curriculum of the Manipulation of Light in the Nanoworld includes the following description of the behavior of light as is passes through an opal.

     “Light traveling through an opal experiences a periodic variation in refractive index as it passes from sphere to sphere. At each interface, light is partially reflected and partially transmitted. The light reflected at these discontinuities may result in either constructive or destructive interference, depending on wavelength as well as the spacing between spheres. If the reflected light waves combine constructively, the light will be completely reflected and no light will be transmitted.”

Use a Laser Pointer to Analyze Your Opal
· Hold the slide containing your synthetic opal so that light that is transmitted through the opal be seen on a distant classroom wall.

· Shine a laser light directly at the opal.  Be sure that the light is not directed toward anyone’s eyes.

· Move the beam of light along the opal surface in several directions.

· Describe the patter of light that appears on the classroom wall.

Question:  Some people may have been able to produce a patter of bright and dark areas on the classroom wall directing a beam of light at the opal.  How might you account for the production of that pattern?

