Converting Light Energy Into Electrical Energy:  The Grätzel Cell

INTRODUCTION

Dyes are molecules that have electrons that absorb light energy in the visible spectrum.  The colors of the dyes are the colors of visible light that are not absorbed and reflected back to your eye.  For example, the electrons in chlorophyll, the molecule responsible for the green color of plants, absorb all of the wavelengths but the green.  Therefore, chlorophyll appears green.

However, in the chloroplasts of green plants, some of the light energy that excites the electrons is used to form carbohydrates and oxygen – the light energy is converted into chemical energy.  In order to do this, the excited electrons are transported by a series of electron acceptors where chemical changes occur.  What if the electron acceptor transported the electron through a circuit?  The movement of electrons is current.  Light energy could be converted to electrical energy.

For this activity, the dye used can come from a number of natural sources such as chlorophyll, berries or flowers. TiO2 will be the electron acceptor that snatches the electron in the dye that is excited by the light.  The flow of electrons initiated by the light absorption can be measured as a current and a voltage.  However, every electron lost from the dye to the TiO2 must be replaced; therefore, an electrolyte solution will be in contact with the system to replace the lost electrons.  The electrons lost from the electrolyte solution will be replaced by the electrons after they have moved through the circuit – thus completing the circuit.

The purpose of this activity is to make a solar cell and measure its voltage and current when exposed to light.

MATERIALS

2 pieces of conductive glass, one coated with TiO2, soft graphite pencil, two small binder clips, forceps, iodide electrolyte solution, multimeter, deionized water, isopropanol, kimwipes, natural dye.

PROCEDURE

1. Start the TiO2 coated glass soaking in the natural dye.  To ensure most of the TiO2 particles are stained with the dye, soak for at least 10 minutes.

2. Take another piece of conductive glass and check for the side that is conductive using a multimeter.

3. Once the side that is conductive is determined, use a soft graphite pencil to coat that side with a thin layer of graphite.  Be sure to make the coating the same size and shape as the TiO2 coating on the other piece of conductive glass.

4. Take the TiO2 coated glass out of the dye using forceps.   Take care to handle the glass by the sides or the edges only to avoid scratching the conductive coating and/or TiO2.  Rinse well with deionized water, then again with isopropanol.  Let it air dry.

5. With the stained TiO2 and graphite coat facing each other, clip the two pieces of conductive glass together with the binder clips.  Be sure to have some of the conductive glass on each piece available for connecting to the multimeter.  (See Figure 1)
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6. With the iodide solution in a dropper pipette, place a drop at the edge where the two pieces of glass are in contact.  The iodide solution will be pulled into the space between them through capillary action.  Blot any excess iodide dry with the kimwipes.












     Figure 1






7. Place the cell on an overhead projector, or take it outside for and use sunlight.

8. Record voltage and current measurements using the multimeter.

DATA

Table 1:  Voltage and Current Readings for the Class

Team
Voltage (V)
Current (mA)

















































Observations:

ANALYSIS

1. Describe how the light is converted into electrical energy in the solar cell.

2. What could you do to produce more current?
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