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Science In Motion

Juniata College


A Berry Bright Idea
Making a Dye Sensitized PV Cell
Teacher notes
Time needed to complete lab: About 2 class periods. If you can at least make it to dyeing the glass in the juice, then you could resume in the next class period. 

Target grade level: 9-12
Objectives: 
 
To understand how alternative forms of energy can be used to meet our energy 
 
demands
 
To build a photovoltaic cell using out of basic chemicals and raspberry juice 
 
To generate voltage using solar energy 
Major concepts: Although this is a chemistry lab, the concepts have a place within an Earth science or environmental class, where alternative energy is typically studied. You may want to not focus so much on the chemistry of the reaction, but instead emphasize the effectiveness of solar energy. (Use the links below under “Additional Resources” to check out some videos on how to make the cell and how it works) 

Preparation: 
Prepare the Titanium Dioxide suspension:

Need: 

Titanium powder (TiO2)
(2) 1” square pieces of conductive glass (TEC 8, 10, or 15, or glass coated with SnO2 – sometimes called ITO glass)

0.10 M acetic acid solution

Clear dish detergent (we used Palmolive)
· In 1 mL increments, add 9 mL of the 0.10M acetic acid solution to 6g of TiO2 powder in a mortar and pestle while grinding. The grinding process mechanically separates the aggregated TiO2 particles due to the high shear forces generated. 
· Add each 1 mL addition of the dilute acid solution only when the previous mixing and grinding has produced a uniform and lump-free suspension with a consistency of a thick paint. The grinding process requires about 15 minutes and should be done in a well-ventilated area. 
· To the TiO2 paste, add a drop of clear dish soap (Palmolive makes a clear dish soap) and swirl. This allows the final suspension to more uniformly coat the glass plates. So as not to produce foam, the TiO2 suspension should not be ground or agitated after the surfactant is added. 
· Transfer half of the TiO2 suspension in to each of the 2 small dropper bottles and allow it to equilibrate for at least 15 minutes (if not overnight) for best results. These bottles will need to be shared with the entire class. 

Prepare the iodine solution:
· To make a 0.05 M solution of iodine, in a volumetric flask, dissolve 0.127 g of Iodine (I2) in 10 mL of water-free ethylene glycol. Then add 0.83 g of potassium iodide (KI). Stir and store in a dark container. Transfer to two amber glass dropper bottles.
Troubleshooting/ Storage:

· If this lab process does not work, the solar cell can be taken apart, and both glass slides can be rinsed with ethanol and blotted dry with a tissue, and then the Solar cell can be reassembled and new iodide solution can be added.
· Store the solar cells in a sealed container (Ziploc® bag, Tupperware®, etc.) and place them in a cool, dark location (a refrigerator is ideal). 

· To regenerate the solar cells, simply add new iodide solution as previously done. 

· When you have finished all experiments that you plan to do with the solar cells, the glass slides should be cleaned by scrubbing them with a soft tissue, using ethanol and water to take off the TiO2 and other residues. It is nearly impossible to remove the carbon (pencil) from the second glass slide, so future teams of students should be given 2 slides – one that is clean, and one that has previously been used as the carbon-coated slide – and instructed to coat the clean one with TiO2.
Typical results/Answers to questions:
1. What was the approximate voltage that your solar cell produced? 

 
Each cell should produce about .3 volts. This is obviously extremely small, but leads to a good discussion. The truth is, solar panels are not as efficient as we want them to be. Much research is in the works to change this. China has become a leading researcher  


2.  What happened when you shaded the light from your solar cell? 
 
The voltage should decrease since you are blocking the light source. 
3.    How could we make our cell produce more electricity?
 

You could attach all the solar cells together to produce more energy. In fact, 
 

this is what a solar array is: a collection of smaller solar cells that produce a 
 

larger amount of electricity 

 4.   Describe at least 2 advantages of using solar energy.
 

- Solar energy systems do not produce air pollutants or carbon-dioxide

 

- When located on buildings, they have minimal impact on the environment

5.    Can you think of a disadvantage of solar energy?

 

- The amount of sunlight that arrives at the Earth’s surface is not constant. It 
 

varies depending on location, time of day, time of year, and weather patterns
 

- Because the sun doesn’t deliver much energy to any one place at any one 
 

time, a large surface area is required to collect the energy at a useful rate. 


Additional Resources:
 
How to make the cell: 
 
http://www.beyondbenign.org/K12education/highschool.html 
 
 
(scroll to middle of the page) 
 
http://education.mrsec.wisc.edu/289.htm

 
How the cell works: 
 
http://www.youtube.com/watch?v=3KRHJSOgzcw

 
Information on solar energy: 
            http://www.youtube.com/watch?v=x4CTceusK9
            http://www.youtube.com/watch?v=4uPVZUTLAvA
 
http://www.eia.gov/energyexplained/index.cfm?page=solar_home
Extension: To increase the voltage, consider making a series circuit with several cells. 
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