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A Berry Bright Idea
Making a Dye Sensitized PV cell

Pennsylvania Common Core: 

	3.3.10.A4
	Relate geochemical cycles to conservation of matter. Explain how the Earth’s systems and its various cycles are driven by energy

	3.4.10.E7
	Evaluate structure design as related to function, considering such factors as style, convenience, safety, and efficiency  

	3.2.12.A4
	Apply oxidation/reduction principles to electrochemical reactions 



Introduction and background:
Green Chemistry
This lab is an example of a green chemistry lab. According to the American Chemical Society, the 12 principles of green chemistry are:

1. Prevent Waste

2. Atom Economy
3. Less Hazardous Chemical Syntheses
4. Designing Safer Chemicals
5. Safer Solvents and Auxiliaries
6. Design for Energy Efficiency
7. Use of Renewable Feedstock
8. Reduce Derivatives

9. Use Catalysis Reagents 
10. Design for Degradation
11. Real-time analysis for Pollution Prevention
12. Inherently Safer Chemistry for Accident Prevention
As our society becomes more concerned about energy conservation and sustainability, the adoption of green chemistry methods is becoming more relevant. For more information,  visit: http://www.acs.org/content/acs/en/greenchemistry/about.html
Solar Energy: (from www.eia.gov/energyexplained) 
The sun has produced energy for billions of years.  Solar energy is the sun’s rays (solar radiation) that reach the Earth. This energy can be converted into other forms of energy, such as heat and electricity. Radiant energy from the sun has powered life on Earth for many millions of years.
In the 1830s, the British astronomer John Herschel famously used a solar thermal collector box (a device that absorbs sunlight to collect heat) to cook food during an expedition to Africa. Today, people use the sun's energy for lots of things. 

When converted to thermal (or heat) energy, solar energy can be used to:

· Heat water — for use in homes, buildings, or swimming pools

· Heat spaces — inside homes, greenhouses, and other buildings

· Heat fluids — to high temperatures to operate a turbine to generate electricity 

Solar energy can be converted to electricity in two ways:

· Photovoltaic (PV devices) or “solar cells” change sunlight directly into electricity. Individual PV cells are grouped into panels and arrays of panels that can be used in a wide range of applications ranging from single small cells that charge calculator and watch batteries, to systems that power single homes, to large power plants covering many acres.(This is the type of cell you will be building in this lab.) 

· Solar Thermal/Electric Power Plants generate electricity by concentrating solar energy to heat a fluid and produce steam that is used to power a generator. In 2011, solar thermal-power generating units were the main source of electricity at 13 power plants in the United States: 

· 11 in California 

· one in Arizona 

· one in Nevada 

Guiding questions: 
1. After reading through the materials and procedures, which of the 12 green chemistry principles seem to be relevant in this lab? 

2. What can you do during this lab to make sure you are considering the 12 green chemistry principles? 

Materials:
Titanium dioxide dropper bottle 
Tongs
Potassium iodide dropper bottle 
Stirring rod

Frozen raspberries 


Mortar and pestle 
DI squirt bottle 


KIM wipes
ethanol squirt bottle  


2 alligator clips and multimeter
Scotch tape 



2 binder clips
2 small square conductive glass plates  

Safety:
As with any chemicals, please follow standard laboratory safety procedures: safety goggles and gloves are advised. Caution students about the use of hot plates. The sintering required should be performed under a fume hood for safety. Disposal of all chemicals is safe down the drain with copious amounts of water. Also, raspberry juice will stain.

Procedure:
Part I. 
1. Clean the two conductive glass plates by rinsing them in ethanol and then drying with a soft tissue—use the same technique as you would with cleaning a pair of glasses. Once you have cleaned the glass plates, do not touch the clean surfaces of the glass plates. 

2. Notice that you have two plates: one is clear and the other has graphite (pencil) on it. Set the graphite coated plate aside. We will work with the clear plate first. 

3. Use a multimeter (set to ohms) to check which side of the clear plate is conductive. Turn the multimeter to the waves symbol in order to hear a sound. Lay your plate with the conductive side face up on the lab table. 
4. Using Scotch tape, tape the plate onto the lab table by taping down 3 of the sides with 3 separate pieces of tape. When doing this, only put about 1 mm of the tape onto the plate. In other words, you are creating a thin border of tape around the edge of 3 sides. 

5. Add 1 - 2 drops of the TiO2 suspension to the glass plate that is taped down. 
6. Within five seconds after application of the TiO2 suspension, slide a clean glass rod (held horizontally) over the plate to spread and distribute the material. Do your best to evenly spread the material. Allow the suspension to sit for one minute. 
7. Carefully remove the tape. Bring the glass plate over to the hot plate, but only touch the plate on the edges.  Everyone’s plate will be heated at the same time for 20 minutes in order for the TiO2 to completely dry. 
8. While the plate is heating, obtain 2-3 raspberries from the teacher. Place them in the mortar. Use the pestle to gently crush the berries – remember, it’s the juice we need, not the pulp. Add a small amount of DI water to make more juice. 
9. Once the glass is done heating, wait about 10 minutes for the plate to completely cool. Then, place it into the raspberry juice solution face down. Soak the TiO2-coated glass plate for 10 minutes in the dye. If you can see any white from the TiO2 from either side of the glass plate, the glass should be placed back in the dye for an additional 5 minutes. Do not remove the glass plate from the raspberry solution until you are ready to assemble the solar cell in the next section. 
Part II

10. Clean your second glass plate (the one that has graphite on it) by rinsing it in ethanol and DI water, then drying with a soft tissue. Once you have cleaned the glass plate, do not touch the face of the plate, as the oils in your hand will contaminate the surface. 
11. Use the multimeter (set to ohms) to confirm which side of the glass is conductive. Set that plate on the table so that the conductive side is facing up.

12. Using a pencil, color on the plate to create a thin layer of carbon atoms. You can already see where this has been done before. You’ll notice there is a thin band on one of the edges that has not been colored in; leave this band clear.  DO NOT touch the carbon film you just applied. You must pick it up at the edges. 
13. Remove your berry-stained glass plate from the raspberry juice and rinse it with ethanol and DI water. Gently blot the stained glass dry with a KIM wipe. 
14. This next step needs to be completed within 1 minute: Place the dried and stained glass on a flat surface so that the stained side is face up; the carbon-coated glass is placed on top of the stained glass so that both the conductive sides of the glass are touching. Be sure to offset the two plates so that all of the stained glass is covered by the carbon-coated glass, and the uncoated strip of each glass plate is exposed. At each end, 4-5 mm of each plate is exposed. The two exposed sides of the device will later serve as the contact points for the negative and positive electrodes. 

15. Carefully pick up the two glass plates, taking care not to let them slide out of place. Place two binder clips on the long edges to hold the plates together.

16. Carefully place two drops of the electrolyte iodide solution at one edge of the plates (the offset edge, NOT the edge with the binder clips). Keeping the plates sandwiched together, alternately remove and replace each binder clip. This creates a small space between the plates into which the solution is drawn by capillary action. Continue until all of the stained area is contacted by the iodine.  

17. Wipe off the excess electrolyte from the exposed areas of the glass using KIM wipes. It is important that the electrolyte is completely removed from the two exposed sides of the cell. 
Part III  

18. Fasten alligator clips to the two exposed sides of the solar cell to make electrical contact to the finished device.
 

19. Attach the black (–) wire of the multimeter to the stained glass plate (this will serve as the negative electrode). Attach the red (+) wire of the multimeter to the carbon coated glass plate (this will serve as the positive electrode). 
Now, you’re ready to head outside. Everyone we’ll get to test how many millivolts your PV solar cell can produce. To do this, switch your multimeter to the voltage side. When you’re outside, try putting your hand over the cell to shade the light and think about what’s happening! 

Questions:
1. What was the approximate voltage that your solar cell produced? _____________

2. What happened when you shaded the light from your solar cell? 

________________________________________________________________________

3. How could we make our cell produce more electricity?

________________________________________________________________________

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

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