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Science In Motion

Juniata College


   You Are My Sunshine
Teacher Notes
· Time needed to complete lab: Each lab (A, B and C) could be performed on its own. Lab A is estimated to take approximately 30 minutes to complete. Lab B is estimated to take 45 minutes to complete (including the oxidation of the copper). Lab C is estimated to take 45 minutes to complete (including the sintering of the TiO2).
· Target grade level: These labs are appropriate for students in grades 7 – 12.
· Objectives: 
· Students will learn how energy can be stored (batteries). 

· Students will develop an understanding of how PV cells work. 

· Students will understand the law of conservation of energy (Energy is neither created nor destroyed. It simply changes form.)
· Major concepts: 
This series of labs assumes that students know relatively nothing about energy. This series of labs will lead students through a definition of energy, types of energy, how energy is stored and finally how we can transform solar energy into usable energy to supply our everyday needs.
This lab also addresses the PA Science and Technology standards Big Idea that energy is neither created nor destroyed. Energy can be transformed from one form to another, but transformation between forms often results in the loss of useable energy through the production of heat.
· Preparation:
Lab A:

Make sure the zinc strips, copper strips and blotter paper are cut to sizes given. Prepare the 1M solution of CuSO4 (To make 1L of cupric sulfate, add 159. 61 g cupric sulfate to a beaker. Add 100 ml water and stir to dissolve. Pour into volumetric flask. Fill flask to 1L mark with water. Swirl to mix.)
Lab B: No special preparation required

Lab C: 

Prepare the Titanium Dioxide suspension:
· 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 or sample data: Typical results will give the teacher some idea of the range of reasonable results to expect, even if it is an experimental lab that gives slightly different results each time (if necessary). 
· Answers to questions: 
· What is energy? Energy is the ability to do work. Work is defined as a transfer of energy. Energy can be classified as either potential or kinetic. Potential energy can be further broken down into mechanical, chemical, nuclear, gravitational and electrical energy. Kinetic energy can be further broken down into radiant, thermal, motion and sound energy.

· What happens to energy when it is used? The Law of Conservation of Energy states that energy is neither created nor destroyed. It changes forms. 

· Where does it go? Energy is released (changes form) into chemical, electrical, heat, sound, etc. energy.
· How do we get energy? We can create kinetic energy from items that store potential energy. This is how a battery works.
· How can we store energy? Energy can be stored as potential energy. It is commonly stored in batteries. Energy is also stored in food.
· What is an electrolyte? An electrolyte is a liquid that conducts electricity. 

· Why are electrolytes necessary? Electrolytes are necessary to move charged particles from a negative to a positive. The type of electrolytic substance is dependent upon its purpose and location. For example, car batteries use sulfuric acid as the electrolyte. Our bodies use sodium, calcium, potassium, magnesium, and chloride as the electrolytes to carry electrical impulses to our muscles and nerves.

· Why do we not use more solar energy? Solar energy is not yet an efficient means of energy generation. It is expensive to produce PV cell, and the voltage that is produces is much less than that of traditional fossil fuels. PV cells are also dependent upon direct sunlight. The angle of the sun’s rays affect the efficiency of the PV cell.

· What is the electrolyte used in this cell? The electrolyte used in the dye-sensitized solar cell is Iodine.
· What was the purpose for staining the titanium dioxide with the berry juice? The berry juice because of its color, attracts more sunlight, thereby exciting more photons.

· Did you get the results you expected?

· How could we make our cell produce more electricity? Let the students try concentrating the solar energy with hand lenses or Fresnel lenses. 

· Additional References: Additional useful references or resources for teachers 
www.solideas.com
www.dyesol.com
http://en.wikipedia.org/wiki/Dye-sensitized_solar_cells
· Extension: Extension activities, possibly including more quantitative activities.
How Dye-Sensitized Solar Cells Work
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Solideas.com. “How Dye Sensitized Solar Cells Work”. Accessed 07/16/2010. < http://www.solideas.com/solrcell/howworks.html>.
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Photosynthesis in plants
 

Plant leaves are tiny factories in which sunlight absorbed in the leaf by chlorophyll converts carbon dioxide gas and water into carbohydrates (glucose) and oxygen, thus providing for the energy requirements of the plant.
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Artificial Photosynthesis
 

Artificial photosynthesis is the term given to the concept whereby the leaf structure is replaced by a porous titania nano-structure, and the chlorophyll is replaced by a long-life dye. The energy circuit is completed by a redox couple.

 

The overall concept is elegantly simple.

 

This is a two-step photovoltaic process, unlike the one step process of conventional PV.


Dyesol. “How DSC Works”. Accessed 07/16/2010. <http://www.dyesol.com/index.php?page=How+DSC+Works>.[image: image4.png]
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