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Science In Motion

Juniata College


You Are My Sunshine
· Standards:
Part A only:
S8C.2.1.3: Batteries store chemical energy and transform it into electrical energy. 

Parts A, B and C:

S8C.2.1.1 & 3; S8C.2.1.3: Energy appears in different forms and can be transformed within a system. 

S8C.2.1.2 & 3: Energy can be transformed within a system or transferred from one system to another (or from a system to its environment) in different ways. Thermal energy is transferred from warmer objects to cooler objects. Mechanical energy can be transferred when two objects push or pull on one another. Electromagnetic energy can be transferred when an electrical source, such as a battery or generator, is connected in a complete circuit to an electrical device. Chemical energy is transferred when particles are rearranged in a chemical reaction. 

· Introduction and background: 
Energy is in everything we see and do. It cannot be created nor destroyed; it simply changes forms. Think about your car, your phone, even you! Currently, most of our electrical and mechanical energy needs are being met using fossil fuels. This means that we are burning coal, oil or natural gas or some combination of all these to create the electricity we consume on a daily basis. There is only a finite amount of fossil fuels left on our planet; we need to think about using alternative forms of energy generation. Energy can also be stored in batteries, but these are usually composed of chemicals that are harmful to the environment. The sun is always available for us, giving us heat and light. How can we transform this ‘free energy’ into something more usable for our energy needs?
· Guiding questions: 
· What is energy?
· What happens to energy when it is used? 

· Where does it go? 

· How do we get energy? 

· How can we store energy? 

· What is an electrolyte? 
· Why are electrolytes necessary? 
· Why do we not use more solar energy?
· Materials (per pair of students):  
All labs:
· Safety glasses (1/student)

· Gloves (1 pair/student)

Part A: Building a battery

· [image: image2.jpg]1 blotter paper strip – 1.5” x 7”
· 1 zinc strip – 1” x 6”
· 1 copper strip – 1” x 6”
· 1 rubber band

· 1 clear plastic container – 200 ml beaker will work

· 1 grain-of-wheat lightbulb with wire leads

· Cupric sulfate solution – 1 M sol’n
· Paper towels

· Masking tape

· Steel wool

Part B: Thin Film PV cell

· (2) pieces copper foil 2” x 4”

· 2 Tbsp. table salt or sodium chloride

· two alligator clip leads 

· fine sandpaper (200+ grit)

· Multimeter – needs to be able to measure ohms and volts

· electric hot plate

· 200 ml or larger beaker

· Scissors

· Empty water bottles (small ones that we collect here are great!)

Part C: Dye Sensitized PV cell

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

· Titanium dioxide powder (TiO2)

· 0.10 M acetic acid solution

· Clear dish detergent (we used Palmolive)
· Mortar and pestle

· Iodide solution (0.5M KI & 0.05M I2 in ethylene glycol)

· DI water

· KIM wipes
· Alcohol burner

· Mesh stand for over alcohol burner
· Permanent marker (Sharpie fine or extra-fine point)

· 2 alligator clips

· 2 binder clips

· Ethanol  or rubbing alcohol in wash bottle

· Tea light
· Tongs
· Frozen raspberries

· Petri dish

· Glass stir rod

· Insulated nichrome or copper wire

· Scotch tape

Optional:

· Small Fresnel lens

· Mirrors
· Mylar (emergency camping blanket) or aluminum foil

· 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 (they are HOT). The sintering required by both PV cells 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 A: Building a battery
1. Use the steel wool to clean the oxidation from the copper and zinc strips by rubbing vigorously until clean (shiny).

2. Make a ‘sandwich’ with the copper and zinc strips on the outside and the blotter paper between the two metal strips. Secure the ‘sandwich’ with the rubber band about 1 inch from the bottom of the ‘sandwich’ (the blotter paper will stick out the top). Gently bend each of the metal strips away from the center of the sandwich, trying not to actually fold the strips.

3. Using the masking tape, tape one end of the grain-of-wheat bulb’s exposed wire leads to the copper strip and the other end to the zinc strip. 

4. Add approximately 100ml of copper sulfate solution to the 200ml beaker. 

5. Place the rubber banded end of the metal sandwich into the solution. Allow to remain in solution for approximately 5 minutes. Record observations.
6. Remove assembly from solution and place on paper towel. Record observations.

7. Disassemble ‘sandwich’ and return materials to original location. Dispose of copper sulfate solution by flushing down drain.

Part B: Thin Film PV cell

1. Wash both copper strips with soap or cleanser to remove all traces of oil or grease. Dirt and oil on the sheet will prevent proper coatings from forming.

2. Continue cleaning the copper strips by using fine sandpaper. Make sure they are very clean. They should be a light pink color.

3. After the copper strips have been cleaned and dried, place one copper strip on the burner and turn the burner to its highest setting. Set the other strip aside to be used later.

4. As the copper starts to heat up, oxidation patterns will begin to form. You will see the oxidation patterns as shades of orange, purple, and red covering the copper. Continue to allow the copper strip to heat for about thirty minutes, until the copper is covered with a thick, black coating. This black coating is cupric oxide. 

5. Turn off the burner, but leave the copper strip on the burner and allow it to cool slowly. As it cools, differential shrinkage will cause the cupric oxide to flake off, exposing a coating of cuprous oxide underneath. Clean up the black flakes that collect and discard. Do not try to scrape off any remaining black bits, because this might damage the cuprous oxide coating. The side that was against the hot plate will be covered with a light pink film. This is very fragile! This pink film is what you want.
6. Retrieve the other clean copper strip. Carefully and gently bend both strips so that they will fit inside the clear plastic container. They must not touch each other. The oxide coating that was facing up on the burner should face the outside of the bottle.

7. Dissolve 6g of salt into 200 ml of hot water from the tap. Pour the saltwater into the clear plastic container, leaving two cm of copper strip above the level of the water.

8. Attach the two alligator clip leads, one to the clean copper strip, and one to the oxide-coated strip. Connect the lead from the clean copper strip to the positive terminal of the meter.

9. Connect the lead from the copper oxide-coated strip to the negative terminal of the meter.

10. Test the cell by taking the assembled photovoltaic cell outside and facing the oxide-coated strip toward the sun.

11. Read the meter. Record your observations.

12. Shade the cell from the sun and read the meter again.

Part C: Dye Sensitized PV cell

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. Use a multimeter, set to ohms, in order to check which side of the glass is conductive. The reading should be between 10 to 30 ohms. On one corner of the conductive side of the glass, place a very small dot using the permanent marker.
3. Lay one glass plate with the conductive side up. This plate will be coated with the TiO2 suspension. Turn over the other glass plate, so that the conductive side is face down. Place it next to the glass slide that is to be coated. When the assembly is completed, one glass plate will be conductive side up and the other with its conductive side down (keep track of the plate that is conductive side up). 

4. Apply two pieces of Scotch (3M) adhesive tape (6-7 cm in length) to the top faces of the glass plates in order to mask a strip NO MORE than 1 mm wide on the two longer edges. 

5. Apply another piece of adhesive tape along the top of the glass to be coated so as to mask a 4 to 5 mm strip. The three pieces of tape should extend from the edge of the glass to the table in order to secure the plates to the table. 
6. Add 1 - 2 drops of the TiO2 suspension to the conductive-side-up glass slide using the dropper bottle .

7. Within five seconds after application of the TiO2 suspension, slide (DO NOT ROLL) a clean glass rod (held horizontally) over the plate to spread and distribute the material. The most successful technique for achieving a uniform film is to use a rapid sweeping motion of the rod towards the tape end of the setup and then back over the film in the opposite direction, sweeping the excess TiO2off onto the second plate. 
8. If the coating looks non-uniform, then the material can be wiped off the plate and the glass rod with a dampened tissue and the deposition procedure repeated. 
9. After deposition of the TiO2 suspension, carefully remove the tape. Allow the TiO2film to dry for one minute. Wash and dry the plate that was conductive side down and set it aside. Clean the glass rod, and return to the teacher. 
10. Place the glass plate on the wire mesh stand. Light the alcohol burner. Allow the TiO2to heat on the mesh stand for 20 – 30 minutes or until the TiO2 is completely dry.
11. Use the tongs to place the heated glass on a towel to cool. DO NOT place the heated glass on the floor of the fume hood – it will crack! Allow to cool until you can comfortably hold it in your hand.
12. Obtain 6 – 8 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. Transfer the crushed berries to the petri dish. Add a small amount of DI water to make more juice. 

13. Once the glass has cooled, 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. 
14. Clean your second glass plate (the one that is not soaking in raspberry juice) by rinsing it in ethanol and then drying with a soft tissue—use the same technique as with cleaning a pair of eyeglasses. 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. 

15. Use a multimeter, set to ohms, to reconfirm which side of the glass is conductive. (the reading should be between 10 to 30 ohms)
16. Hold the conductive glass plate by one edge with tongs. Light a tea light. Pass the glass plate through the flame to collect the soot on the glass. Be careful not to miss any spots. DO NOT touch the carbon film you just applied! You must pick it up at the edges and carefully place it where desired. 
17. Remove glass plate (which is stained a dark purple) from the raspberry juice and rinse it with deionized water, then with ethanol. It is important to dry the stained glass plate. Rinse it with ethanol and place it on a tissue with the film side up. Gently blot the stained glass dry with a KIM wipe. 

18. 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 4-5 mm strip of each glass plate is exposed. This whole process needs to be completed within 1 minute. 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. 
19. 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.
20. Carefully place two drops of the 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 alternating between the clips until all of the stained area is contacted by the electrolyte. 

21. Wipe off the excess electrolyte from the exposed areas of the glass using cotton swabs and tissues dampened with ethanol. It is important that the electrolyte is completely removed from the two exposed sides of the cell. 
22. Fasten alligator clips to the two exposed sides of the solar cell to make electrical contact to the finished device. 

23. Attach the black (–) wire of the multimeter to the stained glass plate (this will serve as the negative electrode). 

24. Attach the red (+) wire of the multimeter to the carbon coated glass plate (this will serve as the positive electrode). 

25. Read the meter. Record your observations.

26. Shade the cell from light and read the meter again. You may not notice much difference indoors; take your assembled cell outside and read the meter. Record your observations.

27. Shade the cell from the sun and read the meter again. Record your observations.
· Questions: 
· What is the electrolyte used in this cell?
· What was the purpose for staining the titanium dioxide with the berry juice?

· Did you get the results you expected?

· How could we make our cell produce more electricity?
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This is all part of the MS Energy Machines and Motion Making a Battery lab
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