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Name__________________________________ Date______________________ Period ______ 

Nanocrystalline Solar Cell Lab Activity: 

Student Instructions & Worksheet

Overview
This laboratory procedure will demonstrate the operating principles of the nanocrystalline solar cell and those of photosynthesis. The objectives of the experiment over the next two days are to: 

· Deposit the TiO2 nanocrystalline ceramic film on conductive glass.

· Extract a natural dye.

· Determine how the physical and electronic coupling of an organic compound to an oxide semiconductor can occur via complexation and chelation.
· Determine the characteristics of the assembled photoelectrochemocal cell and to compare this output to the chemical processes occurring in photosynthesis found in green plants.

Caution
Throughout both days of the lab, do not touch the face of the glass plates. Oils from fingers will contaminate the surfaces, and could cause your solar cell to fail. Hold the glass plates with tweezers or by the edges of the glass.
Materials: Day One

	In your kit:




· Goggles




· 2 conductive, tin dioxide-coated transparent glass plates 



· Tweezers


· Glass stirring rod

· Chem Wipe tissues

· Ethanol dropper

· Portable flame burner

· Ring stand

· Ceramic triangle

· Petri dish

· Ziploc bag

· Timer
	Teacher has:
· Multimeter

· Transparent tape

· TiO2 suspension

· Permanent marker


Procedure: Day One

Groups will be assigned, and each person in the group will be responsible for specific procedures. The group must work together to do all procedures in order. 
1. Clean both glass plates by rinsing them with a couple drops of ethanol and drying with a chem wipe.

2. a. Use a multimeter set to ohms to determine conductive side of each plate. The reading should be between 10 and 30 ohms.

b. Place plates on the tabletop with one conductive-side-up and one conductive-side-down. Mark which one is conductive-side-up so your partners can see it and set both right next to each other as in the figure below.
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         conductive-side-up
conductive-side-down

3. a. Get three strips of transparent tape (2 pieces 7 cm long, 1 piece 5cm long).

b. Tape the plates in place on the tabletop so you have a taped edge NOT MORE THAN 1mm wide on the LONGER EDGES. Place the shorter piece of tape across the top of the conductive-side-up plate, overlapping the tape 4-5 mm along the top edge.

4. a. Get drops of TiO2 from the teacher.

      b. Quickly smear the conductive-side-up plate with TiO2 by sliding a horizontal glass rod across the TiO2 drops. Slide the rod back and forth the 2-3 times WITHOUT LIFTING IT OFF THE PLATE. If the TiO2 coating looks uneven, or if it doesn’t cover the whole conductive plate, undo the setup and clean both plates again with ethanol and start again.
5. Set up the ringstand, triangle, and burner.

6. Adjust the ringstand so that it is positioned right at the tip of the burner flame.

7. Remove the tape. Using the timer, let the conductive plate dry off for 1 minute.

8. Pick up the non-coated plate and wash it off.

9. Test the ringstand set up for size and distance from flame using the non-coated plate.

10. Place the coated conductive plate on the triangle with the coated side facing up.

11. Light the burner separate from the ringstand setup, and then move it under the ring and plate.

12. Start the timer and watch the setup for 10-15 minutes. On the next page, record what happens to your coated plate over the 10-15 minutes it is above the flame.

13. Use a permanent marker to write all group member names on the ziplock bag. 

14. After 10-15 minutes, extinguish the flame. 

15. Make sure nobody touches or moves the hot glass plate! Start the timer and let the plate cool for 10-15 minutes.

16. While you are waiting for the hot glass plate to cool, put the (cool) non-coated plate in the ziplock bag.

17. After 10-15 minutes of cooling, carefully place the coated plate in the ziplock bag.
Observations
Describe what happens to your coated plate over the 10-15 minutes it is above the flame.

Record any other changes your group made to the procedure.  Did every step go smoothly?  Why or why not?

Questions
1. What is (define) a semiconductor?  

2. What is the semiconductor in the nanocrystalline solar cell?

Materials: Day Two

	In your kit:




· Goggles




· YOUR 2 conductive, tin dioxide-coated transparent glass plates. One is already coated with TiO2 and the other is clean.

· Tweezers


· Chem. Wipe tissues

· Ethanol dropper

· Deionized water dropper

· Petri dish

· Q-tips

· (2) Binder clips

· (2) Different-colored sets of alligator clips
	Teacher has:
· Multimeter

· Graphite pencil (carbon catalyst)

· TiO2 suspension

· Iodide dropper

· Test loads


Procedure: Day Two

Groups will be assigned, and each person in the group will be responsible for specific procedures. The group must work together to do all procedures in order. 
1. Obtain a few drops of anthocyanin (from blackberries) dye from the teacher. Place enough dye in the Petri dish to cover the entire bottom of your coated glass plate.

2. Place the TiO2 coated plate (the electrode) in the Petri dish so that the coated side is facing down and sitting in dye. 

3. Begin timing 10 minutes. The plate must remain in the dye for 10 minutes.

4. While the coated plate is soaking, prepare the uncoated plate by washing it with ethanol.

5. Use the multimeter to determine the conductive side of the uncoated plate.

6. Use the special graphite pencil provided to apply a light carbon film to THE ENTIRE CONDUCTIVE SIDE of the plate by rubbing the pencil gently over the entire surface. Set this plate aside.

7. Once the TiO2 plate (the electrode) has soaked for 10 minutes, carefully lift it out of the Petri dish.

8. Rinse the plate with a couple of drops of deionized water, then with a couple of drops of ethanol. 

9. Once the electrode plate is completely dry, place it on the tabletop so that the TiO2 surface is facing up.

10. Carefully place the carbon-coated plate (the counter electrode) on top of the TiO2 plate (the electrode) so that the conductive side (pencil-covered side) faces the TiO2 film.

11. Gently place the to electrodes so that they DO NOT line up exactly! All of the TiO2 should be covered by the top plate, but the thickest uncoated edge (made yesterday with tape) is exposed or hanging over.

12. Once in this proper position, carefully pick up the assembly and place the two binder clips on the longer edges to hold the plates together.

13. Obtain a few drops of iodide (electrolyte) from the teacher. The iodide (electrolyte) should be placed at one overlapping edge, allowing it to be drawn between the plates by capillary action. Make sure the entire stained portion of the plate is covered with iodide (electrolyte).

14. Use tissue or Q-tip to wipe off any excess iodide (electrolyte) that remains on the outside of the assembly.

15. YOU’RE READY TO TEST YOUR SOLAR CELL!

The solar cell can be hooked up to the multimeter or a device needing power by attaching the alligator clips. The negative electrode is the plate coated with TiO2, and should be attached to the black (-) wire. The counter electrode is  (+) and should be connected to the red wire. Complete the observation questions below.

Observations

	1. Connect one solar cell directly to the multimeter. What is the maximum voltage (volts) across the solar cell, as measured by the multimeter?

	
	volts

	
	
	

	2. What is the maximum current in milliamps (mA) through one solar cell, as measured by the multimeter?
	
	mA

	
	
	

	3. Connect two cells in a series. What is the voltage of two cells connected in series?
	
	volts

	
	
	

	4. What is the current through two cells connected in series?


	
	mA


5 What loads did you attempt to run using your solar cell as the power source?

6. Which loads were run successfully using your solar cell as the power source? 

Analysis

1. Create a sketch of your solar cell in the box below.  Include labels for the following:

	· Conductive sides of the plates

· Non-conductive sides of the plates

· TiO2 layer

· Anthocyanin dye


	· Iodide

· Positive

· Negative electrode

· Positive electrode




2. Write a few lines about what you learned and the relationship between photosynthesis and solar energy. 

3. What parts (if any) of the procedures from day one or day two were difficult to understand or complete? Explain why you felt it was difficult and what (if anything) could have made it easier.










1
2

