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Background 

Solar energy, the conversion of sunlight to electricity, has enormous potential as a clean source of renewable 

energy to replace fossil fuels. Although solar energy has powered satellites and spacecraft for 50 years, it 

accounts for less than 1% of electricity generated in the United States today. An important factor limiting the 

use of solar energy is the trade-off between cost and efficiency. High-performance solar cells require large, 

high-purity silicon crystals, which are very expensive to produce. Less expensive forms of silicon are not as 

efficient. Recently, a new type of photovoltaic cell has been developed that promises a better balance between 

cost and efficiency. Dye-sensitized solar cells mimic the process that occurs in photosynthesis to harvest 

sunlight and convert it to electricity. 
 

The purpose of this activity is to build a dye-sensitized solar cell (DSC) and measure its electrical 

characteristics. The DSC is built using conductive glass places as supports for the anode and the cathode. The 

anode is a nanocrystalline titanium oxide that is stained with a dye to absorb visible light, and the cathode is 

graphite. The cell is filled with an iodine/iodide electrolyte solution that acts as a redox catalyst. 
 

Objective(s) 

 to build a photoelectrochemical, dye-sensitized solar cell (DSC) 

 to measure the electrical output, voltage and current, of the DSC 

 to understand the potential usefulness of photoelectrochemical cells in electricity production 
 

Materials

 ethyl alcohol, 5 mL 

 hibiscus petals, 2 g 

 iodine potassium iodide 

in ethylene glycol, 1 mL 

 titanium oxide, 2 g 

 nitric acid, 0.001 M, 3 

mL 

 distilled water, 200 mL 

 beaker, 150 mL 

 transfer pipets (x3) 

 binder clips (x2) 

 tealight 

 conductive glass (x2) 

 cotton swab 

 forceps 

 hot plate 

 lens paper 

 microscope slide 

 mortar and pestle 

 multimeter w/alligator 

clip leads 

 light source 

 paper towels 

 petri dish 

 plastic spatula 

 stirring rod 

 transparent tape 

 gloves

Safety 
  

 

 

 

 

 
 

 

Preparation 

1. Clean the conductive glass plates: Hold the plates with gloved hands and rinse with 2-3 mL of ethyl 

alcohol. Pat the plates dry with lens paper. 

2. Identify the conducting sides of the glass plates: Set the multimeter to ohms (to measure electrical 

resistance) and place the probes on the surface of the glass. The conductive side will register a reading 

of 10-30 ohms. Place the glass plates, conductive side up, on a clean paper towel. 
 

 

 

 

 
 

 

 

 

 

Build a Solar Cell 
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Procedure – Part A (Titanium Oxide Anode) 

1. Preheat the hot plate at a medium setting for use in steps #8-11. 

2. Place 2 g of nanocrystalline titanium oxide in a clean mortar. Add 1 mL 

of 0.001 M nitric acid and grind the white powder to obtain a thick 

paste. Continue adding 1 mL of dilute nitric acid until a total of 3 mL 

of acid have been added and the titanium oxide suspension is milky 

white, smooth, and free-flowing. There should be no lumps or bubbles 

in the suspension. 

3. Use a plastic spatula to scrape any dry paste from the sides of the 

mortar back into the suspension, if needed.  

4. Using transparent tape, tape a glass plate, conductive side up, to a clean surface with two layers of tape, 

as shown in Figure 1. The tape layers should mask about 5 mm of glass on each short side of the plate. 

(The tape will control the thickness of the titanium oxide coating formed in the next two steps.) 

5. Using a transfer pipet, add a thin line of titanium oxide suspension all the way across both long edges of 

the glass plate (Figure 2a). 

6. With a clean microscope slide as a “squeegee,” use the long, thin edge of the slide to draw the titanium 

oxide suspension smoothly across the class and coat the entire exposed surface (Figure 2b). Do not lift 

the slide off the glass. If any uncoated areas remain, push the microscope slide back to the other long 

edge of the glass plate. This whole process must be done quickly to avoid drying out the suspension 

before the surface is covered. 

 

7. When the titanium oxide coating is dry (about 1 minute), gently remove the tape from the sides of the 

coated plate. Be careful not to scratch or mar the coating. 

8. Place the glass plate, coated side up, on the surface of the preheated hot plate. 

9. After about 5 minutes, the titanium oxide coating will turn light brown at the edges. Continue heating 

the plate until the off-white color of the titanium oxide is restored. This will take about 15 minutes. 

(Observe the plate during the heating process to avoid overheating the plate and cracking the glass.) 

10. Turn off the hot plate and allow the glass plate to cool for 5 minutes before attempting to remove it from 

the surface. 

11. Using metal forceps, carefully remove the glass plate from the hot plate and gently place it on the lab 

bench to cool further – about 15 minutes. 

12. To stain the titanium oxide coating: Add about 20 mL of the hibiscus extract to a Petri dish. Place the 

glass place, coated side down, in the dye solution and allow it to soak for 10-15 minutes. When finished, 

the coating should be uniformly purple with no dark areas showing. 

13. Remove the dyes plate using forceps and gently rinse the plate with a small amount of distilled water, 

followed by ethanol. Carefully blot dry with lens paper – do not rub! 
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Procedure – Part B (Graphite Cathode) 

14. Hold the second conductive glass plate with forceps and pass the plate, conductive side down, over a 

candle flame for 2-3 minutes to coat the glass with a uniform layer of graphite. The plate should look 

like it is coated with charcoal. (See Figure 3a.) 

15. Use a cotton swab to gently remove the graphite coating from the two short edges of the conductive 

glass plate. (See Figure 3b.) 

 

Procedure – Part C (Assembling the Solar Cell) 

16. Lay the dyed titanium oxide electrode face up on a clean surface and place the graphite electrode face 

down on top of the titanium oxide electrode. The plates should be staggered by about 5 mm so that the 

uncoated parts of the plates are exposed on either side of the cell. The exposed surfaces will be used as 

contact points for the alligator clip leads to the multimeter. (See Figure 4.) 

 

17. Gently clamp the two electrodes together using small binder clips as shown in Figure 4. Clamp only the 

edges of the plates, not all the way to the middle. 

18. Use a transfer pipet to carefully add 2-3 drops of iodine/potassium iodide electrolyte solution to one side 

of the solar cell “sandwich” in the area where the exposed glass meets the opposite electrode. The liquid 

will seep between the layers by capillary action. 

19. Tilt the cell slightly and gently unclip and clip the binder clips to draw the liquid throughout the cell. It 

may also help to place a paper towel along the edge of the cell. 

20. Set the multimeter to measure the cell potential in volts (1-10 V). Connect the titanium oxide anode to 

the negative lead and the graphite cathode to the positive lead on the multimeter. Do NOT reverse the 

leads – a reverse bias may damage the cell. 

21. Measure and record the voltage under various lighting situations as directed by your instructor. 

22. Set the multimeter to measure current in milliamps (1-20 mA). Measure and record the current of the 

same lighting situations as before. 
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Clean Up 

 chemical waste as instructed: ethyl alcohol, iodine/potassium iodide electrolyte solution, titanium oxide 

paste, nitric acid 

 rinse (no need to dry): beaker, microscope slide, mortar and pestle, Petri dish, plastic spatula, stirring rod 

 trash: transfer pipets, cotton swab, lens paper, paper towels, gloves 

 everything else returned to its original location 
 

Results & Analysis 
Answer the following questions on your lab paper.  For actual questions, you must either write out the questions, or 

include the questions in your responses.  Be sure to use complete sentences and show your work for math problems. 
 

1. Make a simple table and chart/graph to illustrate the voltage and current data collected for your dye-

sensitized solar cell. 

2. What is the function of each of the following components in a dye-sensitized solar cell? 

a. titanium oxide 

b. conductive glass 

c. natural dye 

d. iodine/iodide electrolyte solution 

3. What are the advantages of dye-sensitized solar cells compared to conventional solar cells? What are the 

possible disadvantages? 

4. Predict how you would expect the voltage and current produced by a DSC to change if the size of the 

solar cell were increased from 1” x 3” to 3” x 3”. 

 

 

 

 

 


