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DESCRIPTION  

This lesson is designed to be completed in one 40-minute section. The teacher will facilitate the sharing 

of student solar cell data from indoor and outdoor testing through a gallery walk session. Variables such 

as lighting, photovoltaic effect, copper properties, salt water, and circuits should be discussed. Teachers 

will guide students in making connections to solar cell power generation limits, basic circuitry, and 

batteries. Teachers should understand the differences between a renewable solar cell and the copper 

sheet experiment, which is photo-reactive but more similar to a battery than a solar panel. Teachers 

should facilitate discussion leading toward the most efficient copper solar cells based on environmental 

conditions. Understanding of the optimal conditions and the roles of each component of the solar cell 

are emphasized. 

 

GRADE LEVEL(S) 

9, 10, 11, or 12 

SUBJECT AREA(S) 

Chemistry, Physics, Solar Panels, Solar Cells, Power, Current, Voltage, Electricity Generation 

ACTIVITY LENGTH 

1 days X 40 minutes 

LEARNING GOAL(S) 

1. Students will share and analyze oxidized copper sheet solar cell data 

mailto:tom.wolverton@vansd.org
mailto:CEbrightfutures@b-e-f.org


LESSON PLAN 

 

CONTENT BACKGROUND 

STUDENT BACKGROUND 

• Students participating in this lesson should be familiar with the following scientific practices and 
concepts: 

o Analyzing and Interpreting Data 
o Electricity Basics (Lessons 2, 4): Voltage, Current, Circuitry 
o Photovoltaic Effect in Solar PV Panels (Lesson 3) 
o Measuring Voltage and Current Using a Multimeter (Lesson 2) 

EDUCATOR BACKGROUND 

Multimeters were used to collect data on voltage, current, and resistance in Lesson 5.  

Students will be creating and testing a simple solar cell out of two thin copper sheets using hot plates, 

salt water, and multimeters. This solar cell is very similar to an electrochemical battery, but has 

increased electron flow due to the photoelectric effect. The effect is summarized in this image found at 

https://rimstar.org/renewnrg/sp_diy_homemade_solar_cell.htm . 

 

Note: it is important that educators understand the difference between a Solar PV cell and the Copper 
(I) Oxide cells students constructed in Lesson 5. These cells function more like a battery, using an 
electrolyte (salt water) and two conductive materials (electrodes) that create an imbalance of electrons. 
Unlike Solar PV cells, the Copper Oxide cells will eventually run out of the capacity to generate a voltage 
(similar to a battery). The reason these cells are used is that they are photoresponsive and the reactions 
that generate a voltage in these cell are amplified under higher light conditions.  

In the cell above, the red cuprous oxide is a low-efficiency semiconductor that provides a source of extra 
electrons that will be conducted through the salt water and reach the unoxidized copper plate. This 
process will operate continuously like a battery when the multimeter is connected to both plates—
completing the circuit. The red cuprous oxide will reduce to black cupric oxide as hydrogen gas will be 

https://rimstar.org/renewnrg/sp_diy_homemade_solar_cell.htm
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formed at the copper cathode. This type of solar cell does not replenish the electrons back to the N-
layer, and will therefore have a limited operation time. Cuprous oxide solar cells have been developed 
without the salt water bridge and can be a future project for the students 

Circuit: https://cebrightfutures.org/learn/circuits 

Multimeters: https://cebrightfutures.org/sites/default/files/multimeter-cheatsheet.pdf  

Circuit diagrams: 

Circuit diagrams show a visual representation of the components of a circuit. Components have 
common symbols as illustrated by the below diagram (from Wikipedia ) 

Parallel Circuit Wiring: https://cebrightfutures.org/learn/parallel-circuit-wiring 

• Voltage in Parallel Wiring: https://cebrightfutures.org/learn/parallel-circuit-
wiring#Voltage%20in%20Parallel%20Wiring  

• Current in Parallel Wiring: https://cebrightfutures.org/learn/parallel-circuit-
wiring#Current%20in%20Parallel%20Wiring  

Series Circuit Wiring: https://cebrightfutures.org/learn/series-circuit-wiring  

• Voltage in Series Wiring: https://cebrightfutures.org/learn/series-circuit-
wiring#Voltage%20in%20Series%20Wiring  

• Current in Series Wiring: https://cebrightfutures.org/learn/series-circuit-
wiring#Current%20in%20Series%20Wiring  

Solar Cell Wiring Diagram: 

Examples of solar cell wiring diagrams that students might generate during this lesson can be found 
below: 

  

Image from: https://www.amazon.in/Solar-Electronic-Circuit-Student-Learning/dp/B00KUL9VX6 
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https://cebrightfutures.org/learn/parallel-circuit-wiring#Voltage%20in%20Parallel%20Wiring
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https://cebrightfutures.org/learn/parallel-circuit-wiring#Current%20in%20Parallel%20Wiring
https://cebrightfutures.org/learn/parallel-circuit-wiring#Current%20in%20Parallel%20Wiring
https://cebrightfutures.org/learn/series-circuit-wiring
https://cebrightfutures.org/learn/series-circuit-wiring#Voltage%20in%20Series%20Wiring
https://cebrightfutures.org/learn/series-circuit-wiring#Voltage%20in%20Series%20Wiring
https://cebrightfutures.org/learn/series-circuit-wiring#Current%20in%20Series%20Wiring
https://cebrightfutures.org/learn/series-circuit-wiring#Current%20in%20Series%20Wiring
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Image from: http://www.makeitsolar.com/science-fair-ideas/07-solar-parallel-circuit.htm 

 

 

Image from: https://www.sciencefriday.com/educational-resources/hack-a-solar-circuit/ 

 

Solar Energy: https://cebrightfutures.org/learn/solar-energy  

Incident Angle of Sunlight: https://cebrightfutures.org/learn/incident-angle-sunlight  

Photovoltaic Effect: https://cebrightfutures.org/learn/photovoltaics#Photovoltaic%20Effect  

Photovoltaic Materials: https://cebrightfutures.org/learn/photovoltaics#Photovoltaic%20Materials  

 

MATERIALS NEEDED 

HANDOUTS/PAPER MATERIALS 

http://www.makeitsolar.com/science-fair-ideas/07-solar-parallel-circuit.htm
https://www.sciencefriday.com/educational-resources/hack-a-solar-circuit/
https://cebrightfutures.org/learn/solar-energy
https://cebrightfutures.org/learn/incident-angle-sunlight
https://cebrightfutures.org/learn/photovoltaics#Photovoltaic%20Effect
https://cebrightfutures.org/learn/photovoltaics#Photovoltaic%20Materials
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• Copper(I) Oxide Solar Cell Data Sheet from Lesson 5 

CLASSROOM SUPPLIES 

• Chalkboard or Dry erase board 

ACTIVITY SUPPLIES (PER GROUP OF 3-4 STUDENTS) 

• N/A 

LESSON PROGRESSION 

PLANNING AND PREP 

This lesson is designed to take place in 40 minutes. Students will share out their Copper(I) Oxide solar 

cell data through a gallery walk and will address the overarching question while discussing results, 

patterns and trends with their classmates. Before students arrive, label 6 posters (or whiteboard spaces) 

with the following questions. Include a table on the poster where student groups can record their 

copper solar cell voltage and amperage. The last groups in the gallery walk rotation can calculate the 

averages.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

What is the effect of a _[low]_ watt 

light bulb on the copper solar cells? 

Voltage Amperage 

  

  

  

  

Average: Average: 

 

Student responses: 

 

 

 

 

What is the effect of a _[high]_ watt 

light bulb on the copper solar cells? 

Voltage Amperage 

  

  

  

  

Average:  

 

Student responses: 

 

 

 

 

What is the effect of an outdoor 

shady spot on the copper solar cells? 

Voltage Amperage 

  

  

  

  

Average:  

 

Student responses: 

 

 

 

 

What is the effect of a partially 

shaded spot on the copper solar 

cell? 

Voltage Amperage 

  

  

  

  

Average:  

 

Student responses: 
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Lesson sequence  

What is the effect of indoor ambient 

light on the copper solar cells? 

Voltage Amperage 

  

  

  

  

Average: Average: 

 

Student responses: 

 

 

 

 

What is the effect of full sun on the 

copper solar cells? 

Voltage Amperage 

  

  

  

  

Average:  

 

Student responses: 
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1. (10 minutes). Introduce the overarching question for the lesson: 

 

Under what conditions do the copper solar cells achieve their maximum voltage and amperage? 

 

2. (20 – 25 minutes). Give the class directions on how to complete the gallery walk and then allow 

student groups (from Lesson 5) to visit each poster either in order (2-4 minutes per poster) or at 

random.  

• Have each student group record their data on the 6 different posters as they walk 

around the room.  

• Each student group needs to add to or comment on the student responses to each 

question while at the posters. As they visit new posters, they should be able to 

reference results from other poster as comparisons and contrasts. Encourage the 

students to connect their responses to light intensity, the photoelectric effect, the salt 

water, the multimeter & alligator clips, and the Copper(I) oxide &.copper plates. 

• If the student group did not record data for the condition, have them label the data 

table with “N/A” for their entries.  

• When the student group visits their last poster, they will need to re-visit their first 

poster and calculate the class averages for voltage and amperage on that poster. 

3. (10 – 15 minutes). Have the individual students construct responses to the overarching 

questions and follow-up questions below. Students can record answers in their science 

notebooks or as a separate assignment. 

• Under what conditions do the copper solar cells achieve their maximum voltage and 

amperage? 

i. What was the maximum voltage and amperage achieved by the copper solar 

cells? 

ii. Why do those conditions lead to higher voltages and amperages? 

iii. Explain what is happening when light hits the solar cell.  

1. Explain the role of the red copper(I) oxide. 

2. Explain the role of the salt water. 

3. Explain the role of the unoxidized copper sheet. 

4. Explain the role of the alligator clips and multimeter in this solar cell. 

 

ASSESSMENT AND EXTENSIONS 

FORMATIVE ASSESSMENT 

Cross-cutting concepts (CCC1, CCC2, and CCC5) are being used by student groups as they share data. 

SUMMATIVE ASSESSMENT 
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Students will be sharing cuprous oxide solar cell data with classmates. Students will record analysis and 

student understanding can be assessed off that analysis. Student sharing, discussion and individual 

responses can be assessed using the following standards: 

• NGSS SEP4: 
Analyzing and interpreting data 

• NGSS HS-PS3-3: 
Design, build, and refine a device that works within given constraints to convert one form of 
energy into another. 

• NGSS HS-PS2-6: 
Communicate scientific and technical information about why the molecular-level structure is 
important in the functioning of designed material 

• CCSS.ELA-LITERACY.SL.11-12.1 
Initiate and participate effectively in a range of collaborative discussions (one-on-one, in groups, 
and teacher-led) with diverse partners on grades 11-12 topics, texts, and issues, building on 
others' ideas and expressing their own clearly and persuasively. 

LESSON EXTENSIONS 

Students and teachers could extend this lesson by having students take the whole class data and design 

their own inquiry experiments for cuprous oxide. The lines of inquiry could include: 

• Different surface areas of copper sheets 

• More light conditions (light bulb wattage, or sunny vs. cloudy, or fall vs. winter) 

• Differing amounts of salt 

• Different temperatures of salt water 

After performing the experiment, new questions can be developed for the gallery walk (see lesson plan 

above), such as: What is the effect of the amount of salt on the copper solar cell? 

 

This might also be a good opportunity to teach a unit on crystals and atomic arrangements in crystals as 

students begin to understand electron flow in conductive and semi-conductive materials. The practical 

experience growing crystals can serve well as the unit develops and students begin to research 

nanocrystalline layers on perovskite and other solar cells. Students can grow and maintain various 

crystals such as: 

• Borax crystals on pipe cleaners: 

https://www.stevespanglerscience.com/lab/experiments/magic-crystal-snowflake/ 

• Copper Sulfate crystals: https://www.instructables.com/id/Grow-Crystals/ 

• Alum crystals: https://www.raci.org.au/document/item/249 

• Silver nitrate crystals: https://sciencenotes.org/silver-crystal-tree-chemistry-demonstration/  

 

http://www.corestandards.org/ELA-Literacy/SL/11-12/1/
http://www.corestandards.org/ELA-Literacy/SL/11-12/1/
http://www.corestandards.org/ELA-Literacy/SL/11-12/1/
http://www.corestandards.org/ELA-Literacy/SL/9-10/1/
https://www.stevespanglerscience.com/lab/experiments/magic-crystal-snowflake/
https://www.instructables.com/id/Grow-Crystals/
https://www.raci.org.au/document/item/249
https://sciencenotes.org/silver-crystal-tree-chemistry-demonstration/
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BB boards made of empty CD jewel cases filled with copper BBs can be used to model crystal defects in 

this lesson by ASM: https://cpb-us-w2.wpmucdn.com/u.osu.edu/dist/3/38814/files/2017/05/ASM-

Crystal-Defects-27vdwoz.pdf 

Styrofoam models of crystal structures can be made with these ASM lesson plans: 

https://www.asminternational.org/documents/10192/1942078/modelsofcrystalslab.pdf/1536b49e-

2218-46d2-b7f3-5fb8c581dfe7 

 

 

https://cpb-us-w2.wpmucdn.com/u.osu.edu/dist/3/38814/files/2017/05/ASM-Crystal-Defects-27vdwoz.pdf
https://cpb-us-w2.wpmucdn.com/u.osu.edu/dist/3/38814/files/2017/05/ASM-Crystal-Defects-27vdwoz.pdf
https://www.asminternational.org/documents/10192/1942078/modelsofcrystalslab.pdf/1536b49e-2218-46d2-b7f3-5fb8c581dfe7
https://www.asminternational.org/documents/10192/1942078/modelsofcrystalslab.pdf/1536b49e-2218-46d2-b7f3-5fb8c581dfe7
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