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Background Information 
In 1856, American scientist Eunice Newton Foote 
conducted experiments investigating how different 
gases respond to heat. Foote found that containers 
containing carbon dioxide became warmer than 
containers containing ordinary air when exposed to 
sunlight. She proposed that an atmosphere 
containing greater amounts of carbon dioxide would 
result in a warmer Earth.  
 
Carbon dioxide is a greenhouse gas that absorbs and 
re-emits thermal energy within the atmosphere. The 
natural greenhouse effect helps maintain 
temperatures suitable for life on Earth.  
 

Human activities, such as the combustion of 
fossil fuels and land clearing, have increased 
atmospheric concentrations of carbon dioxide, 
enhancing the greenhouse effect and 
contributing to current climate change. 
 
In this investigation, a flask containing carbon 
dioxide is compared with a flask containing 
normal air. Both flasks are exposed to the same 
heat source to model the effect of increased 
carbon dioxide on atmospheric temperature. 

 
 
 
 
 

Figure 1: Portrait of Eunice Newton Foote.  
Source: Wikimedia Commons 

Figure 2: Excerpt from Eunice Newton Foote's 1856 
description of the greenhouse effect.  

Source: Wikimedia Commons. 
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Activity Overview 
In this practical investigation, students’ model one aspect of the greenhouse effect using an 
experimental approach based on the work of Eunice Newton Foote. Students compare 
temperature changes in a flask containing normal air with a flask containing increased carbon 
dioxide concentration when both are exposed to the same heat source. 

 
The activity provides opportunities for students to: 

- Conduct a controlled scientific investigation 
- Collect and graph quantitative data 
- Interpret trends and patterns 
- Evaluate the limitations of scientific models 
- Explore the historical development of climate science 

 
Learning Goal 
Students will investigate how increased carbon dioxide concentration affects temperature in a 
model atmosphere. 

 
Success criteria 
Students can: 

- Identify variables in an investigation 
- Accurately collect and record temperature data 
- Construct and interpret a line graph 
- Explain how carbon dioxide contributes to the greenhouse effect 
- Evaluate limitations of the experimental model 

 
Approximate duration 
60–75 minutes 
Suggested timing: 

1. Introduction and setup:  15 minutes 
2. Experimental procedure:  15 minutes 
3. Data collection:   10 minutes 
4. Graphing and discussion:  15–25 minutes 

 
Prep notes 

- Prepare workstations before class with labelled equipment where possible. 
- Ensure thermometers fit securely through rubber stoppers. 
- Test the delivery tube setup before the lesson to ensure carbon dioxide can 

flow effectively into the experimental flask. 
- Heat lamps should be positioned safely away from walkways and flammable 

materials. 
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Expected results 
The flask containing increased carbon dioxide concentration should generally show a greater 
temperature increase over time, compared with the control flask. 

 
Results may vary depending on: 

- seal quality 
- distance from the heat lamp 
- room temperature 
- accuracy of thermometer readings 
- amount of carbon dioxide transferred into the flask 

 
Students should observe an overall trend rather than identical results between groups. 
 

 Safety considerations 
- Students should wear safety glasses during the investigation. 
- Care should be taken when handling glassware. 
- Heat lamps will become hot during use and should not be touched while   
operating. 
- Clean up spills immediately. 

 
Possible discussion points 

- Why was a control flask necessary? 
- Why is this experiment considered a model? 
- What factors limit the accuracy of this investigation? 
- How does this investigation relate to climate science? 
- Why is repeated testing important in scientific investigations? 

 
 
Aim 
To investigate how increased carbon dioxide concentration affects temperature change in a closed 
flask when exposed to a heat source, based on Eunice Newton Foote’s experimental approach.  
 
Hypothesis 
If the concentration of carbon dioxide in a flask is increased, then the flask will show a greater 
temperature increase than a flask containing air, because carbon dioxide absorbs infrared radiation. 
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Variables 
Independent Dependent Control 

Relative concentration of 
carbon dioxide gas inside the 
flask 

Temperature inside each flask 
over time (°C) 

Size and type of flask 
Distance from heat lamp 
Exposure time to heat lamp 
Type and position of 
thermometers 
Time intervals between 
recordings 

 
Materials 

- 2 x 250mL conical flasks (control and experimental) 
- Marker 
- Masking tape 
- 2 x Thermometers 
- 2 x Rubber stoppers with hole 
- 1 x 250 mL conical flask with rubber stoppers and side arm delivery tube (gas generation) 
- 50mL vinegar 
- 5g sodium bicarbonate 
- Electronic balance 
- Timer 
- Heat lamp 

 
Method 

1. Place two 250 mL conical flasks on the bench and label them:  
o Control (Air)  
o Experimental (CO₂)  

2. Insert a thermometer through a rubber stopper and place it into the Control (Air) flask so 
that it is suspended in the air and not touching the sides or base. Ensure the flask is sealed.  

3. Prepare a second rubber stopper with a thermometer inserted, to be used later for the 
Experimental (CO₂) flask.  

4. Set up a separate 250 mL conical flask fitted with a rubber stopper and delivery tube for gas 
generation.  

5. Insert the free end of the delivery tube into the Experimental (CO₂) flask, positioning the 
tube near the bottom of the flask.  

6. Measure 50 mL of vinegar and pour it into the gas generation flask.  
7. Add 5 g of sodium bicarbonate to the  gas generation flask and immediately fit the stopper 

and delivery tube.  
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8. Allow carbon dioxide gas to flow into the Experimental (CO₂) flask for 60 seconds.  
9. Remove the delivery tube and immediately seal the flask using the stopper with the 

thermometer inserted.  
10. Leave both flasks (control and experimental) undisturbed for 2 minutes to allow conditions 

to stabilise. 
11. Record the initial temperature in both flasks.  
12. Position both flasks 20 cm from the heat lamp, ensuring they are an equal distance from the 

heat source. 
13. Turn on the heat lamp and start timing.  
14. Record the temperature in each flask every minute for 10 minutes.  
15. Turn off the heat lamp after 10 minutes.  

 
Results 

Time (min) Control (Air) Temperature (°C) Experimental (CO₂) Temperature (°C) 

Initial   

1   

2   

3   

4   

5   

6   

7   

8   

9   

10   

 
Discussion 

1. Construct a line graph showing temperature change over time for both flasks. 
2. Identify ways that that the reliability of the results could have been improved. 
3. Compare the temperature changes observed in each flask. 
4. Explain how this experiment models one aspect of the Greenhouse Effect.   
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Conclusion 
Do the results support the hypothesis? Use evidence from the experiment to justify your answer. 
 
- Conclusions may vary depending on the results obtained.  
- Students should base their conclusion on the evidence collected and state whether their results 
support the hypothesis.  
- Where the carbon dioxide flask shows a greater temperature increase than the control, students 
should relate this to carbon dioxide's role in the Greenhouse Effect.  
- If results do not match the expected trend, students should identify possible experimental 
limitations or sources of error that may have influenced the results. 
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