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Driving Question 

How does the greenhouse gas carbon dioxide 
contribute to the warming climate? 
 

Overview  

Students will develop hypotheses about the role of 
gases in the atmosphere and how they do or do not 
impact climate change. Students will test these 
hypotheses with a hands-on experiment to test 
whether carbon dioxide absorbs more heat from 
light than air.  

NGSS Standards 

MS-ESS3: Earth and Human Activity 
MS-ESS3-5: Ask questions to clarify evidence of 
the factors that have caused the rise in global 
temperatures over the past century. 
 
PS3-4: Energy 
MS-PS3-4: Plan an investigation to determine the 
relationships among the energy transferred, the 
type of matter, the mass, and the change in the 
average kinetic energy of the particles as 
measured by the temperature of the sample. 

Objectives 
Develop and test own hypotheses. 
 
Observe, via experiments, that CO2 absorbs more 
heat from light than regular air; therefore, is 
contributing to the global warming trend students 
learned about in Lesson 1. 

Newscast and/or Illustration 

Students will begin to understand that climate can 
be affected by humans and our actions can 
snowball and affect other ecosystems and 
organisms including ticks. 

Previous Lessons 

This lesson relates to previous experiments by 
building on the idea of how the planet is warming 
through greenhouse gasses and altering the 
climate and the weather. 

Misconceptions 

Students may still confuse weather and climate 
that was explained in Lesson 1. Greenhouse gases 
contribute to climate and less so to weather. 
Carbon dioxide is a greenhouse gas that is largely 
produced by humans which is leading to the 
increase in global temperatures.  

Future Lessons 

This will provide the set-up for the following 
lessons connecting the climate pattern to increased 
tick-borne illnesses due to more days above 
freezing. Students will gain a strong 
understanding of how climate is impacted by the 
presence of CO2 before the subsequent lessons.   

Quick Write Pre-Lesson Questions 

What do I know about greenhouse gases? 
 
What do I want to know about greenhouse gases? 

Quick Write Post-Lesson Questions 

What did I learn about greenhouse gases? 

https://www.nextgenscience.org/dci-arrangement/ms-ess3-earth-and-human-activity
https://www.nextgenscience.org/pe/ms-ps3-4-energy


Materials  
Instruction worksheet with guided questions (“Lesson 2 - Assessment Sheet”) 
2x 1000mL Erlenmeyer flasks   

Alternative: 2 plastic 1, liter clear bottles of equal size (water bottles are fine) 
CO2 added to one bottle 
One filled with  just air 
Temperature probes or two thermometers  
2x 1 hole rubber stoppers to fit the 1000mL flasks  

Alternative: Parafilm (one roll lasts lifetime) or tape to secure temperature probes into bottle 
Heat source (lamp)  
CO2 canister or source  
Inflator if using CO2 canisters  
Stopwatch 
Note-taking materials 
Lesson 2 - GHG Lab Teacher Setup Guide 
Climate vocabulary list 
 
Preparation 

Creation of: 
1. Instructions 
2. Guided questions (“Lesson 2 - Assessment Sheet”) 
3. Graph/recording sheet 

 
Purchase of all materials (see above). 
Experimental set-up (see pictures on included page: “Lesson 2 - GHG Lab Teacher Setup Guide”). 
 
Background 

Students should understand states of matter (solid, liquid, gas) and be aware that gases exist in the 
environment/atmosphere all around us (oxygen, carbon dioxide, etc…). These gases contribute to both 
making the Earth habitable and contributing to our climate (but the students may not understand how). 
Light is a form of energy. When matter absorbs energy it becomes hotter, we refer to this absorbed energy 
as heat. Everyone has felt the difference between standing in the Sun and in the shade. We feel warmer in 
the Sun because our bodies are absorbing heat from the Sun’s light. Gas is a form of matter, some gases 
are colorless and odorless but they are still present and can still absorb energy from light. Greenhouse 
gases are notable for their better ability to absorb and retain heat.  
 
Project 

This lesson connects the idea that human-produced carbon dioxide (CO2) contributes to our changing 
climate. This will provide the set-up for the following lessons connecting the climate pattern to increased 
tick-borne illnesses due to more days above freezing. Students will gain a strong understanding of how 
climate is impacted before the subsequent lessons. The lesson will help students to understand climate 
change through: 

● Deriving hypotheses about whether CO2 or air will increase in temperature more 
● Recording the change in temperature of CO2 vs air 
● Plotting the change in temperatures over time 
● Revisiting their hypotheses to see if they were proven or disproven and what was learned from 

this experiment 
 

 

https://www.coleparmer.com/i/digi-sense-general-purpose-liquid-in-glass-thermometer-20-to-150c-total-immersion-organic-liquid-fill/0800821?PubID=UX&persist=true&ip=no&gclid=Cj0KCQiA5dPuBRCrARIsAJL7oei77CNL_U5jM1mr_SaF1cQee4vtjLHtjE2XiK54whFz6l6W_R1HMzEaAtuOEALw_wcB
https://www.hach.com/parafilm-m-laboratory-film/product?id=7640234583&source=googleshopping&locale=en-US&_bt=271169028218&_bk=&_bm=&_bn=g&gclid=Cj0KCQiA5dPuBRCrARIsAJL7oejb9jwgrkekUbZzkQJ1qqufb3AMnxDvmNedUOnouSCPutU50XjRKcYaAgHcEALw_wcB
https://www.petco.com/shop/en/petcostore/product/zilla-day-white-light-incandescent-spot-bulb-1287923?cm_mmc=PLA-GG-_-PTC_P_SUP_PLA-GG_FY19_SBU05_Reptile_SMRT-_-72464714356-_-A&kpid=go_2048431194_72464714356_358518304314_pla-775458204683_c&utm_config=tad0iunwp&utm_campaign=PTC_P_SUP_PLA-GG_FY19_SBU05_Reptile_SMRT&utm_source=google&gclid=Cj0KCQiA5dPuBRCrARIsAJL7oeg9hnpKgKFkVddxtuDfw8M02KegHhWT8ND7UseVQQBh9ucr-XInq5EaAvBEEALw_wcB
https://www.walmart.com/ip/Slime-Co2-Inflator-W-Refill/245558177?wmlspartner=wlpa&selectedSellerId=0&adid=22222222227270704669&wl0=&wl1=g&wl2=c&wl3=323691416875&wl4=pla-603807057056&wl5=9002910&wl6=&wl7=&wl8=&wl9=pla&wl10=8175035&wl11=online&wl12=245558177&veh=sem&gclid=Cj0KCQiAn8nuBRCzARIsAJcdIfPt4Y-CBQNi1J6Qdyl7CpEEyraXSa9cT_CfrbRLBmwnccgP7B5cVZYaAndCEALw_wcB
https://www.amazon.com/ODIER-Inflator-Compatible-Antifreeze-Cartridge/dp/B07WNDNH1X/ref=sr_1_36?crid=2CPY8O5TQ8PWE&dchild=1&keywords=bike+co2+cartridges&qid=1574278460&sprefix=bike+co2+%2Caps%2C130&sr=8-36


Lesson 

There is a document entitled, “Lesson 2 - GHG Lab Teacher Setup Guide” which will explain how 
to set up the experiment and what the teacher needs to do. Teachers should set up the CO2 inflators 
and not involve the students in that portion.  
 
Students will begin by deriving a few hypothesis which could be along the lines of: because CO2 is 
different than air it will absorb more or less heat from light; Because CO2 looks the same as air it will not 
absorb a different amount of heat from light; Because CO2 smells the same as air it will not absorb a 
different amount of heat from light; etc… 
 
Students can be involved in the following aspects of setting up the experiment:  

1. Students measure out ## cm away from the lamp position to place the flasks before the 
experiment starts. (e.g., we used 20cm distance)  

2. Students can cover the flask tops with parafilm after the teacher fills one flask with CO2 using the 
inflator  

3. Students can poke the temperature probes through the parafilm and make sure probes are at an 
equal depth in each flask  

4. Students can make sure the temperatures of each flask are equal before beginning experiment 
5. Students can turn on heat lamp on the teacher’s request which marks the beginning of the 

experiment (time 0min)  
 
Students should take a recording of the temperatures at the time intervals written on the provided, “Lesson 
2 - Assessment Sheet”. As time goes on, the teacher can ask questions such as: Is your hypothesis still 
supported? If not, what has changed? Should you reevaluate your hypothesis and modify based on 
this new evidence? At the end of the experiment before the summative assessment, the teacher can 
ask: If we had stopped this experiment after 2, or 5, or 10 minutes would your initial hypothesis still 
have been correct? It’s important for students to understand why you have to look at a big picture when 
doing experiments. Some results are clear from the start but others may need more research. 

 

 

Assessment 

Pre and post experiment assessment sheet included and labeled as, “ Lesson 2 - Assessment Sheet”. 
 
Guided question sheets can be used to assess students' ability to graph collected data, understanding of the 
contributions of greenhouse gas to changing climate, and ways humans are producing greenhouse gases. 
 
Extensions 

1. Can use an alka-seltzer tablet to create gas in the experimental bottle.  
2. Students can use different backgrounds (black vs. white) to influence temperatures in the flasks – 

which can start a discussion/lesson on physics/wavelengths.  
 

Glossary of terms 

All Unit 3 terms are defined in the Climate Vocabulary list. 
 
Appendices 
Students may ask: “Why does CO2 absorb more heat from light than regular air does?”. One way to 
address this question follows. This is an excellent jumping off point for extensions or student-led 

investigations. 



Student: Why does CO2 absorb more heat from light than regular air does? 

Teacher: That’s an excellent question. Let’s start by thinking about why different colored materials absorb 
more heat from light. For example, if you had a black car and a white car sitting in a parking lot on a 

sunny day, which car would you expect to be hotter? 

Student: The black car. 

Teacher: That’s right, why do you think that is? 

Student: Because the black car absorbs more of the light. [Conversely, students may answer that the white 
car reflects more light. This is true, but for the purpose of this explanation we want the students to think in 
terms of differential absorption of light. Explain that in this case, if the light is not reflected it must be 

absorbed. If the student doesn’t think of the white car reflecting more light, lead them to the idea with 
questions about which car looks brighter, etc.] 

Teacher: Excellent, now I have a curveball for you. Do you think there are colors of light that you cannot 
see? 

Student: Yes, like ultraviolet. [Depending on the students’ backgrounds this may be more or less obvious 

to them. If this idea is completely new to them use examples like ultraviolet light (e.g. “Why do you get 
sunburns from sunlight but not from bright lamps? The light looks the same”). X-rays in the dentist office 
or hospital are another good example.] 

Teacher: That’s a good example. Now, the color that an object appears is due to how the light interacts 
with that object. For example, the black car absorbs more of the visible sunlight than the white car. This 
also happens with colors of light that we cannot see. For example, when you rub in sunscreen your skin 
will look the same to our eyes. However, now with the sunscreen your skin no longer absorbs ultraviolet 

light, which is why you don’t get a sunburn. So thinking about that, what do you think the difference 
between regular air and CO2 is?  

Student: CO2 is like the black car and regular air is like the white car, it’s just that we cannot see the 

colors of light that they are absorbing. [It may take some additional prompting to get this point but this is 
the key takeaway. Materials with different optical properties (“colors” colloquially) absorb light 
differently and this differential absorption is what leads to differential heating. Students have ample 
examples of this in their lives (e.g. different colored cars on a sunny day). What’s different about CO2 vs. 

air from white vs. black cars is that the different optical properties are present at wavelengths of light that 
we cannot see with our eyes. Students also have examples of light outside the visible spectrum (e.g. UV, 
X-rays, microwaves, etc) in their lives. The key to making sense of the observation that CO2 absorbs 
more light than regular air although it looks the same, is to realize that CO2 must have different optical 

properties than regular air in types of light we cannot see.] 

 

Additional resources: 



This is a good website for explaining and understanding the effect of greenhouse gases and why they 
increase the temperature of the Earth if desired. 

https://scied.ucar.edu/learning-zone/how-climate-works/greenhouse-effect 

Additionally on CO2: https://scied.ucar.edu/learning-zone/carbon-dioxide 

https://scied.ucar.edu/learning-zone/how-climate-works/greenhouse-effect
https://scied.ucar.edu/learning-zone/carbon-dioxide

