
Alien Gases:  
Investigating Photosynthesis and Respiration through Inquiry 

 
Overview: Students perform an inquiry based lab investigation using bromothymol blue solution and 
an aquatic plant. The goal is for students to determine the type of gas exhaled by a newly discovered 
alien species. Students document and report findings, while they explore the relationship between 
photosynthesis and respiration.  
 
Developed by Madelene Loftin, Wingfield High School, Jackson, MS 
 
Purpose: 
To provide high school students with a situation in which they can explore the relationship between 
photosynthesis and respiration. 
 
Objectives: 
Students will be able to: 
● Infer that humans breathe out carbon dioxide and plants take in carbon dioxide and give off 

oxygen (during the light reactions). 
● Conclude that bromothymol blue turns yellow in the presence of carbon dioxide and turns back 

to blue in the presence of oxygen. 
 

 
Materials: 
(For each group of four or fewer students) 
• Dilute Bromothymol blue (approximately 3 ml) 
• One sprig of Elodea (or other aquatic plant that does not have needle-like leaves) 
• Two 50-ml beakers 
• 20 ml of water 
• Carbonated water 
• One straw 
 
Preparation (teacher): 
Students are not required to have background knowledge about photosynthesis and respiration to 
participate in this activity.  Use the following questions for “Do Now” or Warm up Activity. 

1. Write the equation for photosynthesis. 
2. Write the equation for respiration. 
3. Define: atom, element, molecule and compound. 
 

Aquatic plants can be purchased from most pet stores that sell fish. Bundles of four to five sprigs of 
Elodea cost about $1.50. For best results, purchase the plants the afternoon before you plan to do 
the lab. Materials are organized for a class of 28 divided into 7 groups of four students each. Elodea 
is also fairly easy to culture in an aquarium for further use. 
 
Procedure: 
Inquiry activity. 
Each group is provided with an instruction sheet and materials. Instructions are sparse by design so 
that students can have a chance to figure out what bromothymol blue indicates instead of being told. 
As a facilitator for an inquiry activity you will walk around and give students support (“Yes, you can 
figure it out.”) and hints when they need them. The key is determining what sort of help students 
need. Remember that you are teaching them to be curious and encouraging them to think, not to 
provide them with the answers. 
 



Safety: 
Part I: Students will be working with bromothymol blue, so safety glasses should be worn at all times. 
Make sure students know that they are only allowed to exhale through the straw. Students should 
practice this a few times with water before conducting their experiment. Drinking liquids in the lab is 
prohibited. 
 
Questions to Ask: These leading questions may help you guide students in the right directions 
without giving away too much information. 
1. What color does the bromothymol blue solution turn in the presence of carbonated water? 
2. What color does the bromothymol blue solution turn after you exhale into it for approximately two 
minutes? 
3. What do you think would happen if you put the aquatic plant into the bromothymol blue solution? 
4. What gas (or gases) can bromothymol blue serve as an indicator for? 
5. What gas do you exhale? 
6. What gas do plants give off? 
7. How long (in seconds) did you have to exhale into the bromothymol blue solution to elicit a color 
change? 
8. How many breaths did it take? 
9. Could you produce a graph that illustrates a relationship between number of breaths exhaled into 
the bromothymol blue solution and the time it took for the solution to change color? 
 
Extensions 
• Earthy visitors. You could invite a respiratory therapist or other health care worker to visit your 
class and describe complications arising from respiratory problems, such as ketoacidosis. A 
nutritionist could also be a good resource if you want to focus on glucose as a building block for 
carbohydrates and research the various types of foods glucose is found in. 
• Glucose & humans. Research or discussions could also be conducted to explore the physiology of 
diabetes. Warning signs of diabetes include elevated blood glucose levels and glucose present in 
urine. 
• I can sing! Students love to sing. Challenge students to include basic concepts about 
photosynthesis and respiration in a song, poem or rap.  
 
Suggestions for Assessment: 
 
To evaluate the activity, have each group describe the procedure that they used to solve the mystery. 
Place special emphasis on the questions they asked and the steps they took to work out a solution to 
the mystery. Have every member of each group write out a lab report detailing their purpose, 
procedure, results, and conclusions. When assigning grades be sure to check the report and listen 
carefully to the presentation to gauge student understanding and the logic of the steps they took as 
they searched for an answer to the mystery. 
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Alien Gases  
 
You are a crew-member on a spaceship that is on an exploratory mission searching for life on other 
planets. Your position on the spaceship is as an exo-biochemist, who studies the chemical makeup 
and reactions that occur in alien life forms. The commander of the ship has sent you and three of your 
crewmates to the surface of a newly discovered planet. The planet’s surface is covered with unusual 
alien life forms. 
Your mission is to solve a mystery. You must find out what gas the other life form exhales. Your only 
clue is a video clip of one of the other life forms exhaling through a straw into a clear container 
labeled “bromothymol blue.” At the beginning of the video clip the solution inside the “bromothymol 
blue” container is yellow; however, after the other life form exhales into the container for a period of 
time the “bromothymol blue” solution turns from yellow to blue.  
The atmosphere of this new planet is 21% oxygen and does not contain any known toxins so your 
commander sends you to the surface without a spacesuit. You and your team are equipped with a 
solution of bromothymol blue, safety glasses (four pairs), a clear container, a straw and a plastic bag 
containing water and a sprig of an aquatic plant. Each member of your team has been assigned one 
of the following roles: documentation officer, timekeeper, peacekeeper, or materials manager. You 
have 25 minutes from the time of your arrival on the new planet to solve the mystery and ready 
yourself to return to your ship. 
Upon your return to the ship you must present your findings to your commander. She wants to know 
what gas the other life forms exhale, and since she is not very trusting, you must be able to prove to 
her exactly how you arrived at your conclusion. She will want to know what sorts of questions you 
asked to get started, the steps you took to arrive at your conclusion, and she is particularly fond of the 
collection of data and presentation of data in graphs. 
 
Initial thoughts 
 
 
 
 
 
 
 
 
 
 
Now gather your crew and discuss the materials you will take to the surface. Work together to plan 
how you will solve the Alien Gas mystery. 
 
Materials Needed: 
 

 
 
 
 
 
 
 

What do you think the alien is exhaling? How will you find the answer? What additional information do you 
need? How will you get that information? 



 
 
 
The Plan 

  
 
Allow your Documentation Officer to record what you do in this space. Remember to record data that 
can be graphed. Remember that even ‘negative’ data can provide useful information. Any information 
you gather may provide the key to solving the mystery.  Include your data tables and graphs on a 
separate piece of paper. 
 
Data 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Conclusion: 

   

List the steps you will use to investigate the problem. What data will you collect? (How many? How 
long? etc) 

 



  

 

 

 
 
You return to your space ship and meet with the commander for a full report of the methods you used 
and the data you gathered. The captain asks the important question, “Can Humans coexist with these 
Aliens?” In the space below write your answer to commander. Include the evidence that led you to 
your decision. 
 
 
 
 
 
 
 
 
 
 
 
 
  

  

What gas is the alien exhaling? 
 
 
Justify and support your answer: 
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