Selected Properties of Carbon Dioxide
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What is the Purpose?
Carbon dioxide is the most important greenhouse gas, often referred to as a ‘pollutant’. Carbon dioxide is also one of the key components of the carbon cycle, the basis of life on Earth including photosynthesis and cellular respiration. It is obvious and yet hard to comprehend without experiencing it, that an odourless colourless gas is an actual compound with specific properties 
In this lesson, students explore some of the properties of this important gas. First, that it has a known density. (Using the periodic table and the Ideal Gas Law, the density can be calculated in Grade 11 Chemistry.) Students will experience the fact that the density is greater than air by ‘pouring’ carbon dioxide. 
Second, that mixing carbon dioxide with water lowers the pH because some of the carbon dioxide combines with water to form carbonic acid.  

First Peoples’ Principles:
All things are connected. We breathe out Carbon Dioxide; plants take it in but also breathe it out like we animals do. In balance, Carbon Dioxide is life-giving. Out-of-balance due to human activity, it is causing the warming of the planet, rendering the ocean more acidic, and creating great harm to all that live including us.



Big Idea: The behavior of matter can be explained by kinetic molecular theory and atomic theory. 


Essential Questions:  What are some of the physical and chemical properties of this important gas ?





Curricular and Core Competencies:
Questioning and predicting
· Make predictions about the findings of their inquiry
Planning and conducting
· Observe, measure, and record data (qualitative and quantitative), using equipment, including digital technologies, with accuracy and precision
· Use appropriate SI units and perform simple unit conversions
· Ensure that safety and ethical guidelines are followed in their investigations
Processing and analyzing data and information
· Use scientific understandings to identify relationships and draw conclusions

Learning Experiences:
These experiments are surprising and curiosity inducing. In the first one, the principles (simplified) of the Ideal Gas Law could be introduced to allow the students to predict the density of Carbon Dioxide.  
In the second one, students can follow up by researching how the ocean is being affected by increased atmospheric concentrations of Carbon Dioxide.

Content:
A. Students in groups of 2-3 (using safe lab technique- taught previously) will put first 10 ml baking soda and then pour 100 ml vinegar in a 500 ml beaker which is immediately covered with a file card or piece of cardboard. While the reaction takes place (30 sec), a candle is lit in a 250-ml beaker. After reaction subsides, moving the file card back slightly, the gas (but not the liquid) is ‘poured’ into the smaller beaker. The candle flame will immediately go out. 
Prior to this procedure, if students have already studied the periodic table, molecular weight and the Ideal Gas Law can be discussed and students can predict whether carbon dioxide is denser or less dense than air, and the result depending on its density (and its chemical properties). 
Questions to answer by each group and discuss as a group:
1. What can you conclude about the density of carbon dioxide ?
2. What chemical reaction took place ?
3. Why did the candle flame go out ?
4. What would be an appropriate control for this experiment ? 
B. Students will prepare (or teacher will prepare ahead of time) boiled purple cabbage juice by boiling leaves in water to produce a deep purple solution. This solution is useful for examining pH because it acts as a pH indicator, changing colour as pH changes. 
Use this video to give some background:  https://www.youtube.com/watch?v=I18K2upEHLc
or this one:    https://www.youtube.com/watch?v=hPcRylO4lQM
             Prior to this procedure, a lesson on pH would be helpful.
Students can determine the pH of a number of common household substances. Use the videos to decide which ones. Additionally, you can have students blow through a straw into the cabbage juice and observe the result. 
Questions to answer with regard to blowing into the cabbage juice. 
1. How did the pH change ?
2. What do you think may be happening in the ocean currently ?
3. Students can research the effects of pH change in the ocean on shellfish and fish. 
             
Accessibility and Extensions:
If necessary for some students, the teacher can run this as demonstrations rather than hands-on experiments. Follow-up research that can be done on these topics include:
1. What effects does the density of carbon dioxide have in every-day life, such as the fact that it will pool on the floor of a house (think: babies, pets).
2. Predict (with research) how the acidification effect will impact living systems in the ocean ?












