Carbon Cycle Lecture

Overview:


The lecture portion of this lesson took approximately 10 minutes. It is filled with questions that require a response for the students, a few demos, analogies relating these concepts to things they encounter in their daily lives, and a brief "field trip" to the parking lot, where one of the instructors explained how he powered his car with recycled vegetable oil collected and processed locally. During the lecture, we found it useful to have the 4 reservoirs and the 8 processes that move carbon between reservoirs written on the board, and to leave them up for the duration of the period so we could refer back to them. The notes on this page are written for someone who has already read the associated background document. 

Notes to the Instructor:

· Students took great interest in the car powered by biodiesel made from recycled vegetable oil. They were interested in the differences between diesel and petrol engines, and in the fact that vegetable oil could be a fuel. It may still be worth it to make a field trip to a car, but perhaps have algae in a vial to emphasize that oil originally came from algae. 

· The "Jacob's Ladder" referenced below was a device used to emphasize how photosynthesis and respiration/combustion are described by a single chemical equation just proceeding in opposite directions. A Jacob's ladder (What it is here: http://en.wikipedia.org/wiki/Jacob%27s_ladder_%28toy%29 How to build it here: http://www.woodcraftarts.com/jacob.htm) was constructed out of 6 blocks of wood, and the chemical equation for photosynthesis and respiration/combustion were written in on opposite sides. While we toyed with the idea of having students build their own, the rigor of the IB curriculum did not allow for this. Students were encouraged to play with the ladder during the period to re-inforce how related these two processes are. 

Lecture outline:

1. Begin by asking questions.

· What are you made out of?

· What is your food made out of? 

· What is plastic made out of?

· What is gasoline made out of?

· What do chalk, a twinkie, your brain, fat, grass, coal, and gasoline all have in common? 

· What do you exhale? What do you inhale? What happens that transforms the O2 into CO2?

2. These questions should hook students in. Share with students what the learning objectives are (listed below). Finish by telling them that by the end of this lesson, they will know how a carbon atom gets from dinosaur dung to the best ice cream sandwich they've ever eaten. 

· There are 4 large reservoirs of carbon on Earth (atmosphere, ocean, lithosphere, biosphere)

· The different forms carbon takes within these reservoirs (see background document)

· The processes that transform carbon (photosynthesis, respiration, carbonate secretion, combustion, carbonate weathering/carbonic acid-bicarbonate-carbonate reactions, gas solubility, burial) and rules governing them.

· The relative sizes of these reservoirs, and fluxes in/out of them.

· Breaking chemical bonds releases energy. Forming chemical bonds requires energy. 

· Understand the origin and composition of the different fossil fuel reservoirs. 

3. To highlight the versatility of carbon, we'll first go from McDonald's french fries to powering a car. Take them out to my car. At my car, simply tell them where the fuel came from (restaurants). Tell them that it was chemically transformed into two fractions. I am burning one fraction (the second fraction, glycerine, was sold as a separate business). What is the difference between diesel and regular fuel? [Seguay into writing on the board. . . ]

4. Lecture: The 8 processes. Step 1: write them on the board as they come up. 

· The difference between coal, diesel, gas, and natural gas. The energy stored in carbon bonds. Question: if it takes energy to form those bonds, where did that energy come from in the first place? A: The sun. 

· This leads to photosynthesis discussion. H2O + CO2 + Light = CH2O + O2. Write this equation on the board. What is CH2O ? → Glucose; sugar. Building blocks of life. What happens when the O2 recombines with the glucose? Respiration. Show them Jacob's Ladder. What happens when this happens when it's outside of a body? A: Combustion. 

· What happens when oxygen can't get to the carbon to combust/respire it? → burial. How get burial? 

· Carbonate chemistry.

· Chalk. Tell them that it is also made of carbon. Invite a student to the front of the class to drop a bit of acid (or vinegar) on the chalk. Ask this student to describe to the class what they see happening. Link it into the carbon cycle. (Carbonate Weathering).

· Drop NaOH into solution saturated with bicarbonate (carbonate secretion)

· Soda. Pop a soda. Ask class to say what happens (ocean atmosphere gas exchange) 

· Volcanic outgassing. Happens all the time, but at a very low level (see background)

· Now tell them that all these processes are involved in the carbon cycle. They all involve the movement of carbon in and out of 4 reservoirs. 

· What are those reservoirs?  A: Lithosphere, Ocean, Atmosphere, and Biosphere. 

· Which is the biggest?  A: Lithosphere. 

· Which is the smallest?  A: Atmosphere. 

· Which has the most carbon moving in and out of it?  A: Atmosphere. 

· Which has the least? A: Lithosphere. 

· Carbon moving in and out is known as flux. So, in the Earth's carbon cycle, flux in and out of a reservoir is inversely proportionate to the amount of carbon in that reservoir. 

· Tell them we are now going to do an activity to explore these reservoirs a bit closer, and to see how carbon moves between these reservoirs. 

