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Ocean Acidification part 1

Introduction: 


From the lecture, you know that the real threat of ocean acidification to marine calcifying organisms is not protons attacking their shells. Rather it is the decrease in the carbonate concentration, the resulting increase in calcium carbonate solubility, and the extra work they have to do to export protons. But that doesn't mean it's not fun to play with acid! Today and next class you will be looking at the chemistry behind ocean acidification, and the effect that acid and increased solubility have on sea shells. 

Part 1: Atom counting


For these exercises, remember that a formula like H2O means there are two hydrogens, and one oxygen. That is, the number comes after the atom it is associated with, it is written as a subscript, and it is unnecessary to write the number “1” after an atom. However, for this exercise, if there is only one of a particular atom, please do write “1” so I know you understand. :) 


1. Add up the atoms: H2O + CO2 = H__C__O__ 


H2CO3 is called “carbonic acid”. Note that this is what forms when CO2 combines with water, as happens in raindrops, in soda, and at the ocean-atmosphere interface. It is an acid because one of the H+ ions easily dissociates, as this equation shows:


2. Add up the atoms: H2CO3 = H__ + H__ C__ O__


Note that there is now an extra free H+ ion on the right side of the equation. Remember that H+ ions are what make acid acidic. This H+ ion is now free to attack a calcium carbonate molecule. 


3. Add up the atoms: H+ + CaCO3 = Ca__ + H__ C__ O__  

Did you notice that the formulas for the H__C__O__ in parts 2 and 3 are the same? This molecule is called “bicarbonate” (remember that “bi”, means “2”, so this molecule can convert to either H2CO3 or to CO32-). You'll also notices that there is a space at the beginning of the H__C__O__ molecule. In chemistry, this space indicates how many of that kind of molecule there are (2, 3, 4, etc.). Don't forget to write a number there. 


Now putting together parts 1, 2, and 3, you get:


4. Add up the atoms: H2O + CO2 + CaCO3 = Ca__ + __H__C__O__ 

So, when water combines with CO2, it transforms a CO2 molecule and a calcium carbonate molecule into two bicarbonate molecules. This is the chemical process for carbonate weathering, an important mechanism in the carbon cycle.  

Part 2: Fun with acid

In front of you are two bottles. The bottle labeled “V” is filled with vinegar and “DI” is filled with deionized (DI) water. Take their pH, and record them here:

Vinegar bottle:
___________

Water bottle: 

___________

Does a lower pH mean more H+ atoms or more OH- molecules? (please circle the right answer)

What would happen if you put a shell into each of these bottles? Remember that shells are made out of calcium carbonate, CaCO3, and write you prediction below. 

· Prediction for a shell into vinegar:

· Prediction for a shell into DI water:

Once you've written your prediction, come to the front and get two shells. Add one to each bottle. What do observe happening? What is different between the two bottles? 

Part 3: Critical thinking: 

Which of these two bottles is the most appropriate analogy to what will happen to sea shells because of elevated CO2 in the atmosphere?

What will happen to the ocean's pH if we continue to increase the concentration of CO2 in the atmosphere? What effect will this have on the carbonate ion concentration?

If it is harder for organisms to make and keep their shells in tact, what might be some of the consequences of this for food webs? 

