Homework 4 Electrochemical potentials
Consider the following diagram of a fuel cell. During operation, oxygen gas is reduced at the cathode and hydrogen gas is oxidized at the anode. This particular fuel cell uses Nafion as an electrolyte. Nafion is a polymer that selectively conducts cations, such as protons. For the purposes of this problem you can consider it as a thin layer of acidic electrolyte. You can also assume the gases are at 1 atm, i.e. standard state. You cannot assume that [H+] = 1 M.
a. [bookmark: _GoBack][image: ]Write balanced redox reactions for the anode and cathode. What is the cell potential?

b. Consider the cell at open circuit so no current is flowing ( i.e. R is infinite). Write expressions for the electrochemical potential of the electrons in the cathode and a separate expression for the electrochemical potential of the electrons in the anode. Remember that for local equilibrium the sum of the electrochemical potentials for species on both sides of an equilibrium expression must be equal to each other. Near the cathode you have oxygen, protons, and electrons all in local equilibrium (this region is called the triple phase region as gas, electrolyte, and solid catalyst are all interacting). Near that anode you have hydrogen, protons and electrons in local equilibrium. 

c. Using the expressions you wrote in b. write the difference in electrochemical potential of the electrons at the anode and cathode, µe. Expand each electrochemical potential into chemical potential terms (including the activity terms), and the electrostatic component of the energy as needed. Because the Nafion is a good ionic conductor (i.e. like a liquid electrolyte) the electrostatic potential is constant across the electrolyte. Show which terms cancel.

d. Evaluate the difference in the chemical potential of the electrons at the anode and cathode in kJ/mol. What is the difference in volts (a volt is a J/C)? The chemical potentials can be taken as the molar Gibbs free energy at constant temperature and pressure (i.e. you can look them up in tables). The chemical potential of elements in their standard state are defined as 0, as is the standard free energy of H+.

e. Are the two sides of the cell at equilibrium when no net current is flowing (i.e. R is infinite)? Why or why not?

f. Imagine you have a finite supply of H2 and O2 at each electrode and you shorted the cell so R goes to 0. What will be the cell voltage? What reactions will occur? When will the cell reach equilibrium? 
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