Advanced Electrochemistry: Project 3
In this project you will collect and analyze electrochemical data in unstirred electrolyte solutions. Please make the report as short as possible while still addressing all the points below.
Note: You may find a recent J. Chem. Ed. article on cyclic voltammetry valuable:

https://pubs.acs.org/doi/pdf/10.1021/acs.jchemed.7b00361
Part A. Potential step chronoamperometry and the Cottrell Equation.
1. Use a freshly polished (using ~ 1 µm diamond paste) glassy carbon (GC) electrode for these experiments. Make a solution of 5 mM K4FeCN6 (ferrocyanide) in aq. 0.1 M KCl in a small round-bottom glass electrochemical cell. Make sure you know the concentration accurately. Note that cyanide salts are toxic, take care when handling them (i.e. wear gloves).
2. Perform a potential step experiment and measure current as a function of time. Make sure to set up your potential step so that the conditions outlined in Bard 5.2.1 are met.

3. Based on the literature value for the diffusion coefficient, see: http://pubs.acs.org/doi/abs/10.1021/ac50160a042, what is the surface area of the electrode? Is this the microscopic or geometric surface area (Bard 5.2.3). Discuss briefly.

4. Based on the measured area of the electrode using a scanner (should be 0.070 cm2) and through the use of the Cottrell equation, what is the diffusion coefficient? Is it consistent with literature? (you should consider how you analyze the data carefully, you want to make sure you are analyzing the correct region, and using as much of the data as possible, you should consider plotting the data as i vs t-1/2 to facilitate the analysis). Make sure also to use the correct units for concentration in the equations given by Bard and Faulkner – they often use mol/cm3 instead of molarity.
5. Bard discusses practical limitations to the analysis of potential step data using the Cottrell equation on pg 163. Do you see any evidence of these effects in your data? Discuss and indicate specific features in your data that suggest these effects.
Part 2. Cyclic Voltammetry.

1. Use a freshly polished (using ~ 1 um diamond paste) GC electrode for these experiments. Make a solution of 5 mM K4FeCN6 (ferrocyanide) solution (you can use the solution you made in step 1 above). Make sure you know all the concentrations exactly.

2. Collect cyclic voltammetry (CV) data at 50 mV s-1 to determine Eo’ for the ferrocyanide/ferricyanide redox couple.

3. Use the area of the electrode measured using a digital scanner, 0.070 cm2 (you may want to confirm this area is correct) the scan rate, and the measured peak current to calculate the diffusion coefficient of ferrocyanide (using Bard 6.2.19). How does the value you measure compare to literature? See: http://pubs.acs.org/doi/abs/10.1021/ac50160a042
4. Collect CV data as a function of scan rate (10, 20, 50, 100, 200 mV s-1). Is the redox couple exhibiting Nernstian (make sure you understand what a Nernstian CV is supposed to look like!) behavior at all scan rates? Explain based on your data. 
5. Use the parameters you know and have collected (i.e. concentrations, diffusion coefficients, electrode area, standard potential) for the ferrocyanide/ferricyanide system above to simulate the scan-rate dependence of the voltammetry of the ferrocyanide/ferricyanide using the CV simulator program you used for the previously assigned project. What rate constant provides curves for the simulated data that correspond well to the experimental data?

Part 3. Different Redox Couples
Clean the cell and repeat the above experiments in Part 2 using the methyl viologen dichloride redox couple at 5 mM also dissolved in 0.1 M KCl as the supporting electrolyte. Note that methyl viologen is toxic, take care when handling it (i.e. wear gloves). You should sparge/purge the cell with N2 prior to experiments with methyl viologen to prevent dissolved oxygen reacting with the reduced methyl viologen. 
You should be aware that MV has two reduction waves. The first is highly reversible. After the second, following chemical reactions degrade a portion of the doubly reduced molecule. Measure and report one set of data that clearly shows both reduction waves and comment on the differences between them. You will need to identify the correct potential sweep range to see both reduction waves.
Next collect all the data needed for the analysis in Part 2, but only measure over the potential region associated with the first reduction wave. Present the data and analysis and discuss any differences between the two couples in terms of extracted physical parameters. You do not need to repeat all the discussion as with the other redox couple but should report all relevant experimental parameters. Show the data, fits, and results of the analysis. 
1

