Electrochemistry – Project 1 

Save the data you collect and include the important data in your laboratory report. For your report you do not need an extended introduction, experimental, or results section. Simply present the data you collected (appropriately/professionally graphed with all axes labeled with appropriate units), and clearly answer the nine questions embedded in the text below. 

To work up your electrochemical data you may find it useful to install EC-Lab – the program that controls the potentiostat you will use throughout the term – on your personal computer. 

The full version of the software is available at:

https://www.bio-logic.net/?smd_process_download=1&download_id=17810

Username= blue
Password= ec@#83GyU

PART A: Reference Electrode Fabrication.

You will construct and characterize an Ag|AgCl reference electrode. This electrode is commonly used in aqueous electrochemistry experiments. It consists of a silver wire coated with a thin coat of AgCl placed in a KCl or NaCl solution. The largely insoluble AgCl coating sets the activity (~concentration) of the Ag+ in the electrolyte. This reference Ag|AgCl half-cell is normally partitioned from the main solution using a nanoporous glass frit (Vycor) to eliminate contamination of the cell with trace Ag+.

Steps:

(1) Clean a piece of silver wire ~ 4” long using by scrubbing with sandpaper and then etching with the conc. HNO3 provided. (Warning conc. HNO3 is highly corrosive, wear gloves and goggles). Make sure the wire is straight.

(2) Set up a 2-electrode electrochemical cell using 1 M HCl as an electrolyte. Use the cleaned Ag wire as the working electrode, and another Ag wire as both the reference and counter electrode (you will need to connect the RE lead into the CE lead to do this). Anodize (i.e. apply an oxidizing voltage) the working electrode so that a current of about 5 mA flows for 2-3 minutes. You should see a brown coating form on the Ag wire surface. You should also see bubbles evolving from the counter electrode. 

· Include in your report balanced chemical equations for reactions you are observing.

(3) There should be a glass tube with the Vycor frit attached to the end with a piece of Teflon shrink tube in the laboratory kit at your work station. Fill it with conc. KCl solution using the syringe and needle. Make sure no bubbles remain at the bottom by “flicking” the bottom of the electrode with your fingers.

(4) Insert the AgCl-coated wire into the tube and seal the top with a bit of Parafilm. Measure the potential of your reference electrode versus the commercial standard calomel reference electrode provided. To do this, simply place both reference electrodes into a KCl bath to establish ionic conductivity between them and measure the voltage between them using a voltmeter.  Make sure to think carefully about the sign of the voltage you are measuring and how that depends on how you hook up the voltmeter. 

· How close is the value you measured to that expected for the Ag|AgCl electrode?  Make sure to consider the sign in answering this question as well.

PART B: Electrode Polishing. 

When performing analytical electrochemistry experiments, working electrodes are typically gently polished prior to each use. Polish the glassy carbon (GC) electrode using the technique discussed in class or demonstrated in laboratory. Use the felt pads affixed to the glass plates and the four polish grit-sizes available. The final fine polish should be with ~ 0.05 m alumina or diamond polishing compound. Keep the electrode oriented normal to the polishing surface and polish using a figure-eight motion. Clean the electrode with the 18.2 MOhm water wash bottle and sonicate in 18.2 MOhm water to remove residual particulates after each polishing step. Make sure the electrode has a mirror finish.

PART C: Cell preparation.

(1) Set up the pear-shaped or round-bottom flask electrochemical cell. Fill it with 19 mL of 0.2 M KCl electrolyte solution. Add the Ag|AgCl reference electrode you made, the Pt counter electrode, and the freshly polished GC working electrode. Bubble with a gentle N2 stream during the experiment.

(2) Sweep cyclic voltammetry curves (and save them). Use several different scan rates (hint, 10 mV s-1 is a slow sweep rate, 500 mV s-1 is considered fast) and different potential limits 
(do not go higher than +/- ~ 2 V) to answer the below questions. Cyclic voltammetry is simply two linear sweep voltammograms recorded back-to-back in opposite directions.

[bookmark: _GoBack](3) (a) Determine the practical working limits for the glassy carbon (GC) electrode in the aq. KCl supporting electrolyte (i.e. where the background current starts to exceed ~ 0.1 mA cm-2). Include the data in your report.  (b) Replace the electrode with the Pt working electrode provided and repeat the scan of the clean electrolyte. (Note that the area of the Pt electrode is smaller, ~ 0.020 cm2). Compare to the GC electrode.  They should be very different in the cathodic potential regime particularly.

· Why are the GC and Pt electrodes so different? Why is the GC often used for electroanalytical chemistry in aqueous solutions?

(4)  Estimate the electrode area from the electrode capacitance determined by the non-faradaic charging current you measure, assuming a double-layer capacitance of 200 F cm-2 (see original report of use of GC, http://pubs.acs.org/doi/abs/10.1021/ac60221a006 ) As discussed in Bard Chapter 1, the non-faradaic charging current is given by i = Cdν. Typically you take the total height of the charging current box divided by two (i.e. (ianodic - icathodic)/2) as the charging current to avoid errors do to small current offsets. Compare to area of the electrode measured using a digital scanner of 0.07 cm2. You should collect the voltammograms for the surface-area measurement over a small potential range where there is no faradaic contribution to the current. You might want to compare your results with different scan rates and see if they match what you expect.

· If the areas measured with the scanner and from the capacitance don’t match can you propose a reason or collect the data in another way such that the agreement is better? 

(5) Estimate the surface area of the Pt electrode from voltammetry. Make sure you collect data only in the region of capacitive charging and not where there is evidence for surface faradaic reactions (i.e. Pt forms Pt-O and Pt-H at sufficiently anodic and cathodic potentials). Pt is reported to have a lower double layer capacitance (http://jes.ecsdl.org/content/116/8/1112.abstract) lower than GC of ~ 30 μF cm-2. (can you think why this might be?)


PART D: Cyclic Voltammetry on stirred and unstirred solutions.

1. Use the GC electrode for these experiments. Add 1 mL of the 200 mM K4Fe(CN)6 (ferrocyanide) solution to the flask and gently agitate the solution to ensure good mixing. You should bubble N2 through the solution for a couple minutes prior to the experiment to remove dissolved O2, but stop during the experiment.
2. Measure the electrode potential of the solution by measuring the voltage difference between your GC electrode and reference electrode.  Make sure you are using the proper sign convention.
3. Add a stir bar and set the solution to a constant moderate stirring rate.  Conduct a cyclic voltammetry experiment starting at a potential negative of that measured in 2. Sweep positive to near the working limit of the electrolyte and then reverse to sweep negative to near the other working limit of the electrolyte.  Conduct this experiment at 10 mV s-1, 50 mV s-1, and 500 mV s-1.  Note: when scanning at fast rates the “current autoranging” function of the potentiostat does not work well. It is better to set a fixed current range for all experiments. I suggest you use the 10 mA current range.

· Provide a physical explanation for the shape of the voltammograms (i.e. what electrochemical reactions give rise to the measured currents) and any dependence on scan rate. Hint: The scans should look nominally like those discussed in class for an unstirred solution. Can you estimate the mass-transfer limiting currents?

4. Repeat the experiment without stirring.

5. Repeat the experiments described in 3 at a stirring rate that is as fast as feasible and with a scan rate of 50 mV s-1.

· Provide a physical explanation for any changes in the voltammogram with stirring rate and without stirring. Note your stirred voltammetry data should be similar in shape to the voltammograms derived in Chapter 1, if they are not, try to improve stirring so your data can be analyzed using the concepts in chapter one.

6. Add 0.5 mL of the 200 mM K3Fe(CN)6 (ferricyanide) to the solution.  Measure the voltage between a GC electrode and the reference electrode at equilibrium (make sure to connect the reference electrode to the black ground lead of the voltmeter and the red positive lead to the GC electrode – you want to measure the potential of the working electrode relative to the reference).   Measure a cyclic voltamogram with the solutions stirred at a fast rate.  The sweep should start at the solution potential measured with the GC electrode at equilibrium, sweep positive to near the working limit of the electrolyte and then reverse to sweep negative to near the other working limit of the electrolyte.   Perform theses sweeps at 50 mV s-1.

· Provide a physical explanation for the shape of the voltammogram (i.e.  how and why does it change from that measured before the addition of the ferricyanide).

7. Add 0.5 mL more of the 200 mM (ferricyanide) to the solution and repeat 6 (make sure the stirring is set the same as previously).

· Provide a physical explanation for any changes observed in the stirred voltammogram with changes in solution concentration. (ignore the unstirred data for now)
· Compare the equilibrium solution potentials you measured relative to the reference electrode for the different concentrations of ferro and ferricyanide studied above. Does your data make sense based on the Nernst equation? If not, why?

8. Collect an unstirred voltammogram as before on the solution used in 7.

· What can you learn from linear sweep voltammetry on stirred solutions? You should consider important parameters such as the standard reduction potential, concentrations of oxidized and reduced forms, and diffusion coefficients.  Calculate these parameters from the data you collect.

· Calculate the standard reduction potential for ferro/ferri cyanide redox couple from the unstirred voltammograms. As we will learn later, this is equivalent to the average of oxidation and reduction “wave” peak positions in the unstirred voltammograms. Discuss how this relates to the measured equilibrium solution potential.
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