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1. (15%) Distinguishing between a reversible and a irreversible electrode reaction can be done using cyclic voltammetry. For the reaction
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(a) Describe exactly what experiments you would do in cyclic voltammetry (CV), what data you would collect, and how to analyze the data to distinguish between a reversible and irreversible electrochemical reaction. Describe the features of the CV that you would measure and what the results mean; how would you decide if the reaction is reversible or irreversible?

(b) Describe clearly and in detail how you can convert a fully reversible O/R electrochemical reaction into a irreversible or quasireversible reaction by varying parameters used in the CV experiment. Explain the reasoning behind your answer, and show using graphs how you would confirm that you have converted the reversible reaction into an irreversible one.

(c) Describe how you can use cyclic voltammetry to obtain the diffusion coefficient Do of reactant O. Describe what CV experiments are required and specifically how the data would be analyzed.

2. (15%) Cyclic Voltammetry is also useful to determine the kinetics of electrode processes. The Nicholson method provides a way to determining the heterogeneous electron transfer rate constant (kosh, cm/s) of an electrode reaction of dissolved O from CV data. The graph below constitutes a theoretical curve that can be used to obtain an average value of kosh, where 



[image: image2.wmf]    and R is gas constant, F = Faraday’s constant,

and f = 38.92 V-1 at T = 298 K. Also Do = Dr = 1 x 10-6  cm2/s for reaction O + e = R, 
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You run a series of cyclic voltammograms to obtain the reduction-oxidation peak separation, giving 

DEp at each scan rate (() as shown in the Table below. Use these data and the graph above to obtain the average rate constant kosh and its standard deviation (Note that the scale on the (-axis is logarithmic, but you can still read the value of ( from the logarithmic scale)
	(, V/s
	DEp, mV

	0.5
	83

	1
	92

	2
	103

	5
	125

	10
	141


3. (15%) Pulsed voltammetry was invented by Sir Geoffrey Barker and modernized by Janet and Bob Osteryoung to provide a collection of highly sensitive voltammetric methods that are available in most high quality electrochemical instruments. The methods employ pulsed potential input waveforms to the electrochemical cell, with a current measurement strategy that maximizes the Faradaic component of current and minimizes the charging or double layer current.

(a) Using diagrams of single-pulse E vs. time waveforms and equations, explain in words the fundamental principles used in pulsed voltammetry to maximize Faradaic current and minimize the charging current.

 (b) Square wave voltammetry (SWV) is an example of a pulsed method that provides better resolution and detection limits than normal pulsed or cyclic voltammetry. Starting with a drawing of a portion of the input waveform of SWV, show how the output data are measured and processed in a way to achieve the  SWV output. Explain your answer clearly in words.

(c) Explain clearly in words and using similar diagrams to those above why SWV has much better sensitivity that normal pulse voltammetry for a reversible redox reaction.

4. (15%) Electrode materials control the potential window within which an electrochemical reaction can be observed, as well as rates of electron transfer involving electroactive species. Suggest a suitable electrode material to use for the applications below, and give a brief reason for your choice:
(a) Reduction of Ce(IV) ion in 0.1 M HCl, expected to have a formal potential about -1.2 V vs. SCE 

(b) Adsorption and oxidation of an Osmium metallopolymer with formal potential +0.4 V vs. SCE

(c) Fabrication of an enzyme biosensor to be operated at pH 3 and between -0.4 to -0.6 V vs. SCE onto which you wish to attach carbon nanotubes.
(d) direct oxidation of hydrogen peroxide at pH 7 expected to have a formal potential about +0.6 V vs. SCE

(e) direct reduction of hydrogen ions in solutions of pH 3 to 5.

5. (15%) A major research effort in modern electrochemical research involves studies and applications of redox reactions of electrochemically active species confined in stable, ultrathin films attached to an electrode surface. The shapes of the resulting voltammograms under diffusion-free conditions in these films differ greatly from diffusion-controlled CVs for redox species in solutions. 

(a) Describe the shape and the main quantitative characteristics of cyclic voltammograms of a surface confined redox species, e.g. O(surf) + e = R(surf) at <50 mV/s for films ~10 nm thick that follows the reversible, ideal thin film voltammetry model. Indicate approximate positions of Eo' on the CV, how peak current depends on scan rate, and how the amount of O(surf) on the electrode surface can be measured.

(b) In the same film when the scan rate is greatly increased, e.g. >100 V/s, significant shape differences from the reversible, ideal thin film voltammogram {O(ads) + e = R(ads)} above are often observed due to incomplete electrolysis of the film. Describe the shape of the resulting CV in a drawing, and explain the fundamental reasons for these changes in shape from that at low scan rate.

(c) Consider a similar reaction in which O is adsorbed onto an electrode from a solution in which both reactions below occur:

 O(ads) + e = R(ads),  and

O   + e = R     (in solution) 

under conditions in which the concentration of O is well in excess of that needed to produce complete surface coverage of the electrode in a few msec. Draw a typical CV for this system for a scan rate of about 100 mV/s, and explain all relevant features of your CV.

[image: image1.wmf]6. (10%) A gold disk microelectrode with 0.2 mm diameter was used to obtain voltammograms shown below for the reversible reduction of O + e = R in solution at two different scan rates:

At low scan rate, the CV looks like a steady state voltammogram. At the high scan rate, the CV looks similar to a reversible voltammogram on a larger electrode. 

(a) 10% Describe the fundamental reasons why the shapes of these two voltammograms are different. Why at low scan rate is a steady state limiting current observed (i.e. the plateau current), but a peak is observed at the high scan rate.

(b) 5%  Describe how you could use the CV at 10 mV/s to measure the diffusion coefficient of O.
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