J. Rusling

Fall, 2015
CHEM 336 - ELECTROANALYTICAL CHEMISTRY
Exam II, Nov. 19,  2012

Due April 30, 2015, submit answers by email to
James.Rusling@uconn.edu
Your name: 

The exam MUST be done independently and individually by you alone. You can use books, other literature or class notes, but do not discuss the questions with anyone. Questions must be answered in your own words; copying text, graphs or data from books, research papers or websites is not permitted. Plagiarism from any source including your classmates will be dealt with according to University bylaws.

Important: there are SIX questions in this exam. Please READ THE QUESTIONS CAREFULLY, AND KNOW WHAT IS BEING ASKED. Answer all questions CLEARLY in such a way that I can understand your answers. Be specific rather than general. Answer the question directly; long, rambling discourses that are not to the point of the question will result in points lost. Do not answer questions that are not asked; or provide information that is irrelevant. 

Start answers to each question on a new page. Use clear, labeled graphs or diagrams wherever possible, use a computer graphics or a drawing program (e.g. Powerpoint can do this). Also provide a clear written explanation of each diagram.  Use word processor to provide printed answers, no handwritten answers please.
Submit to James.Rusling@uconn.edu

Please return this page as the first page preceding your answers.
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1. (20%) Distinguishing between a reversible and an irreversible electrode reaction involving dissolved O can be done with various types of voltammetry. For the reaction
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(a, 10%) Choose one type of voltammetry, e.g. normal pulse, rotating disk, or cyclic and describe exactly what experiments you would do, 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 voltammograms that would be most important for this task, and what the results mean; how would you decide if the reaction is reversible or irreversible? How can you estimate the diffusion coefficient from your method?

(b, 10%) Using cyclic voltammetry (CV), the standard heterogeneous rate constant (kosh, cm/s) for the above reaction can be obtained from oxidation-reduction peak separations using the Nicholson method that employs the theoretical working curve for  = 0.5 below, where 
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   and R is gas constant, F = Faraday’s constant,

and f = 38.92 V-1 at T = 298 K and Do = Dr = 1 x 10-6  cm2/s. 
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A series of cyclic voltammograms gave reduction-oxidation peak separation, Ep at each scan rate (() as shown in the Table below. Use these data and the graph above to obtain the average rate constant kosh ± standard deviation (Note that the scale on the (-axis is logarithmic, but you can read the value of ( from the logarithmic scale)

Data for estimating kosh ± standard deviation

	(, V/s
	Ep, mV

	0.045
	80

	0.13
	100

	0.70
	125

	2.25
	175


•••••••••••••••••••••••••
2. (20%) Pulsed voltammetry was modernized by Janet and Bob Osteryoung to provide a collection of sensitive voltammetric methods that are available in modern high quality electrochemical instruments. Using diagrams of E vs. time input waveforms and I vs E outputs, answer the following questions that all refer the solutions with dissolved reactants:
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(a) Linear sweep and CV waveforms are implemented in modern instruments using a digital waveform, Draw the input waveform and the typical output for a reversible solution reaction.
 (b) Explain in words and with diagrams, the fundamental principles used in pulsed voltammetry that maximize Faradaic current and minimize charging current in the output of the experiment.
 (c)  Square wave voltammetry (SWV) 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. Draw the typical forward, reverse and difference current outputs vs. E for the reversible reaction. 

(d) Describe how experimental step height, pulse height, and frequency (f) influence the peak height and peak width in SWV for a molecule that gives fully reversible SWV at low f, but begins to show kinetically limited electron transfer (i.e. quasireversiblity) at f>50 Hz.
3. (20%) A Au disk microelectrode with 200 nm radius was used to obtain the cyclic voltammograms shown below for the reversible reduction of O + e = R in solution at two different scan rates. At 10 mV/s, the CV looks very different in shape from the CV at the higher scan rate. 

(a) 10% Explain using diagrams the geometry of mass transport occurring in the two experiments and discuss 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%  Exactly how would you use CVs at 10 mV/s to measure the diffusion coefficient of O.
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(5%) draw the expected CV shape at 10 mV/s when a species Z is added to the solution that rapidly reacts with R ins the reaction R +  Z (  O + products

4. (20%) One area of modern research pursues applications of electrochemically active species confined in stable, ultrathin films coated on an electrode surface. The shapes of the resulting cyclic voltammograms under diffusion-free conditions in these films differ greatly from diffusion-controlled CVs for redox species in solutions. 

(a) (8%) 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 ~15 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 from CV.

(b) (6%) In the same film when the thickness is greatly increased, e.g. 1 mm significant shape differences from the reversible, ideal thin film voltammogram {O(ads) + e = R(ads)} are  found, the CV peaks begin to look those of a diffusion-controlled reaction in solution. How can these observations be interpreted?
(c) (6%) Describe  experimental conditions for CV and data analysis to obtain Dct, the charge transfer diffusion coefficient of the film.
5. (20%) Provide brief interpretations for the CVs below
A (5% ea) Interpret the mechanistic differences between the dashed and solid curves where the solid curve corresponds to reversible  electron transfer CVs.
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B and C. (5% ea) Describe the mechanistic differences between the solid and dashed CV curves where the dashed curves correspond to reversible electron transfer CVs for 

O + ne-  =  R
D. Identify the mode of electron transfer characteristic of the CV below, where Ep= 60 mV/n
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6. The two parts of this problem refer to methods in which extensive electrolysis of the sample is required. Consider that these could be assigned projects in an industrial  research lab.

(a) 10% Suppose you want to optimize the electrochemical conversion of waste brominated aromatic hydrocarbons by debromination to the aromatic hydrocarbons denoted by Ar. The reaction is relatively simple:

Ar-Brm    + 2m e-  -->    Ar  +   m Br-

You find that by dissolving the waste materials in a water-alcohol solution and adding tetrabutylammonium hydroxide to the solution, you can make the conversion to Ar happen at 

-1.35 V vs. SCE on a 10 cm2 carbon electrode. However, the coulombic efficiency (or current efficiency, i.e. amount of charge used to produce Ar/total amount of charge passed) is only 15%, and it takes about 18 hrs to destroy 100 mg of Ar-Brm in a 100 mL electrolysis cell. Describe a specific strategy involving changes in experimental conditions and/or a catalytic approach to improve the coulombic efficiency and decrease the reaction time.
(b) (10%) A manufacturing plant has decreased the levels of Pb2+ and Cu2+  in their waste water to  concentrations below 0.10 nM, but wants to develop an electrochemical method to determine these ions in their effluent streams. Describe a method able to accurately measure these levels of Pb2+ and Cu2+ with enough details so that a technician can follow your instructions.
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