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CHEM 5336 - ELECTROANALYTICAL CHEMISTRY
Exam 1, 6 March 2014

(open book &   notes, no computers or cell phones, there are 7 pages and 6 questions)

1. 20 pts. A potential (E)-step from 0 to -0.5 V vs SCE at a stationary Hg-drop electrode in 0.1 M NaNO3 solution (point of zero charge {PZC} of the electrode 

is -0.3 V) without any electroactive species present in the solution leads to a decaying current (I) vs. time (t) response:

(a) (7 pts) What events occur at the electrode-solution that are the causes of the current flow and decay;

(b) (7 pts) Write an expression that describes the I vs t response, define all parameters.

(c) (6 pts) Explain how the data obtain above could be used to obtain useful information about the time constant of the electrochemical cell.

2. 20 pts. The Ag/AgCl (3 M KCl) reference electrode cell is useful in many electrochemical experiments. 

(a) Draw and clearly label a configuration of an Ag/AgCl half-cell refernce electrode

(b) Show how the Nernst equation can be used to prove that the potential of this reference half-cell electrode will be constant at constant temperature 

3. 20 pts   Butler-Volmer equation is the classic kinetic relationship between Faradaic current (I) in an electrochemical cell and the applied potential (E) for the electrochemical electron-transfer reaction with O dissolved in solution:
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a. Write the Butler-volmer equation for I vs. E curves and define all terms in the equation

b. What is the working definition of the parameter kosh (often called ko) and what does is mean in terms of reversibility in most steady state voltammetry experiments when kosh>1 cm/s and when kosh<10-5 cm/s.
c. What are the limitation of the Butler Volmer equation in anaysis of real electrochemical experiments.
4. 20 pts. Reversibility of an electrode reaction is a fundamental concept in electroanalytical chemistry. For
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(a) (7 pt) Explain briefly what reversibility means. Then write an equation (and define all variables) that describes the I vs E behavior of the reversible reaction above for any steady state voltammetry method.

(b) (6 pts) Describe how to use steady state voltammetry and accompanying data analysis to distinguish between a reversible and irreversible electrochemical reaction.

(c) (7 pt) for the reversible reaction;
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Describe steady state voltammetry experiments and analysis of the resulting data that will provide the number (x) of protons involved in the reaction.

5. 20 pts. Mass transport: The graph below represents a concentration profile (Cb is bulk concentration; ( is Nernst Diffusion layer thickness; x is distance from the electrode). For a E-step experiment from E1 to E2 involving a simple, fast, reversible O + e = R electron transfer at the working electrode for E2<<<Eo’ starting with only O and inert electrolyte in solution, start with the equation relating flux Jo to current 
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to show how an equation that describes the I vs t response in this amperometric experiment can be obtained. Explain each step.
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6. Short answer questions, 1 point each, no part credit

(a) What is Faraday’s law

(b) What electrochemical technique was invented by J. Heyrovsky in 1922.

(c) What do Rudy Marcus and J. Heyrovsky have in common?

(d) What is main ionic contribution to non-Faradaic (charging) current?

(e) The common assumption of kinetic transition state theory and Marcus theory is that the rate constant depends on what energetic parameter?
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