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CHEM 5336 - ELECTROANALYTICAL CHEMISTRY
Exam 1, 6 March 2014

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

1. 20 pts. A potential (E)-step from 0 to -0.7 V vs SCE at a stationary, planar Hg film 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 interface that are the causes of the current flow and decay;

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

(a) charging of the electrode double layer (dl), the electrode surface becomes negative and will attract Na+ into the double layer
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Idl is the charging current, DE is the potential step, Cd is differential capacitance, and Rs is the cell/solution resistance

(c) Fit current vs. t to get unknown parameters Rs and RsCd, the latter is the time constant. Alternative is linearize to 
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plot ln Idl vs. t to get straight line where slope  is -1/ RsCd,
2. 20 pts. The Ag/AgCl (saturated KCl) reference electrode half-cell is useful in many electrochemical experiments, and it can be simply made in the lab.

(a) Explain how you could make a Ag/AgCl half-cell in the laboratory that could be used as a reference electrode for voltammetry. Include a labeled drawing.

(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 T when contacting an electrolyte solution.

(a) Ag/AgCl wire in a tube filled with Saturated KCl with a salt bridge contact (ceramic, gel, etc) at the bottom

(b)   AgCl +  e-  =  Ag + Cl- 
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the concentration terms are activities, so that the activity of the solids is defined as one. Then 
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and the half-cell potential depends only on [Cl-]

3. 20 pts The Butler-Volmer equation below 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:



kf

O  +  ne-     [image: image5.wmf]      R
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a. (8 pts) Define all terms in the Butler-Volmer equation, and indicate if they are constants. If they are not constants briefly mention how they can be measured in an electrochemical experiment. How is 
[image: image7.wmf] related to kf and kb?

n = no. of electrons in reaction 

F = Faraday’s constant, A = electrode area

[image: image8.wmf] = standard heterogenous rate constant  - determined from shape of RDV curves; or Tafel plots
C(0,t) terms are concentrations of O or R at the electrode surface – cannot be electrochemically determined, but can be calculated from theory, can be measured spectroscopically

electrochemical transfer coefficient, estimated from shape of steady state voltammetry, or TAfel plots

E = electrode potential (applied)

Eo’ = formal potential; R = gas constant; T = absolute temp.
Blue terms are constant

b. (6 pts) 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.
rate constant at the Eo’ for the reaction
kosh>1 cm/s  reversible reaction

kosh<10-5 cm/s, irreversible reaction

c. (6 pts) Draw the shape of the predicted Butler-Volmer current Inet from a value of E = Eo’ (0 V) to about -2.0 V. What are the limitations of this prediction for describing an experiment like steady state voltammetry? How does the predicted Inet compare with experimental steady state I vs. E observations

exponential increase in I vs E, does not happen experimentally, SSV gives a limiting current

4.   20 pts. Mass transport and electrode kinetics. Observe the shapes of the following linear sweep voltammograms done in stirred and quiet solutions, respectively. Assume that electron transfer occurs at a moderate rate. 
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     steady state voltammetry (stirring)                            scan in quiet solution

A. (10 Pts) First, describe the fundamental reason why the current in stirred solution reaches a constant limiting current, and why in the quiet solution a peak is found.

Stirred – current becomes limited by convection which provides a constant supply of reactant to the solution

Quiet solution – current is limited by diffusion which creates a region of depleted reactant near the electrode that decreases in reactant concentration with time, decay follows the Cottrell eqn. 

B. (10 pts) Now identify separate major factors that influence the (a) rising portions of both curves, and (b) limiting current on the left, and (c) the current decay beyond the peak on the right. 

Rising portions of the curve are controlled by thermodynamics (Nernst eq) or by electrode kinetics, depending on the rate of electron transfer

5. 20 pts. Mass transport: An E-step experiment from E1 to E2 involving a simple, fast, reversible O + e = R electron transfer undergoing semi-infinite linear diffusion at the working electrode for E2<<Eo’ in done. Initially, there are only O and inert electrolyte in solution. The current-time curve for this expression can be obtained by solving Fick’s second Law.

Use of Laplace transforms to solve this equation gave the following expression for the distance dependent concentration in Laplace space
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where the x = distance from the electrode, A’(s) is an constant of integration, s is the Laplace parameter, D is diffusion coefficient, and the C* is bulk concentration. Since E2<<Eo’ as soon as the E-step is applied, the concentration of O at the electrode goes to zero. This defines a boundary condition on C(x,t) that can be used to find A’(s). Use this approach to find A’(s), then 

use the Fick’s first law expression relating flux to current 
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to develop an equation that describes the I vs. t response in this chronoamperometric experiment. Show and explain each step in your derivation. (Laplace transforms are on p. 771 of Bard and Faulkner)

6. Short answer questions, 1 point each, no part credit

(a) Why are three-electrode potentiostats used in electroanalytical experiments? 

To compensate for IR (ohmic) drop

(b) What is the key experimental feature that made the invention of DC polarography by J. Heyrovsky highly significant for its time.

Dropping mercury electrode produced a clean electrode surface allowing quantitative measurements

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

Won Nobel Prize

(d) What is main process that provides Faradaic current in an electrochemical cell?

Electron transfer

(e) In Marcus theory, the electron transfer rate constant depends on the standard free energy and what other energetic parameter?

Reorganization energy
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