Electrochemical Impedance Spectroscopy
Instrumentation 
VMP-3 multi-channel potentiostat,  controlled by EC-Lab software – basic functions and settings will be presented at the start of our session.
Techniques used : in Voltamperometric techniques – OCV, chronoamperometry



     In: Impedance spectroscopy : PEIS (potentioEIS)
Control circuits

Measurement

Two plates will be used for preliminary measurements – test plate and “black box”.

Connections are to made in the following way – counter and reference inputs must be shortcut, WE input stays alone. Thus we simplify  three electrode cell to two-electrode connection, characteristic for electrotechnical circuits. On the “black-box” we use sockets WE-CE or RE-CE. 

We perform EIS with 10 mV amplitude and 100 kHz – 0.1Hz frequency limits. Nyquist and Bode graphs should be plotted for each measurement. (Brother script printer)
Analysis
Students recognize the elements in Nyquist and Bode graphs (semi-circles, peaks, lines), subscribe them to circuit elements, calculate resistances and capacities.

Pb  electrode – positive plate in lead-acid cell

We assembly the cell, using Pb electrode and 1M H2SO4 solution:

WE (working electrode)      -    Pb rod 

CE (counter electrode)       -    Graphite rod
RE (reference electrode)    -     Hg2SO4 electrode

Measurement
We perform PEIS and voltammetry at lead electrode in passivated state and on freshly polished surface. For PEIS we apply 20 mV AC amplitude, scan  from 100000 Hz down to 0,1 Hz or lower. Other parameters will be chosen “on-line”.
a/ PEIS at open circuit potential, electrode passivated ”naturally”

b/ voltammetry, scan rate 50 mV/s, potential range wide enough to see the Pb-Pb2+-Pb4+  oxidation wave
c/ after polishing  on sand-paper: voltammetry and PEIS at open-circuit potential

d/ freshly polished electrode : PEIS with 3 or more cycles at chosen oxidative potential
Analysis
Students compare graphs, make hints about the nature of electrode processes and surface modifications.
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Inert Pt electrode and redox process

Measurement
We assembly a three electrode cell with Ta quasi-reference and counter, but take platinum disc as working electrode in ferrocyanide/ferricyanide 10E-2M in 1M KCl  solution. 
EIS measurement:

a/ at open circuit potential

We can perform EIS at other potentials, but we will have to make voltammetric measurements in order to establish the peak potentials for our system and assembly (optional). 

Analysis
Students try to apply the Randles circuit with Warburg impedance to explain the graphs.
Li/electrolyte/Li symmetrical cell (optional)
Measurement

We take Li cells assembled already  (Swagelok technique) and treat them as  AC circuit elements (connections the same as for control circuits).
We register spectra in frequency range 500000 Hz – 50 mHz, AC amplitude 20 mV,   and print the graphs (Nyquist and Bode).

Analysis

We discuss the results and possible identification of structural and electrochemical elements responsible for the spectrum. 

