Cyclic Voltammetry of Fe(CN)37Fe(CN)s*~
Introduction

Cyclic voltammetry (CV) is a very useful electroamialyl technique. Many inorganic
compounds contain elements that may take on sevemktiffoxidation states. The CV
experiment can provide important information about tkidagion state of an element in a
compound as well as the compound’s stability in the sblsgstem in which it is studied. When
conditions provide stable oxidized and reduced forms duringnieerequired to obtain a
voltammogram (current-potential curve) CV is a simplg dinect method for measuring the
formal potential of a half-reaction. The"fEN)/Fe'(CN)* couple is an example of a well-
behaved electrochemically reversible system in aquealuton. This experiment will
demonstrate the general CV method and show how iteaisdd to obtain the formal reduction
potential E”); the number of electrons transferred in the redoxgss 1f); the diffusion
coefficient O); electrochemical reversibility; and the effectsvafying concentration and scan
rate.

The CV apparatus is computer controlled. It consistspdtentiostat with scan
capability and contains a display of current versus patéabltage). A three electrode system is
used. The electrodes in this experiment consist adraimg electrode (platinum), a platinum
auxiliary electrode, and a Ag/AgCl or saturated caloméH)Sreference electrode. Potentials
will be referenced versus SCE. The cell containedhfar the electrodes and one for a tube for
deoxygenating the solution by bubbling a stream of nitmogehe surface of the working
electrode may be polished with powdered alumina and ringbdlistilled water as a
pretreatment. Nitrogen should be passed through the sotatid0 minutes before any
measurement is made. After bubbling nitrogen througkdhgion the tip of the deoxygenation
tube should be raised above the surface of the liquid #od af nitrogen continued throughout
the experiment. During the course of the CV the solilmuld remain quiescent and be oxygen
free.

The diagram on the next page shows a typical CV fotemtrechemically reversible
reaction at the working electrode {f€N)./Fe'(CN)* couple). The initial potential (poiad)
at 0.80 V shows no current and therefore no electrolgses the electrode is switched on. The
electrode is scanned toward a more negative potemialgfd scan) toward poilt As the
potential is made more negative between pdirgadc the electrode is now a sufficiently strong
reductant to reduce the'REN),>. The concentration of the complex ion decreasesdlyagi
the electrode surface and the cathodic current incre@g¢gsointd the concentration of
Fd"(CN).*" is substantially diminished causing the current to p&akm pointd to e the current
decays as F€CN),> becomes more depleted and(E&N),* surrounds the electrode. The scan
is then reversed at —0.15 V indicated by pbiswitching potential). Between poirftandh the
cathodic current continues because the potentiallisifitiently negative to reduce fCN).>.
At pointi the electrode is a sufficiently strong oxidant to aadré(CN),*, which has
accumulated adjacent to the electrode and the react@{CN)," - F€"(CN),> +e occurs
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on the electrode surface. The anodic current rapidigases to poirjtuntil the surface
concentration of PECN),*is diminished causing the current peak. From gdintk the current
decays as solution surrounding the electrode is depletesl (@MNH,*. One CV cycle has now
been completed. The quantitigs, E, i,, andi,. may be obtained directly from CV diagrams
similar to that shown here or computed using specific imydsoftware. The use of a

supporting electrolyte in CV experiments is to suppressatmgr of charged reactants and
products.
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A redox couple in which both species rapidly exchangereles with the working
electrode is called an electrochemically reversiblegpte. The formal reduction potenti&( for
a reversible couple is centered between the ankgljcand cathodick,) peak potentials.

E” = (E,, + E,)/2
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Procedure

From 1 M KNG, solution available in the lab prepare a 100 mL stock isoluif
approximately 10 mM Kre(CN),. Note that this solution M in KNO, supporting electrolyte.
From this solution prepare 25-mL quantities of approximéel;, 6, and 8 mM ke(CN), that
are also 1 M in KNQ(use 1 M KNQ for the dilutions). In addition prepare 25 mL of
approximately 4 mM KFe(CN), that is 1M in NgSQO,. All solution concentration must be
accurately known to three significant figures, so uséytea methods (weigh on analytical
balance, use volumetric flasks, and pipets). An unknoy#Ae(CN), will also be provided by the
instructor. (Be certain of your solution concentnasiol mM = 1 mmol/L. A 100 mL volume of
10 mM solution will contain 1 mmol solute.)

The instructor will familiarize the students with theration of the computer program
interfaced to the CV and the proper procedure for introguam removing solutions from the
cell. Fill the cell with 1M KNQ. While the system is being deoxygenated and the working
electrode is disconnected, set the initial potenti@l.89 V and the scan limits to 0.80 V and
—0.15 V. The scan should be initiated in a negative dineetith a scan rate of 20 mV/s. After
the deoxygenation is complete switch on the workingmde and wait for approximately 10 s
until the current has reached a constant value. thnitiee potential scan and a background CV of
the supporting electrolyte is obtained. Similar scaitis langer ranges are done in all CV
experiments because they provide the operational lrhpstential at which the experiment can
be run. For example in 1M KN@t one extreme of potential the solvent (water)beiloxidized
and at the other extreme the solvent will be redudéuis, a “window” for which CV
experiments can be performed in that medium is obtained.

After turning off the working electrode, wash the ceathvseveral small volumes of
distilled water and refill with 4 mM ke(CN) in 1 M KNO,. Following the same procedure as
above to obtain a CV of the IREN)*7/F€'(CN)s* couple. Measure and recdrdandi, using
the computer software. Make a hard copy of the CV thigk,. andE,, clearly indicated.

The same solution is used to observe the effect ofpwnage ). Gently move the
working electrode up and down in the solution being carefutsmintroduce oxygen to the
system. This process restores the electrode sudabe initial conditions. Repeat CVs at the
following rates: 20, 50, 75, 100, 125, 150, 175, and 200 mV/s performimgdtogative process
between scans. Measure and reggrandi , for every scan. Care should be taken that no
bubbles remain on the electrodes. Make a hard cochf@V which includes values Bf. and
=

The next section of the experiment illustrates honceatration affects the magnitude of
peak current. Obtain scans of the 2, 6, 8, and 10 ni*(KCN), solutions using a sweep rate of
20 mV/s. You have already obtained a CV of the 4 mM mwlutAlso obtain a voltammogram
of the unknown solution. Make hard copies of all the CVs
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Record a voltammogram of 4 mMe(CN), in 1 M NaSQO, to determine the effect of
supporting electrolyte on the appearance of a CV. Mdiadcopy of the CV.

Laboratory Report

1. Using the data generated from the CV scans of the Kghld(CN), in 1 M KNO, report the
values ofg,, E,, 154 i, andE™.

2. The effect of scan rate)(on the CV can be described by the Randle-Sevcik equatio

i, = (2.69 x 1On**A DY*C v*?

where

i, is the peak current ¢ anodic and,. cathodic)

nis the electron stoichiometry

Ais the electrode area (m

D is the diffusion current

C is the concentration (mol/éin

v is the scan rate (V/s)
Make a plot of . andi,, versusv'* and report the diffusion coefficient for the systefe
value of A will be given by the instructor.

3. Evidence of electrochemical reversibility can beeasined by the independenceld, onv.
From the experiment, using variable scan rate, shatthis system is electrochemically
reversible.

4. The number of electrons transferred in the electredetion () for a reversible couple is
given by
AE,= E,— E,=0.059h
Calculate the values &fE, andn using the data from the 4 mMRe(CN) in 1 M KNO,
experiment. What should be the valuendér this system? Comment?

5. Use the Randle-Sevcik equation and the value of D ctddulaquestion 2 to calculate the
concentration of the unknown solution. Calculatg,.,from a least squares lineigfori.
versusC constructed from the data obtained at different conagois.

6. CalculateE® for the F8(CN)>/F€'(CN)s* couple in 0.1 M Ng8O,. What conclusions do
you draw from comparison of this value with the oneawmiatd in 0.1 M KNQ?
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Some good WEB sites describe some of the fundamentals:
http:/www.epsilon-web.net/Ec/manual/Technigues/CycVeltamalysis.html
http://www.bath.ac.uk/~chsact/solartron/electro/htwmlitm
http://soulcatcher.chem.umass.edu/web/downloads/cyclal(atvery nice simulation package
from U.Mass Amherst)
http://poohbah.cem.msu.edu/courses/cem419/cem372cyclicvoltayrpdét
http://www.biol.paisley.ac.uk/macro/Enzyme_Electrode/CaidgCyclic_Voltammetryl.htm

Any modern instrumental analysis or analytical teok will also provide sufficient background
information.
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