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CE (Pt sheet)

CE ;
WE (Naval sheets) Potentiostat /
WE Galvanostat
RE (Ag/AgCI (3M KCI))
RE

an =laehiods

Electrolyte

Autolab Potentiostat/Galvanostat equipped with an Autolab PGSTAT-302N,

general purpose electrochemical system (GPEP) and frequency response anaysis (FRA)
software [A] and three-electrode electrochemical cell system, consisting of a working
electrode (Enzymes/c-MWCNT/PANLP), 2 ailved/atlver chlonde (Ag/AgCl) as reference
electrode and Pt wire as auxillary electrode [B]
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AutolabPGSTATIO2N 15 3 modular high power poten-  « Electrode connections (2,3, and 4
tiostatigatvanostat with 3 maximum current of 2 A (with  « Potential range H-10V
BOOSTER20A 20 A) and comphance voltage of 30 V. « Complance voitage  [+/- 30V
The PGSTATI02N is the benchmark for high spesd digital  « Maximum current +H-2A

potentiostat/galvanostat instruments 20 A with BOOSTER204)

» Current ranges I Ato 10nA in 9decades
With a bandwasdth of over 1 MHz, the PGSTAT302N can {expandable to 100 pA
be fitted wath all the available Autolab modules, making with ECD module)

it not only the fastest but also the most versatde member  » Potential accuracy +-0.2%
of the Autolab N senes. Analog and digital inputs and  « Potential resolution 03V

outputs for mterfsang and controlling aema! dewces  » Cumrent accuracy +/- 0.2%

are available » Current resolution 0.0003% (of current rnge)
* Input impedance > 1 TOhm

Optional modules » Potentiostat bandwidth | | MHz

« BOOSTER 10A » Computer nterface  |USB

« BOOSTER20A + Control software NOVA

« FRAZM « Speaal option Dynamic iR-compensation

« ADC1OM

Presented by: Roghayeh Samadianfard
12/7/2022




Basic principle of a

potentiostat/galvanostat (PGSTAT)
control amplifier forces current to flow _

through the cell. The value of the the CE is connected to the output of an

current is measured using a Current electronic block which is called Control
Follower (LowCF) or a Shunt (HighCR), Amplifier (CA)

for low and high currents, respectively

Cell ONSOFF

. - £h
potential i :
difference is -
PSTAT/GSTATYT
/ - <

measured switch

ol
always IS _ D/.__“-Eé‘j
between the \ y we

RE and S _:)—] By i
Wlth a LI /—< y  Switch
Differential HCRACR pa B

Amplifier o

i signal is then fed into the
Summation Point (Z) which,
together with the waveform
set by the digital-to-analog
converter (Ein) will be used
as an input for the control

amplifier
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I Counter electrode (CE)

» Reference electrode (RE)

' Working electrode (WE)

D Sense (S)

' Ground connection (=)

Figure 2 - The connections available on the cell cables of the
Autolab PGSTAT and the color code used
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» Because the current is flowing between
the WE and the CE, the total surface area
of the CE (source/sink of electrons) must
be higher than the area of the WE so that
it will not be a limiting factor in the kinetics
of the electrochemical process under
investigation.
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» For corrosion applications, the material of
the working electrode is the material under
investigation (which is actually corroding).
The size and shape of the working
electrode also varies and it depends on
the application.
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Electrochemical cel

Figure 4 - Schematic view of the 2 electrode setup
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Three electrode setup

» The three-electrode cell setup is the most
common electrochemical cell setup used
in electrochemistry (see Figure 5). In this
case, the current flows between the CE
and the WE. The potential difference is
controlled between the WE and the CE
and measured between the RE (kept at
close proximity of the WE) and S.
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RE

CE S/WE

Flectrachemical cell

Figure 5 — Schematic view of the 3 electrode setup
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» Since almost no current flows into the
reference electrode (typically, the leakage
current is a few pA at most), there is little
or no voltage drop across the capillary,
ensuring that the extremity of the capillary
is at a potential very close to the potential
of the RE.
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RE S

Electrochemical cell
Figure 6 — Schematic view of the 4 electrode setup
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4. Turn on the cell (“cell ON” on the
potentiostat).

5. Double-click “administrador de
programas’, then “Autolab applications” and
finally “GPES” (in case you come from step
2, a message will appear and you have to
click on “ignorar”). The GPES software
consists of three windows (“edit procedure”,
“manual control” and “data presentation”)
and two bars (“"GPES manager” and
“status”).

Presented by: Roghayeh Samadianfard
12/7/2022



6. Choose the electrochemical method on
the main GPES manager bar (“method”).
Example 1: to do a cyclic voltammogram
(CV), select “cyclic voltammetry (staircase)”
and then select “normal”. Example 2: to do a
chronoamperometry measurement, select
“chrono method (interval time >0.1s)” and
then select “amperometry”.
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8. Select "utilities” and “check cell” to
check the connections and the noise level.
Press “measure” and if it says OK, go to
step 9. If not, go to “manual control” and
choose the appropriate “current range” until
the “measure” indicates OK.
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Complete the “potentials”, specifying the
start potential (OV for the example), first
vertex potential (0.6V for the example),
second vertex potential (OV for the
example), step potential (0.001V is
reasonable), and scan rate (0.1V/s for the
example). Be careful with the units! Example
2:
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if you want to do a
chronoamperometric measurement at
300mV for 5min, go to page 1, complete the
“‘pretreatment” (if you need it; for the
example you do not need it) writing the first
conditioning potential, the duration and the
equilibration time.
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10. Press start (you can abort the
measurement, clicking on “abort”).

11. Go to “data presentation” to see the
graphical display of the measured data and
to do modification and/or data analysis.
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» Preparation

The degree of preparation required
depends on both the sample and the
technique. For determination of Pb(ll) and
Cd(ll) in seawater with a microelectrode
and square-wave anodic stripping
voltammetry (ASV), no preparation is
required.
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Limitations
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Electrochemical Techniques

1.Cyclic voltammetry
2.Linear sweep voltammetry
3.Chrono methods
4.lmpedance spectroscopy
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» Cyclic Voltammetry (CV) is an
electrochemical technique which
measures the current that develops in an
electrochemical cell under conditions
where voltage is in excess of that
predicted by the Nernst equation. CV is
performed by cycling the potential of a
working electrode, and measuring the

resulting current.
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» CV can also be used to determine the
electron stoichiometry of a system, the
diffusion coefficient of an analyte, and the
formal reduction potential, which can be
used as an identification tool. In addition,
because concentration is proportional to
current in a reversible, Nernstian system,
concentration of an unknown solution can
be determined by generating a calibration
curve of current vs. concentration.
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» While cyclic voltammetry is applicable to
most cases where linear sweep
voltammetry is used, there are some
instances where linear sweep voltammetry
Is more useful.

» In cases where the reaction is irreversible
cyclic voltammetry will not give any
additional data that linear sweep
voltammetry would give. In one exampie,,
linear voltammetry was used to examine
direct methane production via a biocathode.

Presented by: Roghayeh Samadianfard
12/7/2022




Presented by: Roghayeh Samadianfard

12/7/2022



Presented by: Roghayeh Samadianfard

12/7/2022



Applications
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