G AMRY



&G AMRY
What is a Potentiostat?

Potentiostat

— An electronic instrument that measures and controls the
voltage difference between a Working Electrode and a
Reference Electrode.

— It measures the current flow between the Working and
Counter Electrodes.
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What is Potential?

Potential or Voltage (E, sometimes V):

— Unit: Volt

— The Potential is the driving force for the redox reaction.

— The potential is related to the thermodynamics of the system:
AG =-n FAE (negative AG is spontaneous)

— Potential is always measured versus a Reference Electrode.

— A positive voltage is oxidative and a negative voltage is reductive.

— 0 Volts is not nothing! Redox reactions happen at 0 volts that do not happen
at +1 volt.

There is no correlation between the thermodynamics of the chemical system
and the kinetics (rate) of the reaction.
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What is Current?

Current (i):
— Unit: Ampere
— Electron flow is the result of a redox reaction.

— Current measures the rate of the reaction (electrons per
second).

— Zero current is nothing, i.e., if the current is zero, no redox
reactions are occurring (that’s not quite true in corrosion!).

— Anodic (oxidation) and cathodic (reduction) currents have
different polarity (signs).

— Current may be expressed as current or current density.
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An Analogy of Potential and

Current

as a Flowing Water Circuit

Water Pump
(Potentiostat)

Water Pressure
(Potential)

Pipe Restriction
(Resistance)

Flow Rate
(Current)
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Electrodes

A Potentiostat works with three electrodes
immersed in a conductive electrolyte.

» Working Electrode
A sample of the corroding metal being tested.

> Reference Electrode
An electrode with a constant electrochemical
potential.

» Counter Electrode
A current-carrying electrode that completes the
cell circuit.
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Why does a Potentiostat have
three electrodes?

We would like to study the electrochemical
events taking place at one specific
electrode...the Working Electrode. The use of a
three-electrode potentiostat with a separate
Reference and Counter Electrode allows the
potential at the WE and the current at the WE to
be measured with little or no “interference” or
“contribution” from the other electrodes.
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Pay Special Attention
to the Reference Electrode!

A Potentiostat needs a low impedance Reference Electrode!
e Use large junction reference electrodes
* Replace isolation frits regularly
* Avoid narrow Luggin Capillaries

Potentiostats are less forgiving of high-impedance Reference
Electrodes than pH Meters!

If there’s an problem with the cell, it’s almost always the
Reference Electrode!
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The Analog Potentiostat
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Three Primary Components of a
Potentiostat

* Control Amplifier: Supplies the power to maintain
the controlled potential between the Working
and Reference Electrodes.

* Electrometer: Measures the potential difference
between the Reference and Working Electrodes.

e Current-to-Voltage Converter: Measures the
current between the Working and Counter
Electrodes.
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A Potentiostat is a feedback/servo device...measure the voltage
(electrometer), apply power from the Control Amp...repeat until

the experiment is finished.

What happens if the feedback is too slow in

our Potentiostat...uhh, shower?
Skin = Electrometer

Hand = Control Amp

Water is too hot

Turn the knob to

2 seconds later, you're !
Turn the water to HOT

2 seconds later, you’re scalded !
Turn the knob to

Repeat

Then an electrochemical reaction occurs by
flushing the toilet!
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Do you need to know how a Potentiostat works?
No.

Do you need to be able to recognize when
something is wrong?

Yes!

Why would something go wrong?

Because the performance of the Potentiostat is
affected by the electrical characteristics of the
sample...or something in the cell is causing a
problem...or the Potentiostat is busted!
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To Evaluate Your Electrochemical Data...

Look At It!

Electrochemical data is always a collection of individual
data points...one followed smoothly by another.

Noisy data is bad.

Flat-lined data is bad.

Overloads are bad.

It is very rare to collect bad data that looks good.
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Chart | Experimental Setup | Experimental Notes | Open Crcut Votiage | Harcware Settings

|2k & DREB@| [P B>
[ IERE R IR
LPR Experimental Data for Iron in Sulfuric Acid
490.0 mV
500.0 mV/
= Eoc = -0.507 mV vs. SCE
@
i
g 5100mV - Each square is a data point.
=
s The ranging of the current scale is handled
automatically by the Potentiostat.
At Eapp = Eoc, the cell current is zero.
S0 mY 1 With +/- 5-10 mV of Eoc, the curve is linear. Remember
Stern-Geary and keep (Eapp - Eoc) small!
530.0 mV : , . : . : , : : . . : : ‘ T ‘ : : , .
200.0 pA -100.0 pA 0.000 A 100.0 pA 200.0 pA 300.0 pA
Im (A)
- CURVE (G01 PR cta)
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Chat | Experimental Setup | Experimental Notes | Open Circut Votage | Herdware Settings
[2e-&- RREAB@R e | P B &| 2>
B w & [E] 2]
Unacceptable Polarization Resistance Data
Carbon Steel in 3% NacCl
Rotating Cylinder Electrode
-5700mY - Noise of this magnitude when the currentis
hundreds of
microAmps is suspiciously high.
Sources of noise should be investigated and
resolved.
-5800mY -
g
¢
z
3
-5900myY -
-6000mY -
-610.0 mY ' ' ' ' ' " ' ' ' ' ' ' ' ' ' ' ' ' '
-200.0 pA -100.0 pA 0.000 A 100.0 pA 2000 pA
Im (A)
-o- CURVE (Re3%NaCl-100rpm_1hr DTA)
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{ Chart | Experimental Setup | Experimental Notes | Open Circut Voltage | Hardware Settings
[Ble-2 DeMem|as |20 n]>
R R A B
Unacceptable Polarization Resistance Data
-640.0 mV
Carbon Steel in Brine
Rotating Cylinder Electrode to
Simulate Turbulent Flow
Scan Rate: 0.5 mV/sec
-6500mV
This data is OK. The
o current is less than 10
Sy microAmps, so a little
S This glitch is not OK! noise is expected.
>
This glitch should not be
here, but it does not affect
-6700mY - -
the data analysis.
-680.0 mV ) ) ' ' . ' ' ' ' . ' ' ' ' ' ' ' ' y ' ' ) ' '
-10.00 pA -5.000 pA 0.000 A 5.000 pA 10.00 pA 15.00 pA
Im (&)
-o- CURVE (Champion RCE 3.DTA)
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Polarization Resistance Plot of Alloy 22 in 6M NaCl + 0.9M KNO3 at 95 C

Alloy 22: Nickel Alloy with Yucca Mountain Project
22% Cr, 14% Mo, 3% W, 2-6%
2600 mV - Fe, <2.5% Co
Eoc stabilized for 24 hours
2000 mv - Stirred with air sparge
4
P No Faraday Cage
=
= e Scan Rate = 0.167 mV/sec Rp =079 Kohms ]
290.0 mV |
-300.0 mV ) ' . . . . . " : . . ; : :
-60.00 nA -40.00 nA -20.00 nA 0.000 A 20.00 nA 40.00 nA
Im (A)
— CURVE (Ni alloy.dta) — Line 1
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My Data Is Bad. Now What Do | Do?

. Calibrate the Potentiostat.

. If calibration is successful, check the
Potentiostat by running a dummy cell (a
network of resistors/capacitors that give a
known result).

. If the instrument is OK, then check the cell.
Check the Reference Electrode first!

. If the cel
sample ¢

. At some

is OK, then it’s something in your
hemistry. Do you need a Faraday Cage?

ooint, you should contact your

Potentiostat supplier for technical support.
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The One Equation You Need to Know

e Ohm’s Law
e E=IR

e |flapply 100 mV to a 1000 ohm resistor, |
should measure a current of...

* 100 pA
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Pstat Check-Out: PolRes on a 2000 Ohm Resistor

& Gamry Echem Analyst - [corrosion short course. dta] u ﬁ m §
 File Tools Window Help  Polarization Resistance Common Tools Quick Help -8 X
GG A88M 9 e ]

Chatt | Experimental Setup | Experimental Notes | Open Circut Votage | Hardware Settings | PolRes |
D e-d-DREER QPF LAE|»
& o™ |4 2H @
Polarization Resistance
1000 mv
Polarization Resistance Plot of the 2000 ohm
Calibration resistor in the Gamry Universal
Dummy Cell 4.
5.000my
———
§ The slope of this curve is the "Polarization
¢ Qo0X Resistance". In this case, the measured Rp =
% 2000 ohms.
-5.000my
g
E=5.94 mV. Calculated from Ohm's Law, i=
2.97 microA, assuming R = 2000 ohms.
-10.00 mV
-5.000 pA 0.000 A 5.000 pA
Im (&)
- CURVE (corrosion short course dta) — Line 1

eady
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Pstat Check-Out: EIS on a Dummy Cell

Gamry Echem Analyst - [EIS of UDC4. dta] u E m

© Fie Tools Window Help Impedance Common Tools Quick Help -8 X
Zd kg A s80 ©
Bode INyquist | Experimental Setup | Experimental Notes ] Open Circutt Voltage I Hardware Settings l
BlE-&- DEEER PF L AL|>
B v s ‘H | ®
Potentiostatic EIS
10.00 kohm 2000°
EIS of the "EIS Dummy Cell" on the Gamry
Universal Dummy Cell 4.
EEEEENENEEEEEEN AN TTLLLLLLTTY 0.000°
III...... .-...lll
Qooooooo00oo.ococoboccoooo!.:....‘ ...
o ®e L)
- * | |
Z=3200 ohms = . [
[ i L]
.
|
u
-2000°
» [ ]
-
.
3 S . :
& 1.000 kehm N
3 [ ] =
€ L . &
~N 4 @)
Phase . L]
=] -40.00*
.
"
n =
[ ] o"
ne
|}
= - ‘.
" . -60.00°
‘e
*%0s0000000000000000000000,
Y
Impedance
100.0 ohm -80.00*
10.00 mHz 100.0 mHz 1.000 Hz 10.00 Hz 100.0 Hz 1.000 kHz 10.00 kHz 100.0 kHz 1.000 MHz 10.00 MHz
Freq (Hz)
* ZCURVE (EIS of UDC4 dta) = Y2 - ZCURVE (EIS of UDC4 cta)
Ready
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Contact Gamry

* Whether you're looking at a single channel potentiostat or
multichannel potentiostats, Gamry has a system for you. Gamry's
two families of potentiostats:

— the high-performance Reference line
— and the more value-oriented, Interface line.

* Any two or more instruments of the same family can be combined
to create a bipotentiostat or multichannel potentiostat.

Phone: 215-682-9330

Email: sales@gamry.com

Visit our website:
https://www.gamry.com/potentiostats/bipotentiostat/
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