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1 Introduction

A 3-electrode cell setup is extensively used in different fields of electrochemistry.
In most cases, only electrochemical reactions at the surface of the working
electrode (WE) are of interest, however, in few cases like in the fields of batteries,
reactions occurring at counter electrode (CE) and reference electrode (RE) are also
of interest. With Zahner's Zennium series potentiostat and a PAD4 card, the user
can simultaneously measure current/voltage behaviours of different electrodes or
simultaneously record electrochemical impedance spectra for each electrode in a
single measurement.

The PAD4 card provides Zennium potentiostat with 4 additional input
voltage/current channels which allow the potentiostats to record additional
information in a single measurement. For a 3-electrode cell, simultaneous voltage
measurements between the following electrodes are possible.

1. Working electrode and reference electrode
2. Working electrode and counter electrode
3. Reference electrode and counter electrode

The image below illustrates the setup configuration for the complete 3-electrode
cell measurement. Besides the main voltage channel Vwere (0f Zennium series
potentiostat), the PAD4 channel provides additional voltage channels Vge.ce and
VWE*CE-
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Fig. 1: Cable connection scheme between the Zennium series potentiostat with PAD4 card and 3-
electrode cell.

With PAD4 cards, the maximum frequency limit for impedance spectrum is 200
kHz.
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2 PAD4 configuration in Thales software

2.1 EIS measurements

To use the PAD4 channels, they must be configured in the Thales software. To
activate the PAD4 channels for EIS measurement, click on

1. EISicon on Thales main window (classic mode).
2. Control potentiostat

3. Check cell connections

4. Parallel Impedance setup.

This will open the “Synchronous Parallel Measurements” window.

Here, four voltage channels on the left &mwrowm N
Side Of the WindOW are ShOWing the Synchronous Parallel Measurements

voltage values of the four PAD4
channels.

The values at the lower right side show
the voltage and current values from the
Zennium potentiostat — main channel.

“Edit Input Range List” is used to set the
voltage range of the PAD4 card (default
is +4 V).

“Display Channel” indicates which
channel will be shown during the
measurement. During measurement, the signals form all the PAD4 channels will be
recorded however in the online display only one PAD4 signal is shown besides the
main signal from the Zennium series potentiostat.

Calibration

The PAD4 channels can be customized for different voltage ranges; 4 V, +5 V,
+10V, £12V, £20V, and +24 V.

For EIS measurements, activate the PAD4 channels required for the measurement
(see red box). Here, the first two channels (channels 1 & 2) must be turned on, if
the PAD4 cables are connected to the PAD4 port 1 & 2 (see Fig. 1).

Activating “Enable Impedance” tells the Thales software to also record the EIS
spectra from active PAD4 channels.




ZA HNER

Characterization of 3-electrode cell

Example:

After setting up the PAD4 channels, when a voltage (Vwe-re) of 100 mV is applied,
with the Zennium series potentiostat, between the working electrode and
reference electrode for a dummy 3-electrode cell then with PAD4 channels, the
voltage (of 166 mV) is recorded between the working electrode and the counter
electrode, and a voltage of 66 mV is recorded between the counter electrode and
reference electrode (Vre-ce).

B TheleskT 5.6.2 USE - [m] ®
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Fig. 2: PAD4 channels showing the voltage between different electrodes in a 3 electrode cell.

After activating the channels 1 and 2, when the EIS is measured then the Thales
will also save the additional EIS spectra recorded with the PAD4 channels. In the
end, 3 EIS files (.ism files) will be saved. The image below shows the 3 EIS spectra
recorded in a single measurement.
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Fig. 3: Multiple electrochemical impedance spectra simultaneously measured for a 3 electrode cell
between 1) WE-RE, 2) RE-CE, and 3) WE-CE.
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2.2 Cyclic Voltammetry

To measure the cyclic voltammogram between different electrodes in a
3-electrode cell configuration, the voltage signals from PAD4 channels must be
activated using the Signal Acquisition tool.

2.2.1 Signal Acquisition

On the main Thales window (classic _quj_on& e o
. s e . ” Si cquisition & Control Set- X

mode), click on the “Signal Acquisition

icon and then “Signal Acquisition setup”. -

This will open the “Signal Acquisition & G ——
Control Set-Up” window. Ecit Input

[ Module Channel Meaning Display
TEMPAJ 32 | NESKCWSnIEN O

In default mode, TEMP/U channels
(here, channels 32 and 33) are active. |
Click on “Change Display” and then
click on the unwanted channels to
deactivate them. Deactivations will be
indicated by the empty last Display
column.

Afterward, click on “Edit Input” and then
click on an empty row under TEMP/U G e e e =
rows. ThIS W'” Open the ”Sig nal Signal Acquisition & Control Set-Up

channel: New definition” input box.
Insert the following values for setting ’m

up PAD4 channel 1. | eanoupu —r——
Channel # = 2 (for PAD4 channel 1)

Module # =13 (for PAD4 channels)

Meaning = Channel name

(Here: Voltagel)
Polynom order = 1 (for linear signals)
Gain =1 (for £4 V range)

Click OK.

“Module #” is always 13 for setting up the PAD4 channels. The gain can be
calculated using the following formula.

PAD4 voltage range
4

Gain for PAD4 voltage ranges =

Gain for PAD4 with voltage range of +5 V is 1.25 (=5/4).
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Repeat the same process for PADA s n
channel 2. For PAD4 channel 2, the Signal Acquisition & Control Set-Up
channel # = 3. The added PAD4 — _
channels should now be visible in the Edit Output
signal  acquisition  list.  Further | edit mput |

information about PAD4 channels is
available in the PAD4 manual.

Module _Channel muﬂ Module Channel Mlll!lDIsl

After setting up the PAD4 channels,
click on “acquire” (lower right side of
the window). This will open up the
“Signal Acquisition & Output Control”
window. Here, click on the “logging
on/off” button, turning it orange. This
will allow the Thales software to |Brmeesos I
measure the Voltage from the PAD4 Signal Acquisition & Output Control

channel 1 and channel 2 during the B |
cyclic voltammogram measurement.

Voltage2ifV, 3
Here the “Voltage1/V” and “Voltage2/V” [
data box on the left side of the window
are showing the voltage values from

the PAD4 channels.

The voltage resolution of the PAD4
channels for DC measurements is
30 pV.

2.2.2 Cyclic voltammetry measurement

Once the PAD4 channels are added Brorsw ——————
then the cyclic voltammogram window [t .
will show additional voltage outputs (at
the right side of the window) that are : ool v
being recorded during the CV i

time

measurement. The voltage output from } _ 00:00:21
the PAD4 channels is also saved within :
the saved cyclic voltammogram (.isc file
format).

current / mA —

The Fig. 4 shows the voltage scans
measured between different electrodes
in a single cyclic voltammogram
measurement in a 3 electrode cell.



https://doc.zahner.de/hardware/pad4.pdf
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Fig. 4: Different voltage signals (Vwere, Vwece, and Vgece) measured simultaneously between
different electrodes in a 3-electrode cell.
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3 Limitation to the simultaneous measurement

To accurately measure the voltage between two electrodes the internal resistance
of the voltmeter/potentiostats R(int) must be very high compared to the resistance
between the electrodes R(ext).

This can be explained by the Fig. 5, where two resistances are connected in series
and a Voltage V(app) is applied.

R(ext) S V(app)

V(meas) R(int)
= L L

Fig. 5: Voltage drop across two series resistances

The current flowing through the resistances is

B V(app)
~ R(ext) + R(int)

The voltage drop across the R(int) can be measured using the formula below.

V(meas) = I. R(int)

Substituting I,

_ R(int)
V(meas) = R(int)+R(ext) -V(app)

The measured voltage V(meas) is the same as that of V(app), if R(int) >> R(ext).

Hence the internal resistance of the measured device should be very high as
compared to the resistance of the system under investigation to accurately
measure the voltage.

The internal resistance R(ext) of the PAD4 channels is 100 kQ. If the cell's
resistance R(int) is 100 Q, then the voltage measured with the PAD4 channels will
have an accuracy of 99.9%.

100k

—_ — 0
100Kk + 100 .V(app) = 99.9% .V(app)

V(meas) =

If the resistance of the electrochemical cell is 1000 Q, then the voltage measured
with the PAD4 channels will have an accuracy of 99%.
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The internal resistance of the Zennium series potentiostat is 10 TQ which allows
the accurate voltage measurement even for high ohmic objects.

4 EIS and CV in Thales Script

The prerequisite for this script section is SCRIPT- an introduction manual.

4.1 EIS in Thales Script

For using the PAD4 channels for additional EIS measurements, enable the PAD4
channels as explained in section 2.1. Afterward, save a rule-file with activated
PAD4 channels. Using this rule-file with activated PAD4 channels for EIS will also
preserve the PAD4 setting when used in script for EIS measurement.

MEAS OPEN_EIS(65,"c:\thales\path", "EIS_rulefile") 'EIS rule file
MEAS EIS 'measure EIS
MEAS SAVE EIS(65,"@c:\thales\path", "EIS result") 'save EIS

4.2 CV in Thales Script

For simultaneous CV measurements using the PAD4 channels in the Thales Script
software, activate the PAD4 channels as explained in section 2.2. Afterward, use
the following code in script for the CV measurements with Zennium series
potentiostat and the PAD4 channels.

MEAS OPEN CV (65, "c:\thales\path", "CV_rulefile") 'CV rule file

MEAS EXE ("Acgqa%=-1") 'switch logging on
MEAS CV 'measure CV
MEAS SAVE CV(65,"@c:\thales\path", "CV_result") 'save CV

After activating the channels in “Signal Acquisiton”, the user can save the signal
acquisition settings in the EIS window by clicking on setup > save settings as
default.

MEASUREMENT SETTINGS B

edit actual settings

save settings as default

recall default settings | 8



https://doc.zahner.de/manuals/script_an_introduction.pdf
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