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Equipment installation

WARNING!: The instrument is safely grounded to the Earth through the protective
conductor of the AC power cable.

Use only the power cord supplied with the instrument and designed for the good
current rating (10 Amax) and be sure to connect it to a power source provided with
protective earth contact.

Any interruption of the protective earth (grounding) conductor outside the instrument
could result in personal injury.

Please consult the installation manual for details on the installation of the instrument.

General description

The equipment described in this manual has been designed in accordance with EN61010
and EN61326 and has been supplied in a safe condition. The equipment is intended for
electrical measurements only. It should be used for no other purpose.

Intended use of the equipment

This equipment is an electrical laboratory equipment intended for professional and intended
to be used in laboratories, commercial and light-industrial environments. Instrumentation and
accessories shall not be connected to humans.

Instructions for use

To avoid injury to an operator the safety precautions given below, and throughout the
manual, must be strictly adhered to, whenever the equipment is operated. Only advanced
user can use the instrument.

Bio-Logic SAS accepts no responsibility for accidents or damage resulting from any failure to
comply with these precautions.

GROUNDING

To minimize the hazard of electrical shock, it is essential that the equipment be connected to
a protective ground through the AC supply cable. The continuity of the ground connection
should be checked periodically.

ATMOSPHERE

You must never operate the equipment in corrosive atmosphere. Moreover if the equipment
is exposed to a highly corrosive atmosphere, the components and the metallic parts can be
corroded and can involve malfunction of the instrument.

The user must also be careful that the ventilation grids are not obstructed. An external
cleaning can be made with a vacuum cleaner if necessary.

Please consult our specialists to discuss the best location in your lab for the instrument
(avoid glove box, hood, chemical product s,
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AVOID UNSAFE EQUIPMENT

The equipment may be unsafe if any of the following statements apply:
- Equipment shows visible damage,
- Equipment has failed to perform an intended operation,
- Equipment has been stored in unfavourable conditions,
- Equipment has been subjected to physical stress.

I n case of doubt as to the serviceability of
out by a qualified service technician.

LIVE CONDUCTORS

When the equipment is connected to its measurement inputs or supply, the opening of
covers or removal of parts could expose live conductors. Only qualified personnel, who
should refer to the relevant maintenance documentation, must do adjustments, maintenance
or repair

EQUIPMENT MODIFICATION

To avoid introducing safety hazards, never install non-standard parts in the equipment, or
make any unauthorised modification. To maintain safety, always return the equipment to
Bio-Logic SAS for service and repair.

GUARANTEE

Guarantee and liability claims in the event of injury or material damage are excluded when
they are the result of one of the following.

- Improper use of the device,

- Improper installation, operation or maintenance of the device,

- Operating the device when the safety and protective devices are defective
and/or inoperable,

- Non-observance of the instructions in the manual with regard to transport,
storage, installation,

- Unauthorized structural alterations to the device,

- Unauthorized modifications to the system settings,

- Inadequate monitoring of device components subject to wear,

- Improperly executed and unauthorized repairs,

- Unauthorized opening of the device or its components,

- Catastrophic events due to the effect of foreign bodies.

t

h e
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IN CASE OF PROBLEM

Information on your hardware and software configuration is necessary to analyze and finally
solve the problem you encounter.

If you have any questions or if any problem occurs that is not mentioned in this document,
please contact your local retailer (list available following the link http://www.bio-
logic.info/potentiostat/distributors.html). The highly qualified staff will be glad to help you.
Please keep information on the following at hand:

- Description of the error (the error message, mpr file, picture of setting or
any other useful information) and of the context in which the error
occurred. Try to remember all steps you had performed immediately
before the error occurred. The more information on the actual situation you
can provide, the easier it is to track the problem.

- The serial number of the device located on the rear panel device.

-

10 H AS Model: SP-150 s/n°: 0001

Bio Loglc S Power: 110-240 Vac 50/60 Hz
Fuses: 10 AF Pmax: 650 W

www.bio-logic.info

DA\ —

.
-

CAUTION '

5 RISK OF ELECTRIC SHOCK C E
DO NOT OPEN
ATTENTION
D,

\ RISQUE DE CHOC ELECTRIQUE NE PAS OUVRIR

- The software and hardware version you are currently using. On the Help
menu, click About. The displayed dialog box shows the version numbers.

- The operating system on the connected computer.

- The connection mode (Ethernet, LAN, USB) between computer and
instrument.
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General safety considerations

D

Class |

The instrument is safety ground to the Earth through
the protective conductor of the AC power cable.

Use only the power cord supplied with the instrument
and designed for the good current rating (10 A max)
and be sure to connect it to a power source provided
with protective earth contact.

Any interruption of the protective earth (grounding)
conductor outside the instrument could result in
personal injury.

WARRANTY

Guarantee and liability claims in the event of injury or
material damage are excluded when they are the result of
one of the following.

- Improper use of the device,

- Improper installation, operation or maintenance of the
device,

- Operating the device when the safety and protective
devices are defective and/or inoperable,

- Non-observance of the instructions in the manual with
regard to transport, storage, installation,

- Unauthorised structural alterations to the device,

- Unauthorised modifications to the system settings,

- Inadequate monitoring of device components subject
to wear,

- Improperly executed and unauthorised repairs,

- Unauthorised opening of the device or its components,

- Catastrophic events due to the effect of foreign bodies.

ONLY QUALIFIED PERSONNEL should operate (or
service) this equipment.
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Introduction

EC-Lab® Express software has been designed to control single channel potentiostats (SP-
50, SP-150, SP-200, SP240 and SP-300). But it is also compatible with the other
potentiostats of our range (VMP2(Z), BiStat, VMP3, VSP and VSP-300). Each channel board
of our multichannel instruments is an independent potentiostat/galvanostat board that can be
controlled by EC-Lab® Express software.

Once the techniques have been loaded and started from the PC, the experiments are entirely
controlled by the instrumenté on-board firmware. Data are temporarily buffered in the
instrument and regularly transferred to the PC, which is used for data storage, on-line
visualization and off-line data analysis and display. This architecture ensures very safe
operation since a shutdown of the monitoring PC does not affect the experiments in
progress. The computer can be connected to the instrument through an Ethernet connection
or with an USB connection.

The application software package provides useful protocols for general electrochemistry,
corrosion, electroanalysis and fuel cell testing.

Standard graphic functions such as re-scaling zoom, linear and log scales are available. The
user can also overlay curves and make various data analyses (peak and wave analysis,
Tafel, R, linear fits). An EIS data analysis tool is included in the package for full treatment of
data recorded.

The aim of this manual is to guide the user in EC-Lab® Express software discovery. It is
assumed that the user is familiar with Microsoft Windows® and knows how to use the mouse
and keyboard to access the drop-down menus.

WHEN A USER RECEIVES A NEW UNIT FROM THE FACTORY, THE SOFTWARE AND FIRMWARE ARE
INSTALLED AND UPGRADED. THE INSTRUMENT IS READY TO BE USED. IT DOES NOT NEED TO BE
UPGRADED. WE ADVISE THE USERS TO READ AT LEAST THE FIRST THREE CHAPTERS BEFORE
STARTING AN EXPERIMENT.
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2. EC-Lab® Express software: settings

2.1 Starting the Program

Double click on the EC-Lab® Express icon on the desktop. The EC-Lab® Express softwared s
Device window will be displayed:

&) EC-Lab Express V5.50 =5 ECR =<3

File Config Help

Channel Ewe Current Time Ece -0,674mV Irange 10 mA Connection Standard
Fy Freq 100,000 Hz Rcomp 0 Q
+ -0,109mV | 0,000A Os Buffer

g -

Device S
4 -3 Experiment]
> -2l WSP-300 - 0001 . ’
4-2 Techniques 2 Emlies
H acy Comm Device Address Serial number -
Ethemet SP-300 192.109.209.215 0154
Ethernet WhP4 192.109.209.229 Bogdan
Ethermet WhF3 192.109.209.235 0230

E thernet

1005 |
oo [

Custom |P address 182168.01 Refresh b adify. .

Oifine [vitual potensiostat) ; | YMP3

Infa... ] [ € Disconnect
Channels ¥
Hardware Configuration 3
Options Cel Connection
Electrodes Cornection (5 Standard - F1
51 WE
Channel (5 Grounded - E T
i i
Filtering 3 60 kHz -
Ece l
ULC measurement ¥ High speed scan - 53 CE
F2
Apply Configuration
Record / External Control Options ¥

Fig. 1: Device EC-Lab® Express window.

2.1.1 Connection with the instrument

Toseeallthei nstruments present IiRefreshd(&f coarsetomyoonekis
displayed in case of direct connection). The automatic search frame shows the name of the
instruments detected with their serial numbers (#). A Mac address is given to each
instrument at the factory. The Mac address is used to detect the instrument in a LAN even if
its IP Address is not valid in the network. It is also used for the detection of instruments
connected by USB.

It is why when the connection is done by USB, the kind and serial number of the instrument
are displayed with the IP address equal to O like shown in Fig. 2; whereas when the
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connection is done by Ethernet all the information (kind, serial number and IP address) are

displayed.

Device

Device
@ Orline:

Caormrm Device Address
SP-200 [
Ethemet WEP 152.109.209.190

Ethemet VSP 132.109.203.191
Ethemet VP2 192.109.208.192
Ethemet WSP 192.109.209.193
Ethermnet VP3 192.109.209.216
) IP address 192168.0.1
) Off-line [vitual potensiostat) : | ¥MP3 -

Serial number -

0401
0333
0406
0402
0413

Fig. 2: Device selection window.

Choose one instrument Connectbl b el

Eed

Nfe€dtnd nldu tctl a c kb eono r

iDi sconnect oOelightdn the buttoa ia gteen, the instrument is connected (Fig. 3).

Device

Device

Orrline :

| >

SP-300 192.108.2
s
Off-line [virtual patenziostat] :
[ Infa ] [ ¥ Disconnect ]

Fig. 3: Instrument connection.

To disconnect the instrument, click onthe i D i

Note:

sconnect O

3

button.

- Ethernet connection is possible only if the computer has a valid IP Address in the

same network as the instrument,

- The user can work with EC-Lab?

fConnectd butt on

Express software off-line (without being
connected). The software will work as if it was connected to a virtual potentiostat.
The user just has to define the device he wants to simulate and click on the
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- The Info button give all the necessary information on the instrument like the serial
number, the number of channels, the firmware version, the IP address, ....

@ General information
[nztrument ; SP-300
Senal number : oot

Mumber of channels : 2

Mumber of slots : 2

Ram size : 32 MEB

CPU : 5200

Firrnware wersion: 10017

Firrmweare date : relessed on 7 8, 2011

<. Communication

Type: TCRAP

IP address : 1592.109.209.239
MALC address 00.14.08.01.07.FC
Metmask : 255.265.255.0
Gatewway : 192.1058.209.239

Cloze

Fig. 4: Information window.

2.1.1.1 Instrument IP address and gateways change: network connection

If the default IP address of the instrument is not compatible with the network IP addresses, it
is possible to change the IP address of the instrument. This change can be done in the
Device window (Fig. 2):
-Sel ect the desired i nst r hadoliowingawndow théni c k
appears:

on
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Device

»

Advanced ethermet settings

Device : SP-300 #0002
MaC address : 00.14.08.01.03.8E
IP address ;. [192.109.209.233
Metmask : [255.255.255.0
Gateway : [192.109.209.233

Muodify device

Cloze

Fig.5: AModi fyo window of the fADeviced window use
Address.

Modify the IP Address to have a valid address in your network. Repeat this procedure with
the Gateway and eVi cé&aarmngMmdsddgeds displayed, click on @AO
When the process is in progress, an orange message is displayed and when the instrument
receives the new IP address, a fAconfiguration changedd message

Several i Bi p oitted imdicatidgsthatattre eommumication board is reinitialized with
the new | P Address. fAConfiguration changedo appe
Device

»

Advanced ethermet zettings

Dewvice . 5P-300 #0002
AT address . 00.14.08.01.03.3E
IP address ;. [192.108.208.222

Warning

Metmask ; |255.2565.285.0
Gateway : |192.109.209.222

e

1 ‘1 WARNING @ modify configuration of the dewvice selected 7
L

Cloze

Device

»

Advanced ethernet settings

Device: SP-300 #0002
MALC address: 00.14.08.01.03.8E
IP address : | 192.109.209.222
Metmask : |255.266 2660
Gateway: |192.109.209.222

todify device

Configuration in progress

Cloze
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b

Device

Advanced ethernet zettings

Device : SP-300 #0002
MAC address : 00.14.08.01.03.8E
IP address : | 192.109.209.222 |
Metmask : | 255.255.265.0 |
Gateway: |132.109.209.222 |

Modify device

Configuration changed

Cloze

Fig. 6: Instrument new configuration.

Then Closec kt @ di spwaRPeviheed Nwi ndow wh Refreshdy otuo have
refresh the window and select your instrument IP address.

Now the instrument is ready for use.

When connected to the web, the software automatically displays a newsletter announcing
news about Bio-Logic Product range:

Mewsletter

Biokegic

Sk e Instrumenis

Mew distribution neiwork :
Beginning on October 1, 2007, Bio-logic SAS is pleased to
atmounce that it will begin marketing its products directly
to customers through its own distribution network
Please see our distributors web page.

New instruments
SP-50 - Simplicity and Performance
SP-150 - Bimple and Powerful in a versatile chassis
FCT.50 - Compact Fuel Cell Test Btation for 504 cells
Mew software :
EC.Lab® Express - Easy-to-use electrochendstiy
software for new vsers and fast setups
EC.Lab® V9.4 - Hew softwate release available
Mew application notes
AMELS - Two questions about Kramers-Erondg transformations
AMEL - ZFit and equivalent electrical circuits

Cx Cloge window

Fig. 7: Newsletter.
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2.1.2 Selection of the channel

Once the connection with the instrument is done, the connection window is automatically
closed. The Channels selection window is automatically opened as shown Fig. 8. Selecting a
channel allows the user to select the hardware configuration. In case of a Bipotentiostat
experiment the user has to define the master channel.

Master Channel

Ox
|\JI

l ]

[for stack/bipat techniques only)

Fig. 8: Channels selection window.

2.1.3 Hardware configuration

Once a channel is selected, user can access the selection of:
- The electrodes connection
- The grounded or floating mode,

- The analog filtering,
- The ULC measurement option if a ULC option is connected to the select channel

Options Cell Connection
Electrode Connection [GI Standard v| P1

= 51 WE
Channel [6 Grounded »"’fl E, T

o = il |
Filtering [3 <none> V4| E l
= ce

ULC measurement [6 High speed scan VJI gg CE

[ Apply Configuration ]

Fig. 9: Hardware configuration window.
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2.1.3.1 Electrodes connection

Four connection modes can be used with EC-Lab® Express, the standard mode for general
purpose, the CE to Ground mode more dedicated to special measurement such BiStat
measurements, the +/-48 V control used with a booster 1 A/48 V and the WE to ground mode
dedicated to experiments like hydrogen permeation.

To be easily identified, each lead has an associated color and label. For each mode of
connexion, depending of the technology, labels on the leads are different.

For VMP3 technology (VMP2, VMP3, BiStat, VSP, SP-150, SP-50):

1 Refl: RED i Reference 1 for the control and measurement of the working electrode
potential.

1 Ref2: WHITE 1 Reference 2 for the control and measurement of the Reference
electrode potential.

1 Ref3: BLUE i Reference 3 for the control and measurement of the Counter electrode
potential.

i CA2: RED 1 Control Booster for the current control and measurement flowing through
the working electrode (in standard mode).

i CALl: BLUE i Control Booster for the current control and measurement flowing
through the counter electrode (in standard mode).

1 GND: BLACK i Ground.

For SP-300 technology (SP-200, SP-300, SP-240, VSP-300):

1 S1: RED i Sense 1 for the control and measurement of the Working electrode

potential.

T S2: WHITE i Sense 2 for the control and measurement of the Reference electrode
potential.

I S3: BLUE i Sense 3 for the control and measurement of the Counter electrode
potential.

i P1: RED i Power 1 for the current control and measurement flowing through the
Working electrode.

i P2: BLUE i Power 2 for the current control and measurement flowing through the
Counter electrode.

T GND: BLACKi Ground

2.1.3.1.1 Standard mode

This mode of connexion is the one used for most of the electrochemical applications. In the

standard configuration, a measurement channel has 5 lead connections to the

electrochemical cell: 4 are used in the cell control loop (2 for the current and 2 for the

potential) while the 5™ lead permits simultaneous recording of a supplementary cell potential.
Cell Connection

For VMP3 technology:

Select Electrodes connection = Standard WE“’E‘&%:

and connect the cell as follows: EWET —

- CA2 (WE) and Ref1l leads to the working RE /ref2 I
electrode Ecel —D
- Ref2 lead to the reference electrode o f,&?_ﬁ — ]

- CAl (CE) and Ref3 leads to the counter

electrode

Fig. 10: Standard mode connection for VMP3
technology.
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For SP-300 technology:

Select Electrodes connection = Standard
and connect the cell as follows:

- P1 and S1 leads to the working
electrode

- S2 lead to the reference electrode

- P2 and S3 leads to the counter electrode

2.1.3.1.2 CE to Ground mode

Cell Connection

Pl —
81—
52 T
53
F2

nrn m

}E

\I\n_-l/l/
T

Fig. 11: Standard mode connection for

SP-300 technology.

This mode of connexion is dedicated to special applications such as for example
bipotentiostat mode. In the bipotentiostat mode two working electrodes are present in the
same bath whereas only one counter electrode and one reference electrode are used.

For VMP3 technology:

Disconnect the cables from the cell, select
Electrodes connection = CE to ground and
reconnect the cell as follows:

- CAl (CE) and Ref3 leads to the working
electrode

- Ref2 lead to the reference electrode

- GROUND and Ref1l leads to the counter
electrode

For SP-300 technoloqy:

Disconnect the cables from the cell, select
Electrodes connection = CE to ground and
reconnect the cell as follows:

- P1 and S1 leads to the working
electrode

- S2 lead to the reference electrode

- GROUND and S3 leads to the counter
electrode

Cell Connection

CE/CAT

refd ——————

E ‘]‘ -
RE/refz M |
Ecel ——
refl

qground

Fig. 12: CE to ground connection mode for

VMP3 technology.

Cell Connechion

Pl
AT T WE
WE ]

52 EF) !
53 — ¥ TrE

ground

Fig. 13: CE to ground connection mode for

SP-300 technology.

To set the standard connection, proceed in the same way: disconnect the electrodes from
the cell, select Electrodes connection = standard and set the next connections:

- Refl and CA2 (WE) leads to the working electrode for VMP3 technology or P1 and S1
leads to the working electrode for SP-300 technology

- Ref2 lead to the reference electrode for VMP3 technology or S2 lead to the reference

electrode for SP-300 technology

12
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- CAl (CE) and Ref3 leads to the counter electrode for VMP3 technology or S3 and P2 leads
to the counter electrode for SP-300 technology.
Then click on Apply configuration button.

Refer to the Alnstallation and configuration ma
connection.

Warning: it is important to disconnect the electrodes from the cell, before changing the
electrode connection, because of the difference between the leads assignment, the OCV
may not be properly applied.

Note: with CE to ground connection, CE vs. WE compliance is setto ° 10 V.

The CE to ground option is not available with the ZRA protocol (Zero Resistance Ammeter).

2.1.3.1.3 +/-48V control mode

This connexion mode is only available with the SP-300 when a 1 A/48 V is present inside the
chassis.

Cell Connection

Disconnect the cables from the cell, select E% —
Electrodes connection =+/-48V control EWET —
and reconnect the cell as follows: 32 9 I
- P2 and S3 leads to the working electrode Eoe =

- S2 lead to the reference electrode 8 ——E

- P1 and S1 leads to the counter electrode

Fig. 14: +/- 48 V control mode for
SP-300 technology.

To set the standard connection, proceed in the same way: disconnect first S1, S2 and S3
from the cell, and only after disconnect P1 and P2, select Electrodes connection =
standard and set the next connections:

- P1 and S1 leads to the working electrode,

- S2 lead to the reference electrode,

- S3 and P2 leads to the counter electrode.

Then click on Apply configuration button.

Refer to the #Alnstallation and con+/-d4@Wecordreli on ma
connection mode.

2.1.3.1.4 WE to Ground mode

This connection mode is only available with SP-300 and SP-200 instruments for special
experiment such as Hydrogen permeation.

13
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Disconnect the cables from the cell, select Cell Connection
Electrodes connection = WE to Ground

gound
and reconnect the cell as follows: S1 ——— wE
- Ground and S1 leads to the working EWET ——
electrode 52 . EF)|!
- S2 lead to the reference electrode CEl ——
- P1 and S3 leads to the counter electrode 3 ——F

Fig. 15: WE to Ground mode for SP-300
technology.

To set the standard connection, proceed in the same way: disconnect the electrodes from
the cell, select Electrodes connection = standard and set the next connections:

- P1 and S1 leads to the working electrode,

- S2 lead to the reference electrode,

- S3 and P2 leads to the counter electrode.

Then click on Apply configuration button.

Refer to the dAlnstallation and conWE®®Groad i on
connection mode.

Warning: it is important to disconnect the electrodes from the cell, before changing the
electrode connection, because of the difference between the leads assignment, the OCV
may not be properly applied.

2.1.3.2 Channel

This menu is only available for the SP-300 technology. The Channel menu permits the

selection between Grounded and Floating mode for the used channel. Floating mode is

recommended only when the studied cell is grounded for example autoclaves, pipeline, ....
Channel % Grounded A

‘@) Grounded
7 Floating

2.1.3.3 Filtering

This option is only available for the SP-300 technology. It is possible to filter potential (E) and
current (1) by hardware with low-pass filters. Three filters exist 5 Hz, 1 kHz and 50 kHz. It is
also possible to obtain the raw data by selecting No filter (None).

Filteririg {3 <none: "

2.1.3.4 Ultra Low Current (ULC) measurement

This option is only available with the SP-300 technology and more especially when the Ultra
Low Current option is connected to the channel. Two modes are available Standard and High
Speed Scan. This High Speed Scan option is necessary when low current ability at relatively

14
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high speed is required. In these extreme conditions, measurements may be distorted. For
instance, a loop appears at the vertex.

<I>vs. Ewe

—— UME_5Vs_sans compensation_1nA.mpr, cycle 3 #—— UME_5Vs_avec compensation_1nA.mpr, cycle 3

5] A

/

1.5 / o e s e e
23
1 /
225 —
) 22— - ;
. / 215

-0.5

-1.54

0 02 0.4
Ewe/V vs. SCE

Fig. 16: CV carried out with Ultra Microelectrode of 10 um in a solution of ferrocene in
EtOH with TBAP as supporting salt. The range of current is 1 nA and scan rate is
5V.s™

The value of current scan where the correction must be applied depends on the intrinsic
characteristics of the cell (type of electrode, distance between electrodes, ...). A correction is
of f er e dHardware tomfigurafiond wi nndhe menut UL C me a s uThis opton
is automatically selected when Ultra Low current option is connected.

ULC measurement {5 High speed scan »

(% Standard
‘@ High

Note that, if the Ultra Low Current option box is selected, the data may be noisier especially
for ranges below 1 nA (see figure below). It is possible to reduce the noise by filter the data
(avail abMathdo i me b h efmdlysisch eméin u ) .
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<I>vs. Ewe
—— CV_THF_Fc_1Vs_100pA_avec toutes corrections.mpr, cycle 3—— CV_THF_Fc_1Vs_100pA_sans correction.mpr, cycle 2 #

150+
100+

50+

N

-50-1

-1001= - . . . . . !
0.5

o

Ewe/V

Fig. 17: CV carried out with Ultra Microelectrode of 10 um in a solution of ferrocene in
THF without any supporting salt. The range of current is 100 pA and scan rate is
1V.s™

2.1.4 Recording options

This part of the device frame offers the possibility to the user to:

- record the potential of the counter electrode,

- record external signals (pH, T, P,...) using the analog input 1 and input 2,

- Add an external signal to the voltage or current control (connection is done via analog
Input2). For the current control, the resistance of interest is defined in the table below.
- have an additional parameter corresponding to the control mode

- record the charge Q

- record the | range in the mpr file

o

[Janaeg Ir 1

[andeg vz ©+4-10Y w | []Exkernal Contral
[ contral

[echarge

[irange

Fig. 18: Record/External control options window.

[N
(o]



2.2

EC-Lab® Express Software User's Manual

Current range resistance
1A 1 Ohm
100mA 10 Ohm
10 mA 100 Ohm
é é

1pA 1 MOhm

Preparing and Running an Experiment with EC-Lab® Express
software

This chapter is designed to guide users through the use of EC-Lab® Express software.

2.2.1 The Bar menu

E Load Settings ﬂ Bio-Logic Home Page. ..

lg Load Data File. .. Check for Updates. ..
B Irport Data File. ., - Newsletter. .
mpart Daka File (¥ Optians... ewslatter

Exit Representations, .. About, .,

Fig. 19: The three menu items in the menu bar.

The menu bar offers the ability to load settings or data file previously stored and to import
data file, but also to choose to use the advanced browser or specific graph Representations,
but also to check for manuals and updates.

2.2.1.1 The File menu

The File menus offers the ability to load settings or data files previously stored and to import
data files from other software such as FC-Lab, Power Suite, GPES, CONDECON, etc.

The import data file window is shown in Fig. 20. In a first time, the file to convert has to be
loaded and the first lines of this file are displayed in the frame of the Input Text File part. To
import data in a right way the user has to define, in the Importation parameters part, the file
format, the columns separator and the format: number of column, columns type. Note that if
the format file to export is already in the database of EC-Lab® Express, selection of the
format is automatic. Then to finish push the Import button and the file will be exported in
EC-Lab® Express format (.mpr file).
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Import Data File

Input Text File
File : GEIS 25cm2. elt

Load | Directory : C:A\Program FileshFCLab 5.10-24D atahS amples

Size : 161 107 bytes

FC-Lah ASCII FILE
File Wersion: E.001
Date: 0470572007
Time: 15:09:48

Importation Parameters

Fil format : | FC-Lab

Colurnz Separatar: |[Tab  w

Colurns : Freg{Hz] Ewellv] llwelis] Theta we(rad) Ewe_deV] lwe_dcls] Range we [E cell]

Automatic detection
Murmber of calumns
Calurns type :
Calurn : Wariable :
Input file curent polarity convention
(%) Positive oxidation (standard |UPAC convention)

() Positive reduction [inverted convention)

Importation

5

[ Show Tab and Space
~

Custom Yariables

I ImDUItl [lIlIIlIlIlIIlIlIlIIlIlIlIllllllllllllllllllllllq

Imported File(s) :

File 1: GEIS 25cm2_1_EISG.0_1.mpr [2 468 points, 39 BI7 bytes]
File 2: GEIS 25cm2_1_EISG.1_1.mpr [408 points, 31 217 bytes]

Display

Close

Fig. 20: Import data file window.

2.2.1.2 The config menu

This menu allows selecting Options like the Automatic reconnection at start-up or the
interface. Two EC-Lab® Express interfaces exist (Fig. 22 and Fig. 23). Most of the menus are
available in both interfaces. In standard interface only one experiment can be performed
whereas in the advanced interface, two experiments can be settled simultaneously.

Note: if not connected to the instrument, all techniques are displayed even in the standard

mode.
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Options

eneral |

X]

Device

Interface

[ ] &dvanced interface

[] Automatic reconnection at startup

Device communication bime-out ; Ijl E1=Te:

] ] ’ Cancel

Fig. 21: Options window.

Two interface modes are available in EC-Lab Express: Standard interface mode and
advanced interface mode. The figures below present the screenshot corresponding to each

mode.

!r’ Experiment

-

E Technigques

D Load previous settings

[Z] Cel Characteristics
L SP-300 - 0001
[ER=N Techrinues

ocv

Selection...

D Technigues selection

== Yolkamperometric Techriques
OCY - Open Circuit Yoltage
= [V - Cyelic Yoltammety
JL CA - Chronodmperometn
JL CP - ChronoPaotentiometry
FDYM - Potentiodynamic
GDYM - Galvanodynamic
i LASY - Large Amplitude Sinusoidal Yaltammetry
I MOD - Modular Pulse
= Impedance Spectroscopy
= Pulsed Techniques
=
[= Carrosian Techniques
= Ohmic Drop Determination Techniques
= Trigger
=
{— Bipotentiostat
$ L00P- Loop

Fig. 22: Main window in standard
interface mode.

!r’ Experiment

o=

=¥ Experiment]
<L WMP3 - 0230
[EBC-R Techriques

ocy

=¥ Experiment2
<L WMP3 - 0230
= Techniques

4]

Technigues

[Z] Load previous settings

[Z] Techniques selection

(== Woltamperometric Techniques
OCY - Open Circuit Voltage
=7 LV - Cyclic Vaoltammetry
JL CA - Chronodmperametry
JL CP - ChronoPotentiomety
FDM - Potentiodynamic
GDYN - Galvanodynamic
i LASY - Large Amplitude Sinuzoidal Yoltammetry
L MOD - Modular Pulse
= Impedance Spectioscopy
= Pulsed Techniques
= Stack Techniques
= Corosion Techriques
{=# Ohmic Drop Determination Techniques
= Trigger
=
= Bipotentiostat
FL00P- Loop

Fig. 23: Main window in advanced
interface mode.

The fRepresentationso menu allows the user to define his own graphic display. More details
are given in section 3.2.5 page 45.
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2.2.2 EC-Lab® Express main window

B EC-Lab Epress .50 e s
File Config Help
Channel Ewe Current Time Ece 13329V Irange 10 mA Connection Standard
- Freq 100,000 Hz Rcomp 0 O
+ 10,196 mV 0,000A 0s Buffer
!;I‘_"' Experiment Pararmeters
LI I 4 : P nlf‘l HR R 'Q| B v o v|
4-{F Experiment]
Shiow : 4 >
- WSP-300 - 0001 ~ v |
2 E Tethminins Biest for tpy = [1.000 000
Loy Record every dEH = h 00,000 i
o dtp = |D,D1D uin} 3
ERange = (3 +/~25Y hd
=
X=10 ¥Y1=0

Fig. 24: Main window when EC-Lab® Express is connected to the potentiostat.

EC-Lab®

electrochemistry teaching and new users.
and

AConfigod

Express displays only one mask. This software is

recommended for
Thi s wi ndow shows t he

Hs Depice, Expedmedt, Hararaatees, Graph.

2.2.2.1 Device frame

Channel Ewe

1.294 mV

Current Time Ece 0040 Erange -2.5v. 25V Connection Standard
Freq 100.000Hz Irange 10ma
0.000 A Os Buffer Rcomp 00

Fig. 25: Device frame.
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In the Device frame, are displayed:

1 the channel selected in the list displaying all the channels available in the instrument,
1 the amplifier connected to this channel board,

1 current values (time, E,e, |, Buffer filling, Erange, lrange)s

9 the connection mode (standard, CE to Ground, WE to Ground, ...).

2.2.2.2 Experiment frame

The experiment frame displays the instrument type (SP-200, SP-300, VMP3,..). It is used to

[ e -

build the experiment by linking techniques with the buttons at the top *

Experiment

rr--Aﬂr

[Z] Cell Characteristics = & Experiment
# JL, SP200 - 0006 + - 5P200 - 0006
= = Techniques == Techniques
(OCY | (OCV
< > < >

Fig. 26: Experiment frame (standard and advanced).

By clicking on the + button the user can either add a new technique to the existing

experiment o r add a new experiment |l abell ed Aexperim
iexper i.mei buttah ill remove the selected technique or the selected experiment.

The two arrows buttons are used to move up and move down techniques in the list.

2.2.2.2.1 Cell description part

In this part, you can either fill blank boxes, entering comments and values, or load them from

a .mps setting file or a .mpr raw file using Load Setting... on the main menu.

This window allows the user to:

1 add information about the electrochemical cell (material, initial state, electrolyte and
comments),

9 set the electrode surface area, the characteristic mass, the equivalent weight and the
reference electrode used in the experiment. when defined these parameters are
automatically used to calculate the corrosion rate after a Tafel Fit. They are also used for
density plot.
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E Cell Properties

D Cell description

Electrode material | |

Initial state | |

Electralyte

Camments

Cell characteristics

Electrode surface area | 0.00 || o w |
Characteristic mass | 0.001 || ] - |
Fieference electrade | [unzpecified) “ |

Offzet potential we. MHE : 0.000%

Fig. 27: Cell properties window.

2.2.2.3 Parameters frame

This frame contains the parameters to be adjusted for the experiment. To display parameters
for each technique the user has to select the technique in the experiment frame.

The parameters are described deeply i n t h-eab®fEEpéess Software Techniques and
Applicat i ons 0 . Foa eachadelected technique a description is available. EC-Lab®
Express software offers a classical right click on each box of the parameter window to copy,
cut, paste and select values.

Note that parameters can be changed on-the-fly. Once it is done, click on the Update button
to validate the changes.
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Parameters Description E FParameters

Initial Potentisl E; = [0,000000 % s | Eref
Wertex Potential E4 = [1,000000 Y Vs | Eref
Wertex Patential E = -1.000000 % e |Eref

Final Potential Ep = 0000000 % s | Eref EN
Scan with dESdt = 100,000 rit A5 Et

Parameters = Description

S NS

Becord every dE = [10.000 ¥ Average Ez -
3 t
Meagure | from |50 % of step Cyclic valtammmety [CV] is the most widely used technique for
o acquiring gualitative informationsz about electrochemical
= . . : .
=100 el reactions. CW provides informations on redox processes,
Repeat ng = |0 times heterogeneous electron-transfer reactions and adsorption

proceszes, |t offers a rapid lozation of redox potential of the

electroactive species.
| Range = |3 Auto range R

CV conzists of scanning linearly the patential of a stationary
E Range = {5 +/-25% working electrode using a tangular potential wawveform.
During the potential sweep, the potentiostat measures the
current resulting from electrachemical reactions [consecutive
to the applied potential]. The cyclic waltammogram iz a current
rezponse az a function of the applied potential.

£

Bandwidth = ({3 5 - Medium speed

Fig. 28: Parameter and description tab of the parameters frame.

2.2.2.4 Graphic frame

The graphic package is a complete tool. This is the same as EC-Lab® software. It will be
described in a following section.
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E Graph
b o []R Q W] 5L - ool Ene v | L] show: o

CV_Fe_basique_1.mpr

— <l=ws. BEwe
0.2
0454

0.1-

005

<|=imA
(o)

0,05

041

015

024

'| L Ewe/VW vs. SCE 0.3

Fig. 29: Graph-displaying frame with tool bar.

2.2.3 Selecting atechnique

When a channel is selected, the user can either select a new technique from the list of
techniques (with default parameters) or load an existing setting previously built.

To select a new technique, click on the Techniques line. The technique selection window
appears:
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H Technigues
T - |j Load previous settings
[£] Cell Characteristics Selection...
B Cechaec
= & Techniques [Z] Techniques selection
ocy
L O ddw ) cltamperometiic Technigues

== Impedance Spectroscopy
v PEIS - Patentio Electrachemical Impedance Spectroscopy
< GEIS - Galvano Electrochemical Impedance Spectoscopy
< SPEIS - Staircase Potentio Electrochemical Impedance Spectrozcopy
~w SGEEIS - Staircase Galvano Electrochemical Impedance Spectroscopy
== Pulzed Techniques
i DPY - Differential Pulse Valtammetry
S - Sguare Wave Yolkammetry
il MPY - Mormal Pulse Waoltammeto
Al RMPY - Reverse Marmal Pulse Valtarmmeatry
anlll DMPY - Differential Mormal Pulze Woltammety
ann DR - Differential Pulse Amperomety
= Stack Techniques
== Conasion Techniques
EYT - Econ vs. Time
LP - Linear Folarization
GC - Generalized Comosion
CPP - Cyclic Potentiodynarnic Polarization
PDP - Patentiodynamic Fitting
PSP - Potentinstatic Pitting
ZRéA, - Zero Resistance Ammeter
CASG - Constant Anplitude Sinusaidal pG alvanopalarization
CASP - Constant Amplitude Sinuzoidal pPolanzation
VASP -Variable Amplitude Sinusoidal pPolarization
[~ Ohmic Drop Determination Techniques
[~ Trigger
=
[~ Bipotentiostat

Fig.30: Techniques selection window.

To add a technique click on the T button and select the desired technique line on the
Technique selection window and double click on it. To remove a technique select it in the

Experiment tab and click on the ™= button.

Techniques available with EC-Lab® Express software have been separated in several fields:
voltamperometric techniques, impedance spectroscopy, pulsed techniques, corrosion
techniques, ohmic drop determination techniques and triggers techniques (stack,
bipotentiostat and multiplexer techniques if the advanced interface is selected).

On the top of this window the user can choose to add a technique from file already used
before (with parameters).

To select settings from an existing file the user can also click on the & Load Settings in
the file menu and then select a .mpr raw file corresponding to the desired technique and
click OK.

2.2.4 Parameter Settings: description

When a technique is selected the parameter frame displays the technique as boxes to
complete.
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Note: Most of the techniques use sequences * * W/ that can be added up to 100.

Parameters Description

Apply E1 = [1.000 000 WOV | Eref -
fiar t.I = |0.500 000 |c v

oo

Becord every dl = |0.100 2 -
or dt = |0,01000 %

Fepeat n. = |0 timesz
|Range = 5 &uta range -
ERange = {5 +~-25Y -

Bandwidth = 5 8 -

| Ilpdate

Fig. 31: Chronoamperometry parameters.

EC-Lab® Express software techniques are made of sequences in which the potential to apply
and the duration can be changed. Other conditions can be added such as: recording
conditions, repeat options and potentiostat parameters. These parameters are the same for

all the sequences. To add sequences in the technique, click on the * button. Tabs with
number are added.

The recording conditions are the same for all sequences and are defined either in time or in
current when the control is in potential or in potential when the control is in current.

The instrument hardware parameters are defined as follows:

- | Range

The current range has to be determined by the user. When the current is measured, the
measured values can be twice greater than the chosen | Range without "current overflow"
error message. In this case the potential range is reduced to = 9V instead of + 10 V. The
maximum measurable current is 2.4xl Range. For example with | Range = 10 mA, the current
measured can be 24 mA with a potential range £ 9 V. The same thing is possible when the
current is controlled.

- E Range adjustment

E Range can be defined by the user selecting three ranges of potential already defined
(+/- 2.5V, +/-5V, +/- 10 V) or the custom range. With the custom range, depending of the
application, it is possible for the user to adjust carefully the potential range and then to
increase the potential resolution from 305 pV to 5 pV for VMP3 technology and from 333 pVv
to 5 pV for SP-300 technology.

Note that two gains are available with the SP-300 technology allowing to reach voltages as
small that +/- 250 mV or +/- 25 mV.
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E Range = |5 Custom w :
E Range E|
- 200
E rpay = (28 v - 10
E ey = (00 - = g
Control rezolution = T
- 10
M easure rezolution = T
- -2
] ] ’ Cancel

Fig. 32: E Range selection and Custom window.

- Bandwidth

The VMP3, VMP2/Z, VSP, SP-150, SP-50, HCP-803 and BiStat devices propose a choice of
7 bandwidths ("damping factors") and 9 for SP-300, VSP-300, SP-200 and SP-240 devices
in the regulation loop of the potentiostat. The frequency bandwidth will depend on the cell
impedance and the user should test filtering effect on his experiment for choosing the
damping factor.

The following table gives typical frequency bandwidths of the control amplifiers poles for the
VMP3, VMP2/Z, VSP, SP-150, SP-50, HCP-803 and BiStat:

Bandwidth 7 6 5 4 3 2 1
Frequency 680 kHz 217kHz 62kHz 21 kHz 3.2kHz 318Hz 32Hz

Note:

1 Refer to the SP-300, VSP-300, SP-200 or SP-240 installation and configuration
manual for details about bandwidth definition for these instruments.

1 When the mouse pointer stands for several seconds Max ' 20
on a box a hint (see Fig. 33) appears. The hint is a min * -20
visual control text that gives the user information
about the box. It shows the min and the max values Fig. 33: Hint.

of the variable and the value that cancel the box.

2.2.5 Running acquisition

Click on the Run button P to launch the experiment. A filename selection window will
appear:
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Savein | i) Data

by Recent
Diocuments

Desktop

\$

My Documents

.
!

&

by Conmputer
b M etk
Places

C

File harmne:

Save az ype:

= ® cf E-

|Ef\r‘.rn|:|r

[

|EC-Lab ravs files [* MPR)

&l

Sawve |
Cahcel

Fig. 34: Filename selection window.

The defaul t f ol der to save
can choose and create another folder to save his data files.

eLabf BxpréessDaMg 0 d o Th e n s e

Clicking on the Save button or pressing on the <ENTER> key will start the experiment.

Two files are created when running the experiment: a binary raw data file, with a .mpr
extension automatically added and a LOG file which is a reminder of the experimental
settings and of the changes done during cycling.

2.2.6 Running synchronized experiment

This option is available in the advanced interface. It is possible to synchronize several
experiments together on different channels of an instrument, for example in a bipotentiostat
experiment. The setup procedure is the following:

- Create several experiments (one for each channel) and select the related device for each of
them. Automatically when more than one experiment is set, the software will offer the
possibility to synchronize both experiments.
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@ EC-Lab Express ¥5.50

File Config Help
Channel Ewe Current Time Ece -0DF0EY Irange 10ma Connection Standard
'y Freq 100,000 Hz Rcomp 0
~ ||-0,608V 0,000 A Os Buffer
!:I‘_" Expetiment Farameters ar G
- L b TR QR B v
Paramekers Description =
<L WSP-300 - 000 _ ay
== Techniques Set Byyg = 10,000 000 S'
< Waitfor t, = [1,000000
=@ Experiment3 _
. YSP-300 - 0001 Record every dl = [1,000
== Techriques or dt = |0,10000 3
~
Scan hom b = [100,000
to ff= [1.000
with Ny = |51 points
sinus amplitude ¥a = [10.0 mt
wait for p g = [0,10 period(s] befare
each frequency
average Mg = |1 measure(s]
diift correction []
®=0 ¥1=10
-Click on the ARuno button of the fAExperi mento

appears. In this window, user selects the directory location and experiments (which should

be synchronized) by ti cking the
Pr e f One filg is saved for each experiment.

Hperiment Synchronization

Directary

corresponding box

|C:'p,DataExpress'l,testBatchS 50

=

Experiments Selection ;

Experiments Marne

[] Experiment1
[] Expetiment3

Exper
Exper

Filenarme Prefix

imnent1
imnents

Copy Mames

" Run

Cancel

- Experiments are launched whentheu s er ¢

| i cukn 0o nb ubtheasindioWoabove.
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2.3 Data properties

2.3.1 Type of data files

Several files using your filename with different extensions (.mp*) are created:

File .
. description
extension

Raw data binary file which contains the current parameter settings (refreshed
.mpr at each modification) of the detailed flow-diagram and of the cell characteristic

windows. This file includes all the information of the .mps file.

Temporary binary file, available for particular protocols, derived from the .mpr
mpp file. This file is used for real time displaying of parameters obtained by raw
' data processing; e.g. the integrated charge since the starting of the

experiment, the average current between two recordings (chronocoulometry).
mpt The .mpt file is a text format file generated when the user exports the raw .mpr
' file in text format.

This file is generated when the user makes one or several fits on a .mpr or a

it .mpp data file. The results of the fits are saved one after the other when the

user clicks on the ASaved button. Tt
result can be printed alone or with other fits.

During the experiment:

1 Data from measurement results are appended to the .mpr file.

1 Possible modifications of parameter settings are updated in the .mpl file and replaced in
the header of the .mpr file. The .mpl file is then the "Log" of the experiment. During the
experiment, this file can be read with a text editor, but users should not try to write in this
file or to save it because any modification will make it unserviceable by the EC-Lab®
Express software.

2.3.2 Variables description

Several variables are standard and common in every technique and application in the
software. Every data file contains state bytes that can be hidden in the selector. Several
additional variables are dependent of the technique used (cf. additional variables).
Depending on the techniques, some processed variables can be created (either
automatically or by the user). For EIS techniques, the variables are related to Z and
admittance variables are processed.

Variable description Variable name
Time (in s) time/s

I: current (in mA) I/mA

Ewe: WE potential versus REF (in V) Evwe/V

Ew: potential control (in V) control/V

I current control (in mA) control/mA

E.: CE potential versus REF (in V) E./V

Mode = Intentio/Potentio/Relax, State byte (bits n°1 and 2) mode
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variable description

Variable name

| forward: in pulsed techniques current measured at the end of the | forward/A
pulse

| reverse: in pulsed techniques, current measured on the reverse part | reverse/A
| delta: difference between | forward and | reverse | delta/A

E step: in sweep pulsed techniques, potential step increment E step/V

variable description

Variable name

Cycle number

cycle number

Power: in CPW, calculated by E.I P/W
Energy: in CPW calculated by E.I t Energy/W.h
R,: polarization resistance in corrosimetry Ry q

l.orr: COrrosion current resulting from R, calculation leorl A

Ecorr: COrrosion potential resulting from R, calculation Ecor/V

C2 Inverse of square capacitance for Mott-Schottky plot C?(F?)

C: Inverse of capacitance for Mott-Schottky plot C(F)

variable description

Variable name

Frequency (in Hz) freq/Hz
|Ewe|: module of Eye (V) |Ewel/V

[l]: module of I (in A) [1I/A
Phase of Z (in degrees) Phase(Z)/deg
|Z|: module of Z (in W) | Z| /1 q
Re(2): real part of Z (in W) Re(2)/q
-Im(2): -imaginary part of Z (in W) -Im(2)/q
Re(Z.e): real part of Z (in W) Re(Z.)/q
-Im(Z.e): -imaginary part of Z (in W) -Im(Z.e)/q
<E..>: averaged Ewe value for each frequency <Ene>/V
<|>: averaged | value for each frequency <I>/A
Voltage fuel cell stack Estack/V
Current fuel cell stack Istack/ A
|Estack]| magnitude of voltage fuel cell stack |Estack|/V
[lstack] Magnitude of the current fuel cell stack [Istack|/A

| Range: current range | Range

2.3.3 Datarecording

In all the technique sequences, the user is able to define different modes for data recording.
The main mode corresponds to decide the recording resolution of the measured variable
(potential, current, ...) with at least a recording every predetermined time interval dt (from 0.1
to 9999 s). This last condition gives a minimum of recorded points in the case where the
variation of the observed variable is less than the chosen resolution for a long period of time
(potential close to equilibrium, process leading to a potential plateau, etc...).

For open circuit voltage (OCV) period, nothing is controlled and the potential is recorded. The
recording conditions for OCV periods are in time variation (dt) and/or in potential variation
(dE).

For techniques with potential control, two different recording conditions are available on a
time variation and/or an instantaneous current variation (dl)
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For techniques with current control, the recording conditions are on a time variation (dt)
and/or potential variation (dE). Recording conditions are described in the application section
for each technique

If the user wants to force a periodic recording in time, he has to set a large value in the
recording resolution of the variable.

2.3.4 Data Saving

Each channel has its own memory buffer to store data points. This memory can receive
40,000 data points. When the memory is full, data points are rejected until the memory is a
little emptied and could receive data points.
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EC-Lab® Express software: Graphic Display

The Graphic window

The EC-Lab® Express application includes a graphic facility to display experiments on-line
and off-line. The user has also the ability to add graphs to an existing graphic window. In that
case the window is divided in two or more graphs (depending on the number of graphs).

When an experiment is running, the graphic window is automatically opened to display the
corresponding result file(s). Default graphic parameters have been chosen (for example plot |
vs. E for the CV technique). The user can replace the default graphic parameters by his own
parameters. To do so, he has to select the menu Representations in the Options menu and
define his custom settings.

In case of linked techniques, two different graphic windows will be displayed, one for all
voltamperometric techniques (plot versus time) and one for the impedance spectroscopy
(plot versus frequency).

E Graph
BRI
| vz, Ewe A4

CV_Fe_basique_1.mpr

— al= vz Bwe

02+

0134

014

005+

<I>/mA
o
]

-0.054

i 0158563V |
‘vz -0.130422 mA
{|Point 1091

-0.1+

-0.154

0.2+

-0.2 o 0z 04 06

Ewe/V vs. SCE

Fig. 35: Graphic window.
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On the top of this graphic frame, the classical tools are displayed:

1 The scroll b is used to move the curve on the graphic window .

1 The cursor o allows the user to display for each point its coordinates and the
number of the point. When you right click on the mouse, a comment is added on the
graph given the coordinates of the point .

1 The selection ==/ allows the user to select a zone of the curve (data points) either
before a fit or analysis or to hide bad data points .

| Zoom + * andZoom i * are used either with a zone selection (smoothing) or by
left clicking on the part of the curve that you want to zoom .

K

1 Zoom Back * is very useful when you have zoomed in an undesired zone. It is not
limited in the number of actions.

1 The Mouse Rescale is made of different scaling functions according to each axis.

These buttons allow rescaling on X axis ﬁ Y1 axis #%, Y2 axis #* and every axes &
at the same time .

Five section of fitting tools are available:
o Maths tools section & including Min-Max determination, linear and circle fit,

linear interpolation, file subtraction, integral, Fourier Transform, Filter, Multi-
exponential Sim and Multi-exponential Fit

ol

0 General Electrochemistry section including Peak Analysis, Wave Analysis

and CV Sim.

o0 Electrochemical Impedance Spectroscopy section o including Z Fit, Z Sim
and Mott-Shottky Fit and Kramers-Kronig analysis

o Photovoltaic/Fuel Cells section = including Photovoltaic Analysis

o0 Corrosion analysis tools section L including Tafel Fit, Rp Fit, Corr Sim,
VASP Fit, CASP Fit, Electrochemical Noise Analysis Fit.

The user can select t he cycl 8howoo odhit § plna

[#] Show: |cycle ~ | 4 |1 3
This graph window can be maximized using the top right corner button =]

Note that the user can also have all the point coordinates by hovering the mouse over a point
while holding the SHIFT key of the keyboard. A comment box is displayed.

3.1.1 The graphic window right click menu
The graphic menu window can be obtained by clicking on the right button of the mouse.
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Plat; »
aD...
Camments »

Hide OiCY Poinks

[ Load Files... Al
[/ Add Files...
& Remove Trace alk+R.

& saveDataFile As...  Chrl+s
Lo (Histaryl,..
£F Edit Surface and Mass. ..

izt active Trace »
@ #dd Graph

Copy k
= R Ctri+p
Graph Properties. ., Alk+p

Fig. 36: Mouse right click on the graphic window.

On this right click, several frames are displayed:

1% for plot and Graph type selection.

2" for the addition of comments on the graph with the possibility to Add and delete a
comment zone and to paste a comment from the clipboard.

3" for showing or hiding OCV points and artefact data points that the user wants to
remove before an analysis or a print.

4" for file selection with L o a d f,iAldels & i, Remsve trace, Save Data Files
as,LOG (history)e.

5™ for the graphic display withthe Ac t i v e ,tAddagcaphéand Remove graph.

> > > D>

Ewie v, time {aj_03.mpor) This option shows the active trace that can switch

2 Iys, Hme (i 04.mpr) to one of the other traces with a click.

A 6"f oCopyilandPr i ™t d ool s .
A 7"fortheGr aph propertiesé

3.1.2 Loading a data file

With the EC-Lab® Express software the user can reload data files previously recorded
following the link File\L o a d Dat ar irFthelgeghic window with the mouse right click
menuitemL o ad F iThefdl@wing window appears:
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B

dy Recent
Documents

=

Desktop

ty Documents

by Metwork,
Places

Loak jn: | 79 Samples

- & @&k E-

18650_GITT_030604_1_cxR.mpp
18650_GITT_030604_1 _ICk, mpp
18650_GITT_160604_1 _ICk. mpp
CY_Fe_basique_1_cnQ.mpp
CY_Fe_hasique_1_n.mpp
PITT_2300604_1_cqlx.mpp
18650 _cyclage 260504 _GCPL_1.mpr
18650_GITT_030604 _1.mpr
18650_GITT_180604 _1.mpr
18650_linked_1_GCPL_Learr.mpr
18650 Jinked_2_ZPOT_1.mpr
18650 _Jinked_3_GCPL_Loorr.mpr
18650_linksd_4_ZPOT_1 mpr
18650_linked_5_GCPL_Learr.mpr

18650 _cyclage 260504 _GCPL_1_IQuw.mpp 18650_ZPOT_L.mpr

APGC_iz5Mdischarge_1.mpr
Ch_Fe_1.mpr
CA_loop_Fe_1.mpr
CPW_RAGOME.mpr
% _Fe_basigue_1.mpr
DPY_Fe_basique_1.mpr
PITT_2300604_1.mpr
pyt_CYE.mpr
pyrEesk.mpr
ZPOT_Fe_basigue_1.mpr
zpoth_10loops.mpr
ZpotBarniers_1.mpr

< »
File harne: |C\-’_Fe_basique_1 _mpr j Open |
Files of type: |EC-Lab datafiles [* MPR,"MPP." MPT) | Cancel

Fig. 37: Open file window.

Select the data file you want to open and click on Open.

3.1.3 The data file and plot selection window

Right click on the mouse, the following menu appears.

In the Plotme n u ,

aD...
Comments r

Hide OiZY Painks

[ Load Files... Alt+C
[~ Add Files. .,
& Remove Trace alk+R.

& save DataFile as...  Ctri+s
LOG (Histaryl, ..
£F Edit Surface and Mass. ..,

ﬁﬁ Active Trace r
@ #dd Graph

Zopy k
&9 Prirt... Chrh+P
Graph Properties, ., Alk+p

Ewe ws, E

Tws k

Ewe +Iws, £

Ewe ws, I

I ws, Ewe

[og|I| ws. Ewe

Ewe vs, log|I|
Selector,.. A4S

Fig. 38: Plot menu.

Sell ectb oif €h e

foll owing window wi
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File Selection

Filez :
Waniables

C:hDocuments and Settingsh.. \test expresshFile082. mpr

Fepresentation . || vz Ewe A
1

-
-
(R

mode

time.'z
contral ¥
EwelV
<I>/mA
cycle number

OOxEOO0 | =
OEIOO00
I

Same zelection for all fles
[[]Hide Additional ¥ ariables

[ Load l [ Add ] [Hemnve]

Fig. 39: File selection window.

The user can choose to plot another visualization (for example: time/s for X, E,./V for Y1 and
<I>/pA for Y2). The loaded file contains the recording of the following variables: the time
(time/s), the working electrode controlled potential (control/V), the working electrode
measured potential (E../V), the average current (average values on every potential steps,
<I>/mA) and the state byte. Other variables (such as cycle number) may be displayed
depending on the protocol of the experiment. The state byte includes the variables: mode,
ox/red, error, control changes and counter inc. (cycle increment) that indicate different
statuses of the experiment. Most of the time, the user may not be interested in showing the
state byte (that is more dedicated to internal files processing). So the option Hide Additional
variables is checked by default. Unchecking the option will add the variables to the file
selection window.

Several commands are available to use files:
1 Load: replace all files by others
1 Add: add file(s) to the list in order to overlay curves
1 Remove: remove the selected file from the list
9 Undo: undo the last operation done
9 Clear: remove all files from the window.

X, Y1 and Y2 represent the X axis and two different Y axes (left and right). EC-Lab® Express
users are able to plot data in X, Y1 coordinates or in X, Y1 & Y2 coordinates. Select the
variables to be displayed on a given axis by clicking the corresponding box (click again to
deselect). Select Same selection for all files to get the same axis display for several files. A
shortcut scroll menu allows for quick selection of the graph plot.

When a data file is displayed in the graphic window the user can modify the graph properties
for a better representation of the curve. The graphic parameters are automatically saved in a
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graphic file. Then when the user reopens the same data file in the graphic window, the
graphic parameters defined before will be kept.

3.2 Graphic facilities

3.2.1 Show/Hide points

The EC-Lab® Express software is equipped with a show/hide option on the right click menu.
Aberrant points can now be hidden on the graph in order to perform data processing without
any troubling points. The hidden data points are not removed from the data file. They are
only graphically hidden for better processing. The data points must be selected with the

selection mouse mode - before being hidden. Then click on Hide selected points to
mask the points.

3.2.2 Add comments on the graph

The graphic package offers the ability to add comment zones on the graph. The number of
comment zones that can be added on the graph is not limited.

02+

by Comments on Efﬁ___ﬂ——?
thiz anadic

0A5p current pesk

01t

0.05+

<|>/mA
(]

-0.05+

=== Peak Analysiz (050406 11:01) ===
position = 0.094 56 %
height = 0.247 3 m&,
wictth (1027 =0.308 3V
Ep-Epi2 =0.07313 %
charge poz. =1.712e-3mC
charge neq. = -3.282 mC

01

RINED

02y

-0.3 0.2 -0 ] 04 nz 03 04 ns 0E 0y
Ewe/V

Fig. 40: Comment zones on the graph.

To add Comment zones to t he graph t he user mustAdd i ght (
commenbdbsé Then an empty comment =zone appears on
double click on it or righktditctclcokmmemtThéae f abhewi
window is displayed:
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Comment §|

Teut

by comment on this
anodic curent peak|

Properties

Fant Mame : Arial v

Font Style : Standard w

Faort Size : 8 E

Aligrrment ; Align Left w

Faont Colar : B Elack w

Background Color: | [ ] Custom... "

Transparency : J

L] Show Arrow U a0 100
I Ok l ’ Cancel

Fig. 41: Edit Comment zone.

The user can paste analysis results or other comments into the text frame. Several comment
zone properties are available and the user can display an arrow and direct it to the desired
part of the curve.
To remove comment zones, rightclickon t he zone and select ADel ete
Note: The comment zone is automatically printed on the graph.
With the Suppr. button of the keyboard it is possible to delete the comments.

3.2.3 Three-Dimensional graphic

A 3D representation is available by right clicking on the graph menu. After clicking on the 3D
menu, the Selector menu is available and allows the user to choose the variables to display.
An example of the Bode diagram obtained with the 3D representation tool is given in Fig. 42.
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SPEIS mpr

log (|Z|fOhm }

cycle number

100 1000 100000 100000 ©

freq/Hz, log spacing

SPEIS.mpr

zf.iim_a 7T
GLFAAN 757717 L7
L 0"_7’25‘.'3"!4"-‘
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§!|
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Fig. 42: Bode diagram displayed in the 3D representation.

Once on the 3D representation, it is possible to reach the 3D menu by right clicking on the
graph (Fig. 43). Thanks to this menu, it is possible to come back to the 2D representation or
to display simultaneously 2D and 3D graphs. As for the 2D representation, it is possible to
copy and print the graph as explained in section 3.2.7 page 51. The Graph properties menu
for the 3D representation is the same that the Graph properties menu for the 2D graph and
this menu is detailed in the following paragraph.

2D
v D
2030

Copy r
&P Prirt... Chrl4P

araph Properties..,
Fig. 43: 3D menu.

Note that to display a data file with the 3D function, the number of points should be inferior to
15000 points.
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3.2.4 Graph properties

On the graphic window, right click on the mouse and s e | d&caph pfiopertiesd This Graph
properties window is divided into 5 themes: Traces, Axes, Units, Graph and Options. Each of
them allows the user to define properties of the graphic display.

Graph properties E|

e The Traces window allows

the user to define all the

properties of the selected

O Custom Graph Style traces. Select the trace
you wish to modify in the
fes Trace Name frame.

The available trace

properties are

v - the plot style: Line,

Syl Line+Markers, Markers,

- the line properties: solid,

dash, é, col or

- the marker properties:

rectangl e, c

and size.

2 e Y et An undersamplmg_ option

_ , is available when lines are
Draw only lines over 10000 points | Mote © comnmon

; parameters for pIOtted (nOt with markers).
Undersample races ower | 25000 points | araphic windows

Uitz
Graph

1 -
2
3
4
5
5

Options

Flot : Lines w | [] Undersampling
Salid « ||l Blue (1

4

Lire :

Marker: B Bl

Optionz

[ 0k H Cancel ]

Fig. 44: Traces window.

In the Options window, it is possible to choose to hide OCV point or to draw only lines over a
number of points or to undersample traces over a number of points or to scroll graph over a
number of point. Note that the two last possibilities should be the same for all the traces. The
undersampling traces over and the scroll graph over are incompatible options. The user must
choose one of the two options.

Note: When several traces are plotted on the same graph the user can change the active
trace with a left click on the desired trace (when the mouse becomes a hand with a pointed

finger {b ).

It is also possible to select between four styles already defined:

- Line style = only blue solid line,

- Line Markers style = blue line + circle markers,

- XY prop.style = blue line + circle markers and proportionality between X
and Y axes,

- Monochromatic = black line. The other curves in this style will be in
black with dash or dot lines. This style is specially dedicated to scientific
articles.

Nevertheless, the user can define his own style defined with all the functions of the Graph
Properties window (Traces, Axes, Units, Graph, Options).

&
Creation of a new graph style is possible with the % button. This new graph style will be
recorded automatically.
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Graph properties ﬁl

(=) Predefined Graph Style All the Axes propertles

Line gtyle *

(" Cuskom Graph Style

Traces

Axes

Units
Graph
Options

v| & & &

Reavis | -anis || v 2-axis

[ Title:
[I5cale: —>
[] Scientific Matation

[v] Process | [ENEtam

[ Irwert &wis
Grid : Salid " Silwer

Options
[1%1 Prapartional
[ Shift v-axes

[+] Origin : Solid + | [ Custom...

Fant : Arial v |18 |2

Fig. 45: Axes window.

can be changed in this
tab. Select the axis you
want to modify in the
index tabs.

It is possible to change
the title of the axis, but
also to adjust the axis
range to t
convenience. The user
can also change the
notation to  scientific
mode or invert the axis
(positive values on the
left and negative values
on the right).

The grids can be hidden
while deselecting the box.
The user can choose the
color and the style of the
grid.

In the option part, the user can choose to display his data with the X and Y axes proportional
(generally used for Nyquist representation) and to differentiate from the rest of the grid the
axis origin (color, style or line size).

The font type and size is also available from this option menu.

Note: - On the graph the user can move one of the Y axes with the mouse (left click) in order

to adjust the origin of both Y axes. Put the mouse on the axis to see the {b and move the

axis.
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Graph properties E| Graph Units window is
() Predefined araph Style used to Choqse the
e v 8, 8 correct graph units for the
Ine =iple . "
- * different variables.

(O Custom Graph Style The default units are in
Traces Graph Urits gray boxes. If the user
fes [ Time chooses another unit, he
[ Potenisl must activate his choice
Graph [ Current ; by tlckmg the  box
Options [ Charge , corresponding to  the

(] Frequenc represented variable.
Or q ! Specific units are
sster available for current and
[ Powe / charge on one hand and
[ Ereray J for power and energy on
L] Capacity / the other hand. For
[ Patential ws. Reference Electrode current and Charge’ the
user can select a current
; density or a charge
Offzet potential ws. Mormal Hydrogen Electrode:  0.000°% density according to the
HesetLlnits][ Edit Surface And Mass e|ectrode area or to the
o [ ¢ l electrode  characteristic
ancel
mass.

Fig. 46: Units window.
Power and energy can be plotted according to the electrode characteristic mass. In such a
case the software will ask for the electrode surface area or for the characteristic mass. The
following window will be displayed:

Edit parameters §|

File : CV_Fe_bazique_1.mpr

Parameters :
Electrode surface area : m_ CITE
Characteristic mass : 0.0 g |w

[ Ok H Cancel ]

Fig. 47: Electrode Surface Area and Characteristic Mass window.

The Electrode Surface area and Characteristic Mass window is used in the unit window for
area charge or current density plot. The characteristic mass is also used for specific power or
energy plot. The user has to set the working electrode surface area/characteristic mass and
choose the unit. Clicking OK will modify the graph according to the new surface but this area
is not saved in the raw file. Click on Save to file to save the surface in the raw data file.
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Graph properties

(3} Predefined Graph Style
Line style *

() Cuskaomn Graph Style

Traces
Ares
Urits

Options

Title

CV_Fe_basique_1.mpr
— zl= vz f{ Ewe )

v| & P
Legend
Position : Top
Fant Mame : Arial
Fomt Style : Standard w |8
Background [] wihite

Transparency:  J

Title
Text: Title
Fomt Mame : Arial
Font Style : Bold w | |16
Font Calar ; H Red
Graph
Back Color : [] white

A (L)X

<

4

=
i

X

oK

|[ cancel |

Fig. 48: Graph window.

Fig. 49: Options window.

The user can show or hide
the graph legend. He can
define the position, the font
name, style and size, the
background color and the

transparency of this
background.

A title can be added to the
graph to describe the

experiment. The text must
be typed in the box. The
user <can choc
format (font, font style, size
and color).

To improve contrast and
legibility for a presentation
for example, the user can
change the color of the
graph background.

Note: When several traces
are plotted on a graph, the
user can select the active
trace by clicking on the
corresponding legend.

This window allows the
user to choose to work in
inverted convention for the
current polarity.

It is also possible to adjust
the graph size to the
monitor format.
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