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Step 0: Connect instrument and select channel

@ EC-Lab - [VMP-3e - 10.11.1.10, channel 1 - no experiment] — [} s
L Experiment Edit View Graph Analysis Teols Config Windows Help & Manuals &
i"@@ﬁ|2355?89m111215
) by I . I =
Devices EMIEINS L SCHE - R R B
n 5 i Mo experiment loaded on current channel. |53|90t0f--- v|| Show : | v| 4 »
i WMP-3e - 106 To create an experiment, please select one of the following
actions :
M m Hew
II IS rul I IEEI I m Load Settings

m MewStack

and select B
E xperiment

Safetyiady. Settings

channel E—

External Devices

Parameters Settings

d = T =0

DI N

Check out our Getting Started with EC-Lab® tutorial
dedicated to connecting the instrument and selecting

channels.

|VMP-3e |.4_1n1111ns Chanrel 1 | Amplfier: None | EIS r£||F|eadmnde |g |n,n Undersample: Off |21 523b/s 4L
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Step 0: Connect instrument and select channel

When the
INnstrument
and channel
are selected,
the user can
set the
experiment

@ EC-Lab - [VMP-3e - 10.11.1.106, channel 1 - no experiment]

Experiment Edit View Graph Analysis Teols Config Windows Help & Manuals

"'@@HHTzsss?agmnuls
Ly

Devices
i = & ﬁﬁ Mo experiment loaded on current channel.
i WMP-3e - 106 To create an experiment, please select one of the following
actions :

m Hew
m Load Settings
m MewStack
@ Load Stack Seftings

E xperiment

Safetyiady. Settings

Cell Characteristics

External Devices

Parameters Settings

d = T =0

DTN

Belded -4 BB
[sekotor.. ]| | Ishow: b >

|Status Stopped | Time 0,000 5 | Ewe -848.9mY | I 04 | Buffer 0 | Eoc -848.9m | 390 04k | | Range open

|VMP-3e |4|,,1n1111ns |Ehanne|1 |Amplifier'Nnne EE ﬁ|Headmnde |g

|00

| Undersample: Off \21 523 b/s




Step 1: Add CV technique

“ Clickon +to

add a
technique to

the list Add/remove a technique

Q
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Step 1: Add CV technique

Empty window:
no technique loaded

Modify mode / Read mode
To move technique
before/after

Q
(@]
¢)

—

RS

o
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tep 1: Add CV tec

Select Cyclic
Voltammetry — |
CV technique el

> -1 Recent Techniques
~ = Electrochemical Techniques

. .
It | S I n t h e ~ |z Voltamperometric Techniques
Open Circuit Yoltage - 00

Voltamperometric
techniques folder

Click on OK to
validate

Special Open Circuit Voltage - SOCY
<~ Cyclic Voltammetry - CW
<> Cyclic Voltammetry Advanced - TV,
.= Linear Sweep Voltammetry - LSY
TL Chronoamperometry / Chronocoulometry - G
TL Chronopotentiometry - CP
< Staircasze Walammetry - 54
. Large Amplitude Sinuzoidal Yoltammetry - LASY
----- " B Y olbammetry - ACY
'&M Levich plat
44 Impedance Spectozcopy
- Pulzed Techniques
g Technique Builder
{7y Manual Cartrol
EQ Ohmic Drop Determination
&% Bipotentiostat

> = Electroch | Applicati

Cyclic: valtammetry [CV] iz the most widely used technique for acquiring
qualitative informations about electrochemical reactions. CV provides
infarmations on redox processes, heterogeneous electron-transfer
reactions and adsorption processes. |t offers a rapid location of iedox
potential of the electroactive species.

LY consizts of zcanning linearly the patential of a stationary working
electrode using a tiangular patential waveform. During the potential
sweep, the potentiostat measures the current resulting from
electrochermical reactions [consecutive to the applied patential]. The
cyclic voltammogram iz a current response az a function of the applied
potential.

0  ©Biologic

Ingert Technique Load from default Customn Applications
() Before [] Safety/tidv. Settings  [] External devices
() dafter [ Cell characteristics

|F|ename ” Add ” Hemove| | Stack |




Step 1: Add CV tech

Search bar
to quickly find the
desired technique

Description of the settings
technique and associated

graph

> -1 Recent Techniques
~ = Electrochemical Techniques

w @ Waoltamperometric Techniques
Open Circuit Yoltage - 00
Special Open Circuit Voltage - SOCY
<~ Cyclic Voltammetry - CW
<> Cyclic Voltammetry Advanced - TV,
.= Linear Sweep Voltammetry - LSY
TL Chronoamperometry / Chronocoulometry - G
TL Chronopotentiometry - CP
< Staircasze Walammetry - 54
. Large Amplitude Sinuzoidal Yoltammetry - LASY
----- " B Y olbammetry - ACY
'&M Levich plat
44 Impedance Spectozcopy
- Pulzed Techniques
g Technique Builder
{7y Manual Cartrol
EQ Ohmic Drop Determination
&% Bipotentiostat

> = Electroch | Applicati

Cyclic: valtammetry [CV] iz the most widely used technique for acquiring
qualitative informations about electrochemical reactions. CV provides
infarmations on redox processes, heterogeneous electron-transfer
reactions and adsorption processes. |t offers a rapid location of iedox
potential of the electroactive species.

LY consizts of zcanning linearly the patential of a stationary working
electrode using a tiangular patential waveform. During the potential
sweep, the potentiostat measures the current resulting from
electrochermical reactions [consecutive to the applied patential]. The
cyclic voltammogram iz a current response az a function of the applied
potential.

0  ©Biologic

Ingert Technique Load from default Customn Applications

I Before [] Safety/tidv. Settings  [] External devices
() dafter [ Cell characteristics

|F|ename ” Add ” Hemove| | Stack |
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Step 1: Add CV technique

@ EC-Lab - [VMP-3e - 10.11.1.106, channel 1 - experiment: <no name:> - technique: Cyclic Voltammetry] - [m} >

Experiment Edit View Graph Analysis Teols Config Windows Help & Manuals - &8 X

1 "@@@H||T2356?89m11um
CV teChanue Devices @ EA Tum to DCY between techniques 1 '| $.$l @§@\|‘E§i'r§"| |

t-%mi | S £ oV e e | [Somor. ]| | sow: gab >

M L]
IS loaded in
h h : Scan Eye with dE/dt = [20,000 Ml v
t e teC I I I uE E to vertex patential E1 = [1.000 Y ows Ref v
Reverse scan to vertes E2 = [1.000 W s

. Repeat ng = |D time(s]
| I S t Experiment Measure <I> aver the last [50 % of the step duration
Safety/tdy. Setiings Becod <> averagedover M= [lg voltage steps

Cell Characteristics ERange= [-25v;25v v| ]

Fasataiv = Wl

External Devices
Parameters Settings Bandwidth =

[ 3
L ]
C Nndin B om i
Orres po I g L [ Endscanto Ef= [0,000 Woows ‘
(dE/dt~ 100 W / 5 ms)
G rGI I Ie er Force E1 /E2 (dEN ~ 1.0 )
[4000 points per cycle]
tt .
‘ |Status Stopped | Time 0,000 5 | Ewe -707.1 ¥ | I 04 | Buffer 0 | Eoc -707.1 v | 390 04k | P oW | e 0 |Rangs open cycle 1
[vMP3e [ 210110108 | Channel 1 [ ampifier-None | E15 =5 TR | o [0 [ Undersample: Of [21 55865 AL
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Step 1: Add CV technique

@ EC-Lab - [VMP-3e - 10.11.1.106, channel 1 - experiment: <no name: - technique: Cyclic Voltammetry]

L Experiment Edit View Graph Analysis Tools Config Windows Help & Manuals

g'f@@ﬁ ||T2 3 5 6 7 8 9 10 11 12 15
Devices [ Tumn to OCY between technique II =z u%.(l E::E Q Q| 'E,\?_ei 7 N v| |

FoRB® T arem Ve ] | o | s O (5
p——

i \MP-3e - 106

Scan Eye with dEAdY = [20 000 mivils v
ta vertex potential Eq = |1 .oan W ows | Ref w
Reverse scan to vertex Eo = |.1 .ann Woows

Fepeat ng = |D time(z]

Experiment Measure <I> overthe last [57 % of the step duration

Safetyiady. Settings Fecord <I> averaged over N = |1[| voltage steps
General parameters -
Cell Characteristics E Range = l:‘

Fasataiv = Wl

External Devices | Range = |:|

Technique parameters M N
= +3 N
) ‘ [ Endscanto Eg= Jogoo W vs ‘

(dE Ak ~ 100 v /5 s

Force E1/E2 [dEM ~ 1.0 m)

[4000 points per cycle]

> I NI

7 You can display the description of the settings by clicking
A on the [&] icon.
| e

cycle 1

|VMP-3e |.4_1n1111ns Chanrel 1 | Amplfier: None | EIS EY Modify mode |3 |n,n Undersample: OFF |21 738075 /iy
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Step 2: Set CV parameters

@ EC-Lab - [VMP-3e - 10.11.1.106, channel 1 - experiment: <no name: - technique: Cyclic Voltammetry]

Experiment Edit View Graph Analysis Tools Config Windows Help & Manuals

Set E, dE/dt R R B
|7 I Devices @ Turn to OCY between techniques | L I

+ = T E

E1 O.nd E2 to S N SetEwe to Ej= |0,000 Voovs ..T:—de-
define voltage k5 — 1_

ScanEye with dEADE = [30 000
rQI I lp Ond Experiment bo vertex potential Eq = [1.000 W owz  Ref e

| t SR Reverse scan to vertex E2 = [1.000 Woous |Hef w ;
VOoItage swee i . |— -
Cell Characteristics 2
g p Repeat nge = |0 tirme(z] *t
External Devices ¢ :;{
Parameters Settings Measure <1 aver the last |5|:| % of the step duration
g o= A =B
A d <l d M= | IE f
e ecor averaged over 10 voltage steps
ERange= |25V 25V vl [

Sk = FiT el

P IT MM

The final o] Endscante Eg= poos ¥ v

VOltOg.e Ef CG n Force E1 /A E2 ESEL':'LTDDE“STHEMS]
b e d efl n ed (4000 points per cycle)

‘ |Status Stopped | Time 0,000 5 | Ewe 7176 mY | I 04 | Buffer 0 | Eoc 7176 | 390 04k | P oW | e 0 |Rangs open cycle 1
|VMP-3e |4|,,1n1111ns |Ehanne|1 |Amplifier'Nnne EE EY Modify mode |_g, |n,n |Undersample' oif |21 78/bis L
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Step 2: Set CV parameters

Define E, E;, E,, Ecversus the

VO|tOge Of 53] [ Tumto OCY between techriques
Ref: the reference e A e |
electrode u | -
SoanEye with dEAdt = [Z0000 f
Eoc: open circuit voltage o veftex potertial Eq = [if00 Vv \ /
. Beverse scan to vertex Eg = I . YW owi Re v
Ectrl: the previous A .
controlled voltage, if a X
teChnlque IS Set efore the Measure <13 over the last |5|:|_ % af the step duration
CV Record <I> averagedover N = [10° voltage steps
Emeas: tge |o|revious_;c ERenge= [25v:25 .|
measured voltage, if o el R
technique is set before the Fanoe - L]
CV Bandwidth =
[] Endscanto Ef = W i '-.-'s.l

« SetE =0V vs. Eoc to avoid a current jump at the beginning of the CV.
« Set E, and E, vs. Ref as OCV may change. Er. is an absolute voltage

a4

value.
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Step 2: Set CV parameters

@ EC-Lab - [VMP-3e - 10.11.1.106, channel 1 - experiment: <no name: - technique: Cyclic Voltammetry] - [m} >
Experiment Edit View Graph Analysis Tools Config Windows Help & Manuals - &8 X
To perform T e
p Devices — Bo) Turn to OCY between techniques ]
several cycles, | e = T
w0 VMP-32 - 105 +  cyde
y ] SetEye to Ej= |0.000 Wows Eoo oW
[ E
set Repeat n. T ‘ 3
ACANE ye W = 20,000 MYz 7
E; E
Experiment ta vertex I:Il:ltErltial E‘l = 1.000 YW owz  Ref e .
SR Reverse scan to vertex E2 = [1.000 Woous |Hef w )
Cell Characteristics H ‘ I; t [ ] E2 t
epeat Nz = |0 ez *
External Devices = :;{
Parameters Settings Measure <1 aver the last |5|:| % of the step duration
+ 1-cv hhd - Becord <ly averaged aver N = |‘||:| voltage steps
ERange= |25V 25V vl [
Sk = FiT el
b (T N MY
Endscante Ef = ||1|:||:||:| Woowa
[dEAdt = 100 & /5 ma)
Farce E1 /E2 [dEM ~ 1.0 mY)
(4000 paintz per cycle]
‘ |Status Stopped | Time 0,000 5 | Ewe -TI7.6mY | I 04 | Buffer 0 | Eoc 7176 | 390 04k | PoOW | re 0 | Range open cycle 1
[vMP3e [ 210110108 | Channel 1 [ ampifier-None | E15 =5 TR | o [0 [ Undersample: Of [21 73865 AL




©BioLogic

—
(9]

Step 3: Optimize the measurement

@ EC-Lab - [VMP-3e - 10.11.1.106, channel 1 - experiment: <no name: - technique: Cyclic Voltammetry]

Experiment Edit View Graph Analysis Tools Config Windows Help & Manuals

E Range is the Beau (12256000 muns ”
rO nge Of F— @ Turn to OCY bebween techniques | E:NE
eX eCted e SetEwe to Ej= 0000 Woowe —
voltage 5 2 E
o f

Ei' E.1 Clﬂd E2 must Scar Eye with dE/dt = [oao) e v

Experiment ta vertex I:Il:ltErltial E‘l = 1.000 YW owz  Ref e

be | n t h e E SR Reverse scan to vertex E2 = [1.000 Woous
R Cell Characteristics i
Q n g e FBepeat ng = ||:| tirme(z] wl

External Devices )4
Parameters Settings Measure <1 aver the last |5|:| % of the step duration
E ] @ o =E H
ecord <l averaged over N = | woltage steps
ERange= |25V 25V vl [

Fasobsew = Tl al

PN MY
Endscante Ef = ||1|:||:||:| Woowa
(dE At~ 100 ¥ / & ms]
£ E Range has to be as narrow SR | 00 ante i)
as possible, the resolution
depends on it.
‘ |Status Stopped | Time 0,000 5 | Ewe 7176 mY | I 04 | Buffer 0 | Eoc 7176 | 000 D&k | P oW | e 0 |Rangs open cycle 1
[vMP3e [ 210110108 | Channel 1 [ ampifier-None | E15 =5 TR | o [0 [ Undersample: Of [21 73865 AL
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Step 3: Optimize the measurement

@ EC-Lab - [VMP-3e - 10.11.1.106, channel 1 - experiment: <no name: - technique: Cyclic Voltammetry] - [m} >
. Experiment Edit View Graph Analysis Tools Config Windows Help & Manuals - &8 X
|R0nge ISthe "'@@@H||T2356?8910111215 .
rO ng e Of Devices @ Tum to OCY between techniques | Lo
d + = B E e B
t t s WMPe - 108 4 cpde
eX eC e Curren SetEwe to Ej= 0000 YW oows | Eoc e P
o  sa Bl
AUtoange Is L&ScanE with dE2dt= [naon Mz | Ef
. = . ' s g
available e Z r
Esperiment to vertex potential Eq = [1.000 YW owz | Ref w~ i
Safetyiady. Settings
Reverse scan to vertex E2 = [1.000 Yo owz | Bef e
Cell Characteristics i E2
FBepeat ng = ||:| tirme(z] *t
External Devices :;{
Parameters Settings Measure <|> overthe last [Eg % of the step duration
o= D =E =
e Aecord <> averaged over M = |‘||:| voltage steps
ERange= |25V 25V vl [
Fhawadafean = FIE'?::J.J'
Bandwidth = |5 - medium
b (T N MY
Endscante Ef= 0000 Woowg
£ For high scan rates, it is _ e 20 T 87 7 5 o)
recommended to set a fixed | MOEERIRR | LA
Range because | Range shift (4000 paints per cysle]
duration may be no more
negligible.
‘ |Status Stopped | Time 0,000 5 | Ewe -TI7.6mY | I 04 | Buffer 0 | Eoc 7176 | 390 04k | PoOW | re 0 | Range open cycle 1
[vMP3e [ 210110108 | Channel 1 [ ampifier-None | E15 =5 TR | o [0 [ Undersample: Of [21 73865 AL
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Step 3: Optimize the measurement

@ EC-Lab - [VMP-3e - 10.11.1.106, channel 1 - experiment: <no name: - technique: Cyclic Voltammetry] - [m} >
. . Experiment Edit View Graph Analysis Tools Config Windows Help & Manuals - &8 X

Adjust bandwith  |=cew v esser o wuas ,,
‘to mO ke Su re D:ice: = o @ Turn to OCY between techniques | e L I

e 3 cl
that the SetEye o Ey= 300V v o,

M I,
potentiostat 5 3
. E
controls the cell ScanEyewih dE/t= POgon  mvs v ;o
in Stdble O nd fO St Erpafues) to vertex potential Eq = [1.000 YW owz | Ref w '
WOy SR Reverse scan to vertex E2 = [1.000 Woous .
Cell Characteristics HE et nc - ID— time[g] 2 ot
External Devices :;{
Parameters Settings Measure <|> overthe last [Eg % of the step duration
+ 1-cv hhd - Becord <ly averaged aver N = |‘||:| voltage steps
ERange= | 25v,25v vl [
Sk = FiT el
| Range = Autg vl
Bandwidth =
P IT MM
Endscante Ef = ||1|:||:||:| Woowa
. . dEAdt~ 100 pt /&
£ Set fast bandwidth for high e |
sCcan I’Ote (ZOOmV/S) (4000 paintz per cycle]
7-fast for essential
B . ‘ |Status Stopped | Time 0,000 5 | Ewe -TI7.6mY | I 04 | Buer 1 | Eoc 7176 | 390 04k | PoOW | re 0 | Range open cycle 1

9 fOSt for premlum [vMP3e [ 210110108 | Channel 1 [ ampifier-None | E15 =5 TR | o [0 [ Undersample: Of [21 73865 AL
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Step 3: Optimize the measurement

@ EC-Lab - [VMP-3e - 10.11.1.106, channel 1 - experiment: <no name: - technique: Cyclic Voltammetry] - [m} >
. Experiment Edit View Graph Analysis Tools Config Windows Help & Manuals - &8 X
AdJUSt Curl’eﬂt BEBE [[1 2356789 w0umn;: )
meCISUI’emeﬂt Clﬂd D:ices pp— @ Turn to OCY between techniques | 1 ‘, e
. - =
Overdglng s YMP-3e - 106 oz T . - A cycle
28tEpwe 0 Ej= (0000 Wi | Eoc o !
[ E
Ly T 4
O E;
Dy Scan Eye with dEAE = [oo00 Mis v '
2 Voltage step =0E 20.000 e E; LL\>
dE Experiment ta vertex I:Il:ltErltial E‘l = 1.000 YW owz  Ref e b .
Safetyiady. Settings |I
Reverse scan to vertex E2 = [1.000 Yo owz | Bef e
Cell Characteristics i 2
FBepeat ng = ||:| tirme(z] *t
Step duroﬁon Extermnal Devices b B ‘_}{
dt Parameters Settings Measure <|> overthe last [Eg % of the step duration
o= D =E =
e Aecord <> averaged over M = |‘||:| voltage steps
100% ERange= [-25v.25v  ~| .|
- Sk = FiT el
| Time
Note: dE is dependent on potential _
resolution Bandwidth =
b (T N MY
Endscante Ef = ||1|:||:||:| Woowa
£ set to 50% to cut first current [dE/dt ™~ 100 Y /5 ms]
value pomts COI’I’QSpOﬂdIﬂg to Force E1/E2 [dEM "Tﬂ ]
undesired capacitive response (4000 pairits per cycle]
of the cell
N =10 VOltOge StepS allows to ‘ |Status Stopped | Time 0,000 5 | Ewe 7176V | I 04 | Buffer 0 | Eoc 7I7EmY | Q00 0&h | P oW | e 0 IRange open | cycle 1
get smoother data [vMP3e [ 210110108 | Channel 1 [ ampifier-None | E15 =5 TR | o [0 [ Undersample: Of [21 73865 AL
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Step 4:

@ EC-Lab - [VMP-3e - 10.11.1.106, channel 1 - experiment: <no name:> - technique: Cyclic Voltammetry]

Experiment Edit View Graph Analysis Teols Config Windows Help & Manuals

Add informction B BE |1 2.3 5 6 7.8 9o 0 1 11

Cell Description V|\$l @{@\|‘Eﬁvhv| ‘

G n d CO m m e ntS D:iCES_ a3 s mete] s [Soector.. || | Ishon: Sl »
about the cell S| |

Comments

Experiment Electrade surface area (4] (o 001 e

Safety/tdy. Settings | Characteristic mass IU,UD‘I g o
Wolurme [W] IU,UU1 "~
| | Cell Characteristics | e

External Devices Battery Comosion  Materials
Parameters Settings Mass of active material Ig'gm mg atx= IU,DDD

g - B 5T < Molecular weight of active material (at x = 0] : Ig'gm i]
1-0v Atarnic weight of intercalated ion : Ig'gm i]

Acquizition started at : 2o = ID,DDD

Murnber of e- transfered per intercalated ions : |-|
far ax =1, theoretical capacity AQ= 26,802 méh

Battery capacity C = IEI,EIEIEI Ah -

Reference Electrode

SCE Saturated Calomel Electrode ~ l:l
’ |—|— I\{ l\{\{ Offset patential v, Mormal Hydiogen Electrode: 0,241 W
Note: All this information
are store in the data file
‘ |Status Stopped | Time 0,000 5 | Ewe 7176 mY | I 04 | Buffer 0 | Eoc 7176 | 390 04k | P oW e 0 |Rangs open cycle 1
|VMP-3e |4|,,1n1111ns |Ehanne|1 |Amplifier'Nnne EE Ei| Fead mode |g |n,n |L|ndersample'fo \21 Eanb/s L
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Step 4: Set general parameters

Electrode surface area must
be set if the user want to work
with current density (mA/cm?2)

instead of current (mA)

) EC-Lab

- [VMP-3e - 10.11.1.106, channel 1 - experiment: <no name:> - technique: Cyclic Voltammetry]

Experiment Edit View Graph Analysis Teols Config Windows Help & Manuals

"@@H||T2355?8910111215

Cell Description

Safetyiady. Settings

£

Devices
= 0 e Electrade material
i WMP-3e - 106 Initial state
Electralyte
Comments
Experiment I Electrode surface area [4) |g'gg1 G I
g

Characteristic mass Igﬂm

Cell Characteristics

Walume V] |n,on1 e

External Devices

Battery Corrogion M aterials

Parameters Settings

Mazs of active material Ig'UU‘] mg atxs= ID,DDD

F = T3 =0

Molecular weight of active material [atx = 0] IU,UU‘] q

A

Atamnic weight of intercalated ion :

ID,DD‘I g
Acquizition started at : 2o = ID,DDD

Murnber of e- transfered per intercalated ions : |-|

far ax =1, theoretical capacity AQ= 26,802 méh
Battery capacity C = IEI,EIEIEI Ah -
Reference Electrode
SCE Saturated Calomel Electrode v l:l

> I NI

Offset patential v, Mormal Hydiogen Electrode: 0,241 W

B eI B-N @@

Somo ]| | srow: 9ab >

‘ |Status Stopped | Time 0,000 5 | Ewe 7176 mY | I oA

| Buffer 0 | Eoc -7IT.6mY | 300 D&k |

P

0w nc 0O | Range open cycle 1

|VMP-3e |4|,,1n1111ns |Ehanne|1 |Amplifier'Nnne EE ﬁ|Headmnde |g |n,n

| Undersample: Off \21 Eanb/s L
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Step 4: Set general parameters

Safety and
Advanced
Settings are
available here

Note: This window is
different for the
Essential and Premium
INstruments

) EC-Lab

Experiment Edit View Graph Analysis Teols Config Windows Help & Manuals

- [VMP-3e - 10.11.1.106, channel 1 - experiment: <no name:> - technique: Cyclic Voltammetry]

"@@@HHTZS&G?Sanuls

Devices Safety Limits Compliance v| + “lrg il @{ @'\| Jéﬁ - & v| ‘
& — @ For b |1 0,0 ms Modify on disconnected cells only |
- i
= w Ewe max nonoon v Ewe from | S o4 »
i WMP-3e - 106 3
Ewe min 0,000 00 W oY oY
Ece from
I 0,000 00 i,
A0 10%
- 0,000 00 méh
[ . Muore information » >
Analog 1M1 max - |U,DDD i} W )
Patential contral
Analag IN2 max 0,000 00 W
Ewe w
Experiment Estack slave max |U,DDD 0o W
Ecell = Ewe
i 0,000 0o W
‘ Safety/Adv. Settings | s S i
| Do nat start on E overload
Cell Characteristics
Record
External Devices Ecely
Energytad.h
Parameters Settings Analog INTA
Analog IM2A4¢
# = 3 0 : .
Eecord external devices on Analog IN#
1-C¥
Electiode Connections Data Process
Maodify an disconnected cells anly | Online text export Configure
standard - Filter 57 Edit
WE /T4 Smooth an |D pairits
refl E Create one data file per loop
RE/efz ™2 [linked techriques anly)
’ |_|_ I\{ I\{\{ Ecel Cycles definition
= ;Eﬁ Charge/Discharge
Discharge/Charge
Default
‘ | Status Stopped | Time 000005 | Ewe -7208mV | | 04 | Buffer 0 | Eoc -7208mY | 200 D&h | Foow ne 0 |Range open | cycle 1
|VMP-3e |4|,,1n11 1106 |Ehanne|1 |Amplifier'Nnne EE Ei| Fead mode |g |n,n |L|ndersample'fo \21 FEEhs L
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Step 5: Launch the measurement

@ EC-Lab - [VMP-3e - 10.11.1.106, channel 1 - experiment: <no name:> - technique: Cyclic Voltammetry]

Experiment Edit View Graph Analysis Teols Config Windows Help & Manuals

CliCkOﬂDtO BB GBW [12356 758 s 0uns
ERICITS R NUE - A AN

I | Devices @ [ Tum to DCY between techniquss 1
OUI IC g = & i ‘ SetEye to Ej= IU,UUU Woowe ‘ | Show v 40 »

experiment
p Scan Eye with dEAdY = [20 000 mivils v
ta vertex potential Eq = |1 .oan W ows | Ref w

Reverse scan to vertex Eo = |.1 .ann Woows

Fepeat ng = |D time(z]

Experiment Measure <I> overthe last [57 % of the step duration
Safetyiady. Settings Fecord <I> averaged over N = |1[| voltage steps

Cell Characteristics ERange= [-25v;25v v| ]

Fasataiv = Wl

External Devices

Parameters Settings Bandwidth = "-I_’
o= AR
e [ Endscanto Ef= [0,000 Woows ‘
(dE/dt~ 100 W / 5 ms)
FoceE1/E2 | [dEN~10mV)
[4000 points per cycle]
> [T I MY
Note: All the settings may be
changed during the
experiment (Modify on the fly)
except | Range, E Range and
bandwidth
‘ |Status Stopped | Time 0,000 5 | Ewe -707.1 ¥ | I 04 | Buer 1 | Eoc -707.1 v | 390 04k | P oW | e 0 |Rangs open cycle 1
[vMP3e [ 210110108 | Channel 1 [ ampifier-None | E15 =5 TR | o [0 [ Undersample: Of [21 55865 AL




Step 5: Launch the measurement

Load techniques with same
settings using a .mps files
created when launching the
experiment

Stop experiment

Pause experiment

Status of experiment is
displayed (Stopped, Paused,

O
(o)
o]

—

9

a

©

N
W
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Step 6: Add additional experiments

Click on +
button to
add more
techniques

Order of
execution
appears in
the
technigue list

) EC-Lab

- [VMP-3e - 10.11.1.106, channel 1 - experiment: <no name:> - technique: Cyclic Voltammetry]

Experiment Edit View Graph Analysis Teols Config Windows Help & Manuals

"@@@H||T2356?89m11um

Devices

@ [ Tum to DCY between techniquss 1

i =k

E-denaag-n-

i \MP-3e - 106

E xperiment

Safetyiady. Settings
Cell Characteristics
External Devices

Parameters Settings
= TG
e 1o

> I NI

SelEwe o Ej= |0,000 Woows

| Soecor, ]| | Isvow:

w4 [0 »

m
1]
(]
=

S

Experiment

Safety/Adv. Settings

Cell Characteristics

External Devices

Parameters Settings

+=- +3f

1.0Cv
2 2R
3oy

> [T N M

Insert Techniques

Search D) |G [z

1¢ Recent Techniques
4} My protocol - DCV + ZIR + CY
£ 00y +2ZIR+ 0V
<> Cyclc Vokammetry - C
v IR compensation [PEIS) - ZIR
CCCY eycling - CCCY
Open Circut Vakage - 0CY
9 Loop
e Temperature Contral Linit - TCU

[<Jl< <]

" Currert Scan - 05
v & Electiachemical Techniques
v [ Voltamperometiic Techniques
Open Circuit Yoltage - 0CY
Special Open Circut Voltage - SOCY
%> Cyelie Vokammehy - Cy
<> Cyclic Volammety Advanced - CYA
- Linear Sweep Vakammetry - LSV

- Chionopetentiamelry - CP

= Constant Amplitude Sinusoidal micro Polarization - CASP

- Chionoampercmetry / Chranacaulomety - CA

- Staicase Volammetry - 5V
- " Laige Ampltude Sinuscidal Volkammetry - LASY
# AL Yokammetry - ACY

112 Levich plot
> {z Impedance Spechoscopy
> Ly Pulsed Techniques
> gd Techrioue Builder
~ 55 Ohmic Drap Determination
Manusl I compensation - MIR
- IR compensation [PEIS) - ZIR
U Current Intermupt - CI
v {5 Electiochemical Applications
ey

Insert Technique Load from default

@ Aher [ Cel characteristics

O Bsfore [ Safely/Ady. Settings 7] Extemnal devices

Custom Applications

Rename Add Remove

‘ |Status Stopped | Time 0,000 5 | Ewe -707.1 ¥ | I oA

| Buffer 0

| Eoc -707.1 mv | 300 D&k | P oOw

| nc 0O | Range open

cycle 1

[vMP3e [ 210110108 | Channel 1 [ ampifier-None | E15 =5 TR | o [0

| Underzample: OFf |21 558 b/s
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Step 6: Add additional experiments

Can be used as a waiting time
for equilibration of the
electrochemical cell

Note: CA or CVA technique
can be used to set a conditioning
period before starting voltage ramp

) EC-Lab

L Experiment Edit View Graph Analysis Teols Config Windows Help & Manuals

- [VMP-3e - 10.11.1.106, channel 1 - experiment: <no name:> - technique: Cyclic Voltammetry]

g"@@ﬁﬁﬁzsss?asmnuﬁ

Devices [ Tum to DCY between techniquss 1

+-§“ ‘ ﬂwetDEi=lﬂ,DTV vs‘
0 WP-3e - 106
Scan By with dEAdt = [ooog midls v
ta vertex potential Eq = W Y s | Ref ~
Reverse scan to vertex Eo = IW Woows
Repeat ne = ID— time(z]
E xperiment

Measure <I> over the last |5g % of the step duration

Safetyiady. Settings Fecord <I> averaged over N = |1[| voltage steps

ERange= |-25v.25Y ™ l:l

Fasataiv = Wl
n

Cell Characteristics

External Devices

Parameters Settings

. 1-00 ‘ [ Endscanto Ef= [0,000 Woows ‘
@ 2-ZR
..... -0 [dE/dt ~ 100 pv / B ms)
Force E1/E2 [dEM ~ 1.0 miv]
[4000 points per cycle)

nimnmMm

Can be used to determine
and compensate ohmic drop

Applications}

B eI E-N| @)

|Se|ect0r... V|| Show : | V| 4 »

Insert Techniques

Search D) |G [z

|7l

.. Recent Techniques
4} My protocol - DCV + ZIR + CY
00V +ZIR + OV
<> Cyclc Vokammetry - C
v IR compensation [PEIS) - ZIR
CCCY eycling - CCCY
Open Circut Vakage - 0CY
9 Loop
e Temperature Contral Linit - TCU
= Constant Amplitude Sinusoidal micro Polarization - CASP
" Currert Scan - 05
v & Electiachemical Techniques
v [ Voltamperometiic Techniques
Open Circuit Yoltage - 0CY
Special Open Circut Voltage - SOCY
%> Cyelie Vokammehy - Cy
<> Cyclic Volammety Advanced - CYA
- Linear Sweep Vakammetry - LSV
L Chionoarperorety ¢ Chionocoulomety - CA
I Chionopotentiometyy - CP
< Staircase Volammely - 5V
A Large Ampltude Sinusoidal Volkammety - LASY
s AL Volkammetry - ACY
112 Levich plot

> &z Impedance Spectioscapy
> Pulsed Techniques
> @ Techriaue Buider
~ 55 Ohmic Drap Determination
Manual IR compensation - MIR
v IR compensation [PEIS) - ZIR
U Current Intermupt - CI
v {5 Electiochemical Applications
e

~

v

Inseit Technique Load from defaut
O Before [ Safety/tdy. Settings 7] External devices
@ Aher [ Cel characteristics

Custom Applications

N

~ You can save personalized protocol to technique list with
P As 1 - (in the main bar menu Experiment)
A and find it under Electrochemical Application - Custom

by protocal - OCY + SR + Oy

‘§|5tatus Stopped | Time 0,000 5 | Ewe -T07.1 m¥ | I oA

| Buffer 0 | Eoc -7O07.1 mv | 290 04k | P oW | e 0

| | Range open cycle 1

[vMP3e [ 210110108 | Channel 1 [ ampifier-None | E15 =5 TR | o [0

|Undersample' oif |21 BEabis L
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Step 7: Read the graph

Graphic is
displayed in
real time

Data are
saved in .mpr
file

[V5SP-300 - 10.11.1.105, channel 3 - experiment: <no name> - technique: Cyclic Voltammetry]

Tools  Config  Windows Help & Manuals

T EC-Lab v
= Experiment Edit View Graph Analysis
BEBE |1 2]s

B-Eelaa|g-3-BE|lsmwe ] s [T

CV_Fe_basique_1.mpr

- cl= vz Euve

0,2

0,15

AN
AN

0.1

/[ =

0,05

A

<|>/mA
o

N

-0,05

-0,1

/

/

-0,15

-0,2

\/
\/

0 0,5
Ewe/V vs. SCE
Buffer . Eoc . Q0o . F | Range cycle
taight | Foatrg | E5 | aRs O IS & [028.00403 Undersample: Off |0 b/s A
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Step 7: Read the graph

Browse though the graph
(Filter, Scroll, Cursor, Selection,
Zoom +, Zoom -, Autoscale)

Modify the graph
(Selector, graphic properties,
representations)

Show only selected
cycle

&) EC-Lab -[Graph] - O X
ﬁé Experiment Edit] View Graph Analysis Tools Config Windows Help & Manuals o M
BEE W 25
1 |
,|@¢g§:§@&q|% 2~ 7 & |[1vsEwe ~ || [Jshow: | o 4o »
. C\ _Fe_basique_1.mpr
- ==y Bwe
0,2
0,151
0,1
0,05
<
= 0
LY
v
-0,05 -
-0,1 4
-0,15 1 —
-0,2 4
Ewe/V vs. SCE
‘-Elitatus . ‘ Time . ' Ewe . ‘ 1 Buffer . Eoc . ‘ Q-Qo . ‘ | Range . H
vsr-300 |ETIER| Chornel3 | Amplfier: None | Cable: straight | Grounded | EIS | ARG O Readmode |8 [0125.0283 [ Undersample: OF [Dbis &
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Step 7: Read the graph

&) EC-Lab -[Graph] -
ﬁéE}(periment Edit View Graph Analysis Tools Ceonfig Windows Help & Manuals

= Copy graph EYTTEEnn

X v|@$}ijﬁq|%vﬂv| ||Ivs.Ewe vu\ Show:l "|‘|EI »
O S O p I Ct u re CV_Fe_basique_1.mpr
. . - = vz Ewe Plot >
with a right D
0,2 2N 5 p..

click on the | JA -

0, 1 5 Hide OCV Points
g rO p h Hide Selected Points
Show All Points \\__
0,1 ; ———
® Load Files... Alt+0
/ / (% AddFiles.. \7

.*  Remove Trace Alt+R ____,_—:-":/

0’ 05 kd SaveDataFileAs..  Ctrl+S
LOG (History)...
A £F Edit Cell Parameters...

Load Settings On Channel L

<|>/mA
(=]

& Add Graph
2 Remove Graph

-0,05
= Print. Ctrl+P ]
N 0, 1+ R GraphProperties..  Alt+P Copy Graph Advanced...
. Undo Graph Properties Ctri+Z By Copy Z Data (ZSimpWin)
- Redo Graph Properties Ctri+Y | s Copy EIT Data (Condecon)
-0,15 N
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Step 8: Analyse the data

&) EC-Lab -[Graph] - O X
# Experiment Edit View Graph| Analysis | Tools Config Windows Help & Manuals - 8 %
= Analyse the CV |zcsu . :hhm |
e R ] Seneral Electrochemistry £ Peak Analysis... Fl
- M Gth «™ Electrochemical Impedance Spectroscopy  »| 2~ Wave Analysis... F2 =
@ Batteries » CVSim..
Photovoltaic / Fuel Cells »| & CVFit.
|
Genero' Supercapacitor 4 '&M Levich...
EIeCtrochemi St ry 024+ @ Corrosion »|HE  Koutecky-Levich... =
[  Show Analysis Results... Hf Process Data (Cycles, R, QCM mass...)... Ctrl+F1
[ I [ Summary Per Protocol And Cycle... Ctrl+F3
D EC-Lab - [Graph] = O *
@ Experiment Edit View Graph Analysis Tools Config Windows Help & Manuals - &%
BoEW | 123
'|@%§Z§Q&|&v A~ Hlvs.Ewe VJ| ‘Show:l *"‘I‘lo 14
1 Ad Min Max... ShiftsF1 |
&l General Electrochemistry 4 4»/‘ Linear Fit... Shift+F2
«™ Electrochemical Impedance Spectroscopy  » | At Polynomial Fit...
.. gl [ Batteries » & CircleFit... Shift+F3
NOte. AnGlySIS IS : i Photovoltaic / Fuel Cells > % Linear Interpolation... Shift+F5
1 1 1 i Supercapacitor » —  Subtract Files... Shift+F6
available either in the 0.15] ~ i s
mCHn tOO| bGr Or OS O ) Show Analysis Results... FT{} Fourier Transform...  Shift+F8 \
h . h h b 0,1 S Filter... Shift+F9 ~——
snhorcut In the grapn bar A ]
! ponential Sim... :
Or Wi‘th Fé 0.05 Y. Multi-exponential fit... . - é

PR DId YO O avallapble A\gle enero
Ai ectroche A POWE oliNe e Atlo an pe
| aY®
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Step 8: Analyse the data

Peak analysis

= Select the
peak on the
graph

= Click on
calculate

= Select zone (if
needed) and
click on ok

Note: For details on
baseline options, refer to
EC-Lab Analysis and
Data Process manual

&) EC-Lab - [Graph]
1ﬂaEx[;Jerirﬂent Edit View Graph Analysis Tools Cenfig Windows Help & Manuals

BEBE 125

w4 |0 »

w | | Shaow :

G AN IE RN - R R N - R

CV_Fe_basique_1.mpr
-— ey, Evve

0,2 N
0,15 1
% Peak - Bio-Logic X
Baseline
0,1 N (o M
(® Lingar ; | Manual il
() Palynomial E
0.05 4 Baseline Results k-
! Selection
Slope : . .
‘é 0 / . Puaints Selection
E Comelation: ... Select All points
A Paolyname ;...
? (®) Select zone # /B
-0,05 4
Peak Results
Height : 1
-0.1 - width [142]: ...
! Ep-Epsa:
Charge pos. : ...
Charge neq. : ...
-0,154
Calculate | Copy Cloze
-0,2 1
T
0 0,5
Ewe/V vs. SCE
| E|itatus . | Time . ‘ Ewe . ‘ . ‘ Buffer . ‘ Eoc . ‘ Q-0o . ‘ | Range . H
(05770034 | Undersample: Off | 0bés a

vsp300 IRl Chornel3 | Amplfier: None | Cable: straight | Grounded | EIS | ARG )| Readmode | &
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Step 8: Analyse the data

&) EC-Lab - [Graph] P
1{\2 Experiment Edit View Graph Analysis Tools Config Windows Help & Manuals | N 26
Integral haBEl il
g v|| Show R 'U— »

E| bR | 8- nf-| B &|[vwsEwe

= Select the
area of

interest on .
the graph e

= Click on
calculate .08

CV_Fe_basique_1.mpr
-l vE, Bwve

= Select zone

<I>/mA
Q

(if needed) 0,051 /

i \’\' Integral - Bie-Logic
Results

Integral : -0068 256 7 ma v
-0’1 ] 1 Calculate | Copy| 1
[
-0,15
‘T"T
-0,2 4
0 0,5
Ewe/V vs. SCE
| |Status i | Time . | Ewe . | R | Buffer . | Eoc . | Q0o . | | Range .

vepa00  [STHEESN| Channel 3 | Ampliier: Mone | Cable: straight | Grounded | EIS | ARG )| Feadmode | 2

|0:343, 0164

Underzample: Off | 0 bls
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Find out more




For supplementary information

Visit our website! Documentation list

= What is CV? A comprehensive
guide to Cyclic Voltammetry
(article)

= EC-Lab Technigues and
Applications (manual)

= EC-Lab Analysis and Data
Process (manual)

- BioLogic

Extend the capabilities of your
Instruments. .

A wide range of ancillary and accessories

Master the full measurement chain using high quality battery cyclers and
potentiostats.

7% Documentation

Documentation.

A wide range of support material to help you get the best out of your

equipment

S S Did you know? Free update of EC-Lab®
will find ap:isc::ol: :o!es, techricol‘no!e; vhi vand':ther e P’qec': "“ i sjcorlov:kyﬁ(:u\d & = =

bl on s e bt o s are available on our website.

add new support documents to this website so dorit forget to check back regularly. You may also want
to subscribe to our newsletter to receive all the Iatest articles and videos published by BioLogic.

©BioLogic

W
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Application notes - Brochures - Cotalogs - Citations ~ Support Videos + Technical notes — Tutorials + User manuals ~ White papers

www.biologic.net



http://www.biologic.net/

Need help?

Helpful information to provide
Contact us when contacting support center:

= Serial number of the instrument
(located on the rear panel of the device)

= Software and hardware version

you are currentIE/ using (on the Help
menu, About on EC-Lab)

= Operating system on the
connected computer

= Connection mode (Ethernet, LAN, USB)
pbetween computer and
instrument

©BioLogic

Contact - BiolLogic

W
E



https://www.biologic.net/contact/

How do | connect potentiostat to the cell?

How do | select correct bandwidth?

What is the difference between compliance and control

voltage?

If | do some modifications on the fly on the experiment
parameters, how can | remember what | have done?
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How do | connect potentiostat to the cell?

Electrode Connections N standard electrode
b odify on disconnected cells only | ConneCtiOﬂS mode:

standard - = Working Electrode (WE)
WEHD‘EHE Connect power and sense

=
E ——
e
RE fref2 ;/;;> | = Reference Electrode (RE)

Connect power and sense

Power
Sense

& oo | N
refa
\ CE/CAT = Counter Electrode (CE)

Ground Power

Note: For other connection modes, refer to Connection to the cell (article) or Technical Note
#09 and #11, or the Installation and Configuration Manual.
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How do | select correct bandwidth?

To quickly verify if the correct bandwidth is selected (no
oscillation and stable measurement), you can follow these steps:

= Change the Bandwidth factor. Start with a lower value. If decreasing the
bandwidth factor does not work, try to increase it. The faster, the better.

= For potentio-dynamic measurements carried out at high scan rates, fast
bandwidths must be set.

= The hardware ohmic drop compensation slows down the regulation
loop, so in some cases, you may need to decrease the bandwidth.

= For Premium range potentiostats, adjust bandwidths 7, 8, 9 first. Then, if
the measurement still shows signs of oscillation try the advanced
bandwidths 1to 6.

Note: To go further, refer to Get more from your potentiostat, Understanding
bandwidth & its effect on measurements (articles), Application Note #04, Technicall
Notes #35



What is the difference between compliance and

control voltage?

Compliance

Compliance is the voltage between WE and CE oty o feconmactod calls o |
Control voltage is the voltage between WE and Evee frarm
RE 10 10
Ece from
0% 10%
Verify the desired voltage to apply matches with << Less miomation
the compliance. Ex:ifEwe = [0 V
= For Premium: compliance = #12 V e

from 10 V, between [-20 ; 20] V :

-5
=10
=10 0 10
Ewe

Ecm

= For Essential: compliance = 20 V adjustable 121 .|

Patental contral

Ewe o

Note: Compliance is adjustable only on essential instrument in Ecell = Ewe
Safety/Adv Settings.
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If | modify-on-the-fly the experiment parameters, how

can | remember what | have done?

Each experiment is
associated with a LOG file
(right click on the graph),
which is the memory of an
experiment

This file contains the mark
of all the change
parameters happening
during the experiment

Plot >
<~ Mouse Mode 4
5% Autoscale »
= 3D..
f Analysis »
Comments L4
[ cvtest_COB.mpr LOG e *
File | cytest COB.mpr iy Hide Selected Points
Show All Points
I Range Auto "
I Range min Unset *; Load Files... Alt+0
I Bange max Unset .
I Bange init Unset é Add Files...
Bandwidth 8 % Remove Trace Alt+R
= g'gm ked Save Data File As...
3. = = e -
nc cycles 0 ] LOGHistory).
Reverse Scan 1 £7 Edit Cell Parameters... "%
Ef (V) a,000 .
sie Foc 3 Load Settings On Channel ’
Modify on : 03/07/2024 09:21 A Add Graph
dE/dt 25,000 I TP et
W
Copy Frint Cloze
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