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Getting Started with EC-Lab®:
CV: Cyclic Voltammetry

Getting Started: CV



The aim of this presentation is to guide you to set the appropriate parameters to
perform a CV measurement.

Only CV technique will be discussed hereafter but the information given in the
presentation can be adapted to CVA, LP, MP techniques.
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Ereloene PROCEDURE

Insert the CV technique

Insert other(s) technique(s) if needed
Set the « Advanced Setting » tab

Set the « Cell Characteristics » tab
Set CV technique

Start the experiment

ounkwnNE

NOTE:
It is assumed that the computer and the instruments are connected. This is explained in the Getting Started named

“EC-Lab’: Connection to the instrument(s) & Channel(s) selection”
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BioLogic 1- Insert the CV technique

EC-Lab V10,21 - [VMP3 - 192,168.0.1, channel 1 - no experiment]

*In the experiment frame, click on the | 200" so=-cr-rsrm=nss
dh button to insert the new %= __ S
technique J— :I::a:sanmmm,umesmtmuthelm

Parameters Settings

o =3

insert new technique ll

Stolus . ‘ Time. . | Ewe | 1. ‘ Bufler . [ £ |0[]u |Range .

wri [T Ctevell 8| Resdmode € 0,0 Ob/s
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* Select
technique
“Voltamperometric Techniques”
The technique is highlighted in blue
when selected

“Cyclic Voltammetry - CV”
available in the
folder.

* Click on the "OK” button

Getting Started: CV

1- Insert the CV technique

Insert Techniques _ '

=1{= Electrochemical Techniques
= Voltamperometnc Technlques

-1/ Linear Sweep Yoltammetry - LS
TL Chronoamperometry / Chronocoulometry - Ca
T Chronopatentiometry - CF
<> Staircase Yoltammetry - 5%
o Large Amplitude Sinuzoidal Yolkammetr - LASY
< ALV olbammetry - ACY

o Impedance Spectrozcopy

L= Pulzed Techniques

ﬁ Technique Builder

== Ohmic Drop Determination

== Electrochemical Applications

[{3) Batteries Testing

| Photovoltaic/Fuel Cells

L@ Carrosion

L= Custom Applications

== Special Applications

Inzert Technique Load from default
) Befare Advanced setting [ External devices
(®) ffter Cell characteristics

Custonn Applications

Cyclic voltammetry [CV] is the most widely used technigque for
acquiing qualitative informations about electrochemical reactions.
C provides informations on redox processes, heterogensous
electron-tranzfer reactions and adzorption processes. |t offers a
rapid location of redox potential of the electioactive species.

C consists of scanning linearly the patential of a stationary working
electrode uzing a tiangular potential waveform. Duning the potential
sweep, the potentiostat maasures the current resulting fram
electrochemical reactions [consecutive to the applied potential].
The cyclic voltammogram is a curent response as a function of the
applied potential

ance'




SB'O!-s?mge:f 2- Insert other(s) technique(s)

* Click on the dF button to insert any B R Sl
i+ H BEBH 23T T E 7 8 s 02356
addltlonal teChanue(S)' Devices [¥] Tun to OCV between techniques 1 Plall®g g BE5- B Selector ~
R = I SelEyeto Ej= 000 V Ve |Eoc v
@ 5P-240-vitusl
@ VMP3-237 ScanEe with dEZdt= [20000  mv/s

tovenex potential Eq = [i000 Vv [Ret
Reverse scantovettes Ez = [1000 V' vs |Rel
Note: it is possible to remove a == i :T@m
technique or to move a technique before | &5 | [ e ——
or after. First select the technique that fS— Parameters Settings

you want to remove/move (the d <3
technique will be highlighted in blue) []

and then click on the appropriate button. ot

% To add 2
= To remove

s» To move before

f  To move after

¢ Status Stapped ‘ Time (:47.25 ‘ Ewe 17.735mV ‘ | 0000a l bufe 0| Eoe 12 | 0go 1Range .
LGN oitiine  JEEEEIVINEY Modiy mode | 8 0.0 L8
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BioLogic 3- Set the « Advanced Setting » tab

. Click on the | Advanced Settings | tab.
Then the « Advanced Settings » window is
shown.

The most important parameters to set for
CV experiment is the « Filtering » and
« Ultra Low current » correction block,
only available for SP-300 family.

Data can be filtered afterwards by
software.
NOTE:

This window is different for the VMP3
family and for the SP-300 family.

VMP3 family:
SP-50, SP-150, VSP, VMP3, CLB-500, CLB-2000,
HCP-803, HCP-1005

SP-300 family:
SP-200, SP-240, SP-300, VSP-300

VMP3 family SP-300 family
p—
Campliahce Filtering
Modify on dizconnected cells anly |
Ewe,l |BDkHz w
Ewe from -10 % J 1
Ece from -10 J iRY Safety Limits
[ Eyyemax = |0.00 W
[ Eyyemin = |0.00 W
Safety Limits
Cn= 0.000 mé,
[ Eyemas = J0.00 Y O 13-ael=  J000 mé h
L] Eypgrin = 10.00 Y [ fnalogIN1 [max v | = 000 v
L= o R [ AnalogIN 2 [max || = B0 v
[Je-gal= fo.00 méh forts B ms
[ &nalog IN1 |max = | = [0.00 W
[J AnalogIN 2 |max  » | = [0.00 W Channel Ultra Lot Current O pticn
[ E stack slave max = |0.00 W () Floating High speed scan
(®) Grounded

[] E stack slave min=|0.00 W
for t> |10 mg

Electrodes Connection

Modify on dizconnected cells anly |

standard

WE /CA2
refl
E

RE#ref2

ECE

refd
CE/Ca&1

Mizcellaneous

e

W

)

[ Text export

O Fiter 7
[ Smaoth an
[ create one

Edit

0 paints

data file per loop (linked techniques only)

Drefinition of high speed value
dependsz on the curent range uzed.
Electrodes Connection

kadify on dizconnected cells only |

skandard w

WE

F1

51
]

go e I
Ecei

53

F2

CE

Migzellaneous

[ Text export
[ Fiter 7 Edit
[ Smoothon [0 paints

[] Create ane data file per loop [linked techniques only)

D efault
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Elol i 3- Set the « Advanced Setting » tab

SP-300 family

Filtering

Ewe.l |BDKHz  w

Safety Limits

O Ewema:-:= W W

[] Ejgmin = ’W W

= oo ma

OieGe= 000 m&h

] Analog IM 1 - oo W
[ AnalogIN 2 -[mm v

for t> 10 ms

Channel Ultra Low Current Option
() Floating High speed zcan
(®) Grounded

Drefinition of high speed value

depends on the current range used.

Electrodes Connection

Modify on dizconnected cells anly |

WE

P1

51
]

gp e I
Ecei

53

P2

CE

Mizcellaneous

[ Text expart
[ Fiter 57 Edit
|:| Smoathon |0 poitits

[ Create ane data file per loop (inked techniques only]

Three analog filters are offered: 50 kHz, 1 kHz and 5 Hz.
Select the 5Hz-filter to remove the aliasing from external perturbation (50 or
60 Hz depending on the country).

(only available if ULC cable is connected to the

potentiostat)
This option has to be ticked if the user works at very low level of current and
at high scan rate.
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SB'O!'s?mge:f 4- Set the « Cell Characteristics » tab

EC-Lab V10.21 - [SP-240 -

Experiment Edit Wiew Graph Anahy EE” Descriptinn _ &

—

aged (73
Gaiem ~ Onmwove  Electrode matenal
. Click on the | Cell Characteristics | tab. SR sl Initial state
Cimema smenel  Electrolte
Then the « Cell Characteristics » fammc  COMMENLS

]

window is displayed.

Electrode surface area  |0.001 CITE W

Characteristic mazs 0.001 q W

[ pmme—

[¥] End<

* Information about the cell and some

comments. b

* Electrode surface area has to be set if the

user want to work with current density

(mA/cm?) instead of current (mA).
Status Reduction ‘ Time 00857 | Ewe rl-lS'ﬂm\Jl | 0031 A ‘ Bufer 13 ‘ Eoc 0.295mV | 0ge 1 | P 100m | 6 | Range . cyecle
T oifline W AR Modiy mode | € 0,0 0b/s

NOTE:
All these infomation are stored in the data file
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Click on the tab or
directly on the technique CV in the list
of technique. The technique s
highlighted in blue.

Parameterz 5ettings

Three different blocks compose the CV
technique (described in the next slides):
In the first block , the initial potential is
defined.

In the second block, the voltage sweep
and the recording conditions are
defined.

In the third block, the final potential is
defined. It can be deactivated

TIP:
If the wuser would like to set a
conditioning period before starting the
voltage ramp, he has to set a CA
technique before the CV or use the CVA
technique.

NOTE:

All the settings may be changed during
the experiment (except Irange, Erange,
dwidth).

Getting Started: CV

Experiment Edit View
BEEWE i1
Devices 0

+ = % O @ [

E =periment

Advanced Settings

& SP:240 - virtual
& VSP-300- 233

Cell Characteristics

Parameterz Settings

5- Set the CV technique

EC-Lab V10.21 - [SP-240 - virtual, channel 1 - experiment: <no name> - technique: Cyclic Voltammetry]

b O & S W - 5 B [Seector 3

[dE St~ 100 pV / 5.0 mz)
(N ~1.0mV)
{4000 porks per cycle)

Lece]

Status Reduction ‘ Time 00857 | Ewe 14531 my | | 0031 A ‘ Bufer 13

I oifline IR Modily mode

‘Eoc

[] Tum to OCY between techniques 1

<

SetEpe to Ej= [0.000 Woowe  Eoc

SoanE e with dEAd = [Ooo0  mivds
to vertex potential E1 = [foo0 Y ws | Ref
Reverse scantowertes Ex = [1000 ¥ ws | Ref
Bepeat ng = 0
Measure <I> over the last IT % of the step duration
Record <I> averagedover N = 10 wvoltage steps

v ]

<

<

time(s)

ERange= |.25v:25V
Hesnbaioe = JORT el
| Range = | Auta w

Bandwidth = | 7 w

[v] Endscanto Ef = |0.000 Wowi Foo W

[dEAdt ~ 100 pt # 5.0 mz)
[dEM 1.0 m/]
[4000 paintz per cycle)




ElOL e 5- Set the CV technique

[] Tumnto OCV between techniques 1

Defines the potential at which the voltage sweep starts. This can be
defined versus several voltage reference.

°
SetEye to Ej= |0.000 Yows |Epo  w l

Scan Eye with dEZdt = [20000  miv/s
to vertes potential B = [1.000 % ws Ref
Reverse scantoverter E2= [1000 % we |Ref
Bepeat ng= [0 timels)

Ref (the potential of the reference electrode)

Eoc (Open circuit voltage)

Ectrl (potential of the previous controlled voltage,
if a technique is set before the CV)

Measure <> over the lazt (R0 % of the step duration

Record <l averaged aver M= [i0 volage steps Emeas (potential of the previous measured voltage,
Renge= [ 25v.25v v [ if a technique is set before the CV)
Savotaiw = FRT el
I Rangs= | Auto v TIP:
Bandudih= | 7 hé Set 0 V vs Eoc to avoid a current jump at the beginning of the CV.

[#] Endscanta Ef= |0.000 Wowi Eoo W

[dE Adt =~ 100 p # 5.0 ms]
[dEM ~ 1.0 mV)
[4000 paints per cycle]

Getting Started: CV



\/\ ElOL e 5- Set the CV technique

. Defines the scan rate and vertex potentials (E;and E,). It is possible
[ Tum to OCV between techniques 1] to define vertex potential versus several references (more info in the
previous slide).

SetEye to Ej= |0.000 Yows |Epo  w

The voltage Ei, E1, E2 Ef have to be in the Erange. The latter can be

ScanEye with dEZdE = [20000  miv/s
modified by | or ] buttons. [-2.5; 2.5] V range is adapted to the

to vertexs potential Eq = [1.000 Yoows | Bef w

Reverse scantovertes E2 = [1000 ¥ ve [Ref  + electroactivity window of most of the electrolytes.
Bepeat ng = [0 time(z)
Measue <ls over the lsst F0— % of the step dursion It is also possible to cycle between E, and E, several times. This is the
Becard «|> averaged over M = [10 voltage steps « Repeat » bOX nc' & d
f cyde
ERange= | 25v.25Y v|[.]
Savotaiw = FRT el E1
ange = | Auto w .Ef
Bandwidth = | 7 v E;
| g
ocy E
Endscante Ef= [0.000 W ows [Foo  [w E2 N

(dE /dt ~ 100 v / 5.0 ms)
[dEN ~ 1.0 i) TIP:

[4000 paints per cycle] )
E Better to set E, and E, vs Eref, OCV may change whereas Eref is
absolute potential values .
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[] Tumnto OCV between techniques 1

SetEwe to Ej= [0.000 YWoowe

Scan E e with dEADE = [20,000 mh /s

to vertexs potential Eq = [1.000 Woows,
Rewverse scanto vertex Ep = [1.000 Woows,

Bepeat ng = [0 time(z)

E— .
Measure <> over the lazt (R0 % of the step duration
Becard «|> averaged over M = [10 voltage steps

25V 25Y v [3

Savotaiw = FRT el J
| Range = |Auto -

Endscanto Ef= |0.000 W

[dE Adt =~ 100 p # 5.0 ms]
[dEM ~ 1.0 mV)
[4000 paints per cycle]

Getting Started: CV

5- Set the CV technique

defines how the instrument samples during the CV technique.
The first parameter define when the current is measured for each voltage step.
Actually, to perform a ramp of potential, the potentiostat applies several

voltage steps (discrete behavior, not analog).

The second one allows you to get a smoother data, it is recommended to use
N = 10. Current given is an value diof the current averaged on 10 voltage steps.

e
d

Ewe

€« >

Step duration (dt)

TIP:
The dE (step voltage) is dependent on potential resolution which is dependent
on the Erange. So to get an optimized CV, Erange has to be as narrow as
possible.

For information, the actual step duration (dt) and voltage step (dE) are
indicated at the bottom of the technique.



ElOL e 5- Set the CV technique

[] Tum to OCY between techniques 1

SetEye to Ej= 0000 Vows [Eop v

Scan E e with dEADE = [20.000 s
to vertex potentisl Eq = [1.000 Voows | RBef L

Reverse scan tovertex Ep = [1.000 Yoows | Ref v )
: Irange is the range of expected current.

Bepeat ng = [0 time(s) . .
It is possible to set autorange.
Measure <> over the last [50 % of the step duration
Becard <[> averagedaver M = [0 valtage steps
ERange= |-25v.25V v|[.] TIP:
|Fange= | Ao 3 For high scan rate. It is recommended to set a fixed
Bandwidth = | 7 3 Irange because the Irange shift duration may be no

more negligible.

[v] Endscanto Ef = |0.000 Wowi Foo W

[dEAdt ~ 100 pt # 5.0 mz)
[dEM 1.0 m/]
[4000 paintz per cpcle)

Getting Started: CV



ElOL e 5- Set the CV technique

[] Tum to OCY between techniques 1

SetEye to Ej= 0000 Vows [Eop v

Scan E e with dEADE = [20.000 s
to vertex potentisl Eq = [1.000 Woowi | Ref

e Etany 00 R e « defines the stability/speed of the
e instrument. Set fast bandwidth for high scan
rate above 200 mV/s. Bd 7 for VMP3 family

Measure <> over the last [50 % of the step duration

Record <I> averagedover M= 10 wvoltage steps .
- 0 and Bd 9 for SP-300 family.
ange = | .2 5% 2 By “ . .
et = JAY (See manuals and application notes for more
Longe - Auto ~ information on the bandwidths).
Bandwidth = | 7 W
) Eatmn 1 R — v e NOTE:
w| Endscanto Ef= |0 vs [Eoc | W . .
the bandwidth of the VMP3 family and the
oy oo bandwidth of SP-300 family are not
[4000 paintz per cpcle)

identical. Bandwidth 7 of VMP3 is different
from the bandwidth 7 of the
SP-300.

Getting Started: CV



Ejﬁ!:s?umgeff 6- Start the experiment

EC-Lab V10.21 - [SP-240 - virtual, channel 1 - experiment: <no name> - technique: Cyclic Voltammetry]
Experiment Edit Yiew Graph Analysis Tools Config Windows Help - & x

e Click on | button to check if the = csw 77

. Devices [ Tunto OCV betweentechriques ] e I R | - @ E s v
settlngs are accepted PR ‘ e
& SP:240 - virtual
» VSP-I00 - 239 ScanEye with dE/dU= 000D miV/s
. to vertex potential E1 = [1.000 V ve R v
® Some warning messages may come up. . tovn B2 [55—¥ vs [ 3
] e —
EC'Lab &| Experiment Messze <I> overthe last [55 % of the step duralion
— Advanced Setlings Becod <) averagedover N= [10 voltage steps
Cell Charactesistics: ERsngs= |-25v.25v ~|[2]
9 Accept the modifications for channel 1 7 Fesattin= 100V
‘\-‘/ IRange = | Auto -
. L hacd Bandwidth= |7 v
TEEhr‘llque LCY *
V) Endscanto Eg= [Goo0 V. e [Eoc v
Ewe, [ filtering : 50 kHz ‘ il 1 -
Grounded i
Electrode connection : standard :I (ARG s pacrch]
Safety Limits @ none
b
I Yes l l o I
[]Do not show this message again
e« Click on the P button to start the
experiment.
Status Reduction ‘ Time D0BS7 | Ewe rllﬁ'ﬂm\«’l | 0031 A ‘ Bufer 13 ‘ Eoc 0.295m/ | 0ge 1 | P 100m4 | 6 | | Range cyecle
Ol ot JEEERIINY Wodity mode | ! 0.0 b

. It is possible to stop, pause, go to next sequence, go to next technique by clicking on the

buttons - I
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b ¥10.23 - [VMP3

Experiment Edit Wiew Graph  Analysis Tools Config  Windows

Help

‘BEEE [1]2 2 4 5 5 7 8 8 10 11 12 13 14 15

L, channel 1 - experimen:

Devices Turn to OCY between techniques 11
i . | SetEyeto Ej= OO0 ¥ vs [Eoc v
@ VMP3 - vintual
ScanE e with dEAdt = 20000 m¥'és
ta vertex potential Eq = [1.000 Voowvs | Ref
Beverse scan to vetes E2 = [.1.000 Yoowvs | Ref
Bepeat ng = [0 tirnelz]
Experiment Measure <I> over the last (5 % of the step duration
Advanced Settings Becord <> averaged aver M = 10 voltage steps

Cell Characteristics ERange= |-25Y:26Y
Beasatsin = TR al

| Range = | Auto w

v [
Parameters Settings

g = =3 Bandwidth = | 5 - medium |+

| [#] Endscante Ef= [0.000 Vo ovs |Eoc (v

(dE /dt~ 100 u¥ / 5.0 ms)
(dEN ~ 1.0 mV)
(4000 points per cpcle]

Status . ‘ Time | Ewe . | | | Buffer | Eoc .

(g ofiinc_ JCTTERIN=] Hodity mode |

Example of resulting data

<no name> - technique: Cyclic Yoltammetry]

EJES

0.00002
0000015+
0.00001

00000035~

-0.000005

<1=/A

-0.00001

-0.000015 +

-0.00002+

-0.000025

-0.00003 4

{ﬁ'

| ws. Ewe -

CV platinum 10 eyeles.mpr

— <l vs. Ewe

Default plot:
| vs E plot.

E vs | plot is also available

| 040

]

559,433

K

0s
EwelV vs. SCE

| Range cle .

Ob/s




Elol i Few additional tips

Insert Techniques
BYEE Electochenical T echniues

(= Valtamperometric Techniques
& Impedance Spectioscopy

* Ohmic drop can be compensated. b= Hlitig
For this, used one of the techniques available in the e oo

Manual IR compensation - MIR
v IR compensation [PEIS) - ZIR

« Ohmic Drop determination » folder. Do

[{3 Batteries Testing

{7 Photovaltaic/Fuel Cells
Iz Comasion

{= Custom Applications
= Special Applications

Insert Technique Load from default Custam Applications
Adyanced setting [ Esternal devices

Cel characterisics

* Troubleshooting.

In some case, when the compliance is not wide enough .
Compliance needed can be checked by selecting Ece
measurement in the « Cell characteristics ».

x control vs. time x Ewe vs. time #

The compliance can be adjusted in the « advanced settings » 0.6
only available for VMP3 family 051
Recaord Compliance w
[#] Ecetv WE/CA? Modify on disconnected cells only | 8 0.41
] Paw refl EWET Ewe from -100Y | J 1y P
Ei:::g;:: ;ﬁ REfet2 Ecel l‘ Ecefrom 10V | J oy ; 0.3
Record external devices on Analog (M ref3 g
CE/CA1 o 0.2
. . . . . O'l
It is easy to diagnose this kind of trouble by plotting the >
Econtrol (ramp of potential applied by the potential)and Ewe 0

(measure dpotential) vs time. Ewe has to follow the control. If 400 6t?r?1e/s 800
not, compliance or cell geometry has to be modified.
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