w

o o

Biologic Quick Manual

Linking work station with PC via cable
Turn on the power by pressing the power button on the back of the work station

©

’
Double click the shortcut to open software
You will see

BEB | [ 123 4

o e
Desices
+-2@ cpemimert lpased on cuant charrel
» V5P USED Torcreae an exparimane.pleas siect a0 of he okowing
Experinent
Safeysny, Setings
Coll Chascsisics
Evimnal Devices -
14
Parameters Seltings 1 2 3: 4 5
.
+ = tech
,,,,, User Hiame
g o= User rame
- [
;ME:: A Show vindow i staihp
e Coreed
cernct
e
] Shew window s Cl
Stahis Tine Eve | | e Eoc | o4 | 15oree
vr [N ooz | gl Ve | 65 8 Feminoe [ [00 o
n L Type here to search (=] Temps to plummet  ~ dy

The user name pop up will disappear by itself, or you can click ok to continue

Click Close for the global view popup
2

12 2z 3z 47 52
user

tech

status

sriplifier

Show window at startup Close

Connect device by clicking this button after hearing the device beep three times,
it will take a few seconds to connect, After the device is successfully connected,



you will see the red circle in front of VSP-US80 turn green.

- SP - USRD, channel 2 - no experiment

Devices
+ = 1 i iy No experiment loaded on curent channel.
..... @ VSP -USBO To create an experiment, please select one of the following

actions
T New

a
m Load Settings
@ New Stack
m Load Stack Settings
Experiment
Salety/Ady. Settings
Cell Characteristics
Exteral Devices
Parameters Settings

F = & T =0




Cyclic Voltammetry (CV)

Click new to start an experiment or loading setting if you have one, or click i

under Parameters Setting
VSP - USBO, channel 2 - no experiment E]

Devices
+ - RO i No expegnent loaded on current channel.
- VSP - USBO To crea;Ian experiment, please select one of the following
actions
Experiment

Safety/Adv. Settings
Cell Characteristics
Extemal Devices

Parameters Settings

dp <

Select Voltamperometric Techniques under Electrochemical Techniques

x

Insert Techniques

~ = Electiochemical Techniques Y
v @ “oltamperometric Technigues
" Dpen Cirevit Voltage - D0V
Specisl Open Circuit Valtags - SOCY
> Cyolic Voltammetry - O
< Cyelic Volammety Advanced - CWa
" Linear Sweep Voltammetry - LSY
L.l Chranoamperametty / Chronocaulamety - T4,
L Chionopotentiomety - CP
~ow Slaircase Yoltammetry - 54
e Large Amplitude Sinusoidal Voltammetry - LASY
o AT Vokammetry - ACY
“1l Levich plat
g Pulsed Techniques
Technique Builder
e Manual Contol
{5 Ohmic Dirap Determination \
% Bipotentiostat
~ = Electiochemical Applications
{Z) Batteries Testing
(g Supercapacitar
g Photovolaic/Fuel Cells
g Corasion
{7 Custom Applications
Insert Technique Load from default Custom Applications
Before [ sdvanced setting Extemnal devices
Alter Cell characteristics

Select Cyclic Voltammetry — CV and press OK

FRiename Add Femove Stack OK. Cancel




Insert Techniques

w = Electrochemical Techniques
w |zm Woltamperometic Techniques
----- Open Circuit Yoltage - OCV
----- Special Open Circult Voltage - SOCY
----- = Cpclic Voltammetry - CW
----- == LCyclic Voltarmmetry Advanced - Cyib
=" Lingar Sweep Yaltammmetry - L5Y
----- T Chronoamperometry # Chronocoulametny - Cé
----- I Chronopotentiometry - CP
----- <= Staircaze Volammetry - 5
----- " Large Amplitude Sinusoidal Yaoltammetny - LASY
----- A Yalkammetny - ACY
----- 'mﬁ Lewich plat
e Pulsed Techniques
- Technigue Builder
A5y Manual Control
A5g Bhmic Drop Determination
1 Bipotentioztat
+ |~ Electrochemical Applications
L[Q Batteries Testing
Ao Supercapacitor
log Photovoltaic/Fuel Cells
k¢ Cormosion
-7 Custom Applications

Inzert Technique Load from default

Before Advanced zetting External devices

After Cell characternistice

4. Now you are able to define the parameters you want (Such as start potential (Ei),

Cuztom Applications

Fename Add

Femowe Stack

]
cyde

Ez

Cyclic voltarmmety [CV] iz the most widely used technique for
acquiing qualitative informations about electrochemical reactions.
CY provides informations on redox processes, heterogeneaus
electron-transfer reactions and adsorption processzes. It offers a
rapid location of redox potential of the electroactive species.

CY congists of scanning linearly the potential of a stationary working
electrode uzing a tiangular potential waveform. During the potential
zweep, the potentiostat measures the current resulting from
electrochemical reactions [consecutive ta the applied patential).
The cyclic voltarmmogram is a current response ag a funchion of the
applied potential.

Cancel

scan rate (dE/dt), potential range (E1 and E2), and repeat time (nc)).




VSP - USBO, channel 2 - experiment: <no name> - technique: Cyclic Voltammetry

Devices
4 = T
-~ V5P - USBO

Experiment

Safety/édy. Settings
Cell Characteristics
External Devices
Parameters Settings

- =0
1-0

After you entered the designated parameters, click

start testing.

Turr bo OCY bebwean techniques 1

:

SetE e to E;= |0.000 Y ws  Eoo ~

ScanE e with dEAE = [20.000 mifs v

to wertex potential E.I = [{1.000 W wsz  Hef w
Measure <> over the last |50 % of the step duration

Record <> averaged over N = 10 voltage stepz [~ 1.0 mY)

E Range = | .25y 25Y hd

Sevkaiy = FAT

| Range = | Auto e Bandwidth = | 5 - medium  ~
Beverse scan towards vertex potential E2 = [1.000 Woows | Ref v

4' 1 [4000 paints per cycle)

Hepeatnc= 0 time(s) |
+

Bieverse scan towards E[ = [0.000 W ows  Eoc ~

+
End

4

on the left lower part to



6. You can have more freedom to input if you select cyclic voltammetry advanced

WSP - USBO, channel 2 - experiment: <no name> - technique: Cyclic Voltammetry Advanced EI@
Devices ] Tum to DCY between techniques 1
g - @ i} ¢
..... L WSP - USED SetE e to Ej = [0.000 Y ws | Eoc ~
Hold Ej for by = |0 h o mn [10.0000 s and record every dt; = 1.0000 s
I
Scank e with dEADE = [100.000 il s | to vertex potential Eq = [1.000 W wvs. | Ref | [ (dEAdE~100pY A1
Hold Eq forty = |0 h o mn |0.0000 s and record every diy= 01000 s (dEN = 1.0mit)
Measure <I> over the last |50 % of the step duration, record <|> averaged over N = [10 voltage steps
. ERange=|-25Y: 25V ~ || ... |Range= Auto ~ | . Bandwidth= 5-medium
Experiment
Savabsiv = Kl
Safetp/tdy. Settings -
. Beverse scan towards vertex potential E2 = [1.000 Wows Ref e
Cell Characteristics
Hold Eg forta = |0 h o mn o 00000 s and record every dip= (01000 s
External Devices 3
Repeatn.= |0 time(s] record the first cycle and every n. = |1 cyclels) ]7
Parameters Settings i I ! (4000 points per cycle)
E = Reverse scan towards E[ = |0.000 W vz Eoc w Reverse
1OV Hold Eg for ke = |0 h o mn 00000 s and record every dp = 01000 s
""" : Force E1 /E2
+ next line [Ms+1)
Hald E
N 40 b W
Ns Ei (V) v, ti (him:s) dti () dE/dt dE/dt unit E1{V) v, t1 (him:s) dt1(s)
0 0.000 Eoc 0:00:10,0000 1.0000 100.000 mV/s 1.000 Ref 0:00:0.0000 0.1000
£ >




Chronopotentiometry (CP)

under Parameters Setting
VSP - USBD, channel 2 - no expenment

Devices
+ - E D ! MHoe
5 VSP - USEO Tocre
achons |
| Hew
o Lo Satinas
m Hew Stack
™ 4 Gtack
Experiment
Salety/Ady. Settings
Cell Charactesistics
Exteinal Devices

Parameters Settings

+ -

loaded on cunent channel
expenment, please select one of the followang

1. Click new to start an experiment or loading setting if you have one, or click i

oy =~

2. Select Chronopotentiaometry — CP, and click ok

Insert Techniques X
w @ Yaltamperometric Techniques A
Open Circuit WYoltage - OCW
Special Open Circuit Voltage - SOCY Mz M+l
~* CyolicVYoltammetry - W | LAl
i CyclicYoltammetry Advanced - CWA, pe” s
-~ Linear Sweep Yoltammetry - LSY [ *\‘ISI
--IL Chronoamperometry / Chronocoulometry - C&
--IL Chronopotentiomnetry - CP Ol
i > Staircaze Voltammetry - S oc
- Large Amplitude Sinusoidal Valtammetry - LASY t
e AL Valtarmetry - ACY
"ﬁz Levich plot . . .
7 Pulsed Techniques The Ehr_nnnpntenhnmetry iz a cnntr_nllgd current technique _The
Technique Builder current is c:o_ntlolled and the potent_lal iz the wariable t:!ete_mjmed aza
. function of time. The chronopotentiometry technique is similar to the
@ Manual Control Chronoamperometry / Chronocoulometiy technique, potential steps
A Ohmic Drop Determination being replaced by current steps. The constant current is applied
@3’ Bipatentiostat bet_ween the working and the counter electrode. )
v = Electrochemical Applications _Thls tgchnlque can be_use_d fiar dlffgrgnt k\nl_:l of analysis or to
. R investigate electrode kinetics. But, it is considered less sensitive
*{@ Batteries Testing than voltammetric techriques for analytical uses. Generally, the
Aoy Supercapacitor curves Ewe = f[t] contains plateaus that corespond ta the redox
ﬁ Photovaoltaic/Fuel Cells potertial of electraactive species.
@ Corrosion
Acgfr Custom Applications
v
Inzert Techhique Load from default Custamn Applications
Befare Advanced setting External devices
After Cell characteristics Renarne Add Remaove Stack Cancel




Enter the parameters you want and click 4 in the left lower part

V5P - USBD, channel 2 - experiment: <ne name> - technique: Chronopotentiometry

Devices

+ = T il
-~ WSP - JSEO

E zperiment

Salety/Ady. Settings
Cell Characteristics
Extemal Devices

Parameters Settings

- =0
1-CP

Turm to OCY bebween techniques 1

toN_orN_.
L3

Apply | = 150.000 ph v we <Moner v
for t.= |0 h o mn foooon s

Limit E e to Epy = |pass Woand 101 to ARy, = [135.8239 nih
Ve dEs = 1.0 m and every dls= 01000 3
E Range=|-25%:;25% ~ 100 pay R

Sk = J
Bandwidth =

Becord | Ewe

| range =

8- medium

»~

1

Next sequence, ar
Goto sequence Ns. = o . far n.= o times] o End
5"

!

Ne 40 » % T ]

Ms Is unit Is VS, ts (h:m:s) EM (V) dgm unit dQm
] R0.000 pA <Mone > 0:00:10,0000 pass 138.889 nA.h
£

record
Ewe

dEs (mV)
100

dts (s)
(0.1000

>




Click new to start an experiment or loading setting if you have one, or click i

under Parameters Setting

V5P - USBO, channel 2 - no expeniment

Parameters Seltings

& =

Devices
& = % M & Mo ex loaded on cunent channel
5 WSP - USED To cre. experiment, phease select one of the folowng
actions ”
o)
m .
m Me
a
Enperiment
Salety/ady. Settings
Cel Characteristics
Extesnal Devices

=== |

Select Chronoamperometry / Chronocoulometry (CA), and click ok

Insert Techniques *
w = Electrochemical Techniques - £ P
v @ Yaltamperometric Techniques i Mz Mz+1 Mz+2
Open Circuit Vaolkage - OCY c £ i
Special Open Circuit Valage - SOCY pe B
g Cyclic Woltammetry - Ty Eoc?“‘E i AE
~ Cyelic Waltammety Advanced - Ty !
" Linear Sweep Voltammetry - LSV AE; E
~-IL Chronoarmperametry ¢ Chronocoulometry - Cé
I Chronopatentiometry - CP oc
-~ Shaircase Voltammetry - SY t
-~ Large Amplitude Sinusoidal VYoltammetry - LASY
- AT W oltammetry - ACY
",% Lewich plot The basis of the controlled-potential techniques isthe
- measurement af the current response ta an applied patential
b Impedance Spectroscopy step
g Pulsed Techniques Chronoamperametry involves stepping the patential of the
Technique Builder working electrade from an initial patential, at which [generally] na
{55 Manual Cortrol faradic reaction ocours, to a potential Ei at which the faradic
ﬁ Ohrmic Drop Determination reaction accurs. The current-time response reflects the change
= in the concentration _gradlent in the vicinity Df_ the surh_ace._
E ke Bipotentinstat Chronoamperometry is often used for measuring the diffusion
w {— Electrochemical Applications coefficient of electraactive species or the surface area of the
@ B atteries Testing wo:jking’ e}ectroge. Thiz techniquehcar_ﬂ alzo be applied to the
= ; tudy of electrode processes mechaisme.
|l Supercapacitor 8
- R An altemative and very useful mode for recording the
w PhUlU‘_'U"a'C'JF“EI Cells elechochernical response is to intedrate the curent. so that one
=i Carrasion ¥ || Ahtaing the charne nassed as & unction af e This iz the
Ingert Technique Load from default Custom &Applications
Befare Advanced setting External devices
After Cell characteristics et il IR Stack Cancel




3. You can set the parameters you want to like Ei and ti.

) EC-Lab V1131

Experiment Edit View Graph Analysic Tools Config Windows Help
e~ I 12 3 4 5

VSP - USBD, channel 1 - experiment: <na name> - technique: Chronoamperometry / Chronocoulometry [ -= ][]
Devices [ Tumn to OCY between techniques 1

o= g e l to Ny M.

------ 2 WSP - USBO

Aoy E;= 0350 ¥ows [Ref v o = h 0w fo0000 s
1 = |pass mé
Limi | to | man and 1201 < AQy = 0000 mAh v
o Nael Imin = [Pass mé

on limit

Becord ||~ every dIl = [5000 w4 v dQ = [0.000 mih | anddt= (00000 s

ERange=|-25v: 25 ~ | Rangs = Auta ~ Bandwidth= |5 - medum

Experiment Fevatitn = I

Safety/ady. Settings

Cell Characteristics

Mert sequence, o
Goto sequence Mg, = i forng= [T timels) End
N, =3333
Extemal Divices

1]

Parameters Settings

& = =
1-CA

Ne dfo » 5 OH ]

Ns Ei (V) vs. 1i (h:m:s) Imax unit Imax Imin unit Imin dQM unit dQM record
] 0.350 Ref 0:00:10.0000 pass mA pass mA 0.000 mA.h I
< >
Status  Stopped ‘ Time D.0DD0s | Ewe -2338mW | | oA | Buifer 0 | Eoc 233w/ | D80 DAh | IRange open Ns D v
VEP [m. USB | Chermell | Ampifier hone | Ei5  OF [CENETESTY 2 0.0 16,972 b/s
Ns 0 » %8 B ]
Ns Ei (V) Vs, ti (h:m:s) Imax unit Imax Imin unit Imin dQm unit dQM record
0 0.350 Ref 0:00:10.0000 pass mA pass mA 0.000 mA.h I
< > to

add more steps if you want to do so, set Ei = 0 vs. Eoc if you want to rest. Click
# means deleting this step.

5. Click P in the left lower part to start



1. First thing of all, only channel 1 is capable for EIS measurement!

(] s o4 s

W |

2. Click new to start an experiment or loading setting if you have one, or click i

under Parameters Setting fly out
V5P - USBO, channel 2 - no expeniment
Devices
+-%0
» VSP - USBO

loaded on cunent channel
expenment, please select one of the follwng

Experiment
Salety/Adv, Seitings
Cell Characteristics
Extesnal Devices
Parameters Seltings

& =

== Fom

3. Select potentio electrochemical impedance spectroscopy-PEIS

Insert Techniques

x

v = Electiochemical Techniques
{Ez Voltamperomatiic Techniques
4ot Impedance Spectroscopy
v Galvano Electiochemical Impedance Spectioscopy - GEIS
v Polentio Electrochemical Impedance Spectroscopy - PEIS
v Staircase Gakvano Electrochemical Impedance Spectroscopy - SGEIS
v Staiicase Potentio Elechiochemical Impedance Spectioscopy [Matt-Schattky] - SPE]
H v Patentio Electrachemical Impedance Spectroscopy Wait - PEISW
G Pulsed Techniques
Technique Builder
A5y Manual Contral
-5 Obmic Drap Determination
&% Bipotentinstat
~ {=4 Electiochemical Applications
{Z) Batteries Testing
A Supercapacitor
-icg Photovoltaic/Fuel Cells

~ izl Canosion

Ecorm vs. Time - EVT
" Lingar Polarization Resistance [A5TM-G5I)
" Tatel Flot - TP
el Comosimety (Rp vs. Time] - C

i/ Cuclic Polarization - CPal
< >

Load from default
Advanced setting
Cell characteristics

Insert Technique Custom Applicalions

Befors Enternal devices

Alter Fiename Add

PEIS experiment perfarms impedance measurements inta
potentiostatic made in applying & sinus around a DC patential E that
can be set to afived value or relatively to the cell equilibrium
potential.

For very capacitive of low impedance electiochemical systems, the
potential amplitude can lead to a curent owverflow that can stop the
expenment in order to protect the unit from overheating, Using GEIS
instead of PEIS can avoid this incorwenient situation,

Moreaver, during cormosion experiment, a patential shift of the
electiochemical system can ocour. PEIS techrique can lead to
impedance measurements far from the corosion potential while
GEIS can be performed at a zero cument

Femove Stack

Cancel

4. Enter the parameters you want and click




Begin
4

Excitation signal mode | Single sine ~

i

EE‘NEtD E = [0o00n W ows  Eoc w forlE= i} h |0 mh |0.000 3

[ recard every dl = |0.000 md ~ and db = |0.000 H

L«

Scan from = 1200000 |kHz | to o= 100000  mHz D

with Nd =[F  points |perdecade | in | Logaithmic | spacing
with a ginuz amplitude Va = W iy [(Vrms ™ 707 mv)

wait for P, = W period before each frequency measurement

average Mg [z measure(s) per frequency

[ drift comection

Limits ~ aF =

E Range = |10V 10% ~| ... |Range= &uto w

St = A8 IEw
Bandwidth = | 5 - medium

I
.

[ Repeat n.= ] tirnefz] }
1

Mext sequence, or

Goto sequence Ns. = lg— , far n=0 time(s]

14
[ increment cycle number M. =5533 End
+
to hext sequence
sd4p »E = )
s Mode E (V) WS, tE (hi:m:s) record dI unit dI dt () fi unit fi
Sikgle sine  0.0000 Eoc 0:00:0.0000 O 0.000 mA 0.000 200.000 kHz



1. Click new to start an experiment or loading setting if you have one, or click

* under Parameters Setting fly out

V5P - USB0, channel 2 - no experiment

Fy

Parameters Seltings

-3

Devices
& = % M & Mo ex loaded on cunent channel
5 WSP - USED To chen experiment, phease select one of the folowng
actions ”
a
a
at
a
Enperiment
Salety/Adv. Settings
Cel Characteristics
Extesnal Devices

=== |

2. Select galvanostatic cycling with potential limitation — GCPL and click ok

Insert Techniques

Bipotentiostat

trach 1 Annlicat

v 5 Eb
v.L[g

Batteries Testing
Battery Capacity Determination - BCD

Galvanostatic Cycling with Potential Limitation - GCPL

Galvanaostatic Cycling with Potential Limitation 2 -
Galvanaostatic Cycling with Potential Limitation 3 -
Galvanostatic Cycling with Potential Limitation 4 -
Galvanaostatic Cycling with Potential Limitation 5 -
Galvanaostatic Cycling with Potential Limitation & -
Galvanaostatic Cycling with Potential Limitation 7 -

GCPL2
GCPL3
GCPL4
GLCPLS
GCPLE
GCPL?

Special Galvanostatic Cycling 'with Potential Limitation - SGCPL
Potentiodynamic Cycling with Galvanostatic Acceleration - PCGA

Modulo Bat - MEB

Coulombic Efficiency Determination - CED
Constant Load Dizcharge - CLD

Constant Power - TP

Alternate Pulse Galvano Cycling - APGC
Potentio Profile Importation - PRI

=g Galvano Profile Importation - GPI
Resistance Profile Importation - AP

=g Power Profile Importation - PP

<> Cyclic Voltammetry - CV

Thiz technique comresponds to battery cpcling under
galvanostatic mode [eszentially]. The curent iz imposed but
zome patential limitations are possible for both charge and
dizcharge. At the user's convenience the potential limitations
can lead to different options. The experiment can skip to an
open circuit potential period or to the next impozed current
zequence. The experiment can switch from imposed curment
mode to impozed potential mode by maintaining for a given time
the patential of the working electrode at the limit potential, once
it iz reached. Thiz technique can be uzed for galvanostatic
intermittent titration techniques [GITT]. GITT measurements
congist in applying successive current value [the same for all the
expeniment] and open circuit period with relatively short duration.

- Supercapacitor This technique is used in charge and then in discharge mode
Inzert Technique Load from default Custom Applications
Before Advanced setting External devices
After Cell characteristics Rename Add Remave Stack - Cancel

3. You will see



Devices
+ = T = e
2 WSP - USEOD

Experiment
Safetylidy. Settings
Cell Characteristics
Extemnal Devices
Parameters Settings

- =3

< 1-GCPL

Tum to OCY between techniques 1

X

toN_.
-

Set |I

to ls= [0000  |md
for at most 4= [~ hfo on[ooooo s

with | Range = 4 4 and Bandwidth = 5 - medium

Becord E e svery dEq= [0 mY and at least every dt, = [fooon s
LimitE e < Eyy = 0000 v

and stand for by = 0 h[l wefl0000 &

vs. | <Moner

oruntill< = 0000 md
with E Range = 0%/ 5%
Record AQ every d@ = [0000 A&
Limit [A0] to AGy, = 0000 mah

o |difdt < diAdt; = 0000 md/s

| Ramtasive = JRT

h

and at least every dlq= j0.000 0 B
<=> Axy, = [0.000

+

turn to Rest For IH =0 h 0 mn 10,0000 g
or until |dE ., /di < dE p/dt = j0.0 i Jh
Becord E e every dEH = 00 m and at least every le= n.0000 B

[F\=D

or

1aQl> Al

+
[ TestE e > EL= pass W } o,
» I

Mewt sequence, or
Goto sequence N, = [ Lforn =0
+

time(s)

N,.=9333

Ne dfo » %E 5]

End

M Set1jC Iz unitIs
0 I 0.000 mA

1 I 130.000 mA

2 L -130.000 mA
<

WS, N

<None > 1.00
<None > 1.00
<None> 100

I sign
=0
=0
>0

t1 (him:

10:00:0
10:00:0

0:00:0.0000 1A 5

g) IRange Bandwidth  dE1 (mV)
0.00
0.00

0.00

0000 1A 5
.0000 1A 5

In Ns = 0, you will set the rest time as shown in the above picture

In Ns = 1, click blue arrow in Ms 40 »  or the region to active the
window, here you will set the parameters for first step charge or discharge.
Use positive current values (Is) of current for charge and negative Is
values for discharge. Set the parameters you want such as current value,
cut-off voltage, hold at cut-off voltage time, record time, etc

In Ns = 2, you can set the next step charge or discharge. In the case of
charge first, you will set Ns = 2 in discharge mode by input negative Is
value. Change the parameters accordingly such as discharge cut-off
voltage or so.

Click

!

Ns 40 p E W 18]

Ns Ei (V) VS, ti (h:m:s) Imax unit Imax Imin
0 0.350 Ref 0:00:10.0000 pass mA pass
<

unit Imin
mA

dom
0.000

unit dQM record
mA.h I

to add more steps if you want.



8. After you set up all the parameters you want, click to start
9. You can play with more freedom in GCPL2/3/4...

For any questions, feel free to contact Jiagi Wang (jiagi.wang@anl.gov).

HAVE FUN!



