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1.

2.

=iy
7 AL 2 TAE S (Zahner-Zennium pro) bR AEERVE AR, LB IERG . BV A .
& Bl

AR FH T A 8 sk 5% T AR ik (Zahner-Zennium pro) ) H 7

3t
BLBRIFAN G PR IEARE P AR, RIS B G DL SE g0 R 53
3.2 LI E ARG W IRIRAE N R R BRI, LA ST AT A

MREMR I = REEEMTE

4.1 PRI AT R BE I 1 S 56 = 1 9% T 2 i T R AR R

4.2 S = JEAE A By B SUEIE A AR W, BT SRIR N RN 1R as R S RS

BIEAE .

4.3 PPEER T BT T ZEME EFREIR Y. SRS BRI
HRLBE AR

4.4 S NORSF R, , AR IEAEA U S S SEI AR SR i BE N SR . PR AR AE
KIS EHE A SHN. PRSI SR

4.5 LB ENAFTR 2 WG IRIBNIARZE . ARl S B I o

4.6 SLR = NIRRT e, A AGGTERE, REFIIANR, AM3EA EHLE
s e B, SERBA RS, EHANKIK S BT

4.7 AFH SRR 2 S g = oK R R IFHR S T, DA U . Bahilis
5 5y NI B IAF Al e NS D FLIE 3%

4.8 SIS I R P AR A AN B8 S R BB 2B S IR OL R BN [ S e R
Biste AETE B ACEE . I ERAES AR, LB ATV EIE RIS T E AL
T o

4.9 FORHFF S = NI BGIR R R, IRFFSCIR T8 %M. SEIRAE A m, SLaR A B
WARATIE Y. WA BEITEmEAN TR AEK. B TTES%.

5. MEEMIA KR FETEME
AR AR BB 5 2 3R B 7R R AR AR 5045 SEAT B B AR AN £
RN G EEL AR BRI BRI, T AN BT e B
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TEIBUAEHT s AR A PG Dl O S B s JRAE ORISR A T R (RIS, T g 4k 2 78

HAL S AR R I % G 5 B 3 BRI A 77 200 R R R A
HORE ) CAnBEAR A, IR UK 4EE T

RWNBIN . AT SR R IR, B I 25 LR A A P R B i B2 L R AR A R
R AR E R A B H 4%

FIIEH G AR 724 AN A TR, ARGENA A B S TR RN, &
i AN 2 XSl B2 T TRLIMLIN o 7 20 52 WL IS R ER SR AS s, BEATSKEG . SO TR I 45 24
FESHALRA FEAL, AR Sl AR .

B S LR, KIS LG ERAP. T3 IO A A S
i

AL A LRI 6 AR SR B G BOR N R SCRr U, SRAGAH B A
R, MEREHNXES XN FE TUHH, 2HH TS0
https://iscps.westlake.edu.cn/info/1129/1462.htm . 15 F B A6 A FLSLI6T & B4 2% B 4% A
RIZFFRFELESG, 140 R & Ihpt@westlake.edu.cn.

6. EHRAK
6. 1. (AR

AR o A il e A LA BN A2 ] RGN B o AL . TR . EIS
potentiostatic. EIS galvanostatic. EIS pseudo-galvanostatic. EIS potentiostatic at (drifting)
OCP. Current \Voltage Curves (Steady State). Current \Voltage Curves (Fixed Sampling).
Current Voltage Curves (Dynamic Scan). CV - Cyclic Voltammetry. Open Circuit Potential .
General Polarization. Chrono Amperometry. Chrono Potentiometry. Chrono Coulometry.
Linear Sweep Voltammetry. Polarization + OCV. Universal Current/\oltage/Time. Capacity

vs. Voltage. EIS vs. Parameter. Battery Cycling. Capcycling %% .

WERSCHE, 2B R ITED. BB


https://iscps.westlake.edu.cn/info/1129/1462.htm
mailto:请及时反馈至平台lhpt@westlake.edu.cn

B 1L % T {4 Zahner-Zennium pro ¥R ERITE V11 FIW, H24m

K 6-1
6.2. EALETIEUERIERRE
(1) FF RS R TT5%
HR: TR RN TS TR, FEAEEEMNRAES.

K 6-2

ALES MT

(2) FEHiN k- '5$“'~B
P /N IR LE IR .

() U TIATERG, NN E S, 7E Zahner Online Display & [+ S &
7 B L FOIR S S5 AE

PR, ST E, BREWR)E, RIEF-ZM

WERSCHE, 2B R ITED. BB
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Emmﬁpﬁy Eﬁﬂl“ H ThalesxT5.3.0 USB - O X
. :'J' = — % = .Sl.!lu = Elecirochemical Impedance Speciroscopy
2 B T T ~ frequency sweep
S AR =l L Pararneter Value n’a ’esx ’ T e e
5 A . A
ﬁ = % A fax Cell voltage 0,000 ¥ .
Projects
ell current 5042 nA m _I
Patentiostat an Applications Parameter Value "
Al Applicati -] |lower frequency limit [Hz] 10
Set voltage 0000 |All Appications -l
L Techniques start frequency [H] 100
I [AllTechniques j upper frequency limit [Hz] 10K
— : : . Methods steps per decade (fmin) 5
Dimensions jjgnfsiues g Uk Confrol Potentiostat ~ |steps per decade (-66 Hz) |10
EIS potentiostatic ;
‘_;Q] ﬁ ii E frequency 43197 Ha EIS galvanostatic measure periods (fmin) 4
. EIS pseudo-galvanostatic riods (>66 Hz! 20
#  # 3 impedence 54839 f EIS potentiostatic at (drifing) OCP periods ( )
. Current Voltage Curves (Steady State) Ifrequency scan strategy single sine v
- i — phase [ grad 026742404 Current Voltage Curves (Fixed Sampling | ——
ﬁ :i a7 3 Current Voltage Curves (Dynamic Scan)  ([feduency sweep direction |up down "l
Impedance’ S4E9.8402 0 GV - Cyclic Voltammetry Potentiostat off v
Open Circuit Potential v .
Impedance” 2562631 0 NP ~ntankal RN nevn
Start Classic Mode | Last Result | Analysis |
phase [ rad 0000455743 rad
| \ |
time 3248 5
significance 1
voltage -2 21827e-05 W ol

Bode
Myquist

IVE Characteristic
Cyclic Voltammetry
Photocurrent Spectium

[omn [ ass ][ osew

K 6-3
(4) EFDARE S o ER BRI 2 TAE M (WE power, 2) . TAEZLHK (WE
sense, %)  SLHM (RE, 2¢) . XJHAMK (CE, 40) . [FIWE POT f8/xRIT &5 A
R,

K 6-4

XTI RMRIA R, TAERMN (WE power, [B) M TLIEZHHE (WEsense, #i) #2
EH, Xt (CE, 40) FIsthiitlk (RE, &%) b, AR MR &M IEHR ] 7
o

VERG: it G B RS R AR, R A NS e 2 B PR R T P S

WERSCE, W IR R FTED. B
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WIRENOARETTEF L o TS EIRAE AT AR — DM, R BT
(5) FEERRIARRT, 4ot Methods H' Control Potentiostat % &, 57 Classic Mode i
NG J5, #64% check cell connections.

HE: MREHES BB R L, RO SR I R R S ARE (— K 1s ;Y
BANFEREAE 10mV AN, Gn s REShEHEZE L+ mV, ATRERAE RS AR T E, Ffr
PR RRE JE AR W SR B KT 100mV, KA RE SR TS Bk, A Hfh i @, 15Ek
KU EH AT

Connected Probe £+ Main Pot Hf: 24 Controlled Voltage W& A 5V K, XM
Compliance Voltage J 14V; 24 Controlled Voltage ¥ & 4 15V i, %f & Compliance Voltage
N 28V. 4R G Connection Scheme, 1%&#% no ref.electrode Xt 3 J AR /A &, 24 with
ref.electrode XJ N = HLARAA &R (LN 2 R B, — AN O an STk oA B &2, Tl
AN 2 L AR

H ThalesxT5.3.0 USB

Check Cell Connections E  Check Cell Connections

E ThalesxT5.3.0 USB

ZenniumPro
3 electrodes 3 electrodes

Connected Probe:
n Foi
o i
®
a

reference electrode potential HE
elecirode

% 6-5
m AR R, REE E—g g,
(6) MRHE=LUSFE, %F% Applications. Techniques A1 Methods H %t w7 f{J 3% 33

WERSCHE, 2B R ITED. BB
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ThalesXT5.3.0 USB

frequency sweep
potentiostatic mode

Applications

Techniques

EIS galvanostatic

EIS pseudo-galvanostatic

EIS potentiostatic at (drifting) OCP
Current Voitage Curves (Steady State)
Current Voltage Curves (Fixed Sampling
Current Voltage Curves (Dynamic Scan)

K 6-6

Projects: MiH, MAT UL SHEEI] .. |, #IN—ANHRLHK, EXDNLIHRTKTE
MBS E, WRAE TR, DMET T B B .
Applications: NH, FE &N HJ7H, Ulsolar, battery, corrosion .
Techniques: MIRFA, FERAH AC ME DC 257
Methods: BT AT ARG FHE GRIUE 2, HAESE 5 & BAARR Sk mTh RED .
A: FIIRINETE, JE8 R R AR RS
B: M7 E A
C: ZHENME;
D: JTAAI B #H ;
E: BEAZ A,
Fe il 27 E— R 25 58
WHESCHE, EZIBEE R K FTED. BED
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G: FENJ T ST 44

(7) pish Start FFAEAR

PR ES, POT R ARG, MW UIZIREER S LMmlliirtm, TUES
5] R A R S AN . A IR TR W s STOP, 47 POT fR/RIT 4k 05, i
BB S HE I E
(8) Hudhs RAF AN dls Ak 2E

EEXFANF] Methods 38350, K (0 PRAF AN AL PRAFAE 22 57, EAE SR 5 HAKR DL
B
(9) KM

IR A & POT $8/nkT 2 G F ISk th, FRPRERMAAE S, KA, &)a
SR A H
6.3 AN[F] Methods HIIEE 5 E3E RAF

EIS k2> A ERIZS (EIS potentiostatic)  HLJR#E (EIS galvanostatic)  HiJE
HITE A (EIS pesudo-galvanostatic) A1 HL R LM EIS WAL (EIS
potentiostatic at (drifting) OCP) .

6.3.1 EIS potentiostatic 3 EREZ T EIS Uik

A ThalesxT5.3.0 USB - a X
pectre P
Thales X7
Projects
Standard |
Applications Parameter Value | &
[All Applications ~| llowerfrequency limit(Hz] |10l 1
Techniques start frequency [Hz] 100 2
|AIITecMiques j |upper freq y limit [Hz) 10K 3
Methods steps per decade (fmin) 5 4
Control Potentiostat ~ |steps perdecade (>66 Hz) (10 5
EIS potentiostatic | = .
EIS galvanostatic |measure periods (fmin) 4 6
EIS pseudo-galvanostatic periods (>66 Hz) |20 7
EIS potentiostatic at (drifting) OCP |
Current Voltage Curves (Steady State) \frequency scan strategy singlesine 8 v
Current Voltage Curves (Fixed Samplinc | T
Current Voltage Curves (Dynamic Scan) ~ |requency sweep direction  Jupdown Q9 v
CV - Cyclic Voltammetry n
Open Circuit Potential v | Fipnen of 10"
InA amtambialnn - linman b
‘ Start Classic Mode ‘ Last Result I Analysis
6-7

(L ZHWE

1) lower frequency limit: FMIEAC A (B EEZSH, W25 0k, &K% 10mHz)

WERSCHE, 2B R ITED. BB
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2)
3)
4)
5)
6)

7)

8)

9

start frequency: ARSI AIREAA S QAU M i 1 — 0

upper frequency limit: F8R & L GINAL Z 28, 7T 25 CHkeE, i & 8MHz)
steps per decade: AR /N T 66Hz 137, FEAEUEHK TR 55T

steps per decade (>66Hz) : AHIMF AT 66Hz [#5r, REMEER IR HEL
measurement periods: EFAFEAIZ /N T 66Hz KI5y, R CREERE S @ LA IR
RICFEERSIN, FREAR (—RADAT 10

measurement periods (>66Hz) : fEFIISIZE AT 66Hz (137, MM dREHRE A28
LA S P (B B, RS BE A G

frequency scan strategy: A FAHESEAL; 4 single sine: HL5%9% (&%) ; multi sine:
2oz CREFEUD) &M T 72 EIS MR [A)E R FRAE i U, (E FE AR A e it
FE MM Z .

frequency sweep direction: #HZFHE 77 14); up down: HIESBNEAT (EIEH) ; down
up: HERS R m Sy M .

10) Potentiostat: &7/l DC fw& L, —HillilFrig (OCP) THIZCHHBIR:, v off; 4

wHon 5, MAsERE, FaLH off, £ POT KTABLRG, A BeHRFRAEN .

11) DC potential [V]: 17520 DC fmE HLE, i AFHNAE .
12) AC amplitude [mV]: AC $hZNMEME, —FH H 5mV 20 10mV, AT S bRl i B i 15 .
(2) FHEEHE T EIS WA HO B 56, AT PAsiH start HaaMlt. 3 72 S

WERSCHE, 2B R ITED. BB
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ﬂ..‘mc—m«(\—w. = w0 | I e - eedincs Fpcaopy - — | |
“nm — V f I i st
e ot SN N S u CURRENT
] - \“--- ! \\\_ ___,/ L J,/'H
A AR 4 3 - : - -
o= s
Impedance Spectroatopy Snished! &
= BB .
phase [ gl <1 ETETH '. #&ﬁ -'r .
[ E_:‘_ F "'. s . .
Impedance™  01FM4 E1 'IIE'
phosh fasd  ATTMS d % 0 i
- S5 '§- & :
wprdumncy 059 E, "“_ @
B B U TN
= 1 3 TR e LT
VE Charseratic r [1] 10 1,001 10,000
S yasd T =
Temampiny 03 : 'QIiI" —— == S —— '
: A - I ¥ g .H C o] g W Ml et Pt
V: N IESZ B 5 KT . I: W82 PR IE 52X T
H: In#fE 5 e etk U:  HL S 5 B0 M S 5
CURRENT: HLJfifs 5 AW B 58 AL
e A0 2 R RO EG By 2T AT B BRI E: C: R
X =4 i ALl ) i dhE s B

% 6-8
() MRFER G, st RAE I B4 15 save measurement, 3 H X EHEILHE OK,
PR LI SO 3 J5 E A 44 R A R R A isw Bl O Ul RE S, - Sk
R
TXT #EHAE . S5 Last Result #%¢4H, 83T select diagram #%4H, &£ 5
ERL (EIS A AP — i BE-Nyquist #2788 |, s5d7 export ASCII list—save list as textfile
MEFEAH L SCA R A DR AT
BRi%E e ST IARAE AN, 75 C:\Thalesstemp H A AT (] £ SCAR44 1) txt SCEF
(Bode fALEHE) , RIOHATNNAM SR LS Oy RARITFOL, ATF A Zahner
Analysis P AEE)

(4) A MR AL A\ 4 STE, ST EIS 43HT

WHERSCIE, RZIBEER R FTH . RE
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[El Bode - Impedance Spectroscopy o[8[ 2
AC VOLTAGE U AC QURRENT [ 1 SPECTRUM U SPECTRUM
/\/ —— e
time time: u Order Order
190
& Myquist - Impedance Spectroscopy =@
(e}
S
— -3,200 -
M)
Q
5 C: -2.800¢
=] -
@ ;{ - -2,400 F
[+H]
£ =]
= 1,000+ c -2,000¢
B=]
g -1,600
1000 | E 1200
-800 -
X-anis. Yeanis left
[impedance -400 & . . . . - :
ERE =l 0 1,000 2,000 3,000 4,000 5,000
e 7] Fliog ci] ,
Impedance’ / Q
@Q'@' B » Computer » Local Disk (C) » THALES » temp
File Edt View Tooks Help & 4 D XJd 32
Organize v ) Open ~ Print New foldes £
1 Favorites ‘\ flame Date Type Size “
B Desktop 5| 01607151234 460¢ 150720161230 Text Document 7K8
8 Downloads | 201607-1512-27-3.0¢ Text Document S3KB
&L Recent Places ext Document 40 K&
SRR : =
8 ZMan? ook
File Edit Format View Help
4 Libraries || Eahner online pisplay data file version: 2 -
3 Docurnents Delimiter: 9
i { measurement type: 3
o Music .|| Impedance spectroscopy . = =
> frequencym impedance phase time significance voltage ct 3
S = e HZ Ol ra s
5 0160715123417 06120403  1.82129e+01 0.00000¢+00  1.00000e+
Text Document 1.33200e+03 1.64361e+01 2.88150e+00 1.00000e+
— 1.67200e+03 1.51550e+01 3.44600e+00 1.00000e4| |
2.09860e+03 1.42225e+01 4.08600e+00 1.00000e+
2.63420e+03 1.35116e+01 4.68150e+00 1. 000006+
3.30640e+03 1.29318e+01 5.24750e+00 1.
4.15020e+03 1.24222e+01 5.83050e+00 1.
5.20920e+03 1.19543e+01 6.42750e+00 1
6. 53860e+03 1.15227e+01 6.99450e+00 1;
8.20720e+0 1.11434e+01 7.57900e+00 1.
1.03020e+04 1.08270e+01 8.17750e+00 1.00000e4
1.29300e+04 1.05826e+01 8.74550e+00 1.00000e+
1.62300e+04 1.04006e+01 9.33200e+00 . 00000+
2.03720e+04 1.02732e+01 9.93150e+00 1.00000e4
2.55710e+04 1.01858e+01 1.05020e+01 . 00000+
3.20960e+04 1.01281e401 8. 1.10865e+01 1.00000e4
4.02870e+04 1.0091 3e+01 . 51395e-02 1.16825e+01 1.00000e4
5.05670e+04 1.00623e+01 .20160e-02 1.22480e+01 1.00000e+
6.34720e+04 1.00473e+01 .03863e-02 1.28315e+01 1.00000e4
7.96690e+04 1.00353e+01 .11372e-02 1.34290e+01 1.00000e+ _
0 " '

Kl 6-9

6.3.2 EIS galvanostatic B3R T EIS Ui

a) HUAE T EIS WER THEIT ChF 10mQ) Bh
LIRRL R S AR it o

b) By AANHE RS, AR G T 1 s s B MR A, R

A5 OCP ¥ EIS i1 DC E i fm & FEIL T EIS MK

WHERSCIE, RZIBEER R FTH . RE

RIFEdh, flan: it
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6.3.3 EIS pseudo-galvanostatic B /& ERIB AR T K EIS R

& T L 5 E M AL R B 78 HE FE AR FE R BB R EIS Ik 1 & 7 UF
ERERZEAL, ANFE A Class Mode 7 1) Potentiostat 1% & 5 on, %1\ DC current [¥]H
RIS

6.3.4 EIS potentiostatic at (drifting) OCP JFB&ELEEBFER K EIS Wik

SR B TR B R S HORE B AT IEHT, K Class Mode )

Potentiostat ¥ & & on.

6.3.5 Current Voltage Curves (Steady State) ELFHELE (FREFRRE) H

B ThalesxT5.1.4 USB — m] X
Steady State Current Voltage Curves, IIE e.qg. tafelplots
m a ’esx ’ Mode: steady state sampling, i.e. stabilization timefcurrent after changing potential

Projects

Standard -] ]

Applications Parameter Value
|All Applications | |1stedge patential [V] 0

Techniques voltage reference 1st edge absolute value v
|AII Techniques j 2nd edge potential [V] 200m

Methods voltage reference 2nd edge absolute value v
Control Potentiostat ~ |3rd edge potential [V]

EIS potentiostatic

EIS galvanostatic voltage reference 3rd edge absolute value v
EIS pseudo-galvanostatic 4th edge potential [V]

EIS potentiostatic at (drifting) OCP

Current Voltage Curves (Steady State voltage reference 4th edge absolute value ¥
Current Voltage Curves (Fixed Sampling -

Current Voltage Curves (Dynamic Scan) current range cathodic [A] -100m
8;’8'”0&%&?"82?&?;‘” current range anodic [A] 100m

General Polarisation voltage resolution [mV] 1

Chrono Amperometry -

Chrono Potentiometry min. delay [s] 1

Chrono Coulometry

Lmea_r S\_Neep Voltammetry max. defay [s] 10

Polarisation + OCV absolute current tolerance [A/s]  |1n

Universal Current’Voltage/Time

Electrochemical Noise relative current tolerance [1/s] 5m

Capacity vs. Voltage - .

EIS vs_ Parameter ohmic drop resistance [Ohm]

Controlled IMPS/IMVS

OPV Emission CV

Absorbance CV

IPCE/QE v

Start Classic Mode Last Result Analysis

6-10
(L ZHRHE
a) 1stedge potential: FE4EEE— > HLAE
Voltage reference 1st edge: #ZH—MNHEE K E NS 50

WERSCHE, 2B R ITED. BB
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b)

d)

f)

9)

h)

)

k)

absolute value: #&XHE CH ) ; relative to OCP: AHXT T-IFE& Hfz Ctafel it
iNprikey)

E: 2. 30 AMHAMERESH AR EE XL, HFE gt 5.

2nd edge potential: 25 —ANHAE (—M A ZE R B A EALED

3rd edge potential: 5 =N HAL{H

4th edge potential: S5 PUANEAAE (A TFEIR KN EIHRIENA T ERES
= PYHAE, B

current range cathodic: B #5 Bt Y [

current range anodic: PHH FLIALIE BBl Cobb Ak v el — M i B AN S o il k FRLVRA A T
HFREES: AN, BB BB —L, B S Bt b AR 4 w5 e
P S AN S

voltage resolution/mV: HEZ3#FZR, —HIKEN ImV~5mV, BRILN ImV
min. delay[s]: FALESE W ER/NTARINTE], 2 J5 T ARF € 1t 1 b

max. delay[s]: FEALESE BB AHIE R AVEE, Z S NTEE

absolute current tolerance[A/s]: ZEXTHLAZ, HIAERIE Z /D28 1320
I, AR AHT AL SRR, ISR ER A (O ERIMED

relative current tolerance[1/s]: MHXTHLAZ, HM4ER(E 2 DB ERFFONT,
WHNAERTBRARE, s A CROVERIAMED

Ohmic drop resistance/Ohm: FR@FF (CUNTCHPiR TR E, AIAWE; FEHTHR
RLFEAME s AT, HSIBEPTEAR M)

(2) widds start FFARIGE,  MHAIERE A AT DU 535 208 A B Bl ) J s 2 o

WERSCHE, 2B R ITED. BB
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[ 1/E Characteristic
ﬂ§1m—
=

0.7 |

035

Current / A

- e = o

;

HR
=

o f ' . . . .
03 | -01 0 0.1 02 0.3
& = ; Voltage / V
1 x—a; ;' ) /’—ams left Y-axis right Plot-Setup
age Current - disabled - Profile: ;u’nlfammell'_"l
1 Kg \A i v Clieg Cdabs v W Clieg [abs [inv w -

STOP

6-11
(3) TR

MR TER ST a5 PRATF L B A T I % save measurement, % H M. 1) SCAF K
A7 iss HiHE .

TXT FREHE 5 ST Last Result %4, 555 export ASCII list—save list as
textfile e FAH N S A4 Hh ORAF

B35 78 ST IEARAE AL, 75 C:\Thales\temp HA LIRS 1] 8y SCEE 44 1 txt SO

Iy S ariik R8s Oy B RAFERITE DL, AR 3 Zahner Analysis i &
Ao

Ry 130: ) ST, T
6.3.6 Current Voltage Curves(Fixed Sample) EWiEERLE (FHERk) #HR

SR E . BHRRAFAEIE M A 6.3.5 Firid, ME—ANEDY delay[s] 7% IR FR 1%
BEE I E) SR — A HE

6.3.7 Current Voltage Curves(Dynamic Scan) B BEEMELZE GhAFHE) #R

SR E . B RS AT F 6.3.5 Frik, #E—AN[EN scan rate[mV/s] iRt
AR, bR ERE.
B ARG EFERRTZ, REH.

WERSCHE, 2B R ITED. BB
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6.3.8 CV - Cyclic Voltammetry {E¥R %%

[ ThalesxT5.2.0 USE

ThalesXT

Projects

Standard <]

Applications

Parameter

Value

|All Applications |

Techniques

start potential [V]

upper potential [V]

|All Techniques -l

Methods

lower potential [V]

end potential [V]

Control Potentiostat

EIS potentiostatic

EIS galvanostatic

EIS pseudo-galvanostatic

EIS potentiostatic at (drifting) OCP
Current Voltage Curves (Steady State)
Current Voltage Curves (Fixed Samplinc
Current Voltage Curves (Dynamic Scan

Open Circuit Potential

'~ |current range cathodic [A]

current range anodic [A]

start time [s]

hold time [s]

slew rate [mV/s]

number of cycles

500m
-500m

-100m
100m

10

General Polarization
Chrono Amperometry
Chrono Potentiometry
Chrono Coulometry

Linear Sweep Voltammetry
Polarization + OCV
Universal Current/Voltage/Time
Electrochemical Noise
Capacity vs. Voltage

EIS vs. Parameter
Controlled IMPS/IMVS
OPV Emission CV
Absorbance CV

IPCE/QE
Start

CV dynamic Cyclic Voltammetry

samples per cycle 200

v
Classic Mode

Last Resuft Analysis

K 6-12

(1) SHHE

a)
b)

c)
d)

e)
f)

9)

h)

)

Start potential[V]: ARG I (M F 98 FEUES SR S a5 i D
Upper potential[V]: 414 ) 5 = FEUEAE

Lower potential[V]: 3Bk &

End potential[V]: HA#EIZEE By 3 FEE K R B i i D

current range cathodic[A]: [ A% HL i 75

current range anodic[A]: FHM TG oAb vl — i 15 B AN S Bl a8 F g
HA T A FIECE 2 RIS, B OO E TG EECR—5%, B 5 R
I 5 I 2 R AT Bt )

start time [s]: AR EAE RIS [A], N 7 ASE UG HLAL A A7 start potential
EONFRRARHEIE, WM E N 5s A HRENFHEE, MEN
1s Bpa]

hold time[s]: £S5 A ARFRAT 1A, — MK 1s, ¥ o Sak  — B s, ik
HHNO

Slew rate [mV/s]: 19K

Number of cycles: 7§t &%

WERSCHE, 2B R ITED. BB



FE 1L % T {4 Zahner-Zennium pro ¥rEiRERIFE V1.1 F LW, k24|

k) Samples per cycle: #F—PEiC g Sk, — K s 100-200 55

(2) sk start FFAAMR, DUt R o m] DA 58 50 AN AR B Al ) S 7 5
(3) TRAFHHE

MR TE R, i o PRAT 2L B A T 1 % save measurement, e AH B 1 ST 14
{RA7* isc Hd .

TXT 53R Bk (7% H - 5 Last Result #4H, F 55 5 export ASCII list—save list
as textfile 126 AH RS I tH R A7

Wik 58 SO JARAESN, (E C:\Thales\temp H & DLIIIR I 8] £ S0 44 1 txt 32
fF, BRI 7 R8s Oy E S RIS L, AT Zahner Analysis X
hEE).

R 1 NS BTRTEL, T AT
6.3.9 Open Circuit Potential FF& 8 EM& OCP

[ ThalesxT5.3.0 USB

ThalesXT

Projects

Standard ]

Applications
\AII Applications j Recording time [s] |60

Parameter Value

Techniques Scan interval [s] 1

‘AII Techniques j

Methods

Control Potentiostat

EIS potentiostatic

EIS galvanostatic

EIS pseudo-galvanostatic

EIS potentiostatic at (drifting) OCP
Current Voltage Curves (Steady State)
Current Voltage Curves (Fixed Sampling
Current Voltage Curves (Dynamic Scan)
CV - Cyclic Voltammet

General Polarization

Chrono Amperometry

‘Chrono Potentiometry

Chrono Coulometry

Linear Sweep Voltammetry

Polarization + OCV

Universal Current/Voltage/Time
Electrochemical Noise

Capacity vs. Voltage

EIS vs. Parameter

Controlled IMPSAMVS

OPV Emission CV
Absorbance CV
IPCE/QE

v
Start Classic Mode ‘ Last Result

Open circuit potential recording

6-13
(LD ZHE
a)  Recording time [s]: iz (]
b)  Scan interval [s]: ¥ s5 Ff [A] 8] B

WERSCHE, 2B R ITED. BB



FE 1L % T {4 Zahner-Zennium pro ¥rEiRERIFE V1.1 F 16w, *24m

(2) il start FFAAMK, 0P RS HUEREAE MU AR o] DT 200 %A Al A
PR 7R 52 S

(3) TRAFHHE

MR TE RS, T ORATFF B Bl A 73 5 save measurement, 3% H6AH M. 1) SC ARk
TRAT* isw Hdf

TXT FIRE s 1%« s Last Result 324, 5 £t export ASCII list—save list
as textfile L& FEAH RSO ek Hh AR AF

Wi i SO FARAEAN, £E C:\Thales\temp H LIRS 8] £ SCHE 44 txt 32
i, BEAAETINA PR AR CHBESIRAERITEDL, AP Zahner Analysis %X
HHEE) .
(4> X T UeAb o4, P BRI i 2 AN 2 vh S A

WERSCHE, 2B R ITED. BB
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6.3.10 General Polarization —fEARALII R

)

9)
h)

)
k)

[ ThalesxT5.3.0 USB

ThalesXT

consisting of

preset potenial

Projects

Applications Parameter Value
‘AII Applications j Polarization Voltage [V] 1
Techniques Polarization absolute value
‘A|| Techniques j Polarization time [s] 60

Methods Scaninterval Polarization[s] |1

Control Potentiostat ~ |Relaxation time [s] 60

EIS potentiostatic

EIS galvanostatic Scan Interval Relaxation [s] 1

EIS pseudo-galvanostatic Scan rate [Vis] 100m

EIS potentiostatic at (drifting) OCP

Current Voltage Curves (Steady State) Start Potential [V] 0

Current Voltage Curves (Fixed Sampling

Current Voltage Curves (Dynamic Scan) Start absolute value il
CV - Cyclic Voltammetry End Potential [V] 1

Open Circuit Potential
| General Polarization End

absolute value v
Chrono Amperometry
Chrono Potentiometry Scan Interval [s] 1
EhionelCouomey Minimum current [A] -1

Linear Sweep Voltammetry
Polarization + OCV current [A] 1
Universal Current/Voltage/Time
Electrochemical Noise

Capacity vs. Voltage

EIS vs. Parameter

Caontrolled IMPSIMVS

OPV Emission CV

Absorbance CV

IPCE/QE v

Start Classic Mode ‘

Last Result

6-14
SHE
Polarization \Voltage [V]: H#HEAMRALEE (5K 15V)
Polarization: AL HIAL S 5
absolute value: ZEXHE (¥ H1); relative OCP: AHXf T J i B4 A
Polarization time [s]: 5. HLAv H, i 25  []
Scan Interval Polarization [s]: ¥ s [a] 5 i 1]
Relaxation time [s]: # (5 i [) B E T2 i [H]
Scan Interval Relaxation [s]: T FHL % % & 7] b
Scan rate [V/s]: AFHH R
Start Potential [V]: A2 if L
Start: FAHELIA LS 5
absolute value: ZEXHE (# H); relative OCP: XS T JF B B A {E
End Potential [V]: HAf#Z& 1L &
End: IV & IERES % S
absolute value: ZEX%HME (¥ H1); relative OCP:  FHXS T H A {H

WERSCHE, 2B R ITED. BB



FE 1L % T {4 Zahner-Zennium pro ¥rEiRERIFE V1.1 F18W, ¥ 24m

m) Scan interval [s]: F9 5K bt 1] [a] B
n) Minimum current [A]: f/NERTEERE, —BRVSEERMNR R AH R E .
CAEAS BRI, 1 IR B RO — 28, B PRk b R A0 T 2l 4 S gk
7 B0
0) Maximum current [A]: HKHEFCEEE, —&RASERMRIAHRZER.
(TEANBABART, 1R E VG RIROR—2L, B S Bt s AR e o &2 25 S 3
7B
(2) s start, FFAAMINGE, IR A R] DU 2 50 508 AN AR BRIV SR e o A
R AR A —TT % F R ARV 284
(3) HdffRAr
MR TE RS, sl ORATFF L Bl AT o 1% 3 save measurement, 43 AH B 1 ST 144
TRAT* isw HHE
TXT 5 R BHE %0 H « A Last Result #2411, 7 55 5 export ASCII list—save list
as textfile e AH ML ST e H R AF
Btk & SCAE IR SN, 1E C:\Thales\temp H 8 LA ] £ S0 44 B txt SC
4, B A RTIA R 7 R B R ChESIRAFIIESL, AT S Zahner Analysis
P EE).

(&) 40 W7 ek T T B B B ch SR AR TS o o I 1L\ 43T T

[FINAT I 2 MR SIS e, AT 70

WERSCHE, 2B R ITED. BB
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6.3.11 Chrono Amperometry TB} &Z¥5:

ime ata preset potential.

o ThalesXT

| Projects

| [standard E J
Applications Parameter Value
[ArApplications -] |Polarization Votage V] |1
Techniques voltage reference absolute value
[AllTechniques - ® ion time [s] 60
Methods sampling time [s] 1

1 |Control Potentiostat ~  |Minimum current [A] -1

! Sg Ssﬁ;ﬂg::ﬁf Maximum current [A] 1

EIS pseudo-galvanostatic

EIS potentiostatic at (drifting) OCP

* |Current Voltage Curves (Steady State)
Current Voltage Curves (Fixed Sampling
Current Voltage Curves (Dynamic Scan)
CV - Cyclic Voltammetry

Open Circuit Potential

General Polarization
Chrono Amp et

erom
Chrono Potentiometry
Chrono Coulometry
Linear Sweep Voltammetry
Polarization + OCV/

Universal Current/\Voltage/Time
Electrochemical Noise
Capacity vs. Voltage

EIS vs. Parameter

Controlled IMPS/IMVS

OPV Emission CV
Absorbance CV/

| |IPCE/QE

Start Classic Mode ‘ Last Result
ent over fime

&l 6-15
(1) SHHE

a) Polarization Voltage [V]: WAL EA{E, HHAL

b) \oltage reference: HLf7 5% i

b) absolute value: ZEXf{E C(# HI)D; relative OCP: FHXT-F i HL A7

) Polarization time [s]: it 22 5% 3R [A]

d) Sampling time [s]: > s 7] 8] [

e) Minimum current [A]: f/NHERTGEIEE, —MRASLERINEARIAH R 20 2%
f) Maximum current [A]: S K HFEIEEEE, — M2 brill st o 48 R 20 9
(2) fith start, JFEEIR, I VS AN HTZE . IR R R AT DT &

Ak bR ) R 8 X
(3) FafrAr

MR FE G, SRR B4 7 1% 3¢ save measurement, 38 FEFH M. [ SC A e

{RAE* isw £ .

TXT FRE s % H . 55 Last Result %41, F 25 export ASCII list—save list

as textfile BEFEAH N ST e PRAT

Btk 2 SO SARATAD, £E C:\Thales\temp AR LIRS (8] 5 A SO 42 1 txt SO
B 4 p ) = 2l O B S IRAF IS DL, AT 3 Zahner Analysis #4F £

WERSCHE, 2B R ITED. BB



FE 1L % T {4 Zahner-Zennium pro ¥rEiRERIFE V1.1 F 20w, ¥ 24m

Ao
(4)  wAfE K B AR UE R R SEBL T

6.3.12 Chrono Potentiometry i Bk

chrc

ocpP
otential at galvanostatic polarization

ThalesXT

Projects

Standard o] ]

Applications Parameter Value
‘All Applications j Polarization current [A]  [10m
Techniques Polarization time [s] 60
[Al Techniques - Scan interval [s] 1
Methods Minimum voltage [V] 4
Control Potentiostat ~ |Maximum voltage [V] 4

EIS potentiostatic

EIS galvanostatic

EIS pseudo-galvanostafic

EIS potentiostatic at (drifting) OCP
Current Voltage Curves (Steady State)
Current Voltage Curves (Fixed Sampling
Current Voltage Curves (Dynamic Scan)
CV - Cyclic Voltammetry

Open Circuit Potential

General Polarization

Chrono Amperomet

Chrono Coulometry

Linear Sweep Voltammetry
Polarization + OCV

Universal Current/Voltage/Time
Electrochemical Noise

Capacity vs. Voltage

EIS vs. Parameter

Controlled IMPS/IMVS

OPV Emission CV/

Absorbance CV

IPCE/IQE

Start Classic Mode ‘

Last Result

records voltage over time

6-16
(1) ZHKE
a) Polarization Current [A]: AL HFAE, HEIRHHER
b) Polarization time [s]: s H A7 a0 [
c) Scan Interval [s]: K i B[] [E] B
d) Minimum Voltage [V]: /ML E
e) Maximum Voltage [V]: & KHJE
(2) sl start, FFAENEK, HILHE VS B R ETZE . S 2 A mT DT R o &
AR S o8 S
(3) HlafrA?
MR FERUG , AT R4 B4 T 1 % save measurement, 245 AH B 1) ST 3¢
TRAF* isw BHE -
TXT 51 R B0 )% H - Al Last Result #2411, F 55 5 export ASCII list—save list
as textfile 12 HEAH R SCAE I H ORAT o

WERSCHE, 2B R ITED. BB



FE 1L % T {4 Zahner-Zennium pro ¥rEiRERIFE V1.1 F2W, F2um

BRI 58 SCAF S ARAEAN, 1E C:\Thales\temp H AR a] £ S02F 44 1 txt 52

4, BRI 7 R B Oy EBIRAEIIIEOL, AT S Zahner Analysis X
HhEE).
(4) A AR B AT AR 28 A 1 100 B AT 20 T 1 8

6.3.13 Chrono Coulometry 1B EE4STE

ThalesXT

Projects

Standard ] -

Applications

DO

|AII Applications j

Technigues

|AII Techniques j

Methods

Control Potentiostat

EIS potentiostatic

EIS galvanostafic

EIS pseudo-galvanostatic

EIS potentiostatic at (drifting) OCP
Current Voltage Curves (Steady State)
Current Voltage Curves (Fixed Sampling
Current Voltage Curves (Dynamic Scan)
CV - Cyclic Voltammetry

Open Circuit Potential

General Polarization

Chrono Amperometry

Chrono Pofentiomet
[T o T —
Linear Sweep Voltammetry

Polarization + OCV

Universal Current/Voltage/Time
Electrochemical Noise

Capacity vs. Voltage

EIS vs. Parameter

Controlled IMPS/IMVS

OPV Emission CV

Absorbance CV

IPCE/QE

Start

Parameter Value
Polarization Voltage [V] |1
Polarization absolute value v
Polarization time [s] 60
Scan interval [s] 1
~  |Minimum current [A] -1
Maximum current [A] 1

Classic Mode

records current and charge over time

(L ZHE
a) Polarization \Voltage [V]: MACHLAE, HHEAT.
b) Polarization: Hif7 2 5 ;
b) absolute value: ZEXf{E (& HI); relative OCP: FHXF i B A7 {E
c) Polarization time [s]: 1255 a8 Ja]

d) Scan Interval [s]: S 55 B 8] 5] B
e) Minimum current [A]: f/NHERTERGE, —8BASEBRIEA T AR R4 2%
f) Maximum current [A]: f K FLIEEBEE, — Mo SRl o) AH R £ E

(2) fids start, JFEEIR, HPLEIR VS a5 A v ml DU R R B A

AR ) SR 8 S

(3) HHEIRAF

‘ Last Resuit

K 6-17

WERSCHE, 2B R ITED. BB



FE 1L % T {4 Zahner-Zennium pro ¥rEiRERIFE V1.1 F 2R, F2um

MARFER G, SR A 1k save measurement, JEFEAH B ST
TRA7*.isw $dh

TXT ZRE % H . A Last Result %4, £ i export ASCII list—save list
as textfile M AH ML ST Hi PR AT

BRI 58 SCAFIARAT A, 75 C:\Thales\temp A AR (] £ SO 44 1 txt SO,
B 4T 7 2 8 O B3 RAF GO, A RIS Zahner Analysis #2FHH £

Eo
(4)  nlfE R BB UE R e L SEBL T

6.3.14 Linear Sweep Voltammetry Z&f:3T#4R %%

z]
Thales X7 e
Projects
Standard ]
Applications Parameter Value
‘AII Applications j Scan rate [V/s] 10m
Techniques Start Potential [V] -1
‘AII Techniques j Start absolute value v
Methods End Potential [V] 1
Control Potentiostat ~ |End absolute value v
EIS potentiostatic
EIS galvanostatic Scanlnterval [s] 1
EIS pseudo-galvanostatic Minimum current [A] A
EIS potentiostatic at (drifting) OCP
Current Voltage Curves (Steady State) Maximum current [A] |1

Current Voltage Curves (Fixed Sampling
Current Voltage Curves (Dynamic Scan)
CV - Cyclic Voltammetry

Open Circuit Potential

General Polarization

Chrono Amperometry

Chrono Potentiometry

Chrono Coulomet:

Polarization + OCV

Universal Current/Voltage/Time
Electrochemical Noise

Capacity vs. Voltage

EIS vs. Parameter

Controlled IMPSIMVS

OPV Emission CV
Absorbance CV
IPCE/IQE

v
Start Classic Mode ‘ Last Resuit

records current during potential sweep

&l 6-18
(1 ZHKE

a) Scan rate [V/s]: HHEH %R

b) Start Potential [V]: 454G AL

c) Start (absolute value or relative to OCP): JFF4f# B 4 XHE s 3 A X T FF
6 BT NS BB G absolute values; SKF Tafel #h2RR, 235 relative
to OCP)

d) End Potential [V]: A& kAL

WERSCHE, 2B R ITED. BB



FE 1L % T {4 Zahner-Zennium pro ¥rEiRERIFE V1.1 F28W, X2um

e) End (absolute value or relative to OCP): JT4fi 15 B {8 A 44 X8 5 A X T I1 %
HAL NS B )
f) Scan Interval [s]: i 5 HsJ [a] [E] B%
g) Minimum current [A]: f/NRFIEE R E, — B SEERINA A [F 2= 2
h) Maximum current [A]: & KHRTEE IR E, —BASEERMNFIAH F2E R
(2) siih start, FFAAMIERC IR o on] DU 250 o5& A A bR il V) S 7 5 X
(3) HHEtrRfF
M TE g, s RAT I Bl A o % 3% save measurement, 1768 AH B SC ARk
TRAE* isw HdhE -
TXT 53R B (%0 H - i Last Result #2411, F 55 5 export ASCII list—save list
as textfile 12 AH R SCAF Ik H ORATF o
Wik 58 SO JARAESN, LE C:\Thales\temp H & DA 8] £ S04 44 1 txt 32
fF, B RT ) 7 R8s Oy E S RIS L, AT\ Zahner Analysis X
&S,
(4> 3t — B th Bl ) R D 2R FELAE IXTE), BB RS ) A AL i

i JRIEE AR

6.3.15 Polarization + OCV B &Mtk + FFEEBAHEH

[ ThalesxT53.0 USB _ - y
ThalesXT
Projects
Applications Parameter Value
[All Applications ~| |Polarization Voltage [V] 1
Techniques Polarization absolute value v
\ All Techniques j Polarization time [s] 60
Methods Scan interval Polarization [s] |1

Control Potentiostat ~ |Relaxation ime [s] 60
EIS potentiostatic

EIS galvanostatic Scan Interval Relaxation [s] 1
EIS pseudo-galvanostatic Minimum current [A] 1
EIS potentiostatic at (drifting) OCP

Current Voltage Curves (Steady State) Maximum current [A] 1

Current Voltage Curves (Fixed Sampling
Current Voltage Curves (Dynamic Scan)
CV - Cyclic Voltammetry

Open Circuit Potential

General Polarization

Chrono Amperometry

Chrono Potentiometry

Chrono Coulometry

Linear Sweep Voltammetr

Universal Current/Voltage/Time
Electrochemical Noise

Capacity vs. Voltage

EIS vs. Parameter

Controlled IMPS/IMVS

OPV Emission CV

Absorbance CV/

IPCE/QE

v
| Start Classic Mode | Last Result

polarization with subsequent OCV recording

& 6-19

WERSCHE, 2B R ITED. BB



FE 1L % T {4 Zahner-Zennium pro ¥rEiRERIFE V1.1 F24W F2uR

(LD ZHE
a) Polarization Voltage [V]: # A ARA L RAR, ARIESEPRFE RIXE
b) Polarization: A LA Z M
b) absolute value: FHX} T-ZE%{E; relative to OCP: AHXf T H &
c) Polarization time [s]: A&A Nk 8 [A]
d) Scan interval Polarization[s]: ¥ s 8] g 7]
e) Relaxation time [s]: X FF % 1 F S 1]
f) Scan interval Relaxation [s]: T Hi & 5% 5 8] B B[]
g) Minimum current [A]: fx/NFVRTEE, AR HE SERE Ol 1 B 2 [ 5= 2
h) Maximum current [A]: & KRG, AR SChRE L& B 20 A R 2R N
(2) il start, FFAEMNA. #hZ: s vs BEHEIE + R vs BFE]EL.
(3) HIEtrfr
MRXTE G, R B4 16 3% save measurement, 1B AR R (1) SO
A7 isw $dh
TXT 51 R B %0 H : A Last Result #2411, F 55 5 export ASCII list—save list
as textfile W3 AH RS A Hi ORAF
Btk 8 SCAE IR SN, 1E C:\Thales\temp H & LA [A] £ S04 44 B txt SC
i, RO AT 7 R8s Oy E S RAFRITE DL, AT Zahner Analysis X
HhEE ).
(4> g3t B L R B b R B R AR FE A5 R . AN k& T
HTR . FELRIN 55 7 ) B FH

7. MEX/EMXH
7.1. Q/WU FLHRO001 {45 #Ha

8. io%
Q/WU FLHS028 [F25 #7r #r i - 22 m A s AU Id 3% 3 V1.0

WERSCHE, 2B R ITED. BB
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240, 24

UFEEERAIER

MBS BT 20

%

o X, (V) b oA BBRSE
R | BB LR .
;”‘2 RAA iﬁ *j; f’f WS Had | FREEFERAA [T A
' ‘ B B AX ZEFH-BH-BF | o | b
m iRk
5.6 k= IE | 454 B v FEL A ) 5K, 1 WW-ZS-20190506-001 v

MEEE AAMARENBERIL, —WEFFTHRNE; —2IS SR, BAAEA NSRRI, AT PR AMER I AAR; MR E A RS .

WERSCA, 2B R A, TR KB






