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1. Introduction

= What is Spectroelectrochemistry(SEC)?

It is a measurement which combined the spectroscopy
measuring method with the electrochemical measuring method
simultaneously.

= Background

It is often difficult to understanding the phenomenon that actually occurs at
the electrode / solution interface simply by measuring the relationship
between the electric current and the amount of electricity and the electric
potential.

Therefore, spectroelectrochemical methods have been developed.
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1. Introduction

» History

In 1954, Shikata’ has said that “ (polarography and electromagnetic
absorption spectrum) research must be interconnected ".

In 1964, Kuwana? group announced in-situ measurement of the product
performed using a transparent electrode.

Development and improvement were made by many researchers then.
UV-VIS absorption spectroscopy is the most well-known method.

And with the development of spectroscopy technique, such as reflection,
Raman, EPR spectroscopy are applied .

1) Masuzo Shikata, One of the founders of polarography.
2) Kuwana, T, Darlington, R. K., and Leedy, D. W. 1964, Anal. Chem. 36, 2023. "Electrochemical Studies Using Conducting
Glass Indicator Electrodes".
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And Foreseeing the importance and development of spectroelectrochemistry.
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2. Principle and Features

. Principle
Techniques on which the SEC is based are:

Electrochemistry, which studies the interaction between electrical energy and
chemical changes. This technique allows us to analysis reactions that involve
electron transfer processes (redox reactions).

Spectroscopy, which studies the interaction between electromagnetic radiation
and matter (absorption, dispersion or emission)

Chronoamperometry

IR

Uv-vis Chronopotentiometry

Spectroscopy

Luminescence

Electrochemistry

Voltammetry

Raman EpRr
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2. Principle and Features

» Features

By SEC measurement we can know

> The reaction on the electrode surface, the interface of an electrode and solution,
and the electronic state of a molecule.

» The absorbance of reactant, product and mediator.

¢ Applications

> Thereby, to a substance that difficult analyzed by electrochemically, the redox
potential can also be computed from the absorbance, if the reactants or products
have spectrum characteristic.

> Identification of the molecular species, when an electrode system is at an
equilibrium situation or a stationary state.

> The chemical species near electrodes can be identified by absorbance and
spectrum.
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3. Typical Spectroelectrochemcal techniques

« 3.1 Typical UV-VIS absorption SEC

Optical transparent minigrid
electrode electrode

Transmission » H—Fﬂl -
4 | ~solution electrode
I EA]

light font : light  F———
cell 1

C. Long optical path

A. Conventional cell B. Thin-layer cell f
OTE <0.2mm thin-layer cell
electrode electrode
Reflection
light light
D. Internal reflection E. Specular reflection
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3. Transmission method
» 3.2 Electrode for SEC
The most common transparent electrode is glass or quartz coated with a
conductive film of oxide or metal.
Grid or porous electrodes are also used as transparent electrodes.
Indium-Tin Oxide, ITO Pt (Au) g
— mesh electrode g i e (IO I T e
‘ IIT1 : / ITO Optically transparent electrode
| A .,
}_7—17""7—7 = g & /
LI i
- /
Grid electrode (Au, Pt, GC) R/ Grid electrode
S =% & & r £ rs
— g
“ Pt80mesh The light transmittance comparison a quartz glass
em = . \ \ | as a reference.
_J * Reference data: The light transmittance is
50~55% for Platinum mesh electrode.
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Electrolyte

Light
source

SBASH

N

3. Transmission method

transparent or

gri

id electrode

electrode
I I Spectrometer Counter ~1 ‘ %

l

£— Cell wall
or holder

Sandwich structure

» 3.3 Cell for SEC (SEC Basic cell structure)
Sandwich cells are most commonly used in the optical transparent electrode method.
Grid or porous electrodes are also used as optical transparent electrodes.

1
=

| Reference

electrode

~ Quartz

80mesh
cell

working
electrode

SEC-CT Spectro-
electrochemical Cell

BAS Electrochemical Webinar 2021 January

Counter alectrods —%

e

Siicone gasket 500 pm

i

Working elecirode

1/

SEC-3F Spectro-
electrochemical flow cell

Collmating Lans

¢

<.

Reference elecir

\transparent or
grid electrode

4. Example of SEC Measurement

Control software
(PC)

spectroscope

» 4.1 SEC measurement setup
Spectroscopy, SEC2020 spectrometer system
Electrochemistry, Model 2325 Bi-Potentiostat

electrochemical
analyzer

Transmission

_electrolytic cell
including transparent electrode
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4. Combination method

¢ 4.2 Actual Instrument setup
Electrochemistry, Model 2325 Bi-Potentiostat output external TTL signal.
Spectroscopy, SEC2020 spectrometer system receive external Input signal and

acquire spectrum.
1

6
4 . RE-1BP Reference
/ B _clectrode (AgiAgC)
3 Counter
P W electrode ‘
80 mesh Qu"artz
working | /ce

electrode

4. SEC-CT Thin Layer Quartz Glass
Spectroelectrochemical cell kit (Pt)

Example of SEC measurement setup
using Model 2325 Bi-potentiostat
and SEC2020 spectrometer system
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4. Combination method
» 4.3 Trigger Mode
SEC2020 spectrometer system offer you two ways for synchronized
measurement.
TTL High
SW Level
. L aw SEEELEEES TILLoW __ START/STOP Control
Trigger 1 1
START STOP
SW Continuous
. TTL Low TTL Low Control
Trlgger START Contro
START
Model 2325 Bi-potentiostat can out put TTL signal as the mode of SW Level Trigger
12
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4. Combination method
= 4.3 Connection for synchronized measurement

1/0 port of SEC2021 Spectrometer

1/0 port of Model 2325

AGND V_RDE NC  NC NC

DGND| Stir Purge NC

Example of connection for synchronized setup
using Model 2325 Bi-potentiostat
and SEC2020 spectrometer system

SBASH
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5. Create an Absorbance measurement

» 5.1 Absorbance measurement setup
Setup of SEC2020 spectrometer system

SEC2022
light source

removed
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[ — |

SEC2020 system setup
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5. Create an Absorbance measurement 3

& 5.2 Preparation for absorbance measurement
Connect SEC2020 to PC, insert a cuvette including reference solution into

the cuvette holder.
Start software SEC Spectra, Spectrum_0 is created automatically.
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5. Create an Absorbance measurement 3

= 5.2 Preparation for absorbance measurement
Set up of software SEC Spectra

File(E)  View(¥) SettingslS)  Window(W)  Help(H)

N ES ' | T—
m Absorbance(A)
F = Transmittance(T)... s - y
B . BETE

@

C hon(C).

~ 1

&
g

Step1: Selecting Absorbance from the Measurement menu

MNext > Cancel

Step2: On the Source Device window, click Next.
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5. Create an Absorbance measurement

= 5.2 Preparation for absorbance measurement

New Absorbance Measurement... New Absorbance Measurement.. = O X
[ Acquisition Parameters | Reference Spectrum

Tntegration time and peak valus range @® Click the following color patch to acquire reference spectrum

Integration time: (39 | ;...s v] Auto Configuration

Current peak value: £3926.00)

Sugeested peak value range:

‘» 1500E80000 O Load reference spectrum from file:
| Erowse

Smoothing

Number of scans 1o average n Reference spectrum preview

Boxcar width: \]] = |
Preview

- 5

- H
:
= g ()

= o oy .

. = = - = - = = - =
i e
Hext > Cancel < Back Next > Cancel

Step3: Specify the integration time, average, Boxcar width, Step4: Click on the color patch to acquire the live spectrum
click Next. as the reference, click Next.
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5. Create an Absorbance measurement

= 5.3 Preparation for absorbance measurement

Dark Spectrum {Display Settings |

@ Glick the following B&W color patch to acquire dark spectrum (® Display in new window Window name: | Absorbancs 0
Number of scans to average: 10 ] Select existing window
Window Name Spectrum Type

4] Shutter (light blocked)

(O Use default dark spectrum
O Load dark spectrum from file:

Browse.

Spectrum title: | Absorbance_0

Dark spectrum preview
=

T . o oy, oo Graph colr -

L] o S -] 000 -
wrvngn Bk ok | | Cancel

Step6: specify the name for a new absorbance window,
spectrum title and color for the graph, click OK.

Step5: Click on black-and-white patch to acquire the dark
spectrum, click Next.
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5. Create an Absorbance measurement

Fie®  Viewld) MesuremensM)  SetingeiS)  Window#)  Helpib

= 5.4 Preparation for absorbance measurement

P Il | secines wegmentme 2 = m Slavge S0 - o B A A=

8+ Absorbance 0

X OPOBASATRUH I meA

Absorbance(OD)

Dil Version : 10,01

10.0

00 1
80 &
70 ©
6.0 1
50 §
40 i
30 £
20
10 §

0.0

200

Absorbance_0

T

0011.16384

500 600 700 800 900 1000
Wavelength(nm)

Step7: Newly created absorbance graph.

EBASH
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5. Create an Absorbance measurement

5.5 Absorbance measurement
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Normally, here you need to replace the
reference solution by a sample solution.

In this case, we replace to a potassium
ferricyanide solution.

Note:

If you set the potassium ferricyanide
solution as reference, then, you can view
the absorbance change (A Absorbance)
during electrolysis.

<
PR LR BATE e
Absorance 0

View in video

Absorbanes(on)

20
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6. Trigger mode setting

= 6.1 Preparation of trigger mode
SEC Spectra provides trigger mode for SEC measurement.

! | - o x|
T i L
SLAECRABATRI H i ssemA
Absorbance 0
0.5 — -
View in video
04 +
g5
E; 03 +
c
(1]
+
o 02 +
3
< Thaen
01+ -
0.0 : t t +
200 300 400 500 600
Wavelength(nm)
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7. Example of Strip Chart Record
« 7.1 Recording Specific Wavelengths |

SEC Spectra provides a Strip Chart for continuous observation of numerical changes
in a specific wavelength or wavelength range.

S W il

e T e
mX HOBORASATRYH s lawa s

T

05 —~

S ‘
B 5

04 L View in video

o
w

Absorbance(OD)
o
N
i

o

o
o

300 400 500 600
Wavelength(nm)

(]
o
o

¢
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7 Example of Strip Chart Record
» 7.2 Recording Setting of Strip Chart

Step1: Set the data acquisition Interval (Every e
1sec here). New Strip Cha

Strip Chart Settings
Step2: When to stop. (Stop after 100 sec) Boloct souce spestram:
Click OK, return to previous window — m.am _—
Record Setting X Spectrum 0 130000 0
Interval

[ Synchronized with source

‘Wavelength to track
. ]
N il i ] - i
© Wavelength rang (Average) [20000 | ~ [102500 | om
to:4kon © Wavelength ratio Numerator 20000 | aem
[J Gontinue until stopped by user [ range
Denominato[200. om
S st - = =
Select  \yavelengthinm) _ DataName. Tetla Name Type

29991 Absorba.. mm 12999, Spmﬁ(,,

Absorba... | Absarbance_1 600.0...

0K Gancel
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7 Example of Strip Chart Record
» 7.2 Recording Setting of Strip Chart

Step1: Set window name, click OK to create a new Strip Chart window.

rsplay Settings.

@ Display in new window Mame: |Strip_Chart_0

Select existing window

Window Name Spectrum Type

o= (o] [e=
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7. Example of Strip Chart Record

« 7.3 Recording window of Strip Chart
As the spectrometer is set to trigger mode, the signal in the window is stopped.

) eecs;

5 (e -~ ORI oEE
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‘8. Example of Time Sequence Record

» 8.1 Settings of Time Sequence Measurement
SEC Spectra provides a Time Sequence function that records changes in entire

[G] Speamnd | Absorbance d | S hars .
FX T BORASATRUH . wa A
| Absorbance 0

10.0
90 |
80 &
6.0 ;,
s0 L.
4.0
30 £
20 %
10 &
00 } ‘ ; " ‘ | ‘

200 300 400 500 600 700 800 900 1000

Wavelength(nm)

“View in video

Absorbance(OD)
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‘8. Example of Time Sequence Record

. 8.2 Settings of Time Sequence Measurement

ce 2 x

. (i = -
Step2: Specify the folder to save the recorded data. siop [l save n.._sps
Destination: C:\Users\furukawa\Desktop\SEC data

i

Time Sequence B x

| (@ Record (@ stop o] ps -

[Destination: C\Users\furukawa\Desktop\Bf L L\ 7 )L 5 —

Select Spectrum Title Save Name Note

O spectum.0 Spectrum_0 None

¥  Absorbance 0 Absorbance_0 None

Select Spectrum Title  Save Name Note ;
When to start
[ |Spectum 0 Spectrum_0 None [7] Start after the first data
Absorbance 0  |Absorbance_0 None Ciseset: startabter ‘ Al = =
Interval
Step3: Specify the start time. Here we use [0 Synchronized with source
the default setting Start after the first dat Every: i 5| Reche

Step4: Set interval (Every 5 sec) for the recording &4 Only record new data

When to stop
Step5: Next, specify the stop time (after 100 sec). [ Continue until stopped by user

Stop after: 100 sec v

Step6: Whether Create file at every data
tracking interval

What to save

Step7: Press the Record button to start the
record.

Create file at every tracking interval
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@ Save selected spectrums

9. Example of TTL signal output setting

» 9.1 External device TTL signal output setting
Set the Model 2325 to output TTL High level signal during the measurement.

T, SETUP
General  System
System Info.| Electrode Condition (Depasition) Immediate Cell On/Off
— [ Save Data During Run
- Time(sec)o=0f1) §o Time(sec) o
r Save As
tent - Potential (V) §o :
Immediate (Stir, Purge) On/Off 2
Time(sec) §o
Quiet Time
Time(seclio=0ff] 2 | O stir ®purge O Both
O sar
O purse RDE Setting
[ Rotate RDE
During Run
v
O sar —
o || Dpise - —
Stable Filt VE Filter] Rotate RDE MisC.
" g Auto Bk R O Dummy Cell
[ Retum to Init E after Exp.?
X O ceon e
O sar B Line Ave?
0 Purge O Sove.tatFile?
[ Rotate RDE [ Custom Scan Rate (CV, LSV) Setting
oK CANCEL
Model 2325 SETUP screen
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9. Example of TTL signal output setting

» 9.2 Set Amperometry measurement conditions

Main ‘ Fiot | Daw |

-2 =

a0E-3
BOOE
T0E-3
0052
S00E-3|
4003

2003

2003 —_
L3 = "

aote=0)
“iooEs
2103

e Note:

40063
“S006-3
~BO0ES
70063

BO0E3)
002

- 002, ' ' ' " ' v ' . ' '
om0 o700 a8 0sg A0 Q%0 @20 000 @00 -Gl -0

= = Potential (V]
‘ WA oom 4ok ®
B

a3 BIATE-11

[}
I8 05 L S00E-11 HEw

Reacly..

Model 2325 Main screen 29
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10. Start SEC measurement

; 10.1 Run SEC measurement

Click Run of Model 2325 to start Amperometric i-t, in the same time output TTL High
level signal during the measurement.

Pl ) ) Scoifs Won¥) gt

1] | rsicaes v

=

bt

View in video

1
e
ot
& e |
g el Y
3 [ s 2
H v N,
H \ ozt v L
0z LI S ho
- 2
oo B
I
w0
200 300 400 500 600
Wavelengihtnm)
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10. Start SEC measurement

 10.2 Save Strip Chart record results
click on save icon in “Strip Chart” window to save the recording results.

FleD)  View(l) MemuremeotiM] SemngsS  Window(t)  HelplHl
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[ | R e ——— x = Boncar
2| Specm 0 | Absorance.d ) Stip chat.9 - — x| Temeseee %
EX M e~ SEOEAHISE 0T e |
| S— Save H
[—— Absorbance_0410.17 nm Absorbance_0299.91 nm Select Spectrum Tale 10y L
0.087 T T 0 iect spectnn
0.078 + -
AL
i 0.070 + . N
) 0.061 + STy T -
Q i s
T 0052 £ Eo oy B
I} _ Cuarert seting
S 0044 3 | Vavelongeh Range 1 Fle Merge 1
8 Range sact o
g 0035 + o 3 stop ater 100] [see
g 0026 1 | Wovetength iterval Application Settings ]
0017 & i g | oK . 4 ® T
0.009 + 1 D Croate e ot evary racking intervel.
0.000 + +— + + + + + +
0.0 02 04 06 0.8 1.0 1.2 14 1.6
Delta TIME(min)
I

10. Start SEC measurement

. 10.3 Saved TimeSequence record results

The recorded results are saved in a preset folder.

* SECdata v | O

A am

% Absorbance 0 20991 nm.spt

041017 nm.spt.

I Absorbance 0 200 ~ 1025 nm_0.00 5ps
T Absorbance 0 200 ~ 1025 nm 503 53ps
= Absorbance_0.200 ~ 1025 nm_10.05 ssps
T Absorbance 0_200 - 1025 nm_15.08 s5ps
T Absorbance_ 0200 ~ 1025 nm:_20.09 ssps
T Absorbance_0_200 ~ 1025 nm_25.11 ssps
T Absorbance 0_200 ~ 1025 nm_30.13 ssps
™ Absorbance_0_200 ~ 1025 nm,_35.14 ssps
T Absorbance_0_200 ~ 1025 nm_40.17 55ps
T Absorbance 0_200 ~ 1025 nm_45,18 ssps
T Absorbance_0.200 ~ 1025 nm_50.20 ssps
T Absorbance 0 200 ~ 1025 nm_55.22 5ps
T Absorbance_0.200 ~ 1025 nm_60.23 ssps
= Absorbance 0 200 ~ 1025 nm _65.25 s5ps
T Absorbance 0 200 ~ 1025 nm_70.27 ssps
T Absorbance_0_200 ~ 1025 nm_75.29 ssps
T Absorbance 0_200 - 1025 nm_80.30 ssps
T Absorbance_0.200 ~ 1025 nm: 8532 ssps
T Absorbance_0_200 ~ 1025 nm_90.34 ssps
T Absorbance 0_200 ~ 1025 nm 95.35 ssps
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10. Start SEC measurement

. 10.3 Saved TimeSequence record results

You can load the data to compare the results from File>Open Spectrum File menu.

Absorbance_0_45.37 s Absorbance_0_40.33 s Absorbance_0_35.28 5
Absorbance_0_30.24s ——— Absorbance 0_25.20s Absorbance_0_20.17 s
Absorbance 0_15.13 s Absorbance 0_10.09 s Absorbance 0 .5.04 s
Absaorbance_0_0.00 s
05 E— " = = ——
\.‘\
__ 04 i
(=)
g )
g 03 \
c =
E ==
§ 02 - =
Ed
0.1 +
0.0 t + t
200 300 400 500 600
Wavelength(nm)
—
ELS 3
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10. Start SEC measurement

. 10.3 Saved Time Sequence record results

If you un-check on Time Sequence Setting: Whether Create file at every data tracking interval
The spectrum should be record as a video, and you can open from File>Open Time Sequence

File menu.
i s
Hie) Vo) Messsmmenti)  SeiogsS) WocknaW) Helpl
P | s ' [
806326 ms
0.33 T T
0.26
a
Q
T 020
]
g
£
S 013
|
=<
0.07
000 1! . } 5
200 300 400 500 600 700 800 1000
Wavelength(nm)
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11. Summry of SEC measurement

= Spectroelectrochemistry(SEC) is a measurement which combined the
spectroscopy measuring method with the electrochemical measuring
method simultaneously.

= Using the trigger mode of the SEC2020 spectrometer system, makes
it easy to get the synchronized SEC measurements.

= BAS Inc. offers cuvette-type and flow-type SEC cells with ITO, GC, Pt
and Au electrodes to met your electrochemical purpose.
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End

» Thank you for your attention.
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