Electrochemistry N

Published: June 5, 2017

The Electrochemical Society of Japan http:// dx.doi.org/10.5796/ electrochemistry.85.319

Technological Report Electrochemistry, 85(6), 319-326 (2017)
EeRgEERLERNRORIMK ERH

BE ®2 FW EX>* BF EE° BE BR2 S L E’a hAEde
#HE XEI &F @ BHE %2 HR " &H X kk g-—deh

a b ETHASH (T 243-0801 R/ BEARM LKA _EDR 3028)

b SFRAFETEMEREFBERFR (T 920-1192 G/ ES R APIET)

CUST EENF (T 332-0012 BHEE)||[OFTAH] 4-1-8)

d b KPR REEREMER (T 980-8579 B E(IATFTER AT HEE6-6-11)
e HIARERFOFHRREESEMEHEE (T 980-8577 B ENIAHBTEXRFF2-1-1)
f HE KRR AZREBHERERPHER (T 192-0397 ERABNEFHEAR 1-1)

9 (]kRetF /v hO—J)L (T176-0012 ERFEEXEEIL 4-11-10)

h B R RERIEMER (T 980-8579 B EIIETEEX A F 5 6-6-11)

Advanced Scanning Electrochemical Microscope System
for High-Resolution imaging and Electrochemical Applications

Ryo MATSUOKA,? Shigeo AOYAGI,>* Naoshi MATSUMOTO,® Masaaki MATSUDAIRA,?
Yasufumi TAKAHASHI, "< Akichika KUMATANI, ¢ Hiroki IDA,Y Hirokazu MUNAKATA,f
Katsuhiko IIDA,9 Hitoshi SHIKU," Kiyoshi KANAMURA,f and Tomokazu MATSUE®¢h

@ Hokuto Denko, 3028 Kamiechi Uenohara, Atsugi, Kanagawa 243-0801, Japan
b Division of Electrical and Computer Engineering, Kanazawa University,
Kakuma, Kanazawa, Ishikawa 920-1192, Japan
¢ PRESTO, JST, 4-1-8 Hon, Kawaguchi, Saitama 332-0012, Japan
d Graduate School of Environmental Stadies, Tohoku University,
6-6-11 Aramaki, Aoba-ku, Sendai, Miyagi 980-8579, Japan
¢ WPI-Advanced Institute for Materials Research, Tohoku University,
2-1-1 Katahira, Aoba-ku, Sendai, Miyagi 980-8577, Japan
f Graduate School of Urban Environmental Sciences, Tokyo Metropolitan University,
1-1 Minami-Ohsawa, Hachioji, Tokyo 192-0397, Japan
9 Nano Control, 4-11-10 Toyotama-kita, Nerima-ku, Tokyo 176-0012, Japan
h Graduate School of Engineering, Tohoku University,
6-6-11 Aramaki, Aoba-ku, Sendai, Miyagi 980-8579, Japan

* Corresponding author: aoyagi@hokuto-denko.co.jp

ABSTRACT

We developed three modes of high resolution scanning probe microscope system based on electrochemical
principles, scanning ion conductance microscopy (SICM), scanning electrochemical microscopy-scanning ion
conductance microscopy (SECM-SICM), and scanning electrochemical cell microscopy (SECCM). Firstly, a
developed SICM system was constructed with a nanopipette filled with electrolyte solution as a probe. High
resolution topographic images of NanoCulture®Plate with hexagonal chambers with 2 um-width banks, electro-
deposited PEDOT (poly(3,4-ethylenedioxythiophane)) film, and fixed human squamous cell carcinoma were
captured by the SICM. Second, SECM-SICM was performed with a double-barrel carbon nanoprobe. The one barrel
of the nanoprobe was filled with carbon and used for SECM apparatus, the other barrel was filled with electrolyte for
SICM configurations. Using the SECM-SICM system, simultaneous topographic and electrochemical images of
micro-band electrodes with 10 um-width line and space, and a cathode site of corrosion in the aluminum die gusto
with submicron spatial resolution were obtained. Thirdly, the SECCM featuring a nanopipette probe filled with LiCl
electrolyte was applied for obtaining topographies and images of current activity of a LiFePO,4 electrode.
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Figure 1. (Color online) Schematic view of scanning ion con-
ductance microscopy (SICM).
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Figure 2. (Color online) Schematic view of nano scanning elec-
trochemical cell microscopy (nano SECCM).
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Figure 3. (Color online) Schematic view of scanning ion conductance microscopy.
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02V vs. Ag/AgCl ZHIM L 72T d, EHEPH 5 um x
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SEMIC X 2EH LIFIEF—DE Yy FlE2um <A 70 ,n=
7 L DTGRDIEMEI A X — PR % SICMIC X W 1§55 2 &
WTE,

Image size 5 x5 um Image size 2 x 2 pm

Figure 4. Scanning electron micrograph (a), SICM topography
image (b), (c) of NanoCulture®Plate with hexagonal chambers with
2um-width banks. Image sizes are 5pm x 5Spum (b), 2 pum X 2 um
(c). SICM electrode was held at 0.2 V versus a reference Ag/AgCl
electrode in 0.1 mol/L KCI.
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(Fig. 7(b)).

SECM-SICM D A VERE % £ v F E 10 um @ Au Kii %
B CHRIEL 72, AT/ 7Tu—7DF /Xy +N
D Ag/AgCl IR & & )V IND Ag/AgCl BRI IZ 0.2V vs.
Ag/AgCl % FIl L T 7= SICM 12 & % Au #iE B D
WA X =% Fig. 8@) 12, A—F > F 7 BT 0.5V vs.
Ag/AgCl Z HINN L T4 7 SECM D EXALFEA X =P %
Fig. 8(b) IZ/RY, X7 4 Z—% 13 1.0mmol/L FMA % >
7o, BEERO AU LD X T4 =5 OELETICE S 7
0 — 7 EROBMB Nt 77 2K Lo 7 n— 78

(©)

Image size 5 x5 um

Figure 5. SICM topography images of electrodeposited PEDOT (poly(3,4-ethylenedioxythiophane)) film in 0.1 mol/L KCI. Image sizes are
30pum x 30 um (a), 10 um x 10 um (b), Spm x 5 um (c). SICM electrode was held at 0.2V versus a reference Ag/AgCl electrode.

(@) W

20.1 pm

3.0 pm

Image size 30 x 30 pm

Figure 6. (Color online) (a) Photograph, SICM topography im-
ages of A431 cell in PBS. Scan ranges are 20 um x 20 pm (b),
SICM electrode was held at 0.2V versus a reference Ag/AgCl
electrode.

(a) (b)

Figure 7. SECM-SICM probe. Digital photography (a), scanning
electron micrograph (b).
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! I 0.0 ym

Figure 8. Micro-band electrodes with 10 pm-width line and space
in topography (a), electrochemical image (b) in 1.0mmol/L
FcCH,0H + 0.1 mol/L KCI. Scan ranges are 30 pm x 30 um. The
SECM and SICM probes were held at 0.5 and 0.2V versus a
reference Ag/AgCl electrode.

_ 7 cathode
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Figure 9. Schematic view of corrosion reaction.
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Figure 10. Aluminum die gusto in topography (a), electrochemical (b) image after dipping in 1.0 mmol/L FMA+2.67% AICl;. Scan ranges
are Sum x 5 um. The SECM and SICM probes were held at 0.5 and 0.2V versus a reference Ag/AgCl electrode.
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Figure 11. Hela cell in topography (a), electrochemical (b) image
in 1.0 mmol/L FcCH,OH + PBS. Scan ranges are 30 pm x 30 pm.
The SECM and SICM probes were held at 0.5 and 0.2V versus a
reference Ag/AgCl electrode.
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Figure 12. (Color online) Topography and current activity of a
LiFePOy electrode. Simultaneous SECCM topography (a), current
(b) images. Scan ranges are 10 pm x 10 um. The substrate potential
was +0.65V versus Ag/AgCl quasi-reference counter electrode.
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