(®)
2017 2019

Development of core-shell type nanoparticles embedded carbon electrodes
fabricated by co-sputtering and electrodeposition.
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In this stud¥, we developed metal alloy nanoparticles with a half core-shell
structure embedded in the carbon film by combining with co-sputtering and electrodeposition for
highly electrocatalytic oxidation of large size sugars such as oligosaccharide. A carbon film
embedded with Pd was fabricated by co-sputtering with carbon and Pd. Then Ni shell layer was
electrodeposited only onto the Pd nanoparticles surface to form half core-shell structure by using
overpotential difference between Pd and carbon surface. The obtained Ni-Pd nanoparticles embedded in
the carbon film shows improved redox reaction of surface Ni hydroxide oxidation and reduction. The
electrocatalytic oxidation of oligosaccharide was also improved by Ni-Pd nanoparticles compared with
Ni nanoparticles electrodeposited on the carbon film.



Cu

Au

(A9)

Ni

Ni

(Au)
Au

2016
Cu

Cu

(UBM)

UBM
(Pd)

(NI)



Ni

Pd

Ni

PANP

PdNP

Ni-AgNP/C

Ni

pH12

Ni

XPS

Au

Ni-PdNP/C

13

OH 2 - NiOOH

Ni-AgNP/C Ni-AuNP/C Ni-PdNP/C

Ni-PdNP/C

PdANP

Pd

cv

NiNP
NiNP
Ni
Ni
Pd

-0.7 V vs Ag/AgCI

-1.0 V

PANP

-0.8 V

G5

o 2]
o o

IS
1<)

N
o

Oxidation peak charge / uC
= w
o o

o

TEM

Ag

cv

Ni-AuNP/C

cv

Ni

carbon
@ Ni/PdN

---¢---Ni/pure-

-~ Ni/Pd film

P-C

P

Q' TE

o—o2-0 o
g

-1.5 -1.3
Potential / V vs. Ag/AgCI

-0.8 V

PdNP

-1.1

PdANP

g

-0.9 -0.7

Ni

-1.0 V

Ni

-0.5



PdNP

PdNP
NiNP
PdNP  Ni
PdNP PdNP
NiNP PdNP NiNP
Ni Pd
PdNP NiNP
Ni-PdNP Ni-PdNP/C
Ni-PdNP/C
_Ni-PdNP/C ~ NINPIC_
I t
cv 24 1mV/s i1 mV/s :
- ?Z ; N - 24 : 1
oy :
H : i :
g £ S !
12 : ;
Ni-PdNP/C > : B s Y
28 + + t H-prt L ; +
NiNP o 100mV/s ) ©1100mV/is
NiNP/C T O ! g . 5
< d 30
3 1 3 3 :
2 2 o 1
mv/s § S o
0 0.10 020 030 040 0.50 0.60 0.70 0 0.10 020 030 040 050 0.60 070
Potential / V Potential / V
100 mV/s NiNP/C 3.Ni-PANP/C  NiNP/C
Ni-PdNP/C
4 Ni-PdNP/Cd



45 !

- : : N W =
Ni-PdNP/C . : :
i nipanp-c [l om vt
& a0 0 500mM |
5 NiNP = 100 mM
. § 204 - 50mM
Q . i
NINP E 15 . .20mM ~
&) 10 mM ‘1’ Ni/C
10 ¢ L
NiNP Y A . i 1

T T l T T
0 200 400 600 800 1000 1200

Time / sec

4.Ni-PdNP/C  NiNP/C

Tianyan You, Osamu Niwa, Masato Tomita, Shigeru Hirono, Characterization of platinum
nanoparticle-embedded carbon film electrode and its detection of hydrogen
peroxide, Analytical Chemistry, 75(9), 2003, 2080-2085.

Tianyan You, Osamu Niwa, Zilin Chen, Katsuyoshi Hayashi, Masato Tomita, Shigeru Hirono ,
An Amperometric Detector Formed of Highly Dispersed Ni Nanoparticles Embedded in a
Graphite-like Carbon Film Electrode for Sugar Determination, Analytical Chemistry, 75(19),
2003, 5191-5196

Osamu Niwa, Saki Ohta, Shota Takahashi, Zixin Zhang, Tomoyuki Kamata, Dai Kato and
Shunsuke Shiba,Hybrid Carbon Film Electrodes for Electroanalysis, Analytical
Sciences 37(1), 2021, 37-47

Shunsuke Shiba, Dai Kato, Tomoyuki Kamata and Osamu Niwa, Co-sputter deposited Nickel-
Copper bimetallic nanoalloy embedded carbon films for electrocatalytic biomarker
detection, Nanoscale, 8, 2016, 12887-12891.

Tomoyuki Kamata, Dai Kato and Osamu Niwa, Electrochemical performance at sputter-
deposited nanocarbon film with different surface nitrogencontaining groups, Nanoscale,

11, 2019, 10239

Shunsuke Shiba, Saki Ohta, Kazuya Ohtani, Shota Takahashi, Dai Kato, and Osamu Niwa,
Supporting effects of a N-doped carbon film electrode on an electrodeposited Ni@Ni(OH)2
core-shell nanocatalyst in accelerating electrocatalytic oxidation of oligosaccharides, RSC
Advances, 11, 2021, 13311-13315.



4 4 0 2

NIWA Osamu OHTA Saki TAKAHASHI Shota ZHANG Zixin KAMATA Tomoyuki KATO Dai SHIBA Shunsuke 37

Hybrid Carbon Film Electrodes for Electroanalysis 2021

Analytical Sciences 37 47
DOI

10.2116/analsci .20SAR15

Shiba Shunsuke Ohta Saki Ohtani Kazuya Takahashi Shota Kato Dai Niwa Osamu 11

Supporting effects of a N-doped carbon film electrode on an electrodeposited Ni@Ni(OH)2 core 2021

shell nanocatalyst in accelerating electrocatalytic oxidation of oligosaccharides

RSC Advances

13311 13315

DOl
10.1039/d1ra01157j

11

Electrochemical performance at sputter-deposited nanocarbon film with different surface
nitrogen containing groups

2019

Nanoscale

10239-10246

DOl
10.1039/¢c9nr01569h

30
Chromatographic determination of sugar probes used for gastrointestinal permeability test by 2018
employing nickel-copper nanoalloy embedded in carbon film electrodes
Electroanalysis 1407-1415
DOl

10.1002/elan.201800072




21 12 12

Metal Nanoparticles Modified Carbon Film Electrodes for Chemical Sensing

IMCS2021

2021

69

2020

66

2017

OME

2020




, Zhang Zixin, , s , ,

Stripping voltammetry based sensing for heavy metal ions and tumor markers

Bio4Apps. 2019

2019

Nanostructured metal embedded carbon films for electrochemical sensors

ACCS 2019

2019

2019

2019

2019




Electrochemical Performance at Sputter-deposited Nanocarbon Film with Different Surface Nitrogen-containing Groups

17th ISEAC and 3 nd ECL

2019

Nanostructured Metal Embedded Carbon Film Electrodes for Chemical Sensors

Matrafured 2019 (Hungary)

2019

Ni/Pd

2019

Chromatographic determination of biomarkers by employing nanocarbon film electrodes

2018 China-Japan-Korea Symposium on Analytical Chemistry (CJK2018)

2018




67

2018

Metal Nanoparticles Embedded Electrode Materials for Chemical and Biosensor Applications

International Meeting on Chemical Sensors (IMCS2018)

2018

Electrochemical Methods for Pharmaceutical Analysis with Nanostructured Electrodes

Advances in Pharmaceutical Analysis 2018 (APA 2018)

2018

Nanostructured Film Electrodes for Chemical and iochemical Sensors

2018 International Conference on Smart Sensors-21th Nano Engineering and Microsystem Technology Conference

2018




66

2017

Hybrid and surface terminated nanocarbon film electrodes for electroanalysis

European MRS 2017

2017

Metal nanoparticles embedded carbon film electrodes for detecting biochemical and environmental samples

The 17th Beijing Conference and Exhibition on Instrumental Analysis

2017

Nanocarbon film electrodes for pharmaceutical and clinical samples

APA2017

2017




85

2018

2017

Wiley

25 pages

Nanocarbons for electroanalysis, Edited by S. Szunetits, R. Boulherroub et al., Chapter 1,
Electoanalysis with carbon film-based electrode

(Kato Dai)

(80533190) (82626)

(Shiba Shunsuke)

(70823251) (16301)




