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Catalytic application of precious metal-like pure copper nanoparticles
controlled with shape, diameter, and physical property
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We investigated precious metal-like pure copper nanoparticles synthesized
with shape, diameter, and physical property by photo-reduction on (1§ electron transfer reacion, (2)
decomposition reaction, (3) developmento of thermoelectric material, and (4) development of aerobic
oxidation catalytic reaction. We revealed that (1) the surface plasmon resonance of pure copper
nanoparticles enhance the efficiency of electron transfer process, (2) our copper nanoparticles can
be environmental-friendly decomposed by organic acids containing carboxyl groups, (3) thermoelectric
property of organic thermoelectric material can be drastically improved by introduction of copper

selenide nanowires due to the percolation effect, and (4) copper nanoparticles supported in pores of
zeolite show high catalytic activity.



11

[1]

[2-6]

@

@

®

) 1 nm

@

(@) 2 4

®

PEDOT : PSS

(4) 1nm



€y

20 nm
@
©)
X
PEDOT : PSS
40 wth
50 wt%
)
1 wth%
2 wth
0.5 wt% 17 ht

1 nm

D. Talukdar, G. Das, S. Thakur, N. Karak, A. J. Thakur, “ Copper nanoparticle
decorated organically modified montmorillonite (OMMT): An efficient catalyst for the
N-arylation of indoles and similar heterocycles” , Catal. Commun., Vol.59, 2015, 238-
243.

M. Miyagawa M. Maeda, R. Tokuda, A. Shibusawa, T. Aoki, K. Okumura, H. Tanaka,
“ Precious metal-like oxide-free copper nanoparticles: high oxidation resistance and
geometric structure” , RSC Advances, Vol. 6, 2016, 104560-104565.

M. Miyagawa A. Shibusawa, K. Maeda, A. Tashiro, T. Sugai, H. Tanaka, “ Diameter-
controlled Cu nanoparticles on saponite and preparation of film by using spontaneous
phase separation” , RSC Advances, Vol. 7, 2017, 41896-41902.

M. Miyagawa M. Usui, Y. Imura, S. Kuwahara, T. Sugai, H. Tanaka, “ Aqueous synthesis



of protectant-free copper nanocubes by a disproportionation reaction of Cu20 on
synthetic saponite” , Chem. Commun., Vol. 54, 2018, 8454-8457.

M. Miyagawa M. Yonemura, H. Tanaka, “ Lustrous copper nanoparticle film:
photodeposition with high quantum yield and electric conductivity” , Chem. Phys. Lett.,
Vol. 665, 2016, 95-99.

H. Tanaka, T. Aoki, M. Yonemura, M. Miyagawa, K. Okumura, “ Oxidation-resistive
copper nanoparticles: photoreduction synthesis and their oxidation state measurements
by XAFS and HRTEM” , J. Phys., Vol. 712, 2016, 012120/1-4.



6 6 0 2

Sakane Shunya Miwa Shunichiro Miura Tatsuki Munakata Kazuki Ishibe Takafumi Nakamura 7
Yoshiaki Tanaka Hideki
Thermoelectric Properties of PEDOT:PSS Containing Connected Copper Selenide Nanowires 2022

Synthesized by the Photoreduction Method

ACS Omega

32101 32107

DOl
10.1021/acsomega.2c03335

Masaya Miyagawa, Kengo Nishio, Akane Shibusawa, Hitomi Kotake, and Hideki Tanaka 51

Plasmonic Photoluminescence of Cu Nanoparticle Realized by Molecular Optical Antenna Designed 2022

on Nanosheets

Chemistry Letters 500-503
DOl

10.1246/cl.220037

Masaya Miyagawa, Yoko lkeyama, Hitomi Kotake, Toshiki Maeda, Hideki Tanaka 753

Environmental-friendly degradation of clay-hybridized Cu nanoparticles by carboxylic acids 2020

Chemical Physics Letters 137615/1-5
DOl

10.1016/j .cplett.2020.137615

Kengo Nishio, Masaya Miyagawa, Hideki Tanaka 23

Photoluminescent Cu nanoparticles induced by energy transfer on saponite nanosheet 2019

Clay Science 67-71

DOl
10.11362/jcssjclayscience.23.4_67




Sakane Shunya Akimoto Kai Konishi Kishin Takaoka Kenta Iwatsuki Harunobu Akutsu Mayu 9

Sugai Toshiki Tanaka Hideki

Catalytic Activity of Nonaggregating Cu Nanoparticles Supported in Pores of Zeolite for Aerobic 2023

Oxidation of Benzyl Alcohol

ACS Omega 970 976
DOl

10.1021/acsomega.3c07156

Sakane Shunya Anji Toshiki Yamagishi ltsuki Kohara Issei Tanaka Hideki 52

Plasmonic Heating of Copper Nanoparticles with Thermoresponsive Polymers 2023

Chemistry Letters 582 585

DOl
10.1246/cl.230174

51 0 10
103 2023
2023
a -Cu2Se
103 2023

2023




PEDOT PSS

103 2023

2023
/

103 2023
2023
Cu2+xSe

103 2023
2023

Shunya Sakane , Shunichiro Miwa , Tatsuki Miura , Kazuki Munakata , Takafumi Ishibe , Yoshiaki Nakamura , Hideki
Tanaka

Thermoelectric Power Factor Enhancement of PEDOT:PSS by Formation of Cu2Se Nanowire Network Structures

2022 MRS Fall Meeting & Exhibit

2022




Koki Saito , Takashi Shimizu , Shunya Sakane , Hideki Tanaka

Synthesis of Graphene/Cu Nanoparticles by Photoreduction Method for Enhancing Thermoelectric Power Factor

2022 MRS Fall Meeting & Exhibit

2022

Tatsuki Miura , Kazuki Munakata , Shunichiro Miwa , Shunya Sakane , Hideki Tanaka

Synthesis of single phase a-Cu2Se nanowires by photoreduction method for thermoelectric applications

2022 MRS Fall Meeting & Exhibit

2022

S. Sakane , S. Miwa , T. Miura , K. Munakata , T. Ishibe , Y. Nakamura , H. Tanaka

Thermoelectric properties of Cu2Se nanowires/PEDOT:PSS composite thin films

1C0T2022 (International Conference on Organic and Hybrid Thermoelectrics)

2022

16 2022

2022




16

2022

2022

a -Cu2Se

16

2022

2022

PEDOT:PSS/

19

(7532022)

2022

19

(7532022)

2022




PEDOT PSS Cu2Se

19

(7532022)

2022

PEDOT :PSS/Graphene

18

2021

Cu2Se

PEDOT :PSS

18

2021

Cu NP/Ti02

PEDOT:PSS

11 2021

2021




Cu

11 2021

2021

Hitomi Kotake, Masaya Miyagawa, Hideki Tanaka

Novel strategy for highly-catalytic Cu nanoparticles realized in cotton-candy-like nanosheets assembly

Pacifichem 2021

2021
/pNIPAM
102 (2022)
2022
Cu /
102 (2022)

2022




102 (2022)

2022
Cu

102 (2022)

2022
PEDOT : PSS

102 (2022)
2022
PEDOT:PSS/

102 (2022)

2022




101 (2021)
2021

101 (2021)
2021

Cu

101 (2021)
2021

101 (2021)

2021




18

2020

MIYAGAWA, Masaya; KOTAKE, Hitomi; NISHIO, Kengo; HIGASHI, Kohei; TANAKA, Hidek

Significance in hierarchy of Cu nanoparticles on nanosheet for functionalization

100 (2020)
2020
13 2019
2019
9 2019

2019




63 (2019)

2019

104 2024
2024
PEDOT:PSS/

104 2024
2024
Ag2Se /BBL:PEI

104 2024

2024




a -Cu2Se

104 2024
2024
104 2024
2024
/PNIPAM
104 2024
2024

Itsuki Yamagishi , Takuma Okabe , Shunya Sakane , Hideki Tanaka

Synthesis of copper nanoparticles/thermo-responsive polymers and their photo-induced thermal response

MRM2023/ IUMRS-1CA2023

2023




Keito Uchida , Takashi Shimizu , Koki Saito , Shunya Sakane , Hideki Tanaka

Thermoelectric performance enhancement of PEDOT:PSS/Graphene multilayer thin films with intermolecular interactions

MRM2023/ IUMRS-1CA2023

2023

Haruna Kasugai , Shunichiro Miwa , Shunya Sakane , Hideki Tanaka

Fabrication of n-type composite thin films of inorganic nanowires/conductive polymers and their thermoelectric properties

MRM2023/ IUMRS-1CA2023

2023

Shunya Sakane , Kazuki Munakata , Yusuke Morikawa , Haruhiko Udono , Hideki Tanaka

Vacancy control in Cu2Se nanowires and their thermoelectric properties

MRM2023/ IUMRS-1CA2023

2023

Hideki Tanaka , Jun Hirokawa

Protectant-free degradative Cu nanoparticles and their catalytic application

EAC2023

2023




Ti02

PEDOT :PSS

20

(7532023)

2023

Cu2Se

20

(7532023)

2023

Cu2Se

Cu

20

(7532023)

2023

21

2023




21

2023

38

2022

533

66

2021

558




