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?reparation, structure and catalysis of metal nanosheets intercalated graphite
ayers
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Graphite-intercalated noble metal particles (M-GIC) were obtained by the
hydrogen reduction of metal chloride intercalated between graphite layers, the latter was prepared
by the treatment of the mixture of metal chloride and graphite powder under chlorine atmosphere.
Two-dimensional platinum nanosheets with 1-3 nm thickness and 5-300 nm width were formed between
graphite layers. Iridium nanodisks with 1-3 nm thickness and 1-15 nm diameter, and spherical
palladium nano particles with diameter 2 nm were obtained between graphite layers. The noble metal
particles between the graphite layers showed higher selectivity and activity than those on the
graphite surface in cinnamaldehyde hydrogenation.



sp?
Van der Waal

1990 , M.S.Dresselhaus and G.Dresselhouse, Adv. Phys. 51, 1-186 (2002).

- 1-3 nm

Shirai et al., Chem., Commun., 623 (2000)
120°

773 K 0.4 MPa

UAL
@@ﬁ (Y won™ 22 (T e
H, l l l Y
2 (T e T
1
5-15wt% av) 0.3 MPa 723 K
7 PtCI,-GIC PtCI,-GIC 573 K 40 kPa 1

Pt-GIC 5wl TEM 120° CHrALHEAS - 7= %



5-300nm
120°TH Y . ROPLHFDIiA (AB BC CA
(a-b) 2 nm 0.335
nm 1(c-d) (a-b)
top view (c-d) side view
15wt%

120°Df% %= H L, JEE 2-3 nm
Pt-GIC

120°

Pt/Gmix TEM
Pt/Gmix

5wth Pt-GIC 5wth Pt/Gmix
( UAL 2 mmol 0.02 g 50
5 MPa 10 MPa) Pt/Gmix Pt-GIC

Pt-GIC uoL Pt/Gmix
UAL

Pt-GIC
UAL

Pt-GIC Pt/Gmix

1 UAL C=0
c=C

C=0
C=C

C=0 C=C

ey
e el
_L = O q —sof
B1 RBEMES /S (EREEW%) DTEME T ﬁ I I I li/@/vzo
0 30 60 90 120 150 E/ 0
/ min
Pt-GIC Pt/Gmix
Swt% ) 0.46 MPa 723 K
7 IrCl1,-GIC 40 kPa 773 K
Ir-GIC Ir-GIC
TEM ( (@ )
2.0 nm
() 100 nm
© 1-15 nm 1-3 nm
Ir-GIC
Ir-GIC
UAL (
UAL 2 mmol 0.05 g 50 5 MPa
10 MPa) Ir-GIC
90%
Ir/Cmix uoL 3 SAL 3
1 SOL Ir-GIC Pt-GIC
C=0 c=C

uoL



=R

H3 EMBEAIC VLT /TARI ()T LEEw%) DTEME

1wt
7 PdCI,-GIC
Iwt% Pd-GIC
UAL 2 mmol
20 mL) Pd-GIC
SAL
TEM Pd-GIC
Pd-GIC

60 90 120 150 180

Time/ min
Ir-GIC Ir/Gmix
0.3 MPa 723 K
40 kPa 573 K
Pd-GIC Pd-GIC  TEM
€)) 2.4-2.5 nm
®
Pd/Gmix n- uoL
0.02 g 50 1 MPa n-
Pd/Gmix
Pd/Gmix

®5 RERBR/NTOVLS/IN—T49)L UFD) LEEWM%) DTEME

30

Pd-GIC

n-

60 90 120 150 180

Time/ min
Pd/Gmix



5 5 0 0

Kato Shusuke, Nanao Hidetaka, Shirai Masayuki 48

Graphite Intercalated Iridium Nanodisks for Cinnamaldehyde Hydrogenation 2019

Chemistry Letters 1262 1265
DOl

10.1246/cl .190527

Masayuki Shirai, Yusuke Yamazaki, Kazuki Takahashi, and Hidetaka Nanao a7

Hydrogen reduction and chloride oxidation behaviors of platinum species between graphite 2018

interlayer speces

Chemistry Letters 1094-1096
DOl

10.1246/cl.180484

Masayuki SHIRAI 19

Platinum Nanosheets between Graphite Layers 2019

The Chemical record 1263-1271
DOl

10.1002/tcr.201800098

M.Sodeno, S.Kato, H.Nanao, and M.Shirai 375

Preparation and Structural Characterization of Platinum Nanosheets Intercalated between 2021

Graphite Powder with High Surface Area

Catalysis Today 48-55

DOl
10.1016/j .cattod.2020.04.038




M.Shirai, K.Kubo, M.Sodeno, and H.Nanao 16

Platinum Nanosheets Intercalated into Natural and Artificial Graphite powder 2021
Chemistry - An Asian Journal 2035-2040
DOl

10.1002/asia. 202100504

27 5 5

Masayuki SHIRAI

PREPARATION AND HYDROGENAION PERFORMANCE OF METAL NANO SHEETS INTERCALATED BETWEEN GRAPHITE LAYERS

The 8th Asia Pacific Congress on Catalysis

2019

Masayuki SHIRAI

Structure and Catalysis of Two-dimensional Metal Nanoparticles between Graphite Layers

A Workshop on "Green Synthesis and Catalysis Technology

2019

124

2019




Preparation and structure of rhodium-graphite composite

2019

2019

Preparation and structure of ruthenium-graphite composite

2019

2019

Mika Sodeno, Kota Hayashi, Shusuke Kato, Yusuke Yamazaki, Hidetaka Nanao, and Masayuki Shirai

Preparation and Cinnamaldehyde Hydrogenation Performance of Platinum Nanosheets Between Graphite Layer

Recent Progress in Graphene & 2D Materials Research

2019

Masayuki Shirai, Mika Sodeno, Kota Hayashi, Shusuke Kato, Yusuke Yamazaki, and Hidetaka Nanao

Two-dimensional Platinum Nanosheets Between Graphite Layer

Recent Progress in Graphene & 2D Materials Research

2019




46

2019

46

2019

10

CE

2019

2019




2019

2019

Preparation and structure of platinum-graphene composite

30

2018

Preparation and structure of gold-graphite composite

30

2018

122

2018




122

2018

45

2018

45

2018

Masayuki SHIRAI

Cinnamaldehyde hydrogenation over platinum nanosheets intercalated graphite

International Symposium on Catalysis and Fine Chemicals

2018




30

2018

30

2018

M.Shirai

Structure and Catalysis of Two-dimensional Metal Nano Particles Intercalated between Graphite Layers

International Webinar on Industrial Catalysis

2020

126

2020




2020 3 CPC

2020

Tomoki Sobu, Mika Sodeno, Hidetaka Nanao and Masayuki Shirai

Iridium nano disks intercalated between graphite layers

Pacifichem2021

2021

Structure and Catalysis of Two-dimensional Platinum Nano Sheets between Graphite Layers

Mika Sodeno, Hidetaka Nanao, and Masayuki Shirai

Pacifichem2021

2021

, , , , Etty Kusumawati, ,

2021




(Nanao Hidetaka)

(50312509) (11201)
(Hiyoshi Norihito)
(50415733) (82626)




