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In this study, we succeeded to develop GO-metal complex hybrids and
rGO-metal complex hybrids with hybridizing graphene oxide (GO) and its reduced form (rG0), which
have interesting unique properties. It was revealed that GO which is a precursor of rGO shows high
proton conductivity and that rGO in which GO is variously reduced exhibits properties of p type
semiconductor or n type semiconductor. We have also found the property as a photocatalyst that
decomposes water by light irradiation for rGO.



(GO)

(rGO)
rGo

N
7C—OH

o N 2 2 C=

77N\ = —_ sp’
e ,c=0 c\o;.,

. SN . e sp® C—C C—H
TRFEY  EFOFIIL DAL DLRFDIL

1 GO rGO
GO
GO rGO
GO
rGO
(
)
GO
rGO
GO-
rGO-
(GO)
(rGO)
GO
GO
rGO
p
n
rGO rGO p
n
pn
rGO
rGO

GO
GO X3 GOJ?DrGOﬂ-/ v—h&
rGO SRR DA TY v R
GO rGO
GO
GO-L
GO-L-
GO
rGO
GO rGO
(i) GO rGoO
(i) GO rGO
(GO)
(rGO)
GO rGO GO
rGO
GO rGO

GO rGo



XPS TEM AFM

Hummers
GO
rGO GO
GO rGO
GO
102 Scm?
GO T 0.14 4
@ 100% RH
%‘”2' @100mv
g,O.lO—
'JE0.0S—
=
"E0.0G-
60,04—
3([)0 3;0 3:“)
Temperature/ K
4 GO
( 4
GO
rGoO
GO rGO
( )
GO GO
GO nm Hydrazinereduction mv
rGO 50+ 410
KFM ::: ﬁ | 405
j:: p 395
GO nm Photo reduction mv
r p *] 320
rGO n o
n 57 “ n - 305
( 5 rGO

5)

GO

rGo
pn
GO
GO- GO-
GO
GO
rGo
= 0.0 ~ 0
GO-Co**
rGO-CoO
®6 rGO-CoONA 7Y v KD
IR AR R
( 6) rGO
GO
Sp3

9A
rGO



Sp2

3A

SCO

rGO

PR S o 3
K7 GO bH{EHE L 7ZGOK%

By 5L TBRICEADE
BELD

C 7

20
N. N. Rabin, M. R. Karim, Md. S. Islam, H.
Ohmagari, N. Kameda, Y. Shudo, R. Ohtani,
M. Nakamura, S. Hayami, Oxidation Route
Dependent  Proton  Conductivities  of
Oxidized Fullerenes, New J. Chem., 41,
14708-14712 (2017).
DOI: 10.1039/C7NJ02964K
M. S. Islam, M. R. Karim, N. N. Rabin, R.
Ohtani, M. Nakamura, S. Hayami, Oxygen
functionalized porous carbon as single
phase mixed electron/proton conductor and
capacitance properties, Chem. Lett., 46(12),
1828-1831(2017).
DOI: 10.1246/c1.170677
Y. Sekimoto, R. Ohtani, M. Nakamura, M.
Koinuma, L. F. Lindoy, S. Hayami,
Tuneable pressure effects in graphene oxide
layers, Sci. Rep., 7, 12159 (2017).
DOI: 10.1038/s41598-017-12444-x
H. Takehira, M. S. Islam, M. R. Karim, Y.
Shudo, R. Ohtani, L. F. Lindoy, T. Taniguchi,

10.

11.

12.

M. Osada, S. Hayami, Photoreduction
Dependent p- and n-Type Semiconducting
Field-Effect Transistor Properties in
Undoped Reduced Graphene Oxide,
ChemistrySelect, 2, 6941-6944 (2017).
DOI: 10.1002/s1ct.201701509

Y. Shudo, M. S. Islam, M. R. Karim, N. N.
Rabin, K. Wakata, R. Ohtani, M. Nakamura,
L. F. Lindoy, S. Hayami, Development of an
all solid state battery inporporating
graphene oxide as proton conductor, Global
challenges, 1, 1700054 (2017).

DOI: 10.1002/gch2.201700054

M. Tsutsumi, M. S. Islam, M. R. Karim, N.
N. Rabin, R. Ohtani, M. Nakamura, L. F.
Lindoy, S. Hayami, Tri-functional OER,
HER and ORR Electrocatalyst Electrodes
from In Situ Metal-Nitrogen Co-doped
Oxidized Graphite Rods, Bull. Chem. Soc.
Jpn., 90, 950-954 (2017).

DOI: 10.1246/bc¢sj.20170102

M. R. Karim, M. S. Islam, N. N. Rabin, H.
Takehira, K. Wakata, M. Nakamura, R.
Ohtani, K. Toda, S. Hayami, Interlayer Void
Space as the Key Semipermeable Site for
Sieving Molecules and Leaking Ions in
Graphene Oxide Filter, Chemistry Select., 2,
4248-4254 (2017).

DOI: 10.1002/s1ct.201700503

K. Wakata, M. S. Islam, M. R. Karim, K.
Hatakeyama, N. N. Rabin, R. Ohtani, M.
Nakamura, M. Koinuma, S. Hayami, Role
of hydrophilic groups in acid intercalated
graphene oxide as a superionic conductor,
RSC Advances 2017, 7, 21901-21905
(2017). DOI: 10.1039/C7RA01634D

M. R. Karim, K. Hatakeyama, M. Koinuma,
S. Hayami, Proton conductors produced by
chemical modifications of carbon allotropes,
perovskites and metal organic frameworks,
J. Mater. Chem. A, 2017, 5, 7243-7256
(2017). DOI: 10.1039/C6TA10923C

M. R. Karim, S. Islam, N. N. Rabin, R.
Ohtani, M. Nakamura, M. Koinuma, S.
Hayami, Proton Conductivity of Graphene
Oxide on Aging, Aust. J. Chem., 70(5),
642-645 (2017). DOLI:
org/10.1071/CH16557

K. Wakata, M. R. Karim, M. S. Islam, R.
Ohtani, M. Nakamura, M. Koinuma, S.
Hayami, Superionic Conductivity in hybrid
of 3-hydroxypropanesulfonic Acid and
Graphene Oxide, Chem. Asan J., 12,
194-197 (2017). DOLI:
10.1002/asia.201601488

M. S. Islam, M. R. Karim, S. Islam, J. Kim,
N. N. rabin, R. Ohtani, M. Nakamura, S.
Hayami, In Situ Generation of Silicon
Oxycarbide Phases on Reduced Graphene
Oxide for Li-Ion Battery Anode, Chemistry



13.

14.

15.

16.

17.

18.

19.

20.

Select, 1, 6429-6433
10.1002/s1ct.201601363
M. R. karim, M. S. Islam, K. Hatakeyama,
M. Nakamura, R. Ohtani, M. Koinuma, S.
Hayami, Effect of Interlayer Distance and
Oxygen Content on Proton Conductivity of
Graphite Oxide, J. Phys. Chem. C, 120,
21976-21982 (2016). DOLI:
10.1021/acs.jpce.6b06301

M. S. Islam, M. R. Karim, K. Hatakeyama,
H. Takehira, R. Ohtani, M. Nakamura, M.
Koinuma, S. Hayami, Thermally Stable
Super Ionic Conductor from Carbon Sphere
Oxide, Chem. Asian J., 11, 2322-2327
(2016). DOI: 10.1002/asia.201600835

Y. Murashima, M. R. Karim, R. Furue, T.
Matsui, H. Takehira, K. Wakata, K. Toda, R.
Ohtani, M. Nakamura, S. Hayami, Reduced
Graphene Oxide-Transition Metal Hybrids
as p-Type Semiconductors for Acetaldehyde
Sensing, Inorg. Chem. Front., 3, 842-848
(2016). DOI: 10.1039/C6QI00058D

T. Matsui, M. R. Karim, H. Takehira, M.
Nakamura, R. Ohtani, M. Koinuma, S.

(2016). DOL:

Hayami, Photocurrent Generation of
Graphene Oxide Hybrid with Ru(Il)

Complex, Chem. Lett., 45, 365-367 (2016).
DOI: org/10.1246/c1.151123

K. Hatakeyama, C. Ogata, M. Koinuma, T.
Taniguchi, S. Hayami, K. Kuroiwa, Y.
Matsumoto, Coal Oxide as a Thermally
Robust Carbon-Based Proton Conductor,
ACS Appl. Mater. Interfaces 7(41),
23041-23046 (2015). DOI:
10.1021/acsami.5b06470

K. Hatakeyama, Md. S. Islam, M. Koinuma
C. Ogata, T. Taniguchi, A. Funatsu, T. Kida,

S. Hayami, Y. Matsumoto, Super
proton/electron mixed conduction in

graphene oxide hybrids by intercalating
sulfate ions, J. Mater. Chem. A 3,
20892-20895 (2015). DOLI:
10.1039/C5TA05653E

Y. Murashima, M. R. Karim, N. Saigo, H.
Takehira, R. Ohtani, M. Nakamura, M.
Koinuma, L. F. Lindoy, K. Kuroiwa, S.
Hayami, Graphene Oxide and Reduced
Graphene Oxide Hybrids with Spin
Crossover Iron(IIl) Complexes, Inorg.
Chem. Front., 2, 886-892 (2015). DOLI:
10.1039/C5QI00097A

Y. Murashima, R. Ohtani, T. Matsui, H.
Takehira, R. Yokota, M. Nakamura, L. F.
Lindoy, S. Hayami, Coexistence of
Electrical Conductivity and Ferromagnetism
in a Hybrid Material Formed from Reduced
Graphene Oxide and Manganese Oxide,
Dalton Trans,, 44, 5049-5052 (2015). DOLI:
10.1039/C5DT00299K

5
S. Hayami, ACCC2016, Graphene Oxide
and Reduced Graphene Oxide Hybrids,
Melbourne, 2017.7.23-28.
S. Hayami, Seminar in Duke University,
Graphene Oxide and Reduced Graphene
Oxide Hybrids, Durham, 2017.3.3.
S. Hayami, Seminar in University of
Valencia, Graphene Oxide and Reduced
Graphene Oxide Hybrids, Valencia,
2017.2.3.
S. Hayami, ICMM?2016, Graphene Oxide
Hybrids with spin crossover compounds,
Sendai, 2016.9.4-8.
S. Hayami, 8th ISNSC, Graphene Oxide
and Reduced Graphene Oxide Hybrids,
Brisbane, 2016.8.14-17.

2
K. Hatakeyama, S. Hayami, Y. Matsumoto,
Inorganic Nanosheets and Nanosheet-Based
Materials (T. Nakato et al. Eds.), Springer,
Graphene Oxide based Electrochemical
System, 331-346 (2017).

> > >

101-135 (2016).

2016-119006
28 6 15

http://www.sci.kumamoto-u.ac.jp/~hayami/

()

(€)

*

HAYAMI, Shinya

30321912

MATSUDA, Masaki

80376649

KUROIWA, Keita



70336006



