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J. Am. Chem. Soc., 1958, 80, 1339, HIALEE: P,O; + K,S,04, MnO,, microwave —
Chem. Mater., 1999, 11, 771-778, Graphite + HZSO4 + I(Mn04

ACS Appl. Mater. Interfaces. 2015, 7, 2135621363, #N0#El: NaNO,, H,PO,, H,O ‘

J. Am. Chem. Soc., 2009, 131, 898-899.
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Cracking & edge oxidation Time: 30 min -5 days
Temp: 10 °C-95 °C

4

KMnO,/graphite: <3

at 35 °C for2 h

ACS Nano, 2010, 4, 4806-4814.

ACS Nano, 2014, 8, 3060—-3068.
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Continuous centrifugation

— R (121)
Reaction After reaction (ca. 30 L) >500 g / batch

(H,50,13 L)
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Japanese pairings

chemical industry. For instance, a major
Japanese company has yet to hold a contest
for technology development or set up a
website that invites outsiders to find solu-
tions to specific industrial problems—steps
that Western firms such as AkzoNobel,
RASF. and Daw Chemieal rantinsly taka

Mitsubishi Chemical Holdings as an ex-
ample, a conglomerate that includes the
chemical producer Mitsubishi Chemical,
the drug firm Mitsubishi Tanabe Pharma,
the industrial gas maker Taiyo Nippon
Sanso, and other subsidiaries.

hine nith

h: sting
firms look

In 2015, the METI-funded New Energy
& Industrial Technology Development
Organization started an innovation com-
mittee with 177 companies—including 40
chemical firms—and 41 universities, The
goal is to promote networking, expose
(A It AL

Tha Arem hac couvaral

Industry-academia collaborations yield an eclectic mix of research projects.

COMPANY NAME

Asahi Kasei
Asahi Kasei

Mitsubishi Chemical
Nippon Shokubai

Sumitomo Chemical

Toray Industries

NOW DUSY SETUNE UP ANANCes witn oner
companies, academia, and government labs,
Yoshiyuki Nakanishi, the chief executive
officer of DIC, is among those backing the
idea of open innovation, a method of con-
ducting R&D in collaboration with outside
partners including competitors, start-ups,
universities, and research institutes, Not
long after assuming his position in 2012,
Nakanishi told his staff, “Don't stick to
doing it all by ourselves.” His support for
collaboration with outsiders exemplifies

18 caEN | CENACS.ORG | AUGUST 72017

ACADEMIC PARTNER
Kyushu University

RESEARCH THEME

:Refinng of bamboo into raw materials fce medicine ane fooc

Jroversity aof Myazaki - Chemical transforrmaticn of celluloss to create new malacules

Kans»m Unversty

affiliate

JApanese Cnemical Inausiry peueve.

Customers, particularly in the elec-
tronics industry, often prefer to work with
specialized materials suppliers that pursue
their own unique technologies in isolation
from competitors, Researchers at small
and medi ized Jap hemical
firms have amassed in-depth expertise in
several niche performance materials.

But times are changing. In recent years,
Japanese electronic materials suppliers
lost market share to emerging competitors

University of Tovama

Okayama Univ.
Purtus Univers Y

Wazeda University

Techneloey tu aralyre the causes of sepsis

Commercial production of graphene oxide

Developenent of antdreering pratan denved from enow mushrooms

rechnology to aptimize agrachermical use oy analyzing phaotos of

AppUCanOnSs UCVCIOPINCIL LUCTEASIIELY,
firms are marketing not only materials but
instead complete solutions that might con-
sist of a mix of old and new products along
with technologies for delivering them.

“We are facing difficulty supplying val-
ue to our customers with the technology
from just one material,” acknowledges
ITkuzo Ogawa, senior managing executive
officer for R&D at Sumitomo Chemical.

For now, open innovation is not nearly
as developed in Japan as it is in the Western

CREDIT: SUMITOMO

plant roots anc leaves

LT VULV ILLEU W6 UPEH INUVALIOIL 1S
necessary to develop new products for
the firm’s information and electronics,
environment and energy, and life sciences
businesses. The company is also counting
on collaboration with others to help it
come up with new technologies for cat-
alysts, precision machining, organic and
inorganic chemicals, and polymers,
Other firms are trying to move beyond
garden-variety academic collaborations
and into something more sweeping. Take

LELUS LOIN tat western ('Dﬂ\pflmes are
more advanced in open innovation and that
Japanese companies need to catch up.

To that end, the government introduced
a tax break two years ago that allows com-
panies to deduct 30% of the expenses of
joint research with academia, research in-
stitutes, and contract research firms. The
30% deduction also applies to the use of
intellectual property from small and medi-
um-sized firms, Firms already benefit from
210% tax deduction on all R&D activities.

Thin fitns ta prevent unwanted ntama’ adhesion after surgary

me >cence INnovanon Matcning Forum
to increase the frequency and depth of
open innovation among Japanese industry,
academia, and government research insti-
tutes. Like chemical companies, the gov-
ermnment hopes the increased collaboration
will help Japan keep up as a world-leading
supplier of advanced materials.

Katsumorl Matsuoka has covered the

chemical industry for Japan's Chemical Daily
for the past four decades.

AUGUST 7,2017 | CEN.ACS.0RG | caen 10
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Graphite (1 kg)

H,S0, (30 L)

KMnO, (3.0 kg), 2 h

H,0, H,0, ag.
Centrifugation (> 500 L H,0)

Graphene Oxide (GO)
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0~1V 1.5V 2V
polarization intercalation H,O decomposition
“sidelview

S——-1

>4\
oxidation & expansion

Review:
ACS Nano, 2024, in press.
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Dryfe, et al.

ACS Appl. Mater. Interf. 2017, 9, 710. Carbon, 2020, 158, 356.



Structure of chemical and electrochemical GO

Transmittance (a.u.)

Electrochemical

Chemical (with KMnO,)

3400 2400 1400

Wave length (cm™)

400

intensity (a.u.)

XPS (C1s)

C-O C=C
C-C
C=0
,,,A
Zél 25-38 2é5

Binding Energy (eV)

282

Carbon, 2020, 158, 356.
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C,Hs O (@) N n
0y O /
L oo
ALH O
Co n VI_-PyMA,, 0
J in water
poly(CEM,,-b-EHA.) Hyperbranched polyethylene polymgthylmethacrylate O
11 7 . In acetone
in isooctane in THF S.Gentiluomo, et al., Chem. Eur. J. 2020, 26, 6715-6725 J.Cui, et al., Carbon, 2016, 99, 249-260

A.A.Shboul, et al., Nanoscale, 2017, 9, 9893 L-Xu, etal., J. Phys. Chem. C, 2013, 117, 10730-10742

) < M/\/\ M%

CF3 0 Py PS
PTFEMAn-b PVP,, 3-Arm [PMMA-Py], poly(3-hexylthiophene) in THF, CHCI,
in MeOH in CHCl, in toluene H.Wang, et al., J. Polym. Sci. A Polym.
H.M.Lee, et al., Polymers, 2016, 8, 101 S.S.Gkermpoura, et al., Nanoscale, 2019, 11 , 915-931 H.Iguchi, et al., Sci Rep, 2017, 7, 39937 Chem. 2015, 53, 2175-2185
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RYT—FBHIDE R
Entry R X ya MpP PDIP

| "CgH,, 76:24 22041 = 261

j j AIBN {/\ 2  "CgH,; 50:50 18,400 2.96
/ X y .

“S o ?—>Benzene s ™o 3  CgH,;, 25:75 38,532 3.07

R 70°C.12h _ R 4  nCiH,; 75:25 10,634 3.09

. | 5  CyHss 51:49 24,639 2.69

6 "CyHsy 25:75 16,170 3.89

Separation with GPC Molecular weight analysis

(vi) (V) (iv) (i) (i) (i)

500 1000 1500 2000 1,000 10,000 100,000 1,000,000

Ti Molecul ight
ime (sec) olectiarvelg Polymer J. 2022, 54, 1377.
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Reduced GO (rGO)-Paper

AhARSE D ES

200V, 1.0 J/cm?2
36 ms, room temp,
under Air




ZLFOTILAR—) \—=\‘--w \R2ADGH

rGO@paper

rGO@paper
(Electrode)

Paper = q'-//— =
(Separator) [ A=K 7\

i DD DD D
o 1
\ ]

\ Electrode }
\ Sega rator

lectrode

'rG@@paper

"\ rGO@paper 9 © 0 O ©
Eleetrode)_ 5 > | METNOS:
§
F
&
mE
HEE
B ER
B A5 ) {513 PTHE

R

L\

Capacitance: 200 F/g
Green Chem. 2016, 1117.



GOIlLNRIZIEET B




Ultrafast measurement using
femtosecond laser.
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epoxy & hydroxyl removal ! epoxy removal
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C-O bond ide is brok
Random bond cleavage ond on one side IS broken

ACS Nano 2019, 13, 10103.
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SREIZKY ., STHhILFEE Bull. Chem. Soc. Jpn. 2023, 96, 568.
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Graphene oxide Ox. activated carbon Ox. carbon black Ox. carbon nanotube Ox. nanodiamond

(GO) (O-AC) (O-CB) (O-CNT) (O-ND)
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E
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Epoxide plays an important role in radical generation.
Chem. Commun. 2024, 60, 10544.
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Graphene oxide Ox. activated carbon Ox. carbon black Ox. carbon nanotube Ox. nanodiamond
(GO) (O-AC) (O-CB) (O-CNT) (O-ND)

Catalysis ©j> Oxidized carbon ©j\>
v
N CH4CN N
H H

Blue LED, rt, 25 h

Entry Oxidized carbon Yield (%)
1 GO 85
2 O-AC 12
3 O-CB 10
4 O-CNT 7
5 O-ND 5
6 - 0

Chem. Commun. 2024, 60, 10544.
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Graphene oxide Ox. activated carbon Ox. carbon black Ox. carbon nanotube Ox. nanodiamond
(GO) (O-AC) (O-CB) (O-CNT) (O-ND)

NH,
Catalysis - X
Oxidized carbon N
-
CHsCN

Blue LED, rt, 25 h

Entry Oxidized carbon Yield (%)
1 GO 90
2 O-AC 10
3 O-CB 5
4 O-CNT 7
5 O-ND 3
6 - 0

Chem. Commun. 2024, 60, 10544.
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Other Photo-therapy Materials
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ACS Nano, 2022, 16, 11428.



Other Photo-therapy Materials
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PCR detection from
diluted sewage water
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Forrbillion tons off €O, reduction,
produce andiuse billion tens of €.

7K -

ITARILF—BTE High surface area.

High crystallinity High affinity with microorganisms.

Strong interaction with metals

High electron conductivity. )
(negative charge).

High stability.

Functignglizgd graphene oxide -F7J(‘H' —_— /f 5 7 Z ( '7 ’r b Z *ﬁ H:D

Surface functionalization of graphene.

b it ,Re’eaj' High virus capture/release performance.
Y bt ¢ Non-toxic & biodegradable.
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