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SUMMARY

(4 B 2 o B

I. Title

Organic conducting materials developed from ice surfaces

[l. Purpose and Necessity of R&D

O Investigation of new two-dimensional conducting polymers synthesized
on the ice surface and analysis of the molecular orientation
O Investigation of various types of low cost, eco-friendly, high efficiency

organic-inorganic composites

III. Contents and Extent of R&D

O Investigation of new two-dimensional conducting polymers synthesized
on the ice surface and analysis of the molecular orientation
- Investigation of molecular orientation of conducting polymers
synthesized on the ice surface
- Investigation of correlation between the polymers synthesized on the

ice surface and liquid-like layer on the ice surface

O Investigation of new two-dimensional conducting polymers synthesized
on the ice surface
- Synthesis of new high-performance two-dimensional conducting
polymer synthesized on the ice surface
- Effects of ice surface properties on thickness and conductivity of
conducting polymers synthesized on the ice surface
- Application of snythesized materials to electrodes for future flexible

device



IV. R&D Results

O

Investigation of molecular orientation of conducting polymers

synthesized on the ice surface

- Synthesis of large-area conducting polymers on the ice surface

- Analysis of unit cell-level orientation and crystallinity of conducting

O

polymers synthesized on the ice surface
Investigation of correlation between the polymers synthesized on the

ice surface and liquid-like layer on the ice surface

- Observation of two-dimensional structure of conducting polymers

synthesized on the ice surface and analysis of the role of ice in the

synthesis process

- Comparison and analysis of electrical conductivity of PEDOT:PSS

O

synthesized on the ice surface
Synthesis of new high-performance two-dimensional conducting
polymer synthesized on the ice surface
- Investigation of synthetic method of large-area two-dimensional
PEDOT:PSS on the ice surface
- Analysis of crystal structure of two-dimensional PEDOT:PSS
conductive polymers synthesized on the ice surface
- Synthesis of two-dimensional micro-porous PEDOT:PSS nanosheets

with viscoelastic properties

O Effects of ice surface properties on thickness and conductivity of

conducting polymers synthesized on the ice surface

- Fabrication of the Peltier chamber module for in-situ X-ray scattering
experiment and precise control of the ice surface

- Control of ice crystallization and analysis of ice characteristics by
introducing PEG polymers

- Effect of the condition of the ice surface on the properties of the

conducting polymers synthesized on the ice surface

O Application of snythesized materials to electrodes for future flexible

device

- Application of two-dimensional PEDOT:PSS as photoelectrochemical



hydrogen production electrode materials
- Application of two-dimensional PEDOT:PSS as electrode materials

capable of bending motion

V. Application Plans of R&D Results
O Development of research field differentiated from previously published
research
- Further synthesis of new materials on the ice surface and
achievement of specialty
- Investigation of the environmentally-friendly synthetic method for new
materials on the ice surface
O Expansion the range of applications for new materials based on
established synthetic method
- Investigation of flexible and transpareant materials synthesized on the
ice surface and use them as future flexible devices
- Synthesis of conducting polymers/inorganic nanporticle composites
and use them as solar cells/fuel cells which have high potnetial

market
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2. FH 0 CHUY 9 LA

= A =
A7) o] Foj M, AEHET ¥ 2L AE 5 xHd AAZ dA 7 &
Azt Aol thekdt A WS & FgAsdS Y 53 2010809 o]
29, 92 3@ v 4 (Atomic force microscopy, AFM), #elA FFx3 7]ike]
A7 (Laser confocal microscopy combined with differential interference
contrast microscopy, LCM-DIM)< &3] 95 ZH J& AAFS A= &
S oA e,

A BAe ofedurt v )
(surface melting) @Felgtal 3, ojuf A3-o] FHA EAjst= HAFo] A

A Zeo] 2 wMEd vzetARt, dHs] sdeA = F7] wiEel =HAS

AN
ok

©
ot

T -
(liquid-like layer, =+ quasi-liquid layer)o]gta 29S8 o) x@ =271
A& xHe FAAFTA gt B AF7E AUAT, o] F=HAFTE FE5t=

A
—conjugation system)® AL o]F1 E TEAE o2 <l YA HHA)
ste enEE PAet] A s5& 7hestA ot dA71H EAS 7HE
NS F A AEA aEAZE poly(34-ethylenedioxythiophene) (PEDOT),
P3HT (Poly(3-hexylthiophene-25-diyl)), %2 old @ (polyaniline), *23%&
(polypyrrole) ¢l 5. o] FolA dF A=A nF&A= FoAF o] 7tedt

A=}
Ag EHe 540l

¥

HolES AAT 9, FF

rie
b
i
1A
b
=
il
)
2
Ao
3

Q = a1
33 wgo] v GG Felste b 44
Holrl, AR mEAE fAF 545 A7 AR 542 A AAx A
W, AW A dubel 22A B vd 2§ opt 9yl WEel, A T
Wl q@e FRstel £ 4L o
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M 2 & =ue 7ls-d77eY s&

A1 d = 5F

dexHe =35ty 54 AT

AFEHANA Z32Y] Fib Hx) FdAe] ok, & A9 H/D wd ¥

2 A5 EH-E2F 7 vhs 54 A (Ace Chem. Res. 2005, 38 893-900).
A5 Ul AslE && SA4AT

Aol A= 58 A (4 55 pH W3} s}3 Rb-g A2 W)
e AEE &5 &5 A st E?(Envzron Sci. Technol 2010, 44,

A142-4148; Environ. Sci. Technol. 2019, 53, 7355-7362).

Ao Ao 3etA AL 7

Ao g3 LAEAFET LH9EE, Tu5 )Y Ash-gd v 9 B
2F38}A| (Periodate, 10,) &43t AFE &3 SZ25AH2 714 Q’?_(]. Hazard.
Mater. 2017, 329, 330-338; Environ. Sci. Technol. 2018, 52,
A5 %55& stet4 SEA(EdAS)S ol&ste] e 23 A=A L&A
dA D HSFHAR S&(Angew. Chem. Int. Ed. 2015, 54, 10497-10501; ACS
Nano 2019, 13, 3953-3963).

A53st 548 ol &3 B -dUA A A AT

A3t SA(EAAT)E ol&ste] gF ol wigd MddTor 2 A

S AYE TiO, Y= Y23 A (Energy Environ. Sci. 2013, 6, 2932-2938).

24 =9 %

FEYFE 225 S0l Yol Age 4

95 437 TE W QLU dolibe Fushgel os) shrize] 34
M3 oole AY LEF A @ge] Svie AeEvkn AhH (Science 1987,
238, 1253 - 1257; Nature 1986, 321, 755 - 758)

%@%%:@oﬂ o% Bshurg 7h4at

SRR } BABEEI o BAnG 10 @

=
nE
K
2
£ 41

A U sEakgel o3 o dE A4S
A dSoly d5 5 YA EAStE SRR s FHbsdd o] A
HeE A2 7389 77 S9E52S B s Environ. Sci. Technol 2003,



37 15668-1574; Environ. Sci. Technol 2004, 38, 2873-2878).
O FAW W AgolA] dojuhs A=A B4

- 5= di7]elA old AFEelA FAHE A gl BEW g9:=E HHI
snowpack ¢ 7]l ZAHsto 2N FolA TR FEH FAHo FAHAE

A A& (Nature Geosci. 2013, 6, 351 - 356; Proc. Natl. Acad. Sci. U.S.A. 2017,
114, 10053-10058).
O 4o o3t FF o d4

A o3 FFo] FTtE= ZEHE MRS B AAME do] Jheek AR
<% 7RSS At (Angew. Chem. Int. Ed. 2019, 58 3834 - 3837).

O d5xHe 53 vk AP 7 714 AT
A5 BHolAe ZdlAd oA gl 7k dto]l=dolEe] AP F3 AN
mady 9 712 AG(J. Am. Chem. Soc. 2004, 70, 550-557).
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