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The molecular assembles confined in nanospaces of . .
porous materials show very unique properties compared to Supel‘lonlc Sta‘[e
those of bulk fluids, called nano-confinement effects. In this ¢ g .
study, we investigated the microscopic and macroscopic . -9 fOrmatlon
properties of water and ionic liquids confined in carbon Be Te
nanopores by in-situ X-ray scattering. Furthermore, we
propose our methodology to clarify the uniqueness of the
materials confined in the nanospaces with Hybrid reverse
Monte Carlo simulation and Debye-Bueche analysis.

Water assemblies in hydrophobic nanospaces with bilayer
size form ice-like hydrogen bond networks even at room
temperature. Monolayer sized ionic liquids in the
nanospaces surrounded by conductive carbon pore walls
show partial breaking of the Coulombic ordering structure
between ions, resulting in the formation of superionic state
in which co-ions can be closer each other because of
electrostatic screening effect.
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Figure 1. (a)N2 adsorption isotherm on A25
at 77K. (b)H20 adsorption isotherm on A25 at
298 K. Closed and open symbols denote the
adsorption and desorption branches,

respectively.
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Figure 2. (a) SAXS profiles of A25 adsorbing

water at several temperatures. (b) DB plots of
SAXS profiles of A25 adsorbing water at

several temperatures.
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Figure 3. Temperature dependence of
density of water adsorbed on A25 (red). For
comparison, those of bulk water (black),
supercooling water (green) and ice In (blue)

are also shown.['”]

28



Acc. Mater. Surf. Res.

LA & R 7o 2O R R AL L2 s U
FHODBE BEPE IR L LTI ICA R TH D,
Fig. 3 1% DB fi#d D372, A25 ffLHIZ
W75 LT K DR FE DR FERFIETHDR), Lt
DTSN IZBITHKER)EK(F) LD
W R BE D 7K (k) 0D 5 FE DR B AFED 7=
LTHD, A25 HIFLFDKIZ, /T TORRA

Yagi

IZRBITDEEELDIO7 | B R~RET,

Wﬁ%mﬁ%%m&u\oﬁb\mﬁ RS CIRE D E
TP U EE S IS HE N9~ D eV H A D
?:?%&H Uik U=, FFIZ, 200K 25 250K £TO
R R BT 28 AT RELAKIRTO
IKEED BRI K FFE R Ry T — I DRI
TOEIEE SR L o2k
HTENTID, FT2FEFICHBRERNZ LT, =
IRIZETD A25 MIFLF OKDOE FEDOEIZ L
I DKREVEINEL KO IZIVMEE 25T,
T 22 MW T OKOFEZEEN 6T DM FLAR K
{EMEIZ DN T, SOICEEICRET A T o7,

_—
1=
S

12000

8000

4000

Intensity, I/ c. p.s.

g /nm™!
(b) 12000

8000

4000

Intensity, I/ c. p. s.

0 0.5 1 1.5

g /nm™

Figure 4. SAXS profiles of (a)A20 and (b)A7

adsorbing water at several temperatures.
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Figure 5. Temperature dependence of
density of water adsorbed on A25 (green),
A20(blue) and A7 (red).
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Figure 6. Electron radial distribution

functions (ERDFs) of water adsorbed on

(a)A20 and (b)A7. ERDF of bulk water at 298

K (black break line) is also shown for

comparison.
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Figure 7. X-ray scattering profiles of EMI-
TFSI confined in several carbon nanopores.
The XRD profiles of bulk crystal and bulk
liquid of EMI-TFSI are also shown for

comparison.
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Figure 10. Operand X-ray scattering profiles
of Electric Double Layer Capacitors under
charged (+2 V and -2 V) and discharged (0
V) conditions with (a)0.7 and (b)1-nm sized
pore of carbon electrodes. EMI-TFSI was

used as the electrolyte.
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