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Development of liquid ferroelectrics
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Although a wide range of compounds such as inorganic oxides, organic-inorganic
hybrids, liquid crystals, and polymers have been shown to reveal ferroelectric properties, liquids have
never considered as ferroelectrics.

In this study, we have demonstrated for the first time that ionic liquids (ILs) reveal show
non-paraelectric properties and display hysteresis in the polarity-electric field curve, which is a
unique characteristic of ferroelectrics above room temperature.

At room temperature (300 K), only an apﬁreciable P-E loop was observed under application of electric
field. On the other hand, upon heating the IL up to 370 K, polarization hysteresis became eminent,
indicating the IL molecules underwent ferroelectric ordering. The increase in polarization upon repeating
the applied electric field cycles indicates that the initially unpolarized ionic liquid show
;Qrigelectric ordering and the size of polarized domains increased with cycles of the applied electric

ield.



B X C—19,. F—19, Z—19 (tm)

1. AFZEBRAE S D =

BN, BRASEME, B WA THE
OB DR T D EROREEOO LD
Thh ., RERMEAETY —(FRAM), 27
vH—tltoxz Ly br=7 AMEOIZ
N, EERFREZTHHISHIN TS,

4B SREEEMEM B O ST B TH Y |

FTOMME THDF X BT T A
(BaTiO;) (I 7 2 A MEEIZBIT 5
F O ELONLEDOENIC L 4 U 5B
FHEEFETS (K1), AS 28T
A E LT, mFEEER ) ~—Tho AR
U (Zovfbe=U7r) BNEbi, BRI
THE Y ORMUARELZ XY oA R 5
2. HE kViem b O EWEREIESS N ER S h
b, WHETIHZ 7 a U BOFEEICBWT, K
BRI LA BN OB EENRE SN
7273 (Tokura et.al., Nature, 2010, 463, 789), =
O O5r - HERE R IXERIE TX v v D
B RS E2AT %5, Blb, §iRE CRiE
FEDF )L 700 25, BENDT LI Y
TV Gy R AR O FHEEHIR IS
LR TWedo Tz,

2. WD HBY

ARFFEIE, PERER (SREREY . BEREHS A
B T) ICBWTOARELN LA EMEE.
AF Uk EEEET DY 7 AT U T L
WCBWTEBRT L7008 LW ik % B
Wiz ExBHE LT,

3. WD IIE

BRale7 B L ET =4 U O/A
GhEnbesBEmb L 3FHO A 4
RIREHTERRE Lc, b DA A U iRIK
Z @A ITO EiRE /L (JEAH~20 um, 6.8 um)
WZEPAN U, SREFEMAELERE 2 AV CRE BN
PEZZHRINCHE LTz, Zod &, OKIRE
oKX, QFHEK, ORE, @EMmEHE
DI DRT A= EESE, MmpEEE
ATV v AR IAbEY, - OWRE, &
TES 78 & OFM % FMICRET Lz, WiEE
t 27 U ARG LNTZALEMITONTIL,
PUND(Positive Up Negative Down)ifll i€ % %
W, R & TR RS & S B UARAT
L7z,

4. HFFERE
lx DAL U RIRIZOWT, FHEEMN 22
FICHE LR, BEKRT =4 v 28T

13-4 XXV U T LENSKRD A A RN,

HHIREFB CRRENICEBEBE L AT Y v
AEH5 257 LR H LML), 1103,
Bex REICBIT S P () -E (B o
BfRERL TS, =RIZBWT, P-E i
WCHE L — 3B S 720, 370K F
THET B L BHERE AT U U ANREH &
Nize ZDOZ E1X, A A IR BN %
R EERET S, BHBREWNT Lo, &Y
SR (E=0 1281 % P ) (XFEIINL7-487

—300K
f—320K

Frequency 1.0 Hz

Electric field / kV cm”
EBX 1 K4 7RIREIZBT 5 P-E di# (A%
1.0 Hz, %> 7 /VIEZ 20um)

20 cycles 45 cycles
2000 4—— 695 cycles —— 85 cycles

100 cycles ——120 ¢ cles

1000 -

|/a.u.

-1000+

4 3 2 4 0 1 2 3 4
Electric Field / kV cm’
X2 I-E %k

A 7 VAT E ER U85S EILLEDY
ANV T—E (P=60uC cm? 350K) & 72
ST, Bi—EEJ-E)HR (K2) 2B\ T
X, +1.5 kVem, -1.5 kVem ! ([Z58FF B MHEME
WA OB RER B Sz, 2
DOFERIT, HUNESG A 7 Va4 Lt b
W2 A A RIEDOER KA A > DORE I
L. ZOFA A A U RIRFEEL T L
EEWT 5,

1iIZBWT, +1.5 kVem!, -1.5 kVem™! &
D HEINEESREW E PO B 55
2, TV — 7 B OFRG LB LN
%o & ZCHEEEMER Y & WEEMRS. Y
— 7 B D F G E T 5 720,
PUND HIfE 1T > 70, = DFER, ENLELD
KESIE, BIRAICREL D Z Lo T,
X 2 (b)iZFF 57UV AEERIN, P EOJK
RN LI, HiEER S 72 b NS Y — 7 Eiit
o DAFAE R BW T 5, —J57, BORRIC PAHE
X—E L7720, MFEEMR D DFETDH &
Do 7o, RIS, A A HRIED R A A A
FREIEDHZOIC, 370K 28V T 35
kVem! OZRWRELEIME 70 A 7 NWAT- 7=
LA (A% 1.0 Hz) . S RO MMIE Ps 1% 7
uCm2 15 14 uCm? (THIL, W=V > 7%
HARBNENT-, ZOR—V » 7% 5813 340K
~370K OIREHFHPHTCHIM I, ZOFEHET
A F RSB R ISR DEm KA A
DR SN D Z &l - 72, Fdflk
SENTMITBWT, Ps = 80 uCm2 (0.1 Hz)
DB L, BBRENZ LT, ZOfEiTEEIC



{a) Pulse sequence

Resting time (1s)
«—>

<>
Pulse width (0.1}
Positve Up Nogative Down
Electric field _ﬂ H o i
: i L in

Paracloctnic
Componant
(PC)

Loakage current
Componant
(Le)

{b) Schematic illustration of a pulse response
in the PUND measurement.
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