B S50 ELMS
A BRAEA TTF-CA BT 5 44 &N i &I U5 B KSR

INREEAT !, REHERI
'KEK YIERGERIAIFFLAT CMRC/PF, ° FESERANFR G I ZE T

Large Polarization Directing Antiparallel to Ionic Displacement
in an Organic Ferroelectric TTF-CA

Kensuke KOBAYASHI', Reiji KUMAI"™
'Condensed Matter Research Center (CMRC) and Photon Factory (PF), Institute of Materials Structure Science, KEK,

*National Institute of Advanced Industrial Science and Technology

Abstract

ERSEFEART N TF T TIVSL Y (TTR)- 7125 =)0 (CA) BT 5 HFHDWM, 7 7 RIOE) 7K E TR EIFRE IR
U A4 O &G EICTET 2 L0 S R R o M BIRS 72 D' XFRIEHT EBRIC K> TS MC LTz, T
[FE THRISEAAEE ) EHEN 2 M5, A BN DA A AN K D% D 20 5L EO BR D MEFETE 218, BRI
ZNERDVNETRIEIC BV TE R RTFEHDNATRE CTH D | S OETFEIRFFEC R 2 150 L2 BRI SN S,

1. IELsHIC — R OB BLROREREICE—7 8 LG AR
AR, BT B - LR TR EIRHIN DESRIC TIROEEZ R HE E RVZd e dic, i Dibkico
JEHENTOBEEEMA R THZ D (1], BIEZOME WTREHLS 2T EMNREENT VS [4], ERIBEIEHA
HoTWBDIZ, AHEIMEERETHTSFZVBYIV T, DA° TRENZEMRBEE () D, 05 Foh
avgih (PZT) RMETH S, 7V — DB RO MIREZ & 200 05 LLEOAF U HIRRER & 2M00E, D &
HETEEBLTVWED, WOTERMEZELLELD ADAAUMUICETZ T3V FE— A+ b Lk~
Thd, TNUTHLT, HPFPEZ—VETEEVER  —FIL TN F—L ORNERIC K > TR E N
DT EOSEABERIFEDN, STTREIE FOBRZEOHRES T, TW3 [5]e SEAEIEICIANT T—oc8ih Mt 215 % ik
PEMECIIRA B, HIR Y O SR E ORI &b lid, [IEEMO D F L EBERO A 5F DRI
BaiEh LS ARHSONREE 23D TN EE->T AL T BERNZERTEETHY, RIFAANT
W3 2 L LEWDDS, GHRFABEROMERNIZRL T EHRETEREDRV,, ZREAELTe—XotEHICIE, DA DA
ZNEIRVAT, RS T 5% 2 iE BT DA DA... £ AD AD AD ... D X 51T, WD IER D 238D D
Dz, MREERIEA RO ENEH, ThHDORICEY MESFELTEY, ThbZIERIC K > THERE
THEEYIER 7 Rz 5 O MAR A B R BN 2z Tt hE, FIITmAENE RS, TOBRA, TTF R
5EMCT BT &IE, F NI H A RIRIR D CA DT DX S5 IS T ARSI AN T2 H-3 L &
DOREHEHZ RS ETIERICERETH S LWV A 5, SAEME AR L, FOOMmOEIE, [y kT
AT, REREMNERBEATHZT NIF 7T BWEDRETLA (4467 MThd L VA5,

JURLY (TTF) - Z7u5=)L (CA) $EKICHBWT, gt —RICDAZZHEE T, D D A 77 1158 (HOMO)
X R EEE WS T T, FOEKREETE MmO L A DOREIEEE S THE (LUMO) EICiX, pDKEE
e LT, 1EkOEmFERIIRENEN TS TRE  ICBRAL DA 1 6B Dt 2 BHFET 5728, EBTH
TE TR, bbb MErRmiAENE ZRWELE ENFIC BRI TFREE IS LTV, Txbb,

DT LIV [3]6 ISA TIVABIR @R G LTS, ThDERENE 8
HRILEZREE LIERAKDERNTHD, ZBV 0144
2. XERBREFEHEGDOEFEH L7560, 2 TONF A Y S=12MELBT L

LREHBEBR B 1E, AR EOTETILSR (R T, FO—JItHIE A Y 281 TV AR O R %
F—) 1 (D) LBETFRER TR TE—) nT L) R TZREKELRTV, T LERDE E, ERICA
MR BICRIAETL > o — RN 5 & S mE 269 % WZENTW2usssmtOmeB ik, -1
G THERTH S, TORICE ZmFEBEDS RN PR (ND B &, A A MRS D A E V8 )V AT
WE TN 20 L ERTICHER S, TEBICEKST, DA MO, FIC @O DRA THHLENTWS, &,

PF NEWS Vol. 30 No. 3 NOV, 2012 10 BT OWIZEH 5



DA S FRICEFRZN—FICEL, &0 77 o7
JUT — )V ZEEEARIED 5 A A 2 S SRTIEA S HiEH1 9 2 4
BB TH 5, TORKIIE, DT LIcET 2T
FIINF—b A4 ML LT ET XV F—DEPI Lz D
EADHAEDLENREL RS, TOINT Y ANREL
ERIENHIMC &> TELT BT LR NI D5 | &4 &
T, B BIEENRDA A IS THEL D
“C“@%) Z OREHIA, Torrance HIC KD ?ﬂzsf)f?ﬁﬁ%m

;5m&@#%ﬁéhtTWCA%%T%é o FIKY

Zbd 2 TIREZTTIC, fli - “?%m,tim%%
%ﬁ%ﬁ&E?%%Tﬁ%&%ﬁgk%ﬁwﬂ%ﬂﬁﬂﬁ
P, EREIGEENRIEEING, S HICRO Utk
T2 B/ AEY) VU ROHE— A F R A AV
BE L0 o TR 3L F — KB O IR 7 TREIANDRL
HE-T, FANS 0 F2R5%B, FZER - Ml
THFEMERICHI S A RHI & I2> TV, —f, CA%Y
FOWBEIANTHEBERLZBA (Tax)) 277
YR —0rf L Lz TTE-BA I&, TTF-CA &i3e< Bk 3
REErzE L, FRRECXSTHICTEE A U EDE
FIREEL 72D, T TTE-BA 13 FIRDA A RSSO A E
S D)V AR B D S SREA BRI 2 E T
HY, BHCKZ0MmOREE VS BEh SIEFEEH TN
T3 [T]o 3 TREERAEZE—EN K STV CA &
BA M SRERLE NS TTF-CA & TTF-BA A5, —FED 7%
BEERRIC X o THICHRABIEDFIAT 2 T LA AL
R,

ﬂFCA@&mﬁhfﬁﬁﬁ%ﬁ&tﬁ$%&%@kom

THHEICHEN L THEL, IS IV 2 58 G X R R
(Wﬁﬁpywbﬁﬂ,a%ﬁﬁk Rt DA 52 H 5 )= il
EEHED (8], T, FEMmEEZ Fig 1 IR, 59 TRH)

AR B VREFARY MIVEOHIERE X D, NGB
% (T, =81 K) THEMBHIEp A 0.2 (FiH) ~0.3 (i
BEL) 1506 \YY 2 T5TEHNHLMNTES> T
% [9], LeCointe © DHETFHEERAT [10] 35K U Garcia 5
D X FRRGERRAT (1111 X B &, (KIRDA A M, D4

o s c cl
(a) -
[%%g] o o
o
TTF CA

Figure 1 Alternative-stack type organic ferroelectric TTF-CA. (a)
Molecular structures of TTF and CA, (b) Crystal structure of
TTF-CA.
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Figure 2 Electric properties of TTF-CA. (a) Temperature dependence

of electric permittivity with various frequencies measured
along a-axis. The inset shows the temperature dependence
of inverse permittivity (= 300 kHz) with a fit to the Curie-
Weiss law (linear line), (b) The electric polarization (P) vs.
electric field (E) hysteresis curves of polarization measured
with triangular ac electric field of various frequencies (f'= 10-
100 Hz) at 7= 51 K.
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Figure 3 Normalized integrated intensities of Bijvoet pair reflections
(101 and 101). (a) Temperature dependence under 4 kV/
cm(E//a). Broken lines show simulated values. (b) Electric
field dependence at 61 K. Switching of the polarization
interchanges their magnitudes with each other at £ = 1
kVem™.
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Figure 4 Schematic illustration of the ionic displacement under

electric field in TTF-CA (a) and in BaTiO; (b). Bent arrows
indicate the electric charge-transfer from TTF to CA. Open
arrows indicate displacement direction of ions.
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