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The frequency dependence of linear to third-order nonlinear complex dielectric permittivity at different
temperatures in polymeric ferroelectric liquid crystals (PFLC) was measured.- A characteristic dielectric
relaxation phenomena, due to “soft-mode” molecular motions in PFLC, were observed in the spectra. We
also found that nonlinearity of dielectric constants of PFLC is smaller than it of low molecular weight
ferroelectric liquid crystals (LFLC). The ratio of linear to nonlinear dielectric constants was closely
related to the coefficients of order parameters in Landau type free energy. The ratio obtained from
nonlinear measurements allowed an estimate of the important coefficients which characterized fer-
roelectricity in PFLC, without the need for any additional assumptions. As a result, we found, in Landau
type free energy, the smaller nonlinear term of tilt angle due to the chirality of constituent molecules in

PFLC, compared to LFLC.
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Fig. 1 Structural formula of low molecular weight fer-

roelectric liquid crystal (LFLC) and polymeric
ferroelectric liquid crystal (PFLC).
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Fig. 2 Schematic diagrams for nonlinear dielectric mea-

surements.
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Fig. 3 Comparison of observed (circles) and fitted
(solid lines) frequency spectra of linear and third-
order nonlinear permittivities for LFLC.
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Fig. 4 Temperature dependence on the linear dielectric

strength  Ade /e, and third-order nonlinear
dielectric strength Ae;/ &, of LFLC.
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Fig. 5 Comparison of observed (circles) and fitted
(solid lines) frequency spectra of linear and third-
order nonlinear permittivities for PFLC.
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Fig. 6 Temperature dependence on the linear dielectric

strength A& /e and third-order nonlinear
dielectric strength Je,/ &, of PFLC.
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Fig. 7 The relation between the the linear dielectric
strength Ae; and the fourth root of the third-order
nonlinear dielectric strength Ae; at various tem-
peratures.
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Table 1 The coefficients of Landau type free energy.

LFLC PFLC
cox (Fm™) 1.38 X 1011 7.00% 1012
C (Vm™) 1.35% 10° 9.10% 107
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b (Jm™®) 2.78 X 107 2.00 X 10°

T ZTRET, de, #FEBEE UTHEMALT:.

B 712 LFLC & PFLC OFRE TH S MLz des XY
3 deg % (16) Mt v g L iz, B4, M6, MTwwE &
wiAgER (13), (15), (16) XrFERCERL, B/hZ
Tk T (12) ROEES e, C, a, b % LFLC & PFLC
WOWTEHE L2, 2OfRERICE LD, /2, B
4, X6, M 7THhDOFERIZ, £ 1 OKEEANT, (13), (15),
(1)K L DRIz bDTHL, ThEN L FSEBHER
PHELTCWLZENb® S, R OER»S, T/
TOMREA, PFLC T LFLC® L D/hE L -Tn3
A, Friz (12) KXo tilt angle DIYROIFIFEORE b O
ENEL /N o TWwD 2 BN TH 5. PFLC
DERDIGIGHEBROKRE SN LFLC AT/ E
BEREIZ b DENFEL /NS E2H b s, (15,
SHMETX 3, $7bb, PFLC i, JBHEEA Y bV
DPED S % DIEFIZHEDL LFLC 12 b7z A AN &
Z EbipoTens, THIBHKES T O tilt angle 12 b 5 3E
BN IEE NS W EDERTH B L EENICERT
&%, CNWPFLC OKRE[GHMTHY, OSEbd 29
HREORREIC &> T AHREENH 5, DL 5 IR
SHEECOBEBARY MVOWIRR, BEORBHEE» S
B CE WL D REENZREERD, LA LS DR
EOBAR L LTHSN, Wik EOWERECED <F
BTHDERbRS, IhoDBERPHEZ, 5%, bh
b, B FRGBOFREHEEEHEm,» 5 b L0
MCHREED TS FETH S,

5 #&

bitb i3S FiRBEERA O e ER{ILT 270
W, WEAOIAERAEERE 2L, T i
WESFIRFAEERSAOIRGEEA 7 PV EHIEL,
T OfEREET:.

D) SO FRIBEMESRO soft mode IZHGT 5B
L UZEROIEHIERABA Y MBI TS,

2) BohizARI PVEBNTL, 8BRS X UEREO
BRI U e, B FIREAE IR b IR
BOTFHAESERR L D uAANS W EhbiroTz,

MG RE B2 %

#SE (1997)

3) RO TIRABEERGS & B TR EERAOE N R
Sy BOERT AV F— R U BRSRGR & DR
T5ZERRAI, TORR, SO THRFABERSOHR
T MES FRERA BRI th VNS w1, tilt angle 12
L BB NE D Z LN ERFERTH S Z E¥bh o
7z,

BT, BTSRRI 2w RRREKRF O
THEEELCEBREELE T, FREIHERWRE
W B LT R BRE R BRI, LB RFREIAT
BRCEHEL S, £, EREOBFREVEVEL
7o R KSR ERIR, M SReBLEzH L ETE
T, BRI —EOGRARFRE ORI 220 £ Lk,

SENM

1) WH. De Jeu: Physical properties of liquid crystalline
materials, Gordon & Breach, London (1991)
2) MHBCL, MKRFS | REEBEERAOEE LY, o
w7k (1990)
3) R.B. Meyer, L. Liedert, L. Strzelecki and P. Keller: .
Phys., 36 (1975) L69.
S. Garoff and R.B. Meyer . Phys. Rev. Lett., 38 (1977) 848
S. Garoff and R.B. Meyer . Phys. Rev., A19 (1979) 338
L. Benguigui : J. Phys., 43 (1982) 915
K. Yoshino, M. Ozaki, T. Sakurai, K. Sakamoto and H.
Honma : Jpn. J. Appl. Phys., 23 (1984) L175
8) J. Hoffmann, W. Kuczynski, J. Matecki and J. Pavel:
Ferroelectrics, 76 (1987) 61
9) B.I. Ostrovski, A.Z. Rabinvoich, A.S. Sonin and B.A.
Strukov ! Sov. Phys. Jetp, 47 (1987) 9
10) A.M. Biradar, S. Wrobel and W. Haase : Phys. Rev., A39
(1989) 2693
11) S. Vallerein, F. Kremer, T. Geelhaar and A. Wachtler:
Phys. Rev., A42 (1990) 2482
12) K. Hiraoka, H. Takezoe and A. Fukuda : Ferroelectrics,
147 (1993) 13
13) Y. Kimura, T. Sako and R. Hayakawa : Ferroelectrics, 147
(1993) 315
14) H. Orihara, A. Fukase, S. Izumi and Y. Ishibashi : Fer-
roelectrics, 147 (1993) 411
15) S. Nishiyama, Y. Ouchi, H. Takezoe and A. Fukuda : Jpn.
J. Appl. Phys.,, 26 (1987) L1785
16) S.D. Lee and 1.S. Pate : Appl. Phys. Lett., 54 (1989) 1653
17) C. Bahr and G. Heppke : Phys. Rev., A41 (1990) 4353
18) Y.B. Yang, M. Mochizuki, N. Nakamura and S.
Kobayashi : Jpn. I. Appl. Phys., 30 (1991) L612
19) S.U. Vallerien, F. Kremer, H. Kapitza and R. Zentel :
Phys. Lett., 138 (1989) 219
20) H. Poths and R. Zentel : Liqd. Cryst,, 16 (1994) 749
21) F. Kremer and A. Sconfeld : Macromolec. Sys., 11 (1994)
181
22) Y. Tajitsu : J. Mater. Sci., 31 (1996) 2081
23) O. Nakada:J. Phys. Soc. Jpn., 15 (1960) 2280

N D b
~— N N




